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Ñ°É÷ÔLÏSÆ�Ñ<É9ÕÝÑ°ÍkÕ�Ï�Í¬Ë°Î¸Î+Þ®Ñ<Î¸Ï�Ê<Ë°Ò�Ò�Ë6ÇYÑ<É/Ï�ÿ9Î¸ÇYÏ�ÍlÔ¬×+Ï�Ì9ÔYÏÙË6ÉtË°É9Ë6ÎWÑ°ÊêÆ�ÈWÍlÆiÌ/ÈoÇ�ÔYÈ¸Ò�ÈWÎWË°Í
ÇYÑÙÇlØ/Ï�Ò�Ñ�Õ�ÏiÎ�Ñ6Ö�ÐyË6É���ÆkØ9Ë°È¸â��6Ú�ð�ÍlÏ�ÔYÏiÉUÇYÈWÉ/Ê
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ÈWÉ÷þDÈWÊ9Ú �/ÚëÛ�Ø/Ï�ÿ9Î¸ÇYÏ�Í�ÍYÏSÔLÞ«Ñ°É9ÔYÏ�È\Ô�Õ�Ì/Þ9Î¸È\ÆiË6ÇYÈWÉ/ÊýÇlØ/Ï�ÇYÍkËvÐ°Ï�Î¸ÈWÉ/Êý×�ËvÐ°Ï�ã®Ï�Ø9ËvÐ@È¸Ñ<Ì/Í¬Ñ6Ö
ÇYØ9Ï&ÈWÉ/É/Ï�Í�Ï�Ë6Í+ã9Ë<ÔLÈWÎWË°Í�Ò�Ï�Ò'ã/ÍkË6É/Ï�î^ÇlÑ°Þ�íJÕ�Ñy×�É®ó�×�È¸ÇYØ�ÈoÇkÔ�Ò�Ë6ø@ÈWÒ'Ì9Ò ÏiÎWÑ°É/ÊUËyÇYÈWÑ°É�ËyÇ�Ë
ÔYÞ®ÏSÆ�È¸ÿ®Æ;Þ®ÑUÔLÈ¸ÇYÈWÑ°ÉÙË6ÎWÑ°É9Ê�ÇlØ/È\Ô�Ò¬Ï�Ò'ã/ÍkË6É9Ï°Ú

	/���j v�f���!
 	/��� ���Q�F�L�k���L�k�v�'�k�F�����v�Q���k�
�f�v�?�y�k�f���©�k�r���Q���v�8�k�v�

time

m
em

br
an

e 
fil

te
rs

50 100 150 200 250 300 350 400 450 500

10

20

30

40

50

60

	/���j v�f���!
����Q���6�j�v�f�	�k�����v�4�y�k�f���©�k�+���Q�+�v���k�v�
���i�v�Q�<�f���	�=£S�r�?�f�f���+ v�� v�

��
������ � ����� ������� ��#�# ���! "��#

Û�Ø/Ï	ã/È¸Ñ<Î¸Ñ<Ê°È\ÆiË°Î®Æ�Ñ�Õ�ÈWÉ/Ê�Þ/ÍYÑ�ÆiÏ�Õ�Ì/ÍlÏFÑ°ÖAÇYØ/Ï&ã9Ë°ÔYÈWÎWË°Í�Ò�ÏiÒ�ã/ÍlË°É/ÏFÒ�ÑyÐ°Ï�Ò�ÏiÉUÇlÔ�È¸ÉUÇYÑ¬ÔLÞ«Ï�í
Æ�È¸ÿ®Æ	ÇYÈWÒ�È¸É9Ê�Ñ6ÖDÔYÞ/ÈWâ°Ï~ÆkØ9Ë°È¸É9Ô�Ë6Ç+ÇlØ/Ï(Ë°ÆiÑ°Ì9ÔLÇYÈ\ÆiË°Î-É/ÏiÍlÐ°Ï&ÈWÔ+ÇlØ/Ï;ÖOÌ/É9Æ�ÇYÈWÑ°É9Ë°Î�Æ�Ñ<É9Æ�Ï�ÍYÉ�Ñ6Ö
Ñ°Ì9Í�ÈWÉ/É/ÏiÍ+Ø9Ë°È¸Í+Æ�ÏiÎWÎ\ÔiÚ?á�ÈWâ°Ï	Ò�Ñ<ÔLÇ�Ò�Ñ�Õ�ÏiÎ\Ô�×+Ï4Ñ<Ò¬È¸Ç�ÇlØ/Ï;Õ�Ì/Þ/ÎWÈWÆ�ËyÇlÈ¸Ñ<É�Þ/ÍlÈ¸É9ÆiÈ¸Þ9Î¸Ï	Ñ6Ö�É9Ë6í
ÇYÌ9ÍYÏ+Ë6É9Õ~Ë<ÔYÔYÈ¸Ê<É�ìQÌ9ÔLÇ�Ñ°É9Ï�æJÉ/É/Ï�Í��	Ë6ÈWÍ=ï�ÏiÎWÎ-îOæ��&ï�ó�ÇYÑ	Ï�Ë<ÆkØ~Ñ6Ö@ÇYØ/Ï�ÖOÍYÏSÜUÌ/ÏiÉ9ÆiÓ~ÆkØ9Ë6É/É9ÏiÎ\Ô
Þ/ÍlÏ�ÔYÏiÍlÐ@È¸É/Ê(ÇYÑ°É9Ñ6ÇYÑ<Þ/È\ÆiË6Î«ÖOÍlÏ�ÜUÌ/Ï�É9Æ�Ó�ÈWÉ�ÖOÑ°ÍlÒ�ËyÇYÈWÑ°É�ÇYØ/È\Ô+×+ËvÓ<Ú���È¸É9ÆiÏ&ÇYØ/Ï;ÔQÇlÏiÍlÏiÑ�Æ�ÈWÎWÈWË'Ñ6Ö
Ë6Ééæ��;ï Æ�Ë6Ì9ÔYÏ�Õ�ÏiÞ«Ñ°Î\Ë6ÍlÈ¸õ�È¸É9ÊÙÆiÌ/ÍlÍYÏ�É<ÇkÔ&Ñ°É/ÎWÓý×�Ø/Ï�ÉéÒ¬ÑyÐ@ÈWÉ/Ê�ÇYÑy×�Ë6ÍkÕ¨Ñ<É/Ï�Õ�È¸ÍlÏ�Æ�ÇYÈWÑ°É�ä
ÇYØ9Ï�ÍlÏ�ÔYÌ/Î¸ÇYÈWÉ/Ê&ÔYÑ°Ò�Ë4Þ®Ñ°ÇYÏiÉUÇlÈWË°Î@Õ/Ì/Þ/ÎWÈWÆ�ËyÇYÏSÔ�ÇYØ/Ï+Ò�ÑyÐ°ÏiÒ�Ï�É<Ç=Ñ6Ö9ÇYØ/Ï+ã9Ë°ÔYÈWÎWË°Í�Ò�ÏiÒ�ã/ÍkË6É/Ï<Ú
ï�Ñ°Ò�Þ9Ë°ÍYÈWÉ/Ê�ÇlØ/ÈWÔ�Þ«Ñ6ÇYÏ�ÉUÇYÈ\Ë6Î°×�È¸ÇYØ�Ë�ÇYØ/ÍlÏ�ÔYØ/Ñ<ÎWÕ�ìQÌ9ÔLÇDË°ã®ÑyÐ<Ï=ÇYØ/Ï�ÍYÏSÔQÇlÈ¸É/Ê�Þ«Ñ6ÇlÏiÉUÇYÈ\Ë6ÎUÎWÏ�Ë°Õ9Ô
ÇYÑ¬ÇlØ/Ï;ÏiÒ�ÈWÔlÔYÈ¸Ñ<É�Ñ°ÖDË�ÿ9ÍkÔQÇFÔYÞ/È¸â<Ï&Ë6ÇFË'ÿ9ø@ÏSÕ�Þ«Ñ°ÈWÉUÇ�Ñ6ÖrÇlØ/Ï~Þ«Ñ<ÔYÈoÇlÈ¸Ð<Ï	Ò�ÑyÐ°Ï�Ò�ÏiÉUÇ�ÆiÓ�Æ�ÎWÏ
îOÞ9Ø9Ë°ÔYÏ'ÎWÑ�ÆkâUÈWÉ/Ê@ójÚ	Û�Ø9Ï'É@Ì/Ò'ã«ÏiÍ&Ñ6Ö�ÔYÞ/ÈWâ°ÏSÔ4Ï�Ò¬È¸ÇLÇlÏ�ÕAäAÕ�Ï�Þ®Ï�É9Õ/Ô&Ñ°É¨ÇYØ/Ï¬Ë6Ò�Þ/ÎWÈoÇlÌ9Õ�Ï¬Ñ6Ö
ÏiÎWÑ°É9Ê<ËyÇlÈ¸Ñ<ÉÝË6É9ÕéÇlØ/Ï�ÍlÏ�ÖOÍkË°Æ�ÇYÑ°ÍlÓýÞ«ÏiÍlÈWÑ@Õ�Ú¨Û�Ø/Ï�ÖOÌ/É®ÆjÇYÈWÑ°É®Ë6Î+ÍYÏSÔLÌ/Î¸Ç'È\Ô~ÇlØ/Ï�ÆiÑ@Õ/È¸É/ÊýÑ6Ö
Æ�Ñ<ÉUÇYÈWÉUÌ9Ñ°Ì9Ô(ÔYÈWÊ°É9Ë°ÎWÔ'È¸ÉUÇYÑ¨ÇYÈWÒ¬Ï�Õ�È\ÔYÆiÍYÏiÇYÏ�ã/ÈWÉ9Ë°ÍYÓêÞ/Ì/Î\ÔLÏ�ÇYÍkË6ÈWÉ9ÔiÚ �	Ì/ÍlÈ¸É/Ê·ÔLÈWÒ'Ì9ÎWË6ÇYÈWÑ°É
Ë�ÔQÇlÑ@ÆkØ®Ë°ÔLÇYÈ\Æ'Þ9Ë°ÍLÇSäAÎ¸ÈWâ°Ï�Î¸ÓÙÇlÑ�Ñ�Æ�Æ�Ì/Í;ÈWÉ·Ë°É9Ë6ÎWÑ°Ê�ÈWÒ�Þ/ÎWÏiÒ�ÏiÉUÇlË6ÇYÈWÑ°É9Ô�ä�×�Ë°Ô	È¸ÉUÇlÍYÑ�Õ�Ì9ÆiÏ�ÕAÚ
ö+Ì�Ç4ÔLÇYÑ�ÆkØ9Ë°ÔLÇYÈ\Æ	ÿ9ÍlÈ¸É/Ê¬Ñ6ÖDÇYØ9Ï~æ��&ï Õ�Ì/ÍlÈ¸É/Ê�Ë°ã9ÔLÏ�É9Æ�Ï;Ñ°Ö�ÈWÉ/Þ/Ì�Ç'îfþ�ÈWÊ9Ú �Uó�Õ/ÑUÏSÔ�É/Ñ6ÇFÞ9ÍYÏií
