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Ã¯]�j;az]9sn]`o,k�knwHan]9]�snmpi�jHd�]ÄbejHj;angYÅlmpi¡bEknmpg{oKsÆ}Çg�a�knw;]Äv`b{dpv`_;d§bEknmpg{oÈge}
knw;]	jIg�sukn]9anmpg{a¡iS]tbeoÉm�oVx b{_Hsnsnm§beo�¥¦azg1v`]9szsSv�d§b{szsum�ÊKv`beknmpg{oX�Ä��w;]«ÊKazsuk
k µ g	iS]`knw;gl�;s°b{an]¡az]`d§bEkz]9�¯kng	iS]tbeo�ÊH]9dp��m§�l]9b�s�Ë1o;g µ o�m�o | kcbEkzmpsuknm§v`b{d
¥¦w1�lsum§v`s9�A��w;]^kzw;mpaz��bej;j;azg�b�vcwSmps�ÌHb�su]t�¡g{oy��bY��]9snmpb{oSg{o;dpm�oH]�b{j;j;azg�b{vcw
µ w;m§vcw µ b�s/iSg{knmp�Ybekn]t�$Ì1�San]tv�]`o,k�an]tsu_;d�kzs�mpo¡knwH] | kcbEkzmpsuknm§v`b{d¸ÍÆ]9vcwHb{o;mpv9s
ge}K\^]`_;acbed1\�]`k µ g�anËls9�XÃ�]hj;az]9sn]`o,kÂsumpiÎ_Hdpbeknmpg{o°az]9sn_;d�kzs2suw;g µ mpo;qKÏÂ®{�tknwHbek
knw;] iS]9b{o$ÊH]9dp�y��bY�{]tsum§beo$]9�1mp�l]9oHv�]�i¡bY�¡ÌK] _Hsn]9�*}Çg{a�w1�1jK]9anjKbeacbeiS]�kz]`a
kn_;oHm�o;q¡b{oH� ² ��kzwHbEk�kzw;] g{o;dpm�oH]�b{j;j;azg�b{vcw¡i¡bY�$b�vcw;m�]9�{]�bÎdpg µ knacbempo;mpo;q
]`azang�a�}Ðb{suk9�

478l:9.1Ñ =HBYZÂÒ ��w;]9g{az�{�Hx be_Ksnsnmpb{o*j;azglv�]tsnsn]9sÓ acbed¸j;az]9sn]`o,kzbeknmpg{oyj;an]`}Ç]`azan]t�
fhg{azaz]9snjKg�oH�l]`oKv�] suw;g�_;d§�*ÌI]°b{�;�;an]tsnsn]9�*kng¡ÍÆb{ol}Çan]t� Ó jHjK]9a
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x be_Ksnsnmpb{o�j;anglv`]9szsu]ts j;angE�1m§�l]¡j;azg{iSm§sumpo;q	o;g�o ± jKbeacbeiS]�kzanm§vS��bY��]9snmpb{o�b{j;j;azg�b�vcw;]9sCkng+an] ±
q{az]9szsnm�g�o�beoK�yv`dpb�snsnm�ÊKv`beknmpg{o�Û ² �Ü®�ÝÞ�¦¨ßoyknw;]tsu]°sukzbeknm§s�kzmpv9bedXiSgl�l]`d§s9�;m¬k�m§s�b�snsn_;iS]9�*knwHbek�knwH]
dpm�Ë�]`dpm�w;g1gl��ge}XbeoSg�_lknj;_;khg{aAkcbeazq{]`k¦�Yb{anm§beÌHd�]5àÎ}Çg{ahb q�m���]`oSmpo;j;_lk/á�â«ã ä#v`b{o¡ÌK] µ azm�kukn]9o
b{sCå¡æÇàXç èIæÐáÜéué µ w;]`az]7èÆÏ;ã ä)ê ãëb{an]�}Ç_HoHv©kzm�g�oHs µ wHmpvcwÆwKbY�{]Îbyx be_Hszsum§beo	jHanmpg{a��lmpsuknazm ±
Ì;_lkzm�g�oX�1m�� ]{�ÂèSm§sCæ�b°j;azmpg{azm§é/b{szsu_;iS]t��kng�ÌK]�b7x be_Ksnsnmpb{o$acbeoH�lg�i)ÊK]`d§�[�¦��w;m§s/iS]9b{oHs/knwHbek
beo1�	ÊKo;m¬kz]$su]`k°ge}hÊH]`d§���Yb{anm§beÌHd�]ts�è¸æÐáXìÞé��ÜíCîï®�ð`ñ9ñ`ñ�ðzò�b{an]Có�g{mpo,kndp��x b{_Hsnsnm§beo��lmpsuknazmpÌ;_lkn]t�
µ m�knw$b�q{mp�{]9oSv`gE�Ebeazmpb{oHv�] @ Û è¸æÇá ì é�è¸æÇáIôEéÞÝ¸îVõ�æÐá ì ðnáIôté�æ µ ] µ m�dpdKb{dpsng�b{szsu_;iS]5b ö`]9ang iS]9b{oknwHang�_;q{w;g�_lk�knw;]�jKbejI]`a©é©�
¥¦az]9�;mpv�knmpg{oHsAg�oSè¸æÐáÜé2}Çg{a¦oHgE�{]`dlmpo;j;_;kzs¦áÂ� µ w;]9o$b�sn]�k�÷Èg{}[øùknacbempo;mpo;q ]�Å;beiSj;dp]9s�æÐáXìuðnà{ìÞé
íAî�®{ð9ñ`ñ`ñ`ðuøú��mpsAq�m���]`oX�{v9beo�ÌK]�v`g{iSj;_lkz]9�7}Çazg{i�kzw;]5jKg,s�kz]`azm�g�a¦�lm§s�kzanmpÌ;_lkzm�g�o7g{}Kkzw;]5ø�û+®
�Ebeazmpb{Ì;dp]9s°è¸æÇáÜé°beoH�üè¸æÇá?ý9é©ð9ñ`ñ9ñ`ðnè¸æÐáXþ�é��«�ÿiSbeó�g{a�kz]9vcw;oHmpv9bed/jHang�Ì;d�]9i g{}�kzw;]�x b{_Hsnsnm§beo
j;azglv�]9szsÂiSgl�l]`d§sÂm§sÂkzw;]^�lm � v�_;d�k��7g{}Xv�g{iSj;_;knmpo;q°jIg�sukn]`azmpg{a¦bY�{]9azb{q{]ts2b�sÂw;mpq{w$�lmpiS]`oHsnmpg{oHb{d



