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ú<Ê  q¢ èäy5Ä5È<lÒæ"iklmiÔs}r:p"!oÃ.Ñ�rat5Ä ~ nqp�nqjÒwRy<jmwRÆ<nÌi\t5Ä ~ nqpow�vqik� | r]y]lmikwRy<nqp&# á%ázá#á%ázá%á%ázá%ázá   ä �
ú<Ê   äéèäy5Ä5È<lÒæ"iklmiÔs}r:p"! ö ägt5Ä ~ nqponqjÒwRy<jmwRÆ<nÌi�t5Ä ~ nqpowRvqik� | r]y^lmizwRy<nqp #�ázá%á%ázá#á%ázá%á%ázá%ázá   ä �
ú<Ê   ëÝèäy5Ä5È<lÒæ"iklmiÔs}r:p"! ¢ â¯t5Ä ~ nqponqjÒwRy<jmwRÆ<nÌi�t5Ä ~ nqpowRvqik� | r]y^lmizwRy<nqp #�ázá%á%ázá#á%ázá%á%ázá%ázá   ä6â
ú<Ê  Aö æcwÍnq�xnzvKlopowRv | r]y<jmlmi3y^l ázá#á%ázá%á%ázá%ázá#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá   ä5ä

ßÌÊ   �Þ�xnzvKlop�r:jmlmiklowRv±"cy<wÍloj"i:y5Æeh
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¢ Ê   Ëïwxnq�Ri:y5Æ<lAë j&æQnGû?iklowxrÖy�ázá#á%ázá%á%ázá%ázá#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá ¢ ä

ä5Ê   ÃGnqjmj×nq��iklowxr]y ázá%ázá%á%ázá#á%ázá%á%ázá%ázá#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá ¢:¡
ä5Ê â �7r3�x- ~ nzÆ<porÖyaÑÒwxl ~ â � �Þ�xnz�\nzy]loj�á%ázá%ázá#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá ä �
ä5Ê ¢ �7r3�x- ~ nzÆ<porÖyaÑÒwxl ~ ì � �Þ�xnz�\nzy]loj�á%ázá%ázá#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá ä  
ä5Ê ä �7r3�x- ~ nzÆ<porÖyaÑÒwxl ~ ¢ â � �Þ�Ínz��nzy]lojùázá%ázá#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá ä  
ä5Ê ë ,.r]È5y5Æ5izpo-g�Þ�xnz�\nzy^l�á%ázá#á%ázá%á%ázá%ázá#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá ä]ë

ë<Ê   æ&po�]i3y<wo�ziklowxrÖy�rks i<�Þizpmik�x�xnq� | r]�¯Ä5È<lonqp�á#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá ëRä
ë<Ê â �Þizpmik�x�xnq�r�=i:vKr]Ç<w1è}lonqpmikl�wxr]y á%ázá%á%ázá%ázá#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá ö:¡
ë<Ê ¢ hÎiklopowxà`t<nqlÕÓ�È5Ä ázá%á%ázá#á%ázá%á%ázá%ázá#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá ú5ú
ë<Ê ä è}lonqpmiklowÍr]y�ßQ�x�3r:powxl ~ � ázá#á%ázá%á%ázá%ázá#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá ì ¢
ë<Ê ë æ&izlmi¯Ü nqläÑ�r:pmÛ�rzs�l ~ n | haÓ�ë á%á%ázá%ázá#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá ìRä
ë<Ê ö t5È5Ç<por]È<l�wRy<nÌèÕÜQèäÃÒt�æ Ù "QÃÒèWæMÜ { �ùázá%ázá#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá ì ö
ë<Ê ú t5È5Ç<por]È<l�wRy<nÌhdt5ÿ Ù æ#æ#� { � ázá%á%ázá%ázá#á%á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá ì ö
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ú<Ê ä �Ònq�RiklowÍÉ^nÌ�Þp�por:pQÉ]nqpoj�È<jQè l�nqpmiklowxrÖydÜQÈ5�\Ç5nqp á%ázá%ázá%á#á%ázá%ázá%á%ázá#á%ázá%á%ázá%ázá   â5â
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�Þizpmik�x�xnq��vKrÖ��Ä5È<l�nqpoj"i:y5Æal ~ nqwxpÅÄ<por:�:pmi3���\wRy<�g�\r=Æ<nq�xj"ikpon�Æ<nqÉ]nq�xr]Ä5nzÆeÇ^-evKrÖ��Ä5È<l�nqpÒj�vKwxnzy^lowÍj×l�jkÊ�Ã ~ wxj
l ~ nqjmwxj�Æ<wxj�vqÈ<jmj×nqjÌi3y'i:Ä5Ä<�xw�vqiklowxr]y9Ñ ~ wRv ~ ��iq-TwRy9û?È<nzy5vKn¯l ~ wÍj¯Æ<nqÉ]nq�xr]Ä5�\nzy^lqÊgß&Ä5Ä<�ÍwRvqiklowxrÖy9Ä<por:�:pmi3��Ó
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l ~ nqjmnQ�\nql ~ r=Æ<j�ikponQwR�¯Ä<�xnz�\nzy]lonzÆ&wRy¯Ä5ikpmik�Í�xnq�GhÎèähdæ { �\È<�xlowRÄ<�ÍnKÓäwRy<jmlopmÈ5vKlowxrÖyai:y5Æ\��È<�xlowRÄ<�xnKÓ�Æ5izlmi:��Ä<porkÓ
�:pmi3���\wRy<�î�\r=Æ<nq�xjarÖy¿�Rikpo�3nKÓäjKvqiz�xnWÄ5ikpmiz�x�xnq����i3v ~ wRy<nqjzÊéÃ ~ ndsânziklmÈ<ponqj`i:y5ÆïÄñnqpÕsâr:pm�¯i:y5vKnÎrks�l ~ nqjmn
wR�¯Ä<�xnz�\nzy^lãiklowxr]y<j ikponÌj×lãÈ5Æ<wxnzÆGÊ
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�\nzÆ<wRÈ5�eÊ\,.-ðÈ<jmwRy<�el ~ n¯�\nql ~ r=ÆdrzsQwR�¯ik�:nqjzÚ1Ñ.n\jmr:�ÍÉ^n�Ä<por]Ç<�xnz�\jMÑ ~ nqpon¯l ~ ngÇ5r=Æ<wxnqj\izpon¯wRy5vK�RÈ<jmwxr]y<j
wRyTi¯�¯i:vKpor3jKvKrÖÄ<wRvÔ�\nzÆ<wRÈ5�òÑ ~ w�v ~ wxjMj�È<popor]È5y5Æ<nzÆeÇ]-Îi�j�Ä ~ nqpowRvqik��Ä5nqpÕs}nzvKlÅvKr]y5Æ5È5vKlor:p ÊMÃ ~ nÌj×r3�RÈ<lowxr]y
ponqlmÈ<pãy<nzÆ9Ç^- | æ Ù ,Òèä��h(wxjgÈ<j×nzÆWlorîvqik�RvqÈ<�Rizlondl ~ nÎ��i3vKpor:j�vKr]Ä<wRveÆ<wxnq�ÍnzvKlopowRvÎvKr]y<jmlmi:y]l\rksMl ~ wxj¯lÕÑ�rkÓ
Ä ~ ikjmnÌ�¯iklonqpow�ik�9deâ ö ÚIë ¢ eäÊ",.nzvqi:È<jmnMrks�l ~ n�i:y5ik�xr3�:-drzsÒl ~ nÌnq�xnzvKlop�r:jmlmiklowRvKjMl�ralowR�\nKÓäwRy5Æ<nzÄ5nzy5Æ<nzy^l ~ nzikl
vKr]y5Æ5È5vKlowÍr]yGÚ^l ~ wxjÒÆ<wÍnq�xnzvKlowRv"vKr]y<jmlmi:y^l�wÍj.nzØ=È5ik�5lorÌl ~ nQl ~ nqpm�¯ik�IvKr]y5Æ5È5vKlowÍÉ<wxlä-\rks�iMläÑ.rkÓ�Ä ~ izj×n ��izlonqpowRik�âÚ
Ñ ~ nqponÎl ~ n4k Ç5r<Æ<wÍnqjÎikponWÄ5nqpÕs}nzvKl��x-ïvKr]y5Æ5È5vKlowRy<�WwRy5vK��È<j×wÍr]y<jawRy i��\nzÆ<wRÈ5�!ÑÒwÍl ~ i � y<wxlonTl ~ nqpm�¯ik�
vKr]y5Æ5È5vKlowÍÉ<wxlä-aj�È<poporÖÈ5y5Æ<nzÆaÇ^-gi\Ä5nqpÕsânzvKlo�x-evKrÖy5Æ5È5vKlowRy<�¯vKr]y]lmikwRy<nqp�d ä�eäÊ
Ã ~ nQt<lor]Û:nqj�nzØ<È5iklowÍr]y<jÒÆ<nqj�vKpow�ÇñnÒl ~ nQvKponqnzÄ<wRy<��ûIrkÑ9rks ÜÒnqÑÒlor]y<w�i:y&û?È<wRÆ<j�Ñ�wxl ~ É]nqpo- ~ wx� ~ É<wÍjKvKr3j×wÍlÕ-

