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p�e�ijd&t2ejfG[5g¹i�^S[Pi{ �^Sijf]g�_�|�b�fGb&^S\]fGg�f]g�_�kug& ¹®�ijf]ej^¥�Q��d�»½^Si�fGg�_:��d�e¨p�e�fG\]\�a�kLf]g�e{kLfGg´k�t2[Pv�^Si�^Sg£e¯tSkPt�v�^Aª
mog�t2[Pg£eji�k5p�eE|�p�[u`§eq®�kLi�^nf]acb�\]^Sac^2g�e{kLejf][Pg&p$pjk5t¥ijf¬Ï½t¥^¯t¥[5v�^Si�^Sg&t¥^¯��w: £^S\zkSw£fGg�_�t2[Pg&pqfzp�e�^Sg&t¥wºi�^S\zkuej^u 
[Pb&^Si{kLe�fG[Pg pnej[ t¥^Si�e�kLf]g´p�b&^ut¥f¬Ï½tcb}[5fGg£e�pXfGg´ejv�^�b�i�[P_Pi{kLa ^S±�^�t¥d�ejf][Pgsª´r�v�^Î¡�d�g�fGg´pqw�pqej^Sa ���S���
fGa¨b�\G^Sa¯^Sg£e�p�i�^S\G^uk5p�^¨t¥[Pg p�fzpqej^Sg t¥w�f]g�pq[L`§eq®�kuij^c�£wº �^E\zkSw�f]g�_�b�ij[5b&kL_ÃkLe�fG[Pg�[u`$ejv�^¨tCv kLg�_5^up+a�kP �^
fGg p�fz £^Xk¯t¥ijf]ejfztEkL\�p�^�t¥ejf][Pg�e�fG\]\sejv�^¦ij^S\]^ukPpq^#[Pb&^Si{kLe�fG[Pg!ªV¡�d�g�fGgÎkL\lp�[cfl �^Sg£ejf¼Ï ^u cp�^EA^Si�ku\� �kue�kcpqv&kLiq�
fGgJ_�b&kuejej^Eijg&p¦kLg& �t2[Piji�^up�b&[5g& �fGgJ_ºkLgJg�[Pe{kLejf][Pg&p#e�v&kLe¦d&p�^Ei�p#tEkLg�b�i�[u�fl �^ne�[�i�^u �d&t¥^¯ejvJ^ct¥[Ãp�e¦[L`
t¥[5g&p�flp�ej^Eg&t¥w�a�kufGg£ej^Sg kLg&t¥^¯fGg k � �£¡ pqw�pqej^SaÎª�¡�[Pij^�i�^ut¥^Sg£ej\]wA| ³¬?�&EÀ:ÂCT�³GT�?LOuT ² IA@�OED¼O2FqT2@ ² À � ��'��
kLg   TC@�FoÂ2À ² IA@�OED¼O2F�TC@ ² À �#�S~��ac^Eac[Pi�w�a¨[£ �^S\zp,v&kSA^«�&^S^Eg�bJij[Pb&[Ãp�^u |�®�vJfzt�vcd&p�^�p�w£g&tCvJij[PgJfGÄukuejfG[5g
fGg£`§[Pija©kLejf][Pg:ej[�`§d�ije�v�^SiVij^u £d&t¥^¨t¥[Paca¯d�g�flt¥kuejf][Pgº�£wºb�ij[5b&kL_ÃkLejf]g�_ºfGg£`§[Pija©kLejf][Pg kL�&[PdJe¯tCv&kug�_P^�p
ej[¨p�v kLij^� � JkLe�kXej[¯[PgJ\Gwce�v�^Vb�ij[£t¥^�pjp�[5i«e�v&kLe$g�^S±£e$kPtE¸�d�f]ij^up,ejv�^V\][£tCÉ½ª

r�v�^	p�^ut¥[5g& ¯kLb�b�i�[Ak5tCv�k5 �A[£tSkuej^u ne�[VfGacb�i�[uA^�ejvJ^�b}^Ei�`§[Pi�a�kLg t¥^�[L`êpqv&kLi�^u Ëa¨^Sac[Pi�wVp�wJp�e�^Sa�p
fzps�£w+®�^ukuÉA^Sg�f]g�_�ejv�^�t¥[Pg p�fzpqej^Sg t¥w+_Pd kLi�kug�e�^S^upsb�ij[u£fz �^� ��£w+ejv�^�p�wJp�e�^Saºªsr�v�^�®�^ukuÉA^Si�t¥[5g&p�flp�ej^Eg&t¥w
 �[A^up�gJ[Pe�_Pd kLi�kug�e�^S^Vejv&kue�ejv�^	^S±�^�t¥d�ejf][Pgc[u`�ac^Sac[5ijw¦[Pb&^Si�kuejf][Pg&p�[L`�kL\]\b�i�[£t¥^upjpq[Pi{p�fzp�^u¸Ad�fG5ku\G^Sg£e
ej[:pq[Pac^¨p�^�¸�d�^Eg�e�fzkL\,^S±£^ut¥dJejfG[5g�[u`+e�v�^upq^c[Pb&^Si{kLejf][Pg&p2|�k5p#fGg�kºpq^u¸Ad�^Sg£ejfzku\G\]wºt¥[5g&p�flp�ej^Eg�eÅp�wJp�ej^Eaºª
( ±�kuacb�\]^up#[L`¦®�^�kLÉ£\Gw´t¥[Pg p�fzpqej^Sg£e¯ac^Sac[5ijw:p�wJp�e�^Sa�pXfGg&t2\Gd& �^� *) D ) T�³ÁDz@}T�YÐ>$U«M ¢,+� $x+¡�¤-� ~��.�o|
) ÂjI ² TjO�OEIAÂ ² IA@�OED¼O2F�TC@ ² À0/ �1��|½���A|&�P���Q|&kLg& �² ?ANPOE?P³ ac^Sa¨[Pijw��32��Qª�rÊ[¨^S±�^�t¥d�ej^�kLb�b�\]fztSkuejf][Pg&p�fGgÎp�d&t�v
®�^�kLÉ£\Gw¦t¥[Pg p�fzpqej^Sg£e�ac^Sac[5ijw	p�wJp�ej^Ea�p¥|u^SfGe�v�^Si�ejv�^$kub�b�\]fztSkuejfG[5g&p7a¯d&p�esv k�A^� �kLe{kVp�v&kuijfGgJ_�b kLeje�^Sijg p
ejv kLeêkLij^,g�[5e7^2»^�t¥ej^u +�£w+ejvJ^/®�^ukLÉA^Eist¥[5g&p�flp�ej^Eg&t¥wX¢§^Aª _JªG|ut¥[5g&p�^Si�5kLejf]A^,b�ij[5_Pi�kua�p}`§[Pi4+� «x	¡5� ~����§¤�|
[Pi$ejvJ^�bJij[P_5i�kua a¯d&pqe�^S±£b�\Gflt¥fGe�\GwÅ �^ukL\s®�f]ejv�ejvJ^�\lkPt�Én[u`�p�e�ij[5g�_ct2[Pg&pqfzp�e�^Sg&t¥wÃª

mog�e�v�fzpsb&kub}^EiS|P®�^/^E±�b�\][Pi�^�^¥¶©t¥fG^Sg£ef]acb�\]^San^Eg�e{kLejf¬[5g&p}[u` � �£¡µ��w	^S±�bJ\G[Pf]ejf]g�_�fz �^�kPp`§ij[Pa �}[5ejv
kLbJb�ij[ÃkPt�v�^up� �^upjt2ijfG�&^u Vku�}[uA^�6)®�^êa�kLÉA^�d p�^,[L`½pqw�g tCv�i�[Pg�f]ÄukLe�fG[5g+fGg�`§[5ija�kuejf][Pgs|uk5p7k5 �A[£tSkLe�^u ��£w
ejvJ^c¾ T�?L¿u³¬ÀcIAÂ�Y�T2ÂCT�Y ac^Eac[Pi�w¯p�wJp�ej^Ea�p�kub�b�ij[ÃkPt�vs|�`§[Pi$fGa¨b�\G^Sa¯^Sg£ejf¬g�_¦tSkud&pjku\7ac^Eac[Pi�w��7'��o|�®�v�fltCv
fzp$kn®�^ukLÉ£\Gw·t¥[5g&p�flp�ej^Eg�e$ac^Sac[5ijwAª�r�v�^ÅtSkLd&p�kL\�a¨^Sac[Pi�wna¨[£ �^S\sij^�¸�d�f]ij^up�ejv kLeVkXij^uk5 �[Pb&^Si{kLejf][Pg
ij^Eejd�i�gÍkÐ5ku\Gd�^ºe�v&kLe�fzp¨t¥[Pg&pqfzpqej^Sg£ec®�fGe�v ejv�^:tEkLd&p�kL\V[Pi{ �^Sic[u`XejvJ^ºac^Sac[5ijw:[Pb&^Si�kuejf][Pg&p�ejv&kue
kLi�^n[5i� �^Eij^u ��&^¥`§[5ij^¯fGeEªcÆ�^¯^S±£ej^Sg& ºtEkLd&p�kL\�a¨^Sac[Pi�w���w:ku\G\G[u®�f]g�_·p�w£g&tCvJij[PgJfGÄukuejfG[5g�[5b&^Si�kuejfG[5g&p
kLg  ¹ �^SA^E\G[Pb´kug¹fGa¨b�\G^Sa¯^Sg£e�kuejfG[5g�e�v&kLe¯^S±£b�\G[5fGe{p#ejv�^�`QkPt¥eXe�v&kLecbJij[P_5i�kua�pXkLi�^º �kue�k��Qi�k5t¥^¥�§`§ij^S^Ãª
Æ:^+^S±£b}^EijfGa¨^Sg�e{kL\]\Gw¦ �^Sac[5g&p�e�i�kuej^+e�v&kLe�`§[5i�k#i�kug�_P^V[u`,kub�b�\GfltSkLe�fG[5g&p¥|£ejv�^+®�^ukLÉA^Ei�t¥[5g&p�flp�ej^Eg&t¥w¯[L`
tSkud&pjku\�ac^Sac[5ijw	t¥[PdJb�\G^u #®�f]ejvXe�v�^$ �kLe{k��Qi�k5t¥^¥�§`§ij^S^�g&kuejd�i�^�[L`½b&kui�kL\]\G^S\JkLg  n �flp�e�ijfG�Jd�ej^u Vb�ij[5_Pi{kLa�p2|
\G^�kP �p#e�[:k�pqw�pqej^Sa)®�fGe�v¹pqfG_5g�f¼Ï½tEkLg£ej\Gw:�&^Seje�^SiXb&^Si�`§[5ija�kug&t¥^Aª:¡�[5ij^·p�b&^ut¥f¬Ï½tSku\G\GwÃ|7®�^·pqv�[u® e�v�^
`§[P\]\G[u®�fGgJ_98

: Z�kud&pjku\�ac^Sa¨[Pijw·tSkug��&^c^2¶�t¥f]^Sg£ej\Gw�f]acb�\G^Ean^SgAe�^u �kug& �flp�k��flkL��\]^¯kLi{tCv�f]ej^ut2ejd�i�^#`§[PiX £fzp��
e�ijfG�Jd�ej^u :b�ij[5_Pi�kuacacf]g�_·p�fGg t¥^c JkLe�kS�oi{kPt¥^2�Û`§i�^S^�b�ij[5_Pi�kua�pXtSkug��&^�bJij[P_5i�kuacac^u �[5g f]e#e�v�^
p�kLac^+®�kSw�kPp�[PgÎp�^u¸Ad�^Sg£ejflkL\G\]w¯t¥[Pg p�fzpqej^Sg£e�ac^Sa¨[PijwÃª

: r�v�^	^S±�^�t¥d�ejf][Pg¯[L`� �fzpqeji�fG��d�e�^u ¯kLb�b�\]fztSkuejf][Pg&p�i�^up�d�\]e�p,fGgX`QkLi�\G^�pjp�t2[Paca¯d�g�flt¥kuejfG[5gX[Pg·tSkud&pjku\
ac^Eac[Pi�w�t¥[5acb&kuij^u �ej[�e�v�^SfGi¯^S±£^ut¥d�e�fG[5g¹[Pg k�pq^u¸�dJ^Sg�e�fzku\G\GwÐt¥[Pg&pqfzpqej^Sg£ena¨^Sac[Pi�wAªÍx«\zpq[�|
e�v�^�^S±�^�t¥d�ejf][Pg:[L`	ejv�^·kub�b�\GfltSkLe�fG[5g&p#[Pg´tSkud&pjku\�ac^Sac[5ijw�bJij[u�fl �^up#b&^Siq`§[Pija©kLg&t¥^¨t¥\][Ap�^�e�[
ac^�pjpjku_P^+b kPpjpqfGg�_©p�wJp�ej^Ea�p�`§[5i�ac[Apqe$kLb�b�\]fztSkuejf][Pg&p2ª

; ÓsÔuÚ�<sø�é>=ºÖ§çSÖÛã§Ú@?¹ÕA?$á�B×Ú@?«ÚqåSã§Úqä�áuØÛâSÝqÚqÖ§ÖÛâ2Ø�Ýqâ¥åuÖ§Õ×Ö§ãÛÚqåuÝqç+â¥å�B×ç�C]â2ØDB¬Ü�æPÚ@B×Úqä+â2áPÚqØoÜ�ã§Õ×â¥åuÖ�þ

�



: �£tEkL\zku��\G^¦pqv&kLi�^u �ac^Eac[Pi�w¯p�wJp�ej^Ea�p�tSkug��&^V��d�f]\Ge�d&pqfGg�_¯ejv�^¦tSkud&pjku\7a¨^Sac[Pi�wXac[£ �^S\Q|�pqfGg&t¥^
_5\G[P� kL\	p�w£g&tCvJij[PgJfGÄukuejfG[5gÍ¢Û^Aª _�ªG|�f]g�5ku\Gfz JkLejf][Pg�[L`�t¥[Pb�f]^upXkLe¨p�^EA^Si�ku\�b�ij[£t¥^�pjp�[5i�p2|�®�v�fzt�v�ij^¥�
¸Ad�fGi�^up/�Jij[Ak5 �tSk5p�e�p$[Pi$and�\]ejfltSkPpqe�pC¤�flp�g�[Pe$ij^u¸Ad�f]ij^u ª

Æ�^¯b�i�^ut¥fzpq^S\Gw· �^2Ï&g�^¯tSkud&pjku\/a¨^Sac[Pi�wcfGg:ejvJ^Xg�^S±£eVp�^ut2ejfG[5g�kug& ºe�®�[· �f¼»½^Si�^Sg�e	fGacb�\]^Sa¯^SgAe�kS�
ejf][Pg&p	kLij^Å �^up�t¥ijf]�}^� �fGg��Ã^ut¥ejf][PgÎ~�ª+mog:�A^ut¥e�fG[Pg��c®�^Å �^up�t¥ijf]�}^¦ejv�^¯kub�b�\]fztSkuejfG[5g&p�®�fGejvº®�vJfzt�v�®�^
^S±£b&^Sijf]ac^Sg£ej^u ckug& �b�i�[L£fz £^#b&^Si�`§[5ija�kug&t¥^Vij^�p�d�\]e�p¥ª+Æ:^X £fzpjt2d&pjp«i�^S\zkuej^u �®�[5ijÉ�f]g��A^�t¥ejf][PgE2¨kLg& 
t¥[5g&t¥\Gd  �^VfGg��A^�t¥ejf][Pg�'�ª

F G �H�:�ê�HI$J KML �¯��N

OQPSR T *	%9- �$'V%/�
Z�kLd pjkL\$ac^Sa¨[Pijw·v&kPpX�&^S^Sg´ �^¥Ï g�^u �fGgU�7'�����w t�v&kLi{kPt¥e�^Sijf]ÄSfGg�_·ejv�^�b&[Ap�p�f]��\G^�5kL\]d�^upXejv&kue¯t¥[Pd�\l 
�&^�i�^Sejd�i�g�^u �®�vJ^Sg kºij^uk5 �[Pb&^Si�kuejf][Pg¹flpË^E±�^ut2d�ej^u :��w�k�bJij[£t¥^up�p�[5iSª¹Æ:^�d&p�^·kºac[Pi�^c_P^SgJ^Si�ku\
`§i�kuac^S®�[PijÉ´v�^Si�^A|+k5p©f]e·kL\G\][u®$p©d p©e�[¹^uk5p�f]\Gw¹i�^S\zkuej^:tSkud&pjku\#ac^Eac[Pi�w�ej[´k i{kLg�_5^�[L`Åac^Sac[5ijw
ac[£ �^E\zp�ejv kLe+v&kSA^¦�}^E^Sg�b�i�[Pb&[Apq^u ªVr�v�^Xa¨[£ �^S\sfzp�ac[5ejfG5kuej^u c�£w�e�v�^#[5g�^up«d p�^u ��£w·¡�fzp�i{k�� ~�'��
kLg   �£w��«^Sij\]fGv£w�kLg   Æ f]g�_V� �5~��oª+Æ:^¯ �^¥Ï&gJ^Xejv�^¯pqw�pqej^SaÈej[��&^¯knÏ&g�f]ej^Xpq^Se+[u`�) Â�I ² TjO�OEIAÂ{O ejv&kue
fGg£ej^Ei�kPt2e/£fzkVk¦p�v&kuij^u na¨^Sac[Pi�w¦t¥[Pg&pqfzpqejfGgJ_#[L`êk+Ï&g�f]ej^	p�^Se,[L` ³ÁI ² ?PFQDzIA@�O ª�+�ij[£t2^upjpq[Pi�p�^E±�^ut2d�ej^ Â�T�?AY
kLg  º¾ Â2DGF�T [5b&^Si�kuejfG[5g&p¥ª ( kPt�v�p�d tCvc[5b&^Si�kuejfG[5g�kPt2e�p/[5g�k�g kLac^u X\G[£tEkLejf][Pg�kug& nv&k5p�kLg�k5pjpq[£t¥fzkuej^u 
5kL\]d�^AªW��[Pi$^S±JkLacbJ\G^A|JkË®�i�fGej^¦[Pb&^Si{kLejf][Pgº^S±£^ut¥dJej^u n�£w�b�ij[£t2^upjpq[PiX)&|½ �^Sg�[5ej^u ���w-Y[Z5¢,\¤@]&|&p�e�[Pij^�p
ejvJ^�Pku\Gd�^_^�fGgX\G[£tEkLejf][Pg�`�a£kVp�fGa¨fG\zkuij\]wV �^Sg�[5ej^u #i�^ukP X[Pb&^Si{kLe�fG[Pg!|9bcZ�¢,\¤@]&|Pij^Eb}[5ije{p�e�v&kLed^�fzp,p�e�[Pi�^u 
fGg�\][£tSkLe�fG[Pge`uª´r�v�^�^S±£^ut¥dJejfG[5g�[L`�k b�i�[£t¥^up�p�[Pi¨fzpX �^¥Ï g�^u ���wÐkf) Â�I ² T�O�OEIAÂ©T ` T ² N�FQDzIA@¹KJD¼O2FoIAÂ2À |
®�v�fltCv:fzp¦k�p�^�¸�d�^Eg&t¥^¯[L`$ij^�kP �kug& �®�ijfGe�^n[5b&^Si�kuejfG[5g&p¥ª:r�v�^¨^S±�^�t¥d�ejf][Pgºv�flp�e�[Pijw:[L`	b�i�[£t¥^upjpq[Pig)&|
 �^SgJ[Pej^� ���w��hZ�|fzp«e�v�^Xpq^u¸Ad�^Sg&t¥^_i�Z�j / |Di�Z�j kS|êªGªGª]|li�Z�j mQ|�ªGª]ª«®�v�^Eij^gi�Z�j m�flpye�v�^onqpsr�[5b}^Ei�kLe�fG[5g�flpjp�dJ^u 
�£wcb�ij[£t2^upjpq[PiX)&ª�x OEÀSO2F�T2W T ` T ² N�FQDzIA@ KJD¼O2FQIAÂ¥À fzp$knt2[P\G\]^ut¥e�fG[Pg¨[L`,b�i�[£t¥^up�p�[Pi	^S±�^�t¥d�ejf][Pg�v�flp�ej[5ijf]^up¥|
[PgJ^#`§[Pi+^uk5tCv·b�ij[£t2^upjpq[PiVfGg·ejv�^¯pqw�pqej^Saºª$r�v£d&p¥|!kcp�wJp�e�^Sa ^S±£^ut¥dJejfG[5g�v�fzpqej[Pi�w�tvuxwyt Z�z {�|V}H~
®�v�^Si�^ } fzp�ejvJ^#pq^Se�[L`�b�ij[£t¥^�pjp�[5i�p�fGg�ejvJ^#pqw�pqej^SaÎª

moe/flp�b}[ÃpjpqfG��\]^«e�[#^upqe�kL�J\Gfzpqvn[5i� �^EijfGgJ_Ap/[5gcejvJ^«[5b}^Ei�kLe�fG[5g&p/e�v&kLe�kLb�b&^ukui�fGg¨kVp�wJp�e�^Saµ^S±£^ut¥d�e�fG[Pg
v�flp�ej[5ijw��	ª&r�v�^+`§[P\]\G[u®�fGgJ_X[Pi� £^Si�p$kLi�^�d p�^u �fGg· �^¥Ï&gJfGg�_¯tSkud&pjku\sac^Sac[5ijwAª

:e�D���������y�����������@� ��[Pi$[Pb&^Si�kuejf][Pg&pXi Z�j m kLg& Ei Z�j � |�®�^Xp�kSw�i Z�j m
Z��
� i Z�j � ®�v�^Sg"i Z�j m b�i�^ut¥^u �^�pWi Z�j �

f]gne�v�^«bJij[P_5i�kuaº|�fQª ^Aª]|�n��!�&ª�mogce�v�fzp,tSk5p�^A|A®�^�pjkSwoi m fzp,[Pi{ �^Sij^� Ë�&^¥`§[5ij^�i � ��wXe�v�^$b�ij[5_Pi�kua
[5i� �^SiEª r�v�flpn �^2Ï&g�^upXb�ij[5_Pi{kLa [5i� �^Eine�[��&^�e�[Pe{kL\,a$fGe¯[Pi{ �^Si�p¯kL\]\�[Pb&^Si{kLejf][Pg&p¯[L`Åk _5fGA^Sg
b�i�[£t¥^up�p�[Pi k ª

:!�$�q� �@�>���S�.���������g�������y�@� mÛ`hi m ¢§®�^¨ �ij[5b�ejv�^XÏ&i�pqe¯p�d�� pjt¥i�fGb�e¦®�v�^Sij^¯fGe¦fzpVd�g�fGa¨b}[5ije{kLg£e¥¤$fzp¦k
®�i�fGej^	ej[¨p�[Pa¨^+\G[£tSkuejf][Pgs|&kug& �i � fzp�k#i�^ukP c�£w�k#b�i�[£t¥^upjpq[PiX¢§®�v�fzt�vca�kSw¯�&^# £f¼»½^Sij^Eg�e,`§ij[Pa
e�v�^n®�i�fGe�^Si¥¤{|7kug& !i � i�^Sejd�i�g&p�e�v�^¯Pku\Gd�^¯®�ijf]eje�^Sgº��wVi m |7ejvJ^Sg!i m����� i � ªnÆ:^ctSku\G\�e�v�fzp+e�v�^
®�i�fGej^�p��Q�}^2`§[Pij^¦[Pi{ �^SiVkug& �fGe	tSkLbJejd�i�^up«ejvJ^#g&kuejd�i{kL\�i�^u¸�dJfGij^Eac^SgAe�e�v&kLe	f¼`�kni�^ukP �[Pb&^Si{kLejf][Pg
i�^Sejd�i�g&p/e�v�^$Pku\Gd�^$®�ijf]eje�^Sgn�£w¨k#t¥^Si�e�kufGg¯®�ijfGe�^«[5b&^Si�kuejfG[5gs|�e�v�^Sg¯ejv�^	®�ijfGe�^«[5b&^Si�kuejfG[5gca¯d&p�e
�&^V[Pi{ �^Sij^� ©�&^¥`§[5ij^¦ejv�^Vij^�kP ª
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?$âSäuÚ�B Ö¤¢2ãÛÔuÚ,â¥Ø§äuÚqØÛÕ×åuì�æ5Ú�ãzÞ½ÚqÚ�åVã§ÔuÚ[B âSÝ�ÜcBAâ2áPÚqØQÜCã§Õ×â2åLÖsâ�C Ü�áLØ§âSÝqÚqÖÛÖ§â2Ø7Ýqâ2à�B ä+æPÚ�á5Ü�ØÛã§Õ¬Ü�Bl¥ öuóq¦§þ
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:¨§©�yª>����«����¬���y�@� r�v�^ KJ? )y) T2@�O®¥T�¯EIAÂ�T ij^E\zkLe�fG[5g� �^¥Ï&gJ^u n�£w�½kLacb&[5ije�� ~P���!tSkLg��&^VkP JkLb�e�^u �e�[
kXpqv&kLi�^u cac^Sac[5ijwXpqw�pqej^Sa"a�e�v�fzp�tSkLbJejd�i�^up�ejv�^�tSkLd&p�kL\si�^S\zkuejfG[5g&p�vJfGb��&^Seq®�^S^Sg¯ejvJ^�i�^ukP ¨kLg& 
®�i�fGej^V[5b}^Ei�kLe�fG[5g&p¥ª°��[Pi$kLg£wceq®�[¯[Pb&^Si{kLe�fG[Pg p±i / kLg& �i k fGgE�+|li /o²

�� i k f¬`
� i /

Z³�
� i�ky[5i

� i / ���� i k [5i
� `§[5i+pq[Pac^	[Pb&^Si�kuejf][PgEi>´z|li / ²

�� i>´½kLg& �i0´ ²
�� i k ª

mq �^ukL\]\GwA|Jk#b�ij[£t2^upjpq[PiVpqv�[Pd�\l ��&^¦kL��\]^Vej[¨kPpjpqd�ac^Vejv kLe$k¯p�v&kuij^u �ac^Sac[5ijw¯p�wJp�e�^Sa°^S±�^�t¥d�ej^�p�k
p�^Ee�[u`�i�^ukP :kLg& :®�ijfGe�^X[Pb&^Si{kLejf][Pg&pV[Pg�^©kLe¦kcejfGa¨^A|}f]g�k·p�^u¸Ad�^Sg£ejflkL\�[Pi{ �^SiS|�kug& �ejv kLe#e�v�^X5kL\]d�^
ij^Eejd�i�g�^u #�£wXk+ij^uk5 Ë[u`½\G[£tSkuejfG[5gµ`�®�k5p,p�ej[5ij^u X�£w#ejvJ^�ac[Apqe�ij^ut2^Sg�e�®�ijf]ej^�e�[�`�b�i�^ut¥^u �f]g�_+e�v�^�ij^uk5 
fGg·ejv�^Åp�^u¸Ad�^Sg£ejflkL\s[5i� �^SiEª«Æ:^XtSku\G\êp�d&t�vºkugº[Pi{ �^Sij^� �p�^�¸�d�^Eg&t¥^V[L`�ac^Sa¨[PijwX[5b&^Si�kuejfG[5g&p+ejv�^-^ DÛT ¾
[L`�e�v�^Vb�ij[£t¥^�pjp�[5iSªVx3ac^Sa¨[Pijw¯ac[£ �^E\�tSkLg·�}^ÅtCv kLi�k5t¥ej^EijfGÄE^u c��w�ejvJ^#eqw�b&^up�[L`��f]^S®$pye�v&kLe	ij^upqd�\Ge
®�v�^Sg�b�i�[£t¥^up�p�[Pi{py^E±�^ut2d�ej^$®�fGe�vcejv&kue«eqw£b&^+[L`êac^Sac[5ijw¦p�wJp�e�^Saºª4� [5i�^S±JkLacb�\]^A|Pf¬`�ejv�^+a¨^Sac[Pi�w#flp
p�^�¸�d�^Eg�e�fzkL\]\Gw¯t¥[5g&p�flp�e�^Sg�eE|&kL\]\sb�ij[£t¥^�pjp�[5i�p«v k�A^¦k¯p�f]g�_P\]^�£fG^E®Vª�� dJijejvJ^Sijac[5ij^A|£ejv�^V[5i� �^Si$fGg�®�v�fltCv
ejvJ^�[5b&^Si�kuejfG[5g&pckub�b&^ukLi¯fGg�ejvJ^�£fG^E® flpXt¥[Pg&pqfzpqej^Sg£eX®�fGe�v bJij[P_5i�kua [5i� �^EiSª�Æ�^ukuÉ�\]w�t2[Pg&pqfzp�e�^Sg£e
ac^Sa¨[Pijf]^up�tSkLgc�&^V £^¥Ï&g�^u X�£wcku\G\G[u®�f]g�_V^ukPt�vcb�i�[£t¥^upjpq[Pi�e�[X �^SA^E\G[Pb¯kX £f¼»½^Sij^Eg�e,£fG^S®Vª·¶+fG^S®$p,tSkug
�&^� �f¬»^Eij^Sg£eV�}^�tSkLd&pq^ne�v�^Sw:a�kSwº �f¬»½^SiVfGg:ejv�^�pq^SeV[L`$[5b}^Ei�kLe�fG[5g&p#fGg&t2\Gd& �^� �fGg�e�v�^Saº|[5i#f]g�e�v�^
[Pi{ �^Si�fGg¦®�v�fzt�v¦t¥[Paca¨[Pg+[5b}^Ei�kLe�fG[5g&p�kLbJb}^�kLi�f]g#ejvJ^�£fG^S®$p2ª7Ì�w�tCv�[A[Ãp�f]g�_+ejvJ^�p�^Ee7[u`&[Pb&^Si{kLejf][Pg&p�e�[
�&^+fGg t¥\Gd& £^u Ëf]g�k�bJij[£t¥^up�p�[5i��f]^S® kug& cejv�^+[5i� �^Ei�p/e�v&kLe�and p�e,�&^+a�kLf]g�e{kLf]g�^u #�&^Seq®�^S^Egne�v�^Saº|P®�^
v&kSA^V �^EA^S\G[5b}^� Ëf]acb�\G^Ean^Sg£e�kuejf][PgXfGg  �^Sb&^Sg& �^Eg�e� �^¥Ï g�fGe�fG[Pg p/[L`�p�^EA^Si�ku\}a¨^Sac[Pi�wXpqw�pqej^Sa�pQ�1��|��.¸��oª
Æ:^�gJ[L® b�ij^upq^Sg£e�p�d tCv·k¯tCv&kui�k5t¥ej^Si�fGÄukuejf][Pgc[u`�tSkLd pjkL\sa¨^Sac[Pi�wAª

OQP,O � %º¹X�V���	; �����	������- %/.0����1
Z�kLd pjkL\,ac^Eac[Pi�wXij^u¸Ad�fGi�^up�ejv&kue+5kL\GdJ^up«ij^Eejd�i�g�^u ��£w�ij^uk5 �[Pb&^Si{kLejf][Pg&p+i�^up�b&^ut¥e$ejvJ^¯tSkLd&p�kL\�[5i� �^Ei
�&^Seq®�^S^Eg a¨^Sac[Pi�wº[Pb&^Si{kLejf][Pg&p2ª �Af]g&t¥^�ejv�^·^¥»½^ut¥e{p#[L`¦t¥[5g&t¥d�i�ij^Sg£eX[Pb&^Si{kLe�fG[Pg p�¢Û[5b}^Ei�kLe�fG[5g&png�[5e
ij^E\zkLe�^u ¹�£w¹ejvJ^�tSkud&pjku\V[Pi� £^Si¥¤¨tSkug �&^:[P�&pq^SijA^u ¹f]gÍ �f¼»½^Si�^Sg£ec[Pi{ �^Si·kLe· �f¬»^Eij^Sg£ecb�i�[£t¥^upjpq[Pi{p¥|
tSkud&pjku\7ac^Eac[Pi�wXkL\]\G[u®$p�^uk5tCv�b�i�[£t¥^upjpq[Pi$ej[¨ �^SA^S\][Pb�k¯ �f¬»^Eij^Sg£e�£fG^S® [u`�p�v kLij^� �ac^Sa¨[PijwÃª

Z�kLd&p�kL\+[5i� �^EijfGgJ_Apn�&^Seq®�^E^Sg�ejv�^·[Pb&^Si�kuejf][Pg&pc[L`�b�ij[£t¥^�pjp�[5i�)�kLg& ¹e�v�^�[5b&^Si�kuejfG[5g&pn[u`#[5ejv�^Ei
b�i�[£t¥^upjpq[Pi{pnkuij^�^up�e{kL��\]fzpqv�^u �®�v�^Eg»)ºi�^ukP Jp#Pku\Gd�^�p#®�ijfGe�ej^Sg ��w:[Pe�v�^SiXb�i�[£t¥^upjpq[Pi{p¥ª¹�Af]g&t¥^c®�i�fGej^
[Pb&^Si{kLe�fG[Pg p«d�b½ �kLe�^Xejv�^Åp�e{kLej^X[u`�p�v kLij^� �ac^Sac[5ijw¨kLg& �)l¼×p�ij^uk5 �p+tSkug�ij^Eejd�i�gºPku\Gd�^�py®�i�fGeje�^Sg��£w
[Pe�v�^Si,b�i�[£t¥^upjpq[Pi{p¥|�k+b�i�[£t¥^up�p�[Pi
¼×p,�f]^S®�fGg¯tSkud&pjku\}a¨^Sac[Pi�w+g�^S^� �p7ej[Vf]g&t¥\Gd  �^$kL\]\�®�ijf]ej^�[Pb&^Si{kLe�fG[Pg p¥ª
r�v�^�tSkLd&p�kL\�[5i� �^EijfGgJ_+^up�e{kL��\]fzpqv�^u ��£w¦k«ij^�kP �[5b&^Si�kuejfG[5gn[u`&b�i�[£t¥^upjpq[Pi�)VtSkugXb�ij[5b&kL_ÃkLe�^«e�[+kug�[Pe�v�^Si
b�i�[£t¥^upjpq[Pi R ��d�e$ejv&kue«v kLb�b&^Sg&p$[Pg�\]w�k5p«kXij^�p�d�\]e«[u`�)n®�i�fGe�fGg�_¨kË5ku\Gd�^¦ejv&kue R ij^uk5 �p¥ª�r�v£d&p2|}e�v�^
5kL\]d�^up�ejv kLe	tSkLg·�}^¦ij^uk5 c��w R kLi�^Xk�»½^ut2ej^u c�£wc[Pg�\]wcejvJ^�®�i�fGe�^�[5b&^Si�kuejfG[5g&p«[u`,[Pe�v�^Si�b�i�[£t¥^upjpq[Pi{p¥ª
x+p+kci�^up�d�\]eS|D)· �[A^up+g�[5e#�&^ut¥[5ac^XkS®�kuij^X[u`�ejvJ^Xij^uk5  [5b}^Ei�kLe�fG[5g&p�[u`�[Pe�v�^Si+bJij[£t¥^up�p�[5i�p# £fGij^�t¥ej\]wAª
r�v�flp�[P�&pq^Sij5kLe�fG[5gs|&t¥[PdJb�\G^u c®�f]ejv�ejv�^$`QkPt¥e�e�v&kLe�[5i� �^Si�fGg�_Ãpy[u`�[5b&^Si�kuejfG[5g&p�fGgc£fG^S®$p�a¯d&pqe/i�^up�b&^ut2e
tSkud&pjku\GfGeqwA|£\G^uk5 �p�ej[Xe�v�^+`§[P\]\G[u®�fGg�_¯ £^¥Ï&g�f]ejfG[5gc[L`/tSkLd&p�kL\sac^Eac[Pi�wAªD��[Pi	p�wJp�e�^Sa ^E±�^ut2d�ejf][Pgcv�flp�e�[Pijw
tº|½t Z³¾ � ij^¥`§^Ei�p�ej[Xe�v�^+v�flp�e�[Pijw¨ij^upqd�\Ge�fGg�_Åk�`§ej^Ei�ij^uk5 ©[5b&^Si�kuejfG[5g&p�[L`�kL\G\½b�ij[£t2^upjpq[Pi�p�[Pe�v�^Si�e�v&kLg�)
kLi�^¦ �^S\G^Eej^u Ë`§i�[Pa<e�v�^Sf]i�b�ij[£t¥^�pjp�[5i«^E±�^ut2d�ejf][Pgcv�flp�e�[Pijf]^up¥ª

�



�®¿9À·Á>¿9ÂWÃÅÄ�Æ$ÇlÈ>É xµv�fzpqej[Pi�w!t)fzpVtSkLd pjkL\,f¬`�|!`§[5iV^ukPt�v�bJij[£t¥^up�p�[5i { |�ejv�^Eij^XfzpVkV^ DÛT ¾ËÊ Z |
p�d tCv·ejv&kueS|�`§[Pi$kL\]\7[5b&^Si�kuejfG[5g&pQi / kLg& Ei k f]gft Z³¾ � |�f¼`Ìi / ²

�� i k ejvJ^SgEi /b�i�^ut¥^u �^�pWi k fGgEÊ Z ª

x3ac^Sac[5ijwÅp�wJp�ej^Ea<fGacbJ\G^Sa¯^Sg£ejp,tSkud&pjku\7a¨^Sac[Pi�w#f¬`,ku\G\vJfzp�e�[Pi�fG^up�ku\G\G[u®�^u c��w¯fGe$kuij^XtEkLd&p�kL\oª
r�v�^�^S±JkLacb�\]^n^E±�^ut2d�ejf][Pg�f]g¨��fG_PdJij^E�cflp#b}[ÃpjpqfG��\]^�®�f]ejv´tSkud&pjku\«ac^Eac[Pi�w��&^utSkud&p�^�ejvJ^�t2[Pi��

ij^�p�b&[Pg& £fGg�_�£fG^S®$p«^E±�flp�e�`§[Pi+^uk5tCvºbJij[£t¥^up�p�[5i#k5p+ij^u¸Ad�fGi�^u ��£w�ejv�^¯ £^¥Ï&g�f]ejfG[5gº[L`�tSkud&pjku\�ac^Sac[5ijwAª
Æ:^#k5pjpqd�ac^Vejv&kue+ku\G\s5kLi�fzku��\G^up�v&kSA^Vkug�fGgJfGejflkL\s5kL\]d�^V[L`,ÄE^Sij[Jª�r�v�flp�v�fzpqej[5ijw�fzp�g�[5e+pq^u¸Ad�^Sg£ejfzku\G\]w
t¥[5g&p�flp�ej^Eg�e¦p�f]g&t¥^¯�&[Pejv b�ij[£t¥^�pjp�[5i�p#®�[Pd�\l  g�[5e�Í{kL_Pi�^S^�Î�[5g�k�t¥[Paca¨[Pg:p�^�¸�d�^Eg&t¥^X[L`$[5b&^Si�kuejfG[5g&p
¢Ûe�v�^Si�^«flp�gJ[Xp�f]g�_P\]^«£fG^E®¹ejv kLe,fGg&t2\Gd& �^�p/ku\G\&[Pb&^Si{kLe�fG[Pg p�kLg  nij^upqb&^ut¥e�p,b�ij[5_Pi{kLa°[Pi� £^Si,^up�e{kL��\]fzp�vJ^u 
�£wc^ukPt�vcb�i�[£t¥^up�p�[Pi2¤�ª

{ / 8ÅYV¢,\¤³�MYV¢,Ï�¤q�gbA¢,Ð�¤��
{9k 8ÅYV¢,Ð�¤³�MbA¢Ñ\!¤��HbA¢ÑÏ ¤��gb�¢Ñ\¤��

Ò Ü�ÓÓsÞâ�ù Ø§âSÝqÚqÖÛÖÌÔÖÕEÚ�Ýqàuã§Õ×â¥å

Ê Z�× 8ÅY / ¢Ñ\¤���Y / ¢,Ï�¤q�gb / ¢,Ð�¤q�gY k ¢ÑÐ�¤��
Ê ZSØ 8ÅY k ¢ÑÐ�¤��®b k ¢Ñ\¤q�oY / ¢,\¤³��Y / ¢,Ï�¤q�gb k ¢ÑÏ ¤��gb k ¢,\¤��

Ò æ.ÓsísÜ�àLÖQÜ�ByÙ7Õ×ÚqÞsÖ
�7f]_Pd�i�^H�.8,x«g�^S±£^ut¥d�e�fG[Pg¨®�v�fzt�v�fzp�tSkud&pjku\s��d�e$g�[Pe	p�^u¸Ad�^Sg£ejflkL\]\Gw¯t¥[5g&p�flp�ej^Eg�e

Z�kLd&p�kL\,ac^Sa¨[Pijw¨ �f¬»^Ei�p�`§ij[Pa [Pe�v�^Si+®�^ukLÉ£\Gw�t2[Pg&pqfzp�e�^Sg£e+ac^Sac[5ijf]^Sp2ªW�7fG_5d�ij^Å��p�v�[u®$p+kugº^S±��
^ut¥dJejfG[5gºejv&kue+fzp$b}^Eijacf]ejej^� ��£w�tEkLd&p�kL\,ac^Sac[5ijw¯®�v�fzt�vºfzp$g�[PeVku\G\][L®�^u ��£w�bJij[£t¥^up�p�[5i#t2[Pg&pqfzp�e�^Sg£e
ac^Sa¨[Pijw¦k5pyf]acb�\G^Ean^2g�e�^u ��£w¯ejv�^ � x����Íand�\]ejf]b�ij[£t¥^�pjp�[5id� �����oª�Z�kud&pjku\sac^Sac[5ijw¦kL\]\G[u®$p�t¥[Pg t¥d�i��
ij^Eg�e�®�ijf]ej^upsej[Vk$ac^Sa¯[Pijw$\G[£tEkLejf][PgXe�[+�&^�ij^�kP #fGgÅkLg£wV[Pi� £^Si��£w# £f¼»½^Sij^Eg�esb�i�[£t¥^up�p�[Pi{p¥ª,r�v�^ � x����
fGa¨b�\G^Sa¯^Sg£e�kuejf¬[PgX[u`�b�ij[£t¥^�pjp�[5i$t¥[Pg p�fzpqej^Sg t¥wXij^u¸Ad�f]ij^up�ac^Sa¨[PijwVe�[#�&^Vt¥[5v�^Sij^Eg�eE|�e�v&kLe�fzp2|�®�i�fGe�^up/e�[
kcpqfGg�_5\G^Xac^Sa¨[Pijw¯\G[£tEkLejf][Pg kLi�^¯p�^Si�fzkL\]fGÄS^� �kug& º[P�&pq^SijA^u �fGgºe�v�^¯pjkuac^#[5i� �^Si	��wÎkL\G\�b�i�[£t¥^upjpq[Pi{p¥ª
��[PiXe�v�fzp#i�^ukPpq[Pgs|�e�v�^c^S±£^ut¥dJejfG[5g�®�[5d�\z �g�[5en�&^�b&^Sija¨fGeje�^u º��w�bJij[£t¥^up�p�[5ict¥[5g&p�flp�e�^Sg�e¦ac^Sac[5ijwAª
+�fGb&^S\]fGg�^u E $x+¡ � ~��y�,flp�pqeji�fzt¥e�\Gw�®�^ukLÉA^Ei�e�v&kLgÐtSkLd&p�kL\�ac^Sac[5ijw��&^utSkLd p�^cf]e�[5g�\Gwºi�^u¸Ad�fGi�^up+ejv&kue
b�i�[£t¥^upjpq[Pi{p/[Pi{ �^Si�e�®�[V®�ijfGe�^�[Pb&^Si{kLejf][Pg&p,fGg¯ejv�^	pjkuac^�[Pi{ �^Si,fGg¯ejvJ^SfGi�£fG^E®$p�[5g�\GwXf¬`½ejv�^$®�ijf]ej^up,kLi�^
^S±£^ut¥d�e�^u n�£wcejvJ^#p�kLac^	b�ij[£t¥^�pjp�[5iSª