mpo�kz]`q�azb{dps9� µ w;]9oSknw;]�dpmpË{]`dpmpw;g1g1��m§s¦o;g{khx be_Hszsnmpb{oX�2��wHmpsÂwKbej;jI]`oHs¦}Çg{a¦]`Å;beiSj;dp]5m�o$v`dpb�snsnm¬Ê ±
v`beknmpg{oSj;azg{Ì;dp]`i¡s9� | g }Ðb{a9�,b��Yb{anmp]�k��7ge}[bej;jHangYÅlmpiSbeknmpg{oÎkn]9vcwHo;m � _;]tsÂwHbY��]�ÌI]`]9o¡�lmpszv�_Ksnsn]9�[ÏÍ	g�o�kz]Îf�beazd�g�snb{i�jHd�mpo;q«Û ² ÝN�1kzw;]�ÍÆ�^¥�bejHj;ang,b{vcw+Û �EÝÞ�;ÌIg{_;oH�Hs�g{o$kzw;] d�mpË{]9d�mpw;g1gl�¯Û ³ ÝÜb{oH�
b �?�C¥�i�]tbeo7ÊH]`d§��bej;j;azg�b�vcw*Û �YÝÞ�?¨ßo7knw;m§sÂjHb{jK]9a9� µ ] µ m�dpdlmpo�kzangl�l_Kv�]�knw;az]`]5�lm��¸]`az]`o,kÂo;gE�{]9d
iS]�kzw;gl�;s�}Çg{aCbej;j;azgYÅlm�i¡beknmpo;qÎkzw;]°jIg�sukn]9anmpg{a5iS]9b{o«ge}2knw;]�acbeoH�;g{iÿÊK]`d§�yè¸æÐáÜé©� µ wHmpvcw µ ]
knwHm�o;Ë¡b{an]�snm�iSj;dp]�]9o;g{_;q�wSkng°ÌI]^_Ksu]t�Sm�o¡j;acb{v�knm§v`b{dHbej;jHd�m§v`beknmpg{oHs9�2� µ g°g{}Ikzw;]5kz]9vcw;o;m � _;]9sbeaz]�ÌHb�su]t�«g{o«iS]9beo«ÊK]`d§�	mp�;]9b{s5}Çang�i | kcbEkzmpsuknm§v`b{d?Í	]tvcwHbeo;m§v`s9� µ wHmpvcw	mpoÆv�g�o�kzazb�s�k5kzg¡knwH]
j;az]`�1mpg{_Hsnd����l]9�{]9d�g�jK]t�Î�2�^¥�bej;j;azg�b�vcwÎbeaz]/]tb{snm�]9aÜkzg m�iSj;dp]`iS]`o,kt�2��w;]9�°bed§sugC�1m�]9dp��sumpiSj;dp]
bejHj;angYÅlmpi¡bEknmpg{oKs2kng°kzw;]�kzgekcbedHdpmpË{]`dpmpw;g1g1�Sg{}¸knw;]��;bEkcb$æ kzw;]^]9�,m§�l]9oHv�]Yé µ w;m§vcw$v`b{o¡ÌK]C_Hsu]t�
kng kz_;o;]5kzw;]�w1�1jK]9anjKbeacbeiS]�kz]`acs?mpoSknwH]^v�gE�Ebeazm§beoHv`]hË�]`azo;]`d;õ æ���w;]^��bY�{]tsum§beo7]`�1mp�;]`oHv`]ÎæÇg�a
ÍÆªÜ¨u¨uéh}ÇacbeiS] µ g{azË$bempi¡s5bEk�i¡bEÅlmpi�mpö`mpo;q�knwH]�d�mpË{]9d�mpw;g1gl�*g{}ÜknwH]°�;bEkcb�é©�
Ã�]*sujI]9v`mpb{d�mpö`]$kng	kzw;]�v9b{sn]¡ge}�b«Ì;mpoHbeaz��v`dpb�snsnm�ÊKv`beknmpg{o�j;ang�Ì;dp]`i«� µ w;]`az]S}Çg{a�sumpiSj;d�m§v�m�k��{�
knwH]°v�d§b{szs�dpb{ÌK]9d[àSî��7®Cm§s�b{szsn_;iS]9�*kngSÌK]�oHg{m§su]�}Çaz]`]°beoK�$kzw;]�d�mpË{]9d�mpw;g1gl�*m§s�vcw;g,su]9oyb�s

å¡æÇàXç èlé¦î���æÇàlèléCð æ�®Yé
µ w;]9an]���æ	�¸é^m§sCknw;]�_;o;m�k°s�kz]`j¯}Ç_;oHv�knmpg{oX� µ wHmpvcw¯] � _Hbed§s7®Î}Çg�a
����
ybeoK�Æö`]9ang�]`d§su]��°Ã�]
beaz]�mpo�kz]`az]9sukn]t�«m�o+v`g{iSj;_lkzm�oHq$] � v�mp]`o,k bej;j;azgYÅlm�i¡beknmpg{oHs�kzg$knwH]°jKg,s�kz]`azm�g�a�iS]9b{o��Ðè¸æÇáÜé��©�
µ w;m§vcw µ ] µ m�dpd[_Hsn]�}Çg{a�b7j;an]t�lm§v©knmpg{oyge}?knw;]�d§beÌI]`d§s��1mpb7àSîVsnm�q�o��Ðè¸æÇáÜé��©�¦¨ßoyknwH]C}Çg�d�dpg µ mpo;q��ñ9ñ`ñ�� µ m�dpdÜb{d µ bY�ls��;]`o;g{kn] jKg,s�kz]`azm�g�a�]�ÅljK]tv©kcbEknmpg{oKs`�
��]�}Çg�an]*sukzb{aukzm�oHqH�2d�]`k7_Hs7b{�;��k µ g+v�g�iSi�]9o,kzs°g�o�knw;]�d�mpË{]9d�mpw;g1gl�Äæ�®Yé©���2mpazsuk9�2knwH]�ÍÆ�C¥
bejHj;ang,b{vcw�æÇmN� ]��5j;az]9�lm§v©kzm�o;q µ m¬kzw«knw;]ÎÊH]`d§�;s^è*knwKbEk^i¡bEÅlmpiSm�ö9]�knw;]7jKg,s�kz]`azm�g�acé µ g{_;d§�«o;g{k
ÌI]Îbej;jHd�m§v`b{Ì;d�]��;ÌI]9v`b{_Hsn]�m�k^q�m���]9s�knwH]�knazm��1m§bed[az]9sn_;d�k^èIæÐáÜéhî�
;� | ]9v`g{oH�[�;knw;]Îsnmpi�jHd�] }Çg�ani
ge}�æ�®Yé �lg1]9s�oHgek°az]`j;az]9sn]`o,k°b	su]9anmpg{_Ks an]ts�kzanm§v©kzm�g�oX�$~�� qH�p�Üm�}5o;g{m§su] µ g{_;d§��ÌK]¡mpo,knazgl�l_Hv�]t�
µ m�knw;mpo�b����������! Âi�gl�l]9d5Û ² ÝN�Xb{d�dÂsn_;ÌHsn] � _;]`o,k�v`b{dpv`_;dpbeknmpg{oHs µ mpd�dÂg�o;d��«ÌI]¡sudpm�q�w,kndp�Æbed�kn]`az]9�X�Í	g�an]9gE�{]`at�Kknw;]$x be_Ksnsnmpb{o+bY�{]9azb{q{]°mpo1�{g�d���]9�	mpoÆkzw;]¡�l]�ÊHoHm¬kzm�g�o¯g{}¦knw;]Sj;azg{ÌHm¬k d�mpË{]9d�mpw;g1gl�
v`b{oÄbed µ bY�ls�ÌK]¯suw;m�} kn]t�É}Çang�i kzw;]	d�mpË{]9d�mpw;g1gl�Ém�o,kng�kzw;]¯x b{_Hsnsnm§beoÉj;anglv`]9szsSj;anmpg{at��Ì,� b
az]9�l]`ÊHo;m�knmpg{o	ge}Akzw;]°ÊH]9dp�Hs^è�æ µ w;m§vcwÆ�lg1]9s^o;gekCvcwKbeo;q�] knw;]7j;an]t�lm§v©knmpg{oIé©�Id�]tbY�,mpo;qS_Hs µ m¬kzw
knwH]°sumpiSj;d�]�dpmpË{]`dpmpw;g1g1��æ�®Yé�beoH�yb�iSg1�;m¬ÊH]t�yj;anglv`]9szs5v�gE�Ebeazmpb{oHv�]�Û �EÝN�
" #%$ ÀÂÁI¾�&('Ü½1Ù*)�¾;½
��k�ÊHacsuk^q{d§beoHv`]{�;m�kCi¡bY�ysu]9]`i knwHbek^m�o	g�az�;]`a�kng�v`bed§v�_Hdpbekn]+��èIæÐáÜé,� µ ]�wHbY��] kng*�;]9bed µ m¬kzw
knwH]^ó�g�m�o,k�jKg,s�kz]`azm�g�a^g{}¦knw;]�ÊH]9dp�Hs�è ì î)è¸æÇá ì é©�[í5î�®{ð`ñ9ñ`ñ�ðnø kng{q�]�kzw;]`a µ m¬kzwÆkzw;]�ÊH]`d§�+bek
knwH]�kn]ts�k�jKg�m�o,k�èIæÐáÜé©�¦��w;m§s µ g{_Hdp�SmpiSj;d���kzwHbEkh}Çg{ahb{o1�Îkz]9sukhjIg{mpo�kt�,b7�lm��I]9an]9o�kho;] µ øQûü®
�lmpiS]`oHsnm�g�oHbed;bY��]`acbeq�]¦wHb{s?kzg�ÌI]5jI]`an}Çg{azi�]t�[�?�Cv©kz_Hbedpd���� µ ] µ mpdpdHsuwHg µ knwHbekAknw;m§sÂm§sAo;gekAknwH]
v`b�su]��2�Cs/b{ÌKgE��]5d�]`k @ �;]`o;g{kn]5kzw;]�]�ÅljI]9v�kzbEkzm�g�o¡gE�{]9aÂknw;]�x be_Hszsum§beo¡jHanmpg{at�?��w;]CjKg,s�kz]`azm�g�a]�ÅljI]9v�kzbEkzm�g�oybek^beo1�$jIg{mpo,k9�HszbY�¡á
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v`b{o�Ì1��m�o,kn]9q{acbEkzm�g�o*Ì1�$jHb{aukcs54,}Çg{a5beo1�$dpm�Ë�]`dpm�wHg,gl�641ÌK] µ azm¬knkn]9o«b�s
�Ðè¸æÐáÜé,�/î�7

