
���������
	���
��

�����������������! "#� $#�%�&"(' $)���*� ���+$,�-�/./�0�-�&"�1/���32!4
�5"(�/687,������$9�:��7,�*��$;�=<>�!"#�%6?�-"('
@BADCFE?GIH?J?KMLONQPRASNUTVJ?KWGYX[Z\E5PVL^]_P�E8E�H?E8E`Z:H?LaGbT
c5d�ADCFE?GeH�JfKYLON
JgHfEfChAiGWE

jak^lRmnm�lRmpo8q8r
s�tvuWwMxiy{z|ti}eyV~S���h����xS~W����~Y� ~��M�����
}p����t�x��D��y{��~����FwM������}W��y�~M}��V��t�w�y{y���tD����� �Y¡W¢��W£����¤����¥�t�¦
zRw�����§?¨�wM�Mt©tMªf����¥¬«8w�������}Y�My�~�}�¥�t�­M®
¯V° ±
²|³g´gµF¶�·h¸?³g¹�µ�²
º�»h¼¾½À¿ÂÁWÃÅÄÇÆ�ÃÅÃ�ÆpÈ
É|Ä�Ê�Ë�Ã�ÆÍÌÇÎ{ÄÐÏ`ÆÐÎfÑÒ¿{Ë�Ó3ÄÇÔÖÕÅ×gË�Î{Ë�ÑÐËnÎ�ÉUÄÐØÙÆÐÁWÕÅ¿{ÑÒ¿{Õ�ÈÀÄÐØÙ½ÀÆÐÔ¤È

ÌÐËnÔgËnÉ[ÉÅ¿�½^Ú8Î{ÕÅÆÐÔgË�ÄÇÚ`ÉÅÎ{ÈÐÛÝÜ�ÔÞÆ^ÕiÈ
ß`¿�Á�ÆÐÎ�ÌÐËnÔ8Ë�ËWà
ß8Ã�ËnÉÅÉÅ¿{ÄÇÔÖá8Æ�ÕÅÆ�É�Ë�Õ�âgÕÅ×gË�Ô
Ú8½ÍÏ?Ë�Ã
ÄÐØRÌÐËnÔgËnÉ�¿�É�Ú8É�Ú8ÆÐÎ�Î{È-½^Ú8Á�×>Î�Æ�Ã�ÌÐË�Ã�ÕÅ×8ÆÐÔãÕÅ×gË�Ô¤Ú8½ÍÏ�Ë�Ã�ÄÐØRËWàÒß?Ë�ÃM¿�½�ËnÔ¤ÕÅÉ�Û�äVÑÐËnÔ
Æ-ÉÅ¿�½�ß`Î�ËaÄÐÃÅÌÇÆÐÔ8¿ÂÉÅ½%Î�¿{åÐËæÈÐËnÆÐÉ�Õa×`ÆÐÉ�Æ�ß8ß8ÃÅÄpàÒ¿�½�Æ�Õ�ËnÎ{ÈçÉÅ¿{àçÕÅ×gÄÇÚ8É�ÆÐÔ8áãÌÐËnÔgËnÉ�ÛæÜ�Õ
¿�ÉhËnÉ�ÕÅ¿�½ÀÆ�Õ�Ëná>ÕÅ×`Æ�Õa×¤Ú`½ÀÆÐÔ8É�×8ÆnÑÐËèÆ�ß8ß8ÃÅÄpàÒ¿�½�Æ�Õ�ËnÎ{ÈBÕÅ×8¿�ÃÅÕiÈçÕÅ×gÄÇÚ8ÉÅÆÐÔ8áéÕ�Ä-ØSÄÐÃÅÕ�È
ÕÅ×gÄÇÚ8ÉÅÆÐÔ8áÞÌÐËnÔ8ËnÉÍê�ëÙÆÐÔ`ágË�ÃFË�ÕìÆÐÎ©Û{â?í�îÐîgïpðMÛ
ñ ×gËÍÌÐÄÇÆÐÎ*ÄÐØVÁ�Î�Ú`É�Õ�Ë�ÃhÆÐÔ`ÆÐÎ{È
É�¿�ÉO¿ÂÉFÕ�Ä-ÆÐÉÅÉÅ¿{ÌÇÔçÄÐÏÒò�ËnÁWÕÅÉhÕ�ÄÖÁ�Î�Ú`É�Õ�Ë�Ã�ÉhÉÅÚ8Á�×çÕÅ×8Æ�Õ

ÄÐÏÒò�ËnÁWÕÅÉì¿�ÔÞÕÅ×gË�ÉÅÆÐ½�Ë�Á�ÎÂÚ8É�Õ�Ë�ÃìÆ�ÃÅË�½ÀÄÐÃÅË�ÉÅ¿�½À¿ÂÎ�Æ�ÃUÕ�Ä�ËnÆÐÁ�×óÄÐÕÅ×8Ë�ÃFÓì×8¿�Î�ËOÄÐÏÒò�ËnÁWÕÅÉ