r:p"y<nq�:�xwÍ�:wRÇ<�xn\w�y<nqpolowRiid ¢<  eäÊ | æ Ù ,Òèä��h*jmr:�xÉ]nqjQl ~ nÌ�\r]Ç<wx�ÍwxlÕ-`Ä<por]Ç<�xnz�òÑ ~ nqp�nÔl ~ n&sâr:pmvKnqj"i:y5Æalor3pmØ<È<nqj
i:vKlow�y<�Ôr]y¯l ~ nMÄ5izpolowRvK�xnqj ikpon&�3wxÉ]nzy�i3y5Æ�l ~ n&É]nq�xr=vKwxlä-¯i:y5Æ�l ~ ncp�wx�:wRÆeÇ5r=Æ<-¯�\r:lowxr]y¯rks�l ~ n"Ä5ikpolow�vK�xnqjQikpon
lorgÇ5nMvqik�RvqÈ<��iklonzÆGÊ
ßêjmwR��È<�xlmi:y<nqr]È<j�j×r3�RÈ<lowxr]y9rksÅl ~ nÎt<lor]Û:nqj¯i:y5Æ'l ~ n Ù i3Ä<�Ri:vKnÎnzØ<È5iklowÍr]y<j\wxj¯rksÅ�:ponziklgwR�¯Äñr:p�lmi:y5vKn

wRyTl ~ nÔsâr:pm��rks nq�xnzvKlopor:p ~ nqr:�xr:�:w�vqik��û?È<wRÆdjmwR�\È<�Rizlowxr]y<jzÊ\ß"yTnq�xnzvKlopor:p ~ nqr:�xr:�:w�vqik��û?È<wRÆdwxjÌiaj�È<j�Äñnzy<jmwxrÖy
rks�Ä5r:�Rikp�wo�zi:Ç<�xnîÄ5ikpol�wRvK�xnqjewRyÝiWy<r]y5vKrÖy5Æ5È5vKlowRy<�'r3wx�ld ¢ âme Ê�è l�jar]È<lojmlmi3y5Æ<wRy<�'p ~ nqr3�xr:�:wRvqiz�ÌÄ<por]Ä5nqpolÕ-ïwxj
l ~ ngv ~ i3y<�:narks wxloj\É=wxj�vKr:jmwxlÕ-]Ú1Ñ ~ wRv ~ wxjÌrksQr3pmÆ<nqpoj\rksÅ�¯ik�]y<wÍlmÈ5Æ<n¯�:ponziklonqp�È5y5Æ<nqpÌi:yWi:Ä5Ä<�xwxnzÆWnq�xnzvKlopowRv
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� nq�RÆGÊ�Ã ~ wxjÞsânziklmÈ<pon"�¯i:Û:nqj1nq�xnzvKlopor:p ~ nqr:�xr:�:w�vqik�/û?È<wRÆ<j�É]nqpo-MwRy^l�nqponqjmlowRy<�&s}r3p�i:Ä5Ä<�xwRvqikl�wxr]y<j�wRy¯��nzv ~ i:y<wRvqik�
jm-<jmlonz�\j�jKÈ5v ~ ikj"vK�RÈ<lmv ~ nqjzÚ<nzy<�3wRy<nM�\r]È5y]lojzÚ^j ~ r=vKÛ¯i:Ç<jmr:pmÇ5nqpojzÚ ~ -áÆ<pmi:È<�xwRv&ÉÖik�xÉ]nqjzÚ<i:�\r]y<�Ìr:l ~ nqp�jkÊ