Ð°Ï�ÉUÇ?ÇYØ/Ï4ÿ9ã®Ï�ÍlÔ?ÖOÍYÑ<Ò ÔLÇYÍlÑ°É/Ê;Þ/Ø®Ë°ÔYÏ�Î¸Ñ�Ækâ@È¸É9Ê(ËyÇ�ÇlØ/Ï4ÔYÈoÇlÏFÑ6Ö�ÆkØ9Ë°ÍlË<ÆjÇYÏ�ÍYÈ\ÔLÇYÈ\Æ�ÖOÍlÏ�ÜUÌ/Ï�É9Æ�Ó
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Ë°Ô�×+ÏiÎWÎ-Ë<Ô�×+Ï�Ë°â°Ï�Í�ÎWÑ@Ækâ@ÈWÉ/Ê�Ë6Ç+É9ÏiÈWÊ°Ø@ã®Ñ<Ì/ÍlÈ¸É/Ê'Î¸Ñ�ÆiË6ÇYÈWÑ°É9Ô�ÈWÉ�ÍlÏ�ÔYÞ®Ñ<É9ÔLÏ4ÇYÑ�Ë'ÔYÑ°Ì/É®Õ�ÈWÒ�í
Þ«Ñ<ÔYÏ�ÕêÇYÑÙÇlØ/Ï�Ï�Ë°Í�Ú�Û�Ø/Ï�Ê<ÍlË<Õ�Ï�ÕêÎWÑ@Ækâ@ÈWÉ/Ê
Ë6É9Õ·ÈWÉUÇYÏiÉ®ÔLÈ¸ÇQÓýÍlÏ�ÔYÞ®Ñ<É9ÔYÏ�ÔYØ/Ñy×�É·È¸É þDÈWÊ9Ú	�
Ò�Ñ�Õ�ÏiÎ\Ô�ÇYØ9Ï&×+ÏiÎWÎ�â@É/Ñy×�É�ÇYÌ/É9È¸É/Ê�ÆiÌ/ÍlÐ°Ï�Ô�ÖOÑ<ÍFË°Æ�Ñ<Ì9ÔLÇYÈ\ÆiË6Î-É/Ï�ÍYÐ<Ï&ÿ9ã®Ï�ÍlÔ�
Qü°Ú
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Å4Æ�Æ�Ñ<ÍlÕ�ÈWÉ/ÊýÇYÑéÉ/ÏiÌ9ÍYÑ<Þ/Ø@Ó@ÔYÈWÑ°ÎWÑ°Ê°È\ÆiË°Î?ÿ9É9Õ/È¸É/ÊUÔ�Ë6É9ÕëÇYØ/ÏÙÔYÈ¸ÎWÈWÆiÑ°ÉtÒ¬Ñ�Õ�Ï�Î�Ñ6Ö	á�Ë6õ�õ�Ë6ÍlÑ ü
Ë6õ�È¸Ò�Ì�ÇYØ®Ë6ÎFÎWÑ�ÆiË6ÎWÈWõ�ËyÇlÈ¸Ñ<ÉtÑ°Ö;ÔYÑ°Ì9É9Õ÷Ø9Ë6Þ/Þ«ÏiÉ®Ô�ËyÇ�ÇlØ/Ï¨ÔYÈoÇlÏ¨Ñ6Ö&ÇYØ/Ïêå
Ï�Õ�È\Ë6Î��@Ì/Þ«ÏiÍlÈ¸Ñ<Í
ô	ÎWÈ¸ÐyË6Í�îfå �9ô;ó&É@Ì9Æ�ÎWÏiÈ�Ë6É9ÕýÇYØ/Ï�È¸Í~Þ9ÍYÑ°ìQÏ�ÆjÇlÈ¸Ñ<É9Ô&ÇYÑ�ÇlØ/Ï�Æ�Ï�É<ÇlÍlË°Î?Ë6É9Õ·Ï�ø@ÇlÏiÍlÉ9Ë6Î=É@Ì9Æ�ÎWÏiÈ
Ñ6Ö=ÇlØ/Ï'æJÉ�ÖOÏ�ÍYÈWÑ°Í;ï�Ñ°ÎWÎ¸È\Æ�Ì/ÎWÌ9Ô�îOæYï�ójÚ-Û�Ñ�Ò�Ñ@Õ/ÏiÎ�ÇYØ/È\Ô4ÔYÑ�ÆiË°Î¸ÎWÏ�Õ�ÇlÈ¸Ò�ÈWÉ/Ê�Þ9Ë6ÇYØ@×�ËvÓ°ä®ÆiÑ°Ì/É/í
ÇYÏ�ÍYÞ9ÍYÑ<Þ9Ë6ÊUËyÇYÈWÉ/Ê(Õ�Ï�ÎWËvÓ�ÎWÈ¸É9Ï�Ô+×�Ï�ÍYÏ4Ì9ÔLÏSÕ�ÇlÑ�ÍlÏ�Ë°Î¸ÈWõiÏ�ÇlØ/Ï;Æ�Ñ°Ò�ã/ÈWÉ9ËyÇlÈ¸Ñ<É�Ñ6Ö�ÇlØ/Ï&Î¸ÏiÖ^Ç�Ë°É9Õ
ÍlÈ¸Ê<Ø<Ç&Ø/ÏiÒ�È\ÔLÞ9Ø/ÏiÍlÏ�Ë6Ç4ÇYØ9Ï¬å �®ô�Ú«Û�Ø/Ï�Þ/ÍlÈ¸É9ÆiÈ¸Þ9Î¸Ï¬Ñ°Ì�ÇlÞ/Ì�Ç;Ñ6Ö?ÇlØ/Ï¬å��9ô�ÈWÔ4ÇYØ9Ï¬ÆiÍYÑUÔYÔLí
Æ�Ñ<ÍYÍlÏiÎ\ËyÇlÈ¸Ñ<ÉÙÖOÌ/É9Æ�ÇYÈWÑ°Ééã®ÏiÇQ×�Ï�ÏiÉêÎ¸ÏiÖ^Ç~Ë°É9ÕêÍYÈWÊ°ØUÇ	ÏSË6Í~ÆiË°ÎWÆiÌ/Î\ËyÇYÏSÕýÔYÏiÞ9Ë°ÍlË6ÇYÏ�Î¸Ó�ÖOÑ°Í;ÏSË°ÆkØ
ÖOÍlÏ�ÜUÌ/ÏiÉ®Æ�Ó¨ÆkØ9Ë°É/É/ÏiÎ�Ú ��È¸É9ÆiÏ�È¸É�ÖOÑ<ÍYÒ�Ë6ÇYÈWÑ°ÉýÈ\Ô;Æ�Ñ�Õ�ÏSÕêË<Ô	ã9È¸É9Ë°ÍYÓ¨ÔYÞ/ÈWâ°ÏSÔiä�ÆiÍYÑUÔYÔlÆ�Ñ<ÍYÍlÏiÎ\Ëyí
ÇYÈWÑ°É
Æ�Ë6É�ã®Ï~Þ«ÏiÍYÖOÑ°ÍlÒ�Ï�Õ�Ë°Ô�Æ�Ñ<È¸É®Æ�È\Õ�ÏiÉ9ÆiÏ~Õ�Ï�ÇlÏ�ÆjÇlÈ¸Ñ<É
Ë6ÎWÑ°É/Ê�Õ�ÏiÎ\ËvÓ�ÎWÈ¸É9Ï�Ô(îfþ�ÈWÊ9Ú 
<ó�Ú
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þ/Ñ<Í?Ï�Ë<ÆkØ¬Ñ°Ö9ÇlØ/Ï�� 