¿�Ôôá`¿�Ê?Ë�Ã�ËnÔõÕæÁ�Î�Ú8É�Õ�Ë�ÃMÉ^Æ�Ã�ËÖÆÐÉ�á8¿ÂÉÅÉÅ¿�½À¿ÂÎ�Æ�ÃaÆÐÉ^ß�ÄÇÉÅÉÅ¿{Ï`Î�ËÐÛ>ö�ÎÂÚ8É�Õ�Ë�Ã�¿�Ô8ÌB¿�ÉæÆãÑÐË�ÃÅÈ
ÓUËnÎ�Î{÷iÉ�ÕÅÚ8á8¿{Ëná^ß8Ã�ÄÐÏ`Î{Ën½-âÐÆÐÔ8á�ÕÅ×8Ë�ÃÅËFÆ�ÃÅËì½ÀÆÐÔ¤ÈæÆÐÎ{ÌÐÄÐÃ�¿{ÕÅ×8½�ÉÝØvÄÐÃRÁ�ÎÂÚ8É�Õ�Ë�ÃVÆÐÔ8ÆÐÎ{ÈÒÉÅ¿�É
¿�Ô>ÕÅ×gË�ÎÂ¿{Õ�Ë�Ã�Æ�ÕÅÚgÃÅËÐÛÖøRÎ{ËnÆÐÉÅË�ÃÅË�ØSË�ÃaÕ�Äùê�¼OÔ8á8Ë�ÃÅÏ�Ë�ÃÅÌgâUïnúÇû�üÇðMâìê©ýõÆÐ¿�Ô�ÆÐÔ8áôºhÚ8Ï?ËnÉnâ
ïnúÐþÐþÇðMâ*ê�ÿ�ÆÐÚgØ�½ÀÆÐÔ-ÆÐÔ8á��ìÄÇÚ8ÉÅÉ�Ë�ËnÚ¤Ó�â�ïnúÐú�îõðMâÝê��OÆ�ÃÅÕÅ¿�ÌÇÆÐÔ�âÙïnúÇû��Çð�ÆÐÔ8á�ê�äRÑÐË�Ã�¿{Õ�Õ�â
ïnúÐúÐüÇðÖØvÄÐÃóÆùÃ�Ë�Ñ
¿{Ë�Ó%ÄÐØÍÕÅ×gË�Á�Î�Ú8ÉÅÕ�Ë�Ã�¿�ÔgÌ Î�¿{Õ�Ë�Ã�Æ�ÕÅÚgÃ�ËÐÛ��|ËnÁ�ÆÐÚ8É�Ë�ÄÐØÍÕÅ×gË�Î�Æ�ÃÅÌÐË
Ô¤Ú8½ÍÏ�Ë�ÃRÄÐØ�ÌÐËnÔ8ËnÉ[ÆÐÔ8á�ÕÅ×8ËhÁWÄÇ½�ßfÎ{ËWàÒ¿�ÕiÈÀÄÐØ�Ïf¿{ÄÇÎ{ÄÐÌÇ¿�Á�ÆÐÎfÔgË�ÕiÓ|ÄÐÃÅåÒÉ�â8Á�Î�Ú8É�Õ�Ë�ÃM¿�ÔgÌa¿�É
ÆÀÚ8É�Ë�Ø�Ú8Î?ËWà
ßfÎ{ÄÐÃ�Æ�Õ�ÄÐÃÅÈÖÕ�ËnÁ�×8Ô`¿	�¤Ú8Ë�ØvÄÐÃOÆÐÔ8ÆÐÎ{ÈÒÉÅ¿�É�ÄÐØ*ÌÐËnÔgË�ËWàÒß8ÃÅËnÉÅÉÅ¿�ÄÇÔ-á8Æ�ÕÅÆÒÛ
Ü�Ô)ÕÅ×`¿�ÉóÁ�×`Æ�ß8Õ�Ë�ÃnâaÓ|Ë�Óì¿ÂÎ�Î�ËWàÒÆÐ½�¿�ÔgË+Æ ØvË�Ó�Á�Î�Ú8É�Õ�Ë�Ã�¿ÂÔgÌ=ÆÐÎ{ÌÐÄÐÃ�¿{ÕÅ×`½ÀÉ-ÕÅ×8Æ�Õ

×8ÆnÑÐËôÏ?Ë�ËnÔ¾Æ�ß8ß`Î�¿{Ëná�Õ�Ä3ÌÐËnÔgË+ËWàÒß8ÃÅËnÉ�ÉÅ¿{ÄÇÔ)á8Æ�ÕÅÆÒâÍ¿�Ô8Á�Î�Ú8á`¿�ÔgÌùö[Î�Ú8É�Õ�Ë�ÃB¼�
�Ô8¿{÷
ÕiÈ
�ÒËnÆ�Ã�Á�× ñ ËnÁ�×8Ô`¿	�¤Ú8ËéêDö�¼�� ñ ðÖê��|ËnÔÒ÷iºhÄÐÃ�ÆÐÔ8á��RÆ�åÒ×8¿�Ô8¿Dâ�ïnúÐúÐúÇðMâ�ê��|ËnÔÒ÷iºhÄÐÃ
Ë�ÕìÆÐÎ©Û{â�ïnúÐúÐúÇðMâ?åõ÷i½�ËnÆÐÔ`Éaê��BÆÐÁ���ÚgË�ËnÔ�â0ïnú����ÇðMâÝê ñ ÆpÑIÆ���ÄÇ¿�ËÍË�ÕìÆÐÎDÛ{â�ïnúÐúÐúÇðMâ?øÝÆ�ÃÅÕÅ¿�÷