ô
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snw;g µ m�oHqÎkzwHbEk*8Xô m§s�o;g{k^�l]`jI]`oH�;]`o,k�g{o�knw;] kz]9suk�jKg�m�o,k5áÂ�¦¨Þk5m§s�knw;]9an]`}Çg{az]CoHgek�o;]tv�]9szszbeaz�
kng¡v`g{iSj;_lkz]°b7øùûÄ®��lmpiS]`oHsnmpg{oHb{dXbY�{]`acbeq�]�}Çg�a5]`�{]9an�¡jHan]t�lmpv�knmpg{oX�
Ã�]¡wHbY�{]Svcw;g�sn]`o+knw;]$snjI]9v�m�ÊKvS�l]`ÊHo;m�knmpg{oÄæ ³ é^mpo�g{ac�l]`a�kng	suknaz]9szs�knw;]¡snm�iSmpdpb{anm�k��	kzgyjHan] ±
�lm§v©kzm�g�oHs µ m¬kzw | _;jHjKg�auk@?Â]9v�kng{a ÍÆb�vcw;m�oH]9sSæÇmpoÆ}Ðb�v©k9�¸}Çg�a^kzw;]�d�mpË{]9d�mpw;g1gl��æ�®Yé©�¸kzw;]A8 ô µ mpd�d
v�g�iS]7g�_lk�oHg{o;o;]9q�beknmp�{]té���¨ßo+kzw;]So;]�Å1k�su]tv©kzm�g�oHs µ ] µ m�dpd¦�l]9�{]`dpg{jÆknw;az]`]Sbej;jHang,b{vcw;]ts�}Çg�a
beo«bejHj;angYÅlmpi¡bEkn] v�g�iSj;_lkzbeknmpg{o«ge}?knw;]B8Xô{�
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ge}�8 ñî æÐè;ýYð9ñ`ñ9ñ`ðnè1þ é°Ì1� b�sumpiSj;dp]`at�Âknacb{v�kzbeÌHd�]y�lmpsuknazmpÌ;_lknmpg{o('1�*)�]9an]��+� �l]9o;gekz]9s7knwH]
v�gE�Eb{anm§beoHv`]$i¡bEkzanm�Å µ m¬kzw ]9d�]9iS]`o,kzsSõ$ì ô îúõ�æÐáXìuðná ô é©��¨ßo�knw;]«�Ebeazm§bEknmpg{oKbed�i�]tbeo�ÊH]`d§�
bejHj;ang,b{vcw 41Ë1o;g µ o b�s-,/.�0/,21 �/34,-34,65 �7.0�8.:9Æmpo�knwH]¯\�]9_;acbed fhg�iSj;_lkzbeknmpg{oQfhg�i�i7_;o;m�k��{� 4
knwH]5an]9dpbeknmp�{]�]`o,knazg{j1�Î�;mpsukzb{oHv�]�õ-;^æ<'1ð � éÂî>=@?,8@'læÐ8Héld�oBA6C ��DE C ��D mpsÂiSmpo;mpi�mpö`]t��m�oSkzw;]�}ÐbeiSmpd��ge} ������F�G�H  �F �I0  � � �/G  � �J.�0K'læÐ8Ké/î�/ þô�1?ý 'cô�æÐè{ôté�ñ;Ã¯]�q�]�k
õL;Cæ<'1ð � éÂî 7

ìNM ?�è ì ' ì æ�è ì é1dpo '9ìuæÐè1ìÞé
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®
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µ w;]9an]��uñ`ñ9ñ �YX¯�l]9o;gekz]9s$]`ÅljK]tv©kzbeknmpg{o µ � at� kt�]'1�)���Ésn]�knknmpo;qüknwH]Æ}Ç_;oHv�knmpg{oHb{d��;]`azm��EbEkzm���]
ge}�õL;^æ^'1ð � é µ m�knwQan]tsujI]9v�k�kzg(' ì æ�è1é�] � _KbedCkngÉö`]`azgH� µ ]¯ÊHoH�#knwHbek«knw;]�ÌK]ts�k	j;azgl�l_Hv�k�lm§s�kzanmpÌ;_lkzm�g�o«mps5b¡x be_Ksnsnmpb{o�jHanmpg{a�knmpiS]9s�kzw;]�g{azmpq{mpoHbed[ªXmpË{]9d�mpw;g1gl�[Ï

' ì æÐèlé+_Vå¡æÇà ì ç èlé ®` ²��	a ì � �Kbdc "fe[g^h ��Ri g ð æ ��é
µ w;]9an]�ø ì îkj a ì:l ô O ô Q1 ì æÐõ � ý é ì ô6��è{ô �ZX¡beoH� a ì î S � �VU W � ýì�ì �S�^snmpo;q*kzw;m§s�sujI]9v`m¬ÊKv7}Çg�ani}Çg{aAkzw;]^b{j;j;azgYÅ1mpi¡bEkz]9�°jIg�sukn]9anmpg{am'læ�èlé©�{az]`jHdpb�v�mpo;q�knw;]�bY��]`acbeq{]hgE�{]9a?kzw;]5kzan_;]�jIg�sukn]9anmpg{aÂmpo
æ ³ é¦Ì1��knwH]�b{j;j;azgYÅ1mpi¡bEkzm�g�o«æ �{é�� µ ]Cq{]�k æÇ_Hsnmpo;q°kzw;]CdpmpË{]`dpmpw;g1g1�¯æ�®Yéué¦b�sn]�khg{}Üøïo;g{o;dpmpo;]9b{a
] � _Hbeknmpg{oHs�mpoyknw;]�_Ho;Ë1o;g µ oHs 8[ô,Ï
8 ô îÄà ô :=< d�o�å¡æÐàYô�ç è{ôté< èeô > X î ®� a ô ÷+æ

þon` p n éq�æÇàEô þrn` p n é beoH� ø ô î 7
ì
õ ô ìÐà{ì 8?ì[j a ô à ô 8 ô ð

æ ´ é
µ w;]9an]+÷+æ<s1é«î � �ut �wv \�x ` ²J� beoH�yq�æ^s,éÆîz= t�|{ ?f}«÷Ææ<}ué©ñh�Cs�b _Hsu]`}Ç_;d^Ì1�1j;azgl�l_Hv©k�ge}knwH]Î�Ebeazmpbeknmpg{oHb{d?b{j;j;azgYÅ1mpi¡bEkzm�g�oX�Kb{oÆ_;j;jI]`a�ÌKg�_;oH�+g{o«knwH]���bY�{]tsum§beo«]9�,m§�l]9oHv�]�å¡æÐ÷*é5î=~?�8 � æÐ8Ké�å¡æÐ÷¯ç 8Hé�v9beo ÌI] �l]9anmp�{]t�[� æ � �l]`o;g{kn]ts	knwH]Éx be_Ksnsnmpb{o�j;azg1v`]9szsÆj;azmpg{a+b{oH�
å¡æÐ÷¯ç 8Hé°î / þô�12ý å¡æÇàEô{ç è{ôtéué�����w;]¡ÌIg{_;oK��v9beo�ÌI] µ anm�kukz]`o�m�o�kz]`aziSs°ge}�knw;]¡iS]9b{o�ÊH]`d§�� }Çan]9]�]9o;]`azq{� � b�sj«dpo5å¡æÐ÷*é�� @ A d�oT'læ�8Hé�j @ A dpoÜÛ � æÐ8Héuå¡æÐ÷+ç 8HéÞÝ