	ÖOÍlÏ�ÜUÌ/Ï�É9Æ�Ó'ÆkØ®Ë6É/É/Ï�ÎWÔ?ÇYØ/ÏFÔYÞ/ÈWâ°Ï+ÇYÍkË6ÈWÉ9Ô?Ñ°Ö®ÇlØ/ÏFÆ�Ñ<ÍYÍlÏ�ÔYÞ®Ñ<É9Õ�ÈWÉ/Ê
ÖOÍlÏ�ÜUÌ/ÏiÉ®Æ�Ó¨ÆkØ9Ë°É/É/ÏiÎ\Ô&È¸ÉêÇYØ9Ï¬ÎWÏ�Ö^Ç(Ë°É9Õ
ÇlØ/Ï�ÍYÈWÊ°ØUÇ;Ï�Ë6Í~Ë°ÍYÏ¬Æ�Ñ°Ì9É<ÇlÏiÍlÞ/ÍlÑ°Þ9Ë°Ê<ËyÇlÏ�Õ
Ë°Î¸Ñ<É/Ê
ËÙÎWÈ¸É/Ï�Ñ6Ö��
�¨Õ�Ï�ÎWËvÓêÌ/É/È¸ÇlÔ�ÚÙæ8Ö+ÇlØ/Ï�ÔYÞ/ÈWâ°Ï�Ô(ÏiÉUÇYÏ�Í~ÇYØ/È\Ô'ÔLÇYÍlÌ9Æ�ÇYÌ/ÍlÏ�×�ÈoÇlØëË
Æ�Ï�ÍLÇkË6ÈWÉéÈ¸É�í
ÇYÏ�ÍlË°Ì/ÍkË6Î�Õ�Ï�ÎWËvÓ<ärÇlØ/ÏiÓé×�ÈWÎ¸Î�Æ�Ñ<È¸É®Æ�È\Õ�Ï�ËyÇ¬Ë¨ÔLÞ«Ï�ÆiÈoÿ«Æ�ÎWÑ@Æ�ËyÇlÈ¸Ñ<ÉÝÑ6Ö�ÇYØ/Ï�Õ�ÏiÎ\ËvÓ·Î¸ÈWÉ/Ï�Ë°É9Õ
ÆiË°Ì9ÔYÏ�ÿ9ÍYÈWÉ/Ê¨Ñ°Ö�ÇYØ/Ï�Õ�Ï�ÇkË°ÆkØ/ÏSÕ·Õ/Ï�ÇYÏSÆjÇlÑ°Í�ÆiÏiÎWÎfÚ¨Û�Ø9ÈWÔ'×+ËvÓêÈ¸ÉUÇYÏ�ÍlË°Ì/ÍkË6Î=ÇYÈWÒ�Ï�Õ�Ï�ÎWËvÓêÈWÔ
Æ�Ñ�Õ�ÏSÕÙÈ¸ÉUÇlÑ�ÔLÞ®Ë°Æ�Ï<Ú�Û�Ø/Ï(É@Ì/Ò'ã«ÏiÍ	Ñ6Ö�ÔYÞ/È¸â<Ï�ÔFË6Ç	Õ�È¸ò«Ï�ÍYÏ�ÉUÇ	ÎWÑ@Æ�ËyÇlÈ¸Ñ<É9Ô�Ñ6Ö=ÇlØ/Ï'ÍlÏ�ÔYÌ/Î¸ÇYÈWÉ/Ê
ÇYÈWÒ�Ï�Õ�Ï�ÎWËvÓUí�ÖOÍYÏSÜUÌ/ÏiÉ9ÆiÓ
Ò�Ë6Þ·ÈWÔ~ÔYØ/Ñy×�ÉýÈWÉéþ�ÈWÊ9Ú � Ú¬æJÉ·ÍYÏSÔLÞ«Ñ°É9ÔYÏ�ÇYÑ
ËÙÆ�Ñ°Ò�Þ/ÎWÏ�øýÔYÑ°Ì9É9Õ
ÖOÍlÑ°Ò����êÕ�ÏiÊ<ÍYÏ�Ï�ÎWÏ�Ö^Ç�ä�ÈoÇ�ÆiË°É ã«Ï�Ñ<ã9ÔLÏ�ÍYÐ<Ï�ÕAä=ÇlØ9ËyÇ�Ë°Æ�ÇYÈWÐ@ÈoÇQÓ§îO×�Ø9ÈoÇlÏSó�Ñ6Ö	ÔYÏiÐ<ÏiÍkË6Î�ÖOÍYÏií
ÜUÌ/ÏiÉ®Æ�Ó�ÆkØ9Ë°É/É/Ï�ÎWÔ�È\ÔFÆ�Ñ<É9Æ�Ï�ÉUÇYÍkËyÇYÏSÕ�Ë°ÍYÑ<Ì/É9Õ�í �����~Õ�Ï�ÎWËvÓýÚ
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Û�Ø/Ï¬ÇYÑ<É/Ñ6ÇlÑ°Þ/È\ÆiË°Î�Ñ<ÍYÊUË6É/ÈWõ�Ë6ÇYÈWÑ°É
Ñ°Ö�È\ÔLÑ°ÖOÍYÏSÜ<Ì9ÏiÉ9ÆiÓ�õ�Ñ°É/ÏSÔ&ÈWÔ;Þ/ÍlÏ�ÔYÏiÍlÐ°ÏSÕ
Ì/ÉUÇYÈWÎ=ÇYØ9Ï
Þ/ÍlÑ6ìQÏSÆjÇYÈWÑ°ÉtÖOÍlÑ°Ò
ÇlØ/ÏýÆ�Ï�ÉUÇYÍkË6Î�ÇYÑ·ÇlØ/Ï¨Ï�ø@ÇlÏiÍlÉ9Ë6Î�É@Ì9ÆiÎ¸Ï�Ì9Ô�Ñ6Ö&æYï	Ú �FÏ�ÍYÏÙÇlØ/Ï¨Õ�Ï�ÎWËvÓÝí
ÖOÍlÏ�ÜUÌ/ÏiÉ®Æ�Ó÷Þ/ÎWË°É/ÏýÈ\Ô�Æ�Ñ°É@Ð<ÏiÍYÇYÏ�ÕtÇlÑtËéÇlÈ¸Ò�ÏêÕ/ÏiÎ\ËvÓtÒ�Ë6Þ ãUÓ¹Õ�Ï�É9Õ�ÍlÈoÇlÈWÆêÔLÌ/Ò�Ò�ËyÇlÈ¸Ñ<É
Ë°ÆiÍYÑUÔYÔDÖOÍlÏ�ÜUÌ/Ï�É9Æ�ÈWÏ�Ô	î¦ÔYÏiÏ&þ�ÈWÊ9Ú �<ó�Ú Û�Ë°âUÈWÉ/Ê(Ë<Õ�ÐyË6ÉUÇlË°Ê°Ï�Ñ6ÖAÇlØ/ÏFÞ/Ø@Ó�ÔYÈWÆ�Ë6ÎWÎ¸Ó�Õ�Ï�ÇlÏiÍlÒ�È¸É/ÏSÕ
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 	y�f�L¯i v�Q�v�J¥Ù�f v���F�l�f���j�Ù�k�����v� ���Q�J�f v���¬�k�&�v�f���f�Q�J�f���j�Ù�W�f�j� �Q�Q�i�f�8�k�?�f���f�v�'�J³��f�Q���y�k�
±^���W�Q�����j���-�j�������Q v�� v�



ÇYÈWÒ�Ï�íJÕ�ÏiÎ\ËvÓ Æ�Ñ<Ò�Ò¬Ñ<É ÇlÑ·Ë°Î¸Î�ÖOÍlÏ�ÜUÌ/Ï�É9Æ�Ó ÆiÑ°Ò�Þ®Ñ<É/ÏiÉUÇkÔ�Ñ°Ö	Ë·ÔLÞ«Ï�ÆiÈoÿ®ÆÙÔYÑ°Ì/É®ÕëÔYÑ°Ì/ÍkÆ�Ï<ä
ÇYØ9ÏÙË°õiÈWÒ'Ì�ÇlØ9Ë6Î�Þ«Ñ<ÔYÈ¸ÇYÈWÑ°É÷Ñ6Ö4ÇlØ/È\Ô�ÔLÑ<Ì/ÍlÆiÏ�ÍlÏiÎ\ËyÇlÈ¸Ð<Ï�ÇlÑ·ÇYØ/Ï
ã9Ë<ÔLÏ�Ñ6Ö	ÇYØ/Ï¨à°Ï�Ë°ÍlÔlà¨ÆiË°É
ã«Ï¬Õ�ÏiÇYÏ�ÍYÒ�ÈWÉ/Ï�ÕAÚ;Û�Ø/Ï�ÍYÏSÔLÌ/Î¸ÇYÈWÉ/Ê�È¸É�ÖOÑ<ÍYÒ�Ë6ÇYÈWÑ°É
È\Ô4É/Ñ°Ç&Ñ<É/ÎWÓÙÆiÌ/Ï(ÖOÑ<Í4ÇlØ/Ï'ÎWÑ�ÆiË°Î¸ÈWõ�Ë6ÇYÈWÑ°É
Ñ6Ö�Ë�ÔLÑ<Ì/É9ÕÙã/Ì/Ç;Ë°ÎWÔYÑ�ÔYÏiÞ9Ë°ÍlË6ÇYÏ�Ô4Õ�Èoò-ÏiÍlÏiÉUÇ~ÔLÑ<Ì/É9Õ
ÔYÑ°Ì/ÍkÆ�ÏSÔFã@ÓÙÈ¸É®Æ�ÍlÏ�Ë°ÔYÏ�Õ
Ë<ÆjÇlÈ¸Ð@È¸ÇQÓ�Ë6Ç
Õ�È¸ò«Ï�ÍYÏ�ÉUÇ'Î¸Ñ�Æ�ËyÇYÈWÑ°É®Ô~Ñ6Ö�ÇYØ9Ï�Ë6õ�È¸Ò�Ì�ÇYØ9Ë°Î�Ð°ÏSÆjÇlÑ°Í�îfþ�ÈWÊ9Ú � ó�Ú�Û�Ø9Ï�ÔLÞ®ËyÇYÈ\Ë6Î�ÍYÏSÔLÑ<Î¸Ì�ÇlÈ¸Ñ<ÉéÑ6Ö
ÇYØ9ÈWÔ�È¸É/ÖOÑ°ÍlÒ�Ë6ÇYÈWÑ°É�Õ�Ï�Þ®Ï�É9Õ/Ô�Ñ°É�ÇlØ/Ï4ã9Ë<ÔLÏ&Õ�È\ÔQÇkË6É9ÆiÏFÑ6ÖAÇlØ/Ï4ÏSË6ÍkÔ�Ë°Ô�×�Ï�Î¸Î«Ë°Ô?ÇlØ/Ï	ÆiÑ�Õ�È¸É9Ê
ÍlÏ�ÔYÑ°ÎWÌ�ÇYÈWÑ°É�Ú�Å Ò�Ñ°ÍlÏ(Õ�ÏiÇlË6ÈWÎWÏ�Õ
Õ�ÏSÔYÆiÍYÈWÞ�ÇYÈWÑ°ÉÙÑ°ÖDÇlØ/Ï~ÇlÈ¸Ò�ÈWÉ/Ê�Þ9Ë6ÇYØ@×�ËvÓ�Ò�Ñ@Õ/ÏiÎrÈ\Ô�ÇlÑ�ã«Ï
ÖOÑ°Ì9É9Õ�È¸É 
Lü6Ú
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æJÉÙÑ°ÍkÕ�ÏiÍ�ÇlÑ�Ë°ÆkØ/ÈWÏiÐ<Ï&Ë°É
Ë°Æ�Ñ<Ì9ÔLÇYÈ\ÆiË6Î-ÖOÑ�ÆiÌ9Ôiä9Ñ°É/Ï~Ñ°Ö�ÇlØ/Ï(Õ�Ï�ÇlÏ�Æ�ÇYÏ�ÕÙÔYÑ°Ì/É®Õ�ÔYÑ°Ì9ÍlÆiÏ�Ô�Ø9Ë<Ô
ÇYÑ;×�ÈWÉ�ÑyÐ<ÏiÍ�ÇYØ/Ï�Ñ°ÇYØ/Ï�Í?Ë°ÆjÇlÈ¸Ð@È¸ÇQÓ(ÎWÑ@Æ�ËyÇlÈ¸Ñ<É9ÔDÈ¸É�ÇYØ/Ï�Ë°Ì9Õ�È¸ÇYÑ°ÍlÓ(ÔYÞ9Ë°ÆiÏ+Ò�Ë°Þ�Ú�Û�Ø/Ï�Ê<ÏiÉ/Ï�ÍlË°Î
Ë6Þ9Þ/ÍYÑUË°ÆkØ;ÇlÑFÇYØ9ÈWÔ=Þ/ÍlÑ°ã9Î¸Ï�Ò È\ÔrÇYØ/Ï�×+ÏiÎWÎ<â@É/Ñy×�É(ù§ÈWÉ/É/Ï�Í?Û�Ë°â°Ï�Å4Î¸Î@É/ÏiÇQ×�Ñ<ÍYâ���Ë°ÔlÔYÌ/Ò�Ï�Õ
ËyÇ&ÇYØ9Ï¬å
ÏSÕ�È\Ë6Î��&ÏiÉ/È\Æ�Ì/Î\ËyÇlÏ¬ö+Ñ�Õ�Ó îfå����	óQÑ6Ö�ÇlØ/Ï�ÇYØ9Ë°ÎWË°Ò'Ì9Ô�Ú	æ8ÇkÔ&Ñ°Ì�ÇlÞ/Ì�Ç~ÍYÏSÔLÌ9ÎoÇkÔ4ÈWÉ
ËÝ×�ÈWÉ/É/ÈWÉ/ÊëÌ9É/ÈoÇÙã«ÏiÈWÉ/Ê ÇlØ/ÏýÒ�Ñ<ÔLÇ�ÈWÉUÇYÏ�É9ÔLÏêÈ¸É ÈoÇkÔ�ÿ9ÍlÈWÉ/Ê9Ú ��È¸É9ÆiÏ¨ÇlØ/ÏýÈWÉUÇYÏiÉ®ÔLÈ¸ÇQÓ¹Ñ6Ö
ÿ9ÍlÈ¸É9Ê(È¸É�ÇYØ/Ï&Ë6õiÈWÒ'Ì/ÇYØ9Ë°Î«ÔYÞ9Ë°ÆiÏ4Õ�Ñ@Ï�Ô�É/Ñ6Ç+Ò�È¸ÍlÍYÑ<Í?ÇYØ9Ï	ÔYÈ¸Ê<É/Èoÿ«ÆiË6É®Æ�ÏFÑ°ÖAË�ÔLÑ<Ì/É9Õ¬ÇlÑ(ÇYØ9Ï
ÍlÑ°ã«Ñ6Ç�ä@Ë6É�Ë6ÇLÇlÏiÉUÇYÈWÑ°É9Ë°Î®ÔYÈ¸Ê<É9Ë6Î®ÈWÔ�É/ÏiÏSÕ�Ï�Õ�ÇYÑ'Ñ°ò-ÔYÏ�Ç�ÇYØ/Ï	ùúÛ�Å ÎWËvÓ<ÏiÍ�Ë°É9Õ�ÔYÌ/Þ/Þ«Ñ°ÍYÇ�ÇYØ9Ï
ÔYÑ°Ì/É9ÕÙÔYÑ°Ì/ÍkÆ�Ï;Ñ°ÖDÈWÉUÇYÏiÍlÏ�ÔLÇ�Ú?æJÉ
Ñ<ÍlÕ/ÏiÍ+ÇYÑ�ã«Ï'ÔYÈ¸Ê<É/Èoÿ«ÆiË6ÉUÇSä/Ë�ÔLÑ<Ì/É9Õ�Ø9Ë°Ô+ÇlÑ�Ò�ËyÇlÆkØ�ÇQ×+Ñ
ÍlÏ�ÜUÌ/ÈWÍYÏ�Ò¬Ï�ÉUÇlÔ�ÚrþDÈ¸ÍkÔQÇSä�È¸Ç�Ø®Ë°Ô-ÇlÑFã®Ï�Ë°ÆjÇlÌ9Ë6ÎWÎWÓ4É/Ï�×·ÈWÉ;ÇYØ9Ï�Ë°ÆiÑ°Ì9ÔLÇYÈ\ÆiË°Î°ÔYÆiÏiÉ/Ï�Ë°É9Õ~ÔYÏ�Æ�Ñ<É9Õ
È¸Ç'Ø9Ë°Ô~ÇYÑ¨ã«Ï�ÏiÐyË°Î¸Ì9Ë6ÇYÏSÕ·Ë<Ô(à6ÈWÒ�Þ®Ñ<ÍLÇkË6ÉUÇlàÙã@ÓýÇYØ/Ï�Ë6ÇLÇlÏiÉUÇYÈWÑ°É9Ë°Î�ÔYÓ@ÔLÇYÏ�ÒÙÚ�Û�Ñ
ÍYÏSË6ÎWÈ¸õ�Ï
ÇYØ9Ï(Ë°ÆjÇlÌ9Ë6ÎWÈ¸ÇQÓ�ÍYÏSÜUÌ/È¸ÍlÏiÒ�Ï�É<Ç�×+Ï&ÈWÉ9ÔLÇlË°Î¸ÎWÏ�Õ�Ë6É
Ë°Æ�ÇYÈWÐ@ÈoÇQÓ�Õ/ÏiÞ«ÏiÉ9Õ�Ï�ÉUÇ4ÔLÏ�ÎoÖDÈ¸É/Ø9È¸ã/È¸ÇYÈWÑ°É
Ë6Ç
ÇYØ9Ï�å����'Ú �4ÏiÍlÏ'Ë6É
ÈWÉ/Ø/ÈWã/È¸ÇYÑ°ÍlÓÙÆ�Ñ°É9É/Ï�Æ�ÇYÏ�Õ
ÖOÏiÏ�Õ¨ã9Ë°Ækâ�É/ÏiÌ/ÍlÑ°É
È\Ô4Ë<ÔYÔYÈWÊ°É/ÏSÕ�ÇYÑ�ÏSË°ÆkØ