ÕÅ¿{ÄÇÔ8¿�ÔgÌè¼ìÃÅÄÇÚ`Ô8á��BËnágÄÇ¿�á8Éæê�ø�¼��éð^ê�ÿ�ÆÐÚgØ�½ÀÆÐÔéÆÐÔ8á��FÄÇÚ8ÉÅÉÅË�ËnÚõÓ�âÝïnúÐú�îõðMâÙÆÐÔ8á
½�Ä
á8ËnÎ�÷DÏ`ÆÐÉ�ËnáÍÁ�Î�Ú8É�Õ�Ë�Ã�¿ÂÔgÌÍê��gÃ�ÆÐÎ�Ë�ÈaÆÐÔ8á��ìÆ�ØSÕ�Ë�ÃÅÈÐâ8ïnúÐúÐþÇðMâ?ê��VËnÚ8Ô8ÌOË�ÕÝÆÐÎ©Û{âÇí�îÐîgï�ÆõðMÛ
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D(i,e): expression level of 
gene i under experiment e
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Sim(i,j): similarity or 
dissimilarity of gene i and gene j
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F|° GIHV¸KJALU´gµ�·�²O¶MHR²h¶ON¾µV³PHÝ³g¹�µ�²�Q
¼ á`Æ�ÕÅÆÍÉ�Ë�Õ|ÁWÄÇÔõÕÅÆÐ¿ÂÔ8¿�ÔgÌ�ÄÐÏgò�ËnÁWÕÅÉUÕ�ÄaÏ�ËìÁ�Î�Ú`É�Õ�Ë�ÃÅËná�¿ÂÉRÚ8ÉÅÚ`ÆÐÎ�Î{ÈaÃ�Ë�ß8ÃÅËnÉ�ËnÔ¤Õ�Ënáè¿ÂÔ

ÄÇÔgËÍÄÐØ�Õ�ÓUÄÞØSÄÐÃ�½ÀÆ�ÕÅÉSR[ÕÅ×8ËUT9V�W5VYXZV�W�[]\<^æÄÐÃhÕÅ×gË`_]\aX�\ab<V�[]\�W�cedgf�[hT�\�_2_'\�Xh\abiV�[]\�W�c'jXkV9W�[]\<^ÐÛóÜ�Ô+Æãá8Æ�ÕÅÆç½ÀÆ�Õ�Ã�¿�à�â0ÕÅ×8Ë�ÃÅÄeÓìÉÍÚ`ÉÅÚ8ÆÐÎ�Î{ÈãÃÅË�ß8Ã�ËnÉ�ËnÔõÕaÄÐÏÒò�ËnÁWÕÅÉnâVÆÐÔ8á�ÕÅ×gË
ÁWÄÇÎ�Ú8½ÀÔ8ÉUÚ8ÉÅÚ8ÆÐÎÂÎ{ÈÍÃ�Ë�ß8ÃÅËnÉ�ËnÔ¤ÕUØSËnÆ�ÕÅÚgÃÅËnÉ|ÄÐÃ�Æ�Õ�Õ�Ã�¿{Ï`Ú8Õ�ËnÉRÄÐØ�ÕÅ×8ËOÄÐÏÒò�ËnÁWÕÅÉ�Ûl�ÒÚ8ß8ß�ÄÇÉ�Ë
ÕÅ×gË�ÃÅËUÆ�Ã�ËlmèÄÐÏÒò�ËnÁWÕÅÉÝÆÐÔ8áon^Æ�Õ�Õ�ÃM¿{Ï`ÚgÕ�ËnÉ�Ûqp>Ë[ÆÐÉÅÉÅÚ8½ÀËRÕÅ×gËUÃÅÄpÓìÉ0ÃÅË�ß8Ã�ËnÉ�ËnÔõÕ*ÌÐËnÔgËnÉ
ÆÐÔ8á^ÕÅ×gËFÁWÄÇÎ�Ú8½ÀÔ`ÉÙÃÅË�ß`ÃÅËnÉ�ËnÔ¤Õ�ËWà
ß�Ë�Ã�¿�½ÀËnÔõÕÅÉ�âÐÉÅÚ`Á�×æÕÅ×8Æ�ÕÝËnÔ¤Õ�ÃÅÈÞêar2s2teðÝ¿�ÔÍÕÅ×gËFá8Æ�ÕÅÆ
½ÀÆ�Õ�Ã�¿�à�u,ÃÅË�ß8ÃÅËnÉ�ËnÔ¤ÕÅÉ�ÕÅ×gË^ËWà
ß`ÃÅËnÉÅÉÅ¿{ÄÇÔéÎ{Ë�ÑÐËnÎ*ÄÐØUÌÐËnÔgËhrFÚ8Ô8ágË�ÃhËWà