î j 7
ì
dpo�qN�:}�ì ø*ô` a ì/� û ®² 7 ì ô à{ì 82ìzæÐõ$ì ô j��9ì ô a ìNé�à ô 8 ô æN�{é

û ®² d�o��;]�k���j ®² 7 ì dpo a ì
µ w;m§vcwÆv`b{o	ÌK]7_Hsu]t�	b{sCb¡��b{az�;suknm§vcË$}Çg�a^sn]`dp]9v©kzm�oHq*bej;jHang�j;anm§bEkz]�w1�,jI]`azjHb{azb{i�]`kn]9azs�mpo	knwH]
v�gE�Eb{anm§beoHv`]CË�]`azo;]`dN�
��w;]°]9oHsn]`iÎÌHd�]°dp]9b{anoHm�o;q�bej;j;azg�b�vcw�wKb{s5kzw;]Îdpm�kukndp]7�;azb µ ÌHb�vcË¸�1knwHbekCm�kCaz] � _;mpan]ts5m�o1��]`acsumpg{oge}?knw;]°v`gE�Ebeazmpb{oHv�]�i¡bEknazm�Å�� b{oH�[�l}Çg�a�knw;] }Çaz]`] ]`oH]`azq{�ÆæN�{é�g{o;] i7_Hs�k^v`g{iSj;_lkz]�b¡�l]�kz]`a ±
iSm�oKbeo,k9�¦��sn]9v`g{oH�[�;snmpi�jHd�]9a�bej;j;azgYÅlm�i¡beknmpg{o�bY��g{m§�;shknw;]tsu]�v`g{iSj;_lkcbEknmpg{oKs`�



� � 'XÀ Ö�� Ú9' )uØ��-�*'X×¦¿�� ÕlÕ�� »����QÀÂÚ
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C¿;×¦ÀÂÁ��
��w;]°sn]9v`g{oH�*i�]tbeoyÊH]9dp��knwH]`g{az�$bempi¡s5bEk µ g{azË1m�o;qS�lmpan]tv©kzd�� µ m�knwykzw;]��Ebeazmpb{Ì;d�]ts 8[ô{�¦�Cs5b
sukzbeanknmpo;qSjIg{mpo�kt� µ ] v`g{oHsnm§�l]`a�knwH]�jHbeanknm�knmpg{o�}Ç_;oHv�knmpg{o æÇ]9�1mp�l]9oHv�]Yé©�

�Vî#å¡æ�÷*é¦î M ?�� � � ����6�! �� þ&
ô�1?ý �å¡æÇàYô,ç s`ôtéCð æ��,é

}Çg{dpdpg µ s¦}Çazg{i¤æÇ�1éÂÌ1�$bÎsukzb{oH�;b{az�$x b{_Hsnsnm§beo$mpo,kn]`q�azbeknmpg{oX�,mpo�kzangl�l_Kv�mpo;q°kzw;]
�Hg{_;azmp]`a¦kzazb{oHs ±
}Çg{azi ge}[knwH]CªXmpË{]9d�mpw;g1gl� �åSæÇàXç s,é¦îN=����\�� � ì � t å¡æÇàXç èlé µ m¬kzw$íAÌK]9m�o;qÎknw;]Cm�i¡b{q{mpoHbeaz�Î_;oHm¬kt�Â¨Þkm§s5kn]9iSjlknmpo;q�kng$�1mp] µ æ��,é�b{sCb¡o;g�ani¡bedpmpö`mpo;q¡jHbeanknm�knmpg{o«}Ç_HoHv©kzm�g�o	}Çg{a b*x be_Ksnsnmpb{o«j;anglv`]9szssYì¦wHbY�1mpo;q$v�gE�Eb{anm§beoHv`] iSbeknazm¬Å � �VU beoH�«dpm�Ë�]`dpm�wHg,gl� �åS���^ol}Çg{ankn_;oKbEkn]9d���� �åëm§s�o;g{kCb¡az]9b{d
o1_;iÎÌI]`a�b{oH�+jHan]tv�dp_H�l]9s�byj;azg{jI]`a�j;ang�ÌHbeÌHm�dpmpsuknm§v7m�o,kn]9anjHan]`kzbEkzm�g�oX�°\�]9�{]9aukzw;]`dp]9szs`�X�;]9bedpmpo;q
}Çg{azi¡bedpd�� µ m�knwykzw;]�v�g{iSj;dp]�Å$iS]tb{sn_;an] �l]`ÊHo;]9�yÌ1�Ææ��,é©�;mpo,kn]9q{acbEknmpg{o*Ì,�*jHbeankzs�snw;g µ shknwHbek
g{oH]ÎwHb�s�àYô 8Xô°î j5í �^s`ô����E� µ w;]9an]Îknw;]7Ì;acb{vcË{]`kzsB�uñ`ñ9ñ����°�;]`o;g{kn]7b�bY�{]9azb{q{] gE�{]9a5knw;]Sv�g�i ±
j;dp]�Å�i�]tb{sn_;az]{�*��w;m§sÎsn_;q�q{]9sukzs�b«snm�iSj;dp]*b{j;j;azgYÅ1mpi¡bEkzm�g�oÆ}Çg{a7v`bed§v�_Hdpbeknmpo;q«knw;]�8 ô � Ó oH]
i¡bY�«knw;mpo;ËÆg{}¦knaz�1m�oHqyb«szb{�;�ldp]`jIg{mpo,kSæÐg{a�sukn]`]9jK]ts�k°�l]tsnv`]`o,kcéCbejHj;angYÅlmpi¡bEknmpg{oÆkng�æ���é�b{oH�
az]`j;d§b{v`]B�<s`ô ����Ì1�Îkzw;]^�Ebedp_;]�g{}[s�ôÎæÐm�o¡kzw;]Cv`g{iSj;dp]�Å s�j;d§beo;]Yé µ w;m§vcw¡i¡beË�]9sAkzw;]^mpo,kn]`q�azb{oH�
sukzbEkzm�g�oHbeaz��knw;]9an]9Ì1�¡o;]`q�d�]tv©knmpo;qÎknw;]! H_Hv�kn_Hbeknmpg{oHs�g{}ÜknwH]�s`ô{� )�]9oHv�]��1knw;m§s5bej;jHangYÅlmpiSbeknmpg{o
µ g{_;d§��knaz]9bek7]`Å1jI]9v�kzbeknmpg{oHs7ge}^jHangl�l_Hv�kzs�b{s �<sYì<s ô � � b�s+�^stì3� � �<s ô � � � µ wHmpvcw iSbY��ÌI]*az]9b ±
sng{oHb{Ì;d�]$}Çg{a�í#"î%$K�ÂÌ;_;k��l]`ÊHo;m�kn]`dp�üo;g{kÎ}Çg{a7knwH]�sn]`d�} ± v`g{azan]9dpbeknmpg{o�íÎî%$H���^v9v�g{ac�lmpo;q	kzg
knwH]°q{]9o;]`acbed¸}Çg�ani¡bedpm§sui ge}Ai�]tbeoyÊH]9dp�ykzw;]`g�anmp]9s°æÐg{_lkzd�mpo;]t�«]{� qH�;mpo Û ´ Ý é��Hg{oH]°v`beo«mpiSj;angE��]
g{o«kzwHbEkCmp�l]tb;�IÌ1�$knaz]9beknmpo;q¡kzw;] � su]9d¬} ± m�o,kz]`acb{v©kzm�g�oHs � s \ì su]9jHbeacbEkz]`dp�{����w;mpsCv`b{o	ÌK]Î�;g{o;]°Ì1�
az]`j;d§b{v`m�o;q¡b{d�d[sYì5æÇ]`Å;v�]`j;k�m�oyknwH] }Çg{azi s \ì é�Ì1�*b�o;] µ �Ebeazmpb{Ì;dp]!&Xì¦Ì,�*m�oHsn]`anknmpo;q¡b('Cm�acb{v �
}Ç_;oHv�knmpg{oyan]9j;az]9sn]`o,kzbeknmpg{o �læ<s�j)&Üé¦î =*� þ\�� � � ì þ C t��,+ D m�o,kng«æ��,é�beoH�*m�o,kn]9q{acbEkz]^gE�{]9a¦kzw;] sbeoK�Æè*�Eb{anm§beÌ;dp]9s^]�Å;b{v�kndp��æÇknw;]�mpo�kz]`q�azb{d[}Ðb{v�kng{azmpö`]9scé©�¸beoK�yÊHoHbedpdp�yjI]`an}Çg{azi b$snb��;�ldp]`jIg{mpo,k
mpo�kz]`q�azbeknmpg{o¡gE�{]9a¦kzw;]Cø beoK�(&Æ�Ebeazmpb{Ì;dp]9s9�2��w;]��l]�kcbempdps�g{}[knw;m§s�v`bed§v�_Hdpbeknmpg{o µ mpd�d¸ÌI]Cq�m���]`o
]`d§sn] µ w;]9an]���ÃÄm�knwHm�o¯knw;]Sszb{�;�ldp]`jIg{mpo,k b{j;j;azgYÅlm�i¡bEkzm�g�oX� µ ]7q{]�k�knwH]�sn�ls�kz]`i¤ge}ho;g{o;dpmpo;]9b{a
] � _Hbeknmpg{oHs
8 ô î]j5íÞà ô & ô î ®� õ ôßô ÷Ææ