798on :qp(;>p(ADArCFA2s<=9Eut^v�N�MDKBw
| æ Ù ,�èÕ��h�wxjewR�¯Ä<�xnz�\nzy]lonzÆ'r]y9l ~ ponqnWÄ<por3�:pmi:�¯�\wRy<�9�\r=Æ<nq�xj � l ~ nT�\nqjmj�ik�:nKÓ�Ä5ikjmjmwRy<�W�\r=Æ<nq�}ÚQl ~ n
jmlmiklow�v&j ~ izponzÆ^Ó��\nz��r3po-\�\r=Æ<nq�IÑÒwxl ~ y<r]y^Ó�È5y<wÐs}r3pm�ò�\nz�\r:po-�i:vqvKnqjmj { Ü�"Qheß&�ÒwRy¯l ~ ncsâr:pm� rzs�t5Ä<�ÍwxlÕÓ | Ú
i:y5ÆWl ~ nevKr]r]Ä5nqpmiklowÍÉ^nÎj ~ ikponzÆW�\nz�\r:po-W�\r=Æ<nq� {â| t5hd��Ê�Ã ~ n � p�j×l�lÕÑ�rT�\r=Æ<nq�xj\pãÈ5y�r]yîiTÃ ~ wRy5Û]wRy<�
hÎi:v ~ wRy<nqj | h`Ó�ë<ÚGl ~ n\l ~ wxpmÆW�\r=Æ<nq�ÞpmÈ5y<jMrÖy�igvqi:v ~ nKÓ�vKr ~ nqponzy^lÅÆ<wxjmlopowRÇ5È<lonzÆð��nz�\r:p�-Î��i3v ~ wRy<nÌÑÒwxl ~
l ~ n�vqi:v ~ nKÓ�vKr ~ nqponzy5vKnMÄ<por3lor=vKr:� 	�
��x�r��� Ê��ÒrkÑ�nqÉ]nqpqÚ5j×w�y5vKnMl ~ wxjMvKrÖ��Ä5È<l�nqpQÆ<r]nqjMy<r:l { -]nqlm�Ònqà<wÍj×l ÚñwÍl&wxj
jmwR�\È<�RizlonzÆaikj"i\É<wÍpolmÈ5ik��Ä<por:l�r:lÕ-áÄñnÌr]yal ~ nMËïwxj�vKr]y<jmwRyaËïwRy5ÆaÃ1È5y5y<nq� { ËïËÝÃ��.Ñ ~ wRv ~ ik�xjmr¯pmÈ5y<jQr]yei
Ã ~ wRy5Û]wRy<�¯hÎi:v ~ w�y<nqj | haÓ�ë<Ê
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| æ Ù ,�èÕ��hòwxjui säizj×luy<È5�\nqpowRvqiz�<�\nql ~ r=ÆMÑÒwxl ~ i ~ wx� ~ y<È5�\nqpowRvqik�ái:vqvqÈ<pmi:vK-]Ê�èäy l ~ n vqikjmn.rks?läÑ.rÅik�R�\r:jml
lor]È5v ~ wRy<�ÌjKÄ ~ nqp�nqjkÚ:wÍlojÒponq�RizlowxÉ]n&nqpop�r:pÒwxjÒ�Ínqj×j�l ~ i:y ~ ik�ÐsuiÌÄñnqpmvKnzy]lqÊ1ßc�Íl ~ r]È<� ~ r]È<p�Ä<por:�3pmi:�\jQvqi:y¯j×r3�xÉ]n
s}r3pÔl ~ ngÆ<r]È5Ç<�Ína�Riq-]nqpÌÆ<nzy<j×wÍlÕ-TrÖy'Ç5r<Æ<wÍnqj\ÑÒwxl ~ ikpmÇ<wxl�pmikpo-îj ~ i3ÄñnqjzÚ1Ñ.n`È<j×n�jKÄ ~ nqp�nqj\ikjÌl ~ ngj×w���Ä<�Ínqj×l
vqikjmn]ÊT,�-TwR�¯Ä<�xnz�\nzy^low�y<�Îi�j�v ~ nz�\nÌÑ ~ wRv ~ vKr]y]lopor:�xj¯l ~ n`vKr]�¯�\È5y<wRvqikl�wxr]yWÇñnqläÑ�nqnzy l ~ neÄ<por=vKnqjmjmr:pojzÚ
l ~ ngwxlonqpmikl�wxr]y9lowR�\n¯wxj\ponzÆ5È5vKnzÆWÇ^- i�säi:vKl�r:pÔrzsMizpor]È5y5Æ�l ~ ponqn�sâr:p¯Ä<por]Ç<�Ínz�*jmwo�qnqjÌnqà5i:�\wRy<nzÆTwRyWl ~ wxj
jmlmÈ5Æ<-]Ê�Ã ~ wxj�vKr]�¯�\È5y<wRvqiklowÍr]yÔj�v ~ nz�\n�vKr:poponqj�Ä5r]y5Æ<j.l�rMl ~ n"Ä ~ -<jmwRvqiz�<wRy]lonqpmi:vKlowÍr]y<j"ÇñnqläÑ.nqnzyÌl ~ n"Çñr=Æ<wxnqj
i:y5Æ\ponzÆ5È5vKnqj�l ~ n"i:�\r]È5y]l�rks�vKr]�¯�\È5y<w�vqiklowxr]y¯i:y5Æ¯vKr]�¯Ä5È<lmizlowxr]yGÊ��Þj�Ä5nzvKwRik�x�Í-�l ~ ncp�nzÆ5È5vKnzÆ\i:�\r]È5y^l�rzs
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vKr]�¯�\È5y<wRvqizlowxr]y&wxj�rksI�:ponzizl�i:Æ<É]i3y^lmik�3n sâr:p1wR�¯Ä<�xnz�\nzy^lmikl�wxr]y<jÞrÖyÅs È<lmÈ<pon�Ä5ikpmiz�x�xnq�I�¯i:v ~ w�y<nqjkÚqÑ ~ w�v ~ ÑÒwx�x�
~ iqÉ^nÅiÔnqÉ]nzy��:p�nziklonqp"Æ<wxj�vKponzÄ5i:y5vK-gÇ5nqlÕÑ�nqnzy�l ~ nqwÍp&vKrÖ��Ä5È<lãiklowxr]yei3y5ÆevKr]�¯�\È5y<wRvqiklowÍr]yaÄ5nqpÕs}r3pm�¯i:y5vKn]Ê
Ã ~ n\Ä5izpmik�x�xnq��w���Ä<�Ínz��nzy]lmiklowÍr]y<j&rks | æ Ù ,Òèä��h ~ iqÉ]nÌÄñnqpäs}r:pm�\nzÆeÑ.nq�Í�}Ê%� rzÑ�nqÉ^nqp ÚEj�vqik�xwRy<�gponqj�È<�xloj

ikpon`içÉÖikwx�Ri:Ç<�Íner]y<�x-Ts}r:pÌl ~ ngwR�¯Ä<�xnz�\nzy^lmikl�wxr]y�rÖy | t5hWÊÞÃ ~ naj�ÄñnqnzÆ5È5ÄÎrks"l ~ neÄ<por3�:pmi:�!wxj�ú=Êeú�s}p�r]�
pmÈ5y5y<wRy<��wxlQr]y  Aö Ä<por=vKnqjmjmr:pojQlor\pãÈ5y5y<wRy<�¯wxlÒr]y   âSì�Ä<p�r<vKnqjmjmr:pojzÊ
,.-eÈ<jmwRy<�\l ~ n\�\nql ~ r=Æarks�wR�¯ik�3nqjkÚ5Ñ�n\vqi3yaj×r3�xÉ]n&s}r:p"l ~ nÌÆ<wxnq�xnzvKlop�wRv\vKr]y<jmlmi:y]lojMi3y5Æal ~ nqpm�¯ik��vKr]y^Ó

Æ5È5vKlowxÉ=wxlowxnqj�rks"lÕÑ�rkÓ�Ä ~ ikjmng�¯iklonqpowRiz�xjzÊWÃ ~ nevKr]�¯Ä5È<lmizlowxr]y5ik� Ä<ponzÆ<wRvKlowxrÖy<j\rks"l ~ nqjmngÄ<por]Ä5nqpolowxnqjg�¯iklmv ~
vK�xr:jmnq�x-¯l ~ nÌi3y5ik�x-<l�wRvqik�1jmr:�RÈ<lowxrÖy<jcrÖÇ<lmikwRy<nzÆeÇ]-��GÈu�qrzÉ<j�Û^-¯i3y5Æa,.ponzy5y<nqp{d ë ¢ e { nqpopor:pQrks��xnqjmjÒl ~ i3y � á ö��
s}r3pMjK�¯ik�Í�ÞÉ]r:�RÈ5�\nMs}pmi:vKl�wxr]y<jL�K�KÊgÃ ~ n¯i:�\r]È5y]l&rks vKr]�¯Ä5È<lmikl�wxr]yTwxjÌwRy5vKponzikjmnzÆTÇ]-er]y<n¯r:pmÆ<nqpMrks �¯ik�kÓ
y<wxlmÈ5Æ<n]Ú1Ç5È<lMl ~ n¯i:�\r]È5y^l"rks"vKr]�¯�\È5y<w�vqiklowxr]yÎi:y5ÆTl ~ n¯�\nz�\r:po-ÎÈ<j�ik�3n\jmlmiç-=jÌvKr]y<jmlmi:y]lMÇ5nzvqi:È<jmn\l ~ n
y<È5��Çñnqp�rks È5y5Û<y<rzÑQy<jQÆ<r]nqjQy<r:lQwRy5vKp�nzikjmn]Ê
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|Ò~ i:Ä<l�nqpÐâÎ�:wxÉ]nqjgi:y'rkÉ]nqpoÉ=wxnqÑòrksÅl ~ nenq�xnzvKlop�r:jmlmiklowRvKjÎi3vqvKr:pmÆ<wRy<�Wlor��=i:vKÛ]jmr]y/ë j¯Ç5r]r]Û�deâ:ëfeäÚ�i:y5Æ'l ~ n
�7r3wxjmj×rÖyanzØ<È5iklowÍr]yei:y5ÆawxlojQj�Ä5nzvKwRik�Gs}r:pã��Ú]l ~ n Ù i:Ä<�Ri3vKnMnzØ<È5iklowÍr]yGÚIikponÌÆ<nqpowxÉ]nzÆGÊ
èÕy |Ò~ i:Ä<lonqp ¢ l ~ n | r]�¯Ä<�xnqlonzÆ¯æcrÖÈ5Ç<�xn Ù iç-]nqp�èäy^lonq�:pãik����Ø<È5iklowÍr]yeh�nql ~ r<Æ\s}r:p�l ~ n Ù i3Ä<�Ri:vKnMnzØ<È5iqÓ