ß�Ë�Ã�¿Â½�ËnÔõÕ�tÐâ
Óì×gË�ÃÅË>ïwvxrUvxm ÆÐÔ8á�ïevyt�vzn ê�É�Ë�ËY�Ý¿{ÌÇÚgÃÅË>ï{�
Û�ï�ÆõðMÛ ñ ×8ËUriÕÅ×ùÃÅÄpÓ�¿ÂÔ
ÕÅ×gËóá8Æ�ÕÅÆ�½ÀÆ�Õ�ÃM¿�à
u êSÓì×gË�Ã�Ë�ïIv|r}v~m0ðMâ0uh��âUÃ�Ë�ß8ÃÅËnÉ�ËnÔ¤ÕÅÉ�ÕÅ×gË��2^'�K[-�'_]_]\�f��� �-��W5f�[�ÄÐØ�ÌÐËnÔgËor*ÆÐÁWÃÅÄÇÉÅÉ|ÆÐÎ�Î�n�ËWàÒß�Ë�Ã�¿�½�ËnÔ¤ÕÅÉ�ÛÝÜ�ÔÀÁ�Î�Ú8É�Õ�Ë�ÃM¿�ÔgÌ�ÌÐËnÔgËnÉ�â¤ÕÅ×gËFÄÐÏÒò�ËnÁWÕÅÉÕ�ÄçÏ�Ë�Á�Î�Ú`É�Õ�Ë�ÃÅËná+Æ�Ã�Ë�ÕÅ×gËèÌÐËnÔgËnÉ�Û ñ ×8Ë�ÉÅ¿�½À¿ÂÎ�Æ�Ã�¿{Õ�È êSÄÐÃ�á8¿�ÉÅÉ�¿�½À¿�Î�Æ�ÃM¿{ÕiÈ8ðF½�Æ�Õ�Ã�¿�à
ÁWÄÇÔõÕÅÆÐ¿�Ô`ÉOÕÅ×8ËÍß`ÆÐ¿�ÃÅÓì¿�É�ËÍÉÅ¿�½À¿�ÎÂÆ�Ã�¿{ÕiÈ>êSÄÐÃ�á8¿�ÉÅÉ�¿�½À¿�Î�Æ�ÃM¿{ÕiÈ8ðRÄÐØVÌÐËnÔgËnÉ�Û��
ß�ËnÁ�¿<�`Á�ÆÐÎÂÎ{ÈÐâ
ËnÔõÕ�ÃÅÈBêar2s.�¤ðU¿�ÔÀÕÅ×8ËhÉÅ¿Â½À¿�Î�Æ�Ã�¿�ÕiÈÖêSÄÐÃ[á8¿ÂÉÅÉÅ¿�½À¿ÂÎ�Æ�Ã�¿{Õ�ÈgðÙ½ÀÆ�Õ�Ã�¿�àU��r5��ÃÅË�ß`ÃÅËnÉ�ËnÔ¤ÕÅÉRÕÅ×gË
ÉÅ¿�½À¿�ÎÂÆ�Ã�¿{ÕiÈóêSÄÐÃFá8¿ÂÉÅÉÅ¿�½À¿ÂÎ�Æ�Ã�¿{Õ�Ègð0ÄÐØ�ÌÐËnÔ8Ë�rVÆÐÔ`áèÌÐËnÔ8ËA�8âgÓì×gË�ÃÅËæï�v�r2s.��v�m ê�É�Ë�Ë�*¿�ÌÇÚgÃÅËæï{�
Û�ïWÏ?ðMÛ ñ ×8ËhÉÅ¿Â½À¿�Î�Æ�Ã�¿�ÕiÈBêSÄÐÃFá8¿�É�ÉÅ¿�½À¿�ÎÂÆ�Ã�¿{ÕiÈ8ð0ÄÐØ*ÌÐËnÔgË�rVÆÐÔ8áÞÌÐËnÔgË1�ÀÁ�ÆÐÔ
Ï?Ë�ÁWÄÇ½�ßfÚgÕ�Ëná-Ú8ÉÅ¿�Ô8ÌaÕÅ×gË�ËWàÒß8ÃÅËnÉÅÉ�¿{ÄÇÔÖÑÐËnÁWÕ�ÄÐÃ�É[ÄÐØ*ÌÐËnÔgË�rVÆÐÔ8áÞÌÐËnÔgËo�æØSÃÅÄÇ½#ÕÅ×gË
á8Æ�ÕÅÆ�½ÀÆ�Õ�Ã�¿{à?Û��OËnÔ8ÁWËÐâ�ÕÅ×gËóÉÅ¿�½�¿�Î�Æ�Ã�¿{Õ�È3êSÄÐÃ�á8¿ÂÉÅÉÅ¿�½À¿ÂÎ�Æ�Ã�¿{Õ�Ègð�½ÀÆ�Õ�Ã�¿�à��qr5� Á�ÆÐÔ
Ï?ËæÁWÄÇ½�ß`Ú8Õ�ËnáçØSÃÅÄÇ½;ÕÅ×gË�á8Æ�ÕÅÆÞ½ÀÆ�Õ�Ã�¿�à?uçÛ��gÄÐÃ�ÕÅ×gËæÃÅËnÉ�ÕhÄÐØRÕÅ×8Ë^ÁM×8Æ�ß8Õ�Ë�Ãnâ�ÕÅ×gË
ÄÐÏÒò�ËnÁWÕÅÉ�Õ�ÄæÏ�Ë�Á�Î�Ú8É�Õ�Ë�ÃÅËnáÞÆ�ÃÅËhÕÅ×gË�ÌÐËnÔgËnÉ[¿�ÔÖÆ^ÌÇ¿{ÑÐËnÔÖÌÐËnÔgË�ËWà