ì þon` - n<n éq�æÐàYô ì þon` - nPn é b{oH� íÞø ô î 7
ì<O ìRQ1¸ô õ ô ìuæ j5í.&XìNé¦î 7

ìPO ìZQ1Iô õ ô ì�à{ì 8?ì
µ w;m§vcw�m§s�ge}?knw;]�szbeiS]�}Çg{aziÿb{s�æ ´ é µ m¬kzw a ô an]9j;dpb�v�]t�$Ì1�¡knwH] snmpi�jHd�]9a�õ ôßô �¦��w;]9sn] ] � _Hb ±knmpg{oKs�wHbY�{]¡b{dpsng	ÌK]9]`o �l]9anmp�{]t�+Ì1�¯_Hs°mpo#Û �YÝh_Hsnm�oHqÆb+f�bedpd�]9o�m§�l]9o�kzm¬k����?ÌH_lkÎg{_Ha°j;az]9sn]`o,k
�l]9anmp�EbEknmpg{oÆb{d�dpg µ s^b{dpsngS}Çg{a beoÆb{j;j;azgYÅlm�i¡bEkzm�g�oykng$kzw;]Î]9�1mp�l]9oHv�]��^���«j;d�_Hq{q{mpo;q¡kzw;]7szb{� ±
�ldp]`jIg{mpo,k��Yb{d�_H]9s�ÌHb�vcË$m�o,kzg7kzw;]�jHb{aukzm¬kzm�g�o*}Ç_;oKv©knmpg{oÜ� µ ]�q�]�k

j«dpo�å¡æ�÷*é0/ j 7
ì
dpo qN�1à ì íNø ì` õ ìpì � û ®² 7 ì ô à ì 8 ì æÐõ ì ôTj�� ì ô9õ ìpì éßàYô 8Xô

µ w;m§vcw«mps5b{dpsng¡sumpiSj;d�]9a�kng$v`g{iSj;_lkz] knwHb{o�æÞ�eé��¦��w;]°�lacb µ ÌHb{vcËSge}2knwH]°su]tv�g{oK�*iS]9b{oyÊH]`d§�
iS]�kzw;gl�Ämps$knwHbek¯æ kzg g{_Ha*Ë1o;g µ dp]9�lq�]té«æ�1,é¡�lg1]9s*o;gek�an]9j;an]tsu]9o,k*b�ÌKg�_;oH�Äg�o�knw;]	kzan_H]
]`�1m§�l]`oKv�]{�

2 »�½6'43�Ù ' Ö ¾;Ú�À )S»�
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C¿;×¦ÀÂÁ��
��gekzw$j;az]`�1m�g�_Hs�bedpq{g{azm�knw;i¡s/�;gÎo;g{khq{mp�{]�beo$]`Ålj;d�m§v�m�k�]�Ålj;az]9szsumpg{o�}Çg{ahknwH]CjIg�sukn]9anmpg{ahi�]tbeoX�
Ì;_lk7an] � _Hm�az]�knw;]$sng{dp_lknmpg{o�g{}�b«sn]�k°ge}�o;g�o;d�mpo;]tbea°] � _KbEknmpg{oKs`�$��w;]tsu]¡i7_Hsuk°ÌK]¡g�Ìlkzb{m�o;]t�Ì1�¡beo¡m�kn]`acbEkzm���]�j;azglv�]9�;_;an]��?Ã�]�o;g µ j;an]tsu]9o,khbÎ�lm��¸]`az]`o,k�b{j;j;azg�b{vcw�}Çg�ahbeo�bej;j;azgYÅlm�i¡bekn]
v�g�iSj;_lkzbeknmpg{oÉge}Cknw;]	jIg�sukn]9anmpg{aSiS]9b{oX� µ w;m§vcw�mpsSÌKb{sn]9� g�oÉb�snm�oHq{dp]«sn] � _;]9o,knm§bed�s µ ]9]`jknwHang�_;q{w�knw;] µ wHg{dp] �HbEkzb�su]`k5q{mp�,mpo;q¡beoy]�Ålj;dpm§v�m�k�_;jI�HbEkn]�g{}?kzw;]�jIg�sukn]`azmpg{at�



��w;]Îb{d�q�g{azm¬kzw;i�m§s�ÌKb{sn]9�«g{oÆb$an]tv�]`o,kzd���j;ang�jKg,su]t�«��bY��]9snmpb{oyb{j;j;azg�b�vcw�æ�su]9]*Û �YÝAb{oH�yknwH]
beanknm§v�dp]9sÜge} Ó j;jI]`a2beoH�°ÃÄm�o,knwH]`a � | g{dpdpb5mpo*Û 1EÝÇé¸kzg^g{oHd�mpo;]¦dp]9b{ano;mpo;qK�Ü¨ÞkzsÜÌHb{snm§v¦m§�l]9b�b{j;j;dpm�]t�
kng knw;]�x be_Hszsum§beoÄjHanglv�]tsns*snv`]`oHb{anmpgH��m§s�b�sS}Çg{dpd�g µ s9Ï | _;j;jIg�sn]{�5kzwHbEkB'���mpsyb�x b{_Hsnsnm§beo
bejHj;angYÅlmpi¡bEknmpg{o«kzg$kzw;]7jIg�sukn]9anmpg{a�bE} kz]`a wHbY�1m�oHq*su]9]`o-}5]�Å;beiSj;dp]9s9����w;mpsCiS]9b{oHsCknwHbek µ ]
bejHj;angYÅlmpi¡bEkn]Skzw;]yjKg,s�kz]`azm�g�aÎj;azglv�]9szs°Ì1�üb+x b{_Hsnsnm§beo j;azglv�]tsns µ m¬kzw iS]9beo��Ðè¸æÇáÜé�� � b{oH�
v�gE�Eb{anm§beoHv`]$õ � æÇáÂð Z é©�/sukzb{aukzm�oHq µ m¬kzw �Ðè¸æÐáÜé,�ZX+î 
Æb{oH� õ X,æÇáÂð Z é¡î�õ æÇáÂð Z é©���5} kz]`aSbo;] µ �HbEkzb$jKg�m�o,k^à���� ý mps^g{ÌHsn]`az�{]t�[�lkzw;]°jIg�sukn]`azmpg{a�m§s5_;j¸�;bEkz]9�Æb�v`v`g{ac�lm�oHq7kzg*��bY�{]ts�an_;dp]{�
��w;]7o;] µ oHg{o ± x be_Hszsnmpb{oyjIg�sukn]9anmpg{a �'��5m§s^jHang{ó�]9v©kz]9�	ÌKb{vcËym�o,kng*knw;]7}ÐbeiSmpd��«g{}hx be_Hszsum§beoKs
Ì1�$vcw;g1g�snm�oHq°knwH]�v`d�g,su]ts�k5x be_Hszsum§beo ' ��� ý�iSm�oHm�iSmpö`mpo;q�knw;]�an]9dpbeknmp�{]C]`o,knazg{j1�¡õL;Cæ �' � ðw' ��� ý9é
mpoüg{ac�l]`a kzg	Ë{]`]9j�knw;]*d�g,sns g{}�mpol}Çg�ani¡bEkzm�g�oüsui¡bedpdN����w;m§s°j;azgeó�]tv©kzm�g�o¯m§s°] � _Hm��Ebedp]`o,k�kzgÆbi¡bEkcvcw;m�oHqÎge}Üknw;]^ÊHazsuk�k µ g°iSg�i�]9o,kzs�ge} �'��¦beoH��'���� ý �A~^� qK����}Çg{ahknwH]^ÊHacsuk�iSg{iS]9o�k µ ]Cq{]`k