{ / 8ÅY�¢Ñ\!¤³�
{9k 8ÅY�¢Ñ\!¤��
{�Ú 8Åb�¢Ñ\¤���bA¢,\¤q�
{�Û 8Åb�¢Ñ\¤q�gbA¢,\¤��

��fG_PdJij^¦��8�Z�kLd&p�kL\���d�e�g�[5e«bJij[£t¥^up�p�[5i+t¥[5g&p�flp�e�^Sg�e�^E±�^ut2d�ejf][Pg
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�����vÞàßX%��&��
���y�	�
Z�kLd pjkL\�ac^Sac[5ijwcv kPp��&^S^Eg� �^2Ï&g�^u ºd&p�f]g�_�ejv�^¯ij^�kP âáE®�ijfGe�^na¨[£ �^S\�[u`$p�v kLij^� �ac^Sac[5ijwAª¦mogºb&kLiq�
kL\]\G^S\�kub�b�\]fztSkuejfG[5g&p¥|½t¥[5acandJg�fztSkuejf][Pgc�&^Seq®�^E^Sg�b�ij[£t¥^�pjp�[5i�pVkL\lp�[ce{kLÉA^up�b�\lkPt¥^V£fzk¯p�w£g&tCvJij[PgJfGÄukuejfG[5g
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ij^Eg�e�\GwA|�t¥[5g&t¥d�i�ij^Sg£e#®�i�fGej^Ei�p�f]g�e�ij[£ �d t¥^cejvJ^cb�ij[5��\G^Ea [u`$ac^Sij_5fGg�_�e�v�^cac[£ �f¬Ï½tSkuejfG[5g&p�e�[:k�b&ku_P^
 �[5g�^¦kLe�a¯d�\Ge�fGb�\]^�b�i�[£t¥^upjpq[Pi{p¥ª�r�v�^Sij^�t¥[Pd�\l c�}^�t¥[Pg&t2d�iji�^Sg�e�®�ijf]ej^up,ej[XejvJ^�b kL_P^V�&^utSkud&p�^	[L`�`QkL\zpq^
p�v kLijf]g�_:^SA^Sg�®�v�^Eg¹pqw�g tCv�i�[Pg�f]ÄukLe�fG[5g¹t2[Pg£ejij[5\zpXk5tSt¥^up�p#ej[: �kue�k:p�ej[5ij^u �f]g e�v�^�b&kL_5^Aª�r�v�^ YAD ,
ac^ut�v&kug�fzpqa ^Eacb�\G[uwA^u �fGg �#�.�P|��.'���tSkug��&^cd&p�^� �ej[�v&kug& �\G^¨ejv�^¯ac^Si�_PfGgJ_cb�ij[5��\G^Ea���d�e#f]e¦ �[A^up
v&kSA^¨t¥[Pb£w�f]g�_ºkug& �b�ij[£t2^upjpqfGg�_º[uA^Si�v�^ukP Jp¥|7®�vJfzt�v�®�^cv k�A^X`§[PdJg& �ej[��&^·¸Ad�fGe�^nv�f]_Pve� ��2��Qª�Æ:^
 �^uku\�®�f]ejv�`Qku\zp�^¨p�v kLijf]g�_º�£wºa�kLÉ£fGg�_�e�v�^cij^�p�eji�fzt¥e�fG[5g�e�v&kLeÅk�b&kL_5^�tSkLg�[5g�\Gwº�&^�k5tSt¥^up�p�^u ��£w k
p�f]g�_P\]^�®�i�fGej^Eickug& ¹andJ\Gejf]b�\G^¨ij^uk5 �^Si�p¯kLe©k�_Pf]A^Sg¹e�fGac^Aª r�v�d&p2|$k�b&kL_5^:tSkLgJg�[Pec�&^:tSk5tCvJ^u ¹kue
a¯d�\Ge�fGb�\]^�b�i�[£t¥^upjpq[Pi{p�®�fGejv¨®�ijfGe�^VkPtEt¥^upjp�kLe$kug�w¯ejf]ac^Aª�r�v�fzp� �[A^up2|�v�[u®�^SA^SiE|Ap�^Eijfzku\Gf]ÄS^+t2[Pg&t¥dJijij^Eg�e
®�ijf]ej^up,ej[¯k#b&ku_P^Aª�Æ:^Vb�fGg©k#b&kL_5^�e�[¯k�b�i�[£t¥^up�p�[Pi_� �5���&`§[Pi$kXt¥^Si�e�kufGg�kuac[Pd�g£e,[L`êejf]ac^�ej[¯t¥[5g�e�ij[5\
ejvJ^Vp�f]ejd&kuejfG[5gc®�v�^Si�^+t2[Pg&t¥dJijij^Eg�e,®�ijf]ej^Si{p/ac[uA^$kVb&kL_5^+�&^Seq®�^S^Sg¯b�i�[£t¥^upjpq[Pi{p�t¥[Pg£ejf]g�d�[5d&p�\]w�¢Ûb&ku_P^
ejvJi�kPpqv�fGgJ_�¤�ª¨moe+and p�e+�&^¯g�[Pe�^u  e�v&kLe+`Qku\zp�^¯pqv&kLi�fGg�_J|7®�v�^Eij^¨k�pqfGg�_5\G^X®�i�fGej^Ei+fzpVt¥[5g&t¥d�i�ij^Sg£e+®�fGe�v
a¯d�\Ge�fGb�\]^�ij^uk5 �^Si�p2|& �[A^up�g�[Pe	t¥i�^ukLe�^VkLg£wcb�i�[P��\]^Sa�p/f]g�[Pd�i$fGacbJ\G^Sa¯^SgAe�kuejf][Pg¯[L`�tSkud&pjku\sac^Sac[5ijwAª
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 �^Se{kLf]\zp�[L`êejvJ^�f]acb�\]^San^Eg�e{kLejf][Pgsª
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r�v�^$k5t¥ejf][Pg&p�^S±£^ut¥d�e�^u +®�v�^Sg¯b&kL_5^�`QkLd�\]e�p�[£tSt¥dJi,kLe,b�i�[£t¥^upjpq[Pi {�m kLij^	p�vJ[L®�gXf]go�7fG_5d�ij^W�Jª�Æ�^�kL\lp�[
p�vJ[L® ejv�^¦kPt2ejfG[5g&p�^S±£^ut¥d�e�^u n�£wcejvJ^�[u®�g�^Ei$kLg& �a�kLg&ku_P^Si�bJij[£t¥^up�p�[5i�p�`§[Pi	p�^Si��flt¥fGg�_¦b&kL_5^�`Qkud�\Ge{p¥ª

�$g�k#ij^uk5 ckPtEt¥^upjp�`QkLd�\]eS|£k#b�i�[£t¥^upjpq[Pi$pq^Sg& �p�kM ( x � ac^up�pjkL_5^«e�[Xejv�^$a�kug&kL_5^Si�[u`�ejv�^+b kL_P^Ãª
mÛ`�e�v�^�`Qkud�\Ge�flp« £d�^#e�[ckX®�ijf]ej^¦kPtSt2^upjp2|&knÆe «mqr ( ac^upjp�kL_5^�flp«pq^Sg£eSªW�«gÎkËbJij[Pe�^ut¥e�fG[Pg�`QkLd�\]eS|�e�v�^
`QkLdJ\Gejf]g�_¯b�ij[£t¥^�pjp�[5i+t�v�^ut�ÉJp/Ï&i�pqe«®�v�^Eejv�^Si�f]e�fzp�ejv�^V[u®�g�^Si$[L`�ejv�^Vb&ku_P^Aª$mÛ`�f]e�fzp2|�fGe$d�b�_Pi{kP �^�pye�v�^
kPtEt¥^upjp#e�[�e�v�^cb&ku_P^·ej[ ÂCT�?AY ¾ Â2DGF�T ª»�$ejv�^Eij®�fzpq^A|,k�Æe $m�r ( a¨^upjp�kL_P^¨fzpXp�^Eg�eXe�[ºejv�^�a�kug&kL_5^SiSª
r�v�^Va�kug&kL_5^Si�[Pg�_P^Eejejf]g�_¯kXij^u¸Ad�^upqeS|£p�d�bJb�\Gf]^up�ejv�^Vb&ku_P^Vf¼`êfGe�fzp�e�v�^V[L®�gJ^Si�[Pi�^S\lp�^«`§[5ij®�kLi� Jpye�v�^
ij^�¸�d�^�p�e�ej[Vejv�^$t2d�iji�^Sg�e�[u®�g�^SiEª�mÛ`!k«Æe «mqr ( ac^up�pjkL_5^�®�kPp,p�^Sg£eS|5ejv�^$t¥dJijij^Eg�e�[u®�g�^Si, �[u®�g�_5i�k5 �^up
fGe{p+kPtEt¥^upjp+e�[�e�v�^Xb&ku_P^¯ej[ ÂCT�?AYAIA@�³ÁÀ ¢Û®�^¯ �[�g�[PeVg�^S^� �ej[�a�kLÉA^¦fGe{p+kPtSt2^upjp @�NA³G³ pqfGg&t2^X®�^¯kL\]\G[u®
ij^�kP �^Si{p«ej[©t¥[Pg&t2d�iji�^Sg�e�\Gw�^S±£fzpqe«®�f]ejvºkc®�i�fGej^Ei¥¤�|½kLg  ºp�^Sg& Jp+k�t¥[Pb£w�[L`�ejv�^Xb kL_P^Xe�[cejvJ^#`QkLd�\]ejfGgJ_

���



b�i�[£t¥^upjpq[PiE|Ê®�vJfzt�vºkPp�p�d�a¨^upy[u®�g�^Ei�p�vJfGbsªVmÛ`,e�v�^�`Qkud�\Ge+®�kPp+ £d�^Xej[�k¯ij^uk5 |ejvJ^X[L®�gJ^Si+pqd�b�b�\]fG^up	k
t¥[5b�wc[u`�e�v�^Vb&kL_5^Xkug& � �[u®�g�_5i�k5 �^up�fGe�p�k5tSt¥^up�pye�[ ÂCT�?AYAIA@�³ÁÀ ��d�e�ij^Ee�kLf]g&p�[u®�g�^Si{p�v�f]b�[u`,ejvJ^�b kL_P^Ãª
r�v�flp/fzp� �[PgJ^Vp�[¦ejv&kue�ejv�^$b�ij[£t2^upjpq[Pi>¼ p�A^ut¥e�[Pi,ejf]ac^$tSkLg¨�}^	fGg&t¥i�^Sac^Sg£ej^E �e�v�^+g�^E±�e,ejf]ac^�fGe,®�i�fGej^�p
ej[¦ejv&kue�b&kL_5^Aª�Æ:^+^S±£b�\zkufGg¯®�v�wXe�v�fzp,fzp/gJ^ut¥^up�pjkLi�wnf]gne�v�^+g�^E±�e�p�^�t¥ejf][Pgsª,r�v�^$`QkLd�\]ejfGgJ_�bJij[£t¥^up�p�[5iS|
[Pg ij^ut¥^EfG£fGg�_ce�v�^cb&ku_P^cf]g�k � x,r�x9a¨^upjp�kL_P^Ã|7fGg p�e�ku\G\lp�e�v�^¯b&kL_5^�®�f]ejv:ejv�^©kLb�b�i�[Pb�i�fzkuej^�k5tSt¥^up�p
ijf]_Pv£e�p2ª
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kL\]\&ac^upjp�kL_5^up¥ªêx b�i�[£t¥^up�p�[Pi
¼×p�t¥\G[£t�É#flp/ku\zpq[#d�b½ �kuej^u n®�vJ^Sg�k+ac^up�pjkL_5^«flp�ij^ut¥^EfGA^u V��wXb&^Siq`§[Pija¨fGg�_
k WX? `«[5b&^Si�kuejfG[5gºd&p�f]g�_XejvJ^#t2d�iji�^Sg�e�5ku\Gd�^V[L`�ejv�^¦t¥\][£tCÉ¨kLg& �ejv�^Ve�fGac^upqe�kuacbni�^ut¥^Sf]A^u X®�fGejv�e�v�^
ac^up�pjku_P^Aªêr�v�^#i�^up�d�\]e�flp«k5pjp�f]_Pg�^� ©e�[ne�v�^VA^ut¥e�[Pi�t2\G[£t�Éc[L`êejv�^Vi�^ut¥^Sf]�f]g�_#b�i�[£t¥^up�p�[PiEª

mog [5d�i�f]acb�\G^Ean^Sg£e�kuejf¬[Pg!|ye�v�^:Pku\Gd�^:[L`¨t2\G[£t�É|%�%� m |+fzpcg�[5eºp�^Eg�e�®�v�^Sg {�m p�^Sg  �p�i�^u¸�dJ^up�e
ac^up�pjku_P^up«e�[�[PejvJ^SiVb�ij[£t¥^�pjp�[5i�p2ªcr�v�flp�flp«�&^utSkud&p�^¨tSkLd pjkL\� �^Eb}^Eg& �^Sg&t2fG^up«�&^Seq®�^S^Sg�bJij[£t¥^up�p�[5i�p�f]g
kcpqv&kLi�^u  a¨^Sac[Pi�wcpqw�pqej^Sa kLi�^X[Pg�\]wºt¥i�^ukLe�^u �®�v�^Eg: �kLe{k©®�i�fGe�ej^Sgº�£w�[Pg�^Xb�i�[£t¥^up�p�[PiVflp«ij^uk5  �£w
kLgJ[PejvJ^SiSª,r�v£d&p¥|Jk+ij^u¸Ad�^upqe/a¨^upjp�kL_P^	 �[A^up,g�[Pe�t¥i�^ukLe�^+k¦tSkLd pjkL\½ �^Eb}^Eg& �^Sg&t2wAª���d�i�ejv�^Si�ac[Pi�^A|ApqfGg&t¥^
ejvJ^ctSkud&pjku\�[5i� �^SiÅt¥ij^�kLej^�  �£w�k�ij^uk5  [5g�\Gw:[Pi{ �^Si{p�ejvJ^ck5pjp�[£t2fzkLe�^u �®�ijf]ej^¯[Pb&^Si�kuejf][Pg��&^¥`§[Pi�^ne�v�^
ij^�kP |�e�v�^cejf]ac^upqe�kLa¨b:p�^Sg£e#f]g�k � x,r�x ac^up�pjku_P^¯fzp#ejvJ^cA^ut¥e�[PiVejf]ac^ckueX®�v�fzt�v:ejv�^cb kL_P^·®�k5p
®�ijf]eje�^Sgs|�kug& �g�[5e#e�v�^�t¥d�i�ij^Sg£eV5kL\GdJ^n[u`$ejv�^�pq^Sg& �^Ei>¼×pVt¥\][£tCÉ½ª�r�v£d&p¥|�f]g!�7f]_Pd�i�^æ��|�[Pg�\]w � x,r7x
ac^up�pjku_P^up�tSkuiji�wcejv�^Ve�fGac^upqe�kuacbck5pjpq[£t¥fzkuej^u �®�fGejv�e�v�^Vb&kL_5^#�&^SfGgJ_cpq^Sg�eEª,mÛ`�e�v�^Vb&kL_5^#fzp�i�^ut¥^Sf]A^u 
kPpVk�ij^upqd�\Ge+[u`$kcij^�kP �`QkLd�\]eS|(�%� m |sejv�^¯A^ut¥e�[PiVt2\G[£t�É�kue {�m |sfzp+g�[5e#k5 �5kLg&t2^u  ®�vJ^Sg�e�v�^¯b&kL_5^nflp
ij^�t¥^SfGA^� ªcx°t¥\G[£t�Éºd�b½ �kuej^cflp�g�[5e#g�^ut2^upjp�kLijw:®�v�^Sg ®�^¯[Pg�\]w�t¥[5g&p�fl �^SiVejvJ^c^S±£^ut¥d�e�fG[Pg:[L`	 JkLe�kS�
i�k5t¥^¥�§`§ij^S^Vb�i�[P_5i�kLa©p¥ª,Æ v�^SgºkXb&ku_P^#flp�ij^ut2^SfGA^u ¯fGg·k � x,r7x3ac^�pjpjku_P^¦ �d�^Ve�[ckX®�ijf]ej^+`QkLd�\]eS|�e�v�^
t¥\][£tCÉcflp�fGg&t2ij^Sac^Eg�e�^u nkug& �d�b½ �kuej^u ��}^�tSkLd&pq^XkXejf]ac^up�e{kLacb¯ij^�kP ©`§i�[PaÈejvJ^Xt¥\][£tCÉcflp�kPp�p�fG_5g�^u �e�[
ejvJ^�gJ^S®3A^Si{p�fG[5g�[L`,e�v�^#b&ku_P^Å �kLe{knejv&kue«®�f]\G\½�}^Åt¥ij^�kLej^� ©�£w�ejv�^Vb�i�[£t¥^up�p�[PiEª�Æ�^V^S±£b�\zkufGg�fGg�e�v�^
g�^S±£e$p�^�t¥ejf][Pg�®�v£wY�#� m fzp�d�b½ �kuej^u �[5g�®�ijf]ej^+`QkLdJ\Ge�p���d�e$g�[5e«®�v�^EgºkXb&kL_5^Xfzp�ij^�t¥^SfGA^� c �d�^Vej[©k
ij^�kP n`QkLd�\]eSª
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e�kuacb&p½kLij^� �^Eej^Si�acfGg�^� ª}Æ vJ^Sg { mAij^�¸�d�^�p�e�pskug& VtSkPt�v�^up½kyb kL_P^,f]g Â�T�?AYAIA@�³¬À ac[£ �^A|2ejv�^,ejf]ac^upqe�kLa¨b
kPp�p�[£t¥flkLe�^u  ®�f]ejv·fGe$fzp«i�^ut¥^Sf]A^u nfGgÎk � x/r�x a¨^upjp�kL_P^¦®�fGe�v�ejvJ^¯t¥[Pb£w�[L`�ejv�^¦b&kL_5^Aª�+�ku_P^Xejf]ac^upo�
e�kuacb&p$kLi�^nd&pq^u �ej[© �^ut¥fl �^#®�v�^Eg�e�v�^#b&ku_P^¨t¥[Pb£w�a©k�w¨�}^¯[uA^Sij®�i�fGe�ej^Sg·kPtEt¥[Pi{ �fGg�_�e�[�tSkLd pjkL\]fGeqwAª
mÛ`,k#bJij[£t¥^up�p�[5i+fzp�tSk5tCvJfGg�_¯k#b&ku_P^¦fGg ÂCT�?AY ¾ Â2DGFqT a¨[£ �^A|�f]e�p�e�fGac^upqe�kuacb¯p�e�[Pij^�pye�v�^VejfGa¨^+kue«®�v�fltCv
ejvJ^+b�ij[£t2^upjpq[Pi�\lkPpqe�®�ijf]ej^«`Qkud�\Ge�^u X[Pgce�v�^+b&ku_P^Aª,¡�d�\]ejf]b�\G^�®�i�fGej^�p�kLe�k�b�i�[£t¥^up�p�[Pi�e�v&kLe,`QkL\]\®�fGe�v�fGg
k#pqfGg�_5\G^�b&ku_P^+®�f]\G\�i�^up�dJ\Ge,fGg¨k#pqfGg�_5\G^$fGg&t¥i�^Sac^Sg£es[Pb&^Si{kLe�fG[Pg¨ej[#e�v�^$®�ijfGe�^Si>¼ p7A^ut¥e�[Pi,t2\G[£t�ÉX�}^�tSkLd&pq^
[PgJ\Gw�e�v�^�Ï i�p�e	®�ijfGe�^#_5^Sg�^Si{kLej^�p+kË`QkLdJ\GeSª��$[L®�^SA^SiE|�ejv�^Si�^Xkuij^¯p�f]ejd&kuejf][Pg&p«®�vJ^Sgºejv�^Åt¥\G[£t�É�g�^S^u Jp
ej[º�&^�fGg t¥ij^Sa¨^Sg�e�^u ºp�^EA^Si�ku\�ejf]ac^up2ª�r�vJfzp#v&kub�b&^Sg&pX®�v�^Sg�[Pe�v�^SiXb�i�[£t¥^upjpq[Pi{pË_5^Se¯t¥[PbJfG^up#[u`+e�v�^
b&ku_P^V®�v�fG\]^Vk#b�i�[£t¥^upjpq[Pi$fzp,®�ijfGe�fGg�_¦fGe	¢Û®�^¦ku\G\G[u®Ít¥[5g&t¥d�i�ij^Sg£e�i�^ukP £^Si�p�®�f]ejv�k#®�i�fGej^Ei¥¤�ªêr�v�^¦t¥\G[£t�É
fzp$fGg&t¥i�^Sac^Sg£ej^� ©e�[�^Sg&p�dJij^Xejv kLe¦ �f¼»½^Si�^Sg£e+A^Si�pqfG[5g&p«[L`ykcb&kL_5^c �kue�k�v&kSA^¯ �f¼»½^Si�^Sg�e	ejfGa¨^up�e{kLacb&p
kPp�p�[£t¥flkLe�^u �®�f]ejvce�v�^Saºª�Æ�^Vk5tCvJfG^SA^$ejv�flp���w¨ �[u®�g�_5i�kP £fGg�_¨kËbJij[£t¥^up�p�[5i>¼×p�k5tSt¥^up�p�ej[¯k#b&ku_P^¦ejv&kue
fGe$[u®�g&p«e�[ ÂCT�?AYAIA@�³ÁÀ ®�v�^SgºfGe	p�^Eg& �p$kct¥[Pb£w�[L`�ejvJ^#b&ku_P^XfGg·ij^upqb&[Pg&pq^Xej[�kæ ( x � a¨^upjp�kL_P^¨¢Û[5i
�7Æ � ®�v�^Sg�e�v�^X[u®�g�^Si¦fzp+ �f¬»½^Sij^Sg£e+`§ij[5a�ejv�^¯a�kLg kL_P^Ei¥¤�ª¯Ì�w·a�kLÉ£fGg�_¨ejv�^¯b&kL_5^ ÂCT�?AYAIA@£³¬À |®�^
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^Sg&pqd�ij^	ejv&kue�k�`§dJejd�i�^+®�ijf]ej^+�£wXejv�^	[L®�gJ^Si�®�[Pd�\l n_P^SgJ^Si�kuej^	k#b�ij[5ej^ut¥e�fG[5gn`QkLd�\]e,®�v�fzt�vc®�fG\]\&ij^upqd�\Ge
fGg¨fGg&t¥i�^Sac^Sg£ejf¬g�_	ejv�^	t¥\G[£t�É¯kLg  �kVg�^S® e�fGac^upqe�kuacb#�&^Sf]g�_Xk5pjp�f]_Pg�^� ©e�[#e�v�^+b&ku_P^Aª,r�v£d&p¥|£ejv�^	g�^S®
A^Si{p�fG[5gc[L`êejvJ^�b kL_P^Å �kLe{k#®�fG\]\v&kSA^VkXv�fG_5v�^Si�ejfGa¨^up�e{kLacbXe�v&kLg·ejv�^Vb�i�^ut¥^u �f]g�_#A^Ei�p�f][Pgce�v&kLe�v kPp
�&^S^Sg·p�dJb�b�\Gf]^u cej[¯kug�[Pe�v�^Si$b�ij[£t¥^�pjp�[5iSª
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�$d�i,fGacbJ\G^Sa¯^SgAe�kuejf][PgVfzp, �^upqfG_5g�^u #ej[V®�[PijÉ¯t2[Piji�^ut¥e�\GwV®�v�^Sg¯b�ij[5_Pi{kLa�p,kLi�^$ �kLe{k��Qi�k5t¥^¥�§`§ij^S^Aª,r�v£d&p2|
®�^·g�^S^u �e�[�t¥[Pg p�fz £^Sine�v�^�^2»^�t¥e�pX[L`¦pqw�g tCv�i�[Pg�f]ÄukLe�fG[5g¹[Pb&^Si{kLe�fG[Pg pn[Pg e�v�^�f]acb�\G^Ean^2g�e{kLe�fG[Pg [L`
tSkud&pjku\«ac^Eac[Pi�wAªºmog´ �fzpqejijf]��d�e�^u �p�wJp�e�^Sa�p2|,p�w£g&tCvJij[PgJfGÄukuejfG[5g�[Pb&^Si�kuejf][Pg&pckuij^�fGa¨b�\G^Sa¯^SgAe�^u  �£w
k�pq^SijA^Ein¢§a�kLg£wº £fzp�e�ijf]��d�ej^� �pqw�g&t�v�i�[Pg�f]ÄukLe�fG[PgÐkL\G_5[Pi�fGejvJa�p+^S±�flp�eV��d�e¦ejv�^Ewºv&kSA^nv�f]_Pv�a¨^upjp�kL_P^
t¥[Ãp�e�p�[Pi	\zkLe�^Sg&t¥w&¤�ª ( ±�kuacb�\]^up/[u`,ejv�^�p�^#[5b&^Si�kuejfG[5g&p«f]g&t¥\Gd  �^+\G[£t�É½|&p�^Sa�kub�v�[5ij^¦kLg& �� kLiji�fG^Si$tEkL\G\lp¥ª
�Af]g&t¥^¦p�w£g&t�v�ij[5g�fGÄukuejf][Pg�[Pb&^Si{kLejf][Pg&p$[Pi� £^Si�ac^Sac[5ijwX[5b}^Ei�kLe�fG[5g&p¥|&ejv�^EfGi�fGa¨b�\G^Sa¯^Sg£e�kuejfG[5gna¯d&pqe��&^
ac[£ �f¬Ï&^u ne�[ctEkLiji�wcejvJ^�[5i� �^EijfGgJ_XfGg�`§[5ija�kuejfG[5gsª�Æ:^# £[Xejv�flpy�£wck5pjpq[£t¥fzkuejfGgJ_�k#A^ut¥e�[Pi�ejf]ac^upqe�kLa¨b
®�fGe�v�^ukPt�v·p�w£g&tCvJij[PgJfGÄukuejfG[5g�PkuijflkL��\]^Aª

Æ�^¯pqv�[u®µejv�^¯k5tS¸Ad�fGi�^XkLg  �ij^S\]^ukPpq^Xk5t¥ejf][Pg&p+[Pg kc\G[£t�É�5kLi�fzku��\G^Xf]gV�7fG_5d�ij^o2£¢ok�¤{ª ( k5tCv:\G[£t�É
³ v&kPp+kug�k5pjpq[£t¥fzkuej^u ºA^ut¥e�[Pi$ejfGa¨^up�e{kLacb ³`_¬FzO ª��$g:kni�^S\G^�kPp�^X[5b&^Si�kuejfG[5g��£w�b�ij[£t2^upjpq[Pi {�m [Pg:\G[£t�É
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[Pb&^Si{kLe�fG[Pg p#kLe {�m ejv kLeV®�^Si�^X^S±£^ut¥d�e�^u ��&^¥`§[5ij^¯ejv�^¨t¥[Pi�ij^upqb&[Pg& �f]g�_�i�^S\G^�kPp�^X[5b&^Si�kuejfG[5g�[5g�\G[£t�É ³ ª
r�v�^ Dz@ ^ ?P³ÁDzYA?PF�T [5b}^Ei�kLe�fG[5gºp�vJ[L®�g·fGg��7f]_Pd�i�^M2#flp�^S±£b�\zkufGg�^u cf]gcejv�^Vg�^E±�e$pq^ut¥ejf][Pgsª
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kLeÅkL\]\�b�i�[£t¥^upjpq[Pi{p#ejv&kueXkLi�^c^S±£^ut¥d�e�^u º�}^2`§[Pij^¨ejv�^c� kLiji�fG^Si¦tSku\G\Qªf�$��èj^ut¥eVf]g�A[£tSkuejf][Pg&pX¢Û[5i#`§[Pi�É�p�¤
kL\lp�[¦fGg& �d t¥^«[5i� �^EijfGgJ_Ap��&^Seq®�^S^Sg¯ac^Sa¨[Pijw	[Pb&^Si�kuejf][Pg&p2ª�r�v�^EfGi,v&kLg  �\Gf]g�_#flp/pqv�[u®�gcfGg �7f]_Pd�i�^X2£¢Û�¤{ª
Æ v�^Sg�b�i�[£t¥^up�p�[Pi { m$fGg£A[PÉA^up¦kLg¹[5��èj^ut¥eX[5g { �E|�e�v�^�5kL\GdJ^�[u`VejvJ^�A^�t¥ej[5i¯t¥\G[£t�É�kue { mq|a�#�âmQ|/flp
p�^Eg�e¦®�fGejv ejv�^�fGg£A[£tSkuejfG[5g�ij^�¸�d�^�p�eSªÎÌ�^¥`§[Pi�^n^S±£^ut¥dJejfGgJ_�ejvJ^cfGg£A[£tSkLe�fG[5gs|7b�i�[£t¥^up�p�[Pi { �Åd�b½ �kLe�^up
fGe{p#t¥\][£tCÉ:ej[·ij^�% ^ut¥e#e�v�^ce�fGac^upqe�kuacb�i�^ut¥^Sf]A^u �®�fGe�v e�v�^cf]g�A[£tSkuejf][Pg�i�^u¸�dJ^up�eEª��$g�ij^Se�d�ijg:`§ij[Pa
ejvJ^#fGg£A[£tSkuejfG[5gs|2�%�âmêfzp�d�b½ �kLe�^u �ej[ci�^�%&^ut2e«e�v�^#e�fGac^upqe�kuacbcejv kLeVt¥[5ac^up/`§i�[Pa { �Vf]g�e�v�^#i�^Sejd�i�g
ac^up�pjku_P^Aª

r�v�^�dJb JkLejf]g�_+[u`½t¥\G[£t�ÉJp®�v�^Sg¦kPtS¸Ad�f]ij^,[Pb&^Si{kLejf][Pg&pêt¥[PacbJ\G^Se�^,kLg& Vejv�^�`Qk5t¥e7e�v&kLe�b�i�[P_Pi{kLa�p�kLi�^
kPp�p�d�a¨^u #ej[¦�}^	 �kue�k��Qi�k5t¥^¥�§`§ij^S^Ã|�a©kLÉA^�f]e,d�g�g�^ut2^upjp�kLijw¦ej[ÅkP �5kLg t¥^+t2\G[£t�É�p7®�vJ^Sg � x,r7x ac^up�pjku_P^up
t¥[5g�e{kLfGgJfGg�_¦k�b kL_P^�kLij^	ij^ut¥^EfGA^u ¦ �d�^+e�[#ij^�kP #`QkLd�\]e�p¥ª,mog¨k#pqv&kLi�^u nac^Sa¨[PijwV^Sg££fGij[5g�ac^Sg£eS|5tSkud&pjku\
ij^E\zkLe�fG[5g&p�v�f]b&p$kLijflp�^¦�}^Ee�®�^S^Sg�b�i�[£t¥^upjpq[Pi{p�^EfGejvJ^Si�®�v�^Sg·[Pg�^¦b�ij[£t¥^�pjp�[5iVij^uk5 �py®�v kLe+flpy®�i�fGeje�^Sg��£w
kLgJ[PejvJ^Si�b�ij[£t2^upjpq[PiS|&[Pi$ £d�^Vej[¯p�w£g&t�v�ij[5g�fGÄ�kLejf][Pgc[5b&^Si�kuejfG[5g&p¥ª��Af]g&t¥^+e�fGac^upqe�kuacb&p�kuij^Veji{kLg&po`§^Siji�^u 
®�fGe�vºpqw�g&t�v�i�[Pg�f]ÄukLe�fG[Pg�5kLi�fzku��\G^up2|kug& �ejvJ^#A^ut¥e�[Pi$t¥\][£tCÉ¨[L`,e�v�^#b�i�[£t¥^up�p�[Pi�kPtS¸Ad�fGi�fGg�_¯k¨p�w£g&tCvJij[L�
g�f]ÄukLe�fG[Pg·5kLijflkL��\]^#flp«d�b½ �kLe�^u |®�^Xt¥[5g&p�fl �^Si$ejv�^ÅtSkPpq^X®�v�^SgÎknb�ij[£t2^upjpq[PiVij^uk5 �p$kn5kL\GdJ^X®�ijfGe�ej^Sg
�£wºkLgJ[PejvJ^Si#b�i�[£t¥^up�p�[PiEª¯m�g:b&kuijejflt¥d�\lkLiS|½®�v�^Sg {�m ij^uk5 �pVkcPku\Gd�^¯[L`�\G[£tSkuejf][Pg$`#®�v�fltCvºflp+®�ijfGe�ej^Sg
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Ò æ.Ó½=êÜCåuä�B×Õ×åuì�£zå��¥âSÝ�Ü�ãÛÕ â¥åuÖ
�7fG_5d�ij^�2�8y�Ãw�g&t�v�i�[Pg�f]ÄukLe�fG[Pg·kug& �mog£A[£tSkLe�fG[Pg p

�£w {y� |��#� m pqv�[PdJ\z ��&^Xd�b½ �kLe�^u ºej[cf]g&t¥\Gd  �^#e�v�^X5kL\GdJ^#[L`��%� � kue+ejv�^Xe�fGac^ {ö� ®�i�[Pej^æ`�ª#mogº[PdJi
fGa¨b�\G^Sa¯^Sg£e�kuejf¬[Pgs|P`§[5i {�m e�[ni�^ukP �ejv�^V5kL\]d�^#[u`W`u|�fGe$a¯d&p�e�v&kSA^�_5^Sg�^Si{kLe�^u �kËb&ku_P^V`QkLd�\]e«e�[Ë`§^Se{tCv
ejvJ^Xb&kL_5^ne�v&kLe¦t¥[5g�e{kLfGg p_`¦kS`§ej^SiVe�v�^Xb&kL_5^n®�kPp+®�ijf]eje�^Sgº��w {ö� ªXx«\]ejv�[5d�_PvR�%� m fzp$g�[PeVd�b½ �kuej^u 
®�v�^Sg ejv�^ � x,r�x9a¨^upjp�kL_P^Xflp�i�^ut¥^Sf]A^u �kue {�m |q� � m pqejf]\G\�[5i� �^Si{p#ku\G\,[Pb&^Si{kLejf][Pg&p#[u` {ö� fGg t¥\Gd& £fGg�_
ejvJ^n®�i�fGej^¨ejv&kue#b�i�[£ �d&t¥^u :ejv�^¯5kL\GdJ^c�&^SfGg�_·ij^uk5 ª�r�v�flp�fzpV�&^utSkLd p�^¯®�^�k5pjp�dJac^c JkLe�kS�oi{kPt¥^2�Û`§i�^S^
b�i�[P_Pi{kLa�pXkug& �v�^Sg&t2^ {ö� and&pqeVv&kSA^� �[PgJ^�k�i�^S\G^�kPp�^¯[Pg´kºpqw�g&t�v�i�[Pg�f]ÄukLe�fG[Pg�5kLi�fzku��\G^�kS`§ej^Si¦fGe{p
®�ijf]ej^Vej[-\Êªÿ� dJijejvJ^Sijac[5ij^A| {�m and p�e�v&kSA^¦kPtS¸Ad�f]ij^u cejvJ^Xp�w£g&t�v�ij[5g�fGÄ�kLejf][Pg�5kLi�fzkL�J\G^#®�vJfzt�v�®�[Pd�\l 
kP £Pkug&t¥^��%� m ej[¯fGg t¥\Gd& £^VkL\]\7[5b}^Ei�kLe�fG[5g&p«d�b�ej[¨ejv�^Vij^E\G^uk5p�^V��w {ö� ª�r�v�d&p2|�ejv�^¦5kL\GdJ^�[u`�� � m ®�f]\G\
�&^+_Pi�^ukLe�^Si,ejv&kugcejvJ^«e�fGac^�kLe�®�vJfzt�vµ`�®�kPp,®�ijfGe�ej^Sg¨kLg  nfGe,fzp�g�[5e�g�^�t¥^upjp�kLi�wXej[#dJb JkLej^	ejv�^	t¥\G[£t�É
®�v�^Sg � x,r7x3ac^up�pjku_P^up�kLij^¦ij^ut2^SfGA^u #`§[Pi$pq^Sij£fzt2fGg�_¦ij^uk5 ©`QkLdJ\Ge�p2ª

mogE�7f]_Pd�i�^M��|&ejvJ^#®�ijf]ej^V`QkLd�\]e+k5t¥ejf][Pgº £[A^up«d�b½ �kuej^XejvJ^#A^ut¥e�[Pi$t¥\][£tCÉ�� � m �}^2`§[Pij^¦_P^SgJ^Si�kuejfGgJ_
kXejfGa¨^up�e{kLacbn`§[5i«e�v�^#b kL_P^X�&^Sf]g�_¯®�ijfGe�ej^Sg!ª�r�v�fzp�fzp�g�^ut2^upjp�kLijwÃ|}^SA^Egc®�v�^Sgºb�i�[P_5i�kLa©p«kuij^X JkLe�kS�
i�k5t¥^¥�§`§ij^S^	kLg  ck#\G[£t�ÉXfzp,kPtE¸�d�f]ij^u ¯�}^2`§[Pij^$ejvJ^+®�ijf]ej^$fzp� £[Pg�^A|J �d�^+e�[�`Qku\zp�^	p�v kLijf]g�_Xb�i�[P��\]^Sa�p¥ªsÆ:^
^S±£b�\zkufGg·ejv�flp«d&p�f]g�_�ejv�^X^E±�^ut2d�ejf][Pgºpqv�[u®�g�f]gV�7fG_5d�ij^_'�ªXx	pjp�dJac^#e�v&kLe+�&[5ejv  �kLe{k©f]ej^Sa©p¥|D`¦kLg& 
À |½kLi�^¯p�e�[Pij^� �fGgºk�pqfGg�_5\G^#b kL_P^Ãª {�� Ï&i�pqeVkPtE¸�d�f]ij^up$kn\][£tCÉ½|F� / |ejv kLeVt¥[5g�e�ij[5\zp+k5tSt¥^up�pye�[�`u|®�i�fGej^�p`¦kLg  �ejv�^Sg·ij^S\]^ukPpq^up&� / ª$moe«e�v�^Sgºk5tS¸Ad�fGi�^up!��k$ejv&kue+t¥[5g�e�ij[5\zp+k5tSt¥^up�pye�[ À kug& �®�ijf]ej^up�fGeEª$x+pjpqd�ac^
ejv kLe { / gJ[L® kPtE¸�d�f]ij^up�� / kug& cij^uk5 �ph`	k�`§e�^Si { � v kPp�®�ijf]eje�^Sg À ª�Z,\G^ukuij\]wA|Aejv�^+e�fGac^�p�e�kuacb#i�^ut¥^Sf]A^u 
®�fGe�vR� / ®�fG\]\,�}^¨\G^up�p�ejv kLg�ejv�^¨ejfGa¨^up�e{kLacb·[Pg�ejv�^¨b&kL_5^�®�vJ^Sg { / ij^�kP  `Qkud�\Ge{pXkLg& �i�^ut¥^Sf]A^up«f]e
k�`§e�^Si$kPtE¸�d�f]ijf]g�_�� / ª,mQ` {�k gJ[L® kPtE¸�d�f]ij^up,ejv�^V\][£tCÉ¨kLg& c®�i�fGej^�p�ej[X\G[£tEkLejf][PgE`$®�fGe�v�[Pd�e�v k�£fGgJ_#Ï&i�pqe
d�b½ �kuej^u �f]e�p¦t¥\G[£t�É|se�v�^nb kL_P^©tSkPt�v�^u :kLe { / ®�fG\]\�g�[5e#v&kSA^¨k�ejf]ac^upqe�kLa¨b�ejv kLe#flpVp�a�ku\G\G^Ei«e�v&kLg
ejvJ^«e�fGac^upqe�kuacbXk5pjp�f]_Pg�^� nej[¦ejv�^$g�^S®´A^Si�pqfG[Pg¯[L`�e�v�^$b&kL_5^VkLe {9k ª��$d�i�t¥[Pg p�fzpqej^Sg t¥wXa�kLf]g�e�^Sg&kug&t¥^
[Pb&^Si{kLe�fG[Pg pËi�^u¸�dJfGij^¯ejv kLeX®�ijf]ej^upVej[:kºb&kL_5^��}^�e�[Pe�ku\G\]w�[5i� �^Si�^u |,kug& �ejv�flp#�}^¨ij^�%&^�t¥ej^u :fGg�e�v�^
ejf]ac^upqe�kLa¨b&pXkPp�p�[£t¥flkLej^�  ®�f]ejv ejvJ^:t¥[Pb�f]^upn[u`XejvJ^ºb&kL_5^Aªµx«g f]g&t¥ij^Eac^Sg£e�`§[P\]\G[u®�^�  �£w k�t¥\G[£t�É
d�b½ �kuej^#f]g�ejv�^V®�ijf]ej^«`Qkud�\Ge	kPt2ejfG[5g�fGg��7fG_5d�ij^��X_5d&kLi{kLg£ej^S^up�ejv kLe$ejv�flp�b�ij[5b}^Eijeqwcv�[5\z �p2ª

�&kL\zpq^$p�v&kuijf]g�_Xt¥[5d�\z #\]^ukP Xej[¦kVp�f]acfG\lkLi�pqfGejd kLejf][Pg¯®�v�^Sg {9k [Pg�\]w#ij^�kP �p�ejvJ^«b&ku_P^Aª,mogXe�v�fzp�tEkPp�^Ã|
{9k ¼ p+t¥\][£tCÉ�g�^S^� �g�[Pe+�&^¯k5 �5kLg&t¥^�  �&^utSkud&p�^X[5g�\Gw·ejv�^¯ JkLe�kc®�i�fGeje�^Sg��£w { � �}^2`§[Pij^Xf]e«i�^S\G^�kPp�^� T� /
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fzpVij^uk5 ª:mog�[Pd�iX^E±�kuacb�\G^Ã| {�k kP �5kug&t¥^up#e�v�^�t¥\][£tCÉ:�&^utSkLd p�^cf]e#®�ijf]ej^upVejv�^¨b&kL_5^Aª�r�v£d&p¥|�®�vJ^Sg
{ / kPtS¸Ad�fGi�^up�� / kL_ÃkLf]gs|}f]e�p$t¥[Pb£wc[u`,ejv�^Vb&ku_P^¦®�fG\G\½v&kSA^¦kË\][L®�^Si�ejf]ac^upqe�kLa¨bXejv&kugºejv�^Vejf]ac^upqe�kLa¨b
ij^�t¥^SfGA^� Ë®�f]ejv�ejv�^V\][£tCÉ½ª
{ � 8�\][£tCÉ½¢D� / ¤àYV¢,\¤³�Ùd�g�\][£tCÉ½¢D� / ¤¹\][£tCÉ½¢D� k ¤eY�¢ÑÏ ¤��

{ / 8 \G[£t�É½¢D� / ¤ bA¢,\¤³��d�g�\G[£t�É½¢D� / ¤ \][£tCÉ½¢D� / ¤
{9k 8 \G[£t�É¢�� / ¤ Y�¢Ñ\!¤��9dJg�\G[£t�É¢�� / ¤

��fG_PdJij^®'�8 ( ±JkLacb�\]^+ej[¯pqv�[u®3®�v£w�t¥\G[£t�Écd�b½ �kuej^¦fzp�g�^ut2^upjp�kLijw¨[Pg�®�ijf]ej^+`QkLd�\]e�p

�2J�KEJ]� Ã�¿ 7 . 1 ¿ 7 . 7 .PO��µ¿ 1 ¿Ð�®Ç�.·Á 7 Á 1 Ä4.�3�É
�$d�i,fGacbJ\G^Sa¯^SgAe�kuejf][Pg#a¯d&pqe7^Sg p�d�i�^«e�v&kLe,®�v�^Sg¨k�bJij[£t¥^up�p�[5i�ij^�kP �p, �kue�k�`§i�[Paîk�b&ku_P^A|AejvJ^«\][£tSkL\]\Gw
tSk5tCv�^� �t¥[5b�w:[L`�k�b kL_P^�v&k5p#g�[Pe¦�&^S^Sg�[uA^Si�®�ijfGe�ej^Sg!ª�mog�[5ejv�^Si¦®�[5i� �p2|�f¼`$ejvJ^cb&kL_5^�t¥[5g�e{kLfGg pXk
5kL\]d�^«`§[Pi�\][£tSkLe�fG[5gf`$®�v�fltCv¨®�kPp�®�i�fGe�ej^Sg¯��w¯[Pb&^Si{kLe�fG[Pg"i / |�ejvJ^SgcfGe�fzp�g�[5e�ejv�^�tSkPpq^+ejv&kue�ejv�^Eij^+flp
kLgJ[PejvJ^Si�®�ijf]ej^,[Pb&^Si{kLe�fG[Pgoi k |Ppqd&t�v#ejv kLe�i / ú ²