lowxrÖyawxjQÄ<ponqjmnzy^l�nzÆGÊÞÃ ~ n Ù i:Ä<��i:vKn&nzØ=È5iklowxr]yawÍjÒlopmi:y<josâr:pm�\nzÆ�lor�wxloj"vK�RikjmjmwRvqik�1Ç5r]È5y5Æ5ikp�-�w�y^lonq�:pãik�1ponzÄ<ponKÓ
jmnzy^lmizlowxr]ydÑ ~ wRv ~ w�y5vK�RÈ5Æ<nqjÌi�jmwRy<�:�Ín\�Riq-^nqpÅi:y5ÆTigÆ<r]È5Ç<�xn\�Riq-]nqp&wRy]lonq�:pmiz�}Ê¯Ã ~ wxj"nzØ<È5iklowÍr]yTwxjÌ�\r<Æ<w � nzÆ
lor\l ~ nÌvKr]�¯Ä<�xnqlonzÆaÆ<rÖÈ5Ç<�xnM�Riq-^nqp Çñr]È5y5Æ5izpo-awRy]lonq�:pmiz�7nzØ=È5iklowxrÖyaÑ ~ nqponqwRyal ~ nÌÆ<rÖÈ5Ç<�xnM�Riq-^nqp�r]Ä5nqpmiklor3p&wxj
�¯i:Æ<nMwRy]É^nqp�lowRÇ<�xn�Ç^-`vKr]�¯Ä<�xnqlowRy<�\wÍloj&pmi3y<�:n]Ê&èäyei:Æ5Æ<wxl�wxr]yGÚGËïwxnq�Ri:y5Æ<lAë jMÆ<nGû?iklowÍr]ydponzÆ5È5vKnqjÒwÍloj&j�Ä5nzvKlopmik�
pmi:Æ<w�È<jcs}p�r]�   lor  ��:¢ wRydl ~ nÌvqizj×nÌrks�r]y<n�È5y<wxlQj�Ä ~ nqpon]ÊQÃ ~ nÌponqj�È<�xlowRy<�gÇ5r]È5y5Æ5ikpo-ew�y^lonq�:pãik��nzØ<È5ikl�wxr]y
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s}r3pÒl ~ nÌÈ5y5Û<y<rzÑQygÆ<r]È5Ç<�xnM�Riq-]nqpQÆ<nzy<jmwxlÕ-¯wxj i�ì<p�nzÆ ~ r:�R�òwRy^l�nq�:pmik�1nzØ<È5izlowxr]yarksul ~ nMjmnzvKr]y5ÆaÛ]wRy5ÆGÊ
èÕy |Ò~ i:Ä<lonqp	ä¯Ñ.n¯Æ<wÍjKvKp�nqlowo�qnÌl ~ n¯Ç5r]È5y5Æ5ikpowxnqj"rks�l ~ n¯Ç5r=Æ<wxnqj&w�y^lor`Çñr]È5y5Æ5izpo-enq�xnz�\nzy^lojzÚIvKr:�x�Ír<vqizlon

l ~ n¯Æ<rÖÈ5Ç<�xn¯�Riç-]nqpÅÆ<nzy<j×wÍlÕ-]Ú1i:y5Æði:Ä5Ä<porzà<wR�¯iklon�l ~ n¯wRy^lonq�3pmik�xj�Ç^-ðÿMi:È<jmjoÓ Ù nq�3nzy5Æ<pon\Ø=È5i:Æ<pmiklãÈ<pon]Ê¯Ã ~ wxj
-<wÍnq�RÆ<jQi\�xwRy<nzikp"ik�Í�:nzÇ<pmikwRvMnzØ<È5izlowxr]yajm-<jmlonz��s}r3pÒl ~ nÌÈ5y5Û<y<rzÑQygÆ<r]È5Ç<�xnM�Riq-]nqpQÆ<nzy<jmwxlÕ-]Ê
èÕy |Ò~ i3Ä<lonqp�ë Ñ�n � pojml1Æ<wxj�vqÈ<jmj1Æ<wÐÏ?nqponzy]lÞizjKÄ5nzvKloj1rksñÄ5ikpmik�x�Ínq�5vKr]�¯Ä5È<lonqpojzÚqj�È5v ~ ikj1l ~ nqwxp�ikpmv ~ wxlonzvKlmÈ<pon

i:y5Æ'l ~ nqwÍpeÄ<por:�3pmi:�¯�\wRy<�î��r=Æ<nq�xjzÊïÃ ~ nzy9Ñ.ne�3wxÉ]nTi:y'w�y^lopor=Æ5È5vKlowÍr]y¿lorîl ~ nÎi:Æ5Æ<wxlowÍr]y5ik�ÌvKpowxl�nqpowRi�rzs
Ä5ikpmiz�x�xnq�QÄ<por3�:pmi:�¯�\wRy<�5ÊWèäyTr:pmÆ<nqpÌlorTjmr:�xÉ]n¯l ~ na�ÍwRy<nzikp�ik�x�:nzÇ<pmizwRv�nzØ=È5iklowxrÖy�jm-<jmlonz�eÚGÑ�naÈ<jmn��=i:vKr]Ç<w
wxlonqpãiklowxr]yGÊéÃ ~ wxjgik�x�:r:p�wxl ~ ��wxjgÄ5ikpmiz�x�xnq�xwo�qnzÆïi:y5ÆGÚ�Ç^-îÈ<jmwRy<�WiTvKr]�¯�\È5y<w�vqiklowxr]y'j�v ~ nzÆ5È<�xn]ÚÞnqà<l�nzy5Æ<nzÆ
lor`i:ydizj×-áy5v ~ porÖy<r]È<jÒwxlonqpãiklowxr]yTÑÒwÍl ~ i:vqvKnq�xnqpãiklonzÆTvKr]y]É]nqpo�:nzy5vKnMÄ<p�r]Äñnqp�lowxnqjMjmwR�\wx�Rikp"lor¯l ~ nÌj×nzØ=È<nzy^low�ik�
ÿMi:È<jmjoÓ�t<nqwRÆ<nq�Iwxlonqpmikl�wxr]yGÊÒßÒs}lonqp�ÑÒikpãÆ<jkÚ5l ~ n"�xr]i:ÆÎÇ5ik�Ri3y5vKnÌi:y5Æal ~ nMwR�¯Ä<�xnz�\nzy^lãiklowxr]yarzs�l ~ wxj"ik�Í�:r:powxl ~ �
r]yal ~ nMl ~ ponqnÌÆ<wÐÏ?nqponzy^lQÄ<p�r:�:pmi:�¯�\wRy<�¯�\r=Æ<nq�xjQizpon\Æ<wÍjKvqÈ<jmjmnzÆGÊ
èÕyÔr3pmÆ<nqpÞlorMjmr:�ÍÉ^n�s}r:puÄ ~ -<jmwRvqiz�5Ä<por]Ä5nqpolowÍnqj.rks?läÑ.rkÓ�Ä ~ izj×n��¯iklonqpow�ik�xjzÚ^Ñ�nQÈ<jmnÒl ~ n ��nql ~ r<ÆMrks?wR�¯ik�:nqj

wRy |Ò~ i:Ä<lonqp ö Ñ ~ wRv ~ -<wÍnq�RÆ<j�i&�\r=Æ<w � nzÆMÇñrÖÈ5y5Æ5ikpo-MwRy]lonq�:pmik�=nzØ<È5ikl�wxr]y sâr:pFk Çñr=Æ<wxnqj�l ~ ikluikpon�wRy5vK�RÈ<jmwxr]y<j
wRyMi.j�Ä ~ nqpow�vqik�=ÄñnqpÕsânzvKl1vKr]y5Æ5È5vKlor3pqÊ�æMÈ<p?Ä<por:�3pmi:�åjmr:�ÍÉ^nqj?l ~ wxj�ÇñrÖÈ5y5Æ5ikpo-&w�y^lonq�:pãik�<nzØ=È5iklowxr]yMi3y5Æ&ponqlmÈ<pmy<j
l ~ ngÆ<r]È5Ç<�xng�Riq-^nqpÌÆ<nzy<jmwxlä-Îr]y�l ~ ngÇ5r]È5y5Æ5ikpowÍnqj\rksQl ~ ngÇ5r=Æ<wxnqjzÚÞÑ ~ wRv ~ w�y�lmÈ<pmyîvqi:yWÇñng�¯i:y<wRÄ5È<��iklonzÆ
lore-=wxnq�RÆTl ~ ng�¯i:vKpor:j�vKr]Ä<wRv�Æ<wxnq�xnzvKlopow�vavKr]y<jmlmi:y]lÌi:y5ÆTl ~ n¯�¯i:vKpor3jKvKrÖÄ<wRv\l ~ nqpm�¯ik��vKr]y5Æ5È5vKlowÍÉ<wxlä-drzsQl ~ n
läÑ.rkÓ�Ä ~ izj×nÅ�\nzÆ<wRÈ5�eÊ
èÕy |Ò~ i3Ä<lonqp ú Ñ�nÎi:y5ik�Í-u�qnel ~ nðÄñnqpäs}r:pm�¯i:y5vKnerzsMl ~ nÎwR�¯Ä<�xnz�\nzy^lmizlowxr]y<j\rÖy l ~ nel ~ ponqnTÆ<w ÏGnqponzy]l