�Ðè¸æÐáÜé,����� ý î ��è¸æÇáÜé5å¡æÐà ��� ýeç è¸æÇáÜé�� ��Ðå¡æÐà ��� ý�ç è¸æÐáÜé,� � î ��èIæÐáÜé,���Xû
	 ý æP}uéuõ���æÇáÂðná���� ý é
µ w;]9an]�kzw;] su]tv�g�oH� d�mpo;]�}Çg{dpdpg µ s	beq�b{m�oQ}Çazg{i'b{o�m�o,kn]9q{acbEkzm�g�oVÌ1�VjHb{aukcsÆbeoK��
1ýeæ<}ué�î����� �� ��� C t � D� C t � D µ m�knw s � î ����� � � � C�� ��� � D�� �� C � D beoH� � \ æP}uéCî õ � æÐá ��� ýEðná ��� ý�é��°��w;m§sCaz]9v`_;acsumpg{oÆb{oH�
knwH]°v�g{azaz]9snjKg�oH�lmpo;q7g�o;]�}Çg{a�õ � v`beo«ÌI]°sug�d���]9�*Ì,�$knw;]°b{oHsnbeknö

�Ðè¸æÐáÜé,� � î
�7
ô�1?ý õ æÇáÂðnáIôtéßàYô 8Xô�æP}ué æ�1,é

õ � æÇáÂð Z é î 7
ì<O ô õ æÇáÂðná ì é"! ì ô,æ<}ué�õ�æÐáÂðuáIôYé?û õ æÇáÂð Z é æu® 
,é

µ w;]9an]�knwH]¡�{]9v�kng�aB8hæ<}ué îúæÐè;ýYð9ñ`ñ9ñ`ðnè � ð�
Hð�
Hð`ñ`ñ9ñ é beoK�+kzw;]¡i¡bEkzanm�Å#!SæP}ué$æ µ w;m§vcw�wHb{s�b{dpsng
g{oHd�� }%$ }/o;g�o;ö`]9angS]9d�]9i�]9o,kzscéhb{an] _;j¸�;bekn]9�«b�s8�æP}Üû#®té î 8�æP}ué2û&
 ý æ<}ué[æß4*æ<}uéY�('�� U û�.)'�� U é4�æP}Üû#®té î 4�æ<}uéÜû&
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 \ æP}ué�î ý� � . ��� � C t � D� C t � D j0/ ��� C t � D� C t � D21 \43 beoH�(� ' m§s�knw;]«�{]tv©kzg{a µ m¬kzw ]9d�]9iS]`o,kzs¡õ � ô{�$Äî ®¦ñ`ñ9ñ`ðw}©�V��w;]Æsn] � _;]`o,kzmpb{d�bedpq{g{azm�knw;i �;]�ÊHo;]t�ÉÌ,� æ�1,é ± æ�®{®Yé�wHb{s�kzw;]+b��l�Ebeo,kzb{q{]yge}
o;g{k�az] � _;mpanmpo;q�beo1��i¡bEknazm�Å m�o1�{]9azsnmpg{oHs9�ü��w;]`az]�m§s¡bed§sng+o;g�o;]`]t�ükzg�sng{dp�{]yb+o1_;iS]9anm§v`b{dg{j;knmpi�mpö9beknmpg{oÄj;azg{ÌHd�]9i"bek�]9b�vcwÉknmpi�]�b{s*m�oÄkzw;]¯b{j;j;azg�b�vcwÉg{}$Û¬®�®©Ý µ wH]`az]+b �lm��I]9an]9o,k
_;j¸�;bEkz]�ge}Âb¡x be_Hszsum§beo�jKg,s�kz]`azm�g�a�bej;jHangYÅlmpiSbeknmpg{o µ b{s�jHang�jKg,su]t�[�
| mpoHv�] m¬k�mps+jKg,snsnmpÌ;d�] kngQv`g{iSj;_lkz]üknwH]�]`�1m§�l]`oKv�]�g{}Sknw;] o;] µ �;bekzb{jKg�m�o,k¯å¡æÐà ��� ý�é�î�Ðå¡æÐà ��� ý{ç è ��� ý9é,� � ÌHb{sn]9�°g{o°kzw;]�g{d§�°jIg�sukn]`azmpg{at� µ ]�v`beo7v�g{iSj;_;kn]�b�}Ç_;anknwH]`aÂbej;jHangYÅlmpiSbeknmpg{o
kng�kzw;]�d�g�qS]`�1mp�;]`oHv`] }Çg{a5øú�;bekzb��1mpb�dpo�å¡æÐ÷Sþ�éhî l þ � ý� 1?ý dpo �Ðå¡æÐà ��� ýeç è ��� ý9é,� � �
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Ã�]/j;az]9sn]`o,kXk µ g^sn]�kzs?ge};snm�i7_;d§bEknmpg{oKs[}Çg{a?knwH]/iS]9b{o ÊH]`d§�°bejHj;ang,b{vcw;]ts`�[¨ßo°knw;]/ÊHazsuk9� µ ]¦kz]9suk
knwH] ��bY��]9snmpb{o¡]`�1mp�;]`oHv`]^}ÇacbeiS] µ g{azË7}Çg{a�kn_;oHm�o;q�kzw;]Cw1�1jI]`azjHbeacbeiS]�kz]`acs¦g{}ÜknwH]�v`gE�Yb{anm§beoKv�]
}Ç_;oHv�knmpg{o�æÇË�]`azo;]`d é©��¨ßo+knw;]Ssu]tv�g�oH�[� µ ]Îkz]9sukCkzw;]�b{Ì;mpd�m�k��	ge}¦kzw;]¡su] � _;]`o,knm§bedAbejHj;ang,b{vcw«kzgb{vcwHm�]9�{]�d�g µ knacbempo;m�oHq�]9anazg{a5b{oH��bSsukzb{Ì;d�] kz]9suk5]`azang�ah}Çg�a�Ê;Ål]9�yw1�1jK]9anjHb{azb{iS]�kn]9azs9��;g�aSknw;]	]9�1mp�l]9oHv�]«}ÇacbeiS] µ g�anË¸� µ ]	q{mp�{]	snm�i7_;dpbeknmpg{oÉan]tsu_Hd¬kcs�}Çg{a¡ÌIgeknwÄiS]tbeo ÊH]`d§� }Çan]9]
]`oH]`azq{mp]9s	æN�{é¡beoK� æ�1�é�g�o#b�snmpo;q{dp]Æ�;bEkcbüsu]`k9�87 ¥¦mpiSb�¨ßoK�lmpb{o '^m§beÌI]�kz]9sÆæ µ m¬kzw ² 
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knacbempo;mpo;q;9Ykn]ts�k ± ]`Ålb{iSj;d�]tsSbeoH�Émpo;j;_lk��;m�iS]`oKsumpg{oHb{d�m�k�� ?#î �{é	Û �tÝN� ��w;]Æaz]9sn_;d¬kcs¡suwHg{_;d§�
knwH]`az]�}Çg{az]�o;g{k�ÌK]�kcbeË�]`o	b{s�b¡v`g{oHv`d�_Ksump�{]�]9�,m§�l]9oHv�] }Çg�a5knw;]Îi�]9anm�kzs�ge}Aknw;]tsu]°b{j;j;azg�b�vcw;]9s9�
Ì;_lkysumpiSj;d��Éb{s¡b{oÉmpoH�lm§v`beknmpg{o knwHbek$knwH]`��i¡bY� q�m���]«an]tb{sng{oHb{Ì;d�]yaz]9sn_;d¬kcs`�VÃ¯]	_Hsn]«knwH]



acb{�lm§bed�ÌHb�sum§s7}Ç_;oHv©kzm�g�oÉv`gE�Ebeazmpb{oHv�]*}Ç_;oHv©kzm�g�oÉõ æÇáÂðná � é�î¤]`Å1j / j ý\ l ���� � æ � � j � �� é \ 1 ñ
�)�;mpb{q{g{oKbedXkz]`azi���m§sCb��;�l]t�«kng*knw;]�v�gE�Ebeazmpb{oHv�]�i¡beknazm¬Å	v�g�anaz]9snjKg�oH�lmpo;q¡kzg*b�x b{_Hsnsnm§beo
o;g�mpsn]�b{�;�l]t�$kzg�knw;] ÊH]9dp�Hs µ m¬kzwy�Eb{anm§beoHv`]��¯Û �tÝÞ�¦��w;]�}Çaz]`] ]`o;]9anq��{�Vj�å¡æ�÷*éhmps�iSmpo;m�iSmpö`]t�
Ì1��q{acb{�lmp]`o,k7�l]tsnv`]`o,k µ m�knw an]tsujI]9v�kÎkng���b{oH��kzw;]*dp]`o;q{knwHszv`b{d�]*jHbeacbeiS]�kz]`acs