�� i k kLg& gi k tEkLd&p�kL\G\]wVb�ij^ut2^u �^upe�v�^�i�^ukP Vejv&kue�ij^Se�d�ijg p
ejvJ^n5kL\]d�^c®�i�fGeje�^Sg:��wVi / ªcÆ:^c^Sg&pqd�ij^¯ejv&kue#[5g�\Gw tSkLd pjkL\]\Gw:t¥[5g&p�flp�e�^Sg�e¦ �kue�k�flp�i�^ukP :��wº\][£tSkL\]\Gw
fGg£5kL\]fz �kuejfGgJ_#tEkPt�v�^u #b&ku_P^up,®�v�^Sg¯fGe,fzp,p�d p�b&^ut¥e�^u nejv kLe,ejv�^Ew¯t¥[Pg£e�kufGg¨tSkLd&p�kL\]\GwX[uA^Sij®�i�fGe�ej^Sg¯ �kue�k£ª
r�v�^+A^�t¥ej[5i�ejf]ac^upqe�kLa¨b&pÊa©kLfGg£e�kufGg�^� Å`§[5i�tSk5tCv�^� nb&kL_5^up�kLi�^+d&pq^u nej[¯ £^Sej^Si�acfGgJ^�®�v�^Sg�e�v�^Sw¯a�kSw
t¥[5g�e{kLfGg�b&[Pe�^Sg£ejfzku\G\]wn[uA^Si�®�ijfGe�ej^Sg© �kLe{k�ª

Z�kLd&p�kL\£[Pi{ �^Sijf]g�_Aps�&^Seq®�^S^Eg+[Pb&^Si{kLejf][Pg&p�kLi�^,^up�e{kL��\]fzp�vJ^u +®�v�^Sg¦kybJij[£t¥^up�p�[5i7i�^ukP �p� �kue�k�®�ijfGe�ej^Sg
�£w:kLg�[5ejv�^SiVb�i�[£t¥^up�p�[PiEª�mogº[5d�iXpqw�pqej^Saº|½ejv�flp�®�[Pd�\l  v kLb�b&^Sg��&^utEkLd&pq^�kcb�ij[£t¥^�pjp�[5i#`QkLd�\]e�p+[PgÐk
b&ku_P^ºkug&  i�^ut¥^Sf]A^up+fGe#`§i�[Pa kug�[Pe�v�^Si¯b�ij[£t¥^�pjp�[5iSª �ÃfGg&t¥^¨ij^uk5 �fGg�_:ejvJ^� JkLe�kºfGg´kºg�^S®�\]w�tSkPt�v�^u 
b&ku_P^ t¥[Pd�\l  i�^up�dJ\Gecf]g g�^E® tEkLd&p�kL\V[Pi{ �^Sijf]g�_Ap2|Vt¥[Pg p�fzpqej^Sg t¥w¹[5b}^Ei�kLe�fG[5g&p�g�^E^u ¹ej[��&^�^E±�^ut2d�ej^u 
®�v�^SgÎkËb kL_P^¦fzp�k5 � �^u �ej[¯ejv�^ÅtSkPt�v�^+[u`�kËbJij[£t¥^up�p�[5iSª�Æ v�^Eg�[PgJ\Gw� �kue�kS�oi{kPt¥^¥�§`§ij^E^#b�i�[P_Pi{kLa�p$kLi�^
t¥[5g&p�fl �^Sij^� |� �kLe{k�t¥[5g&p�flp�ej^Eg&t¥w�[5b&^Si�kuejfG[5g&p#tEkLg��&^¯\GfGa¨fGej^� ©e�[·p�w£g&tCvJij[PgJfGÄukuejfG[5g�k5tS¸Ad�fGi�^up¥|`§[Pi�É��
èj[Pf]g&p�kug& n�&kuiji�fG^Si,b&[Pf]g�e{p/fGg¨ejv�^$^S±£^ut¥d�e�fG[PgX[u`êk�b�i�[P_5i�kLaÎª,r�v�fzp� �[A^up/gJ[Pe�kS»½^ut¥e�e�v�^	t¥[Pi�ij^ut¥e�g�^up�p
[L`�ejv�^�fGa¨b�\G^Sa¯^Sg£e�kuejfG[5g��&^utEkLd&pq^�[u`VejvJ^�kuij_5d�ac^Sg£eXejv&kuen®�f]ejv´p�d tCv�b�i�[P_Pi{kLa�p2|�ejvJ^�^E±�e�^Sg& �^u 
tSkud&pjku\s[Pi� £^Si ú ²

�� fzp�e�v�^Vpjkuac^Vk5p�ejv�^V[Pi{ �^Si$ �^2Ï&g�^u n�£w¯ejv�^¦p�w£g&t�v�ij[5g�fGÄ�kLejf][Pgc[5b&^Si�kuejfG[5g&p¥| ù
�� ª,x	p

k+ij^upqd�\GeE|Pg�[+gJ^S® tSkud&pjku\�[Pi{ �^Si�fGg�_Ãp/tEkLgX�&^+t2ij^ukuej^u V��wÅk�i�^ukP #[5b&^Si�kuejfG[5gæii�,�&^utSkud&p�^�e�v�^$kPtS¸Ad�f]ij^A|
ejv kLe#bJij^ut¥^� �^u Vi��u|�v&kPpXku\Gi�^ukP �wº[5i� �^Eij^u �e�v�^c®�i�fGej^¯[Pb&^Si{kLe�fG[Pg�e�v&kLe¦b�ij[£ �d t¥^u �e�v�^� �kue�k��&^SfGgJ_
ij^�kP c��w-i��uª

r�v�^��&kPpqfzt�t¥[5g&p�flp�ej^Eg&t¥w:a�kLf]g�e�^Sg&kLg t¥^X[Pb&^Si{kLejf][Pgs| Dz@ ^ ?P³¬DzYA?PFqT � FQDzWnTjO2Fo?AW )'�F�6�5|�fzpXpqv�[u®�g f]g
�7f]_Pd�i�^ � ª�m�eVflp�b&^Si�`§[5ijac^� �`§[PiXk·p�^SeV[u`$b&kL_5^up�®�f]ejv�i�^up�b&^ut¥eVe�[�ejvJ^ne�fGac^upqe�kuacb��F�&ªsÆ v�^Eg�f]e
fzp�^S±£^ut¥d�e�^u �kLe$b�ij[£t2^upjpq[Pi {�m |}b&ku_P^up�fGgI� m |&®�v�fzt�v�fzp�ejv�^Åp�^Se$[L`/p�v&kuij^u �b&ku_P^up	tSkPt�v�^u �kLe {�m |½kLi�^
t�v�^ut�ÉA^u ªsmÛ`�kVb&kL_5^+fGg�� m fzp,tSk5tCv�^� Ë®�f]ejv ÂCT�?AYAIA@�³¬À kPtSt¥^�pjp¥| {�m fzp�g�[Pe,e�v�^+[u®�g�^Si,[L`�e�v�^$b&kL_5^A|£kLg& 
ejvJ^�b kL_P^¦ejf]ac^up�e{kLacb¯fzp�\]^upjp�e�v&kLg��F�&|�ejvJ^�b kL_P^¦fzp�\][£tSkL\]\Gwcf]g�5kL\]fz �kuej^u ¯��w�pq^Seje�fGg�_Xf]e�p�k5tSt¥^up�pye�[
@�NA³G³ ª:�AfGg&t2^Xejv�^¯fGg£5kL\Gfl �kLe�fG[5g�flp�\][£tSkL\Q|7g�[·ac^up�pjkL_5^upVkLi�^cpq^Sg�eVe�[�[Pe�v�^SiVb�i�[£t¥^upjpq[Pi{p#ejv&kueXtSk5tCv�^
ejvJ^�b kL_P^Ãª

Æ�^·t¥\lkLf]a e�v&kLe¯ejv�^�\][£tSkL\�f]g�5kL\]fz �kuejf][Pg&p#_5d&kLi{kLg£ej^S^�ejv kLe¯f¼`�k b&ku_P^�fzp#\][£tSkL\]\Gw�tEkPt�v�^u |�e�v�^
 �kue�k¯p�ej[5ij^u �fGg�ejvJ^�b kL_P^¦fzp�g�[5e+tEkLd&p�kL\G\]wc[uA^Sij®�i�fGe�ej^Sg�k5tSt¥[5i� �f]g�_Xej[¯ejv�^V£fG^S®Í[L`êejvJ^�bJij[£t¥^up�p�[5iSª
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f]g�5kL\]fz �kuej^A¢§ejf]ac^up�e{kLa¯bcr«�J¤
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w | Z m
f¬`�¢«¢§wAª×k5tSt¥^up�phu3i�^ukP £[Pg�\]w}¤��Í¢§wAª [u®�g�^Si �u�pq^S\¼`2¤��Í¢ÛwÃª7¶Vr � r«��¤«¤

wÃª×kPtEt¥^upjpQ8#u g�d�\]\
~

�7f]_Pd�i�^ � 8,r�v�^¦fGg£Pku\Gfl �kLe�^+[Pb&^Si{kLej[5i

Z,[Pg p�fz £^Si¯ �kLe{k f]ej^Sa \¹kug&  e�v�^�ejf]ac^ckueX®�v�fzt�v�ejv�^�b&ku_P^·t¥[5g�e{kLfGgJfGg�_V\�®�kPpX��i�[Pd�_5v�e¯ej[ºe�v�^
ac^Sa¨[PijwV[u`�b�ij[£t¥^�pjp�[5i { m`§[5i�ij^�kP �f]g�_�ª���[Pi�p�f]acb�\Gflt¥fGeqwA|uk5pjpqd�ac^+e�v&kLe�ejv�^+b kL_P^	[Pg�\]wct¥[5g�e{kLf]g&p/e�v�^
 �kue�k�f]ej^Sa \sªcr�v�^¯A^ut¥e�[PiVejf]ac^up�e{kLacb·pqej[Pi�^u �kue { m/`§[5i#ejvJfzp+b&kL_5^cfzpVk5pjp�f]_Pg�^�  `§ij[5a�ejv�^¨t¥\G[£t�É
[L`�ejv�^XbJij[£t¥^up�p�[5i { ��ejv&kue�\lkPpqe+®�ij[5ej^ \ÊªÅm�gºb kLije�fzt¥dJ\zkLiE|sejv�^Xe�fGac^upqe�kuacbc®�k5p�e�v�^X5kL\GdJ^X[L`;�#�Ö�
®�v�^Sg {y� ®�ij[Pe�^o\sªË�Af]g&t¥^ {y� ®�k5p�e�v�^X[u®�g�^Si+[u`�e�v�^Xb&kL_5^ckueVejv�^Xe�fGac^VejvJ^Xij^u¸Ad�^upqeV �d�^Xe�[ {�m ¼ p
ij^�kP ©`Qkud�\Ge	®�kPp$p�^Eij£fzt¥^u ½|�ejv�^¦Pku\Gd�^¦[L`Q`Vij^�t¥^SfGA^� n��w {�m f]g�ejvJ^#b&ku_P^X®�k5p«d�b��Qej[u�q JkLej^ÃªVx+pjpqd�ac^
ejv kLe®\�fzp$g�[u®Ù®�ijf]eje�^Sg:kL_ÃkLfGg ��wÎkLg�[5ejv�^Si¦b�ij[£t2^upjpq[Pi { ðPª¯r�v�flp+b�ij[£t¥^�pjp�[5i#a¯d&p�e$v&kSA^¯kPtE¸�d�f]ij^u 
k�p�w£g&t�v�ij[5g�fGÄukuejf][Pg:PkuijflkL��\]^cpqd&tCv kPp¦kc\G[£t�É��&^¥`§[Pi�^cfGe	®�ijfGe�^up�\sªæ��d�ije�v�^Si�ac[Pi�^A|}e�v�^¯\G[£t�É�a¯d&p�e
v&kSA^+�&^S^Sg�i�^S\G^uk5p�^u ¯��w {�m ®�v�fzt�vcv&k5 �k5tS¸�dJfGij^� nfGe�ej[Xij^�kP �\sª,x \][£tCÉ¨tSkuijijf]^up�kXejf]ac^upqe�kLa¨bXejv&kue
fzp+e�v�^X5kL\GdJ^n[u`�ejvJ^XA^ut¥ej[5iVt¥\][£tCÉÎkLeVejv�^¯b�i�[£t¥^upjpq[PiVejv kLe#\lkPpqe�^E±�^ut2d�ej^u �ejv�^¯ij^E\G^uk5p�^X[Pb&^Si{kLe�fG[Pg!ª
x«\lp�[�|�kcb�i�[£t¥^upjpq[Pi¦d�b½ �kLe�^up�f]e�pVt¥\G[£t�É�®�vJ^Sg�f]eVkPtE¸�d�f]ij^upVkc\G[£t�É½ªnr�vJ^Sij^¥`§[5ij^A|½�}^2`§[Pij^ { ð�¼×p+®�ijf]ej^A|
ejvJ^#5kL\]d�^#[u`!�#�½ð+®�fG\]\7�&^¦_Pij^�kLej^Ei«e�v&kLgº[5i+^u¸Ad&kL\�ej[¯ejv�^¦ejf]ac^up�e{kLacb¨ejv&kue+®�k5p+kPp�p�fG_5g�^u �e�[ne�v�^
b&ku_P^+�£w {y� ¢ÛejvJfzp/e�fGac^�p�e�kuacb#®�kPp�kPpjpqfG_5g�^u c�&^¥`§[Pi�^ {y� ij^E\G^uk5p�^u Xejv�^	\G[£t�ÉXej[ {�m kug& cfzp,kL\lp�[¯p�e�[Pi�^u 
®�fGe�vne�v�^$b&kL_5^VkLe {�m ¤{ª���d�i�ejv�^Si�ac[Pi�^A|¡� �½ð�fzp�f]g&t¥ij^Eac^Sg£ej^E �®�v�^Sg { ð�b&^Si�`§[5ija�p�fGe�p�®�i�fGej^$ej[®\sª�rs[
ij^�kP �k#b&kL_5^Vejv&kue�v&kPp��&^S^Sg¨®�ijfGe�ej^Sg©p�fGg t¥^+ejvJ^+ejf]ac^«e�v�^+b&ku_P^V®�k5p�tSkPt�v�^u ½| {�m a¯d&pqe�k5tS¸Ad�fGi�^«e�v�^
\G[£t�É¨kL_AkufGgsª,moe�fzp�^uk5p�w¯ej[¯p�^E^+ejv&kue�e�v�^VejfGa¨^up�e{kLacb¦ij^ut¥^EfGA^u #®�f]ejvce�v�^V\G[£t�ÉX®�fG\G\½�&^+_Pi�^ukLe�^Si�e�v&kLg
ejvJ^cejf]ac^up�e{kLacbº[u`$ejv�^©tSkPt�v�^u �b kL_P^Ãª�x	p#k�ij^�p�d�\]eS|7e�v�^�t¥[5g&p�flp�e�^Sg&t¥w kPt¥e�fG[5g&p#^S±£^ut¥d�e�^u �kue#e�v�^
ejf]ac^+e�v�^¦kPtS¸Ad�fGi�^V[Pb&^Si�kuejf][Pg:t¥[5acb�\G^Eej^up,®�fG\G\sf]g�5ku\Gfz JkLej^Ve�v�^V[P\z ·t¥[Pb£w�[L`,e�v�^#b kL_P^ÅkLe {�m ª�r�v£d&p2|
®�v�^Sg·ejv�^Vb&ku_P^Xflp�ij^uk5 �kL_ÃkLf]gs|fGe�®�f]\G\s�&^#i�^u¸Ad�^up�e�^u Ë`§i�[PaÈejv�^Åt¥d�i�ij^Sg£e�[u®�g�^Si$kLg  �ejv�^¦tSkud&pjku\G\Gw
[uA^Sij®�i�fGe�ej^Sg� JkLe�kX®�fG\]\g�[5e«�&^Vij^�kP ª

xÙb&kL_5^�tSkug�pqej[Pi�^na¯d�\]ejfGbJ\G^V �kue�k�fGej^Ea�p�kLg& :v�^Sg&t¥^¯pq^SA^Si{kL\�\G[£t�É�p«a©k�w·�&^Xd&p�^u ºej[·t¥[5g�e�ij[5\
kPtEt¥^upjp�e�[�e�v�^	 �kLe{k#p�e�[Pi�^u Ëf]gnf]eSª,Z�kLd&p�kL\st2[Pg&pqfzp�e�^Sg&t¥w¦fzp�a�kufGg£e�kLf]g�^u +`§[Pi�pqv&kLi�^u ¯ �kLe{k�^SA^SgX®�vJ^Sg
®�^$v&kSA^	p�d&t�vn`QkL\lp�^Vpqv&kLi�fGg�_Jª���[Pi�^E±�kuacb�\G^Ã|Le�v�^+b&ku_P^Vt¥[5g�e{kLf]g�fGg�_Å �kLe{k#fGe�^Sa \cfGg¯ejvJ^V �fzp�t¥d&p�p�fG[5g
fGg·ejv�^¦b�ij^E�f][Pd&p�b&kLi{kL_5i�kLbJvs|st¥[5d�\z �v&kSA^#�&^S^Sg·®�ijfGe�ej^Sg��£w·kLg�[5ejv�^Si	b�ij[£t¥^�pjp�[5iVk�`§e�^Si {ö� ®�ij[Pe�^g\
¢opqd&t�vckVb�ij[£t¥^�pjp�[5i�t¥[5d�\z Xv&kSA^�®�ijf]eje�^Sgc JkLe�kVfGe�^Sa Ï#®�v�fltCv¯fzp,ku\zp�[Åp�e�[Pij^� Ëf]gne�v�^+p�kLac^�b kL_P^5¤�ª,mog
ejvJfzp�tSk5p�^A|�e�v�^VejfGa¨^up�e{kLacb { m7i�^ut¥^Sf]A^up7`§ij[Pa { �$®�fGe�v�ejv�^V\G[£t�É¯ejv&kue+t¥[5g�e�ij[5\zp�kPtEt¥^upjp�e�[æ\�®�fG\]\�&^
\G[u®�^Si«e�v&kLg:ejvJ^#ejf]ac^upqe�kLa¨b { m,ij^�t¥^SfGA^�p�®�fGejv·ejv�^Xb kL_P^¯®�v�^Sgºf]e«i�^ukP JpX\sª��«[u®�^SA^SiE|��&^utSkLd p�^¨k
b�i�[£t¥^upjpq[Pi$d�b½ �kLe�^up�fGe�p�t¥\G[£t�É¯®�v�^Sg�fGe�ij^ut¥^EfGA^up,k#b&ku_P^+`§[Pi�®�i�fGejf]g�_�| { ð ¼ p�t¥\G[£t�É¯®�fG\G\½�&^#k5 �5kLg&t2^u 
�&^SwA[Pg  ©e�v�^#e�fGac^�p�e�kuacbXejv kLe { mêp�ej[5ij^up�`§[Pi�e�v�^#b kL_P^Ve�v&kLe	t¥[Pg£e�kufGg&pQ\sª,r�v�d p¥|�®�v�^Sg { mêkPtS¸Ad�f]ij^up
ejvJ^X\G[£t�ÉºkL_ÃkLf]g�ej[�ij^�kP V\ e�v�^cpq^ut¥[5g&  e�fGac^Ã|�fGeV®�fG\]\7i�^ut¥^Sf]A^#kce�fGac^upqe�kuacb�ejv&kue�flp+v�fG_5v�^Si+e�v&kLg
ejvJ^#ejf]ac^upqe�kLa¨bcfGe	p�e�[Pij^�py`§[Pi�\D¼ pyb&ku_P^Aª	x+p$knij^upqd�\GeE|}e�v�^#b kL_P^X®�f]\G\��&^#\G[£tEkL\G\]w�fGg£Pku\Gfl �kLe�^u �kLg& 
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v�^Sg t¥^+ejvJ^�[uA^Si�®�ijf]ejej^Egc5kL\GdJ^�[u`°\�tEkLg�g�[5e«�&^Vij^�kP ª
�AfGg t¥^V®�^Xku\G\][L® knpqfGg�_5\G^#®�i�fGe�^Si�`§[Pi	knb&ku_P^A|&ij^uk5 �fGgJ_cknb kL_P^¦ejv&kue+fzp$tSk5tCv�^� ©®�f]ejv ÂCT�?AY ¾ Â2DGF�T

kPtEt¥^upjp$ijfG_5v�e{pVtSkLgºg�^EA^Si«i�^up�dJ\Ge+f]gº[LA^Eij®�ijf]eje�^Sgº �kue�kc�&^SfGgJ_�i�^ukP ½ªXr�v�d p¥|sk�tSk5tCv�^� �b&kL_5^ckue#kug
[u®�g�^Si�b�i�[£t¥^up�p�[Pi�kL\G®�kSw�p�t¥[5g�e{kLf]g&p� �kLe{kËe�v&kLe$fzp�tEkLd&p�kL\G\]w�t¥[5g&p�flp�ej^Eg�eEª

Æ�^	tSkug�t¥[Pg p�fz £^Si,ac[Pi�^$t¥[PacbJ\G^S±¦p�f]ejd&kuejf][Pg&p,��d�e,�&^utSkLd p�^+[u`sejvJ^«e�v�^«`QkPt2e/e�v&kLe�b�ij[5_Pi{kLa�p,kLi�^
 �kue�k��Qi�k5t¥^¥�§`§ij^S^Ã|�k$b�ij[£t¥^�pjp�[5i,®�fG\G\AÏ&i{p�e,k5tS¸�dJfGij^�kVp�w£g&tCvJij[PgJfGÄukuejfG[5g#5kLi�fzku��\G^��&^¥`§[5ij^�fGeêkPtEt¥^upjpq^up7e�v�^
 �kue�kcfGg:kcb&ku_P^AªX�AfGg t¥^Xejf]ac^up�e{kLacb p�kLij^Xe�i�kug&p�acf]eje�^u �®�f]ejv:p�w£g&t�v�ij[5g�fGÄ�kLejf][Pgº5kLi�fzku��\G^up2|sknb&ku_P^
ejv kLe,v&kPp��}^E^SgX®�ijf]ejej^EgX��wÅk+tSkLd pjkL\]\Gw¦\zkLe�^Si�®�ijfGe�^$kLg& XejvJ^�ij^S\]^ukPpq^�[Pb&^Si{kLe�fG[Pg¯ejv kLe7`§[5\G\G[u®$p7f]eS|P®�f]\G\
^Sg&pqd�ij^¯ejv kLe#e�v�^�pqw�g&t�v�i�[Pg�f]ÄukLe�fG[Pg:5kLi�fzkL�J\G^¨tSkLi�ijfG^�p�k�ejf]ac^up�e{kLacb·v�fG_5v�^SiVejv kLg�e�v�^cejf]ac^upqe�kLa¨b
kPp�p�[£t¥flkLe�^u ¹®�fGe�v¹ejvJ^�b&ku_P^:t¥[5b�w�ejv kLe�pqej[Pi�^upne�v�^�5kL\]d�^�[u`VejvJ^�[P\l ¹®�ijf]ej^AªÍr�v�flpË®�f]\G\$kL\]®�kSwJp
_Pd kLi�kug�e�^S^#e�v&kLe$tEkLd&p�kL\G\]wc[uA^Sij®�i�fGe�ej^Sg� JkLe�kXfzp�f]g�5ku\Gfz JkLej^� n�&^¥`§[Pi�^Xk#b�i�[£t¥^upjpq[PiVtEkLg·kPtSt2^upjp�f]eSª

&[£tSkL\]\Gw�fGg£5kL\]fz �kuejfGgJ_ºb&kL_5^upË[5��£fzkuej^up#e�v�^�g�^S^u �`§[5in^S±£b�\]fzt¥f]e�f]g�5ku\Gfz JkLejf][Pg�ac^up�pjku_P^up2ª$+7^Si��
`§[Pi�acfGgJ_+\G[£tSku\&fGg£Pku\Gfl �kLe�fG[Pg p�i�^u �d&t2^up7ejvJ^«g£d�a¯�}^Ei�[L`!ac^upjp�kL_5^up�aAfGe�ku\zp�[¦p�k�A^�p�e�v�^$^S±�e�i�kVp�[u`§eq®�kLi�^
[uA^SijvJ^ukP #[u`sg�^Seq®�[PijÉ¦fGg£ej^Si�ijd�bJe�p�kug& ct¥[5g�e�^S±�e�p�®�fGe{tCvJ^up�kPp�p�[£t¥flkLe�^u Ë®�f]ejv¯fGg£5kL\Gfl �kLe�fG[5gXac^upjp�kL_5^up¥ª
r�v�^ÅpjkS�f]g�_¯fGg�e�v�^Vg�dJan�&^Si�[u`,ac^up�pjkL_5^up�fzp�kLe	ejv�^¦t¥[Ãp�e+[u`,ejv�^¦^S±£eji�k¯t¥[5acb�d�e{kLejf][Pg�ij^�¸�d�f]ij^u ce�[
 �^Se�^Sija¨fGg�^¦kLg  �fGg£5kL\Gfl �kLe�^¯tSkLd pjkL\]\Gwº[5\z �^Si	b&kL_5^up¥ª�x«\lp�[J|Ê®�^Xa�kSw�f]g�5kL\]fz �kuej^Xac[5ij^Xb&ku_P^up+e�v&kLg
p�e�ijflt¥ej\]wng�^�t¥^upjp�kLi�wAª
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Æ:^XkLi�_Pd�^� �ejv&kueS|�£w�\G[£tSku\G\Gw¨fGg£Pku\Gfl �kLe�fGg�_¯b&kL_5^up«®�f]ejv�\][u®�^Si$ejf]ac^up�e{kLacb p/ejv kLgºejvJ^#ejf]ac^upqe�kLa¨b
ij^�t¥^SfGA^� ©®�vJ^Sg�kug�k5tS¸Ad�fGi�^#[Pb&^Si{kLe�fG[Pg fzp+t¥[5acb�\]^Sej^u ½|}®�^X_Pd&kui�kLg£ej^E^Xejv&kue#tEkLd&p�kL\G\]w�[uA^Si�®�ijfGe�ej^Sg
 �kue�kctSkug�g�[5e«�&^#i�^ukP ½ªy�Ad tCv·\G[£tSku\sfGg£Pku\Gfl �kLe�fG[Pg p«kuij^¦p�d�¶©t¥f]^Sg�e�e�[n^Eg&p�d�i�^¦t¥[Pi�ij^ut¥e�g�^up�py��dJe«e�v�^Sw
kLi�^cg�[5eXkL\]®�kSwJp�g�^ut2^upjp�kLijwÃª�r�v�flp�flp��&^utSkud&p�^cgJ[PeXku\G\,b&ku_P^up#e�v&kLeÅkLij^¨[P\z £^Si#®�f]ejv�i�^up�b&^ut¥eVe�[:k
ejf]ac^upqe�kLa¨b#kuij^$tSkud&pjku\G\]wX[LA^Eij®�ijf]eje�^Sgsª�r�v�^�A^ut¥e�[Pi�e�fGac^�p�e�kuacb&psku\G\G[u®�d&p�ej[¦ �^Eej^Si�acfGg�^,f¬`sk+b&ku_P^
fzp,[P\l n��d�e�ejv�^Sw¨ �[Xg�[5e�v&kSA^+f]g�`§[Pi�a�kLe�fG[5gne�v&kLe�kL\G\][u®$p/d&p�e�[X �^ut2fz �^$f¼`êk#ac[5ij^�i�^ut¥^Sg£e,A^Si�pqfG[Pg¨[L`
ejvJ^�b&kL_5^«^S±£fzpqe�p2ª���[Pi,fGg p�e�kug&t¥^A|Ãt¥[Pg&pqfz �^Ei�ejv�^$^S±£^ut¥d�e�fG[5gXp�vJ[L®�g¯fGg �7f]_Pd�i�^$��ª�x	pjp�dJac^�e�v&kLeW`�kLg& 
À kLi�^+[Pg� £f¼»½^Sij^Eg�e�b kL_P^�p�kLg& ne�v&kLe�ejv�^$ij^�kP n�£w { / [L`�`�i�^Sejd�i�g&p/e�v�^$Pku\Gd�^$®�ijf]eje�^Sgn�£w { � ª�Æ vJ^Sg
{ / t¥[Pa¨b�\G^Se�^ups\G[£t�É¢���kC¤�|Ae�v�^�b&kL_5^Vt¥[5g�e{kLfGgJfGg�_g`�®�[PdJ\z X_P^Se,fGg£5kL\]fz �kuej^u #^SA^EgXejv�[5d�_Pvcf]e�p�ejf]\G\�vJ[P\z Jp
ejvJ^ct¥dJijij^Eg�e+5ku\Gd�^X[u`�`uª¯r�v�fzpVfzp«�&^utSkud&p�^¯ejvJ^ct¥\][£tCÉÎkLe {�� |(�%� � |7_5^Se�p+f]g&t¥ij^Eac^Sg£ej^E �®�v�^Sg À flp
®�ijf]eje�^Sg:p�[·ejv�^¯ejf]ac^up�e{kLacb�i�^ut¥^Sf]A^u c®�fGejv§��k+fzp+_Pi�^ukLe�^SiVejv&kug�e�v�^¯ejfGa¨^up�e{kLacb·kPp�p�[£t¥flkLe�^u �®�fGe�v
b&ku_P^M`uª,r�vJ^+b�ij[5��\G^Eaµfzp�ejv&kue�A^ut2ej[Pi,e�fGac^upqe�kuacb&p¥|u®�fGe�vck¦t¥[Pa¨b}[5g�^Sg£e�`§[Pi,^ukPt�v¯b�ij[£t¥^�pjp¥|J �[Xg�[5e
kPtEt¥d�i�kuej^S\]wceji{kPt�ÉcejvJ^�^E±�k5t¥e+pq^Se�[L`�b&kL_5^up«ejv kLe$v&kSA^��&^S^Eg�ac[£ �f¬Ï&^u ª,Ì�^�tSkLd&pq^¦kË®�i�fGej^V�£w {�� e�[
^Sf]ejv�^SiW`�[5i À ®�[PdJ\z Xv&kSA^«i�^up�d�\]ej^u XfGg¨ejv�^	pjkuac^«e�fGac^�p�e�kuacb#�&^Sf]g�_#i�^ut¥^Sf]A^u #kue { / ®�v�^Egn\][£tCÉ½¢D� k ¤t¥[5acb�\G^Eej^up2| { / a¯d&pqe�kPp�p�d�a¨^�e�v&kLeX`�t¥[PdJ\z c�&^�[uA^Si�®�ijf]ejej^Eg�kLg& �fGg£5kL\Gfl �kLe�^+ejvJ^�b kL_P^Ãª

{ � 8�\][£tCÉ½¢D� / ¤àYV¢,\¤³�Ùd�g�\][£tCÉ½¢D� / ¤¹\][£tCÉ½¢D� k ¤àYV¢,Ï�¤��ÙdJg�\G[£t�É¢�� k ¤
{ / 8 \][£tCÉ½¢D� / ¤àbA¢Ñ\!¤³�Ùd�g�\][£tCÉ½¢D� / ¤¹\][£tCÉ½¢D� k ¤

�7f]_Pd�i�^#��8��$g�g�^ut¥^�pjpjkuijw¯fGg£5kL\Gfl �kLe�fG[5g�[u`�b kL_P^Åt¥[Pg£e�kufGg�f]g�_¯ �kue�kXfGej^Ea `

� �



Æ v�^Sg·ac[Apqe�[L`,e�v�^¦p�v&kuij^u º �kue�k¯kPtSt2^upjpq^upye�[ckXb&ku_P^Xkuij^¦ij^uk5 �p¥|&ejv�^Vb&ku_P^¯t¥[5d�\z c_5^Se«dJg�g�^utC�
^up�pjkLi�fG\]w�fGg£5kL\]fz �kuej^u :¸�dJfGej^X[u`§ej^Sg!|Ê\]^ukP £fGg�_�ej[·pqfG_PgJf¼Ï½tSkug�eVb&^Siq`§[Pija©kLg&t¥^¯ £^S_Pi{kP �kuejfG[5gsª�mogºa�kLg£w
[L`êejvJ^#kub�b�\]fztSkuejfG[5g&p�®�fGe�v�®�v�fzt�vc®�^Vv&kSA^+^E±�b&^Si�fGac^Sg£ej^� |Le�v�^Si�^#kuij^¦ �kue�k#ejv kLe	kLij^V[5g�\Gwci�^ukP c[5i
ejv kLeXkuij^c[5g&t¥^c®�i�fGe�ej^Sg kLe¦ejv�^¯�&^S_Pf]g�g�fGgJ_º[L`$ejvJ^n^S±£^ut¥dJejfG[5g�kug& �e�v�^Sg�[5g�\Gwºi�^ukP ªº�Ad&t�v� �kue�k£|
®�v�fltCv� £[A^upËgJ[Pe¨tCv&kug�_P^· �dJijfGgJ_ºejv�^·t¥[5d�i�pq^�[L`	b�i�[P_Pi{kLa ^S±£^ut¥d�e�fG[5gs|,t¥[PdJ\z �_P^SeXdJg�g�^ut¥^�pjpjkuijf]\Gw
fGg£5kL\]fz �kuej^u n®�vJ^Sg�e�v�^¦t¥[Pg&pqfzpqej^Sg&t2wna�kufGg£ej^Sg kLg&t¥^$[Pb&^Si{kLe�fG[Pg p+kLi�^�^E±�^ut2d�ej^u ½ª[�$g�^¦p�[5\Gd�e�fG[Pg·fzp�e�[
d&pq^+kug�kLb�bJij[Ak5tCv©p�fGa¨fG\zkui7e�[Vejv�^ ?A@�@�IPFQ?PFoDzIA@AO d&p�^u XfGg¯ejvJ^+¡�d�gJfGg¨p�wJp�ej^Ea �#�E���oª�Æ�^�b�i�[u�fl �^«\lkLg��
_Pd kL_P^�\]^SA^S\£pqd�b�b&[Pi�eS|A®�v�^Si�^�ejvJ^�d&pq^Si�tEkLg¯kLgJg�[Pe{kLej^$pqd&t�v¯ �kLe{k+kPp Â�T�?AY�çqIA@�³¬À [Piy¾ Â¥DGFqT�çqIA@ ² T ª��Ad&t�v
 �kue�kXb&kL_5^up«kuij^+gJ[Pe	t¥[Pg&pqfz �^Eij^u Ë`§[5i�fGg£5kL\Gfl �kLe�fG[5gsª,r�v�fzp�kug�g�[5e�kLe�fG[5g�fzp�d p�^u c[PgJ\Gwn`§[5i�fGacb�i�[u�f]g�_
b&^Si�`§[5ija�kug&t¥^Vkug& �flp�g�[Pe$ij^�¸�d�f]ij^u X`§[Pi$t¥[5ijij^�t¥e�^S±£^ut¥d�e�fG[Pg!ª

� kLe{kË®�vJfzt�v�v k�A^	ac[Apqej\Gw¯ij^�kP �tCv kLi�k5t¥ej^EijfzpqejfltSp/��dJe+kuij^Vg�[Pe ÂCT�?AY�ç�IA@�³¬À [Pi¦¾ Â¥DGFqT�çqIA@ ² T ®�[Pd�\l 
p�e�fG\]\«_5^SecfGg£5kL\]fz �kuej^u �d�g�g�^ut2^upjp�kLijf]\GwAªÍÆ�^ºa¨[£ �f¼`§w�e�v�^:kL\]_P[5ijfGe�v�a _5fGA^Sg´v�^Si�^ºej[�^Sg p�d�i�^ºejv&kue
[PgJ\Gw:ejv�[Ãp�^cb&ku_P^up#e�v&kLe¦v&kSA^n�&^S^Eg�tSkLd pjkL\]\Gwº[uA^Si�®�ijfGe�ej^Sg:kuij^cf]g�5ku\Gfz JkLej^�  ®�v�^Eg�kLg Dz@ ^ ?P³ÁDzYA?PF�T
[Pb&^Si{kLe�fG[Pg´fzpV^S±�^�t¥d�ej^� ªºr�v�flp#ij^u¸Ad�fGi�^up�e�v&kLeX®�^c^S±£b&kLg  Ðe�v�^cA^ut2ej[Pi¦ejf]ac^up�e{kLacbºe�[ºfGg&t2\Gd& �^©k
t¥[5acb&[Pg�^Sg£es`§[Pi�^ukPt�v¯p�v&kuij^u X JkLe�k$b&kL_5^Aª,mog#ejvJ^/`§[P\]\G[u®�fGgJ_+pq^ut¥ejf][Pgs|5®�^/Ï i�p�eêb�ij^upq^Sg£e7e�v�^�ac[£ £f¼Ï&^u 
kL\]_P[5ijfGe�v�a°kLg  Ëe�v�^Sg¨ �fzp�t¥d&pjp�e�v�^«b&^Siq`§[Pi�a�kLg&t2^�fGacb�i�[uA^San^EgAe�pskLg  nejv�^$[uA^SijvJ^ukP #f]g�e�ij[£ �d&t2^u Ë�£w
fGeEª
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½�q�y�©¨Ð�,��%�'È�y�'ª %��&�}���y�	%�' 8·�,;�%��
mog�[PdJi#fGa¨b�\G^Sa¯^Sg£e�kuejfG[5g�[u`	tSkLd&p�kL\�ac^Eac[Pi�wA|}®�^�kL\]\G[u®µ[PgJ\Gw:kºp�f]g�_P\]^n®�i�fGe�^Si#e�[ºkPtEt¥^upjp¦k�b&ku_P^
t¥[5g&t¥d�i�ij^Sg£ej\]wc®�fGe�v�a¯d�\Ge�fGb�\]^«i�^ukP �^Ei�p¥ª	x+p$kct¥[Pg p�^u¸Ad�^Sg&t2^A|&kcp�^�¸�d�^Eg&t¥^V[L`�®�ijf]ej^up�e�[�knb&ku_P^¯tSkug
�&^Veji�k5tCÉA^� n®�fGe�v�kËA^Ei�p�f][Pgcg£d�a¯�&^SiSª�mog�ejv�^Vpq^ut¥[5g& cfGacb�\]^Sa¯^Sg�e{kLe�fG[PgX[u`,tEkLd&p�kL\sac^Sa¨[PijwÅp�v�[u®�g
fGg �7f]_Pd�i�^�¸�|�®�v�fltCv ^S\Gf]acfGg&kuej^up+e�v�^�d�g�g�^ut2^upjp�kLijw�f]g�5kL\]fz �kuejf][Pg&p2|�A^Si�pqfG[Pg�g£d�a¯�}^Ei�p#k5pjpq[£t¥fzkuej^u 
®�fGe�v�b&kL_5^up�kLi�^�d p�^u cej[¯ £^Sej^Si�acfGgJ^�®�v�^Sg�ejv�^� �kLe{kËf]g�k#b&kL_5^Xkuij^VtSkud&pjku\G\]wc[uA^Sij®�i�fGeje�^Sg Û ª ( kPt�v
b�i�[£t¥^upjpq[Pica©kLfGg£e�kufGg&p¯kºA^Si�pqfG[Pg´g�dJan�&^Si�¢§fGg&pqej^uk5  [L`Åk�A^�t¥ej[5ine�fGac^upqe�kuacb¤$®�fGe�v ^ukPt�v�[L`¦fGe{p
tSk5tCv�^� �b&kL_5^up¥ª�x«\lp�[J|ejv�^¯A^ut¥e�[PiVt2\G[£t�ÉºkLe¦b�ij[£t2^upjpq[Pi {�m fzp+ij^SbJ\zkPt2^u ���w:kV^ TCÂ{OEDzIA@�?AÂ2Âj?AÀ |�� U m |
®�v�fltCv¯pqej[Pi�^up�ejv�^�\lkLe�^up�e,A^Si{p�fG[5gXg�dJan�&^SisÉ£g�[u®�gne�[ { m&[L`!^ukPt�vX[L`!ejv�^$pqv&kLi�^u Ëb kL_P^�p¥ª«� U m@�A` _]@�N£W �
fzp#e�v�^�\zkuej^upqe#A^Si{p�fG[5g�[L`	b&kL_5^�`·¢Ûe�v�^cÏ&^S\z $` _]@�N£W p�e�[Pij^�pËe�v�^cfGg  �^S±:[L`Vb&ku_P^E`S¤ÅkPp#É£g�[u®�g¹e�[
{ mqªÎr�v�^c�&k5p�fzt¯fz �^uk�fzpVej[�e�i�kug&p�`§^SiXe�v�^c5kL\]d�^c[u`
� U m�®�fGe�v�p�w£g&t�v�ij[5g�fGÄukuejf][Pg�5kLi�fzku��\G^up¦kLg& �e�[
d&pq^Xejv�^upq^XA^Si�pqfG[5g&p«fGg:t2[Pg&pqfzp�e�^Sg&t¥w�a�kufGg£ej^Sg kLg&t¥^V[5b}^Ei�kLe�fG[5g&p¥ªXmogºb&kuije�fzt¥d�\lkLiE|®�v�^Sg:kug�k5tS¸�dJfGij^
[Pb&^Si{kLe�fG[Pg·t¥[5acb�\]^Sej^up�[5g�k¦p�w£g&t�v�ij[5g�fGÄukuejf][Pgc5kLi�fzku��\G^A|JkXtSkPt�v�^u ¯b&kL_5^M`$fzp/\][£tSkL\]\Gw¯fGg£5kL\Gfl �kLe�^u nf¬`
ejvJ^XA^Si�pqfG[Pg·g�dJan�&^Si$pqej[Pi�^u º®�fGejv·fGe+flp«\G^�pjp�ejv&kug�e�v�^XA^Si�pqfG[5g�g£d�an�&^Si�i�^ut¥^Sf]A^u n`§[PiM`V®�f]ejvºe�v�^
p�w£g&t�v�ij[5g�fGÄ�kLejf][Pgc5kuijfzku��\G^Ãª7Æ:^+g�[u® ^S±£b�\zkufGg¯ejv�^+[5b&^Si�kuejfG[5g�[L`�ejvJ^Vp�^ut2[Pg& nf]acb�\]^Sac^2g�e{kLejf][PgÅkLg& 
 �flpjt¥d&p�p�v�[u®3fGe$ £f¼»½^Si�p/`§i�[Pa<e�v�^+Ï&i�pqe«[5g�^Aª