ÖOÑ�Æ�Ì9Ô&Æ�Ï�Î¸Î�Ú $�Ï�ÆiÏiÈWÐUÈWÉ/Ê�ÇlØ/Ï�ÔYË°Ò¬Ï'È¸É/Þ9Ì�Ç�äAÈ¸Ç&È\Ô&ÔLÌ/Þ9Þ/ÍYÏSÔYÔYÈWÉ/Ê�ÎWÑ°É/Ê�ÇlÏiÍlÒ ÿ9ÍYÈWÉ/Ê�Ñ6Ö?ÇYØ9Ï
ÔYÌ/ã9ÔYÏ�ÜUÌ/ÏiÉUÇ�Ì/É/È¸Ç4ã@Ó�ÔYÎ¸Ñy×�ÎWÓ�ÈWÉ9Æ�ÍlÏ�Ë<ÔLÈWÉ/Ê¬ÈoÇkÔFÔYÓUÉ®Ë6Þ�ÇlÈWÆ&Ï � ÆiÈ¸Ï�É9Æ�Ó�Õ�Ì/ÍlÈ¸É/Ê�ÏSË°ÆkØ�ÿ9ÍYÈWÉ/Ê®Ú
ô	É/Ï�Ñ°Ö+ÇlØ/Ï�ÍlÏ�ÔYÌ/Î¸ÇlÔ(È\Ô�ärÇlØ9ËyÇ�ËÙÒ�ÑyÐ@ÈWÉ/Ê¨ÔLÑ<Ì/É9ÕÝÔYÑ°Ì/ÍkÆ�Ï�×�ÈWÎ¸Î+Ë°ÆkØ/ÈWÏiÐ<Ï�ÖOÌ/ÎWÎ�ËyÇYÇYÏ�É<ÇlÈ¸Ñ<É
Ì/ÉUÇYÈWÎ�È¸Ç�ã®ÏSÆ�Ñ°Ò�ÏSÔ�Î¸Ñ�ÆiË°Î¸ÎWÓ�ÔLÇlË°ã/Î¸Ï~Ë°É9Õ�ÔYÌ/ã�ìQÏSÆjÇ�ÇYÑ�ÔYÏiÎ¸ÖDÈWÉ/Ø/ÈWã/È¸ÇYÈWÑ°É�Ú �	Ï�ÔYÞ/È¸ÇYÏ;ÇlØ/Ï;ÇYÈWÒ�Ï
Õ�Ï�Þ®Ï�É9Õ�ÏiÉUÇ'ÔYÌ/Þ/Þ/ÍlÏ�ÔlÔYÈ¸Ñ<ÉêÒ�Ï�ÇlØ/Ñ�ÕéË�ÔYÌ/Þ/Þ«Ñ°ÍYÇYÈWÉ/Ê
Ë6ÎWÊ°Ñ<ÍYÈ¸ÇYØ9ÒûÈWÔ~Ë°Þ/Þ/ÎWÈ¸ÏSÕýÇlÑÙÈ¸É9ÆiÍYÏSË°ÔYÏ
ÇYØ9Ï(ÿ9ÍlÈ¸É9Ê�Þ/ÍlÑ°ã9Ë°ã/È¸ÎWÈ¸ÇQÓ�ÈWÉ¨ÆiË<ÔLÏ(Ñ°Ö�Ë�Þ«Ñ<ÔYÈoÇlÈ¸Ð<Ï'ÔLÈWÊ°É®Ë6Î�ÖOÍlÑ°ÒèÇYØ9Ï�ËyÇYÇYÏ�É<ÇlÈ¸Ñ<É9Ë6ÎDÔLÓ�ÔLÇYÏ�Ò�Ú
ö+Ó¬ÆiÑ°Ì/Þ9Î¸ÈWÉ/Ê;ÇYØ9Ï	ËyÇYÇYÏ�É<ÇlÈ¸Ñ<É9Ë6Î9É/Ñ�Õ�Ï�Ô�ÇYÑ~ÇlØ/Ï�ÖOÑ�Æ�Ì9Ô�ÎWËvÓ<ÏiÍSä6Ï�ø/ÆiÈoÇkËyÇYÑ<ÍYÓ'ÿ9ÍlÈ¸É/Ê;ÖOÍlÑ°Ò�ÇYØ9Ï
ËyÇYÇYÏ�É<ÇlÈ¸Ñ<É9Ë6Î9É/Ï�ÇQ×+Ñ°Ílâ'×�ÈWÎ¸Î®Î¸È¸Ö^Ç�ÇlØ/Ï4ÔYÑ°Ò�Ë;Þ«Ñ6ÇYÏ�ÉUÇYÈ\Ë6Î9Ñ°Ö-ÇYØ/Ï�ÖOÑ�ÆiÌ9Ô�É/Ï�Ì/ÍlÑ°É9Ô-ìQÌ®ÔQÇ�ã«ÏiÎWÑy×
ÇYØ9ÍYÏSÔLØ/Ñ<ÎWÕ÷Ë6É®Õ ÇlØ/ÏiÍlÏ�ÖOÑ<ÍYÏÙÈWÉ9Æ�ÍlÏ�Ë<ÔLÏ�ÇYØ/Ï�È¸Í�ÿ®ÍYÈWÉ/ÊéÞ/ÍlÑ°ã9Ë°ã/È¸ÎWÈ¸ÇQÓ°Ú÷æJÉ/Ø/ÈWã/ÈoÇlÑ°ÍlÓtË<ÆjÇYÈWÐ@ÈoÇQÓ
ÖOÍlÑ°Ò ÇYØ/ÏÙËyÇYÇYÏ�É<ÇlÈ¸Ñ<É9Ë6Î+ÔLÓ�ÔLÇYÏ�Ò ×�ÈWÎWÎ�Æ�Ë6Ì9ÔYÏ�ÇlØ/Ï�Ñ<Þ/Þ«Ñ<ÔYÈoÇlÏ�Ë6É®ÕÝÞ/ÍlÏiÐ°Ï�ÉUÇ'Ò�Ñ<ÔLÇ'ÖOÑ�Æ�Ì9Ô
Ì/É/È¸ÇlÔ�ÖOÍYÑ<Ò ÿ9ÍlÈ¸É/Ê�Ë6Ç4Ë6ÎWÎ-í?ÇYØ/Ï(ÔYÓ�ÔQÇlÏiÒ È\Ô�à6É9Ñ6Ç�È¸ÉUÇlÏiÍlÏ�ÔLÇYÏ�Õ9à/Ú
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Û�Ø/ÏýÇlË°ÔYâ¹Ñ6Ö~ÇlØ/ÈWÔ�Ò�Ñ�Õ�Ì/ÎWÏýÈ\Ô�ÇlÑtÕ�Ï�Ð°ÏiÎWÑ°Þ ÔLÑ<Ò¬ÏýâUÉ9Ñy×�Î¸ÏSÕ�Ê°Ï¨ã@Ó¹ÎWÏ�Ë6ÍlÉ/ÈWÉ/ÊÝÇQÓ@Þ/È\ÆiË°Î