�
ýYð9ñ`ñ9ñ`ð

� �beoK�Ækzw;]Si�]tbeo+ÊH]`d§�+] � _HbEkzm�g�oHsC}Çg{a=8[ô¡beaz]�sng{dp�{]t�	Ì1�Æm�kn]`acbEkzm�g�o+ÌI]�}Çg�an]�]9b�vcw+_;j¸�;bEkz]Sge}knwH]7w1�1jK]9anjKbeacbeiS]�kz]`acsÎæ }Ç_Haukzw;]`a��l]`kzbempd§s µ mpd�dAÌI]7q�m���]`oÆ]9dpsn] µ wH]`az]té©�=�2mpq{_;az]*®�suw;g µ s^knwH]
]`��g{dp_lknmpg{o�g{}�kzw;]$oHb{m���]¡iS]9beo�}Çaz]`]$]9o;]`azq{�¯beoH��kzw;]¡kn]ts�k7]`azang�a°s�kcbeanknmpo;q«}Çang�i _;oHm¬}Çg�ani
�
s9�ÿ¨Þkyk��,jHmpv9bedpd��Äaz] � _;mpan]ts$g{}°knw;]�g�az�l]9a*g{}*® 
�m¬kz]`acbEknmpg{o s�kz]`jHsyg{}°knw;] 8Xô ± ] � _KbEknmpg{oKsÌI]�k µ ]`]`o«]tb{vcw«w1�,jI]`azjHb{azb{i�]`kn]9a5_;jI�HbEkn]��hÃ�]°bed§sng¡_Hsu]t�yw,�1Ì;azm§�yb{j;j;azg�b�vcw;]9s9� µ w;]`az] knwH]
}Çaz]`]S]`o;]9anq�� µ b{s�iSm�o;mpiSm�ö9]9��Ì1�Æg�o;]Si�]tbeo�ÊH]9dp��bedpq{g�anm�knw;i�beoH�+knw;]¡w1�1jI]`azjHbeacbeiS]�kz]`acs
_Hsn]9�ympo*kzw;]�gekzw;]`at�¦�^s�m�k�i¡bY�$ÌK]°sn]`]9oy}Çang�iùkzb{Ì;d�]S®��lknw;]�oKbemp�{]�i�]tbeoyÊH]9dp��knwH]`g{az�$v`b{o
gE�{]9an]ts�kzm�i¡bekn] knwH]°}Çaz]`]°]9o;]`azq{��æÐsnm�oKv�]�kzw;]Î]9oHsu]9iÎÌ;dp]°}Çaz]`]Î]`o;]9anq���m§s^b{o	_;j;jI]`a�ÌKg�_;oH�«kzg
knwH]C}Çaz]`]�]`oH]`azq{�;é©�Â��w;]�gE�{]9an]ts�kzm�i¡bEkzm�g�o$m§shoHgek5o;]9b{andp�¡b{s�sn]`�{]9an]�bEk�knw;] iSmpo;m�i7_;iÿg{}ÜknwH]
oHb{m���]CiS]9b{o*ÊK]`d§�*}Çaz]`]�]`oH]`azq{�{�Â�^o;gekzw;]`a5mpo,kn]`az]9suknmpo;q�g{ÌHsn]`az�EbEkzm�g�o*m§s�knwHbek5b�s�d�g�o;qSb{s�knwH]
szbeiS]¡w1�,jI]`azjHb{azb{i�]`kn]9azs beaz]¡_Hsn]9�¯knwH]*b{v�kn_Hb{d¦jK]9au}Çg�ani¡b{oHv�]	æÐb�s�iS]9b�su_;az]9��Ì1�Ækzw;]¡kz]9suk
]`azazg{a©é5m§s o;gek��{]9an�Æsn]`oKsum�knmp�{]�kng�knwH]$bedpq{g{azm�knw;i¤_Hsn]9�X����w;m§s�bed§sngysn]`]9iSsCkzgyÌI]SknwH]Sv9b{sn]
}Çg{a�kzw;]°�2�^¥�iS]9b{o*ÊH]9dp�«b{j;j;azg�b{vcw�beoH� | _;jHjKg�auk ?Â]tv©kng�a�ÍÆb{vcwHm�o;]ts�Û �YÝN�

0 20 40 60 80

111

112

113

114

115

Iterations

F
re

e 
E

ne
rg

y,
 −

P
(D

)

0 20 40 60 80
62

64

66

68

70

72

74

Iterations

T
es

t E
rr

or

�2m�q�_;az]+®{Ï�)��1jK]9anjKbeacbeiS]�kz]`aÎg�jlknmpiSm�ötbEkzm�g�o }Çg{a7knwH]y¥/m�i¡b¯¨ßoH�lm§beoHs��;bEkcb+sn]�kS_Hsnm�o;q¯knwH]
oHb{m���]	i�]tbeo�ÊH]9dp�É}Çaz]`]+]`o;]9anq��{��ªX]�} k*ÊHq{_;az]{Ï���w;]	}Çaz]`]Æ]9o;]`azq{� b{s*b�}Ç_HoHv©kzm�g�o#ge} knwH]
o1_;iÎÌI]`ahge}Xw1�1jK]9anjKbeacbeiS]�kz]`a¦_;j¸�;bekn]9s9�Âr5mpq{w,k¦ÊHq�_;an]�Ï2��wH]�kn]ts�k�]`azang�a¦v�g�_;o,k�æÇg�_lkhg{} ³{³�² é
b{s5b7}Ç_;oKv©knmpg{o«g{}?kzw;]�o1_;iÎÌI]`a5g{}2w1�1jK]9anjKbeacbeiS]�kz]`a�_;jI�HbEkn]ts`�

�2beÌ;dp]�®�ÏC¥/m�i¡b�¨ßoH�lm§beoHs �;bekzb{sn]�kt� )��1jI]`azjHbeacbeiS]`kn]`acs5}Çg�_;oH�¯Ì1�«}Çan]9]7]9o;]`azq{�«iSm�oHm�iSmpö9b ±
knmpg{oÜ�¯ªX]`} k�v`g{dp_;iSo q{mp�{]ts knw;]�}Çaz]`]$]9o;]`azq{���oj«dpo5å¡æÐ÷*éÎ_Hsn]9��mpo�w1�1jK]9anjHb{azb{iS]�kn]9a�g{jlkzm ±
iSm�ötbEkzm�g�oX�É�?]9suk¡]`azang�a�v`g{_;o,kcsSm�o knw;]«acbeo;q�] ´�³ kzg�� �+wHb{sSj;az]`�1mpg{_Hsndp��ÌI]`]9o�an]9jKg�aukz]9�
Û �YÝÞ�

~/oHsn]`iÎÌHd�]�Í � \^b{m���] Í���;az]`]�~¦o;]9anq��¡iSm�o;mpiSm�ötbEkzm�g�o ~/anazg{a j«dpo�å¡æ�÷*é ~/anazg{a j«dpo�å¡æÐ÷*é
~¦oHsn]`i7Ì;d�]�Í	]tbeo �2m�]9dp�[�H] � �ÜæN�{é � ² ® 
�
H� ´ � 
 ®�� ³ � ²
\^bemp�{]�Í	]tbeo �2m�]9dp�[�H] � �Üæ�1,é ´,² ® 
,�l� 
 ´�² ®{® 
;� 1