�2JG�2JML Q±¿�OûÄTSD¿9À·Â 1 N�¿�.�/·Â 7 .2O$¿�.0/¬V�Ä�È�Á 7 Ç�.àÃÅ¿�.·¿�OûÄ�Æ$Ä4. 1
�$g¹kºb&ku_P^�`Qkud�\GeE|�ejv�^·p�kLac^·kPt2ejfG[5g&pXkLi�^�^S±�^�t¥d�ej^� �kPpX�&^¥`§[Pi�^Aª�x<ij^uk5  `Qkud�\GeXi�^up�dJ\Ge�p#f]g´k

ij^�¸�d�^�p�e�ac^up�pjku_P^+`§[Pi$ejv�^¦b&kL_5^#®�v�fltCv�flp«pq^Sg�e$ej[¯ejvJ^�a©kLg&ku_P^Si$®�v�fzt�v�^SfGe�v�^Si$pq^Sg& �p�ejv�^Vb&ku_P^X[5i
`§[Pi�®�kui� �p�e�v�^+ij^�¸�d�^�p�e,ej[Xf]e�p�t2d�iji�^Sg�e,[u®�g�^SiEª,r�v�^ � x,r7x a¨^upjp�kL_P^$ejv kLe$t¥[5g�e{kLfGg p/ejvJ^+ij^u¸Ad�^upqej^u 
b&ku_P^¦kL\lp�[#f]g&t¥\]d& �^up�ejvJ^+A^Si�pqfG[5gcg�dJan�&^Si�[u`�ejv�^	b&kL_5^Aªh�$g�kV®�ijf]ej^«`Qkud�\GeE|�pqfGg&t2^Vk�g�^E® A^Si�pqfG[Pg¨[L`
 Ù&ÚqØÛÖ§Õ×â2å#åSà�?�æPÚqØ§Ö�ÞÚqØ§Ú�àuÖÛÚqäXÕ×åVã§ÔLÚ&®AâSÝqàuÖ�¡�B Ú�Ö§çSÖÛã§Ú@?ËC]â¥Ø�äuÚqãÛÚqÝqãÛÕ åLì¦Ýqâ¥åuÝqàuØÛØ§ÚqåSã,àLá5ä5ÜCã§ÚqÖ/ã§âVÜ«Ö§Õ×åuì�B×Ú[¡.B×Ú

¥ û2÷�¦§þ�H7àuØ2�2Ú�Ø§Ö§Õ×â¥å��¥ÚqÝqãÛâ2Ø§Ö�Ü�ØÛÚêàLÖ§ÚqäVãÛâ�ÚqåuÖÛàuØ§Ú,ÝjÜ�àuÖoÜ�B£Ý�â2åuÖÛÕ ÖÛã§ÚqåLÝqçXC]â¥Ø!Ü�ÖÛÚqãsâ�C&ä5ÜCãQÜ/á5Ü�ì¥ÚqÖ�þ
�S�



 �^ukP �x+tSt2^upjpW�&kLdJ\Ge>8s8
Á>Ä�.0/ �7 ( x � |�±��F1 Ç ±½ª a�kug&kL_5^Si
È�Ä4365 � � x/r�x#|A±½|�A^Si�pqfG[Pg�´7�
±ª kPtSt¥^�pjpX8#u ij^uk5 �[PgJ\Gw
±ª A^Si�pqfG[Pg"8#u3A^Ei�p�f][Pg9´

Æ:ijfGe�^Vx+tSt2^upjpW�&kLdJ\Ge>8s8
Á>Ä�.0/ � Æe $mqr ( |£±��21 Ç ±½ª a�kug&kL_5^Si
È�Ä4365 � � x/r�x#|A±½|�A^Si�pqfG[Pg ´ �
±ª kPtSt¥^�pjpX8#u ij^uk5 �®�ijf]ej^
±ª [L®�gJ^Si�8#u p�^S\¬`
±ª A^Si�pqfG[Pg"8#u3A^Ei�p�f][Pg9´E¯ �
¶,x m � ±½ª g£d�aæ�D8�u3±½ª A^Si{p�f][Pg

+�ij[5ej^ut¥e�fG[5g��&kud�\Ge
8�8
798 ¢Û±½ª [u®�g�^Ei%:#u�pq^S\¼`2¤

� ?A@�Y�³]T#OEDzWXDG³¬?AÂ+FoI§<�Â2DGF�T$U ²�² TjO�O%=!?AN�³ F
Ä�Â�Á>Ä

±½ª×k5tSt¥^up�pX8#u ij^uk5 �®�ijf]ej^
±½ª A^Ei�p�f][PgE8�u3±½ª A^Si{p�f][PgY¯ �
¶�x m � ±½ª g£d�aæ�D8�u3±½ª A^Si{p�fG[5g

Ò Ü�Óø�Ý�ã§Õ×â2åuÖ·ÔÖÕEÚ�Ýqàuã§Ú�ä¦Ü�ã�> ? ÒBA Õ×Ö�> ? C ÖÕ äLÚqåSã§Õ7¡5ÚqØ,Ó

�7 ( x � |�±��,8s8
È�Ä�365 �3 ( x � |£±�� 8 È�ÇlÆ {�m
798 ¢§±ª [L®�gJ^Si±u p�^S\¬`¥¤
±½ª×k5tSt¥^up�p±u3i�^ukP �[5g�\Gw
Á
Ä�.0/ � � x,r7x¦|�±½|�±½ª A^Si{p�fG[5g9�F1 Ç {�m

Ä�Â�Á>Ä
Á
Ä�.0/ �7��Æ � |�±|£fo|�i�^ukP ��21 Ç ±½ª [u®�g�^Si

� Æe $m�r ( |£±��Ñ8�8
È�Ä�365 � Æe «mqr ( |�±�� 8 È�ÇlÆ {�m
±ª [u®�g�^SiX8�u3f
798 ¢§±ª [L®�gJ^Si±u p�^S\¬`¥¤
±½ª×k5tSt¥^up�p±u3i�^ukP �[5g�\Gw
Á
Ä�.0/ � � x,r7x¦|�±½|�±½ª A^Si{p�fG[5g9�F1 Ç {�m

Ä�Â�Á>Ä
Á
Ä�.0/ �7��Æ � |�±|£fo|�®�i�fGej^
�F1 Ç ±ª [L®�gJ^Si

�7�7Æ � |�±½|�fQ|�ac[£ �^>�Ñ8�8
È�Ä�365 �3�7Æ � |�±½|�fo|£ac[£ �^>� 8 È�ÇlÆ ±½ª a©kLg&ku_P^Si
798 ¢§ac[£ �^Mu ®�ijfGe�^P¤,±½ª [u®�g�^Sid8#u3f
±ª kPtSt2^upjpQ8#u3i�^ukP £[Pg�\]w
Á>Ä4.�/ � � x,r�x#|A±|�±½ª A^Ei�p�f][Pg9��1 Ç {�m

Ò æ.Ó��VÜ�å5ÜCì2ÚqØ0G°H7ÞsåuÚqØ�ø7Ýqã§Õ×â¥åuÖ

�7fG_5d�ij^�¸�8yZ�kud&pjku\7a¨^Sac[Pi�w#f]acb�\G^Eac^¥g£e�kuejf][Pg¯d&p�f]g�_XA^Si�pqfG[5g�^u cb&kL_5^up
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ejvJ^�b kL_P^Å �kLe{kË®�f]\G\s�&^¦t¥ij^�kLej^� ©�£wce�v�^Vb�ij[£t¥^�pjp�[5iS|&ejv�^¦ij^ut2^SfGA^u XA^Si{p�fG[5g�g�d�a¯�&^Si,[L`,e�v�^Vb&kL_5^#flp
fGg t¥ij^Sa¨^Sg�e�^u XkLg  ©e�v�^¦t¥[Pi�ij^upqb&[Pg& �f]g�_¯^Sg�e�ijw¯fGg�� U m flp�d�b½ �kLe�^u ª�mQ`êkXb�i�[£t¥^upjpq[Pi$[u®�g&p�k#b&kL_5^A|½k
b�i�[Pej^�t¥ejf][Pgn`Qkud�\Ge�[5g�e�v&kLe�b kL_P^¦ �[A^�pyg�[5e�ij^u¸Ad�f]ij^	kLg£wct¥[5aca¯d�g�fztEkLejf][PgX��dJe�ejv�^+A^Ei�p�f][Pgcg£d�a¯�&^Si
kLg  Ðe�v�^cA^Si{p�f][Pg kLiji{kSw�kLi�^�p�f]acfG\lkLij\]w�d�b½ �kLe�^u ª:mog�ejv�^©tSkPpq^c®�v�^Si�^cejv�^¨b�ij[£t¥^�pjp�[5inflp�g�[5e#e�v�^
[u®�g�^Si�[u`�k#b&kL_5^A|½k#b�ij[5ej^ut¥e�fG[5g©`Qkud�\Ge$fzp�v kLg& �\]^u �p�f]acfG\lkLi,ej[¨k#®�ijf]ej^¦kPtSt2^upjp/`Qkud�\GeEª

rÊ[X^Eg&p�d�i�^«e�v&kLe$ £f¼»½^Sij^Eg�e,b&ku_P^VA^Si�pqfG[5g&p�v&kSA^+ �f¬»½^Sij^Sg£e,g�dJan�&^Si{p¥|£kLgc[u®�g�^Ei� �[u®�g�_5i�kP £^up�fGe{p
kPtEt¥^upjp+e�[�k�b&kL_5^cej[ Â�T�?AYAIA@�³¬À ®�v�^Eg�fGeVpq^Sg& �p¦k�t¥[Pb£wº[L`�ejv�^¯b&kL_5^cej[·kug�[Pe�v�^Si#bJij[£t¥^up�p�[5i#^SA^Sg
®�v�^Sg:ejvJ^Xij^u¸Ad�^upqe«`§[PiVejvJ^nb&ku_P^¯®�k5p# �d�^Xe�[·k©i�^ukP �`QkLdJ\GeSª¯r�v�flp+_Pd&kui�kLg£ej^E^up+ejv&kue�e�v�^¯A^Si�pqfG[Pg
g£d�an�&^Si$fzp+f]g&t¥ij^Eac^Sg£ej^E ©f¬`�e�v�^X[u®�g�^SiV®�ijf]ej^up«e�v�^¯b&kL_5^cku_AkLf]gsªcr�vJfzp+fzpVkc\G[£tSku\,[Pb&^Si�kuejf][Pg kLg& 
 �[A^up+g�[5eVij^u¸Ad�fGi�^Xkug�w·ac^upjp�kL_5^up¥ªXr�vJ^¯pjkLa¨^#b&ku_P^A|�tSk5tCv�^� ºkLe¦ �f¼»½^Si�^Sg£e«b�i�[£t¥^up�p�[Pi{p¥|�a�kSw�v k�A^
 �f¬»^Eij^Sg£e«A^Ei�p�f][Pg·g�d�a¯�&^Si�p2ª$r�v�^¯t¥d�i�ij^Sg£e I ¾ @}T2Â [u`�ejv�^¦b&kL_5^Xv&kPp+ejvJ^#\zkuej^upqeVt¥[5b�w�[L`�e�v�^#b&ku_P^
kLg  �®�fG\]\sku\G®�kSwJp�v&kSA^Vejv�^Vv�f]_Pv�^upqe�A^Si�pqfG[5gcg�dJan�&^SiEª

x«\Ge�v�[PdJ_Pv � x,r�x ac^up�pjku_P^upXt¥[5g�e{kLf]g [5g�\Gw:ejvJ^�A^Ei�p�f][Pg�g£d�a¯�&^SiV[L`Ve�v�^cb&ku_P^��&^Sf]g�_ºeji{kLg&po�
`§^Si�ij^u |½p�w£g&t�v�ij[5g�fGÄ�kLejf][Pg·[Pb&^Si�kuejf][Pg&p«gJ^S^u �e�[ceji{kLg&po`§^Si+e�v�^#A^Si{p�f][Pgºkuiji{k�w·fGg�`§[5ija�kuejf][Pg��&^Seq®�^S^Sg
b�i�[£t¥^upjpq[Pi{p¥ª!��[5i#^S±JkLacbJ\G^A|s®�v�^Sg´k�\G[£t�É�flp�ij^E\G^uk5p�^u ��£w:b�ij[£t¥^�pjp�[5i { mq|�e�v�^c\G[£t�ÉºfzpXk5pjpqfG_PgJ^u �k
ejf]ac^upqe�kLa¨bc®�v�fzt�vºfzp$ejv�^¯t¥dJijij^Eg�e$5kL\GdJ^X[L`�� U m ªVÆ v�^Sg:b�ij[£t¥^�pjp�[5i {ö� g�^E±�e	kPtS¸Ad�f]ij^up«e�v�fzp$\G[£t�É|
ejvJ^�\][£tCÉû¼×p,ejf]ac^up�e{kLacbXflp�d&p�^� ©e�[Xd�b½ �kLe�^R� U � ª��Af]acfG\lkLi,ej[o��fG_PdJij^®2�`§[Pi�A^ut2ej[Pi�t¥\G[£t�ÉJp¥|�k#a©kL±£f¼�
a¯d�a [5b&^Si�kuejfG[5gºfzp�b&^Si�`§[5ijac^u c[5g�^uk5tCvÎt¥[Pacb&[5g�^Sg£e�[L`«� U � kLg  �ejvJ^#ejf]ac^upqe�kLa¨bni�^ut¥^Sf]A^u n®�fGe�v
ejvJ^º\G[£t�É|$kLg   e�v�^�i�^up�d�\]ecfzp¨kPpjpqfG_5g�^u  ej[� U � ª �$e�v�^Si�pqw�g&t�v�i�[Pg�f]ÄukLe�fG[PgÍt2[Pg&pqejijd t¥e�pcpqd&t�vÍkPp
�&kuijijf]^Si�p�pqfGacf]\zkuij\GwXdJb JkLej^Ve�v�^VA^Si�pqfG[Pg·kuiji�kSwJp«kue�ejv�^Vb&kuije�fzt¥f]b&kLe�fGg�_Xb�i�[£t¥^up�p�[Pi{p¥ª
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Z�kLd pjkL\½t¥[5g&p�flp�e�^Sg&t¥w¦[L`�pqv&kLi�^u Xb&kL_5^up�fzp7a�kufGg£e�kufGg�^u +�£wXtSku\G\]fGg�_+e�v�^ Dz@ ^ ?P³ÁDzYA?PF�T [5b&^Si�kuejfG[5gs|£p�v�[u®�g
fGgo��fG_PdJij^X�E��|A®�v�^Sg¨k«\][£tCÉ¦fzp�k5tS¸�dJfGij^� �[Pi�k�� kLiji�fG^Si�t¥[PacbJ\G^Se�^u ªsr�v�^�[5b&^Si�kuejfG[5gnflp�kL\lp�[+^E±�^ut2d�ej^u 
kLe$`§[PijÉ·kug& gèj[Pf]gº[Pb&^Si�kuejf][Pg&p2ªVx+py�&^¥`§[5ij^A|0� m flpye�v�^¯p�^Se$[L`�ku\G\�b&kL_5^up«fGg·ejv�^¯tEkPt�v�^V[L`�b�ij[£t2^upjpq[Pi
{�m ª�r�v�^VejfGa¨^up�e{kLacb¯ij^ut2^SfGA^u ¯®�fGejv·ejv�^¦pqw�g&t�v�i�[Pg�f]ÄukLe�fG[Pg·5kLijflkL��\]^Vfzp�b&kPp�p�^u ·kPp+kXb&kLi{kLac^Eej^Si�e�[
ejvJ^ Dz@ ^ ?P³¬DzYA?PF�T [5b}^Ei�kLe�fG[5gsª,moe/\][£tSkL\]\Gw¦fGg£Pku\Gfl �kLe�^up,k�b kL_P^	f¼`se�v�^$A^Si�pqfG[PgXg£d�a¯�&^Si,kPp�p�[£t¥flkLe�^u n®�fGe�v
ejvJ^nb&ku_P^¯fzpVp�a©kL\G\]^Si$ejv&kug�f]e�p+A^Si�pqfG[5gºfGg:ejv�^Xe�fGac^upqe�kuacb�¢§wAª A^Si{p�f][Pg�flp+ejv�^XA^Si{p�f][Pg:g�d�a¯�&^Si$[L`
b&ku_P^gÏ¨kLg& cwAª g�d�a°fzp�e�v�^Vb&kL_5^#g£d�a¯�}^Ei¥¤�ª

f]g�5kL\]fz �kuej^A¢§A^Si�pqfG[5g kuiji{k�w ¶,x�¤
w �

w | Z m
f¬`�¢ÛwAª A^Si�pqfG[Pg"�Ë¶,xg� wAª g£d�ao�Û¤

wÃª×kPtEt¥^upjpWu3g£d�\G\
~

��fG_PdJij^o�S��8�r�v�^Vf]g�5kL\]fz �kuej^+[5b&^Si�kuej[Pi$`§[Pi�A^Si{p�fG[5g�^u nb kL_P^�p
Æ�^¦ �[¯g�[5e«g�^E^u cej[¨tCv�^�tCÉ¯f¼`�kËbJij[£t¥^up�p�[5i«[u®�g&p$kËb kLije�fzt¥dJ\zkLi�b kL_P^¦[Pi$f¼`êfGe$tSk5tCvJ^up�fGe�[5g�\Gwcf]g

ÂCT�?AYAIA@£³¬À ac[£ �^��&^¥`§[Pi�^+fGg£5kL\]fz �kuejfGgJ_+ejv�^$b&ku_P^Aª�r�v�fzp�®�kPp� £[Pg�^+f]gne�v�^$b�ij^S£fG[5d&p�fGacbJ\G^Sa¯^Sg£e�kLe�fG[5g
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�&^utSkud&p�^�k�A^ut¥e�[Pi¦t¥\G[£t�É:t¥[5d�\z �v k�A^¯�&^S^Sg�k5 �5kLg&t2^u � �d�^¨ej[�®�i�fGe�^up�e�[�[Pe�v�^Si¦b&kL_5^up¥ªºr�v£d&p2|,k
ejf]ac^upqe�kLa¨b+ij^ut2^SfGA^u $®�fGejv¯k$p�w£g&t�v�ij[5g�fGÄ�kLejf][PgX5kLi�fzku��\G^�t¥[Pd�\l �v&kSA^��}^E^SgX_Pi�^ukLe�^Si7e�v&kLgXe�v�^�b&ku_P^y¼ p
ejf]ac^upqe�kLa¨bVkLe�e�v�^�[u®�g�^Ei7^SA^Eg#®�v�^Sg¦fGe�v&kP #e�v�^�ac[Ãp�esij^�t¥^Sg£e�t¥[5b�wV[u`&ejv�^�b kL_P^Ãª/�Af]g&t¥^�e�v�^�[u®�g�^Ei
[L`êejvJ^+b&kL_5^Vv&kPp�e�v�^+v�f]_Pv�^upqe�A^Si�pqfG[5gcg�dJan�&^Si7`§[5i�ejv�^	b&kL_5^A|&k#b&kL_5^¦kLe�ejvJ^+[u®�g�^Si�®�f]\G\½g�^SA^Si,�&^
fGg£5kL\]fz �kuej^u ª
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r�v�^Xeq®�[¨fGacb�\]^Sa¯^Sg�e{kLe�fG[Pg p� �f¬»^Ei+fGgºe�v�^¯p�e{kLej^Xa©kLfGg£e�kufGg�^� �kug& º^S±�t�v&kug�_P^u ��£w�b�ij[£t2^upjpq[Pi�p2ªXmog
ejvJ^ËÏ&i{p�e¦fGacb�\]^Sa¯^Sg�e{kLe�fG[Pg!|}A^ut2ej[Pi¦t¥\][£tCÉJp+kuij^ca�kufGg£e�kufGg�^u �®�vJfzt�vºv&kSA^ck·t¥[Pacb&[5g�^Sg£e�`§[5i#^uk5tCv
b�i�[£t¥^upjpq[Picf]g ejv�^Îp�wJp�e�^Saºª r�v�^:pq^ut¥[5g&  f]acb�\G^Ean^Sg£e�kuejf][Pg��&k5p�^u ¹[5g A^Si�pqfG[5g g£d�a¯�&^Si�p2|/v&k5p�k
t¥[5acb&[Pg�^Sg£e�`§[Pi$^uk5tCvÎp�v&kuij^u · �kLe{knb&kL_5^#[u`,ejv�^ÅkLb�bJ\GfztEkLejf][Pgsª�r�v�^Xpqej[Pi{kL_5^¯kLg& ·t¥[Paca¯d�g�fltSkLe�fG[5g
t¥[Ãp�e�p$[L`�ejv�^¦fGacbJ\G^Sa¯^SgAe�kuejf][Pg&p� �^Sb&^Sg& �[5gºejv�^Åp�fGÄE^upy[u`,ejvJ^up�^Å �kLe{k�pqeji�d&t¥ejdJij^up2ª«moe$a�kSw�kLbJb}^�kLi
ejv kLe	k#A^Si�pqfG[Pg·kuiji�kSwca©k�w¯v&kSA^VkXand tCv¯\zkuij_P^Ei�g�d�a¯�&^Si�[u`,t2[Pacb&[PgJ^Sg�e{p�t¥[Pa¨b&kLi�^u nej[¯kXA^ut¥e�[Pi
t¥\][£tCÉ:¢Û®�vJ^Sg�e�v�^Xg£d�an�&^Si�[u`�b�i�[£t¥^up�p�[Pi{p+fzp+pqa�kL\]\G^Si�e�v&kLg:ejv�^Xg£d�a¯�&^Si«[u`�p�v&kuij^u ºb&kL_5^upC¤{ªXr�v�flp
t¥[5d�\z Vij^upqd�\Ge�f]g#v�f]_Pv�^Ei�pqej[Pi{kL_5^+kug& Xt¥[Pa¨and�gJfzt2kLejf][Pg+[uA^Si�v�^uk5 �pÊ`§[Pi�ejvJ^$p�^ut¥[5g& #fGa¨b�\G^Sa¯^2g�e{kLejf][Pgsª
r�v�flpfzpg�[5e7e�v�^,tSk5p�^/`§[5isa�kLg£w�[L` ejv�^�kLbJb�\GfltSkLe�fG[Pg pejv&kues®�^�p�e�d& �fG^� ª��«gJ^/i�^ukPpq[Pg¦fzpejvJ^/i�^S\zkuejf]A^S\Gw
\zkuij_5^�b&kL_5^+pqfGÄS^V¢§e�w£b�fltSkL\£b&kL_5^+pqfGÄS^�pÊ`§[Pi,ac[Ãp�e�®�[Pi�É�pqe�kuejfG[5g&p,kLi�^±�³²3kLg& ¯�6² �£w�e�^upC¤{ª�x«\lp�[�|5[Pg�\]w¯k
p�f]g�_P\]^,A^Si�pqfG[Pg	g�d�a¯�&^Siflpsp�^Sg£esfGg � x,r�xÐa¨^upjp�kL_P^�p}fGgVe�v�^�p�^ut¥[5g& �f]acb�\]^San^EgAe�kLe�fG[5g«®�v�^Eij^uk5pejv�^upq^
ac^up�pjku_P^up�fGg&t2\Gd& �^	A^ut¥ej[5i«e�fGac^�p�e�kuacb&p�fGg·ejv�^VÏ&i�pqe«f]acb�\]^San^Eg�e{kLejf¬[5gsª�r�v£d&p2|}[5g�\Gw�ejvJ^#ac^up�pjku_P^up
ejv kLe�e�i�kLg p�`§^Si,pqw�g tCv�i�[Pg�f]ÄukLe�fG[5g#5kLi�fzkL�J\G^up7f]g&t¥d�i�ejvJ^�[uA^SijvJ^ukP V[L`½eji{kLg&pqacfGe�ejfGgJ_«e�v�^�A^Si{p�f][PgXkuiji{k�wÃª
¶,^Si�pqfG[5g�g£d�a¯�&^Si�psku\zp�[$ij^� �d&t¥^,ejvJ^�b�i�[£t¥^upjpqfGg�_$[uA^SijvJ^ukP +fGgÅt¥[Pg p�fzpqej^Sg t¥w+a�kufGg£ej^Sg&kug&t¥^�[5b&^Si�kuejfG[5g&p
�&^utSkud&p�^VA^Si{p�fG[5g�g�d�a¯�&^Si�p,fGg&pqej^uk5 c[L`,A^ut2ej[Pi�ejf]ac^up�e{kLacb p/kuij^¦t¥[5acb&kLi�^u ª

x A^Si{p�fG[5gn� kPp�^� ©f]acb�\]^San^Eg�e{kLejf][PgÅt¥[Pd�\l nv&kSA^+^S±Jt¥^up�p�f]A^$p�ej[5i�ku_P^¦kLg& �t¥[5aca¯d�g�f]tSkLe�fG[5gX[LA^Ei��
v�^uk5 �®�v�^Eg�e�v�^Xpqv&kLi�^u � JkLe�k¯p�b kPt¥^¦fzp�A^Si�wc\zkuij_P^Ãª�r�v�^¦kug�g�[Pe{kLe�fG[Pg p+ �fzp�t¥d&p�p�^u �fGg�ejv�^Vb�i�^S£fG[Pd p
p�^�t¥ejf][Pg:tSkug:kL\zpq[��}^¯d&pq^u �ej[�ij^� �d&t¥^¦ejv�^¯pqfGÄS^X[u`�A^Ei�p�f][Pg:kuiji�kSwJp¥ªg+êkL_P^�p�e�v&kLe�kLij^ ÂCT�?AY�ç�IA@�³¬À [5i
¾ Â2DGF�T³çqIA@ ² T kuij^�g�[5e¯t¥[Pg&pqfz �^Eij^u  `§[5iXfGg£5kL\Gfl �kLe�fG[5g�kLg& � �[ºgJ[PeXg�^S^� Ðe�[ºv&kSA^cA^Si{p�fG[5g�g£d�an�&^Si{p
kPp�p�[£t¥flkLe�^u �®�f]ejv�ejv�^Eaºª
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�$d�i$fGacb�\]^Sa¯^Sg�e{kLe�f¼[5g&p/[u`�tSkud&pjku\�ac^Sac[5ijw¯ku\zp�[¨kL\]\G[u®�pq^SA^Si�ku\s[Pe�v�^Si$[Pb�e�fGacf]ÄukLe�fG[Pg p¥ª,Æ�^¦��ijf]^�%&w
 �^up�t¥ijf]�&^�eq®�[X[L`êejv�^Sa0v�^Sij^Ãª
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�$d�i$fGacb�\]^Sa¯^Sg�e{kLe�fG[Pg¨kL\]\G[u®$p$kn®�ijf]ej^Si�e�[c�&^Xt¥[5g&t¥d�i�ij^Sg£e«®�f]ejv·ij^uk5 �^Si�p2ª�Æ v�fG\]^#kXb&ku_P^Xfzp��&^SfGgJ_
eji{kLg&po`§^Siji�^u ���w ejv�^�[u®�g�^Si¯[L`�k b kL_P^·fGg�ij^�p�b&[Pg&pq^�e�[�kV ( x � i�^u¸�dJ^up�eE|�fGeXfzpX¸Ad�f]ej^�b&[ApjpqfG��\]^
ejv kLeXejvJ^c[u®�g�^SiXb�i�[£t¥^upjpq[Pi¯t¥[5g�e�fGg£d�^upVej[º®�ijf]ej^cf]g�e�[�e�v&kLeXb&ku_P^Aª r�v�fzpVfzp#�&^utSkud&p�^©k�b&kL_5^�v kPp
ej[·�&^��Jij[PÉA^Eg� �[u®�g�fGg£ej[·pq^SA^Si�ku\,ac^upjp�kL_5^up¥|�^ukPt�v�ejvJ^�p�f]ÄS^n[u`	k�b�ij[5ej[£t¥[5\� �kue�k�d�gJfGeS|,kug& �e�v�^
kLbJb�\GfltSkLe�fG[Pg:t2[Pd�\l �ijd�gº®�v�f]\G^¦ejv�^Xb�i�[Pe�[£t¥[P\�t¥[£ �^¯fzp$��\G[£t�ÉA^u �®�kLf]ejfGgJ_n`§[PiVkug�k5tCÉ£g�[u®�\G^� �_P^Sa¨^Sg�e
`§[Pi	k#b�i�^S�f][Pd&p�ac^up�pjku_P^Aª,mog�_P^SgJ^Si�ku\o|�ejvJ^�bJij[Pe�[£t¥[P\êt¥[£ �^Åt¥[PbJfG^up�e�v�^¦ �kLe{kËe�[n�&^Veji{kLg&pqacfGe�ej^u nf]g
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kcpq^Sb&kLi{kLe�^X��d�»½^Si+e�[�kSA[Pfz �ejv�^XbJij[P�J\G^SaÈ[L`�e�v�^X �kue�kn�&^Sf]g�_cac[£ £f¼Ï&^u �®�v�fG\]^#f]e«flp«pq^Sg�eEª+mogº[PdJi
p�wJp�e�^Saº|£p�d tCv·t¥[5b�w£fGg�_Xflp�g�[Pe$g�^ut2^upjp�kLijw¨�}^�tSkLd&pq^Vb�ij[5_Pi�kua�p$kLij^¦k5pjp�dJac^u cej[X�&^X JkLe�kS�oi{kPt¥^2�Û`§i�^S^Aª

Z,[Pg&pqfz �^Ei+ejv�^ÅtSkPpq^XfGg·®�v�fzt�vºkugº[L®�gJ^Si+b�i�[£t¥^upjpq[Pi { / ij^ut¥^EfGA^up�kni�^u¸Ad�^up�e�`§[Pi�knb&kL_5^¯ �d�^Xe�[kXij^uk5 ¨`Qkud�\Ge$kue«bJij[£t¥^up�p�[5i {�k ª�x�e { / |�ejv�^V^S±£^ut¥d�e�fG[5g�[u`�e�v�^¦t¥[Pa¨and�gJfztSkuejf¬[Pg¯b�ij[5ej[£t¥[5\�t2[£ �^XtSkug
�&^#f]g�e�^Sij\]^ukSA^u n®�fGe�v�e�v�^#^S±£^ut¥dJejfG[5g�[L`�ejv�^ÅkLb�bJ\GfztEkLejf][PgÎt¥[£ �^Aª+�Af]g&t¥^V®�^Å �[u®�g�_Pi{kP �^Xe�v�^Xk5tSt¥^up�p
ej[¨ejv�^Vb&ku_P^¯kLe { / [5gºb�ij[£t¥^�pjp�f]g�_�ko ( x � [Pi���Æ � ac^up�pjku_P^#e�[ Â�T�?AYAIA@�³¬À �&^¥`§[Pi�^Xp�^Eg& �fGgJ_ne�v�^
b&ku_P^A|�e�v�^¦kLb�b�\]fztSkuejf][Pg·t¥[£ �^ÅkLe { / ®�[PdJ\z ci�kufzp�^¦kXb�ij[5ej^ut2ejfG[5gc`QkLd�\]e�[PgºkX®�ijf]ej^A|£®�v�fzt�v�®�[5d�\z c�&^
v&kug& �\G^� �\G[£tEkL\G\]w�kPp { / fzp�p�e�fG\]\sejv�^V[u®�g�^SiEª�x«\zpq[�|��&^utSkud&p�^¦b�ij[5_Pi{kLa�p$kLi�^�`§i�^S^V[L`� JkLe�k¯i�kPt2^up¥|�e�v�^
 �kue�k+fGg¯ejv�^�b kL_P^$�&^SfGgJ_�®�i�fGe�ej^SgX�£w { / ®�fG\]\�g�[5e/�&^�i�^ukP X��w {9k |AejvJ^«b�i�[£t¥^up�p�[Pi,e�[�®�vJfzt�vXejv�^�b&ku_P^fzp��&^SfGgJ_�p�^Sg£eSª$mog�`Qk5t¥eS|&ejvJ^Xt¥[5g&t¥d�i�ij^Sg£e+k5tSt¥^up�pye�[cejvJ^#b&ku_P^Xa¯d&p�e��&^X £d�^#e�[n`QkL\lp�^Xpqv&kLi�fGg�_©kLg& 
{ / ®�i�fGe�^up/e�[#b&kuije�p,[L`�e�v�^+b&ku_P^«`§[5i�®�v�fzt�v { / v�[P\l �p�kugc^S±Jt¥\Gd p�fGA^�\][£tCÉ½ª�r�v£d&p,®�ijfGe�^up/�£w { / ®�vJfG\G^ejvJ^nb&ku_P^�fzp+�&^Sf]g�_�e�i�kLg p�acf]ejej^� �ej[ { k#®�fG\]\/gJ[PeXt�v&kug�_P^¨kLg£w� JkLe�k�ejv&kueXfzpVkPtEt¥^upjpq^u º��w { k¦kLg& 
v�^Sg t¥^Xejv�^Xb kL_P^¨g�^S^u �g�[5eV�}^¨t¥[5b�fG^u ��£wºejvJ^¯t¥[Paca¯d�g�fltSkLe�f¬[Pg�bJij[Pe�[£t¥[P\Qª¯mQ` { k#kPtE¸�d�f]ij^upVkc\G[£t�É
fGg¨ejv�^+`§d�e�d�ij^«`§[5i$ �kLe{k#fGgce�v�^+b&ku_P^¦®�v�fzt�vn_5[Pe$ac[£ �f¬Ï&^u X®�v�fG\]^+ejv�^	b&kL_5^�®�kPp��&^Sf]g�_Xeji{kLg&po`§^Siji�^u 
b�i�^S�f][Pd&pq\GwA|Af]e�p�t¥[5b�w¯[L`êejv�^	b&kL_5^�®�[Pd�\l c�}^Vf]g�5kL\]fz �kuej^u X�&^utSkud&p�^ { / _P^Eg�^Si�kuej^u �k#g�^E®�^Si�A^Si�pqfG[Pg
p�f]g&t¥^VejvJ^�\lkPpqe+k5tS¸�dJfGij^V[5b}^Ei�kLe�fG[5gº[L` {�k ª�r�v�d p¥|&t¥[5g&p�flp�ej^Eg&t¥wcflpy_5d&kLi{kLg£ej^S^u �^SA^Sg�®�v�^Sg·t¥[5b�w£fGgJ_
fzp$g�[PeV £[Pg�^Aª� �^ut¥^Eg�e�\Gw¯ej^ut�v�g�fl¸�d�^�pyv&kSA^¦�}^E^Sg�b�i�[Pb&[Apq^u ºejv&kue#tEkLgº�&^#d&pq^u �ej[¨ij^u �d t¥^Xt¥[5b�w£fGgJ_
[uA^SijvJ^ukP �fGg�a¨^upjp�kL_P^¦b&kPp�p�f]g�_�p�wJp�e�^Sa�p�� ~P~�|·� � �QªX�«[u®�^SA^SiS|£ejv�^Ew�i�^u¸Ad�fGi�^#k5 � �f]ejfG[5g&kL\·%&^S±£fG��f]\GfGeqw
`§ij[5a<ejvJ^�dJg& �^Si�\Gw£fGg�_X[5b}^Ei�kLe�fGg�_¨p�wJp�e�^Saºª
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x YAIAN�¥³]Th¯E?ANA³×F [£tSt¥d�i{p�®�v�^Eg�k�b&kL_5^cejv&kue#flp�gJ[PeXtEkPt�v�^u �\G[£tEkL\G\]wºfzp«Ï&i{p�e#i�^ukP :kLg  �ejv�^Eg�®�i�fGe��
ej^Egà� �P���Qªcr�v�flp+®�[PdJ\z :tSkLd&pq^�kcb&kL_5^cej[·�&^ne�i�kLg p�`§^Si�ij^u º[Pg&t2^c �dJ^ne�[�ejvJ^ni�^ukP :kLg&  kL_AkufGg� £d�^
ej[�e�v�^X®�ijf]ej^AªVr�v�^¯pq^ut¥[5g&  b kL_P^¯eji{kLg&po`§^Si+®�f]\G\�[£tSt¥d�iV�&^utSkud&p�^Xe�v�^Xb�ij[£t2^upjpq[PiVfzp«gJ[PeVejv�^X[u®�g�^Ei
[L`$e�v�^¯b&kL_5^c®�v�^Sg�e�v�^¯b�ij[5ej^ut¥e�fG[5g�`QkLd�\]eVfzp�v kLg& �\]^u ª�mog tSkPpq^up�®�v�^Eij^¯ejv�^cb kL_P^¨v&kPpVg�[Pe¦�}^E^Sg
ac[£ �f¬Ï&^u cpqfGg&t2^«f]e�®�kPp/`§^Ee�t�v�^u ¯kPp�k#ij^�p�d�\]e�[L`êejv�^+i�^ukP n`Qkud�\GeE|�eji{kLg&po`§^Siji�fGg�_Xe�v�^+b&ku_P^VejvJ^#pq^ut¥[5g& 
ejf]ac^#flp+®�kPpqej^¥`§dJ\�p�f]g&t¥^Xe�v�^Ë`Qkud�\Ge�fGg�_·b�ij[£t2^upjpq[PiXku\Gi�^ukP �wºv kPp#ejvJ^ct¥dJijij^Eg�e+A^Ei�p�f][Pg:[L`$e�v�^nb kL_P^Ãª
x«\]ejv�[5d�_Pv:g�[Pe¦pqv�[u®�g�f]gV�7fG_5d�ij^upX�·kLg  �¸£|7kcb�i�[£t¥^up�p�[Pi¦fGg&t2\Gd& �^�pye�v�^nA^Ei�p�f][Pg·g�d�a¯�&^Si¦¢Û[PiVe�v�^
A^ut¥e�[Pi$ejf]ac^up�e{kLacb½¤�[L`�e�v�^X\G[£tSku\G\]w�tEkPt�v�^u �b kL_P^Xf]g�e�v�^Xij^u¸Ad�^upqe«a¨^upjp�kL_P^Åp�^Sg£e+e�[cejv�^¦a�kLg kL_P^Ei
[PgÎkËbJij[Pe�^ut¥e�fG[Pg�`QkLd�\]eSª�r�v�^Xt2d�iji�^Sg�e�[u®�g�^Ei$t¥[Pacb kLij^�p�ejv�flp�A^Si�pqfG[Pg�g£d�a¯�}^Ei+¢Ûe�fGac^�p�e�kuacb¤�®�fGe�v
fGe{p+A^Si�pqfG[Pg´¢Ûe�fGac^�p�e�kuacb¤�`§[5i�e�v�^¯b&kL_5^Aª�mÛ`�ejvJ^Sw:kLi�^ne�v�^cp�kLac^Ã|ejv�^¯[u®�g�^Si¦ �[A^upVg�[Pe¦eji{kLg&pqacfGe
ejvJ^�b kL_P^¦fGg�ejvJ^ � x,r7xÍac^upjp�kL_5^Aª
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rs[º^S5kL\Gd kLej^¨ejv�^cb&^Siq`§[Pi�a�kLg&t2^n�&^Sg�^2Ï&e�pVa�kP �^¯b&[Ap�p�fG�J\G^c�£w�tEkLd&p�kL\�a¨^Sac[Pi�wA|®�^cfGacbJ\G^Sa¯^SgAej^� 
�&[Pe�v�[L`êejvJ^#ku\G_5[Pijf]ejv�a©p� �fzp�t¥d&pjpq^u cfGgce�v�^Vb�ij^E�f][Pd&p�pq^ut¥ejf][Pgsª,rs[¨t¥[Pacb kLij^�tSkLd&p�kL\sac^Eac[Pi�w#®�fGe�v
kVp�e�ij[PgJ_P\Gw¯t2[Pg&pqfzp�e�^Sg£e�ac^Sac[5ijwA|S®�^+ku\zpq[�f]acb�\]^San^EgAej^u Vk � �£¡ p�wJp�ej^EaÙejv kLe,b�ij[u£fz �^�p�p�^u¸Ad�^Sg£ejflkL\
t¥[5g&p�flp�ej^Eg&t¥w¾½¥ª�mog�k5 � �f]ejfG[5gs|7[5d�iXpqw�pqej^Sa�bJij[u�fl �^upVp�dJb�b&[PijeV`§[Pi¦ac^upjp�kL_5^nb&k5pjpqfGg�_·[Pg�e�v�^cp�kLac^
b�\lkLe�`§[5ijaºªÅr�v�^cpq^u¸Ad�^Sg£ejfzku\G\]w�t2[Pg&pqfzp�e�^Sg£e � �£¡ b�i�[Pe�[£t¥[P\,fGa¨b�\G^Sa¯^Sg£e�p�knÏ&±£^u ºa�kLg&ku_P^Si	®�ijfGe�^Si��
¿ £zå$éSÚqÝ�ã§Õ×â2å+ý�¢¥Þ½Ú�Ü�äuäuØÛÚqÖ§ÖÔuâ�Þcã§ÔLÚ�áPÚqØ�C]â¥Ø�?+Ü�åuÝqÚ7â�CAÝ�Ü�àLÖQÜ�By?«Ú@?$â¥Ø§ç�Ýqâ�?$á5ÜCØ§ÚqÖ&ÞsÕ×ãÛÔ�â2ã§ÔLÚqØû?«Ú@?$â¥Ø§ç�Ö§çSÖÛã§Ú@?«Ö
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fGg£5kL\]fz �kuej^¥�Qij^uk5 �^Si{pb�ij[5ej[£t¥[5\&p�f]acfG\lkLi&ej[+e�v�^,[Pg�^� �^up�t¥ijf]�}^� ��£wM&f�kug& M�$d& �kLÉ � ~P���Qª7Æ:^,[Pb�e�fGacf]ÄS^u 
fGesf]gXpq^SA^Si�ku\P®�k�wJp¥ª4��[Pi�^S±�kuacb�\]^A|¥®�^/d p�^�bJfGg�g�f]g�_�ej[	t¥[5g�e�ij[P\£ejvJi�kPpqv�fGgJ_+kug& XkL\lp�[$d&p�^�kye�^utCvJg�fz¸Ad�^
p�f]acfG\lkLi$ej[�ejvJ^X[Pg�^¨ �^up�t¥ijf]�}^� ���w
²�^�pjp�\]^SiVkug& *&f]�g£w$� �P����e�[·k�A[5fz �i�^¥�qpq^Sg& �f]g�_·kcb&kL_5^c �dJ^ne�[
k� �[PdJ��\G^¯b&kL_5^n`QkLdJ\GeSª¯x«\]\�[L`�ejv�^ � �£¡ b�ij[5ej[£t¥[5\zp¦kLij^¯fGa¨b�\G^Sa¯^SgAe�^u cfGg:ejv�^�Z,\G[5d& �p+[Pb&^Si{kLejf]g�_
p�wJp�e�^Sa d&p�f]g�_�\G[u®È\G^SA^E\�t¥[5acandJg�fztSkuejf][Pg�ac^�tCv&kug�fzpqa�p¥ª r�v�d&p2|+t¥[5v�^Si�^Sg&t¥^·ij^S\lkLej^� ¹kPt2ejfG£fGe�fG^up2|
®�v�fltCv kLij^:b&^Si�`§[5ijac^� Ð[5g b kL_P^:[Pi¨b�ij[5ej^ut¥e�fG[5g¹`QkLd�\]e�p�¢QkLg& ÍkL\lp�[�[5g3t¥^Eije�kufGg p�w£g&tCvJij[PgJfGÄukuejfG[5g
^SA^Sg£e�p�¤�|ukuij^,fGacbJ\G^Sa¯^Sg£ej^E yf]g�e�v�^�ÉA^Eijg�^S\Qªsr�v�^�p�w£g&t�v�ij[5g�fGÄ�kLejf][Pg¦t¥[5g&p�e�ijd&t¥e{pÊd p�^u V��w+e�v�^,ac^Sac[5ijw
p�wJp�e�^Sa kLi�^XfGacb�\]^Sa¯^¥g£ej^u X�£w�t2^Sg�e�i�ku\�pq^SijA^Si{p¥ªQ��[PiVk¯_PfGA^Eg�pqw�g tCv�i�[Pg�f]ÄukLe�fG[5gºPkuijflkL��\]^A|k¨p�fGgJ_P\G^
p�^EijA^Si�a�kLf]g�e{kLfGg p/fGe{p�p�e{kLej^ÅkLg& ce�v�^¦¸�d�^Ed�^V[L`êb�ij[£t¥^�pjp�^�py��\][£tCÉA^� n[Pg·fGeSª