ÔYÑ°Ì/É9ÕtÞ9Ë6ÇLÇYÏ�ÍYÉ®Ôiä+×�Ø/È\ÆkØ÷Ï�É9Ë6ã9Î¸ÏSÔ¬ÇYØ/Ï¨ÔYÓ�ÔQÇlÏiÒ ÇlÑÝÏ�ø/Æ�ÎWÌ9Õ�Ï�ÇlØ/ÏiÒ�ÖOÍYÑ<Ò
ÇYØ9Ï¨ËyÇLÇlÏiÉ�í
ÇYÈWÑ°É®Ë6Î=Þ/ÍlÑ@ÆiÏ�Õ�Ì9ÍYÏ<Ú;Å ÇQÓ@Þ/È\ÆiË6Î=Ïiø�Ë°Ò�Þ/Î¸Ï�ÈWÔ	ÇlØ/Ï�ÔLÑ<Ì/É9Õ
Ñ°Ö�ÇYØ/Ï�ÍlÑ°ã«Ñ6Ç&Ò¬Ñ°ÇYÑ<ÍlÔ�Ú~Û�Ø/ÏiÓ
Ë6ÍlÏ�Õ�Ï�ÇlÏ�Æ�ÇYÏ�Õ·Ì/É®Õ�ÏiÍ(ÐyË°ÍYÓ@ÈWÉ/Ê
Ë°Æ�Ñ<Ì9ÔLÇYÈ\ÆiË6Î�ÆiÑ°É9Õ/ÈoÇlÈ¸Ñ<É9Ô;ã/Ì�Ç�Ë°ÍYÏ�É/Ï�Ð°Ï�Í~Ñ6Ö�È¸ÉUÇYÏ�ÍYÏSÔQÇ;ÇlÑ
ÇYØ9Ï;ÔYÓ�ÔQÇlÏiÒ�Ô+ã®Ï�Ø9ËvÐ@È¸Ñ<Ì/ÍSÚ=Û�Ø9Ï	É/Ï�Ì/ÍkË6ÎAÔQÇlÍYÌ®ÆjÇYÌ9ÍYÏ~ÆiË°Þ9Ë6ã9Î¸Ï&Ñ6ÖrÎWÏ�Ë°ÍYÉ9È¸É/Ê�Ë6É®Õ�ÍlÏ�ÆiË°Î¸ÎWÈWÉ/Ê
ÔYÞ9ËyÇlÈ¸Ñ°ífÇlÏiÒ�Þ®Ñ<ÍlË°Î«ÔYÞ/ÈWâ°Ï&Þ9ËyÇYÇYÏ�ÍYÉ9Ô+ÈWÉ�Ë°É�Ë°ÔlÔYÑ@ÆiÈWË6ÇYÈWÐ°Ï	Ò�Ë°É/É/Ï�Í+×�Ë°Ô�ÿ9ÍkÔQÇ�Þ/ÍlÑ°Þ«Ñ<ÔYÏ�Õ�ã@Ó
�&ÏiÍkÔLÇYÉ/Ï�Í�
vÚ�Û�Ø/Ï~ÖOÌ9Î¸ÎWÓ�ÆiÑ°É/É9Ï�ÆjÇlÏ�ÕÙÑ<É/Ï~ÎWËvÓ<ÏiÍFÔLÇYÍlÌ9ÆjÇlÌ/ÍlÏ~ÏiÒ�Þ/ÎWÑyÓ@Ô+ÇlØ/Ï(ÈWÒ�Þ/Î¸Ï�Ò�ÏiÉUÇYÏSÕ
�FÏ�ã/ã/È\Ë6É·Î¸ÏSË6ÍlÉ/ÈWÉ/Ê�ÇlÑ
ÔQÇlÑ°ÍlÏ¬Ë�Î¸ÈWÒ�ÈoÇlÏ�Õ·É@Ì/Ò'ã«ÏiÍ;Ñ°Ö+ÔYÞ/È¸â<Ï�Þ9ËyÇYÇYÏiÍlÉêË°É9ÕêÍYÏSÆ�Ñ°É®ÔQÇlÍYÌ9Æ�Ç
ÇYØ9ÏiÒ ÈWÉ�ÆiË<ÔLÏ�Ñ6Ö®Õ/ÈWÔLÇYÌ/Ílã9Ë°É9Æ�Ï�ãUÓ;Ñ°ÇYØ/Ï�ÍDÔYÑ°Ì/ÍkÆ�ÏSÔiÚDÛ�Ø/Ï�Õ/ÓUÉ®Ë6Ò�ÈWÆ�Ò�ÏiÒ�Ñ°ÍlÓ;ÍYÏSÆ�Ï�È¸Ð<Ï�Ô�È¸ÇlÔ
ÈWÉ/Þ/Ì�Ç;Õ�È¸ÍlÏ�Æ�ÇYÎWÓ�ÖOÍYÑ<Ò ÇlØ/Ï�Ë°Ì9Õ�È¸ÇYÑ°ÍlÓ�É/ÏiÍlÐ°Ï'Ë°É9ÕÙÈ\ÔFÇlØ/ÏiÍlÏ�ÖOÑ<ÍYÏ'ÆiÑ°É�ÖOÍlÑ°ÉUÇlÏ�ÕÙ×�È¸ÇYØýË°Î¸Î�Ñ6Ö
ÇYØ9Ï'ÈWÉ�ÖOÑ°ÍlÒ�ËyÇYÈWÑ°É
ÈWÉ
ÇlØ/Ï'ÔlÆ�ÏiÉ9Ï°Ú4Å4ÉUÓÙÔLÇlËyÇlÈ¸Ñ<É9Ë6ÍlÓ�ÔYÑ°Ì9É9ÕÙ×�È¸ÎWÎDÍYÏSÔLÌ/Î¸Ç4ÈWÉýË�ÍlÏiÞ«Ï�ÇlÈoÇlÈ¸Ð<Ï
ÔYÞ/È¸â<Ï�Þ9Ë6ÇLÇYÏ�ÍYÉrä?×�Ø/È¸ÎWÏ�ÈWÉ9ÔLÇlË6ÇYÈWÑ°É9Ë°ÍYÈ¸ÇYÈWÏ�Ô'Ñ°Í(É/Ñ<ÈWÔYÏ�×�ÈWÎWÎ�É/Ñ°Ç¬Æ�Ë6Ì9ÔYÏ�Þ«ÏiÍlÈ¸Ñ�Õ�È\Æ�ÔYÞ/È¸â@ÈWÉ/Ê9Ú
Û�Ø/Ï�ÍlÏiÊ<Ì/Î\Ë6ÍlÈoÇQÓêÑ6Ö�ÇYØ/ÏSÔLÏ�Þ9ËyÇYÇYÏ�ÍYÉÝÎWÏ�Ë<Õ/Ô~ÇlÑýË
Ê°ÍkË°Õ/Ì9Ë6Î�ÈWÉ9ÆiÍYÏSË°ÔYÏ�Ñ6ÖFÔLÑ<Ò�Ï�×�Ï�È¸Ê<ØUÇlÔ�Ú
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S − Synapse