Ä<por:�3pmi:�¯�\wRy<�W�\r=Æ<nq�xjzÊWì5È<pol ~ nqpm�\r:pon]Ú�Ñ�nÎÄ<ponqjmnzy^lMponqj�È<�xl�j�sâr:pÌl ~ nenq�xnzvKlopow�veÄñr:l�nzy^lowRiz�&i3y5Æ s}r3p\l ~ n
Ä ~ -=jmwRvqik�?Ä<por]Ä5nqpolowxnqj"rks�läÑ.rzÓ�Ä ~ ikjmnM�¯iklonqpow�ik�xjzÊ
Ã ~ n � y5ik� v ~ i:Ä<lonqp Ú |�~ i:Ä<lonqp�ì<Ú5j�È5�¯�¯ikpowo�qnqj�l ~ wxjQl ~ nqjmwxjQi3y5ÆeÄ<por]Ä5r:jmnqj s È<lmÈ<pon"Ñ.r:pãÛEÊ
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| �Rizj×jmwRvqiz�&nq�xnzvKlop�r:jmlmiklowRvKjÎÄ<p�rkÉ=wRÆ<nqj¯l ~ nTÄ ~ -<jmwRvqik��s}r]È5y5Æ5ikl�wxr]y sâr:p¯l ~ nÎÄ<por]Ç<�xnz�\j`vKr]y<jmwRÆ<nqponzÆ'wRy9l ~ wxj
Ñ�r:pmÛEÊ+ì<r:�x�xrzÑÒwRy<�îl ~ nÎÇñr]r]ÛîÇ^-��IÊ æÔÊ��=i:v�Û^jmr]y�d â:ëfeäÚ.l ~ n¯säÈ5y5Æ5i:�\nzy]lmik��nzØ<È5iklowÍr]y<j¯rksMnq�xnzvKl�por:jmlmiklow�vKj
ikponÌÄ<p�nqj×nzy]lonzÆai3y5Æ���� 
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 ���Ìi:y5Æ�wÍloj&j�Ä5nzvKwRik�Esâr:pm�,� ���}�����D� � ���D�������`
 ���Ìikp�nÌÆ<nqpowxÉ]nzÆ�Ñ ~ w�v ~
Æ<nqj�vKpowRÇ5nMl ~ n&nq�ÍnzvKlopowRvÌÄñr3lonzy^low�ik�ÞwRyeiÌÉ]i:vqÈ5È5��ÑÒwxl ~ r:pQÑÒwÍl ~ r]È<l"v ~ ikp��:nqjzÊ
t<wRy5vKn\l ~ ngj×-=jmlonz�\jMvKr]y<jmwRÆ<nqponzÆÎwRy�r]È<pÌÄ<p�r]Ç<�xnz�\j\izponeikjmj�È5�\nzÆ�l�rTÇ5n¯wRyTnzØ<È<wx�xw�Ç<powRÈ5��r:pÌØ=È5ikjmwÐÓ

jmlmiklow�v:Ú^l ~ nqp�nÒwxj�y<r&l�wR�\nKÓ�Æ<nzÄñnzy5Æ<nzy5vKn�i:y5ÆÌnq�xnzvKlopor:jmlmizlowRvKj�vqi:y\Ç5nQi:Ä5Ä<�xwxnzÆÌwRy<jmlonzi:ÆÔrks?nq�xnzvKlop�r<Æ<-áy5i:�\wRvKjzÊ
�Þ�xnzvKlop�r:jmlmiklowRvKjgÆ<nzik�Íj\ÑÒwxl ~ �¯i:vKpor:j�vKr]Ä<wRv¯Ä ~ nzy<r]�\nzy5i<ÊgÃ ~ È<jkÚ�Ä5r:wRy^l�v ~ izpo�:nqj\r:pÌnq�xnzvKlop�wRv � nq�RÆ<j�ikl�i
Ä5r:wRy^l"�\È<jml�ÇñnMÉ=wxnqÑ�nzÆeikj"��izl ~ nz�¯iklowRvqik��vKr]y<jmlopãÈ5vKlojQl ~ iklMÄ5nqpm�\wxlQi¯Æ<nqj�vKpowRÄ<l�wxr]yerks�l ~ nÌÄ ~ nzy<rÖ��nzy5i
iklQl ~ nÅ��i3vKpor:j�vKr]Ä<wRv&�xnqÉ]nq�}ÚáÇ5È<lQ�¯iç-\säizwx�Glor ~ iqÉ^nÅ�\nzi:y<wRy<����w�vKpor:j�vKr]Ä<wRvqik�Í�x-]Ê
Ã ~ nÌÇ5ikjmwRv&läÑ.r¯nzØ<È5izlowxr]y<jÒs}p�r]� Ñ ~ wRv ~ iz�x�1r:l ~ nqpQnzØ<È5ikl�wxr]y<jQwRyal ~ wxjÅv ~ i:Ä<l�nqpQvqi:yeÇ5nÌÆ<nqpowxÉ]nzÆGÚ5ikpon  � �¡� ��¢¤£�� ������¥ i:y5Æ§¦ ������� � ����¥ Ê\Ã ~ n¯y<nqà<l"j×nzvKl�wxr]yTwRy^l�por=Æ5È5vKnqj | r]È<�xr]��Ç/ë jM�RiqÑ i:y5ÆWÆ<n � y<nqjMÇ5r:l ~

l ~ nMnq�xnzvKl�powRv � nq�RÆai:y5Æal ~ nMnq�xnzvKlopowRvÌÄ5r:lonzy^l�wRik�}Ê
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  � �¡� ��¢¤£�� �F����¥ Æ<nqj�vKpowRÇ5nqjÞl ~ n�s}r3pmvKnÒÇ5nqläÑ.nqnzyMlÕÑ�rMv ~ ikpo�:nzÆÌÇ5r<Æ<wÍnqj�iklÞponqjml�ÑÒwxl ~ p�nqjKÄ5nzvKl1lor&nzi3v ~ r:l ~ nqpqÊ
| r]È<�Ír]�\ÇaÆ<wÍjKvKrzÉ]nqponzÆ\nqà5Ä5nqpowR�\nzy^lãik�x�x-¯l ~ ikl�l ~ ncsâr:pmvKnMÇ5nqläÑ.nqnzy\läÑ.r¯v ~ ikpo�:nzÆgÇñr=Æ<wxnqj�j×nzÄ5izpmiklonzÆawRygikwxp
Ç^-giÔ��ikpo�:n�Æ<wxjmlmi:y5vKnÌvKr]�¯Ä5ikp�nzÆ�lor¯l ~ nqwxp Æ<wR�\nzy<j×wÍr]y<j