��[Pi$ejv�^¦ac^upjp�kL_5^�b kPpjpqfGg�_©p�wJp�ej^Eaº|�®�^Vb�i�[L£fz £^#eq®�[¯pqw�pqej^Sa tSku\G\zp2| W�OSåLOuT2@�Y kug&  W�OSåAÂCT ² TCD ^ T
ej[¨ejv�^ÅkLb�b�\]fztSkuejf][Pg�\]^SA^S\Qª�r�v�^�p�^XtEkL\G\lp«ku\G\][L® b�ij[£t¥^�pjp�^�pye�[c[Pg�\]w�^S±�t�v&kug�_P^¦ejv�^Å �kLe{knejv�^Ew�pqv&kLi�^
kLg   e�v�^¯ �kLe{k�e�i�kLg p�`§^SiVfzp$g�[PeVejf]^u �ej[�b&ku_P^up2ª¯x W�OSåLOuT2@�Y tSkL\]\�ij^upqd�\Ge{p+fGg:t¥[5b�w£fGg�_¨[L`�e�v�^¯ �kue�k
�&^SfGgJ_#pq^Sg£e�ej[Vk+��d£»^Ei/f]gXÉA^SijgJ^S\�pqb&kPt2^Aª�x�e�ejvJ^�ij^ut¥^EfG£fGg�_�b�i�[£t¥^up�p�[PiE|�e�v�^�ij^ut2^SfGA^u V �kue�kV��d�»½^Si�flp
^Sg&¸Ad�^SdJ^u ËdJg�e�fG\&k W�OSåAÂ�T ² T2D ^ T flp�^S±�^�t¥d�ej^� #��w¯ejv�^$b�i�[£t¥^upjp2ª,r�v�^ W�OSåAÂ�T ² T2D ^ T tEkL\G\&flp/pqw�g tCv�i�[Pg�[5d&p
Ñ¦fGe��J\G[£t�É�p�ejvJ^�b�ij[£t¥^�pjp/dJg�e�fG\£ejv�^	 �kLe{k+fzp�ij^ut2^SfGA^u ½ª7�AfGg t¥^�ac^up�pjkL_5^�b&k5pjpqfGg�_¦[Pg�\]w¯p�^Sg& Jp�e�v�^$ �kue�k
ejv kLe#gJ^S^u �pVej[��&^�pqv&kLi�^u �kLg& :[Pg�\]w�e�[�ejvJ[Ap�^¨b�ij[£t¥^�pjp�^�p#ejv&kue#®�fG\]\,d&p�^cf]eS|�fGeVb�ij[u£fz �^�p#k�\][u®�^Si
�&[Pd�g   `§[5iX^S±£^ut¥d�e�fG[Pg:ejf]ac^#`§[Pi¦ac[Apqe¦kLb�b�\]fztSkuejf][Pg&pXkug& �kL\lp�[:ku\G\G[u®$pVd&p#ej[Î¸�d&kug�e�f¼`§wºe�v�^c^S±£eji{k
[uA^SijvJ^ukP cfGg¨b�ij[u£fz �f]g�_¯knpqv&kLi�^u �a¨^Sac[Pi�wXku�&p�e�i�kPt2ejfG[5gsª

Æ�^,Ï&i�pqe7bJij[u�fl �^,��ijf]^¥`  �^upjt2ijfGbJejfG[5g&ps[L`&e�v�^�kub�b�\GfltSkLe�fG[5g&pÊd p�^u VfGg#e�v�^�^EPku\Gd&kuejf][Pg#[u`&ejvJ^�tSkud&pjku\
ac^Sa¨[Pijw¦pqw�pqej^Saºªêr�v�^+b&^Siq`§[Pija©kLg&t¥^	ac^ukPpqd�ij^�p�d p�^u nf]gcejvJ^#pqejd& £wckuij^¦ �^up�t¥ijf]�}^� Ëg�^E±�eEª��7fGg&ku\G\]wA|
®�^Vb�i�^up�^Eg�e�kLg& ·kLg&ku\Gw£ÄS^Vejv�^V^S±£b&^Sijf]ac^Sg£e�kL\Jij^upqd�\Ge{p¥ª

üXPSR � ß�ß#����6���
½���y�	�
Æ:^�v k�A^¨fGacb�\]^Sa¯^Sg�e�^S ºkºg£d�an�&^SiV[u`¦kLb�bJ\GfztEkLejf][Pg&p#e�[º^S5kL\]d&kLe�^�tEkLd&p�kL\�ac^Sa¨[PijwÃªºr�v�^·kLb�bJ\Gf¼�
tSkuejfG[5g&p+fGg&t2\Gd& �^ ( a¯�&kLi�i�k5pjp�f]g�_P\]wE+�kui�ku\G\G^E\�¢ ( +�¤�|�mog�e�^S_P^Ei#�A[Pi�e¯¢omj��¤�|�kug& ÐZ,[5g�èjd�_ÃkLej^·h«i{kP �f]^Sg£e
¡�^Se�v�[£ �¢�Z�h	¡�¤�`§i�[Pa e�v�^�Á+x���xÙx«ac^�p�Á+x��cÉA^Eijg�^S\lpM�3¸>�o|skug&  e�i�kSA^S\]fGg�_¯p�kL\G^�p�b&^Si�pq[Pg´¢or«��+�¤{|
a�kuejijf]±«a¯d�\]ejfGbJ\Gfzt2kLe�fG[5gX¢o¡º¡�¤{|SkLg  Xp�d&tSt2^upjpqfGA^�[uA^Siq�oi�^S\zku±�kuejfG[5g¯¢��9�d +¤�ªur�v�^upq^�kub�b�\GfltSkLe�fG[5g&pÊv k�A^
�&^S^Sgºd&pq^u �fGgºe�v�^¯p�e�d& �w·[L`�p�^SA^Ei�kL\ê �flp�eji�fG��dJej^u ºpqv&kLi�^u �ac^Sac[5ijw¨p�wJp�e�^Sa�p¥ª+Æ:^Xt�v�[Ãp�^XejvJ^Sa e�[
^Sg&pqd�ij^Ve�v&kLe$®�^¦^S5kL\Gd kLej^¦tSkud&pjku\7a¨^Sac[Pi�w#`§[Pi	kË5kuijfG^Ee�w¯[L`/ �kLe{kckPtSt2^upjp�b&kueje�^Sijg&p2|pqw�g tCv�i�[Pg�f]Äuk��
ejf][Pg:b&kLe�ej^Si�g&p¥|�t¥[5aca¯d�g�f]tSkLe�fG[5g�b kLeje�^Sijg p¥|�t¥[Pa¨b�d�e�kuejf][Pgº_Pi{kLg£d�\zkuijf]e�w ¢Û®�v�fltCv·fzp+ejvJ^¯kLac[5d�g�e	[L`
®�[5ijÉ� £[Pg�^¦�}^Ee�®�^S^Sg·p�w£g&t�v�ij[5g�fGÄ�kLejf][Pg�b&[Pf]g�e{pC¤�|&kug& � JkLe�kX_Pi{kLg£d�\zkuijf]e�wÎ¢Û®�v�fltCv�fzp�e�v�^¦kLac[5d�g£e�[L`
 �kue�kna�kug�fGbJd�\zkuej^u c�&^Seq®�^S^Eg�pqw�g tCv�i�[Pg�f]ÄukLe�fG[5g�b&[Pf]g�e{pC¤�ª	r�v�^#\lkPpqe+eq®�[¯ej[P_5^SejvJ^SiV �^¥Ï g�^#e�v�^#e{kPp�É
_Pi{kLg£d�\zkuijf]e�w¨[L`�kËb&kui�ku\G\G^E\skLbJb�\GfltSkLe�fG[Pg!ª

Æ�^#Ï i�p�eVb�i�[u�fl �^X �^Ee�kLf]\zp«[u`�e�v�^¯kLb�bJ\GfztEkLejf][Pg&p	kLg& ºejv�^Eg: �fzp�t¥d&pjp$v�[u®ÙejvJ^Sw�v&kSA^¦�}^E^Sgºb�ij[u�
_Pi{kLaca¨^u Ëf]g�ejv�^¦ �f¬»^Eij^Sg£e�pqw�pqej^Sa�p2ª

: ( a¯�&kLi�i�kPp�p�f]g�_P\]w�+�kLi{kL\]\G^S\,¢ ( +�¤�ÉA^SijgJ^S\^S5ku\Gd&kuej^up�fGg£ej^S_5i�ku\zp��£w�a¨^ukLg&p,[L`�b&pq^Sd& �[u�oi{kLg& �[5a
e�ijfzku\zp�kug& nflp7d&p�^� Ëf]gXa�kLg£wX¡�[5g�e�^+Z�kLij\][¦p�fGa¯d�\lkLejf][Pg&p2ª�x+p7ejvJ^«g&kuac^�pqd�_P_5^up�e{p¥|£ejv�^$ÉA^SijgJ^S\
i�^u¸�dJfGij^�p�A^Eijwº\Gf]eje�\G^¯p�w£g&t�v�ij[5g�fGÄ�kLejf][Pg�kug& �t¥[Pa¨and�gJfGtEkLejf][PgÎkLac[5g�_�e�v�^cb&kui�kL\]\G^S\�ejv�i�^ukP Jp
^S±£^ut¥dJejfGgJ_�[Pg  �f¼»½^Si�^Sg£e#b�i�[£t¥^upjpq[Pi{p¥ª ( k5tCv´ejv�i�^ukP �t¥[5acb�d�e�^up#kug¹^u¸Ad&ku\G\Gw:\zkuij_5^�g£d�a¯�&^Si
[u`�%&[Akuejf]g�_cb&[Pf]g�e+i{kLg& £[Pa g£d�a¯�&^Si�p�kLg& �b&^Siq`§[Pija©p�t¥^Sije{kLf]gµ%&[ÃkLejf]g�_cb&[Pf]g�e$[Pb&^Si{kLe�fG[Pg p�[5g
e�v�^Saºª¨r�v�^c[PgJ\Gw:t¥[5acandJg�fztSkuejf][Pg�e�v&kLe¦v&kLbJb}^Eg&p#fzp+ej[u®�kLi� �e�v�^nA^Eijwº^Sg& º®�v�^SgÐkL\G\,e�v�^
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b�i�[£t¥^up�p�^up«b kLije�fzt¥f]b&kLe�^#f]gºkni�^u �d&t¥e�fG[5gº[Pb&^Si�kuejf][Pgºej[¨_P^Sg�^Ei�kLe�^¯kn_P\][P�&ku\,p�dJaºª$r�v�^XÉA^SijgJ^S\
ku\zp�[¯v&k5p«k#A^Si�wnvJfG_Pv·e�k5p�Éc_5i�kLg£d�\lkLijf]eqwAª

: mog£ej^S_5^Si��A[Pi�e�¢omj��¤½ÉA^Si�g�^S\Ad&pq^upÊ�Jd&tCÉA^Ee�p�[Pi�e�ej[$i�kug�ÉXk$\zkLi�_P^�p�^Se�[L`½fGg£ej^E_P^Si{p¥ª�r�v�^�f]g�b�d�eê �kue�k
flp�b kLije�fGe�fG[PgJ^u �kuac[PgJ_�b kLije�fzt¥f]b&kLe�fGg�_�b�i�[£t¥^up�p�[Pi{p¥ª·x9i�^ukPpq[Pg&ku��\G^¯b&kui�kL\]\G^S\,ÉA^Si�g�^S\7`§[5iVejv�flp
b�i�[P��\]^Sa ®�[Pd�\l �ij^Eb�\GfltSkLe�^#ejvJ^n��d tCÉA^Se{p+kLe¦^ukPt�vºb�i�[£t¥^upjpq[PiE|�®�fGejv:^uk5tCvºb�i�[£t¥^up�p�[PiÅp�[5ijejf]g�_
e�v�^Vb&kLi�ejfGe�fG[5g�kPp�p�fG_5g�^u �ej[XfGe�d&p�f]g�_¯ejv�^+\][£tSkL\s�Jd&tCÉA^Ee�p«¢§b�v&k5p�^¦mj¤�ª�r�vJ^up�^V��d&t�ÉA^Se{p/kuij^VejvJ^Sg
ac^Eij_P^�  kue�k�p�f]g�_P\]^�b�i�[£t¥^upjpq[PiE|«®�v�fltCv´ejv�^Sg _5^Sg�^Si{kLe�^upnejvJ^�i�kug�ÉJpË`§[Pice�v�^ºÉA^SwJpËf]g¹e�v�^
f]g�b�d�e$ �kue�kc¢§b�v&kPpq^¦mjmj¤�ªJr�v�^¦kL\G_5[Pi�fGejvJa<d&p�^�p��&kLi�ijfG^Ei�p�w£g&t�v�ij[5g�fGÄ�kLejf][Pgc�&^Seq®�^S^Sgcb�v kPp�^�pye�[
pqw�g&t�v�i�[Pg�f]ÄS^�e�v�^�b�ij[£t2^upjpq[Pi�p2ª�Æ�^$t�v�[Ãp�^�kugnf]g�b�d�e�p�fGÄE^�[L`û�Ã¡ f]g�e�^S_P^Ei�p¥ªêr�v�^Si�^�fzp�A^SijwV\Gf]eje�\G^
t¥[5aca¯d�g�fzt2kLe�fG[5gX¢Ûg�[5g��Q\G[£tSku\& �kLe{k+kPtEt¥^upjp�¤f]g#b�v kPp�^�m�|L®�v�f]\G^,b�v&k5p�^$m�m}fGg£A[P\]A^upst¥[5g&p�fl �^Si�ku��\G^
kuac[Pd�g£e�[u`� �kue�k¯t¥[Paca¯d�g�flt¥kuejf][PgX`§[Pi$ac^Sij_5fGg�_¦ejv�^Vi�^Sb�\GfltSkLe�^u n��d tCÉA^Se{p¥ª

: Z,[5g�èjd�_Akuej^Vh$i�kP £fG^Sg£e�¢qZ�h	¡�¤sÉA^SijgJ^S\£t¥[Pa¨b�d�ej^�pÊe�v�^$p�a�ku\G\]^up�es^Sf]_P^Sg¦5kL\GdJ^�[L`Êk+p�b kLi�pq^$p�w£an�
ac^EejijfltÊb&[Ãp�fGe�fGA^� �^¥Ï g�fGe�^/a©kLeji�fG±½ªsr�v�^Si�^�kLij^�kL\]ej^Si�g&kLe�fGg�_$b�v&k5p�^ups[L`&b kLi�ku\G\]^S\£kLg& ¦p�^u¸Ad�^Sg£ejflkL\
b&kuije{p/fGg¯^uk5tCv¯fGe�^Si�kuejfG[5gn[u`�ejv�flp�ÉA^Sijg�^E\oª�r�v�^	t¥[PacbJd�e�kuejfG[5gnf]g�e�^Sg&pqfGA^�b&kuije,[L`�e�v�fzp�ÉA^Si�g�^S\�flp
e�v�^«a¯d�\]ejfGbJ\Gf]tSkLe�fG[5g#[L`!ejv�flp,p�b&kui�p�^	a�kLe�ijfG±V�£w¯k+A^ut¥ej[5iSªêr�v�^+pqb&kLi{p�^+a©kLeji�fG±Vfzp�i�^Sb�ij^�p�^Sg£ej^u 
d&pqfGg�_Åk#ij[u®���p�e�kuijeE|&t¥[P\]d�acgXfGg  �^S±#`§[Pi�a�kLe�ej[¦ij^u �d t¥^«e�v�^Vkuac[Pd�g£e,[L`� �kLe{k#eji{kLg&po`§^Si� �dJijfGgJ_
e�v�^#A^ut2ej[Piq�oa©kLeji�fG±Xa¯d�\Ge�fGb�\]fzt2kLe�fG[Pg!ª ( k5tCv·b�ij[£t2^upjpq[Pi$fzp�b�ij^¥��kPp�p�f]_Pg�^u ºk¯p�^Ee«[u`,ij[u®$p�[L`,e�v�^
pqb&kLi{p�^#a©kLeji�fG±¯[Pg·®�v�fzt�v�ej[X®�[5ijÉ½ª�r�v£d&p2|}^uk5tCv�b�i�[£t¥^up�p�[Pi	t¥[5acb�d�e�^up�ejv�^V^S\]^Sac^Sg£e�p�[L`,e�v�^
i�^up�d�\]eVA^ut¥ej[5i¦kPpjpqfG_5g�^u �e�[�fGeV®�f]ejv:A^Sijw·\GfGe�ej\]^¯t¥[Paca¯d�g�flt¥kuejf][Pg�[5iXpqw�g&t�v�i�[Pg�f]ÄukLe�fG[Pg:®�fGe�v
e�v�^V[PejvJ^Si�b�ij[£t2^upjpq[Pi�p2ª�r�v�^Vb&kui�kL\]\G^S\½b&kLi�e«flp/`§[P\]\G[u®�^u ¯��w�k¯p�^�¸�d�^Eg�e�fzkL\&b&kuije$ejv&kue«d p�^up�e�v�^
i�^up�d�\]e,A^ut¥ej[5i,fGg¨k# �[5e�b�i�[£ �d&t¥e�[Pb&^Si�kuejf][Pgsª�Æ v�f]\G^$ejv�^Eij^$fzp,t¥[Pg p�fz £^Si�ku��\G^$e�k5p�É¯_Pi�kug�dJ\zkLi�fGeqw
 �dJijfGgJ_ºejv�^�b&kui�kL\]\G^S\�b&kLi�eS|�e�v�^· �kLe{k a¨[LA^Ean^SgAe$`§[Pi¯ejv�^·p�^Eijfzku\�b&kuije¯fGg&t2ij^uk5p�^upV®�fGejv�e�v�^
g£d�a¯�}^Ei7[u`sb�i�[£t¥^upjpq[Pi{p/d&pq^u Ëf]gne�v�^$kL\]_P[5ijfGe�v�aºª�Æ�^$t�v�[Apq^+k+a�kueji�fG±¦p�f]ÄS^�[L`Ì���A�5�P�!Âo���A�A�P�£ª

: ¡ºkuejijf]±�a¯d�\Ge�fGb�\]f]tSkLe�fG[Pg:¢Q¡º¡�¤�andJ\Gejf]b�\Gf]^Sp�eq®�[�p�¸�d kLij^Xa©kLeji�fzt¥^�p¥ªVr�v�^dèj[P�:fzp«b kLije�fGe�fG[PgJ^u 
pqd&tCv�e�v&kLeX^uk5tCv b�ij[£t¥^�pjp�[5ict2[Pacb�dJej^upVk:p�^Se¦[L`�t¥[Pg£ejf]_Pd�[5d&pËi�[u®$p#[L`	ejv�^�[PdJejb�d�eXa©kLeji�fG±½ª
r�v�^¯e�k5p�Éº_5i�kLg£d�\lkLijf]eqw�fzp+\lkLij_5^¯kLg& :ejv�^Si�^¯t¥[PdJ\z ��&^cpq[Pac^¯kuac[PdJg�e+[u`�`Qku\zp�^¨p�v kLijf]g�_���d�eE|
pqfGg&t¥^Ve�v�^#®�i�fGej^�pye�[�p�v&kuij^u º JkLe�k¨kLeVkXb�ij[£t2^upjpq[PiV �flp�b�\lkSw�k¯v�fG_5vºp�b kLejflkL\�\][£tSkL\]fGeqwA|£fGe	 �[A^up
g�[5e�fGg£ej^Siq`§^Sij^�®�f]ejv�k5t¥ejf]�f]ejf]^up,kLe�[5ejv�^Ei�b�ij[£t¥^�pjp�[5i�p2ª�r�v�^	a�kLe�ijfzt2^up�®�^Si�^«[u`,pqfGÄS^	��2.'ÃÂ¨��2.'�ª

: �9�d flp«kug�f]ej^Si{kLejf]A^+ac^Se�v�[£ Ë`§[5i+pq[P\G£fGgJ_c �flpjt¥i�^Sejf]ÄS^u æ½kLb�\lkPt¥^¦^u¸Ad&kLe�fG[Pg py[5gºkX_Pijfl ª�r�v�^
b�i�[P_5i�kLa flpË�&k5p�^u �[Pg´ejv�^�b&kui�kL\]\G^S\�i�^u âáE��\zk5tCÉ��9�d ÈkL\G_5[Pi�fGejvJa kPp¯ �^up�t¥ijf]�}^� Ð�£w¹Z,v&k5p�^
^SeEª,kL\QªD�#�
'��oªêr�v�^V_Pijfl cfzp�b&kuijejf]ejf][Pg�^u �kuac[Pg�_Xe�v�^Vb�ij[£t2^upjpq[Pi�p$kLg  �kL\]\e�v�^¦t¥[Paca¯d�g�fltSkLe�fG[5g
[£tSt2d�i�p,�}^Ee�®�^S^SgXg�^EfG_Pv£�&[Pi�fGg�_¦b�ij[£t¥^�pjp�[5i�p2ªh�$g�\]wXejv�^$�&[Pd�g& JkLijw¯^S\]^Sac^Sg£e�ps[L`�e�v�^«_5ijfl Ëg�^E^u 
e�[��&^·t¥[Paca¯d�g�f]tSkuej^u ��&^Seq®�^S^Sg fGej^Ei�kLe�fG[5g&p¥ª�Æ�^¨i�kLg�e�v�^nbJij[P_5i�kua `§[Pi¯k�2��S�TÂ�2��S�ºpqfGÄS^
_5ijfz ½ª

: r«��+3flp�dJg�fz¸Ad�^¯�}^�tSkLd&pq^c[L`$e�v�^¯v�fG_5v� �^S_5ij^S^¯[L`	 �w£g&kuacfztV�}^Ev&kS�f][Pi#[u`	 �kLe{k�pqv&kLi�fGg�_·^S±��
v�f]��fGe�^u ��£wºfGeSª��$d�i#f]acb�\G^Ean^SgAe{kLe�fG[Pg·fzpVp�f]acfG\lkLi+e�[�ejv�^¯[Pg�^¨ij^Sb&[Pi�ej^u º�£w:Ì�kL\,^Se¦kL\Qª����S���
kug& �d&pq^up$kË��i{kLg&t�v���kLg& A�o�&[PdJg&  a¨^Sejv�[£ ½ª,x pq^Se$[L`êb&kLi�ejfzku\7e�[Pd�i{p«kuij^¦_P^Sg�^Ei�kLe�^u �kLg& �b�ij[u�
t¥^�pjp�[5i�pX^S5kL\]d&kLe�^�e�v�^upq^�b&kuijejflkL\�e�[Pd�i{pËf]g b kLi�ku\G\]^S\oª´r�v�^Sw�ku\G\$pqv&kLi�^ºkº®�[Pi�É´¸�d�^Ed�^�ejv&kue
pqej[Pi�^up#ejvJ^�b kLije�fzku\�ej[PdJi�p¥ª´r�v�^�5kL\]d�^c[L`�ejv�^��&^up�eXe�[Pd�iXe�v&kLe¯v&k5pË�&^S^Sg�`§[5d�g& �p�[º`QkLiXflp
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ku\zp�[Îp�v&kuij^u ½ªºmÛ`$ejv�^¯5kL\GdJ^c[L`	k·t¥^Sije{kLf]g�ej[5d�i#�&^Sf]g�_�^S±£b�\][Pij^�  ^S±Jt¥^S^� �p+ejv�^�t2d�iji�^Sg�eV�&^upqe
5kL\]d�^A|sejvJ^cej[5d�iVfzpVkL�&kug& �[5g�^u �kLg& :ejv�^¯b�ij[£t2^upjp¦p�e�kuije{p�[PgÐkLg�[5ejv�^Si¦b&^Sg& �f]g�_�e�[Pd�iEª�r�v�^
kub�b�\GfltSkLe�fG[5gºt¥[5acb�\G^Eej^up�®�v�^Eg:kL\G\�ej[5d�i�p$v&kSA^#�&^S^Sg·^S±�bJ\G[Pi�^u ª	rÊ[cbJij^SA^Sg£e�^S±Jt¥^up�p�fGA^¦pqw�g��
t�v�ij[5g�fGÄ�kLejf][Pgs|Ab�i�[£t¥^up�p�^up�i�^ukP ne�v�^$�}^�p�e��Qej[5d�i�5kL\]d�^+®�fGe�v�[PdJe�\G[£t�É£fGg�_VejvJ^+5kLijflkL��\]^A|A\G^uk5 �fGgJ_
e�[ck#b�i�[P_5i�kLaÈe�v&kLe$fzp�g�[5e+ JkLe�kS�oi{kPt¥^2�Û`§i�^S^Aª,r�v�^ÅkLb�b�\]fztSkuejf][Pg�®�k5p�ijd�g�`§[Pi$k��S~¯t¥fGeqw¯ej[PdJiSª

r�v�^¯p�f]±·kLb�b�\]fztSkuejf][Pg&p«v k�A^¦ �f¬»½^Sijf]g�_ceqw�b&^up�[L`� �kue�k�p�v kLijf]g�_�t�v&kLi{kPt¥e�^Sijflp�e�fztSp2ª±��[5i+fGg&pqe�kug&t¥^A|
( + flp7t�v&kui�kPt2ej^Si�fGÄS^u $��wVg�[+[5i7A^Eijw+\]fGeje�\G^�p�v kLijf]g�_9a£¡º¡°kLg& Xmj�	�}[5ejvXv&kSA^,\zkuij_5^$p�v&kuij^u ¦p�e�kuej^���dJe
p�b kLejflkL\]\GwX £fzp�b&^Si{p�^u Xk5tSt¥^up�p�^up2ª/Z�h	¡ flp�kLg¯fGe�^Si�kuejf]A^/bJij[P_5i�kua e�v&kLe�^E±�v�f]��fGe{p7b�i�[£ �d&t¥^Siq�qt2[Pg&pqd�ac^Si
eqw�b&^¯pqv&kLi�fGg�_·kLg  �kL\lp�[�®�ijf]ej^¥�Q®�ijf]ej^�`Qku\zpq^cpqv&kLi�fGg�_Jª©���X �fzp+ku\zpq[ºkLg:fGe�^Si�kuejf]A^#ku\G_5[Pijf]ejv�a��Jd�e¦k
b�i�[£t¥^upjpq[Pi�pqv&kLi�^up¯ �kLe{k�[Pg�\]w�®�fGejv�f]e�pXg�^SfG_5v��&[5i�p¥ªÍmoe¯kL\lp�[�^E±�v�f]��fGe{p�®�i�fGej^2�oi�^ukP �`QkL\zpq^ºpqv&kLi�fGg�_Jª
�7f]g&kL\]\GwA|A®�^¦t�v�[Apq^¦r«��+¹�&^utSkLd p�^VfGe�v&k5p« JkLe�k¯ �^Sb&^Sg  �^Sg£e$p�v&kuijfGgJ_nb&kueje�^Sijg&p2ª

x«\G\J[L`�ejvJ^up�^Vkub�b�\]fztSkuejfG[5g&p¥|A^S±Jt¥^SbJe�r«�ö+7|£kLi�^V �kLe{k��Qi�k5t¥^¥�§`§ij^S^Aª,r�v£d&p2|�ejvJ^+p�kLac^	t¥[£ �^�`§[Pi�ejv�^upq^
kLbJb�\GfltSkLe�fG[Pg p7®�k5p7d&p�^� �`§[Pi,�&[Pejv¯tEkLd&p�kL\½kLg& #e�v�^$p�^�¸�d�^Eg�e�fzkL\]\GwVt2[Pg&pqfzp�e�^Sg£e7ac^Eac[Pi�w+pqw�pqej^Sa�p2ª�r�v�^
pjkuac^#flp+kL\lp�[�eji�d�^�`§[5i¦r«��+7ªsr�vJfzp«flp«�&^utSkLd p�^XejvJ^X[Pg�\]wº �kue�kci�k5t¥^Xfzpy`§[5i+ij^�kP �f]g�_cejvJ^X�}^�p�e��Qej[5d�i
5kL\]d�^A|�kLg& ºejvJ^Xb�ij[5_Pi�kuaßpqejf]\G\�^S±£^ut¥dJej^up$t¥[Pi�ij^ut2ej\Gw�f¬`$kcb�ij[£t2^upjp+ij^�kP �p+[P\l �^Si+5ku\Gd�^up+[u`�ejvJ^n�&^upqe
ej[5d�i�5kLi�fzkL�J\G^Aª�Æ�^V £fz cd&p�^�p�[Pa¨^+pqfGacb�\]^$kLg�gJ[Pe�kuejf][Pg&p�fGgce�v�^+b�i�[P_5i�kLa<`§[5i�tSkud&pjku\sac^Sac[5ijwAªD��[5i
^S±JkLacbJ\G^A| Â�T�?AYAIA@�³¬À  �kue�k�®�k5p�e{kL_P_5^u �ej[ºi�^u �d&t¥^¯ejvJ^cpqfGÄS^¯[L`	ejv�^¯A^Si{p�fG[5g�kLi�i�kSw:fGg:ejv�^�pq^ut¥[5g& 
fGa¨b�\G^Sa¯^Sg£e�kuejf¬[Pg¯[L`�tEkLd&p�kL\sac^Sa¨[PijwÃª

r�v�^#bJij[P_5i�kuacacfGgJ_#[L`êejvJ^#ac^up�pjku_P^+b&k5pjpqfGg�_cf]acb�\]^San^2g£e�kLe�fG[5g&p�[L`,e�v�^¦kLb�b�\]fztSkuejf][Pg&p�®�k5p«pqfG_L�
g�f¬Ï½tSkLg£ej\]w· �f¼»½^Si�^Sg�eEª#mÛ`�ejvJ^nb�i�[£t¥^up�p�e�v&kLeVg�^E^u �^u �e�v�^Xg�^S®Ç �kue�k�5ku\Gd�^up$fzp+É�gJ[L®�g!|g�^S®ÇPku\Gd�^�p
®�^Eij^Xpq^Sg£e+ej[�pqd&t�v:knb�ij[£t2^upjpV �f]ij^ut¥e�\GwAªd��[Pi+^S±JkLa¨b�\G^A|& JkLe�k¯b�ij[£ �d t¥^u º��w�ejvJ^Xb�ij[£t¥^�pjp�^�p�f]g�e�v�^
b&kui�kL\]\G^S\�b�v&k5p�^Xf]g��9�d flp+p�^Eg�e$ej[�ejvJ^#b�i�[£t¥^upjp+e�v&kLe+^E±�^ut2d�ej^up�e�v�^¯p�^�¸�d�^Eg�e�fzkL\sb kLijeEª+Æ v�^Sgºe�v�^
b�i�[£t¥^upjp�e�v&kLe�g�^S^u Jp�k�gJ^S®Í �kLe{k#5kL\GdJ^+fzp,g�[Pe�É£g�[u®�gc�&^utSkud&p�^+e�v�^V �kue�k#f]ej^Saµflp/pqv&kLi�^u c�&^Seq®�^S^Sg
p�^EA^Si�ku\b�i�[£t¥^upjpq^up¥|&fGe�®�k5pya�kufGg£e�kufGg�^u X�£w�knpq^SijA^Ei�b�i�[£t¥^upjp2ª�x3g�^E® 5kL\]d�^V[L`�pqd&t�v�kug�fGej^Ea<®�k5p
p�^Eg�e�e�[ne�v�^¦p�^Si�A^SiSª��«e�v�^Si�b�i�[£t¥^up�p�^up�_5^Se«e�v�^Vg�^S®Í5kL\GdJ^��£w�t¥[5aca¯d�g�f]tSkLe�fGg�_V®�f]ejv�ejv�^¦pq^SijA^SiEª

üXP,O 8·%��&�2���.0���+6�%9- %ê�/�&�+�&%��
rs[¯¸�d&kug�e�f¼`§wXe�v�^«b&^Siq`§[Pi�a�kLg&t2^«[u`�e�v�^+kub�b�\]fztSkuejfG[5g&p/[5g�ejv�^+a¨^San[5ijwÅp�wJp�ej^Ea�p�kLg  ©®�f]ejvca¨^upjp�kL_P^
b&k5pjp�f]g�_�|&®�^	d&p�^¦p�^EA^Si�ku\ac^uk5p�d�i�^up¥ª�Ä IAW ) ³GT�FQDzIA@�FoDzWnT fzp,ejv�^Vej[5e�ku\7^S±£^ut¥dJejfG[5gne�fGac^$[L`/kLg·kLb�bJ\Gf¼�
tSkuejfG[5g�fGg�kV_PfGA^Eg�p�wJp�e�^Saºª/Z,[5acb�\]^Sejf][Pg¯ejfGa¨^up�kLi�^Vac^ukPpqd�ij^� Ë®�v�^Egcejv�^¦kub�b�\GfltSkLe�fG[5gcfzp,ejv�^+[5g�\Gw
t¥[5acb�d�e{kLejf][Pgcf]g�ejv�^¦p�wJp�e�^SaÈkug& �e�v�^Sij^	fzp�g�[¯^S±£eji�kug�^S[5d&p�t¥[Pa¨and�gJfztSkuejfG[5gX[Pg·ejv�^Vg�^Seq®�[PijÉ½ª�rs[
_AkufGg´k��&^Se�ej^Si¦d�g& �^Ei�p�e{kLg& £fGg�_J|�®�^�ku\zp�[ºa¨^ukPpqd�ij^u ºejvJ^n`§[P\]\G[u®�fGg�_�`§[Pd�iÅt¥[Pa¨b}[5g�^Sg£eVejfGa¨^up+ejv&kue
 �^¥Ï g�^�t¥[5acb�\G^EejfG[5g�e�fGac^Ãª�r�v�^�p�^�ij^SbJij^upq^Sg�eVe�v�^�t¥[Ãp�e�pX[L`	ejvJ^�t¥[Pi�ij^upqb&[Pg& �f]g�_:kPt2ejfG£fGe�fG^up+[u`+e�v�^
kLbJb�\GfltSkLe�fG[Pg·kug& �kuij^¦kPtSt2d�andJ\zkLe�^u X[LA^Ei�ejv�^V^S±£^ut¥d�e�fG[5gc[L`êejv�^¦kub�b�\GfltSkLe�fG[5gsª

: �®ÇlÆRXºÀ 1 ¿ 1 7 Ç�. 1 7 Æ$Ä�Å r�vJ^�ejfGa¨^,p�b&^Sg£e��£w+ejv�^�bJij[£t¥^up�p�[5i,kPt¥e�d&kL\]\GwV^S±£^ut¥d�e�fGg�_$kub�b�\]fztSkuejfG[5g
t¥[£ £^Aª�r�v£d&p¥|£ �dJijfGgJ_+ejv�flp7ejf]ac^�e�v�^�bJij[£t¥^up�p�[5i�fzp�g�[Pe��J\G[£t�ÉA^u �®�kLfGe�fGg�_$`§[Pi�p�w£g&t�v�ij[5g�fGÄukuejf][Pgs|
t¥[5aca¯d�g�fzt2kLe�fG[5gX[Pi$t¥[5v�^Sij^Eg&t¥^	kPt¥e�fG£fGejf]^up�ej[¯t¥[5acb�\]^Sej^Aª©� [5i$kLg·kLbJb�\GfltSkLe�fG[Pg¨ejv&kue� �[A^up�g�[5e
v&kSA^Vejf]ac^+[5iV �kLe{kc �^Sb&^Sg  �^Sg£e«�&^Sv&kS£fG[5iS|&ejv�flp«t¥[5acb&[Pg�^Eg�e�a¯d&p�e��&^Xe�v�^Xp�kLac^V[Pg:ku\G\se�v�^
pqw�pqej^Sa�p2ª
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: ZûÉ0.�3@[·È�Ç¦. 7M\ ¿ 1 7 Ç¦. 1 7 Æ»Ä�Å r�v�^�ejf]ac^7e�v�^,b�ij[£t2^upjpq[Pi,pqb}^Eg& �ps��\G[£t�ÉA^u +[PgÅk�p�w£g&tCvJij[PgJfGÄukuejfG[5g
tSku\G\Qª�r�v�flp#ejfGa¨^X®�fG\G\��&^�ÄE^Sij[ºf]g e�v�^�ac^up�pjkL_5^cb&k5pjp�f]g�_ p�wJp�ej^EaßpqfGg&t¥^�b�i�[£t¥^up�p�^upX �[:g�[5e
^S±£^ut¥dJej^Vkug�w�pqw�g tCv�i�[Pg�f]ÄukLe�fG[5g�[5b&^Si�kuejfG[5g&p¥ª

: �®ÇlÆ$Æ�À0. 7 3y¿ 1 7 Ç�. 1 7 Æ$Ä�Å ��[Pi,e�v�^+ac^Sa¨[Pijw�p�wJp�ej^Ea�p¥|Pe�v�fzp,fzp�ejvJ^«e�fGac^$pqb}^Eg�e�fGg¯v&kLg& £\GfGgJ_
b&ku_P^X`QkLd�\]e�p+kug& ºfGg&pqe�kL\]\Gf]g�_nb kL_P^�p¥ªXr�v�^¯t2\G[£t�É�flp+p�e{kLi�ej^u ºkue#k¯b&kL_5^Ë`Qkud�\Ge+e�i�kub:kLg& ºij^uk5 
èjd&pqe��&^¥`§[Pi�^�i�^SejdJijg�f]g�_#`§ij[5a<ejv�^+`Qkud�\Ge�v&kug& �\]^SiSª���[Pi$ejvJ^�a¨^upjp�kL_P^	b&kPp�p�fGgJ_cpqw�pqej^Saº|Ae�v�fzp�flp
e�v�^VejfGa¨^+pqb}^Eg�e�f]g�e�v�^ W�OSåLOuT2@�Y kLg&  W�OSåAÂCT ² T2D ^ T p�wJp�e�^SaÈtSku\G\lp¥ª

:RÆ Ä 1ÀÇ ÇlÈ@W�N�¿�.0/·Â 7 .PO 1 7 Æ$Ä�Å r�v�flp�e�fGac^¦fzpVp�b&^Sg£e#f]g�i�^up�b&[Pg  �fGg�_·ej[·g�^Seq®�[5ijÉºac^up�pjku_P^up
¢§fGg£Pku\Gfl �kLe�fG[Pg kLg   `§[5ij®�kLi� :ij^u¸Ad�^upqe�p�`§[5i#e�v�^cac^Sa¨[Pijw·pqw�pqej^Sa�p�¤�ª�x bJij[£t¥^up�p�[5iXa�kSw�_P^Ee
k�a¨^upjp�kL_P^�®�v�f]\G^�ejvJ^�d&pq^SinbJij[£t¥^up�pnfzpX��\][£tCÉA^u �[5gÍk�pqw�g&t�v�i�[Pg�f]ÄukLe�fG[Pg tSkL\]\�[Picf¬`VfGeXv kPp
i�^u¸�dJ^up�e�^u ¹k�b&ku_P^AªÇmog ejv�^upq^ºtSk5p�^up2|«e�v�^ºejf]ac^�p�b&^Sg£e�fGg´v&kLg& £\GfGgJ_ e�v�^�a¨^upjp�kL_P^ºflpng�[5e
f]g&t¥\Gd  �^u |½p�f]g&t¥^#f]e+fzp	kPtSt¥[5d�g£ej^u �`§[5i+fGgºe�v�^X[Pe�v�^SiVt¥[Ãp�e{p¥ªg��[Pi	ejv�^Xac^�pjpjku_P^¦b&kPp�p�fGgJ_�tEkPp�^Ã|
e�v�fzp+fzp+e�v�^ne�fGac^Åp�b&^Sg£e#f]gºv&kLg& £\GfGgJ_ºk�a¨^upjp�kL_P^Xe�v&kLeÅkLi�ijfGA^�p«�&^¥`§[Pi�^cejv�^¯b�i�[£t¥^upjp¦ �[A^up¦k
t¥[5iji�^up�b&[Pg  �fGg�_¯ij^�t¥^SfGA^Ãª

x«b&kuijeX`§ij[Pa t¥[PacbJ\G^Se�fG[Pg ejfGa¨^ckug&  f]e�p�`§[PdJict¥[5acb&[Pg�^Eg�eXe�fGac^upV �^�pjt¥i�fG�&^u �kL�&[uA^A|,®�^·kL\lp�[
ij^�t¥[Pi{ �^u cb&kL_5^�`Qkud�\Ge	t¥[PdJg�e{p+¢ò`§[Pi$ejvJ^�a¨^Sac[Pi�w¯p�wJp�e�^Sa�pC¤{|�e�v�^Vg�d�a¯�&^Si�[u`,ac^up�pjku_P^up�^S±Jt�v&kLg�_5^u |
kLg  �ejv�^¨p�f]ÄS^X[L`	 JkLe�k·t¥[Pa¨and�gJfztSkuej^u cfGg:ejvJ^up�^¯ac^up�pjkL_5^up¥ª¯Æ�^¯b�i�^up�^Sg£eVk�_P^Sg�^Ei�kL\,[uA^Si��f]^S®�[L`
ejvJ^�i�^up�dJ\Ge�p�kug& �e�v�^Sg�_Pf]A^Vk¯ �^Se�kufG\]^u ckLg kL\GwJp�flp�`§[5i�ejv�i�^S^V[L`êejv�^¦kub�b�\GfltSkLe�fG[5g&p¥ª
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tSku\G\zp$ej[c_5^Se+ejvJ^XejfGa¨^�`§[5iVejv�^¯pqfGg�_5\G^#bJij[£t¥^up�p�[5iXtSk5p�^Aª®��[PiVtSkud&pjku\�ac^Sa¨[PijwÃ|�ejv�^Xi�^up�d�\]e�p+kuij^#`§[5i
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p�f]_Pg�f¬Ï½tSkug�e+f]acb&k5t¥e�[Pg t¥[Pa¨b�\G^Se�fG[5g�e�fGac^�p�f¼`,[5g�^n[5i+ac[5ij^#[u`�ejv�^#`§[5\G\G[u®�f]g�_�kLe�eji�fG��d�e�^up«v�[5\z �`§[5i
kLgÎkLb�bJ\GfztEkLejf][PgD8
�Pª$r�v�^Eij^¯fzp«A^Si�w�\]fGeje�\G^Åp�v&kuijfGgJ_�[PiVac[Ãp�eVpqv&kLi�fGg�_·fzp+�£wºt¥[5g&t¥d�i�ij^Sg£eVij^uk5 �^Si�pVkug&  vJ^Sg&t¥^Xe�v�^

^S±£^ut¥dJejfG[5gn[u`�e�v�^Vkub�b�\GfltSkLe�fG[5g� �[A^up�g�[5e�ij^upqd�\Ge�fGgca¯d&t�v¯t¥[Pa¨and�gJfzt2kLejf][PgX�&^Seq®�^E^SgnbJij[£t¥^upo�
pq[Pi�p2ª

��ª$r�v�^¦t¥[5acb�d�e{kLe�fG[Pg¨_Pi�kug�dJ\zkLi�fGeqw¯fzp�pqd�¶©t¥fG^Sg£ej\]wX\zkuij_P^Ãª,m�g�e�v�fzp�tSkPpq^A|�ejv�^�t¥[PacbJd�e�kuejfG[5gcejf]ac^
�&^Seq®�^E^Sg�t¥[5acandJg�fztSkuejf][PgXb&[Pf]g�e{p« �[5acfGg kLej^�p/ejvJ^�e�fGac^	p�b&^Sg£e$fGg·t¥[Pa¨and�gJfGtEkLejf][Pgsª

ÉsÊ Ú�äLÕ ÖÛÝqàuÖÛÖ�ã§ÔLÚ,ÕA?$á5ÜCÝqã&â�C�ClÜ�ÖÛã§ÚqØ7áuØ§âSÝqÚ�Ö§Ö§â¥Ø§Ö,Ü�åLä	åLÚqãzÞ½â¥ØMËSÖsÕ×åVéSÚqÝqãÛÕ â¥å+ú5þ ú5þ ú5þ

��'



20

40

60

80

100

120

140

160

180

1 2 3 4 5 6 7 8

Co
m

pl
et

io
n 

Ti
m

es
 (i

n 
se

co
nd

s)

Number of Processors

Embarrassingly Parallel Benchmark
SC

Causal
Message Passing

Ò Ü�ÓDÔ&ù
50

100

150

200

250

300

350

400

450

1 2 3 4 5 6 7 8

Co
m

pl
et

io
n 

Ti
m

es
 (i

n 
se

co
nd

s)

Number of Processors

Matrix Multiplication (256x256)
SC

Causal
Message Passing

Ò æ.Ó2�%�

30

35

40

45

50

55

1 2 3 4 5 6 7 8

Co
m

pl
et

io
n 

Ti
m

e 
(in

 se
co

nd
s)