�;g�a/kzw;]�su] � _;]`o,knm§bed¸bedpq{g�anm�knwHiy� µ ]CwHbY��]Csukn_H�;m�]t�¡knwH] 0���.u5 �CÛ¬® 
YÝXbeoH��H �w5 � Û �tÝN�¦�;bekzb�su]`kzs9�| mpoHv�] µ ]CwHbY�{]5oHgek�v`g{iSj;_lkz]9��beo$bejHj;angYÅlmpi¡bEknmpg{o�kzg°knwH]^]`�1m§�l]`oKv�]Csnge}Ðb{a9�,bÎsnm�iSj;dp]�ÊHÅ1]t�
jIg{dp�,oHg{iSmpb{d¸Ë{]`azo;]9d µ b{sh_Hsn]9�[�¦�^d¬kzw;g{_Hq{w�b7j;azg{ÌHb{Ì;mpd�m§s�kzmpv/ó�_Hsuknm�ÊKv`beknmpg{oyge}Xkzw;]�bedpq{g�anm�knw;i
m§sÂg{o;dp�Î�Eb{d�m§�[� µ wH]`o$b~0 �8.$9f34,¦s µ ]`]`j�kzw;ang�_;q{w7knwH]^�;bEkcb mps¦_Hsu]t�«æ knwH]�m�oK�l]`jI]`oH�;]`oHv`]�ge}¸knwH]
�;bekzb5m§sÜb�snsn_;iS]9�Hé��9m�k?m§s[kz]`iSjlkzm�o;q^kng�az]`_Ksu]Akzw;]/szbeiS]/�;bekzb�b{oH� m¬kz]`acbEkz]Aknw;]hj;anglv`]9�l_;az]¦b{sÜb



w;]9_;anm§suknm§ve�?��wH]Âk µ g�j;dpgekcsÜsnw;g µ knwHbekÜm�o kzw;m§s µ bY�{�`g�o;dp��b5sni¡bedpdem�iSj;azgE�{]9iS]`o,kXmpsXg{Ìlkcbempo;]9�[�
beoK��m�k^sn]`]`i¡s�kzwHbEk5kzw;]�iS]�knwHg1�ym§s5acbEknwH]`a5] � v`m�]9o�k�mpo«]�Å1knacb{v�knmpo;q7knw;]�mpol}Çg{azi¡bEkzm�g�o*}Çazg{i
knwH]��;bekzb�m�o�b�snmpo;q{dp]7jHan]tsu]9o�kcbEkzm�g�oX�=�;g{aCknwH]Ssng{oKbeaC�HbEkzb�su]`k9�Xbysumpo;q�d�]�s µ ]`]9j+m§sC]9o;g{_Hq{w
kng¡b�vcw;m�]9�{] ö`]9ang7knacbempo;mpo;qS]`azang�a9�
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�2m�q�_;az] ² Ï	�Üacbempo;mpo;qübeoH� kn]ts�k¡]9anazg{acsS�l_;azm�o;q�dp]9b{ano;mpo;q¯}Çg{a¡kzw;]Æsng{oHb{a«æÐd�]`} kcé¡b{oH�Év�acbeÌ
�;bekzb{sn]�k æÇazm�q�w,kcé©�A��w;]��{]9aukzmpv9bedK�Hb{snw ± �;gekukz]9�Sdpm�oH]^i¡beazËlsÂknwH]C]9oH�¡ge}[kzw;]Cknacbempo;m�oHqÎsu]`k�b{oH�
knwH]^s�kcbeanknmpo;q jKg�m�o,k¦g{}¸az]`_Ksumpo;q ge}¸m¬kt�Â��w;]5Ë{]9ano;]9d1}Ç_;oHv�knmpg{o¡_Hsn]9��m§s/õ�æÐáÂð Z éhî�æ�*¦û�á � Z é �µ m�knw«g{ac�l]`a 
¡î ² �
&('�� 'X¿ ' Ö Á 'Ü½
Û�®�Ý7fC�l�S�l¨©�1ÃÄm�dpdpmpb{iSs5b{oH�	fC�1~^�;r�b{sniÎ_Ksnsn]`oX�lx be_Ksnsnmpb{o�¥/anglv�]tsnsn]9s/}Çg{a5r5]9q{az]9szsumpg{oÜ��mpo

� ,2G �w5�3��2.�� � �71@5  � ��.
	 ����H6,7060 �8.$9���
 0  R,/1 0��e� '7� | �[�Üg�_;an]`knö9Ë,���[Íü�ÜfC�IÍ	g�ö`]9a�b{oH�
Íü�;~^��)^b�snsn]`dpiSg7]t�;s9��� �;®`� ± � ² 
;�,Í	¨�� ¥¦az]9szs�æu®�1�1 ´ é��

Û ² Ý°r��CÍü�^\�]tbedN��Í	g{o,kn]�f�b{andpg�¨ßi�jHd�]9i�]9o,kzbEkzm�g�o�ge}Sx b{_Hszsum§beo�¥¦azglv�]9szs«Í	gl�l]`d§s«}Çg�a
��bY�{]tsum§beo r5]`q�an]tsnsnm�g�o b{oH��fhd§b{szsnm¬ÊKv9bEkzm�g�oX�h�?]9vcw;oHmpv9bed�r5]9jKg�auk 11� 
 ² � 'C]`jHb{aukzi�]9o,k
g{} | kcbEknm§suknm§v`s9�H��o;mp�{]9azsnm�k��$ge}A�Üg�ang�o�kzgyæu®�1�1,�eé��

Û ³ Ý°Íü�A\°�Âx�mpÌ;ÌHs�beoH� '7���H�ÂfC�2ÍÆb�vcËEbY�{� ?¦beazmpbeknmpg{oHb{d�x be_Ksnsnmpb{o ¥¦azglv�]9szs7fhd§b{szsum�ÊH]9azs9�
¥/an]9j;anmpo,k�f�b{iÎÌ;azm§�lq{] ��o;mp�{]9azsnm�k��+æ�® 1 1,�{é©�

Û �eÝ7fC�[�S�I¨©�IÃÄmpdpd�m§bei¡s beoH� 'Î�[��beazÌI]`at�¸��bY��]9snmpb{o¯fhdpb�snsnm¬ÊIv`bEkzm�g�o µ m¬kzw�x b{_Hszsum§beo+¥/ang ±
v`]9szsu]ts`�¸¨�~/~h~V�?azb{oHs�¥ÂbEkukz]`azo+��oKbedp�1snm§s�b{oH�+Í+b{vcw;mpo;]�¨ßo�kz]`dpd�mpq{]9oHv�]������ ® ³ � ²E± ® ³ �l®
æu®�1 1���é��

Û �YÝ°Íü� Ó j;jI]`a b{oH�
Ó �¦ÃÄmpo,knw;]9a9�^x b{_Hszsum§beoÄ¥¦azglv�]tsnsn]9s7}Çg{a«fhdpb�snsnm¬ÊIv`bEkzm�g�oXÏ+Í	]tbeo �2mp]`d§�Ä��dpq{g{azm�knw;i¡s9�
| _HÌ;iSm¬knkn]9�+kng	\^]`_;acbed/fhg{iSj;_;kzbEkzm�g�oX�[w,kukzjXÏ 9)9 µ5µ5µ � knw;]9jX� d�_X� sn]�9tkn} ² 9es�kcb � 9 µ mpo�kzw;]`a�9
æu®�1 1�1�é��

Û ´ Ý��K���Impo;o ± �{_Ks�kzm�oX���C_Hb{o,kn_;i �?mp]`d§����w;]`g�an� beoH�#fhazm¬kzmpv9bed^¥/w;]`o;g�iS]`oHbH�5fhd§beaz]`oH�;g{o
¥/an]tsns Ó Å1}Çg{ac�+æu®�1 1 
�é��

Û �tÝ°����'7�1r5m�jHd�]9�{��	K5   R,��7.��
,6H �w9f.0�! � �J. 5J.|F�� ,/G �w5J3 � ,� "! � �$# 0©�;f�bei7Ì;anm§�lq�]���o;mp�{]9azsnm¬k��
¥/an]tsns æ�® 1 1 ´ é©�
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