ß`ÃÅËnÉÅÉÅ¿{ÄÇÔÞá8Æ�ÕÅÆæÉ�Ë�Õ
Ú8Ô8Î{ËnÉÅÉ�ÄÐÕÅ×8Ë�ÃÅÓì¿�É�Ë�É�ÕÅÆ�Õ�Ëná�Û
�[° �F¹��#¹���HV´`¹�³��y����³g´`¹�¸)Q
ñ ×gË-½�ËnÆÐÉÅÚgÃ�ËÞÚ`É�ËnáùÕ�Ä�ÁWÄÇ½�ß`ÚgÕ�ËóÉ�¿�½À¿�Î�Æ�ÃM¿{ÕiÈ>ÄÐÃÀá8¿ÂÉÅÉÅ¿�½À¿ÂÎ�Æ�Ã�¿{Õ�ÈãÏ�Ë�Õ�ÓUË�ËnÔ=Æ

ß`ÆÐ¿{Ã^ÄÐØFÄÐÏÒò�ËnÁWÕÅÉ�¿�ÉæÁ�ÆÐÎ�Î{Ëná ÆI_'\�Xh\abiV�[]\�W�cwX��SW�['\��nÛI�BÆÐÔ¤Èôá8¿{Ê?Ë�ÃÅËnÔ¤ÕæÉÅ¿�½À¿�ÎÂÆ�Ã�¿{ÕiÈ
½�Ë�Õ�Ã�¿�Á�É|×8ÆnÑÐËhÏ�Ë�ËnÔ�Ú8ÉÅËná�¿�ÔèÁ�Î�Ú8É�Õ�Ë�Ã�¿ÂÔgÌ�ÌÐËnÔgËOËWà
ß8Ã�ËnÉÅÉÅ¿{ÄÇÔèá8Æ�ÕÅÆÒâgÆÐ½�ÄÇÔgÌaÓO×8¿�Á�×
ÕÅ×gËÀÕiÓ|Äé½�ÄÇÉ�Õ�ß�ÄÐß`Ú8ÎÂÆ�Ã�ÉÅ¿�½À¿�ÎÂÆ�Ã�¿{ÕiÈç½�Ë�Õ�Ã�¿�Á�ÉÍÆ�ÃÅË��2f�[][-�"b<V�W�\�f����]f������{\��S��WRÆÐÔ8á



���C �¡£¢�¤2¥�¦<§+¨�©S¥lªl �¢�©S«�¬S¢a¦®­��=�¯¬"¡£¡l°o¦i¡2­�©{±"¤2¥�²�³0§´©{§Eµ�¶�¦®¤-¥g¬{¥g­£¶�¦®­£¬S�7·q§´©{§Eµ�¸K¹qº »
¼¾½¿�SbÀ\�TÁ�-V��ÂT�\®_"W5V��K�]��Ûbö|ÄÐÃÅÃÅËnÎÂÆ�ÕÅ¿{ÄÇÔ3ÁWÄ
ËS
�Á�¿{ËnÔ¤Õ-¿�ÉÖÆ É�¿�½À¿�Î�Æ�ÃM¿{ÕiÈù½�ËnÆÐÉÅÚgÃ�Ëùê�Æ
×8¿{ÌÇ×óÁWÄÐÃÅÃ�ËnÎ�Æ�ÕÅ¿{ÄÇÔBÁWÄ
ËS
�Á�¿{ËnÔ¤ÕO¿Â½�ß`Î�¿{ËnÉ�×8¿�ÌÇ×óÉÅ¿�½À¿ÂÎ�Æ�Ã�¿{Õ�ÈgðRÓì×8¿ÂÎ{Ë�äRÚ8Á�ÎÂ¿�ágËnÆÐÔ-á8¿�É�÷
ÕÅÆÐÔ8ÁWË�¿�ÉOÆÞá8¿ÂÉÅÉÅ¿�½À¿ÂÎ�Æ�Ã�¿{Õ�Èè½�ËnÆÐÉÅÚ8ÃÅËóê�ÆÖ×`¿{ÌÇ×BäUÚ8Á�Î�¿�ágËnÆÐÔãá8¿�ÉÅÕÅÆÐÔ8ÁWË^¿Â½�ß`Î�¿{ËnÉìÎ{ÄpÓ
ÉÅ¿�½À¿�ÎÂÆ�Ã�¿{ÕiÈ8ðMÛ
ñ ×gË�ÁWÄÐÃÅÃÅËnÎ�Æ�ÕÅ¿{ÄÇÔ-ÁWÄ
ËS
�Á�¿{ËnÔ¤ÕFÏ�Ë�ÕiÓ|Ë�ËnÔóÆæß`ÆÐ¿�Ã|ÄÐØ0ÌÐËnÔgËnÉArRÆÐÔ`áZ�Bê�ï�v�r2s.��vm0ð|¿�É[ágËS�`ÔgËnáBÆÐÉ ÃÄÅ�ÆÈÇ

ê�uéêar-s2tIðÊÉwË)�DðWê�uãê<�9s2teðÌÉÍË�Îeð
ê]Ï0uh�lÏ�Ï0u�ÎhÏYð ê�ï{�
Û�ïpð

Óì×gË�ÃÅË�Ë)�:ÐÒÑ Ã Å�ÆÈÇ uéêar-s2teð�Ó2n�¿�É�ÕÅ×gËÍÆnÑÐË�Ã�Æ�ÌÐË^ËWà
ß`ÃÅËnÉÅÉÅ¿{ÄÇÔBÎ{Ë�ÑÐËnÎ�ÄÐØÝÌÐËnÔgË�rUÄpÑÐË�ÃÆÐÎ�Î´nBËWàÒß?Ë�ÃM¿�½�ËnÔ¤ÕÅÉFÆÐÔ8á�Ïlu � Ï'ÐÕÔ Ñ Ã Å£ÆÈÇ ê�uãêar2s2teðÊÉeË � ð�Ö�¿�ÉFÕÅ×gËaÔgÄÐÃ�½#ÄÐØÝÕÅ×gË
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ÉÅ×gÄÇÚ8Î�áéÏ�Ë�ÆÐÉÅÉÅ¿�ÌÇÔgËná>Õ�ÄçÆÐÔ8ÄÐÕÅ×gË�ÃaÁ�Î�Ú8ÉÅÕ�Ë�ÃnÛU�Ò¿�ÎÂ×gÄÇÚgË�Õ�Õ�ËnÉ�Á�ÆÐÔ+ÆÐÎÂÉ�ÄóÏ�ËÀÚ8É�ËnáéÕ�Ä
Ñ
¿�É�Ú8ÆÐÎ�Î{È>á8¿�ÉÅß`Î�ÆnÈ>Á�Î�Ú`É�Õ�Ë�Ã�¿�ÔgÌçÃÅËnÉÅÚ8Î�ÕÅÉ�Û ñ ×gËèÄÐÏgò�ËnÁWÕÅÉ�¿�ÔôËnÆÐÁ�× Á�Î�Ú8É�Õ�Ë�ÃæÁ�ÆÐÔùÏ�Ë
á8¿�É�ß`ÎÂÆnÈÐËná�¿ÂÔèágËnÁWÃ�ËnÆÐÉÅ¿�ÔgÌÍÄÐÃ�ágË�Ã�ÄÐØ�ÕÅ×gË�ÉÅ¿�Î�×8ÄÇÚgË�Õ�Õ�ËìÑ�ÆÐÎ�ÚgËnÉ|ÉÅÚ8ÁM×�ÕÅ×8Æ�Õ[Æ^Á�Î�Ú8É�Õ�Ë�Ã
Óì¿{ÕÅ×ã½ÀÆÐÔõÈçÄÐÏÒò�ËnÁWÕÅÉ�Óì¿{ÕÅ×ã×8¿{ÌÇ×ãÉÅ¿�Î�×8ÄÇÚgË�Õ�Õ�ËÍÑ�ÆÐÎ�ÚgËnÉ�¿�É�ÆÖß8ÃÅÄÇÔ8ÄÇÚ8Ô8ÁWËnáéÁ�Î�Ú8É�Õ�Ë�ÃpÛ�Ò¿�Î�×gÄÇÚ8Ë�Õ�Õ�ËnÉ|Æ�Ã�Ë�¿�½�ß`Î{Ën½ÀËnÔõÕ�Ëná-¿�ÔY�
ßfÎ�Ú8É|ÆÐÔ8á���ÛgÜ�ÔÞÄÐÃ�ágË�Ã[Õ�ÄÀÉÅÚ`½À½ÀÆ�Ã�¿<��Ë�ÕÅ×gË
ÉÅ¿�Î�×gÄÇÚ8Ë�Õ�Õ�ËóÑIÆÐÎÂÚgËnÉÀ¿�Ô3Æ�á8Æ�ÕÅÆ É�Ë�Õ�Óì¿�ÕÅ× A Á�Î�Ú8ÉÅÕ�Ë�Ã�É�â�ÕÅ×gË�V � �"[�V&�´�?_]\abCç´f�½¿�{W�W.�
¤ \�T�Waç¤âÙ¿�É�ágËS�`ÔgËnáãÕ�ÄÞÏ�ËæÕÅ×gË�ÆnÑÐË�Ã�Æ�ÌÐË�É�¿�Î�×gÄÇÚgË�Õ�Õ�Ë^Ñ�ÆÐÎ�ÚgËæÄpÑÐË�ÃaÆÐÎÂÎÙÕÅ×gËæÄÐÏÒò�ËnÁWÕÅÉ¿�Ô+ÕÅ×8ËÖá8Æ�ÕÅÆÒÛ ñ ×8ËÖÆpÑÐË�Ã�Æ�ÌÐËBÉÅ¿�ÎÂ×gÄÇÚgË�Õ�Õ�Ë�ÓO¿�ágÕÅ×+Á�ÆÐÔùÏ�ËÖÚ8É�Ëná ÆÐÉ�ÆÐÔô¿�Ô¤Õ�Ë�Ã�Ô8ÆÐÎ
ÑIÆÐÎ�¿Âá8Æ�ÕÅ¿{ÄÇÔ-½�ËnÆÐÉÅÚ8ÃÅË�Õ�Ä�ÁWÄÇ½�ß`Æ�Ã�Ë�ÕÅ×gË��
Ú8ÆÐÎ�¿{Õ�È�ÄÐØ�Á�Î�Ú8ÉÅÕ�Ë�Ã�¿�ÔgÌæÃÅËnÉÅÚ`Î{ÕÅÉ�Û