O É]izpowxnzÆaÄ<p�r]Äñr3polowxr]y5iz�x�x-Tlor�l ~ nÌ�¯ik�]y<wxlmÈ5Æ<nMrzs�nzi:v ~ v ~ izpo�:n]Ú
O É]izpowxnzÆ�w�y^É]nqpojmnMÄ<porÖÄñr:p�lowxr]y5ik�Í�x-Tlor\l ~ nMjKØ=È5ikpon"rks�l ~ nÌÆ<wÍj×lãi:y5vKnÌÇñnqläÑ�nqnzy�l ~ nz�eÚ
O wxj Æ<wxponzvKlonzÆÎik�xr]y<�¯l ~ n"jmlopmikwx� ~ lQ�xwRy<n�ó×r:w�y<wRy<�\l ~ nÌv ~ ikpo�:nqjzÚ
O wxjÌizlolopmi:vKl�wxÉ]n]Ú w sQl ~ n¯Ç5r=Æ<wxnqj\izponar]Ä5Ä5r:jmwxlonq�Í-Wv ~ ikp��:nzÆ�­�i:y5Ædp�nzÄ5È<�xjmwxÉ]n]Ú7wÐs�l ~ ngÇ5r<Æ<wÍnqj ~ iqÉ]n\l ~ n
j�i:�\nQlÕ-áÄñnMrzs�v ~ izpo�:n]Ê

,ÒikjmnzÆ\r]y ~ wxj.rÖÇ<j×nqp�É]iklowxrÖy<jÒl ~ nÒs}r:�Í�xrkÑ�wRy<�¯�RiçÑ9s}r3p.l ~ nQs}r:pãvKn f ÇñnqläÑ�nqnzy�läÑ.r�v ~ ikp��:nqj.w�yaiMÉ]i:vqÈ5È5��wxj
jmlmiklonzÆ �

f S  
ä�®�¯�°J± � ± Q { � � T � Q �² � � T � Q ² ³ { â<Ê   �

Ñ ~ nqpon

O ± � Ú ± Q ikponMl ~ nÌy<nq�]izlowxÉ]nMr:pQÄ5r:jmwxlowxÉ]n��¯ik�]y<wxlmÈ5Æ<nqj�rks�l ~ nÅÄñr3wRy^l"v ~ izpo�:nqjzÚO � � Ú � Q ikponMl ~ n ¢ Ó�Æ<w���nzy<jmwxrÖy5ik�1Ä5r:jmwxlowxr]y<jQrksul ~ nÌv ~ izpo�:nqjzÚO ¯ ° S �´° µ¶x·D¸´¹»º½¼¾ ¹ wxjÒl ~ nÅÄñnqpm�\wxl�lowxÉ<wÍlÕ-gvKr]y<jmlmi:y]l { É]i:vqÈ5È5�¯�ÞÑ ~ nqpon�� wÍjÒl ~ n&j�Ä5nqnzÆ\rks1�xwx� ~ l � Ê�ì<r3pÒl ~ n
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jmr | r]È<�xr]��Ç/ë jQ�RiçÑ wxj"��r=Æ<w � nzÆgÇ^-¯wRy5vKponzizj×w�y<��l ~ nMÄ5nqpm�\wxlolowxÉ=wxlä-eÑÒwxl ~ iÔj�vqik�Ín&säi:vKlor3p&Û=y<rkÑ yaikj
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è l�wxjQjmnqnzy�l ~ iklÒl ~ nMwRy]lonqpmi:vKl�wxr]y<j"ÇñnqläÑ�nqnzy�r]y<nÅv ~ ikpo�3nÌi:y5Æ�r:l ~ nqpQÆ<wÐÏ?nqponzy^lQv ~ ikpo�:nqj ikponMj�È5Äñnqp�wR�ÔÓ
Ä5r:jmnzÆ��ÍwRy<nzikpo�x-]Ê�ßc�Íl ~ r]È<� ~ l ~ nQwRy]lonqpmi:vKl�wxr]y�wÍjÒ�\nzikj�È<ponzÆ\Ç]-\icsâr:pmvKn]Ú=iMÈ<jmnKsäÈ<�5vKrÖy5vKnzÄ<l�wxj.l�rÔwRy]lopor=Æ5È5vKn
i\Ä5r:lonzy]lowRik� � nq�RÆGÚ5vqiz�x�xnzÆel ~ n �D���r�b�`�r
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f S a ± á { â<Êeâ3�

Ã ~ wxj"wxj&l ~ n\Æ<n � y<wxl�wxr]yerks�l ~ nÌnq�xnzvKlopowRv � nq�RÆ a ÊQÃ ~ nÔlonqjml"v ~ izpo�:n��\È<jmlÒÇ5n\y<nq�3�xwx�:wRÇ<�Í-dj��¯ik�x�}Ú5jmr¯l ~ ikl
wxl"Æ<r]nqj"y<r:l"Æ<wxjmlmÈ<pmÇal ~ nMnq�xnzvKl�powRv � nq�RÆGÊ | r]�\Ç<wRy<w�y<��l ~ nMnzØ<È5iklowÍr]y<j { â<Ê   �"i:y5Æ { â<Ê â:�cl ~ nMnq�ÍnzvKlopowRv � nq�RÆ
ikl"i\Ä5r:wRy]l � Æ5È<nMlor¯i¯Ä5r:wRy]lQv ~ ikp��:n ± ��iklQl ~ nÌÄñr3j×wÍlowxr]y � �ÒwÍj

a { � �ÇS  
ä�®�¯ °J± � { � T � � �² � T � � ² ³ á { â<Ê ¢ �
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Ã ~ n�Ì � � �����f�Í
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Ñ ~ wRv ~ wxj ��nzizjKÈ<p�nzÆ�w�yÚÙºFÛ È<jmwRy<��h

Mt<ßéÈ5y<wÍlojzÊ��ÒnzÄ<�Ri:vKwRy<�\l ~ n&j�È5��w�ya��Ø<È5izlowxr]y { â=Ê ä]�QÇ^-giMÉ^r3�RÈ5�\n
wRy]lonq�:pmik�1-=wxnq�RÆ<jQl ~ nM�:nzy<nqpmiz�xwo�qnzÆ | r]È<�Ír]�\Ç/ë jQ�RiqÑ �

a { � ��S  
ä�®�¯ °(Ü Õ cI{ ° � { � T ° �² � T ° ² ³ Ý Ø Â á { â<Ê ö �

ÜÒr:lon � l ~ wxjMwxjMl ~ nÌnq�xnzvKlopow�v � nq��ÆTvKponziklonzÆÎr]y<�x-ðÇ^-eieÆ<wÍj×l�powRÇ5È<lowxrÖy rzs�Äñr:w�y^lÌv ~ izpo�:nqjzÊÌÃ ~ n\i3Æ5Æ<wxlowxr]y5iz�
nq�xnzvKlop�wRv � nq��Æ�wRy5Æ5È5vKnzÆeÇ]-\nq�xnzvKlopow�vÔÆ<wRÄ5r:�xnqjQwxj"Æ<wxj�vqÈ<jmjmnzÆ\wRy |Ò~ i:Ä<lonqp ¢ Ê
Ã ~ n&nq�xnzvKl�powRv � nq�RÆ�wxjQwxp�por:lmikl�wxr]y5ik�äÊQÃ ~ wxjÒs i:vKlÒ�¯iq-gÇñnÌÆ<nqpowÍÉ^nzÆ\s}porÖ�ò��Ø<È5ikl�wxr]y { â<Ê ö �KÊÒÃ ~ nMÉ^nzvKl�r:p

säi3vKlor:pQwRyal ~ nMwRy]lonq�:pmi3y5ÆawxjQl ~ nÌy<nq�]iklowÍÉ^nM�3pmi:Æ<wxnzy]lcrzs�l ~ n"jKvqiz�Rikp  �� ² � T ° ² ÑÅÊ pqÊ lqÊ � �
� T °² � T ° ² ³ S T P  ² � T ° ² á { â<Êeú3�

Ã ~ È<jkÚ=��Ø<È5izlowxr]y { â<Ê ö �&Ç5nzvKr]�\nqj

a { � ��S T  
ä�®�¯ ° P Ü cI{ ° �² � T ° ² Ý { Ø Â ��á { â<Êeì3�

,ÒÈ<lÒl ~ nMvqÈ<po�1rksunqÉ^nqp�-\�:pmi:Æ<wÍnzy^lQwxjQnzØ<È5ik�?lor<�qnqpor5Ú5jmr\l ~ izl

PuÞ a S � á { â<Ê ¡ �

ßcj�j ~ rkÑ yÔwRy¯��Ø<È5ikl�wxr]y { â<Êeì:�.l ~ ncnq�ÍnzvKlopowRv � nq�RÆ¯vqi:y¯ÇñnQÑÒpowÍlolonzyaizj.l ~ nQ�:pãi:Æ<wxnzy^l�rks�iMj�vqik�Rikp Ê�Ã ~ wxj
j�vqik�Rikp�säÈ5y5vKlowxrÖy�wÍjQy5i:�\nzÆÔl ~ n �Ð���D���`�D
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y<nq�]ikl�wxÉ]nMrks�l ~ wÍjc�3pmi:Æ<wxnzy]l �
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Ë ~ nzyei\lonqjml"v ~ ikp��:nÔwÍjM�\rkÉ]nzÆ¯wRydi3ydnq�xnzvKlopow�v � nq�RÆGÚIÑ.r3pmÛawxjMÆ<rÖy<n]ÊQèâs�l ~ nÌlonqjml"v ~ ikp��:nÔwÍjM�\rkÉ]nzÆ
s}p�r]��iðÄñr:w�y^l � ° lorTiðÄñr:w�y^l � ik�Ír]y<�WiTvqÈ<poÉ]n¤á¯ÚÞl ~ nzyWl ~ wxj\Ñ�r:pmÛTwxj��:wxÉ]nzyWÇ^-Tl ~ n¯s}r:�Í�xrkÑ�wRy<�W�xwRy<n
wRy]lonq�:pmik� � â S T Ü Ù f [ Ý�ã S T ± Ü Ù a [ Ý�ã á { â<Ê  :  �

Ã ~ nÌ�\wRy=È<j.jmwx�]yaw�y5Æ<wRvqiklonqjQl ~ iklQl ~ nMÑ�r:pmÛ¯wxj"Æ<r]y<nMiz�]ikwRy<jmlQl ~ nÌi:vKlowÍr]y�rzs�l ~ n � nq�RÆGÊ¢� nzÄ<��i:vKwRy<� a Ç^-
l ~ nÌy<nq�]izlowxÉ]nM�:pmi:Æ<wÍnzy^lQrks�l ~ nÌÄ5r:lonzy^l�wRik�Þ-=wxnq�RÆ<jÒl ~ iklQl ~ nMwRy^l�nq�:pmik�1wxj"Ä5ikl ~ w�y5Æ<nzÄñnzy5Æ<nzy]l �â S ± Ü Ù PXRä[ Ý�ã S ± Ü Ù Ý R4S ± ÜiååÐæ Ý R4S ± { R ² å T R ² å�æ ��á { â<Ê   â3�
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èäy�l ~ wÍj&jmnzvKlowxr]yel ~ nÌjmnzvKr]y5Æ�säÈ5y5Æ5i:�\nzy]lmik�GnzØ=È5iklowxr]yerks�nq�xnzvKl�por:jmlmiklow�vKjMwxjMÄ<ponqjmnzy]lonzÆ � ¦ ������� � ����¥ ÊQÃGr
j�ÄñnzvKw s}-ei¯Ä5r:lonzy]lowRik� � nq�RÆdvKrÖ��Ä<�Ínqlonq�x-]Ú5l ~ n�Æ<wxÉ]nqpo�:nzy5vKnÌi:y5Æel ~ n�vqÈ<po�1rks�l ~ n � nq�RÆÎ�\È<jmlÒÇ5nÌ�:wxÉ]nzyGÊQt<r
säizpÒr]y<�x-¯l ~ nÅvqÈ<po�GwxjÒ�3wxÉ]nzy�wRye��Ø=È5iklowxr]y { â<Ê ¡ �Qikj"Æ<nqpowxÉ]nzÆÔs}p�r]� | r]È<�Ír]�\Ç/ë jÒ��içÑMÊ�èäyai:Æ5Æ<wÍlowxr]yGÚIÿMi:È<jmj\ë
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Sort interactions according
to priorities in CS matrix

Is the interaction from a
body onto itself?

Set up diagonal
sub matrix Ckk

Set up constant
vector dk

Loop through interactions of all bodies
with local bodies ordered by priority

Is priority high enough
for sub matrix to be stored?

Yes

Yes

Set up non-diagonal
sub matrix Ckl

No

No
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Initialize Guess

Request Remote Solution

Calculate Matrix

Receive Remote Solution

Dot Product

Update Solution

Iteration

Synchronization

Synchronization
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Processor Nodes

Network Switches

Network Switch
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h�i b!e�l

R `=p|p j�Y
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Y�e w Y�b p RE�XfKY o

r Y `
ozp RBe�n�Y `
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W=Y p [¼� h Y(W=Y
fBb ` Ru��Y(Y
WsW=d!W<d wk`ch Y(Y
fKY�n ` W=RBn
j�d ` Y�e ` RBbgfÄd*e(¥!Ô�Y��XU�b�fKf r<p RKø
Y�l%b!e�l<Y��XU�b�fKf r n h bgWsT!Y�l p j h Y
W=Y p �*Y
W p U p�`ch Y'j�d p R ` RKd*e(d wt`
h Y p j h Y
W=Y p [

eXd p U�j�Y
W=R i j�d p Y�lÙb i �XRKY�e ` Y
fKY�n ` WsRBn&�9Y
fBl/b�e�l `
h Y�Y
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W
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h Y p j h Y
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`
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`
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��j�Y�n ` Y�l ` d�WsY�l�U�n�Y `
h YJb i d*U�e ` d w n�d i j�U ` b ` RKdVeÙb!e�l(n�d i�i U�eXRBn
b ` RKdVe(b!e�l p
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h Y(l�b ` b w d!WJÔ!Z�è p j h Y
WsY p � `=p RBe ` d `
h Y i Y i d!W r d w|`
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` d!W=Y�l/RBe i Y i d!W r*o REeÙd!W
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` d ` Y p�`y`
h Ymj�Y
W w d!W i b!e�n�Y|d w `
h Y3jXW=d�T!W
b i b!e�l ` d�Y
� ` W
b!j�d!fBb ` Y'R `=p ��Y h b
�XRKd�W ` d�fBb�W=T!Y
WFjXW=dV�XfKY i p RKø
Y p�o

d*eXf r b(j�bgW ` d wF`
h Y p U�� i b ` W=REn�Y p R p'p
` d!W=Y�l otvFh RufKY `
h Y�W=Y p
` R p n
bgfBn
UXfBb ` Y�l¡l�UXW=RBeXT `
h Y%Y
�XY�n
U ` RKdVe}d w
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�Äb!�XfKYJ¤X[©¥ ]�^ e�j�U ` l�b ` b w d!WFÔ!Z(è p j h Y
W=Y p [
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�Äb!�XfuY�¤X[ ¬�] ËÙb!n h RBeXY'j�bgW
b i Y ` Y
W pqw d!W `ch YoÐnËMËBÌ WcU�e p [

`
h Y%R ` Y
W
b ` RKd*e o b p lXR p n
U p
p Y�lÙRBe¬ÏXY�n ` RKdVe¼ZX[ ¬ [ ¬ [M� h Y
W=Y�bgW=Y `Nv d p Y `=p d w WcU�e pg] � h Y��9W p�`3p Y `
o vFh Y
W=Y

h bgf w d w `
h Y i b ` W=RK��R pqp
` d!WsY�l<RBe i Y i d!W r b!e�l `
h Y|d `
h Y
W h bgf w R p n
bgfBn
UXfBb ` Y�l�[y� h Y p Y�n�d*e�l p Y `qh b p d*eXY