A − Activity

N − Neuron

H − History
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N − Vector of neurons

H − HistoryA − Activity

S − Synapse array

ws − Weighted sum

	/���j v�����j��
«�A�k���L�k�v�Q�;���v���v�
Û�Ì/ÍYÉ9È¸É/Ê&ÇlÑy×+Ë°ÍlÕ�Ë6É9Ë°Î¸Ñ<Ê4ÈWÒ¬Þ9Î¸Ï�Ò¬Ï�ÉUÇlËyÇlÈ¸Ñ<É9Ô?Ñ<É/Ï�Ø9Ë°Ô�ÇYÑ~ã«Ï�Ëv×+Ë°ÍYÏ+Ñ6Ö®ÇYØ/Ï�ÈWÉ9Ë<ÆiÆ�Ì/í

ÍkË°Æ�Ó�Ë6É9Õ�ÔLÇlË6ã9È¸ÎWÈoÇQÓ'Þ/ÍYÑ<ã/ÎWÏiÒ�Ô=Ñ6ÖAÔLÌ®ÆkØ�ÔYÓ�ÔQÇlÏiÒ�Ô�Ú �	Ï�ÔYÞ/È¸ÇYÏ�ÇYØ9ÏFÊ°Ï�É/ÏiÍkË6Î@ÍlÑ°ã/Ì9ÔLÇ�É9Ë6ÇYÌ/ÍlÏ
Ñ6Ö9ÇYØ/Ï+Þ/ÍlÑ@ÆiÏ�ÔlÔLÈWÉ/ÊFÒ�Ï�É<ÇlÈ¸Ñ<É/Ï�Õ'Ë6ã«ÑyÐ°Ï°äv×+Ï�Ì9ÔYÏ�Õ(ÇQ×�Ñ&Ë°ÔYÓ@É9ÆkØ/ÍlÑ°É/Ñ<Ì9Ô�Æ�ÎWÑ�Ækâ�ÔAÇYÑ&Þ/ÍlÏiÐ<ÏiÉUÇ



ÇYØ9Ï�ÔYÓ�ÔQÇlÏiÒûÇlÑ
Ë�ÆiÏiÍYÇlË6ÈWÉýÏiø@ÇYÏiÉUÇ;ÖOÍlÑ°Ò ÑUÔYÆiÈ¸ÎWÎWË6ÇYÈWÑ°É9Ô;Ë°É9Õ
ÇlÑ�Ï�É9ÔYÌ/ÍYÏ�ÇYÈWÒ�Ï�Ë°Æ�Æ�Ì/ÍkË°ÆiÓ
Æ�ÍlÈ¸ÇYÈ\ÆiË6Î-ÇlÑ¬ÇYØ/Ï;ÖOÌ/É®ÆjÇYÈWÑ°ÉrÚ�Û�Ø/Ï&ÇYØ/ÈWÍlÕ�Þ/ÍlÑ°ã9Î¸Ï�Ò Ñ6Ö=Ë6É9Ë°Î¸Ñ<Ê¬ÔYÓ�ÔQÇlÏiÒ�Ô�ÈWÔ+ÇlØ/Ï;Î¸Ñ<É/Ê¬ÇYÏ�ÍYÒ
ÔLÇYÑ°ÍkË6Ê<Ï�Ë<Ô�×+ÏiÎWÎ/Ë°Ô�ÇlØ/Ï�Ë°ÆiÆiÌ/ÍkËyÇYÏ+Ò�Ñ�Õ�Èoÿ«ÆiËyÇlÈ¸Ñ<É'Ñ°Ö«ÔYÓUÉ®Ë6Þ�ÇlÈWÆ+×+ÏiÈWÊ°ØUÇlÔ�Ú�Û�Ø/Ï�Þ/ÍlÏ�ÔYÏiÉUÇlÏ�Õ
×+ÏiÈWÊ°ØUÇ~ÍYÏiÖOÍYÏSÔLØéË6É9Õ·ÆkØ9Ë°ÍYÊ<Ï�Þ/Ì9Ò¬Þ ÆiÈ¸ÍkÆ�Ì9ÈoÇlÍYÓ¨È\Ô;Ñ°Ì9Í(Ë6Þ/Þ/ÍlÑ<Ë<ÆkØ¨ÇlÑ
ÑyÐ°ÏiÍkÆ�Ñ<Ò�Ï(ÇYØ9Ï�ÔYÏ
ÎWÈ¸Ò�È¸ÇlËyÇlÈ¸Ñ<É9Ô�Ú

� 
�� � �
� ��� �

ô	É/Ï�Ñ6ÖFÑ°Ì9Í'Ê°ÑUË6Î\Ô~×�Ë°Ô~ÇlÑ¨ÿ9É®Õ Ë¨É/Ï�Ì/ÍkË6Î�ÆiÏiÎWÎ�Ò�Ñ�Õ�Ï�Î+Æ�Ë6Þ9Ë°ã/Î¸Ï�ÇYÑ¨Þ«ÏiÍYÖOÑ°ÍlÒ
ËyÇ�Õ�ÈoÖ^í
ÖOÏiÍlÏiÉUÇ(ÔLÇlË6Ê<Ï�Ô&Ñ6Ö+ÇYØ9Ï�ÔLÓ�ÔLÇYÏiÒ ìQÌ9ÔQÇ(ã@Ó
ÇlÌ/É/ÈWÉ/Ê
Ñ6Ö�Ë�ÖOÏi× Þ9Ë6ÍkË6Ò�Ï�ÇlÏiÍkÔiÚ �@ÑÙ×�Ï�ÆiÑ°Ì/Î\Õ
É/Ñ°Ç4ÔQÇlÏiÞÙË°Ô+Ö¦Ë6Í�ÈWÉUÇYÑ�ã/ÈWÑ°ÎWÑ°Ê<Ó�Ë°Ô�ÐyË6É ��ÆkØ9Ë°È¸â � Õ�È\ÕAä/ã/Ì�Ç4ÔLÇYÈWÎWÎrËyÇYÇYÏiÒ�Þ�ÇlÏ�Õ�ÇYÑ�ÈWÉ9ÆiÎ¸Ì9Õ/Ï
ÇYØ9Ï&ÏSÔYÔYÏiÉUÇlÈWË°Î9ÖOÌ/É®ÆjÇYÈWÑ°É®Ë6ÎWÈoÇQÓ�Ñ°ÖrÈ¸ÉUÇlÏiÊ°ÍkËyÇlÏ	Ë°É9Õ�ÿ9ÍlÏ;Æ�ÏiÎWÎ\ÔiÚ?Û�Ø/Ï;Ë°Õ�ÐyË°É<ÇkË6Ê<Ï4Ñ6Ö�Ì9ÔLÈWÉ/Ê¬Ë
ã9Ë<ÔLÈ\Æ(Æ�Ï�Î¸Î�ÇQÓ@Þ®Ï<ä-ÈWÔFÇYØ/Ï�Þ/ÍYÏSÔLÏ�ÍYÐyË6ÇYÈWÑ°É
Ñ6Ö?Ø9Ë°ÍlÕ/×+Ë°ÍYÏ~ÐyË6ÍlÈ\Ë6ã/ÈWÎ¸È¸ÇQÓÙË6É9Õ�ÇlØ/Ï�ÍlÏ�Ë°Î¸ÈWõ�Ë6ÇYÈWÑ°É
Ñ6Ö?Õ�È¸ò«Ï�ÍYÏ�ÉUÇ�É9ÏiÌ/ÍkË6Î�ÔLÇYÍlÌ9ÆjÇlÌ/ÍlÏ�Ô�Ë6É®Õ�ÖOÌ/É®ÆjÇYÈWÑ°É®ÔiÚ

Threshold

from synapses

Activity

Z

Clock 1

Clock1

1 2 3 4
t /us

Clock2

1 2 3 4 t /us

t

U

1 2 3 4 t /us

AHP

History H

t

U

H

A
i

H − History computation
Z − Soma Potential capacitor STM − Short Term Memory
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