�)ò>1:òLK ¥oúa÷��ÈùC� ø�H�þO�Áù�ú�û9ò ê��VËnÚ8ÔgÌéË�Õ�ÆÐÎ©Û{âUí�îÐîgïWÏ?ðÍß8Ã�ÄÐß?ÄÇÉÅËná+ÕÅ×gË
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¿�½�ËnÔ¤Õì¿�ÔóÆ�ÌÇ¿�ÑÐËnÔBá8Æ�ÕÅÆèÉ�Ë�Õ�âfÆÐÔ8áçÚ8É�Ë�ÕÅ×8ËaÎ{Ë�ØSÕ�÷DÄÇÚgÕìËWàÒß�Ë�Ã�¿�½�ËnÔ¤Õ[Õ�ÄèÆÐÉÅÉÅËnÉÅÉFÕÅ×gË
ß8ÃÅËná8¿�ÁWÕÅ¿�ÑÐËhß�ÄeÓUË�ÃOÄÐØ0ÕÅ×gËÍÁ�Î�Ú8É�Õ�Ë�Ã�¿ÂÔgÌ�ÆÐÎ{ÌÐÄÐÃ�¿{ÕÅ×8½óÛ
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ÕÅ×8¿�Éæß8ÃÅËná`¿�ÁWÕÅ¿{ÑÐË-ß�ÄpÓ|Ë�Ã�Ï
ÈôÃ�Ën½�ÄpÑÒ¿�ÔgÌ�ÄÇÔ8ËóËWà
ß�Ë�Ã�¿Â½�ËnÔõÕæØSÃÅÄÇ½5ÕÅ×gËçá8Æ�ÕÅÆ�É�Ë�Õ�â
Á�Î�Ú8É�Õ�Ë�Ã�¿ÂÔgÌèÌÐËnÔ8ËnÉ�Ï`ÆÐÉ�Ëná>ÄÇÔéÕÅ×8Ë�ÃÅËn½ÀÆÐ¿�Ô8¿ÂÔgÌÖá`Æ�ÕÅÆÒâÙÆÐÔ8áéÕÅ×gËnÔ�½ÀËnÆÐÉÅÚgÃ�¿�Ô8ÌèÕÅ×gË
Óì¿{ÕÅ×8¿�Ôg÷iÁ�Î�Ú8É�Õ�Ë�Ã�ÉÅ¿�½À¿ÂÎ�Æ�Ã�¿{Õ�È�ÄÐØ0ËWàÒß8ÃÅËnÉÅÉ�¿{ÄÇÔÖÑIÆÐÎ�Ú8ËnÉ[¿�ÔÞÕÅ×gË�Î{Ë�ØSÕ�÷DÄÇÚgÕ[ËWàÒß?Ë�ÃM¿�½�ËnÔ¤Õ�Û
ñ ×gË ¦ �9½P[��kf!§ X��"['\�WUê��ÈÙ��éðì¿�ÉìÆèÉÅÁ�ÆÐÎ�Æ�Ã��¤Ú8ÆÐÔ¤ÕÅ¿{Õ�ÈÐâfÓì×`¿�Á�×ç¿�ÉìÆÐÔBËnÉ�ÕÅ¿�½ÀÆ�Õ�Ë^ÄÐØ
ÕÅ×gË�ß8ÃÅËná`¿�ÁWÕÅ¿{ÑÐË�ß�ÄpÓ|Ë�ÃFÄÐØ�ÆÀÁ�Î�Ú8É�Õ�Ë�ÃM¿�ÔgÌ�ÆÐÎ{ÌÐÄÐÃ�¿{ÕÅ×`½-Û
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ö�Î�Ú8É�Õ�Ë�ÃM¿�ÔgÌ�ÆÐÎ{ÌÐÄÐÃM¿{ÕÅ×8½ÀÉOÏ`ÆÐÉ�ËnáãÄÇÔãß8ÃÅÄÐÏ`Æ�Ïf¿�Î�¿{Õ�ÈÞ½ÀÄ
ágËnÎÂÉìÄ�Ê�Ë�Ã�ÆÖß8Ã�¿�Ô8Á�¿�ß`Î{Ëná

ÆÐÎ{Õ�Ë�Ã�Ô8Æ�ÕÅ¿{ÑÐËéÕ�Ä ×gËnÚgÃM¿�É�ÕÅ¿�ÁçÆÐÎ{ÌÐÄÐÃ�¿{ÕÅ×8½�É�Û ñ ×gËé¿�ÉÅÉÅÚ8ËnÉ�ÄÐØ^É�ËnÎ{ËnÁWÕÅ¿�ÔgÌùÆ«��ÌÐÄ¤ÄÒá]�
Á�Î�Ú8É�Õ�Ë�Ã�¿ÂÔgÌa½�Ë�ÕÅ×gÄÒáÖÆÐÔ8áèá8Ë�Õ�Ë�Ã�½À¿�Ô8¿ÂÔgÌ�ÕÅ×gË
��ÁWÄÐÃÅÃÅËnÁWÕ¡��Ô