Number of Processors

Integer Sort Benchmark (4M integers)
SC

Causal
Message Passing

Ò ÝSÓ½£§é
2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

1 2 3 4 5 6 7 8

Co
m

pl
et

io
n 

Ti
m

e 
(in

 se
co

nd
s)

Number of Processors

Conjugate Gradient Method Benchmark (14000x14000)
SC

Causal
Message Passing

Ò ä.Ósí2Ì��

100

200

300

400

500

600

700

800

900

1000

1 2 3 4 5 6 7 8

Co
m

pl
et

io
n 

Ti
m

es
 (i

n 
se

co
nd

s)

Number of Processors

Traveling Salesperson (13 cities)
SC

Causal
Message Passing

Ò Ú¤ÓsÓ�éuù

500

1000

1500

2000

2500

1 2 3 4 5 6 7 8

Co
m

pl
et

io
n 

Ti
m

es
 (i

n 
se

co
nd

s)

Number of Processors

Successive Over Relaxation (512x512)
SC

Causal
Message Passing

Ò C@Ósé@H�ï
�7fG_5d�ij^o���.8 ( ±£^ut¥d�e�fG[5g�r�f]ac^up

� �



0

5000

10000

15000

20000

25000

30000

1 2 3 4 5 6 7 8

Pa
ge

 F
au

lts

Number of Processors

Conjugate Gradient Method : Page Faults

SC
Causal

Ò Ü�Ósù�Ü�ì¥Ú�ëPÜ�à�B ãÛÖ
0

20000

40000

60000

80000

100000

120000

140000

1 2 3 4 5 6 7 8

M
es

sa
ge

s

Number of Processors

Conjugate Gradient Method : Protocol Messages

SC
Causal

Message Passing

Ò æ.Ó2�+ÚqÖÛÖQÜ�ì¥ÚqÖ
Í
Î�Ï
Ï�Í
Ð Ï
ÑDÍ�Í
ÑDÎ�Ï
Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò

Ó�ÔÖÕ�×ÙØÀÚ9×ÙÛ'ÜÀÕ
Õ�ÝsÞ�ß

Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Ò Õ�ÝsÞ�Þ Ò Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò ÒÒ Ò Ò Ò Ò Ò Ò Ò Ò Ò Ü�à�áÀâã�äMå

æ

Ò ÝSÓºÔ9ÕSÚqÝqàuãÛÕ â¥åVù�Ø§âc¡.B×Ú
�7f]_Pd�i�^H�E��8�Z�h	¡ßkLg&ku\GwJp�flp

~�ª$r�v�^	®�ijfGe�^up�ej[Åp�v&kuij^u c JkLe�k¦kLe� �f¼»½^Si�^Sg�e,b�i�[£t¥^up�p�[Pi{p�kLi�^«e�[X �flp�èj[Pf]g�e,b&kuije{p�[L`�ejvJ^+ �kue�k¦kLg& 
e�v�d&p� £[ng�[5e«f]g�e�^Si�`§^Eij^$®�fGejv�e�v�^¦ �kLe{knk5tSt¥^up�p�^up�kue«[5ejv�^Si�bJij[£t¥^up�p�[5i�p¥ª

( + kug& Ím{�´^S±£v�fG�JfGece�v�^ Ï i�p�e·eq®�[´kLe�ejijf]��d�e�^upc®�v�fG\]^:¡º¡ ^S±£v�fG�JfGe�p¨kL\G\	ejv�i�^S^Aª<x$\G\+e�v�ij^S^
kLbJb�\GfltSkLe�fG[Pg p¥| ( +�|umj�+kug& #¡º¡�|2_Pf]A^�ku\Gac[Ãp�e½fz �^Sg£ejfltSkL\Ãp�b&^S^u £d�b&p`§[PisejvJ^/e�v�ij^E^�pqw�pqej^Sa©p¥ªsÌ�[5ejv ( +
kLg  �¡º¡�pqv�[u® _5[A[£ �pqb}^E^u �d�b&p2ª,mj�&|��&^utSkud&p�^V[u`�fGe�p,\zkuij_P^¦pq^SijflkL\�`§i�k5t¥ejf][Pgs|Jp�v�[u®$p�b}[A[5i$p�b&^S^u £d�b&p
��d�e¦fGe{p�^E±�^ut2d�ejf][Pgºejf]ac^#®�f]ejv�e�v�^¯ac^Sac[5ijw�pqw�pqej^Sa�p+flp�®�f]ejv�f]g¨���q�TçÈ[L`$e�v�^na¨^upjp�kL_P^¯b&k5pjp�f]g�_
p�wJp�e�^Saºªsmog¦kL\]\Aejv�^�kub�b�\GfltSkLe�fG[5g&p¥|uejv�^,b&^Siq`§[Pija©kLg&t¥^ê®�fGejv¦tSkud&pjku\Aac^Sac[5ijw�flp�}^Ee�®�^S^SgVpq^u¸Ad�^Sg£ejfzku\G\]w
t¥[5g&p�flp�ej^Eg�e$ac^Sac[5ijw¨kLg& ºac^up�pjku_P^#b kPpjpqfGg�_JªË�ÃfGg&t¥^Xe�v�^X £f¼»½^Sij^Eg&t¥^up��&^Seq®�^S^Sg·ejv�^Xe�v�ij^E^Xp�wJp�e�^Sa�p
kLi�^¦kLb�b�i�^ut¥flkL��\]^+[Pg�\]wn`§[Pi+Z�h	¡�|&r«��+´kLg& º�9�d �|£®�^¦ �flpjt¥d&p�p�ejv�^�p�^+e�v�ij^S^¦kub�b�\GfltSkLe�fG[5g&p�fGgca¨[Pij^
 �^Se{kLf]\fGg�e�v�^+`§[P\G\][u®�fGg�_¯pqd��&p�^�t¥ejf][Pg&p2ª

�2JG�2JML �X��Ã
��¿ 1 ¿èZé[·¿9È 7 .2Oµ� [º¿9È�¿�3 1 Ä�È 7 Á 1 7 3yÁ6Å Z�h+¡ d&p�^upXeq®�[ºe�^Sacb&[Pi{kLijwÐkLiji{kSw�pX[L`X% [AkLe{pËe�v&kLe¨kLi�^
kPt2ejfGA^E\Gw¨p�v&kuij^u ª$r�v�^VÏ&i�pqe+kuiji{k�w�^S±£v�f]��fGe{p�kËb�i�[£ �d&t¥^Ei���t¥[Pg&pqd�ac^Si	p�v kLijf]g�_�|&®�v�^Si�^#b�i�[£t¥^up�p�[Pi { �
¢ÛbJij[£t¥^up�p�[5i�p+kuij^Xg£d�an�&^Si�^u Ë`§i�[Pa { � e�[ {�ê ¤�®�ijf]ej^up$kL\]\7^E\G^Sac^Eg�e{p�f]g�e�v�^Xkuiji�kSw·fGg�ejv�^Åp�^u¸Ad�^Sg£ejflkL\
b�v&k5p�^A|�®�vJfzt�v�flp	`§[5\G\][L®�^u º��w:k�b&kui�ku\G\G^E\/bJv&kPpq^cfGg:®�v�fzt�v kL\G\�b�ij[£t2^upjpq[Pi�p#i�^ukP :ejv�^¨kLi�i�kSwAª·r�v�^
p�^�t¥[Pg&  kuiji{k�w flpn®�ijf]ej^¥��p�v kLij^� ½aVkL\]\«b�i�[£t¥^up�p�[Pi{p�®�i�fGej^·ej[´ �f¬»^Eij^Sg£enb kLije{pc[L`¦ejv�^:kuiji{k�w´fGg e�v�^
b&kui�kL\]\G^S\½b�v&k5p�^¦kLg& c[5g�\GwcbJij[£t¥^up�p�[5i { � ij^uk5 �p�fGe�fGg�ejv�^�p�^Si�fzkL\½b�v&k5p�^Aª,Æ�^	i�kLg�e�v�^Vb�ij[5_Pi�kua<®�fGe�v
a�kuejijflt¥^up�[L`/p�fGÄE^g���Ã�P�P�¬Âe���A�P�5��ª�r�vJ^�e�^Sacb&[Pi{kLi�wckuiji�kSwJp«kuij^V[L`/p�fGÄE^g���Ã�P�P�£ª

�Pª �®ÇlÆRXºÂ�Ä 1 7 Ç�. 1 7 Æ$Ä�Å �7fG_5d�ij^g�.�P¢Q }¤�t¥[Pa¨b&kLi�^up/e�v�^+b&^Si�`§[5ija�kug&t¥^+[u`�Z�h	¡�®�fGe�vcejv�^Ve�v�ij^S^
pqw�pqej^Sa�p2ª�Æ v�fG\]^#ejvJfzp$kLb�b�\]fztSkuejf][Pgº[Pg:pq^u¸Ad�^Sg£ejfzku\G\]w�t¥[Pg p�fzpqej^Sg£e$ac^Sac[5ijwXv&k5p�kuij[5d�g& :�P��ç
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v�f]_Pv�^Ei�t¥[Pa¨b�\G^Se�fG[5g�ejf]ac^·t¥[Pacb kLij^�  ej[ ac^upjp�kL_5^�b&k5pjp�f]g�_�®�v�^Sg e�v�^ºkub�b�\GfltSkLe�fG[5g fzpX^S±��
^ut2d�ej^u ¹[5g3��b�i�[£t¥^up�p�[Pi{p¥|+e�v�^:t¥[Pa¨b�\G^Se�fG[5g¹ejf]ac^�[Pg tSkLd pjkL\Vac^Eac[Pi�w�flp©®�f]ejv�f]gÅ�S�¡ç [L`
ac^�pjpjku_P^Xb&k5pjpqfGg�_Jªcr�v£d&p¥|�tSkud&pjku\�ac^Sa¨[Pijw© �[A^up+fGacbJij[uA^Vejv�^¨t¥[Pa¨b�\G^Se�fG[5g�ejf]ac^#[u`+Z�h	¡
[uA^SiÅp�^u¸Ad�^Sg£ejflkL\G\]w�t2[Pg&pqfzp�e�^Sg£eXac^Sac[5ijwAª:r�v�^�^S±£^ut¥d�e�fG[5g�b�ij[uÏ&\G^·pqv�[u®�g fGg �7fG_5d�ij^V�E��¢otu¤
��i�^ukLÉJpV �[u®�g�e�v�^¯^S±�e�i�kn[uA^Si�v�^uk5 �`§[PiVejv�^¯ac^Sa¨[Pijw©p�wJp�ej^Ea�p¥|^E±�b�\lkLf]g�fGg�_¯ejvJfzpV �f¼»½^Si�^Sg&t¥^
f]g�t¥[Pa¨b�\G^Se�fG[5gºejfGa¨^Aª���[5iXejv�^���b�ij[£t2^upjpq[Pi¨tSkPpq^A|,tSkLd pjkL\�a¨^Sac[Pi�w�ij^u �d t¥^up#t2[Paca¯d�g�flt¥kS�
e�fG[Pg¨ejfGa¨^��£w � ��çît¥[5acb&kLi�^u #ej[Åp�^u¸Ad�^Sg£ejflkL\]\GwXt2[Pg&pqfzp�e�^Sg£e/a¨^Sac[Pi�wAªD�«[u®�^SA^SiS|u®�fGe�v�tSkud&pjku\
ac^Eac[Pi�wA|}e�v�^¨kLb�b�\]fztSkuejf][Pg p�b&^Sg& �pVac[Pi�^Xejv&kug�eq®�fzt¥^¯ejvJ^ne�fGac^¦fGg p�w£g&tCvJij[PgJfGÄukuejfG[5g�tEkL\G\lp¥ª
r�v�flp«fzp$ej[c�&^¯^S±�b&^ut2ej^u ·p�fGg t¥^XtSkud&pjku\�ac^Sa¨[Pijw© �[A^up+ku\G\�e�v�^¯t¥[Pg p�fzpqej^Sg t¥w�ij^S\lkLej^� ºkPt¥e�fG[Pg p
kue�pqw�g tCv�i�[Pg�f]ÄukLe�fG[5gne�fGac^Aª!r�v�^+t2[Paca¯d�g�f]tSkuejfG[5gVejfGa¨^�fzp�i�^u �d&t¥^� #�}^�tSkLd&pq^+tEkLd&p�kL\&ac^Sac[5ijw
d&pq^up�\][£tSkL\�fGg£5kL\Gfl �kLe�fG[5g&p�®�v�^Eij^uk5p�fGg£5kL\]fz �kuejfG[5g�a¨^upjp�kL_P^�p#kLi�^�p�^Eg�eV[Pg�®�i�fGej^�p�f]g�ejvJ^�p�^¥�
¸Ad�^Sg£ejflkL\G\]w¦t¥[Pg&pqfzpqej^Sg£e�ac^Sa¨[Pijw�p�wJp�ej^Eaºª�r�v�fzp�ku\zpq[#^S±£b�\zkufGg&p�ejv�^�`Qk5t¥e,ejv&kue�tEkLd&p�kL\&ac^Sac[5ijw
v&k5py\][u®�^Si�g�^Seq®�[5ijÉA�ov&kug& �\]fGg�_Xe�fGac^Aª

��ª QQ¿�OûÄTSD¿9À·Â 1 Á�Å ��fG_PdJij^g�E��¢okA¤$t¥[5acb&kLi�^up/e�v�^Vg�dJan�&^Si�[L`êb&kL_5^�`QkLdJ\Ge�p�[5g�e�v�^Ve�®�[Xac^Sac[5ijw
pqw�pqej^Sa�p2ªD��[Pi���b�ij[£t2^upjpq[Pi�p2|PejvJ^/b kL_P^�`Qkud�\Ge�t¥[5d�g£esfzpskLi�[Pd�g  H�>2¡çÍac[Pi�^�[PgVejvJ^�pq^u¸Ad�^Sg£ejfzku\G\]w
t¥[5g&p�flp�e�^Sg�e¦ac^Sac[5ijw·p�wJp�e�^Saºª�mog�e�v�fzpVp�wJp�e�^Saº|�®�v�^Sg�b�i�[£t¥^up�p�[Pi{p#ij^uk5 �ejvJ^�kLi�i�kSw�v k�£fGgJ_
e�v�^+b�i�[£ �d&t¥^Siq�qt2[Pg&pqd�ac^Si� �kLe{kXp�v&kuijfGgJ_nb&kueje�^Sijgs|JkPtSt2^upjp�e�[#ejvJ^�b kL_P^¦kue�ejv�^+bJij[£ �d&t2^SiV¢ { � ¤
flpn �[u®�g�_5i�k5 �^u ¹ej[ ÂCT�?AYAIA@�³¬À ª mog¹e�v�^�g�^E±�eXf]ej^Si{kLejf][Pg´ejv�^·b�ij[£ �d t¥^Sicv&k5pnej[º`QkLdJ\Ge¨kL_AkufGg
�&^¥`§[5ij^#f]e$tSkLg·®�ijf]ej^#e�v�^Vb&kL_5^Aª$mogºt¥[5g�e�i�kPpqeS|�®�f]ejvºtEkLd&p�kL\�ac^Sac[5ijwA|£kXb�ij[£ �d t¥^SiVtSkug�®�i�fGej^
e�v�^+b&ku_P^V®�fGe�v�[Pd�e�t¥[Pa¨and�gJfztSkuejfGgJ_«®�f]ejvc[5ejv�^Si�bJij[£t¥^up�p�[5i�p¥|&k5p�k�®�i�fGej^Ei�tSkug�t¥[L�Q^S±£fzpqe�®�fGe�v
i�^ukP �^Ei�p¥ª�r�v�flpy\]^ukP �p�ej[X`§^S®�^Si�b&kL_5^�`Qkud�\Ge{pyf]g�e�v�^XtEkLd&p�kL\�ac^Sac[5ijwXpqw�pqej^SaÎª�Á«[Pe�^#ejv kLeS|�f]g
e�v�^¯tSkLd pjkL\êac^Sac[5ijw¯fGacb�\]^Sa¯^¥g£e�kuejfG[5gs|�kcb�i�[£ �d&t¥^Ei+b�ij[£t2^upjpq[Pi¦ �[A^up+ £[L®�gJ_Pi�k5 �^¨kPtSt¥^�pjp«e�[
Â�T�?AYAIA@�³¬À ®�v�^SgÎkLg�[5ejv�^Ei«b�i�[£t¥^up�p�[Pi	_P^Se{p«k¯t¥[Pb£wc[u`,ejv�^¦b&kL_5^�`§[5i«i�^ukP �f]g�_�ªÿ�«[u®�^SA^SiE|£p�d&t�v
b�i�[Pe�^ut¥ejf][PgV`QkLd�\]e�p�kLij^�v&kLg  �\G^u V\G[£tSku\G\]wVkLg& X £[«g�[5e�ij^�p�d�\]esfGg#a¨^upjp�kL_P^�pÊe�[«[5ejv�^Si�b�i�[£t¥^upjpq[Pi{p¥ª

~�ª ÃÅÄ�Á>Á>¿�OûÄ�Á6Å ��fG_PdJij^��S�£¢Û�¤�p�v�[u®$p�ejvJ^«g£d�a¯�}^Ei7[u`sac^up�pjku_P^up�pq^Sg£e/®�vJ^SgXejv�^VZ�h	¡ kub�b�\GfltSk��
e�fG[Pg·fzp�^S±£^ut¥dJej^u n[5g�e�v�^#e�v�ij^S^¦pqw�pqej^Sa�p2ª,r�v�^Vac^up�pjkL_5^Vb&kPp�p�fGgJ_�p�wJp�e�^Sa<b�i�[L£fz £^up�kË\][u®�^Si
�&[PdJg& �[Pg·ejv�^¦g�d�a¯�&^Si�[u`,ac^up�pjku_P^up�e�v&kLe+gJ^S^u cej[¯�&^Xp�^Eg�eEª�r�v�^¦tSkLd pjkL\êac^Sac[5ijwXpqw�pqej^Sa
pq^Sg& �p±����çµ`§^S®�^Si«a¨^upjp�kL_P^�p�t¥[Pacb kLij^� �ej[¯ejvJ^Xp�^�¸�d�^Eg�e�fzkL\]\Gw¨t¥[Pg p�fzpqej^Sg£e	p�wJp�ej^Ea ®�vJ^Sg�e�v�^
kub�b�\GfltSkLe�fG[5g�flp�^S±£^ut¥d�e�^u �[PgÐ��b�i�[£t¥^upjpq[Pi{p¥ª·r�v�^cac^up�pjku_P^Xb&k5pjp�f]g�_:p�wJp�e�^Sa)p�^Eg& �p#pqfG_5g�f¼Ï��
tSkug�e�\Gw#`§^S®�^Si�ac^�pjpjku_P^up��&^utSkud&p�^	ejv�^	p�v&kuij^u ¨kLiji{kSwn[u`êp�fGÄE^����A�5�P�M%&[Akue�p+¢Ñ2�'P�5�P�#�£w�e�^upC¤êtSkug
�&^Xpq^Sg£e$kPp$kcp�f]g�_P\]^�a¨^upjp�kL_P^ ê ®�v�^Sij^�kPp$kcp�^Sb kLi�kuej^¦ac^upjp�kL_5^�flp�p�^Sg£e�`§[Pi$^uk5tCv·b&kL_5^#fGg�e�v�^
ac^Eac[Pi�w�p�wJp�e�^Sa�p¥ª¦x+pVkcij^upqd�\GeE|sejv�^upq^¯p�wJp�e�^Sa�p$p�^Sg&  � a¨^upjp�kL_P^�p«ej[�eji{kLg&po`§^SiVejv�^¯kuiji{k�wÃª
x«\]ejv�[5d�_Pv ejv�^�ac^up�pjku_P^¨t¥[Pd�g£e�pXkuij^�pqfG_5g�f¼Ï½tEkLg£ej\Gw: £f¼»½^Sij^Eg�eE|�ejv�^�kuac[PdJg�eV[L`� �kue�k�eji{kLg&po�
`§^Si�ij^u ½|�®�v�fltCv�fzpX�E~�ªs�S¡ºÌÍkLg& V�S��ª ¸P¡ºÌ+|�`§[5i+pq^u¸�dJ^Sg�e�fzku\G\Gw¯t2[Pg&pqfzp�e�^Sg£e$kLg& ·tSkLd&p�kL\�ac^Sac[5ijw
pqw�pqej^Sa�p2|/flpnt2\G[Apq^Aª ��d�i�ejv�^Eijac[5ij^A|,fGg´ejv�^·ac^upjp�kL_5^�b kPpjpqfGg�_´pqw�pqej^Saº|Q�S�£ªA25¡ºÌ<kLi�^:p�^Sg£eS|
®�v�fltCv¨fzp�[PgJ\Gw�ku�}[5d�e	�P��çî\G^up�p�ejv&kug�tEkLd&p�kL\�ac^Sac[5ijwAªsÌ�[5ejv�ac^Sa¨[PijwÅp�wJp�e�^Sa�p,p�^Sg  ©a¨[Pij^
 �kue�k#�&^utSkud&p�^	ejv�^SwXe�i�kug&p�acf]e�fGg¨d�g�fGe{p/[u`ê�$²+��w£ej^�p¥|A®�v�fG\]^«[5g�\GwXe�v�^Vk5t¥ejd&ku\s �kue�kVfzp�pq^Sg£e/f]g
e�v�^Vac^upjp�kL_5^+b&kPp�p�f]g�_�p�wJp�e�^Saºª
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��¿ 1 ¿TZ2[·¿9È 7 .2O�� [·¿9È�¿�3 1 Ä�È 7 Á 1 7 3yÁ6Å mog�r«��+7|Aeq®�[Å �kLe{kXp�e�ijd&t¥e�d�ij^�p/kuij^Vpqv&kLi�^u n�&^Seq®�^E^SgnbJij[£t¥^upo�
p�[5i�p2ª�r�v�^�Ï i�p�e�flp«kX_P\][P�&ku\�pqv&kLi�^u �¸Ad�^SdJ^Aª,r�v�^Xk5t¥ejd kL\�¸Ad�^Sd�^Vfzp$p�v kLij^� �fGg Â�T�?AYAIA@�³¬À ac[£ �^�kLg& 
[PgJ\Gw¨k#g�^S±£e��éèj[P�cb&[Pf]g�e�^SiS|£®�v�fzt�v¯b}[5fGg£e�p�e�[Xejv�^�èj[5�cfGg¨ejv�^V¸Ad�^SdJ^+ejv&kue�v&k5p�ej[X�&^Vpq^ukLi{tCv�^� ng�^S±£eS|
fzp#®�i�fGe�ej^Sg�e�[º®�v�^Sg�b�i�[£t¥^upjpq[Pi{pnt�v�[A[Apq^®èj[P�&p#e�[º®�[Pi�É�[Pg!ª�r�v�^�[Pe�v�^Si¯pqv&kLi�^u � �kLe{k f]ej^Sa�flpXk
�&^up�eq�oe�[Pd�i$5kLi�fzkL�J\G^#®�vJfzt�vcfzp��&[Pejv·ij^uk5 �kug& �®�i�fGeje�^Sgsª,r�v�^V�&^upqe��Qej[PdJi+5kL\GdJ^�flp�eqw�b�fltSkL\]\Gw¨tSkPt�v�^u 
kLe¦ku\G\�b�ij[£t¥^�pjp�[5i�p2|7®�v�fltCv·ij^uk5  f]e«e�[�t2[Pacb&kuij^¦fGe+®�f]ejvºejvJ^¯t¥d�iji�^Sg£e«e�[Pd�iV5kL\]d�^Xkug&  flp«d�b½ �kuej^u 
�£w�k#b�ij[£t2^upjpq[Pi+[5g�\Gwcf¬`�fGe�v&k5p�`§[5d�g& ·kË�&^Se�ej^Si�e�[Pd�iEª

r�v�^X�&^Sv&kS£fG[Pi$[L`�r«��+ [Pg:ejvJ^#ejvJij^S^Åp�wJp�ej^Ea�p�fzp«A^Eijw� �f¬»½^Sij^Sg£eSª$Æ fGe�vºp�^�¸�d�^Eg�e�fzkL\]\Gw�t2[Pg&pqfzp��
ej^Eg�e�ac^Eac[Pi�wA|Aejv�^¦�}^�p�e��Qej[5d�i+5kL\]d�^#_5^Se�p$b�ij[5b&kL_ÃkLej^� �fGacac^� �f]kLej^E\GwXej[¨kL\]\7bJij[£t¥^up�p�[5i�p«®�v�^Eg�^SA^Si
fGe¯_P^Ee�pnd�b½ �kuej^u ½|«pqfGg&t2^ºkLg£w´tSkPt�v�^u �5kL\GdJ^�®�[5d�\z ��&^ºfGg£Pku\Gfl �kLe�^u ��}^2`§[Pij^ºe�v�^�®�i�fGe�^Aª3Z�kLd&p�kL\
ac^Sa¨[Pijw¨kL\]\G[u®$p�[Pd�eq�o[u`z�q �kuej^¯5kL\GdJ^up«[L`��&^upqe��Qej[PdJi+�&^utSkLd p�^¯kn®�i�fGej^Ei+tSkug:t¥[L�Q^S±£fzpqe«®�f]ejv�i�^ukP £^Si�p2ª
x bJij[£t¥^up�p�[5ic_P^Se{pck�g�^E®<5kL\GdJ^�[L`¦�&^upqe��Qej[PdJi�[5g�\Gw�®�v�^Eg¹ejvJ^�b&ku_P^:t¥[5g�e{kLfGgJfGg�_�f]e�pX[P\l  5kL\]d�^
_P^Ee�p#\G[£tEkL\G\]wºfGg£5kL\Gfl �kLe�^u �k5pXk�ij^upqd�\Ge¦[L`�kºp�w£g&tCvJij[PgJfGÄukuejfG[5g�[Pb&^Si{kLe�fG[Pg!ª�r�vJfzp#fzp¦ �[PgJ^�®�vJ^Sg´k
b�i�[£t¥^upjpq[PiVt�v�[A[Ãp�^up«e�v�^#gJ^S±�e4èj[P�·ej[c�&^Åp�^ukui�t�v�^u º¢opqfGg&t¥^¦ejv�^Å¸�dJ^Sd�^Vfzp$p�v&kuij^u ½|kn\][£tCÉ¨v&kPp«e�[c�&^
kPtE¸�d�f]ij^u c�&^¥`§[5ij^Vejv�^Vb�i�[£t¥^up�p�[Pi	t�v�[A[Apq^upye�v�^Vg�^S±£e·èj[P�¤{ª�r�vJ^�a¨^upjp�kL_P^Vb&k5pjpqfGg�_¯fGacbJ\G^Sa¯^Sg£e�kLe�fG[5g
[L`�r«��+ v&k5p�k¨p�^Si�A^Si�ejv&kue+a�kufGg£e�kLf]g&p�ejv�^¦®�[Pi�Éº¸Ad�^Sd�^ÅkLg& �e�v�^#�&^upqe��Qej[5d�iVPku\Gd�^Ãª«Æ v�^SgJ^SA^Si	k
b�i�[£t¥^upjpq[Pi�g�^S^u �p�g�^E®¹®�[5ijÉ¯[Pi,f¼`!fGe,v&k5pê`§[5d�g& ckV�&^Seje�^Si,ej[PdJiS|AfGe�t¥[5acandJg�fztSkuej^up®�f]ejv¯ejv�^	t¥^Sg£eji{kL\
p�^EijA^SiEª7x	p�e�v�^$�}^�p�e��Qej[5d�i�5kL\]d�^+ £[A^up/g�[5e,_P^Se,b�i�[Pb&ku_AkLe�^u cej[ÅkL\G\Jb�ij[£t¥^�pjp�[5i�p�f]acac^E �fzkuej^S\¬w+f]gne�v�^
ac^up�pjku_P^+b&k5pjpqfGg�_cA^Ei�p�f][Pgc[u`,r«�ö+7|&fGe�a©k�w¨p�^�kLi�t�v�ac[Pi�^+g�[£ �^�pyf]gcejv�^¦pq^ukLi{tCv�eji�^S^Vejv&kug·p�^u¸Ad�^Sg��
ejflkL\]\Gw¨t¥[Pg&pqfzpqej^Sg£e�ac^Sac[5ijwAª!r�v�fzp�^S±£eji�kXt2[Pacb�dJe�kLe�fG[5gc[uA^Sijv�^�kP �t¥[PdJ\z c�&^ut¥[Pa¨^Vp�f]_Pg�f¬Ï½tSkLg£e�f¼`�®�^
kL\]\G[u®�b�ij[£t2^upjpq[Pi�p+e�[�t¥[Pg£ejf]g�dJ^#®�fGe�vºA^Sijw¨[P\z �5ku\Gd�^up$[L`��&^upqe��Qej[5d�i�íuª¦r�v�fzp$®�kPp$[P�&pq^SijA^u �f]g�e�v�^
^S±£b&^Sijf]ac^Sg£e�p�ejv kLeV®�^Xi{kLgsª¯r�v�^Xg£d�a¯�}^Ei«[u`�g�[£ �^�p�pq^ukLi{tCvJ^u �fGgºe�v�^ne�v�ij^E^¯tSkPpq^upVkLij^¯pqv�[u®�g�f]g
�7f]_Pd�i�^æ�S~£ª$r�v�^Xg�dJan�&^Si�[L`,g�[£ £^up+p�^�kLi�t�v�^u ���w�e�v�^Vac^upjp�kL_5^#b&k5pjp�f]g�_�t¥[£ £^#fzp � ç0v�fG_5v�^Si�e�v&kLg
p�^�¸�d�^Eg�e�fzkL\]\Gw¯t¥[5g&p�flp�e�^Sg�e�a¨^Sac[Pi�wAªÆ:^¦ �fzp�t¥d&pjp�ejvJ^�5kuijfG[5d&p$t¥[Pacb&[5g�^Sg£e�ejf]ac^up7`§[Pi	r«��+��}^E\G[u®Vª

î�ÂjIPFQI ² IP³ xye�[Pacflt � �£¡ Z�kud&pjku\ � �£¡ ¡�^upjp�kL_P^_+�kPp�p�f]g�_
ï�IuY�TjO � T�?AÂ ² K&T�Y �£|×�5��'�| 'P�5� ��| ~P�P~£|A2.2P~ ��| ~P��'£|×~5��'

�7f]_Pd�i�^H�E~�8*Á«[£ �^up�£fzpqfGe�^u Ë`§[Pi	r«��+
�Pª �®ÇlÆRXºÂ�Ä 1 7 Ç�. 1 7 Æ$Ä�Å �7fG_5d�ij^ ���5¢Û^P¤©p�v�[u®$p�e�v�^:b}^Ei�`§[Pi�a�kLg t¥^º[L`Ër«��+<®�fGejvÍejvJ^�e�v�ij^S^

pqw�pqej^Sa�p2ª�m�e{p�^S±�^�t¥d�ejf][Pg¯[Pg¯ejv�^	p�^�¸�d�^Eg�e�fzkL\]\GwÅt¥[Pg&pqfzpqej^Sg£e,p�wJp�e�^Saº|P®�f]ejv¨��b�i�[£t¥^up�p�[Pi{p¥|£e�kLÉA^�p
�E�P��çÈa¨[Pij^Ve�fGac^Vejv kLgºejvJ^Xac^upjp�kL_5^#b&k5pjp�f]g�_·p�wJp�e�^Saºª$mog:t¥[Pg£eji{kPp�eE|fGe{p«t2[Pacb�\]^Sejf][Pg�ejf]ac^
®�f]ejv¯tSkud&pjku\�ac^Sac[5ijw$fzp7®�f]ejv�f]gX�5��ç3[u`se�v�^�ac^�pjpjku_P^�b&k5pjpqfGg�_+e�fGac^Ãªsx«\Ge�v�[PdJ_Pv¯ac[Pi�^/gJ[£ �^up
kuij^�pq^ukLi{tCvJ^u +®�v�^Sg¦r«��+�fzps^S±£^ut¥d�e�^u «[5gXtSkud&pjku\�ac^Eac[Pi�wV¢op�^E^�t2[Pacb�dJe�kLe�fG[5g�e�fGac^�fGg®�7f]_Pd�i�^
�
2�¢otu¤j¤�|&fGe$v&k5p+p�f]_Pg�f¬Ï½tSkLg£ej\]wc\G[u®�^Si+t2[Paca¯d�g�f]tSkuejfG[5g�kLg  �p�w£g&t�v�ij[5g�fGÄ�kLejf][Pg·ejfGa¨^up/e�v&kLgºe�v�^
pq^u¸�dJ^Sg�e�fzku\G\Gw	t¥[5g&p�flp�ej^Eg�eêp�wJp�e�^Saºªsr�v�^Eij^�flp7kug�[Pe�v�^Si�i�^ukPpq[Pg¦ejv&kue�ac^up�pjkL_5^,b&kPp�p�fGgJ_�bJij[u�fl �^up
�&^Se�ej^Si¦t¥[5acb�\G^EejfG[5gºejf]ac^Aª¯Ì�[Pe�v�e�v�^na¨^Sac[Pi�w·p�wJp�ej^Ea�p+p�d£»^Ei#�&^utSkud&p�^c[u`$ejv�^¯acflp�a�kue�t�v
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Traveling Salesperson : Page Faults
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Traveling Salesperson : Protocol Messages

SC
Causal

Message Passing

Ò æ.Ó2�+ÚqÖÛÖQÜ�ì¥ÚqÖ ù
ú ù
û ù�ù
ûDú ù
ü ù�ù

ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý
ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý

þ�ÿ�����������	�
��
������

ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ý ������ ý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ýý ý ý ý ý ý ý ý ý ý 
������
�����

�

Ò ÝSÓºÔ9ÕSÚqÝqàuãÛÕ â¥åVù�Ø§âc¡.B×Ú
�7f]_Pd�i�^g����8�r«�ö+ kLg&ku\GwJp�fzp

�&^Seq®�^E^Sgne�v�^	kLac[5d�g�e,[u`êp�v&kuij^u c JkLe�kXkug& ne�v�^+b&ku_P^VpqfGÄS^A|A®�v�fltCv¯fzp,ejv�^$d�g�f]e,[L`�t¥[Pv�^Eij^Sg&t2^Aª
Æ:^¯ �fzp�t¥d&p�p�e�v�fzp+®�v�^Eg�®�^¯t¥[Pg&pqfz �^Ei�e�v�^¯g�d�a¯�&^Si$[L`�a¨^upjp�kL_P^�p+kLg& ºejvJ^ckuac[Pd�g£e+[u`$ �kue�k
e�i�kLg p�`§^Si�ij^u ª

��ª QQ¿�OûÄ 8 ¿9À·Â 1 Á6Å r�v�^�tEkLd&p�kL\£ac^Sac[5ijw$p�wJp�e�^Sa3v&k5p�p�f]_Pg�f¬Ï½tSkug�e�\Gw«`§^S®�^Sisb&ku_P^/`Qkud�\Ge{p7t2[Pacb&kuij^u 
e�[ne�v�^Xpq^u¸�dJ^Sg�e�fzku\G\Gw¯t2[Pg&pqfzp�e�^Sg£e«ac^Eac[Pi�w¯p�wJp�ej^Eaºª���[Pi$^S±�kuacb�\]^A|�`§[5i+�Xb�ij[£t2^upjpq[Pi�p2|stSkud&pjku\
ac^Eac[Pi�w+v&kPp,ku\Gac[Ãp�e�e�®�[Vejv�f]i� �p7\]^upjp�g�d�a¯�&^Si�[L`sb kL_P^�`QkLdJ\Ge�p2ª,r�v�fzp�fzp7^uk5p�f]\Gw#^E±�b�\lkLf]g�^u ª�mog
pq^u¸�dJ^Sg�e�fzku\G\Gw�t¥[Pg&pqfzpqej^Sg£e�ac^Sa¨[PijwÃ|S®�v�^Sg�^SA^Ei�k+g�^S®´�&^up�eq�oe�[Pd�i,fzp7`§[5d�g& |AfGe{p7d�b½ �kuej^$ij^upqd�\Ge{p
f]g�f]g�5kL\]fz �kuejf][Pgºac^up�pjku_P^up+�&^SfGgJ_ºp�^Eg�eVej[·ku\G\,b�ij[£t2^upjpq[Pi�p¦p�f]g&t¥^¯ejv�flp�5kuijfzku��\G^¯fzp+d&pq^u :kLg& 
tSk5tCvJ^u �kLe	kL\G\½b�ij[£t2^upjpq[Pi�p2ª$x pqd��&pq^u¸�dJ^Sg�e$k5tSt¥^up�p�ej[¯�&^up�eq�oe�[Pd�i$®�fG\]\s_P^Sg�^Ei�kLe�^¦kËb&ku_P^V`QkLd�\]e
kuecku\G\�bJij[£t¥^up�p�[5i�p¥ª´Æ fGejv´tSkud&pjku\�ac^Sac[5ijwA|�[Pe�v�^SiXb�i�[£t¥^upjpq[Pi{pntSkug t¥[5g�e�fGg£d�^ce�[�i�^ukP �[P\l 
5kL\]d�^up$kLg& �ejv�^Vg�^E®35kL\GdJ^�flpyi�^u¸Ad�^up�e�^u c��w¨ejv�^Sa0[Pg�\]wc®�v�^SgÎkLgºk5tS¸Ad�fGi�^�[5b&^Si�kuejfG[5g�[5g:k
\][£tCÉc5kuijfzku��\G^	fzp�^S±�^�t¥d�ej^� Ëe�[ËÏ&g  �ejvJ^�gJ^S±�e©èj[P�sª

~�ª ÃÅÄ�Á>Á>¿�OûÄ�Á6Å ��fG_PdJij^®����¢§�¤�t¥[5acb&kLi�^up7e�v�^+g£d�an�&^Siê[L`sa¨^upjp�kL_P^�p/pq^Sg£e�fGg¯ejvJ^«e�v�ij^S^	p�wJp�e�^Sa�p
®�v�^Eg�e�v�^¯r«��+�kLb�bJ\GfztEkLejf][Pgºflp�^E±�^ut2d�ej^u ½ª#r�v�^¨p�^�¸�d�^Eg�e�fzkL\]\Gw�t2[Pg&pqfzp�e�^Sg£e#pqw�pqej^Sa ij^u¸Ad�f]ij^up
pqfG_PgJf¼Ï½tSkug�e�\Gw+a¨[Pij^êac^upjp�kL_5^up�&^utSkLd p�^�f]g�5ku\Gfz JkLejf][PgVac^up�pjku_P^upskuij^�pq^Sg£es®�v�^Sg�^SA^Eisejv�^,g�^S±£e��
èj[5�¯kLg& Vejv�^��}^�p�e��Qej[5d�i,5kLijflkL��\]^up�kLij^�d�b½ �kLe�^u ª���[Piê�«b�i�[£t¥^up�p�[Pi{p¥|AejvJ^�g£d�an�&^Si½[L`½ac^up�pjku_P^up
pq^Sg�e�fzp�~5~ � �5~�| � ¸��S~�|½kLg  f���A�5~Å`§[5i$p�^u¸Ad�^Sg£ejflkL\G\]w¯t¥[Pg p�fzpqej^Sg£eS|JtSkLd pjkL\�kug& cac^up�pjkL_5^+b&k5pjp�f]g�_
pqw�pqej^Saºª¦x«g�[5ejv�^Ei+fGg£ej^Si�^up�e�fGg�_¨[P�&pq^Sij5kLe�fG[5g�flp�e�v&kLeVe�v�^Xg�dJan�&^Si$[L`�ac^upjp�kL_5^up+^S±�t�v&kug�_P^u 
 �[A^�png�[Pe¨fGg&t¥i�^ukPpq^·k�`§ej^Eic~�bJij[£t¥^up�p�[5i�pË`§[5i�tSkLd pjkL\$ac^Sa¨[Pijw kLg   k�`§ej^Eic�ºb�ij[£t2^upjpq[Pi�pn`§[5i
ac^�pjpjku_P^+b kPpjpqfGg�_X�&^utEkLd&pq^�e�v�^¦pjkuac^«g£d�a¯�&^Si,[L`Öèj[P�&p�kuij^¦p�^ukui�t�v�^u n�£w¯ejv�^+bJij[£t¥^up�p�[5i�p¥ª�mog
t¥[5g�e�i�k5p�eS|�ejv�^¨ac^upjp�kL_5^ct¥[5d�g£e#fGg t¥ij^uk5p�^upVku\Gac[Ãp�eV\Gf]g�^ukLi�\Gw·fGg:ejv�^�pq^u¸Ad�^Sg£ejfzku\G\]w�t2[Pg&pqfzp�e�^Sg£e
pqw�pqej^Saºª!r�v�fzp2|AkL_ÃkLfGg!|Pfzp� �d�^�ej[$ejv�^�fGg£Pku\Gfl �kLe�fG[PgVac^�pjpjku_P^upsejv kLeêkLij^$pq^Sg£esej[Vku\G\Ab�i�[£t¥^upjpq[Pi{p¥ª

~��



Z�kud&pjku\sac^Sac[5ijw#gJ^SA^Si,ij^u¸Ad�f]ij^up,ac[Pi�^«e�v&kLg·~#ac^up�pjku_P^up,ej[¯t¥[5acb�\G^Eej^$k#ac^Sa¨[Pijw¦ij^u¸Ad�^upqeS|
®�v�fltCv�^S±£b�\lkLfGg p#®�v�w�e�v�^�g�dJan�&^Si¦[L`Vac^�pjpjku_P^upX £[A^upËgJ[Pe¯fGg&t¥i�^ukPpq^·kPpnac[5ij^cbJij[£t¥^up�p�[5i�p
^S±£^ut¥dJej^+e�v�^¦kLb�b�\]fztSkuejf][Pgsª
x+p$ac^Sg£ejfG[5g�^u n^�kLij\]fG^SiE|}f]gº�&[Pejv:ac^Sa¨[Pijw¨p�wJp�e�^Sa�p2|�ejv�^Xd�gJfGe+[u`�t2[Pv�^Si�^Sg&t¥^¦fzp+k¯b&kL_5^¯kLg& 
v�^Eg&t¥^¨�6²<��w£ej^�p�kuij^¯eji{kLg&po`§^Siji�^u �^SA^Sgº®�vJ^Sg�eq®�[·fGg£ej^S_5^Si�p#¢Qt¥d�i�ij^Sg£e��éèj[P��kug& ��&^upqe��Qej[PdJi¥¤
kuij^	p�v&kuij^u ª,r�vJfzp�^S±£b�\zkufGg&p7®�v£w#e�v�^$ac^upjp�kL_5^�b&kPp�p�fGgJ_Xp�wJp�e�^Saµpq^Sg& �p,kuij[PdJg& ��S� ²+��w£ej^up�[L`
 �kue�k£|Ê®�vJ^Sij^uk5p+ejv�^¯pq^u¸�dJ^Sg�e�fzku\G\Gw·t¥[5g&p�flp�e�^Sg�e�kLg& :tSkLd pjkL\,ac^Eac[Pi�wcpqw�pqej^Sa�p$p�^Eg& f�Ã��ª �P¡ºÌ
kug& ��P�£ª×�5¡ºÌÙ[L`	 �kue�k�i�^up�b&^ut2ejfGA^E\GwAª¯x+pVp�^E^Sg�f]g$�7f]_Pd�i�^�����|,kSA[Pfl �fGg�_�d�gJg�^ut¥^up�pjkuijw: �kue�k
e�i�kLg p�`§^Si$ �[A^�p�ij^upqd�\Ge�fGgc�&^Se�ej^Si�t¥[PacbJ\G^Se�fG[PgXe�fGac^�`§[5i�ac^up�pjkL_5^+b&k5pjp�f]g�_X�&^utSkud&p�^VfGe�ij^u £d&t¥^up
e�v�^¦t¥[Paca¯d�g�flt¥kuejf][Pg¯ejfGa¨^+pqfG_PgJf¼Ï½tSkug�e�\GwAª