�XU�b�W ` Y
Wqd w¾`
h Y i b ` W=Ru� p
` d!W=Y�l(b�e�l `
h Y3d `
h Y
W `ch W=Y
Y'�XU�bgW ` Y
W p bgW=Y'n
bgfEn
UXfBb ` Y�l�[y� h Yk�9W p
`qp Y ` REe�n�fBU�lXY p

Z�WcU�e p3v R `
h lXR£×�Y
W=Y�e ` ÐnÏ i b ` WsRBn�Y p�o�vFh Y
W=Y `
h Y i b��XR i bgfÄY�e ` W r REe `
h YAÐnÏ i b ` W=RK�CR p Y
R `
h Y
W p Y `F` d
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¨ o Ô�¨ o�¬ ¨ o d!W ý ¨X[|� h R p3i bg�\R i bgf�Y�e ` W r n�d!W=WsY p j�d*e�l pF` d `
h Y2REe ` Y
W
b�n ` RKd*e/��Y `{v Y
Y�e `
h Y `{v d i d p�`

lXR p
` b!e ` ��dXlXRuY p [y� h Y3d `
h Y
WFY�e ` W=RuY p b�W=Y w W
b�n ` RKd*e p d wt`
h R pki bg�\R i bgf�Y�e ` W r*oXvFh Y
WsY3d*eXY w W
b�n ` RKd*e(R pF`
h Y

W
b ` RKdÙd wy`
h Y�lXR p
` b!e�n�Y>��Y `{v Y
Y�e `
h Y�n�d�W=W=Y p j�dVe�lXRBeXTC��d\lXRKY p b�e�l `
h Y i b��XR i bgf lXR p
` b!e�n�YJdXn
n
UXWsRBeXT(RBe

`
h Y p
rXp
` Y i [Ä� h Y p Y�n�d*e�l p Y `
o*vFh Y
W=YFd*eXYm�XU�bgW ` Y
Wtd wÄ`
h Y i b ` W=RK��R p�p
` d!WsY�l o RBe�n�fEU�lXY p W
U�e pyv R `ch § o*¬ ¨ o

b!e�l ý ¨ w d!W `ch Y i b��XR i bgf�Y�e ` W r [

� h Y�fKY p
pkw WsY��XUXY�e ` U�j�l�b ` Y p d wF`
h Y p d�fBU ` RKd*e p U����*Y�n ` d!W p b!e�l `
h Y%j�bgW ` RBbgfFlXd ` jXW=d\l�U�n `=p fKY�b!l ` d
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i d!W=Y�R ` Y
Wcb ` RKd*e p
` Y�j p eXY
Y�lXY�l w d!WJn�d*e*��Y
WsT!Y�e�n�Y*[BÏ�U�j�jXW=Y p
p REeXT(U�j9l�b ` Y p ��b p RBn
b�fKf rMp Y `=p2p U�� i b ` WsRBn�Y p

RBe `
h Y p�r\p
` Y i i b ` W=Ru� ü ` d�ø
Y
Wsd oqvFh RBn hªi RKT h*` RBe�n�W=Y�b p Y `
h Y p j�Y�n ` WcbgfkW
b�lXRBU p d w�ü [ ÏXRBe�n�Y `
h Y

Y
RKT!Y�e*�*bgfBUXY p b!e�l `
h Y p j�Y�n ` W
bgfÄW
b!lXRBU p d w_ü bgW=YJlXd i RBe�b ` Y�l(� r R `=p lXRBbgT�d*e�bgf p U�� i b ` WsRBn�Y p�oXvFh RBn h bgW=Y
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W p Y `'` d/ø
Y
W=d o�`
h Y i b ` WsRK� ü R p�p
` RKfuf p
` b��XfKY à R `=p�p j�Y�n ` W
bgfFW
b!lXREU p R p fKY p
p�`
h b!e¼dVeXY á�o b!e�l `
h Y

R ` Y
Wcb ` RKd*e p�` RKfKf n�d*e��*Y
W=T�Y p [

QXd!WkRBe p
` b�e�n�Y oÞüÁw d!W `
h Y�jXWsd*�XfKY i d wt`{v d p j h Y
WsY p REeÙb!eCU�eX��d*U�e�lXY�l%lXd i bgRBe à,p Y
Y�QÄRKT*UXW=YJ¤X[K§!§ á

h b p b p j�Y�n ` W
bgf*W
b�lXRBU p d w ¨ Ð Ô « èX[�� r|p Y `=` RBeXT|b!e r d w9`
h Y `{v d|dg× � lXREbgT!d*e�bgf p U�� i b ` W=RBn�Y p�ogv�h RBn h lXY p n�W=RB��Y
`
h Y3RBe ` Y
W
b!n ` RKd*eC��Y `{v Y
Y�e `ch Y `{v d%��dXlXRuY pgo\` d�ø
Y
W=d oX`
h Y p j�Y�n ` W
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h YJlXd*U��XfKY'fBb r Y
W|lXY�e p R `{r �*Y
W p U pq`
h Y'R ` Y
Wcb ` RKd*eMe\U i ��Y
W

w d�W `
h Y|Z3lXR£×�Y
W=Y�e ` W
U�e p�o!vFh Y�e h bgf w d wÄ`
h Y i b ` W=RK��R p j�Y
W i b!eXY�e ` f r2p
` d!WsY�l�RBe i Y i d!W r [ � h R p W=Y
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Y
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W
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h Y p�r\p
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U p�p Y�l�RBeMÏXY�n ` RKd*eC¤X[K§![FQXd!W `
h R p W=Y�b p d*e o�`
h Y'b p�réi j ` d ` RBn3W=Y
fBb ` RK�*Y2Y
WsW=d!WkR p d w

`
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h Y�e\U i Y
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n
UXW
b�n r d w lXd*U��XfKY � jXW=Y�n�R p Rud*e õ dVb ` RBeXT �
j�d!RBe ` eXU i ��Y
W pFàGý � rX` Y p:á [ Ø p b�e ` RBn�REj�b ` Y�l o�`
h Y3e\U i ��Y
Wtd w R ` Y
W
b ` RKd*e p�` Y�j p eXY
Y�lXY�l w d!W_n�d*e��*Y
W=T�Y�e�n�Y
RBe�n�W=Y�b p Y p�oXv�h Y�e `
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W
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�XY�n
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h Y|R ` Y
W
b ` RKd*e(R p W=Y�l�U�n�Y�l�[ � h Y|RBe ` Y
Wcb!n ` RKd*e p ��Y `Nv Y
Y�e w bgW_b!j�bgW `
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¡*£ ���(�­ªÁ§*�#��¤ ¢E¯ �#ª � § ¬=¡ ���GÂ�����§ ¯��!�.¬ � ¡À� �(ªj� ¬ °��2�(ª ¬'��� �(ª ¼ ���Òªj�#��¤ ¢ �#ª � § ¬ �#ª �j�\¯�� § ± ��¤#¨.� ¬ � � ���(� ¬�¢.� �
¬��.�®� �#ª � §�° ¡W� � ¢.¡W� � �,���(¤#���Ã�#ª � � ¬ ² ¢�¬ �#��¤�µ

¥J§ � ¤��(��¤�� �Ã¬��E�j± ��² � ¤&�2�(�¸� �g�W¡(� � �®¢�£ ��¤T�(��§ ¬ ª!� £t� § Ö ¡À� �(ªj� ¬«¢�¬ ª®§ ¯��®�(¬ ª � § ¬ ª®§ ¢¸¬�� �(��¤#ª ¯�¢���� ��¤J²Ô� ¯ �
¯�� §W� �W¯ � � ¤�° p�o�¿LÙ ¥ �&r � ¢�¬'¡ ����§N��Å5�#��§W�(��� ¡*£Õ�(¬ ª®§(¨Ò���(� � ����� � � � ²Ãª ��¢ ¨.� ¬ Â,�(ª ¯ � £ ª!� � � ¬ � ��¤ �
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