Ú8½aÏ�Ë�ÃUÄÐØÙÁ�Î�Ú8É�Õ�Ë�ÃMÉUÆ�ÃÅË
ÃÅËná8Ú8ÁWËná�Õ�Ä^½�ÄÒágËnÎfÉ�ËnÎ{ËnÁWÕÅ¿{ÄÇÔèß8ÃÅÄÐÏ`Î�Ën½ÀÉV¿�Ô�ÕÅ×gËOß`ÃÅÄÐÏ`Æ�Ï`¿�ÎÂ¿{ÕiÈÍØvÃ�ÆÐ½ÀË�ÓUÄÐÃÅå?Û ñ ×8¿ÂÉ
ß8ÃÅÄpÑÒ¿�ágËnÉÙÆFÌÐÃÅËnÆ�Õ*ÆÐágÑIÆÐÔ¤ÕÅÆ�ÌÐË|ÄpÑÐË�Ã�×gËnÚgÃ�¿ÂÉ�ÕÅ¿�ÁÝÁ�Î�Ú8É�Õ�Ë�ÃM¿�ÔgÌ[ÆÐÎ{ÌÐÄÐÃ�¿{ÕÅ×`½ÀÉ�âIØvÄÐÃ�ÓO×8¿�Á�×
ÕÅ×gË�ÃÅËÍ¿ÂÉFÔgÄ�ÃM¿{ÌÐÄÐÃÅÄÇÚ8ÉO½�Ë�ÕÅ×gÄÒáóÕ�Äèá8Ë�Õ�Ë�Ã�½À¿�ÔgËaÕÅ×gËÍÔ
Ú8½ÍÏ?Ë�ÃìÄÐØVÁ�Î�Ú8É�Õ�Ë�Ã�ÉFÄÐÃOÕÅ×gË
Ï?ËnÉÅÕhÁ�Î�Ú`É�Õ�Ë�Ã�¿�ÔgÌè½�Ë�ÕÅ×gÄÒá�ÛÀê��VËnÚ8ÔgÌÞË�Õ�ÆÐÎ©Û{â�í�îÐîgï�Æõð�Æ�ß8ß`Î�¿�ËnáóÕÅ×gËæ½�ÄÒágËnÎ�÷DÏ`ÆÐÉ�Ëná
Æ�ß8ß8ÃÅÄÇÆÐÁM×ÍÕ�ÄhÑ�Æ�Ã�¿{ÄÇÚ8É0ÌÐËnÔgË|ËWà
ß8Ã�ËnÉÅÉÅ¿{ÄÇÔ^ÆÐÔ8á^É�È
Ô¤ÕÅ×gË�ÕÅ¿�ÁUá8Æ�ÕÅÆÒâõÆÐÔ8á^ÉÅ×gÄeÓUËná^ÕÅ×8Æ�Õ
ÕÅ×gËa½�ÄÒágËnÎ�÷DÏ`ÆÐÉÅËnáBÆ�ß8ß8Ã�ÄÇÆÐÁ�×óÕ�ËnÔ`á8ÉFÕ�Äèß8ÃÅÄÒá8Ú8ÁWË�×8¿{ÌÇ×8Ë�ÃìÁ�Î�Ú8É�Õ�Ë�Ã��¤Ú`ÆÐÎ�¿{ÕiÈÖÕÅ×8ÆÐÔ
ÕÅ×gËa×gËnÚgÃM¿�É�ÕÅ¿�ÁY÷DÏ`ÆÐÉÅËnáÖÆÐÎ�ÌÐÄÐÃ�¿{ÕÅ×8½ÀÉnÛ
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ÓUËBÆÐÉ�ÉÅÚ8½�Ë-ÕÅ×gËçá8Æ�ÕÅÆ�ÁWÄÇÔ8ÉÅ¿ÂÉ�ÕÅÉ�ÄÐØ�á8¿�Ê�Ë�ÃÅËnÔ¤Õ,��[�f�½ý��_BêSÄÐÃ��2f�X��Pf����"��Wa_ÅðMâOÆÐÔ8á
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Õ�Ã�¿{Ï`ÚgÕÅ¿�ÄÇÔ�Ûq��ÆÐÉ�ËnáÖÄÇÔÞÕÅ×8¿ÂÉUÆÐÉÅÉ�Ú8½�ß8ÕÅ¿{ÄÇÔ�âõÕÅ×gË�ÌÐÄÇÆÐÎ�ÄÐØÙ½�ÄÒágËnÎ�÷DÏfÆÐÉ�ËnáÞÁ�Î�Ú8É�Õ�Ë�Ã�¿ÂÔgÌ
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ÕÅ×gË�ÌÐËnÔgËnÉ�âfÕÅ×gËa½�ËnÆÐÔBÑÐËnÁWÕ�ÄÐÃ�Ë+¿�É[ÄÐØ�á8¿�½ÀËnÔ8ÉÅ¿{ÄÇÔ nùêSÓO×8¿�Á�×B¿�É[ÕÅ×gËaÔ
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