�2JG�2J]� Z�]��
��¿ 1 ¿TZ2[·¿9È 7 .2O�� [·¿9È�¿�3 1 Ä�È 7 Á 1 7 3yÁ6Å r�v�^� �kLe{k#p�v kLijf]g�_#b kLeje�^Sijg¨fGg��9�d flp/¸Ad�f]ej^$ �f¬»^Eij^Sg£e�`§ij[Pa
ejvJ^�kub�b�\]fztSkuejfG[5g&ps �flpjt¥d&p�p�^u Vpq[y`QkuiSª�r�v�^�t2[Pacb�dJe�kLe�fG[5gVt¥[Pg p�fzpqe�p[u`½k�p�^u¸Ad�^Sg t¥^�[L` fGej^Ei�kLe�fG[5g&p¥ª ( kPt�v
fGe�^Si�kuejf][Pg´t¥[Pg p�fzpqe�pX[L`Veq®�[�b�v kPp�^�p¥|�kug [£ �  b�v kPp�^ÎkLg&  kug¹^SA^Eg bJv&kPpq^A|�®�v�fltCv´kLi�^·p�^Sb&kui�kuej^u 
�£w��&kLi�ijf]^Si�p2ª ( kPt�v¹b�i�[£t¥^up�p�[Pi¨t¥[5acb�d�e�^up�_5ijfz �^S\]^Sac^Sg£e�p$ejv&kueckuij^·kPp�p�fG_5g�^u �ej[ºfGe�¢§ejv�^�_5ijfz �flp
b&kuijejf]ejf][Pg�^u :v�[Pi�fGÄS[5g�e{kL\G\]w�kug& �^ukPt�v�b�i�[£t¥^up�p�[Pi¯fzp¦kPp�p�fG_5g�^u �^u¸�d kL\�g£d�a¯�&^SiV[L`	^S\G^Sa¨^SgAe�p�¤�ª·r�v�^
t¥[5acb�d�e{kLejf][Pg:[L`	k�_Pijfl �^S\]^Sac^Sg£e«i�^u¸Ad�fGi�^up+ejv�^¯ij^uk5 �fGgJ_�[L`$f]e�p+`§[Pd�i¦g�^SfG_5v��&[5i#^S\]^Sac^Sg£e�p2ªnr�v£d&p2|
ejvJ^Sij^Vfzp�k¯b�ij[£ �d t¥^Si���t¥[5g&p�d�a¨^Si$ �kLe{knpqv&kLi�fGg�_¯b&kuejej^Eijg��&^utEkLd&pq^#[PgJ^#b�i�[£t¥^upjpq[Pi+i�^ukP Jpye�v�^VPku\Gd�^�p
[L`	_Pi�fz �^E\G^Sac^Eg�e{py®�i�fGeje�^Sg��£w:kLg�[5ejv�^EiXb�ij[£t¥^�pjp�[5i�¢Ûe�v�fzpVfzp�e�ijd�^¨[Pg�\]w `§[5iX�}[5d�g& �kuijw�^E\G^Sac^Eg�e{pC¤�ª
x«\lp�[�|£[Pg�\]wne�v�^+b�i�[£t¥^up�p�[Pi$ejv kLe�fzp�kPp�p�fG_5g�^u �k#b&kuijejf]ejf][Pgc®�i�fGej^�p/ej[Xe�v�^V^S\G^Eac^SgAe�p�fGgcf]e�p/b kLije�fGe�fG[Pg©a
g�^Sf]_Pv£�&[Pi�p#[5g�\Gw:ij^�kP �ejv�^¨^S\G^Sa¨^Sg�e{p«fGg ejv�flp�b&kuijejf]ejf][Pgsª:r�v�^�eq®�[·b�v&kPpq^up#fGg´kug f]ej^Si{kLe�fG[Pg v�^S\Gb
kSA[Pfl  e�v�^¯p�w£g&t�v�ij[5g�fGÄukuejf][Pg:ejv&kue#®�fG\]\��&^ngJ^ut¥^up�pjkLi�wº�&^¥`§[Pi�^ni�^ukP �f]g�_�ejv�^¯^S\]^Sac^Sg£e�p�[u`$g�^SfG_5v��&[5i
b�i�[£t¥^upjpq[Pi{p¥ª

�Pª �®ÇlÆRXºÂ�Ä 1 7 Ç�. 1 7 Æ$Ä�Å �7fG_5d�ij^ ���P¢z`2¤+pqv�[u®$p«ejvJ^Xt¥[5acb�\G^EejfG[5g�ejfGa¨^up/`§[Pi#���X 3[5gºejv�^Xe�v�ij^S^
pqw�pqej^Sa�p�`§[Pi$kg2��S� Â�2��E�n_Pi�fz ª,r�vJ^#t2[Pacb�\]^Sejf][Pg¯ejf]ac^up,kLi�^�gJ[Pe$p�f]_Pg�f¬Ï½tSkug�e�\Gw¨ �f¼»½^Si�^Sg�e�[5g
e�v�^+ejvJij^S^	p�wJp�e�^Sa�p¥ª·��[Pi�^S±JkLacb�\]^A|P®�f]ejv��Vb�ij[£t¥^�pjp�[5i�p2|�ejv�^Vt2[Pacb�\]^Sejf][PgXe�fGac^�®�fGejv©p�^u¸Ad�^Sg��
e�fzkL\]\Gw¯t¥[5g&p�flp�e�^Sg�e�ac^Sac[5ijwVfzp,®�fGe�v�fGgE�E��çµ[u`�ejv�^	ac^upjp�kL_5^+b&kPp�p�f]g�_Xejf]ac^Aª�r�v�^Vt¥[5acb�\]^Sejf][Pg
e�fGac^+`§[Pi¦tSkud&pjku\�ac^Sa¨[Pijw¨fzp+ku\Gac[Ãp�e$ejv�^¯p�kLac^¯k5p�a¨^upjp�kL_P^¦b&kPp�p�f]g�_�¢Q��çÈ £f¼»½^Sij^Eg&t¥^�`§[5i¦�
b�i�[£t¥^up�p�[Pi{pC¤{ª«x	p�tSkLg·�}^Åp�^S^Eg©`§i�[Pa �7f]_Pd�i�^H�
2�¢QtL¤�|&ejv�^¦t¥[5acb�d�e{kLe�fG[Pg�e�fGac^V £[Pacf]g&kLe�^up/e�v�^
t¥[5acb�\]^Sejf][Pgce�fGac^Vkug& |spqfGg&t2^�f]e«flpye�v�^Xp�kLac^¦fGg·kL\]\7e�v�ij^E^Xp�wJp�e�^Sa�p2|�ejv�^Åt¥[PacbJ\G^Se�fG[Pg¨ejfGa¨^up
kuij^Vg�[Pe$pqfG_5g�f¼Ï½tEkLg£ej\Gw¨ �f¬»^Eij^Sg£eSªêr�v�^¦p�^u¸Ad�^Sg£ejflkL\G\]w¯t¥[Pg p�fzpqej^Sg£e�ac^Sa¨[PijwÅp�wJp�e�^Sa< £[A^upyv k�A^
v�f]_Pv�^EiXt¥[5acandJg�f]tSkLe�fG[Pgºe�fGac^¦�&^utSkLd p�^�fGeV_P^Eg�^Si�kuej^up¦kP � £fGejf][Pg&ku\�b&ku_P^c`QkLdJ\Ge�p2ªºr�v�^�pqa�kL\]\
 �f¬»½^Sij^Sg t¥^X�&^Seq®�^S^Sgºa¨^upjp�kL_P^Xb kPpjpqfGg�_·kug& �tSkud&pjku\/a¨^Sac[Pi�wcfzp	 �d�^¯ej[�ejv�^¯acflp�a�kue�t�v��&^¥�
eq®�^E^SgcejvJ^# JkLe�kX_Pi{kLg£d�\zkuijf]e�wÎ¢,2��E�Ë^E\G^Sac^Eg�e{p7[L`�% [AkLe{pÿ6 �5���Ã�n��w£ej^�pC¤�kLg  ©e�v�^V\zkuij_P^Vb&ku_P^
pqfGÄS^X¢Q���
¸P�n�£w�e�^upC¤{ª

��ª QQ¿�OûÄ 8 ¿9À·Â 1 Á6Å �7f]_Pd�i�^!�>2£¢okA¤¯p�v�[u®$pne�v�^ºg£d�an�&^Si¦[L`¦b&ku_P^�`QkLdJ\Ge�p¯[Pg¹e�v�^ºeq®�[:ac^Sac[5ijw
pqw�pqej^Sa�p2ª��9�d Ù[5g�tSkLd pjkL\�ac^Sac[5ijw�e�kuÉA^up�'P�¡ç `§^S®�^Si+b&ku_P^c`QkLdJ\Ge�pVt¥[5acb&kuij^u ºej[·ejv�^¨p�^¥�
¸Ad�^Sg£ejflkL\G\]wºt¥[5g&p�flp�e�^Sg�eVac^Eac[Pi�w�®�vJ^Sg�ejvJ^�kLb�bJ\GfztEkLejf][Pg:fzpVijd�g�[5g´��b�i�[£t¥^upjpq[Pi{p¥ªºr�v�flp�flp
`§[5i�eq®�[�i�^ukPpq[Pg&p2ªæ�7f]i�pqeS|�&^utSkud&p�^¯[L`�ejv�^¯b�i�[£ �d&t¥^Siq�qt2[Pg&pqd�ac^Si+g kLejdJij^¯[L`$ JkLe�k·p�v&kuijf]g�_�|êk
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Successive Over Relaxation : Page Faults

SC
Causal
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Successive Over Relaxation : Protocol Messages

SC
Causal

Message Passing
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Ò ÝSÓºÔ9ÕSÚqÝqàuãÛÕ â¥åVù�Ø§âc¡.B×Ú
��fG_PdJij^o�>2�8y�9�d 3kug&kL\]w�pqfzp

b�i�[£t¥^up�p�[Pi,®�f]\G\&ku\G®�kSwJp7�&^+ku��\G^�e�[V®�ijfGe�^�b&ku_P^up,fGgXf]e�p7b&kuije�fGejf][PgX®�f]ejv�[5d�e,ij^u¸Ad�fGi�fGg�_�t¥[Paca¯d��
g�fltSkLe�fG[5gº®�fGejvº[5ejv�^Ei+b�ij[£t2^upjpq[Pi�pVfGgºe�v�^¯tSkLd pjkL\,ac^Eac[Pi�wcpqw�pqej^SaºªVx$\GejvJ[Pd�_5vºb&kL_5^ck5tSt¥^up�p
®�f]\G\�&^¦ �[u®�g�_5i�kP £^u �e�[ Â�T�?AYAIA@�³¬À ®�vJ^Sg�ejv�^Vg�^Sf]_Pv£�&[Pi$b�ij[£t¥^�pjp�[5i«_5^Se�p�k¯t¥[5b�w¯[L`,e�v�^+b&ku_P^
`§[5iXij^uk5 �fGg�_J|/e�v�fzpV®�fG\]\�ij^�p�d�\]e#[PgJ\Gw�f]g�k bJij[Pe�^ut¥e�fG[Pg:`QkLd�\]eX®�v�fzt�v�fzp#v kLg& �\]^u �\][£tSkL\]\GwAª:mog
t¥[5g�e�i�k5p�eS|£fGgXe�v�^+pq^u¸Ad�^Sg£ejfzku\G\]wXt¥[5g&p�flp�ej^Eg�e�a¨^Sac[Pi�w¦p�wJp�ej^Eaº|Ap�d tCv¨k«`QkLd�\]e/i�^u¸Ad�fGi�^up,t¥[Paca¯d��
g�fltSkLe�fG[5g�®�f]ejv�ejvJ^�gJ^SfG_5v��&[Pi$b�i�[£t¥^upjpq[Pi$®�v�[Apq^Xt¥[5b�w¯[L`�ejv�^Vb&ku_P^#v kPp�ej[XfGg£5kL\]fz �kuej^u ª
r�v�^¯pq^ut¥[5g& �ij^uk5p�[5g�®�v£w�ejv�^¯pq^u¸�dJ^Sg�e�fzku\G\Gw©t¥[Pg&pqfzpqej^Sg£e«a¨^Sac[Pi�wcpqw�pqej^Sa v&kPp$v�fG_5v�^SiVt¥[5an�
a¯d�g�fltSkLe�fG[PgVe�fGac^,fzp��}^�tSkLd&pq^«f]e�eji{kLg&pqacfGe{pÊa¨[Pij^�b&kL_5^up, �d�^�e�[�`Qkud�\Ge{p¥ªêm�g#`Qk5t¥eS|5fGe�_5^Sg�^Si{kLej^�p
`§[5d�iy`Qkud�\Ge{pyf]g�^ukPt�v�fGej^Ei�kLe�fG[5g�¢Ûeq®�flt¥^V �d�i�fGg�_¯^uk5tCv�b�v&k5p�^P¤�ej[¯_P^Se�e�v�^#�&[PdJg& �kLi�w�^S\]^Sac^Sg£e�p
®�v�^Eij^uk5p¥|®�f]ejv:tSkud&pjku\�ac^Sac[5ijwA|£[Pg�\]w�e�v�ij^S^V`QkLd�\]e�p+kuij^X_5^Sg�^Si{kLej^� ª+Æ�^Xd p�^o�7f]_Pd�i�^æ�>'ce�[
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ac^Eg�e{p7[Pgcb kL_P^®\ m�¾ / ejv&kue�®�f]\G\&�&^+ij^uk5 nfGg¯ejvJ^+g�^S±£e,b�v&kPpq^+�£w {�m ª�Á«[5ejfzt2^«e�v&kLe�ejv�^$®�ijf]ejfGgJ_�£w {�m�¾ / kug& �i�^ukP �f]g�_c�£w {�m  �[�g�[5e�i�^up�dJ\Ge+f]g: �kLe{k�i�k5t¥^up«�&^utEkLd&pq^c �f¬»½^Sij^Sg£e+^S\]^Sac^Sg£e�p�[5g
e�v�^#b&ku_P^¯kuij^Xk5tSt¥^up�p�^u ���w�e�v�^#eq®�[¨b�ij[£t¥^�pjp�[5i�p2ª+mog:tSkLd pjkL\�ac^Sa¨[PijwÃ|�®�vJ^Sgºejv�^¦b�ij[£t2^upjpq[Pi
kuijijf]A^upVkLe¯k��&kuiji�fG^SiÅk�`§ej^Ei#ejvJ^up�^� JkLe�kºk5tSt¥^up�p�^upVfGg�e�v�^nÏ&i{p�eXb�v kPp�^Ã|�ejv�^cA^Ei�p�f][Pg�[u`d\ m�¾ /e�v&kLe {�m tSk5tCv�^�p�v kPp�ejvJ^Vpjkuac^«A^Ei�p�f][Pg¯g�dJan�&^Si�kPp {�m�¾ / kug& nfzp,ejv£d&p/gJ[Pe�fGg£5kL\]fz �kuej^u ª4+�kL_5^\ m98 / |�vJ[L®�^SA^SiE|� �[A^up�_P^Ee�fGg£Pku\Gfl �kLe�^u �kPp�fGe$p�vJ[Pd�\l |&p�f]g&t¥^VfGe�®�kPp�ij^ut¥^EfGA^u #`§ij[5a<b�ij[£t2^upjpq[Pi
{ m98 / �&^¥`§[Pi�^ { m:8 / ®�ij[5ej^cf]eSª�mog�e�v�^cg�^E±�eVb�v&k5p�^A| { m�ij^uk5  `QkLd�\]e�pV[Pg�b&ku_P^�\9m98 / ��d�e#i�^ukP Jpe�v�^¦tSkPt�v�^u ct2[Pb£wn[u`°\9m�¾ / ª,r�v£d&p¥|�[5g�\Gw¯ejv�i�^S^+`QkLd�\]e�p�kuij^V_P^SgJ^Si�kuej^u cfGg¨ejv�^Veq®�[Xb�v kPp�^�p¥ª�xye
e�v�^V�&kLi�ijfG^Ei$k�`§ej^Ei«e�v�^¦p�^ut¥[5g& �bJv&kPpq^Xt¥[5acb�\G^Eej^up2|��&[5ejv�b kL_P^�py®�f]\G\s�&^VfGg£Pku\Gfl �kLe�^u c�}^�tSkLd&pq^
e�v�^Swcv&kSA^+�&^S^Eg�®�ijf]eje�^Sg�kL_ÃkLf]g��£wcejv�^Vg�^EfG_Pv£�&[Pi$b�ij[£t2^upjpq[Pi�p$fzp�ejvJ^#pq^ut¥[5g& cb�v&kPpq^Aª�m�g�e�v�^
pq^u¸�dJ^Sg�e�fzku\G\Gw t¥[5g&p�flp�ej^Eg�e¯pqw�pqej^Saº|�e�v�^ºt2[Pacb�dJe�kLe�fG[5g [u`VejvJ^�pq^ut¥[5g&  b�v kPp�^º®�f]\G\�_P^Sg�^Ei�kLe�^
eq®�[#`Qkud�\Ge{p¥ª�r�v�fzp�fzp��&^utEkLd&pq^A|½\9m�¾ / ®�f]\G\s�&^V®�ijfGe�ej^Sg��£w { mé¾ / kPp$p�[A[5g:kPp«e�v�^¦p�^ut2[Pg& �b�v&kPpq^
pqe�kLi�e�p2|}®�v�fltCv�®�f]\G\i�^up�dJ\Ge�fGgÎkLg·fGg£Pku\Gfl �kLe�fG[Pg·kue {�m ª�r�v�fzp�fGg£5kL\Gfl �kLe�fG[5g�flp�kËi�^up�dJ\Ge�[L`ê`QkL\zpq^
pqv&kLi�fGg�_c�&^utEkLd&pq^A|}f]g�e�v�^¯p�^ut2[Pg& �b�v&kPpq^A| {�m  �[A^up«gJ[Pe+i�^ukP �ejv�^¦Pku\Gd�^�p«®�ijf]ejej^Eg��£w {�m�¾ / f]ge�v�fzp�b�v&k5p�^Aª	r�v�d&p2|}®�vJ^Sg {�m ij^uk5 �pQ\ mé¾ / ej[u®�kui� �p�ejv�^¦^Sg& �[L`�ejv�^Åp�^ut2[Pg& �b�v&kPpq^A|skug�^S±£eji{k
b&ku_P^V`QkLd�\]e�®�fG\G\½�&^�_5^Sg�^Si{kLe�^u �kLg& �v�^Sg&t¥^�kËe�[Pe�ku\s[L`�`§[5d�i�`QkLdJ\Ge�p�b&^Si�fGe�^Si�kuejf][Pg�kuij^#^E±�b&^Si�f¼�
^Sg t¥^u ª#Z�kud&pjku\/a¨^Sac[Pi�wnv kPp«[5g�^n\]^upjp�`QkLdJ\Ge+b&^Si+f]ej^Si{kLe�fG[Pgº�&^utEkLd&pq^XfGeVku\G\G[u®$p+k¯®�ijfGe�^Si+e�[
t¥[u�o^E±�flp�e�®�fGe�v�ij^uk5 �^Si�p2ª
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Conjugate Gradient Method (1400x1400)
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Causal
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Successive Over Relaxation (128x128)
SC

Causal
Message Passing

Ò æ.Ósé@H�ï
�7fG_5d�ij^g� � 8 ( »^�t¥e�[L`°�&ku\zp�^X�Av kLijf]g�_

p�vJ[L®$p$ejv�^Åt¥[PacbJ\G^Se�fG[Pg�e�fGac^up�`§[Pi#Z�h	¡ß®�v�^Sg·ejv�^¦b�ij[5��\G^Ea pqfGÄS^¦fzp����Ã�P�º¢Ûe�v�^#i�^up�d�\]e+ £fzpjt2d&pjpq^u 
^ukuij\Gf]^Si#®�^Sij^c`§[5i¯p�fGÄE^����A�5�P��¤{ª¹Æ:^�t�v�[Ãp�^�ejv�flpXp�f]ÄS^·p�[:ejv&kuene�v�^·kLiji{kSw�®�v�fzt�v�fzp#®�i�fGej^2�qpqv&kLi�^u 
®�[5d�\z �Ï&eVfGg:[PgJ^nb&ku_P^Aª�Z,[Pg&pq^u¸Ad�^Sg£ej\GwÃ|®�v�^Sg:ejv�^¯b�i�[£t¥^upjpq[Pi{p#t¥[5g&t¥d�i�ij^Sg£ej\]w�®�i�fGe�^ne�[� £f¼»½^Sij^Eg�e
b&kuije�p,[L`!ejv�^	kLi�i�kSwA|�e�v�^	pjkLa¨^�b&kL_5^+®�[5d�\z X^S±£b}^EijfG^Eg&t¥^�®�i�fGe�^¥�o®�i�fGe�^�`QkL\zpq^+pqv&kLi�fGg�_Jª�Ì�[5ejv¯ac^Sac[5ijw
p�wJp�e�^Sa�p$p�d�»½^Si�kLg& ºv&kSA^#a¯d&t�v�vJfG_PvJ^Si+t2[Pacb�\]^Sejf][Pg�ejf]ac^up�e�v&kLg:ac^up�pjkL_5^#b&k5pjpqfGg�_��&^utSkud&p�^Xe�v�^
®�ijf]ej^upVej[ºe�v�^�p�f]g�_P\]^cb&ku_P^�_P^Se¯pq^SijflkL\]fGÄS^u ½ª�¡�^up�pjku_P^�b&kPp�p�f]g�_:kL\]\G[u®$p#ejv�^�p�^c®�i�fGej^�p�ej[º�&^· �[5g�^
fGgºb kLi�ku\G\]^S\�®�v�fltCvº\]^ukP �p+e�[�a¯d&t�v��}^Eejej^Ei�b&^Siq`§[Pi�a�kLg&t2^AªM��[5i�^E±�kuacb�\G^Ã|}®�f]ejv:�cb�ij[£t2^upjpq[Pi�p2|7e�v�^
b&^Si�t2^Sg�e{kL_5^V �f¼»½^Si�^Sg&t¥^	�}^Ee�®�^S^Sg�tEkLd&p�kL\sac^Sa¨[Pijw¦kug& �ac^�pjpjku_P^+b kPpjpqfGg�_Xflp�~ � çcª,r�v�flp� �f¼»½^Si�^Sg&t¥^
®�k5py[5g�\Gw"�S��çî®�v�^Sg�ejv�^Vb�i�[P��\]^SaÈpqfGÄS^+®�kPp����Ã�P�P�¯�}^�tSkLd&pq^V®�ijfGe�^up�ej[¨ �f¬»^Eij^Sg£e�b&ku_P^up$t¥[5d�\z c�&^
 �[5g�^#f]gcb&kLi{kL\]\G^S\Qª

Æ�^ÎkL\lp�[:i�kLg3���X <®�f]ejv�_Pi�fz ¹pqfGÄS^V�E�P�°Âà�E�P�£|y®�vJfzt�v i�^up�dJ\Ge�pXfGg´[Pg�\]w���b&ku_P^upX[L`Åpqv&kLi�^u 
 �kue�k�¢ÛejvJ^#^ukuij\Gf]^Si�i�^up�dJ\Ge�p�®�^Sij^+`§[5iX2��S� Â�2��S�¯_Pijfl }¤�ª°��[Pi�e�v�^¦�Ëb�i�[£t¥^up�p�[Pi�tSkPpq^A|�^ukPt�v�b�ij[£t2^upjpq[Pi
®�[5d�\z ´t¥[Pa¨b�d�ej^·kug& ¹®�ijf]ej^�^E\G^Sac^Eg�e�p�[5g ^S±JkPt¥e�\Gw�[5g�^�b&ku_P^Aª r�v�d p¥|�ejv�^Eij^�fzpXg�[�®�i�fGej^2�o®�i�fGej^
`QkL\lp�^Vpqv&kLi�fGg�_Jª��$[L®�^SA^SiE|Pejv�^Eij^+flp/ij^�kP ��Q®�ijf]ej^«`Qku\zp�^�p�v&kuijfGgJ_X�}^�tSkLd&pq^Vp�[5ac^+[u`�ejv�^+^E\G^Sac^Eg�e{p7ij^uk5 
�£w¹kºb�i�[£t¥^upjpq[Pi·kLi�^�®�i�fGeje�^Sg¹�£w�fGe{pËg�^EfG_Pv£�&[PiEª x	pnpqv�[u®�g fGgà��fG_PdJij^!� � ¢§�¤�|$tSkud&pjku\+ac^Sac[5ijw
v&k5p�and&t�v¯�}^Eejej^Ei�t¥[5acb�\G^EejfG[5gne�fGac^�e�v&kLg·pq^u¸�dJ^Sg�e�fzku\G\Gw¯t2[Pg&pqfzp�e�^Sg£e�ac^Sa¨[PijwV�&^utSkud&p�^Vf]e� �[A^up�g�[5e
ij^�¸�d�f]ij^Vkug�w©t¥[Paca¯d�g�f]tSkuejf][Pg¯�}^Ee�®�^S^SgcbJij[£t¥^up�p�[5i�p�®�v�^Sg�ejv�^Eij^Vfzp,ij^uk5 ��o®�i�fGe�^�`Qku\zpq^#pqv&kLi�fGg�_Jª���[5i
ejvJ^:��b�ij[£t2^upjpq[Pi·tSkPpq^A|+tEkLd&p�kL\+ac^Eac[Pi�w�v&k5p�2P~�ç \][u®�^Si¨t¥[Pa¨b�\G^Se�fG[5g e�fGac^Ãª3r�v�^:t¥[5acb�\]^Sejf][Pg
ejf]ac^¯®�fGejv tSkLd pjkL\$ac^Sa¨[Pijw: £[A^upËgJ[Pe¨ �^ut¥i�^ukPpq^�a¨[Pg�[5ej[PgJfztSku\G\Gw kPp¯ejv�^�g£d�an�&^Si¦[L`VbJij[£t¥^up�p�[5i�p
fzpVfGg&t2ij^uk5p�^u ª�r�vJfzp�flp+�}^�tSkLd&pq^n`§[Pi¯pq[Pac^Xg£d�a¯�&^Si+[L`$bJij[£t¥^up�p�[5i�p¥|,ejvJ^� �kLe{k�b&kuije�fGejf][Pg�f]g�_�\]^ukP Jp
ej[·\G[ÃkP �f]an�&ku\zkug&t¥^upV¢o �dJ^ne�[�ejvJ^Ë`Qk5t¥e#e�v&kLeÅk©bJij[£t¥^up�p�[5i>¼×p#b kLije�fGe�fG[Pg t¥[5d�\z º\Gf]^ck5t¥ij[Ãpjp# £f¼»½^Sij^Eg�e
g£d�an�&^Si,[u`,b&kL_5^upC¤�kLg  �®�ijf]ej^¥�Q®�ijf]ej^«`Qku\zpq^#pqv&kLi�fGg�_Jª
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Æ:^Xi�kLg kL\]\7e�v�^¯kLbJb�\GfltSkLe�fG[Pg p«®�fGe�vº�}[5ejv:fGacbJ\G^Sac^2g£e�kLe�fG[5g&p�[L`�tSkud&pjku\/a¨^Sac[Pi�wne�v&kLeVv&kSA^¦�}^E^Sg
 �flpjt¥d&p�p�^u ¹f]g ejv�flpnb&kub}^EiSªµr�v�^:fGa¨b�\G^Sa¯^2g�e{kLejf][Pg��&k5p�^u  [Pg A^ut2ej[Pi¨ejfGa¨^up�e{kLacb&pVejv&kue�v&kSA^:k
t¥[5acb&[Pg�^Sg£e«`§[5i#^uk5tCv:b�ij[£t2^upjpq[PiX £[A^upXp�d�»½^SiV`§ij[5a�ejv�^¯b�ij[5��\G^Ea�[L`$d�g�gJ^ut¥^up�pjkLi�wºfGg£5kL\Gfl �kLe�fG[5g&p¥ª
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x+p$knij^�p�d�\]eS|&fGe�p�b&^Si�`§[5ija�kug&t¥^Vfzp$g�[Pe	kPp+_P[A[£ :kPp$ejv�^¦fGacb�\]^Sa¯^Sg�e{kLe�fG[Pg¨�&kPpq^u �[Pg·b&kL_5^XA^Si�pqfG[Pg p
¢Ûe�v�^$ij^upqd�\Ge{p/ £fzpjt2d&pjpq^u npq[�`Qkui�kLi�^y`§[5i,ejv�flp�f]acb�\]^Sac^2g�e{kLejf][Pg¦[L`�tEkLd&p�kL\a¨^Sac[Pi�w}¤{ªÊ�ÃfGg&t¥^$ejvJ^+pqe�kLe�^
p�v kLijf]g�_¯ac^SejvJ[£ nv&kPp�acf]g�fGa¨kL\�f]acb&k5t¥e,[Pg�e�v�^+b&^Siq`§[Pija©kLg&t¥^	[L` ( +�|&mj�ckug& �¡º¡�|�®�^�[5g�\Gw¨p�vJ[L®
ejvJ^Xt¥[5acb�\G^EejfG[5gcejf]ac^up�`§[Pi#Z�h	¡ ¢Qp�fGÄE^æ���Ã�P�u±½���A�P�A¤�|�r«��+�¢¤�E~ct¥fGe�fG^up�¤�kLg& ����X µ¢Qp�fGÄE^M2��S�u±92��S��¤
`§[Pi$ejvJ^�eq®�[XfGacb�\]^Sa¯^¥g£e�kuejfG[5g&p�[L`�tEkLd&p�kL\sac^Sa¨[PijwXf]g��7f]_Pd�i�^H�E��ª

¶/^�t¥ej[5i�r�fGa¨^up�e{kLacb ¶,^Si{p�fG[5g�+�ku_P^up
;µ[L`°+�i�[£t¥^upjpq[Pi{p ;µ[u`�+�i�[£t¥^upjpq[Pi{p
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�7fG_5d�ij^o�S��8yZ,[5acb&kuijfGgJ_Xejv�^Veq®�[Xf]acb�\G^Eac^¥g£e�kuejf][Pg&p

x+p#pq^S^Sg�f]g�ejvJ^ce�ku��\G^A|�ejv�^©kLb�b�\]fztSkuejf][Pg&p#e{kLÉA^¯�}^Ee�®�^S^Sg ��ç�e�[ºku�}[5d�e��S�°ç ac[Pi�^ne�fGac^Xe�[
^S±£^ut¥d�e�^#®�f]ejv:ejv�^XA^ut2ej[Pi	ejfGa¨^up�e{kLacb��&k5p�^u ºfGacbJ\G^Sac^2g£e�kLe�fG[5g�t2[Pacb&kuij^u �e�[�ejv�^XA^Si{p�f][Pg:�&kPpq^u 
fGa¨b�\G^Sa¯^Sg£e�kuejf¬[Pgsª���[5i�e�v�^upq^¯kLb�b�\]fztSkuejf][Pg:p�f]ÄS^up2|ejv�^¯pqfGÄS^X[u`�e�v�^¯p�v&kuij^u : �kue�k�p�b&k5t¥^¯®�v�fzt�vº®�k5p
kPt2ejfGA^E\Gw¯p�v kLij^� ©`§[Pi+Z�h	¡�|&r«��+ kug&  ���X Í®�kPp$��|D�¦kLg  f�E�P�nb kL_P^�pyi�^up�b&^ut¥e�fGA^S\]wAªsr�v�^�p�^Xpqa�kL\]\
p�f]ÄS^upÊ`QkSA[5i/e�v�^$A^Si�pqfG[PgX� kPp�^� Ëf]acb�\G^Ean^Sg£e�kuejf][Pgsªsr�vJ^«A^ut2ej[PiêejfGa¨^up�e{kLacbV�&k5p�^u XfGacbJ\G^Sa¯^Sg£e�kLe�fG[5g
kL\lp�[¨p�d�»½^Si{p�`§i�[Pa<dJg�g�^ut¥^�pjpjkuijwcf]g�5ku\Gfz JkLejf][Pg&p�f]g·r«��+ kLg& ��9�d Vª
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r�v�^�p�f]ÄS^�[u`�e�v�^,^S±�b&^Si�fGac^Eg�e{kL\Se�^up�eq�o�&^u +\Gf]acfGe�^u �d&pe�[�[Pg�\]wV��b�ij[£t2^upjpq[Pi�p2ª�Æ�^�tSkLgV^S±£eji{kLb&[P\lkLej^,e�v�^
�&^Sv&kS£fG[Pi�[L`}tSkLd&p�kL\£ac^Sac[5ijw�`§[5i�k«\lkLi�_P^Si�pqfGÄS^�p�wJp�e�^SaºªsÆ:^/�&^S\]fG^SA^êejv&kue�tSkud&pjku\�ac^Sa¨[Pijw�bJij[u�fl �^up
kXac[Pi�^VpjtSku\zku��\G^VfGa¨b�\G^Sa¯^SgAe{kLejf][Pg¯[L` � �£¡ �&^utEkLd&pq^XkLg£wcac^Eac[Pi�wXkPtEt¥^upjp�tEkLg��&^¦t¥[5acb�\G^Eej^u n�£w
^S±JtCv kLg�_5fGg�_�kue+ac[Ãp�e$ejv�i�^S^#ac^�pjpjku_P^up2ªVr�v�d p¥|skct2[Pg&pqe�kLg£eVg�dJan�&^Si�[u`�a¨^upjp�kL_P^�p+kLi�^X^S±�t�v&kug�_P^u 
^SA^Sgº®�vJ^Sg�k�b kL_P^©tSkPt�v�^u ��£wºa�kLg£w�bJij[£t¥^up�p�[5i�p#fzp+®�i�fGeje�^Sgsª¯Æ�^¨p�^S^¯ejvJfzp��&^Sv k�£fG[5iV[L`	tSkud&pjku\
ac^Sa¨[PijwXf]g��7fG_5d�ij^up��S�£|º����|skug& ��
2n®�v�^Si�^V®�^¦p�v�[u®�ejvJ^�g£d�a¯�&^Si�[u`�a¨^upjp�kL_P^�p/`§[PiVZ�h+¡�|&r«�ö+
kLg   �9�d �ª�mog k�p�^�¸�d�^Eg�e�fzkL\]\Gw·t¥[5g&p�flp�ej^Eg�eVac^Sa¨[Pijw·pqw�pqej^Sa ¢QkLg& �ku\zpq[�fGg k�i�^S\G^�kPp�^¨t¥[5g&p�flp�ej^Eg&t¥w
p�wJp�e�^SaµÑ¯p�^E^#�A^ut¥e�fG[5gæ2A¤�|�e�v�^+g£d�a¯�}^Ei/[u`�ac^up�pjkL_5^up�ij^u¸Ad�f]ij^u Xej[¯t¥[5acb�\]^Sej^$kVac^Sac[5ijwV[Pb&^Si{kLejf][Pg
tSkug�fGg t¥ij^uk5p�^V®�fGe�vºpqw�pqej^Sa p�f]ÄS^V�&^utSkLd p�^Xku\G\sb�i�[£t¥^up�p�[Pi{p+a�kSwnv&kSA^¦kXb&kL_5^¯t¥[Pb£wcejv kLe+v&k5p«ej[¯�&^
fGg£5kL\]fz �kuej^u ª

x«\Ge�v�[PdJ_Pv#e�v�^�t2[Paca¯d�g�fltSkLe�fG[Pg$ij^�¸�d�f]ij^u «`§[5i�t¥[5acb�\]^Sejf]g�_$kya¨^Sac[Pi�w$kPtSt2^upjp� �[A^up7gJ[Pe�f]g&t¥ij^�kPp�^
®�fGe�v�p�wJp�e�^Sa p�fGÄE^nf]g�tSkLd pjkL\�ac^Sac[5ijwA|½ejv�^�pqfGÄS^¯[L`	ejvJ^cA^ut¥e�[PiVejf]ac^up�e{kLacb p«[Pi¦A^Si�pqfG[Pg A^ut¥ej[5i�p
t¥[5d�\z º\Gf]acfGe�e�v�^cp�tSkL\lkL��f]\Gf]e�w·[L`�ejv�^¯fGacbJ\G^Sa¯^Sg£e�kLe�fG[5g&p¥ªX�AfGg t¥^nA^Ei�p�f][PgºA^ut2ej[Pi{p+[Pg�\]wºg�^S^u �e�[��&^
p�^Eg�e,®�fGe�vcpqw�g tCv�i�[Pg�f]ÄukLe�fG[5gn5kLi�fzku��\G^up2|A®�^$�}^E\GfG^EA^�ejv&kue/e�v�fzp,fzp�g�[5e�k+b�ij[5��\G^EaÙ`§[Pi� JkLe�kS�oi{kPt¥^2�Û`§i�^S^
b�i�[P_Pi{kLa�p2ªg��d�ije�v�^Si�ac[Pi�^A|}e�v�^Si�^#^S±£fzpqe+ej^ut�v�g�fl¸�dJ^upye�v&kLe¦tSkugº�&^nd&pq^u �ej[�\]fGacf]e�ejv�^Xf]g�`§[Pi�a�kLe�fG[Pg
tSkuijijf]^u ºfGg�e�fGac^upqe�kuacb&pg�1�9������wºa©kLfGg£e�kufGg�f]g�_·kLe¦^ukPt�v�b�i�[£t¥^upjpq[PiXv�[u®µ`QkLi¦ejv�^�t2\G[£t�É�pVkLeX[5ejv�^Ei
b�i�[£t¥^upjpq[Pi{pyv&kSA^¦kP £Pkug&t¥^u ½ª
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r�v�^$b}^Ei�`§[Pi�a�kLg t¥^��&^Sg�^2Ï&e�p, �d�^�e�[V�}^Eejej^Ei,pjtSku\zku��fG\]fGeqwV[L`�tEkLd&p�kL\&ac^Sac[5ijw$[Pi,ac^up�pjku_P^�b&k5pjp�f]g�_
kLi�^�g�[PeX^uk5p�f]\Gw�pq^S^Sg�`§[5iXejv�^·kLbJb�\GfltSkLe�fG[Pg pXkLg& �ejv�^Sf]iXpqfGÄS^upVejv&kuen®�^cd&pq^u �fGg�ejv�^©p�ejd  �wAª�r�v�flp
fzpc�&^utSkud&p�^ fGg kL\G\V[u`XejvJ^Saº|«e�v�^ t¥[PacbJ\G^Se�fG[Pg´ejf]ac^ºt¥dJijA^upc�&^ut¥[5ac^�%½kLe��&^utSkud&p�^ [L`¯ij^� �d&t¥^u 
t¥[5acb�d�e{kLejf][PgV_Pi{kLg£d�\zkuijf]e�w¦k5p7ejv�^,g£d�a¯�}^Eis[L`&b�i�[£t¥^up�p�[Pi{p,kLij^�fGg&t2ij^uk5p�^u ª�r�v£d&p¥|Ãky\lkLij_5^�g£d�a¯�}^Eis[L`
b�i�[£t¥^upjpq[Pi{p�®�fG\G\J[Pg�\]wX�}^$d&pq^¥`§d�\&®�v�^Sgce�v�^	kLb�b�\]fztSkuejf][Pg¯v&kPp,A^Sijw¦\zkLi�_P^Vt2[Pacb�dJe�kLe�fG[5gX_Pi�kug�dJ\zkLi�fGeqwAª
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�$d�i�^S±£b&^Sijf]ac^Sg£e�kL\&e�^up�eq�o�&^u �t¥[5g&p�flp�ej^� �[L`��Ad�gÎ~öá0'P�na�k5tCvJfGg�^up,t¥[5g�g�^ut2ej^u c�£w�kµ�E�P¡���f]e�p�áup�^Sejv��
^Si�g�^SeSª:x«g [P�£�f][Pd&pX¸Ad�^upqejfG[5g�fzp�f¬`$ejv�^· �f¬»½^Sij^Sg t¥^up+fGg�ejvJ^cejv�i�^S^�pqw�pqej^Sa�pV®�[5d�\z �b&^Si{p�flp�eX®�fGe�v
`QkPpqej^Si¦b�ij[£t2^upjpq[Pi�p#[5i#®�v�^Eg�ejv�^¨b�ij[£t¥^�pjp�[5i�pXkuij^�t¥[5g�g�^ut2ej^u º��w:k�vJfG_PvÐp�b&^S^u �gJ^Seq®�[Pi�É:p�d&t�v kPp
kLg´x,r�¡�ª�moeXtSkug��&^c^ukPpqfG\]w�kuij_PdJ^u �ejv&kue#ejvJ^cij^upqd�\Ge{p�®�f]\G\�p�e�fG\G\,�&^�5kL\Gfl  ®�f]ejv�f]g&t¥i�^ukPpq^u  Z°+,�
p�b&^S^� ��}^�tSkLd&pq^Xejv&kue+®�fG\]\7i�^u �d&t2^Xt¥[5acb�d�e{kLejf][Pg·ejfGa¨^+®�v�fzt�v�®�f]\G\êp�v�f¬`§eVkL\]\7e�v�^Xt2[Pacb�\]^Sejf][Pg�ejf]ac^
t¥d�i�A^up$ �[u®�gsªg��d�ije�v�^Si�ac[Pi�^A|&tSkLd pjkL\,ac^Ean[5ijwc®�f]\G\�^S±�b&^Si�fG^Sg t¥^+`§d�ije�v�^Si+f]acb�ij[uA^Sa¯^SgAe{p��}^�tSkLd&pq^
p�w£g&t�v�ij[5g�fGÄ�kLejf][Pg·ejfGa¨^+®�fG\]\�kL\zpq[c�&^#i�^u �d&t¥^� ª�r�v�flp«fzp��&^utSkLd p�^#[5g:t¥^Si�e�kLf]g·p�w£g&tCvJij[PgJfGÄukuejfG[5g�[5b��
^Si{kLejf][Pg&p2|�tSkud&pjku\�ac^Eac[Pi�w�f]g&t¥d�i{pVt¥[Pg&pqfz �^Ei�kL�J\G^¯b�ij[£t¥^�pjp�f]g�_�[uA^Si�v�^uk5 �p¥ª¨x9`QkPpqej^SiVg�^Seq®�[PijÉº®�f]\G\
a�kuÉA^«e�v�^V �f¬»^Eij^Sg&t2^+kuac[Pg�_Xe�v�^V �f¬»½^Sij^Sg£e�pqw�pqej^Sa©p�\]^upjp�p�f]_Pg�f¬Ï½tSkLg£eSª,r�vJfzp/flp��&^utSkLd p�^Vejv�^	ac^San�
[Pi�wcpqw�pqej^Sa©p�e�v&kLe�p�^Sg  ©\lkLi�_P^+ac^�pjpjku_P^up�¢§b&kL_5^upC¤,®�f]\G\&�&^Sg�^¥Ï&e�ac[Pi�^y`§i�[Paµe�v�^+fGg t¥ij^uk5p�^u ¯g�^Seq®�[5ijÉ
p�b&^S^� ��1�A���Qª,r�v�^Vac^Sac[5ijwXpqw�pqej^Sa©p/®�fG\]\sku\zp�[¯�&^ut¥[5ac^+ac[5ij^Vt¥[5acb&^Sejf]ejf]A^�®�fGejv�ac^�pjpjku_P^Vb&k5pjp�f]g�_
fGg·kui�t�v�fGe�^ut¥ejdJij^up,ejv&kue�v&kSA^#pqa�kL\]\G^Si,b&ku_P^Åp�fGÄE^up�[Pi$pqd�b�b&[Pi�e+andJ\Gejf]b�\G^�b kL_P^Åp�f]ÄS^up¥ª
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¡ºkLg£w·kLb�bJij[Ak5tCvJ^upy`§[Pi	��d�fG\l �fGgJ_ � ��¡ pqw�pqej^Sa©p�v&kSA^#�&^S^Sg·b�ij[5b}[Ãp�^u ½ª#mog�vJfzp�b�fG[5g�^S^Si�fGg�_¯®�[5ijÉ½|
&f,k5 �kLb�e�^u �kna¯d�\]ejfGbJij[£t¥^up�p�[5i+tSk5tCvJ^¯t¥[Pv�^Eij^Sg&t2^#b�i�[Pej[£t2[P\,ej[· �^SA^E\G[PbÎk�p�[L`§eq®�kLij^X� kPp�^�  f]acb�\G^2�
ac^Sg£e�kuejf][PgX[L`Êp�v&kuij^u ¯ac^Sac[5ijw+f]gckV �flp�eji�fG��dJej^u ¯p�wJp�e�^Saºª�x«\Ge�v�[PdJ_Pv¨p�^SA^Si{kL\�f]acb�i�[LA^Ean^SgAe{pÊv k�A^
�&^S^SgÅp�d�_5_P^upqej^u #e�[+ejv�flp7kub�b�i�[AkPt�v�� �P��|u�5���o|u^S±�bJ\G[Pf]ejf]g�_$p�w£g&t�v�ij[5g�fGÄukuejf][Pg#f]g�`§[Pi�a�kLe�fG[5g#kug& #®�^�kLÉA^Si
t¥[5g&p�flp�ej^Eg&t¥w�`§[5i�p�v&kuij^u Xac^Sac[5ijw+i�^Sb�i�^up�^Sg£e�eq®�[¦pqfG_PgJf¼Ï½tSkug�e�kP �5kLg t¥^Sac^Sg£e�p�fGgXv&kug& �\Gf]g�_Vejv�^$b&^Si��
`§[Pi�a�kLg t¥^Vb�ij[5��\G^Sa©p«k5pjp�[£t2fzkLe�^u �®�fGe�v � �£¡ßpqw�pqej^Sa©p¥ª$mog�ejvJfzp+pq^ut¥ejf][Pgs|&®�^Åt¥[Pa¨b&kLi�^�e�v�^¯tSkud&pjku\
ac^Sa¨[Pijw¦pqw�pqej^Sa°b�ij^�p�^Sg£ej^u XfGg¨ejv�flp�b kLb&^Si�ej[Åp�wJp�e�^Sa�p�ejv&kue�a�kLÉA^�d p�^+[u`êp�w£g&tCvJij[PgJfGÄukuejfG[5gcfGg£`§[Pi��
a�kuejfG[5gXfGg¯a�kLf]g�e{kLf]g�fGg�_	t¥[5v�^Sij^Eg&t¥^Aª�Æ�^	kL\lp�[#i�^S\zkuej^$tSkud&pjku\&ac^Sac[5ijwVej[V[Pe�v�^Si,®�^�kLÉ£\GwXt2[Pg&pqfzp�e�^Sg£e
ac^Sa¨[PijwÅp�wJp�e�^Sa�p¥ª

´QPSR - %/.0��� 1)- �«'V%/���
r�v�^¯d&p�^X[u`$pqw�g&t�v�i�[Pg�f]ÄukLe�fG[Pgºf]g�`§[Pi�a�kLe�fG[5gºfGg:t¥[5v�^Sij^Eg&t¥^Xa�kufGg£ej^Sg&kug&t¥^V®�k5p�Ï&i{p�eVk5 �A[£tSkuej^u ��£w
� d��&[5fzpVkLg& ��£t�v�^Sd�i�fzt�v$���S����`§[PiVandJ\Gejf]b�ij[£t2^upjpq[Pi	p�wJp�ej^Ea�p¥ªVr�v�^Ew:kLij_5d�^u ºejv&kue+[PgJ\GwºejvJ^X^S±�^�t¥d��
ejf][Pg�[L`�p�w£g&t�v�ij[5g�fGÄ�kLejf][Pgc[5b&^Si�kuejfG[5g&p�g�^S^u �p,ej[X�&^¦p�^u¸Ad�^Sg£ejflkL\]\GwXt2[Pg&pqfzp�e�^Sg£e�kPp�\G[5g�_¯kPp�t2[Pv�^Si�^Sg&t¥^
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[Pi{ �^Si�^u ¹kub�b�ij[ÃkPt�v ��w´ �f]�fl �fGgJ_:p�w£g&tCvJij[PgJfGÄukuejfG[5g¹[5b}^Ei�kLe�fG[5g&pcfGg¹eq®�[�eqw£b}^�p�8ºk5tS¸�dJfGij^·kug& ¹ij^¥�
\G^�kPp�^_� ���>�oªêm�e,flp/[PgJ\Gw¯g�^ut¥^up�pjkuijwXejv kLe�t2[Pv�^Si�^Sg&t¥^	kPt2ejfG[5g&p�kuij^+b&^Siq`§[Pi�ac^u X�}^2`§[Pij^�k�ij^E\G^uk5p�^$[Pb&^Si�kS�
ejf][Pg·fzp�t¥[5acb�\G^Eej^u ª,mog�ejvJ^�A^Ei�p�f][Pg�[L`[ «Z ®�v�^Si�^#pqw�g tCv�i�[Pg�f]ÄukLe�fG[5g�[Pb&^Si{kLe�fG[Pg p«kuij^Xpq^u¸Ad�^Sg£ejfzku\G\]w
t¥[5g&p�flp�ej^Eg�eE|7fGeV®�kPpXp�vJ[L®�g ejv&kue#®�fGe�v�b�i�[Pb&^Si#\lkL�&^S\]fGg�_·[L`$ac^Sa¨[Pijw�[5b}^Ei�kLe�fG[5g&pc¢ok5tS¸�dJfGij^¯[Pi¦ij^¥�
\G^�kPp�^¯pqw�g tCv�i�[Pg�f]ÄukLe�fG[5g�[5b}^Ei�kLe�fG[5g&p�[5i�[5i� �f]g&kLi�wº[Pb&^Si{kLejf][Pg&p�¤�|�[Pg�^¨tSkLg  �^SA^E\G[Pb·b�ij[5_Pi{kLa�p+[PgÐk
 «Z�pqw�pqej^SaîkPp�p�d�acf]g�_+e�v&kLe�fGe�b�i�[u�fl �^up�pq^u¸�dJ^Sg�e�fzku\&t¥[Pg p�fzpqej^Sg t¥wAª�r�v�d p¥|Aejv�^$[PbJejfGa¨fGÄukuejfG[5g&psa�kP �^
b&[Ap�p�fG�J\G^��£w$ «Zµf]g�fGacb�\]^Sa¯^Sg�e�f¬g�_�ac^Sac[5ijw:t¥[5g&p�flp�ej^Eg&t¥w� �[ g�[Pe¯fGg&t2ij^uk5p�^�ejv�^·t¥[5acb�\]^S±�f]eqwº[L`
b�i�[P_Pi{kLaca¨fGg�_Jªºx+ �A^�kug& $�«fG\]\d�#���Q|,kL\lp�[: �^SA^E\G[Pb&^u  kºp�fGa¨fG\zkuiVkLbJb�ij[ÃkPt�v kLg  Ðf]g�e�ij[£ �d t¥^u �e�v�^
g�[5ejfG[5gc[L`ê JkLe�kS�oi{kPt¥^2�Û`§i�^S^Vb�ij[5_Pi�kua�p¥ª4�«w£��ijfl nt¥[5g&p�flp�e�^Sg&t¥w�� ���skug& n��d£»^Eij^u ct2[Pg&pqfzp�e�^Sg&t¥w�� ~P���½kLi�^
^S±JkLacbJ\G^ups[L`�[5ejv�^Si�ac^Sac[5ijw+a¨[£ �^S\zp�ejv&kue�kLi�^+�&k5p�^u X[Pg�t2\zkPp�p�f¬`§w�f]g�_¦p�w£g&tCvJij[PgJfGÄukuejfG[5gn[5b&^Si�kuejfG[5g&p
kLg  � �^¥Ï g�fGg�_¯t2[Pv�^Si�^Sg&t¥^	ij^S\lkLejf]A^+ej[Xe�v�^Saºª

½kLÄSw�i�^S\G^uk5p�^·t¥[5g&p�flp�ej^Eg&t¥w ¢@û «Z�¤�� ��'��$kug& ¹^Sg£eji�w�t¥[Pg p�fzpqej^Sg t¥w ¢ ( Z�¤-�#�E~��o|,�&[Pe�v [L`V®�v�fltCv
®�^Eij^#bJij[Pb&[Ãp�^u :k�`§e�^SiX «Z$|&a�kuÉA^�^EA^Sg�ac[5ij^¦kL_5_Pi�^upjpqfGA^Xd&pq^#[L`�pqw�g&t�v�i�[Pg�f]ÄukLe�fG[Pgºf]g�b&^Siq`§[Pija¨fGg�_
t¥[5v�^Sij^Eg&t¥^�k5t¥ejf][Pg&p2ª¹x«\]ejv�[5d�_Pv�e�v�^SfGiXf]acb�\]^San^Eg�e{kLejf][Pg&pV �f¬»½^SiS|�e�v�^�ÉA^Sw:fz £^uk�d&p�^� Ð�£w��&[Pe�v¹flp
ejv kLe$t�v&kLg�_5^up/e�[Xpqv&kLi�^u � �kLe{kXkLij^	a�kP �^$fGg p�fz £^+t¥i�fGe�fztSku\pq^ut¥e�fG[Pg p�t¥[5g�e�ij[P\]\G^u X�£w¯p�w£g&tCvJij[PgJfGÄukuejfG[5g
5kLi�fzkL�J\G^upV¢Û^Aª _�ª]|�\G[£t�É�p�¤�|&kLg  �p�d tCvÎtCv&kug�_P^�py[5g�\Gw�g�^S^� ©e�[n�&^¦b�ij[5b&kL_ÃkLej^�  e�[ne�v�^#b�i�[£t¥^up�p�[Pi	ejv&kue
g�^S±£e,^Sg£ej^Si{p�e�v�^	t¥ijf]ejfztEkL\&pq^ut¥ejf][Pgsªêmogct¥[5g�e�i�k5p�eS|� «Z�i�^u¸�dJfGij^�p7ejv&kue�®�v�^Eg�p�v&kuij^u ¨ �kLe{k�fzp�ac[£ £f¼Ï&^u 
fGgÐk�t¥i�fGejfltSkL\�pq^ut¥ejf][Pgs|êkL\]\/bJij[£t¥^up�p�[5i�p¯tSkPt�v�fGgJ_�e�v�^� �kue�k�f]ej^Sa��&^�pq^Sg�eÅk�i�^u¸�dJ^up�e¦ej[�f]g�5ku\Gfz JkLej^
[PiVd�b½ �kuej^cf]e�pVtSk5tCv�^�  5kL\]d�^X�&^¥`§[Pi�^cejvJ^Xij^S\]^ukPpq^n[5b}^Ei�kLe�fG[5g�t¥[Pa¨b�\G^Se�^up¥ª¦r�v�^� £^Sej^Si�acfGg kLejf][Pg·[L`
®�v�fltCvXb�i�[£t¥^up�p�[Pi�gJ^S±�e�kPtS¸Ad�fGi�^up,kVp�w£g&tCvJij[PgJfGÄukuejfG[5gn5kuijfzku��\G^$fzp, �[5g�^	kLe,ijd�g£ejf]ac^Aª�r�v£d&p¥|AfGg�û «Z
kLg   ( Z$|7t2[Pv�^Si�^Sg&t¥^¯k5t¥ejf][Pg&pVtSkug��&^¨ �^S\lk�wA^� ºkLe¦k�b�i�[£t¥^up�p�[Pi¦d�g£ejfG\êfGeVpqd&tSt¥^S^� �p«fGg kPtE¸�d�f]ijf]g�_·k
p�w£g&t�v�ij[5g�fGÄ�kLejf][Pg�5kLi�fzkL�J\G^Aª

 «Z$|�û «Z$| ( Z°kLg& �[Pe�v�^Si¨p�fGa¨fG\zkui¦p�wJp�ej^Ea�p#a�kLf]g�e{kLf]g�kºp�^u¸Ad�^Sg£ejflkL\]\Gw t¥[Pg&pqfzpqej^Sg£eXac^Sac[5ijw
fGg£ej^Ei�`QkPt2^©`§[5inbJij[P_5i�kuacac^Si{pXkPpn\][Pg�_�k5pnejvJ^SfGi¯kub�b�\GfltSkLe�fG[5g&pckLi�^�b�i�[Pb&^Si�\Gw´p�w£g&t�v�ij[5g�fGÄS^�  ¢§^Aª _JªG|
kLi�^� JkLe�kS�oi{kPt¥^2�Û`§i�^S^P¤�ª �$ejv�^Si�ac^Eac[Pi�w�ac[£ �^S\lpnv&kSA^:�}^E^Sg bJij[Pb&[Ãp�^u  e�v&kLe·a�kLÉA^·ejv�^:®�^�kLÉA^Si
t¥[5g&p�flp�ej^Eg&t¥wº[L`�k�a¨^Sac[Pi�wºpqw�pqej^Sa�£fzpqfG��\]^ne�[�ejvJ^cb�ij[5_Pi{kLacac^Ei�p¥ª ( ±JkLacbJ\G^up+[L`$e�v�^upq^cfGg&t2\Gd& �^
b�f]b}^E\GfGgJ^u ! $x+¡ ¢,+� $x+¡�¤ � ~����o|,b�i�[£t¥^upjpq[Pi¨t¥[Pg p�fzpqej^Sg t¥w ¢,+�Z�¤ � �P��|����>�o|�kLg& ´tSkLd pjkL\$kug& ¹pq\G[u®
ac^Sa¨[Pijf]^up®�72A|����y�oª�+�ij[5_Pi�kuacac^Si{p«a¯d&p�e+^EfGejvJ^Si¦p�v�[u®µejv kLeXb�i�[P_Pi{kLa�pVkuij^cg�[5eXkS»^�t¥ej^u :��wºe�v�^
®�^�kLÉA^Si!t¥[Pg&pqfzpqej^Sg&t2wX¢Û^Aª _�ª]|ut¥[Pg&pq^Sij5kuejfGA^,b�i�[P_5i�kLa©p®�fGejv¦ij^upqb&^ut¥esej[Q+� $x+¡ � ~��.�Û¤&[5i7a¯d&p�e½fGg&t2\Gd& �^
t¥[£ �^Xf]g�e�v�^SfGi	kLbJb�\GfltSkLe�fG[Pg p«ejv&kueV �^uku\zp«®�f]ejv:pqd&tCv·®�^ukuÉºt¥[5g&p�flp�e�^Sg&t¥wAª	moe«flp+kLi�_Pd�^u �e�v&kLe	�}^Eejej^Ei
b&^Si�`§[5ija�kug&t¥^ÅtSkLgº�&^¯kPt�v�f]^SA^u cfGg·ejv�^upq^¯p�wJp�e�^Sa�p��}^�tSkLd&pq^¯p�e�ij[PgJ_�t2[Pg&pqfzp�e�^Sg&t¥w�flpyg�[5eVb�ij[u£fz �^u 
`§[Pi	kLg£w�pq^Se�[L`êac^Sac[5ijwX[5b}^Ei�kLe�fG[5g&p¥ª
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[Pb&^Si{kLe�fG[Pg p+kPp«flp« £[Pg�^Xf]gºkcpq^u¸�dJ^Sg�e�fzku\G\Gw¨t¥[5g&p�flp�ej^Eg�e$ac^Sac[5ijw¯pqw�pqej^Saºª�Ì�w�k5pjpqd�acfGgJ_ne�v&kLe$b�ij[u�
_Pi{kLa�pVkuij^� �kue�kS�oi{kPt¥^¥�§`§ij^E^A|�®�^¯^S±£b�\G[5fGe¦p�w£g&t�v�ij[5g�fGÄukuejf][Pg�f]g�`§[Pi�a�kLe�fG[Pgº�&^utEkLd&pq^cfGe¦^Sg&p�dJij^upVejv&kue
ac^Sa¨[PijwV[5b}^Ei�kLe�fG[5g&p�[Pg�g�[5g��qpqw�g tCv�i�[Pg�f]ÄukLe�fG[5g� �kLe{kX �[#gJ[Pe�t2ij^ukuej^Vk5 � �fGe�fG[5g&kL\!tSkLd&p�kL\½[Pi� £^Sijf]g�_Ap2ª
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¸Ad�^Sg£ejfzku\G\]wVt¥[Pg p�fzpqej^Sg£e�ac^Sac[5ijw��£w�d p�fGgJ_Vk«®�ijf]ej^Siq�of]g�5ku\Gfz JkLej^�p��Qij^uk5 �^Si�pbJij[Pe�[£t¥[P\Qª,mogX¡�fGi{kL_5^®� �P���o|
b�f]g�g�fGgJ_c®�k5p�f]acb�\]^San^Eg�e�^u nej[·kSA[Pfl ºt¥^Si�e�kLf]gºb�ij[5��\G^Ea�pyf]gºejv�^¯mo£w�b�i�[Pe�[£t¥[P\QªX¡�d�g�f]g �#�����o|sfGa¯�
b�\]^Sac^Sg£ej^u ¦k�`QkLacf]\Gw¦[L`�b�i�[Pej[£t2[P\zp2|�fGg&t2\Gd& �f]g�_Vejv�^$Ï&i�pqe�p�[u`§eq®�kLi�^VfGacb�\]^Sa¯^¥g£e�kuejfG[5gX[L`4 «Z$ª£¡�d�g�f]g
p�vJ[L®�^u �ejv kLe+b&^Siq`§[Pija©kLg&t¥^Åt¥[Pa¨b}^EejfGe�fGA^+®�f]ejv·v&kLg& :t¥[£ �^� �ac^upjp�kL_5^#b&k5pjp�f]g�_�b�ij[5_Pi{kLa�p+tEkLgº�&^
kPt�v�f]^SA^u +f¼`! �kue�kVp�v&kuijf]g�_Vb&kLe�ej^Si�g&p�[L`�kug¯kLb�bJ\GfztEkLejf][Pg¯tSkugn�&^�fl �^Sg£ejf¼Ï ^u #kug& nkub�b�i�[Pb�i�fzkLe�^+t2[Pg&pqfzp��
ej^Eg&t¥w¯b�ij[5ej[£t¥[5\zp�tSkug��&^¦kPp�p�[£t¥flkLe�^u c®�fGejv·pqv&kLi�^u � �kLe{k#fGej^Ea�p¥ªê�+p�^Si�p�b&^ut¥f¬Ï&^u ckug�g�[5e�kLe�fG[5g&py®�^Sij^
d&pq^u �f]gX¡�d�g�f]g�`§[5i7e�v�fzpsb�d�i�b}[Ãp�^Aª�û «ZÎfzpsfGacb�\]^Sa¯^SgAej^u �fGg¦ejv�^�rÊi�^ukP J¡ºkLijÉJp�p�wJp�ej^Ea � � � ��kug& �e�v�^
¡�fz £®�kSw¯p�wJp�e�^Sa f]acb�\]^San^Eg�e{p ( Z$ª&mog�û «Z$|�®�i�fGe�^up/e�[¯p�v&kuij^u � �kue�kXkLi�^+b�i�[Pb&ku_AkLe�^u �®�vJ^Sgc\G[£t�ÉJp
kLi�^�eji�kug&p�`§^Eijij^� ��&^Seq®�^S^Sg b�ij[£t¥^�pjp�[5i�p2ª�rs[º^Sg&p�dJij^�ejv&kueXejv�^¨b�ij[£t¥^�pjp�[5iXejv&kue¯kPtS¸Ad�f]ij^upVejv�^�\G[£t�É
g�^S±£e,ij^ut2^SfGA^up�kL\]\½tCv&kug�_P^�p�e�[Xpqv&kLi�^u n JkLe�k#e�v&kLe,®�^Sij^$É�gJ[L®�g¯ej[¦ejv�^$b�i�[£t¥^upjpq[Pi�ejv&kue�ij^E\G^uk5p�^u #e�v�^
\G[£t�É½|�tEkLd&p�kL\� �^Sb&^Sg  �^Sg&t¥f]^up,kLi�^�i�^ut¥[5i� �^u ¯d&p�f]g�_#A^ut2ej[Pi�ejf]ac^up�e{kLacb p7kug& �k#v�fzpqej[Pi�wn� kPp�^� ©a¨^utCv£�
kLgJfzp�aÈflpyd&pq^u �ej[¨ �^Se�^Sija¨fGg�^+®�v kLeV �kue�kna¨[£ �f¼Ï½tEkLejf][Pg&p�v k�A^¦ej[¯�&^Xeji�kug&p�a¨fGeje�^u c®�fGe�v�ejvJ^#\G[£t�É
eji{kLg&po`§^Si�p2ª�û «Z�v&kug& �\]^up7`QkL\zpq^+pqv&kLi�fGg�_V�£wXku\G\G[u®�f]g�_Vand�\]ejf]b�\G^�t¥[5g&t¥d�i�ij^Sg£e�®�ijf]ej^Si{pÊ`§[Pi�k+b&ku_P^+��dJe
k YAD , ac^ut�v&kLg�flp�a3flp7d&pq^u #ej[Vac^Si�_P^�t�v&kLg�_5^up�a�kP £^��£w#t2[Pg&t¥dJijij^Eg�e�®�i�fGe�^up¥ªêr�v�^�fGacbJ\G^Sa¯^Sg£e�kLe�fG[5g
[L` ( ZÇfGg:ejv�^©¡�fz �®�k�w:pqw�pqej^Sa)_Pd kLi�kug�e�^S^upV[Pb�e�fGa�ku\� JkLe�k�e�i�kug&p�`§^SiEª�r�vJfzp#fzpVk5tCv�f]^SA^u º��wºeq®�[
p�^Eb&kLi{kLej^Xa¨^utCv kLg�flp�a�p2ªW�7fGi{p�eE|}\]fGÉA^gû «Z$|}a¨[£ �f¼Ï½tEkLejf][Pg&p�ej[©p�v&kuij^u : �kLe{kckLi�^Xeji{kLg&pqacfGe�ej^u c®�fGe�v
eji{kLg&po`§^SiX[L`	pqw�g tCv�i�[Pg�f]ÄukLe�fG[5g�5kLijflkL��\]^up¥ª:�A^ut¥[5g& |,¡�fz £®�kSw�i�^u¸Ad�fGi�^up+b�ij[5_Pi�kuacac^Si	ej[º^upqe�kL�J\Gfzpqv
kPp�p�[£t¥flkLe�fG[Pg pË�&^Seq®�^E^Sg�pqv&kLi�^u � �kLe{k�fGe�^Sa�pVkLg& �pqw�g&t�v�i�[Pg�f]ÄukLe�fG[Pg PkuijflkL��\]^up¥ªºr�vJfzp#ku\G\][L®$p#f]e#e�[
eji{kLg&po`§^Si	tCv&kug�_P^�pye�[n[5g�\Gw�ejvJ^# JkLe�k¯fGej^Ea�p/e�v&kLe	kLi�^XkPp�p�[£t¥flkLe�^u �®�f]ejv�e�v�^¦p�w£g&t�v�ij[5g�fGÄukuejf][Pg�5kuijf¼�
kL�J\G^#�&^Sf]g�_ce�i�kLg p�`§^Si�ij^u ª�û «Z$|}[5gºejv�^¦[Pe�v�^Si$v&kLg& ½|and p�e�fGg t¥\Gd& £^#fGg£`§[Pija©kLejf][Pg·kL�&[5d�e¦tCv&kug�_P^�p
ej[¨kL\]\spqv&kLi�^u � �kue�k£ª

�$d�i�fGacbJ\G^Sa¯^Sg£e�kLe�f¬[Pg¯[L`�tSkLd&p�kL\sac^Eac[Pi�wX �f¬»^Ei�p/`§ij[5aÈmo�w¨kLg  ©e�v�^¦¡�d�g�f]gcfGacbJ\G^Sa¯^Sg£e�kLe�fG[5g
[L`h «ZÍ�}^�tSkLd&pq^Xb�ij[£t2^upjpq[Pi�p+e�v&kLe¦tSk5tCv�^Åk� �kLe{k©f]ej^SaÈ�&^Sf]g�_�®�ijfGe�ej^SgÎkLi�^ng�[5e+g�[5ejf¼Ï ^u �^SfGe�v�^Si+[5g
ejvJ^�®�ijfGe�^�[5i/®�vJ^Sg¯k+ij^S\]^ukPpq^�[Pb&^Si{kLe�fG[Pg¯[Pg¨k+pqw�g&t�v�i�[Pg�f]ÄukLe�fG[PgX5kuijfzku��\G^�flp7^S±£^ut¥d�e�^u ª��Af]g&t¥^� JkLe�kS�
i�k5t¥^¥�§`§ij^S^¯b�i�[P_Pi{kLa�pVku\G\G[u®Çd&p�e�[�b&^Siq`§[Pi�aßt¥[5g&p�flp�e�^Sg&t¥w·ij^S\lkLej^� �k5t¥ejf][Pg&pV[Pg�\]wº®�v�^Sg kLg�k5tS¸�dJfGij^
[Pb&^Si{kLe�fG[PgÍt2[Pacb�\]^Sej^�pXkLe�k�bJij[£t¥^up�p�[5iS|�ejv�^º[5b&^Si�kuejfG[5g [L`¦[PdJicfGacbJ\G^Sa¯^SgAe�kuejf][Pg�i�^up�^Sa¯��\]^up�e�v�^
rsij^uk5 �¡ºkLi�É�p,kLg  n¡�fl �®�kSw¦p�wJp�e�^Sa�psejv&kue/f]acb�\]^San^Eg�e·û «Z�kLg   ( Z$|Pi�^up�b&^ut¥e�fGA^S\]wAªD�«[u®�^SA^SiS|ug�[5e
[PgJ\Gw¦ �[+®�^� �f¬»^Ei7f]g#v�[u®�®�^�kLiji�fGA^�kLeêejv�flpÊb&kuije�fzt¥d�\lkLi�fGacbJ\G^Sa¯^Sg£e�kLe�fG[5g«[u`stEkLd&p�kL\�ac^Eac[Pi�wA|¥e�v�^Sij^
kLi�^�kL\lp�[:pq^SA^Si�ku\�p�fG_5g�f¼Ï}tSkLg£e#[5b}^Ei�kLe�fG[5g&kL\$ �f¬»½^Sij^Sg t¥^up¥ª�Æ:^cd&p�^©p�w£g&tCvJij[PgJfGÄukuejfG[5g�ej[ºbJij[Pb kL_Akuej^
tSkud&pjku\, �^Sb&^Sg& £^Sg&t¥f]^up«®�v�^Si�^ukPp	rÊi�^ukP �¡ºkuijÉJp«d&pq^up+fGe$ej[�fz �^Eg�e�f¼`§wce�v�^Xb�ij[£t2^upjpq[Pi�pVkue�®�vJfzt�vº �kue�k
a¯d&p�eV�&^�a�kP �^©t¥[Pg&pqfzpqej^Sg£eSª:rsij^uk5 �¡ºkLi�É�p#v&kug& �\]^up#andJ\Gejf]b�\G^¦®�ijf]ej^Si{p��£w�t¥ij^�kLejf]g�_�b kL_P^·t¥[5b�fG^�p
kLg  ��£wnd&pqfGg�_ YAD , [Pb&^Si�kuejf][Pg&p2ª/Æ:^Vv&kSA^«`§[Pd�g  �ejv kLe�ejvJ^�bJij[£t¥^up�p�f]g�_n[uA^Si�v�^uk5 ckPp�p�[£t¥flkLej^� �®�fGe�v
YAD , [Pb&^Si�kuejf][Pg&p$tSkLg·�&^#pqfG_5g�f¼Ï½tEkLg£e®� ��2��oª

r�v�^+[5ejv�^Si$ £f¼»½^Sij^Eg&t¥^$�}^Ee�®�^S^Sg¨tSkLd pjkL\sa¨^Sac[Pi�wVfGacb�\]^Sa¯^SgAe�kuejfG[5g¯kLg& �rsij^uk5 �¡ºkLi�É�p,fzp,fGgce�v�^
kLa¨[Pd�g£ec[L`Åpqe�kLe�^�®�vJfzt�v fzpna�kufGg£e�kufGg�^u �e�[ e�i�k5tCÉ´b&kL_5^upcejv&kue�v k�A^·�&^S^Sg kPt¥e�d&kL\]\Gw¹a¨[£ �f¼Ï&^� ª
rsij^uk5 �¡ºkLi�É�p+eji�fG^up$ej[�fz �^Eg�e�f¼`§w�^S±JkPt¥e�\Gw�e�v�^Xb&ku_P^upV®�v�fzt�vºv&kSA^X�&^S^Sg:ac[£ �f¼Ï ^u �kug& �fGg£5kL\]fz �kuej^up
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[PgJ\Gw ejvJ[Ap�^:b&ku_P^up2ª x$\GejvJ[Pd�_5v e�v�fzpc\G^�kP �pcej[�`§^S®�^Sicf]g�5kL\]fz �kuejf][Pg&p�áSd�b½ �kuej^up2|+ejv�^:pqe�kLe�^�_5ij[u®$p
i�kub�fz £\Gw:fGg´p�f]ÄS^�kLg   _Akuij�&ku_P^Ît¥[P\]\G^ut¥e�fG[5g�flp#ij^u¸Ad�fGi�^u �e�[º\GfGa¨fGeVfGeEª*�$d�i¯kub�b�i�[AkPt�v¹®�f]ejv�A^ut¥e�[Pi
t¥\][£tCÉJp«fzp+i{kLejvJ^SiVb}^�pjp�f]acfzpqejfltP|fGgºe�v&kLe¦®�^Xf]g�5kL\]fz �kuej^¯kug�wºb&ku_P^c®�vJfzt�vºv&kPp¦k�\G[u®�^Si+ejf]ac^upqe�kLa¨b
^SA^SgVe�v�[Pd�_5vne�v�^�b kL_P^�a©k�w	g�[Pe�v k�A^��&^S^Sg#a¨[£ �f¼Ï&^� ª�r�v�fzp7a©k�w$\G^�kP #ej[$ac[5ij^�a¨^upjp�kL_P^�pÊ��dJe7e�v�^
kP J �fGe�fG[Pg kL\�t¥[Pa¨b�\G^S±£fGeqwc[u`$a�kLf]g�e{kLf]g�fGg�_¨®�ijfGe�^ni�^ut¥[5i� �pVkLg  �_Akuij�&ku_P^·t¥[P\]\G^ut2ejfG[5g�flp#kSA[Pfl �^u ª¯mog
ejvJ^#A^Si{p�fG[5gºkuiji�kSw·fGacb�\]^Sa¯^¥g£e�kuejfG[5gs|�®�^XkSA[Pfl �d�gJg�^ut¥^up�pjkuijw�fGg£5kL\Gfl �kLe�fG[5g&py�Jd�e+ac[5ij^¦ �kLe{kca�kSw
�&^ºpq^Sg�e¯®�v�^SgÍpqw�g tCv�i�[Pg�f]ÄukLe�fG[5g¹5kLi�fzkL�J\G^up¯kLi�^�eji{kLg&po`§^Siji�^u ¹�&^Seq®�^S^Eg bJij[£t¥^up�p�[5i�p¥ªxû «Z9t¥[Pd�\l 
kL\lp�[cb&^Siq`§[Pi�a�p�[5ac^#dJg�g�^ut¥^�pjpjkuijw�fGg£5kL\]fz �kuejfG[5g&p#¢§[Pi+d�b½ �kuej^up�¤$ �d�^Xe�[n`QkL\lp�^¯pqv&kLi�fGg�_Jª%Á«[Pe�^Xejv&kue
û «Z´[Pg�\]wca�kLf]g�e{kLf]g&p�ejv�^VfGg£`§[Pija©kLejf][Pg¯ejv&kue+kXt2^Sije{kLfGg¨b&kL_5^#v&k5p��}^E^Sg�ac[£ �f¼Ï ^u nfGg©k#b&kLi�ejfzt2d�\zkui
p�w£g&t�v�ij[5g�fGÄ�kLejf][Pg�f]g�e�^Sij5ku\oª��«[u®�^EA^SiS|s £d�^cej[�`QkL\lp�^�pqv&kLi�fGg�_J|,kLg�[5ejv�^SiXbJij[£t¥^up�p�[5i { m�t2[Pd�\l �ij^uk5 
ejvJ^�b&kL_5^+kS`§ej^Si,fGeêv&kPp��&^S^Sg¯ac[£ �f¬Ï&^u ª�Ì�d�e�f¬` { m&g�[u® k5tS¸�dJfGij^� #ejv�^$pqw�g&t�v�i�[Pg�f]ÄukLe�fG[PgX5kuijfzku��\G^Ã|PfGe{p
b&ku_P^X®�[5d�\z ºpqejf]\G\s_P^Ee+fGg£5kL\Gfl �kLe�^u �¢§[Pi$d�b½ �kLe�^u }¤$^SA^Sg�e�v�[Pd�_5v�f]e«®�[Pd�\l �v&kSA^Vejv�^¯t¥dJijij^Eg�e$t¥[5b�w
[L`�ejv�^Vb&ku_P^Aª

r�v�^ ¡�fz �®�k�w´fGacbJ\G^Sa¯^¥g£e�kuejf][Pg�d&p�^�p�t2[Pacb�f]\G^¥�Qejf]an^·pqd�b�b&[Pi�e�ej[�e�i�kPt�É¹dJb JkLej^�p©e�[ pqv&kLi�^u 
 �kue�k�ª	moe+tSkugºpq^Sg& �®�fGe�vºk¯p�w£g&t�v�ij[5g�fGÄukuejf][Pg�5kuijfzku��\G^¦ejv�^¦^S±JkPt¥e	p�^Se$[L`� �kue�knf]ej^Sa©p/ejv kLe+®�f]\G\s�&^
kPtEt¥^upjpq^u ��&^utEkLd&pq^#[L`�e�v�^V^S±�bJ\Gfzt2fGe�k5pjpq[£t¥fzkuejfG[5g&p¥ªVÌ�^�tSkLd&pq^V[L`�ejv�flp¥|�f]e+ �[A^�p«g�[Pe	g�^S^u cej[¨eji�kug&p�`§^Ei
fGg£`§[Pija©kLejf][Pg kL�&[PdJeXd�b½ �kLe�^up�e�[�[Pe�v�^SiÅ �kLe{k�fGej^Ea�p+kPpVfzp¦ �[Pg�^¨fGg rÊi�^ukP �¡ºkuijÉJp�[5i#®�fGe�v�tSkud&pjku\
ac^Sa¨[PijwÃª

Æ�^	v&kSA^Vt¥[Pa¨b&kLi�^u nejvJ^+b&^Si�`§[5ija�kug&t¥^$[L`�kLb�b�\]fztSkuejf][Pg&p�i�d�g�g�f]g�_X[Pg·tSkud&pjku\sac^Sa¯[Pijw¦®�fGe�v�kug
mo�w·\Gf]ÉA^#b�i�[Pej[£t2[P\�e�v&kLeVf]acb�\G^Ean^Sg£e�p�pq^u¸Ad�^Sg£ejfzku\G\]w�t2[Pg&pqfzp�e�^Sg£e+ac^Sac[5ijw�kug& �kcac^up�pjku_P^Xb&k5pjp�f]g�_
p�wJp�e�^Saºªsx�g&kuejd�i{kL\J¸�dJ^up�e�fG[Pg¦fzpv�[u®�f]e�t¥[Pa¨b&kLi�^up}®�f]ejv#e�v�^,fGacbJ\G^Sa¯^Sg£e�kLe�f¬[Pg&p&[L`û «Z$|�û «Zº[Pi ( Z$ª
Æ:^Xv&kSA^XkL\lp�[cf]acb�\]^San^Eg�e�^S æ «Z kug& �[Pd�iVi�^up�d�\]e�p$p�v�[u®Çejv&kueVtSkLd pjkL\êac^Sac[5ijw¯b}^Ei�`§[Pi�a�p��}^Eejej^Ei
ejv kLg� «ZU� �.2��oªêr�v�fzp�flp/�&^utSkud&p�^  «Z´ �[A^up�g�[5e�ij^� �d&t¥^+e�v�^+g£d�a¯�}^Ei�[L`êac^up�pjkL_5^up�aAf]g�5kL\]fz �kuejf][Pgc[5i
d�b½ �kuej^cac^�pjpjku_P^up$v&kSA^Xej[��&^¨p�^Sg£eVej[·kL\]\�b�i�[£t¥^upjpq[Pi{pXtSkPt�v�fGgJ_cejv�^¯ac[£ �f¬Ï&^u º �kue�k�fGej^Ea�py®�vJ^Sg
kni�^S\G^uk5p�^X[5b}^Ei�kLe�fG[5g�flpy^S±£^ut¥dJej^u ª#Z�kud&pjku\,ac^Sac[5ijw¨ �[A^up+g�[Pe�p�^Sg& ºkug�w·ac^up�pjkL_5^up«[5g:k©i�^S\G^�kPp�^
[Pb&^Si{kLe�fG[Pg!ª mogÐ`Qk5t¥eS|,®�^c`§[5d�g&  e�v&kLe¯ejvJ^�tEkLd&p�kL\$ac^Sac[5ijwºfGa¨b�\G^Sa¯^2g�e{kLejf][Pg:b&^Si�`§[5ijac^u :�}^Eejej^Ei
ejv kLg�e�v�^® «Z¹f]acb�\]^San^EgAe�kLe�fG[5gË`§[5i+ku\G\[u`,ejvJ^#kub�b�\]fztSkuejfG[5g&p�®�^¦ �^�pjt¥i�fG�&^u ª

Æ�^c`§^S^E\/e�v&kLe¯ £^up�b�f]ej^ce�v�^�a�kLg£w: �f¬»^Eij^Sg&t2^up�f]g�ejv�^�[5b}^Ei�kLe�fG[5g [u`+e�v�^Sf]i#fGa¨b�\G^Sa¯^Sg£e�kuejfG[5g&p¥|
ejvJ^�b&^Siq`§[Pi�a�kLg&t2^+[L`�tEkLd&p�kL\�ac^Sac[5ijw#®�f]\G\½�}^Åt¥\G[Ãp�^Vej[�û «Z kLg&  ( Z$ª½r�v�flp�fzp��&^utSkud&p�^Åp�w£g&tCvJij[L�
g�f]ÄukLe�fG[Pg¨fzp/d p�^u cej[¦b�ij[u£fz �^	ac^Sac[5ijw¦t¥[PvJ^Sij^Sg t¥^+fGg©k#p�f]acfG\lkLi,®�kSw¯fGgce�v�^upq^Vp�wJp�e�^Sa�p¥ª�r�v�^Vac[Ãp�e
ij^�t¥^Sg£e+fGacbJ\G^Sac^2g£e�kLe�fG[5g�[L`�û «Z�f]g&t¥\]d& �^up+a�kug�w·[Pb�e�fGacf]ÄukLe�fG[Pg p#¢Ûf]g&t¥\Gd  �fGg�_�\lkLej^Eg&t¥w�i�^u �d&t2ejfG[5g
ej^�tCv�gJfz¸Ad�^upC¤!®�v�fzt�v�t¥[5d�\z nbJij[u�fl �^	p�[Pa¨^S®�v&kLe,�&^Se�ej^Si�b}^Ei�`§[Pi�a�kLg t¥^Aª/�Ãd&tCv¯[PbJejfGa¨fGÄukuejfG[5g&p¥|A®�v�fltCv
a�kSw:ij^u¸Ad�fGi�^�b�ij[5_Pi�kuacac^SiÅkPp�p�fzpqe�kug&t¥^A|�tEkLg ku\zpq[��&^�d&pq^u  ®�f]ejv´tSkLd pjkL\	ac^Sac[5ijwAª ( Zîv&kPpckug
kP £Pkug�e{kL_5^+[uA^Si,�}[5ejv�tEkLd&p�kL\skug& µû «Z �}^�tSkLd&pq^+[L`�e�v�^$^S±�bJ\Gfzt2fGeêkPpjpq[£t¥fzkuejf][Pg&p�f]e/i�^u¸Ad�fGi�^up¥ª�r�v�^upq^
kPp�p�[£t¥flkLe�fG[Pg p/ku\G\][L® fGe�e�[V �^Se�^Sijacf]g�^�e�v�^�^S±JkPt2e�pq^Se7[u`! �kLe{k�e�[+�&^�eji{kLg&pqacfGe�ej^u +®�fGe�v#\]fGeje�\G^,b�i�[£t¥^upjpo�
fGgJ_�[uA^SijvJ^ukP ª¨r�v�d p¥|7f]eXt¥[5d�\z ºb�i�[L£fz £^n�&^Se�ej^SiVb&^Si�`§[5ija�kug&t¥^X��dJe#ij^�¸�d�f]ij^up+e�v&kLe¦b�ij[5_Pi�kuacac^Si{p
 �[ kP � £fGejf][Pg&ku\«®�[Pi�É e�[�pqb&^ut¥f¼`§w ejv�^·kPp�p�[£t¥flkLe�fG[Pg p¥ª �ÃfGg&t¥^�f]e�p#b&^Si�`§[5ija�kug&t¥^�a¯d&p�e¦�}^·�&^Seq®�^S^Sg
ac^up�pjku_P^$b&kPp�p�fGgJ_XkLg  ctSkLd pjkL\½ac^Sac[5ijwA|u®�^$�&^S\Gf]^SA^�e�v�^	 �f¼»½^Si�^Sg&t¥^up�f]gne�v�^up�^	p�wJp�e�^Sa�p�®�fG\]\�g�[5e��&^
p�f]_Pg�f¬Ï½tSkug�eEª

�$ejv�^Si$fGa¨b�\G^Sa¯^Sg£e�kuejfG[5g&p/[u` � �£¡ p�wJp�ej^Ea�p�v&kSA^Xku\zp�[¨�}^E^Sg�i�^Sb&[Pije�^u ª$Ì�[uwA^Si®�#�
2��� �^up�t¥ijf]�}^�p
kLgXf]acb�\]^San^Eg�e{kLejf][Pg+[u`!tSkLd&p�kL\ � �£¡ [Pg¯¡ºk5tCv¦d&p�f]g�_+^S±£ej^Eijg&ku\�b&ku_P^Si{p¥ª��Af]acb�\]^�ac^up�pjkL_5^�t¥[5d�g£ejfGgJ_
kLi�_Pd�a¨^Sg�e{p�kuij^Vb�ij^�p�^Sg£ej^u ce�[¯p�v�[u®3f]e�p�p�dJb}^EijfG[5i�b&^Si�`§[5ija�kug&t¥^+[uA^Si�t¥[Pg£A^Sg£ejfG[5g&kL\!kLe�[Pacflt � ��¡�ª
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r�v�^Si�^ºv&kSA^��&^S^Sg p�^EA^Si�ku\«v&kui� �®�kLi�^�f]acb�\G^Ean^2g�e{kLe�fG[Pg p#[L`X®�^ukLÉ£\Gw�[5i� �^Si�^u  p�wJp�e�^Sa�p¯kLg& ÍkLi�^
 �^up�t¥ijf]�&^u cfGg�� ���P|&��|&~.¸�|D���J|D�>¸��oª

A G � � �XI����V	 �T	 = K_L �X�B?º�

Æ:^�v&kSA^�b�ij^�p�^Sg£ej^u �k � �£¡ pqw�pqej^Sa �&k5p�^u �[Pg tSkLd&p�kL\+a¨^Sac[Pi�w:kLg& �v&kSA^�_PfGA^Eg eq®�[�f]acb�\G^2�
ac^Sg£e�kuejf][Pg&p�`§[Pi�fGeEª,r�v�^upq^�f]acb�\]^San^EgAe�kLe�fG[5g&p�a�kLÉA^$d&p�^V[u`,ejv�^V[5b�ejf]acfGÄukuejf][Pg&p�a�k5 �^+b&[Ap�p�fG�J\G^#�£w
®�^�kLÉ£\Gw¯[Pi� £^Sij^u �k5py®�^S\G\!kPp�®�^ukuÉ�\]w�t¥[Pg p�fzpqej^Sg£e�pqw�pqej^Sa©p¥ª��Af]g&t¥^+e�v�^up�^¦kuij^Vejv�^Veq®�[#`§dJg& �kLa¨^Sg�e{kL\
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