
Worcester Polytechnic Institute
DigitalCommons@WPI

Computer Science Faculty Publications Department of Computer Science

6-22-1999

Combing Content-Based and Collaborative Filters
in an Online Newspaper
Mark Claypool
Worcester Polytechnic Institute, claypool@wpi.edu

Anuja Gokhale
Worcester Polytechnic Institute

Tim Miranda
Worcester Polytechnic Institute

Paul Murnikov
Worcester Polytechnic Institute

Dmitry Netes
Worcester Polytechnic Institute

See next page for additional authors

Follow this and additional works at: http://digitalcommons.wpi.edu/computerscience-pubs
Part of the Computer Sciences Commons

This Other is brought to you for free and open access by the Department of Computer Science at DigitalCommons@WPI. It has been accepted for
inclusion in Computer Science Faculty Publications by an authorized administrator of DigitalCommons@WPI.

Suggested Citation
Claypool, Mark , Gokhale, Anuja , Miranda, Tim , Murnikov, Paul , Netes, Dmitry , Sartin, Matthew (1999). Combing Content-Based
and Collaborative Filters in an Online Newspaper. .
Retrieved from: http://digitalcommons.wpi.edu/computerscience-pubs/194

http://digitalcommons.wpi.edu?utm_source=digitalcommons.wpi.edu%2Fcomputerscience-pubs%2F194&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.wpi.edu/computerscience-pubs?utm_source=digitalcommons.wpi.edu%2Fcomputerscience-pubs%2F194&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.wpi.edu/computerscience?utm_source=digitalcommons.wpi.edu%2Fcomputerscience-pubs%2F194&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.wpi.edu/computerscience-pubs?utm_source=digitalcommons.wpi.edu%2Fcomputerscience-pubs%2F194&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/142?utm_source=digitalcommons.wpi.edu%2Fcomputerscience-pubs%2F194&utm_medium=PDF&utm_campaign=PDFCoverPages
http://digitalcommons.wpi.edu/computerscience-pubs/194


Authors
Mark Claypool, Anuja Gokhale, Tim Miranda, Paul Murnikov, Dmitry Netes, and Matthew Sartin

This other is available at DigitalCommons@WPI: http://digitalcommons.wpi.edu/computerscience-pubs/194

http://digitalcommons.wpi.edu/computerscience-pubs/194?utm_source=digitalcommons.wpi.edu%2Fcomputerscience-pubs%2F194&utm_medium=PDF&utm_campaign=PDFCoverPages


���������
	���
�
����������� ���������������

� �"!$#&%(')%*')+,� �"'�-/.�'0-�13254�67.98:4;')8<� �"=(=(4;#>�"?/4�-7%*@;.�AB%(=C-/.�?765%*'<4�'EDF')=*%(').
G .�HI6KJL4;J>.9?

#�M
N 4;?KOP� =Q4RM�JS���"=
T '0UWV74YX��"O0ZL4;=(.
[ %*! N %(?74;')8L4
\ 4R@;.9= N U)?K')%(O���@
] !Y%C-/?�M G .�-7.96
N 4�-7-7Z).�H_^&4;?K-7%('

` acb dfehg�ikj lnmko�iqprm,i
s iqmutrpro�mqv�wyx iqdza{j|g
l}iqjFo"i�~

���������,���q�u���,�:�����q�,���E�E�9�����:���q���q�P�q�

�B�������������5	"�������0�/�I  ����¡R�3�3�¢���W�
��£�£¤���0¥3�3���3�����I�
��¡�¦¨§��k�����/��¥�������§)©Y¡�¥�¥3¡���ª;�0¥������3¥ £����R£�����«�«�¬R£



¯®
°r±³²�´³²�´¶µ·�®¸´º¹&»>´º¹�¼�½¯¾�¿À»ÂÁÃ¾B´³Á�¯®¸Ä�Ä7¾�±Å®
Æ&¾�¹À²�Ç5»_È,²�Ä�¹&»ÂÆ�¿c²�´�¾�´�ÉÊ´³Ä�²�´³»
Ë »LÌÍ¿�Î¤¾�ÎÏ»ÂÆ

N 4;?KOq� =Q4RM�JS���"=�Ð T '0UWV74YX��"O0ZL4;=(.�Ð [ %(! N %(?74;')8L4ÀÐ
\ 4R@".�= N U)?7')%*O;��@>Ð ] !Y%C-/?KM G .�-/.�6³4;'&8 N 4�-7-7Z).�Hf^À4;?K-7%('

� �"!,J)U&-7.9?Ñ^ÀÒ�%(.�')Ò9. ] .9JL4�?K-/!,.9'�-
Ó �"?KÒ9.�6K-/.�? \ �"=*M0-7.9Ò�Z)')%*Ò¢Ô�')6K-7%*-/UÀ-/.
Ó �"?7Ò�.96K-7.9?�Ð N 4;67674;Ò�Z0U)67.�-7-/6�ÐÖÕ³^ T

× U)').ÏØ"ØÀÐÖÙRÚ"Ú"Ú
ÛÑÜ&ÝKÞ�ß�à�á�Þ

âÖãWä ä�å�æ�çéè9êëíì�ä5î�ï�è�ðÖñ�ã¤è�òÖó|ô�ëíçéëíõ�îFçíëíêñ�êKö�÷Åä�øuê�ëùñ�äKê¸ô�õ�úÅû�êäKõ�ä3ñ
õWä�ð�ê¸ú�äKó5ô�õWú�ê¸ä�ü;ä7ý�ñ�ëéì�äºþ�çùñ�ä�ï�ëéõ�î¢ê�è�çíÿ��ñ�ëéè�õWê � � è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä�þWçéñ�äKï�ëíõ�î5ý3è�ó ø�ëíõ�äKêSñ�ã�ä ëéõ�ò è�ï�ó5ä7úIè�æWëéõ�ëíè�õ�êSè�ò�ãRÿ�ó|ô�õWêSñ�è ó|ô���ä æ;ä�ï ê�è�õWô�çéë���ä7ú�ö�ô�ý�ý�ÿ�ï ô�ñ�äæWï�ä7ú�ëíý3ñ�ëíè�õWê � � è�õ9ñ�ä�õ9ñ��QøWô�ê�äKúIþWçéñ�ä�ï�ëíõ�î5ÿWêä7êÂñ�ã�ä
ê�æ;ä�äKú³è�ò)ý�è�ó5æ�ÿ�ñ�ä�ï êÂñ�è5ó|ô	��ä¸ý�è�ó5æ�çíä3ñ�ä�ö�òCô�êñ�æ�ï�äKú�ë ý�ñ�ëéè�õWê ��
 õñ�ã�ë ê�ðÂè�ï��"öWðÂä æ�ï�äKê�ä�õ9ñ ôIõ�äKð:þWçùñ�ä�ï�ëéõWî¶ô�æWæ�ï�è9ô�ý ã³ñ�ã�ô�ñ¸ý3è�óºø�ëíõ�äKê�ñ�ã�ä5ý3è�ì�ä�ï ô�î�ä¸ô�õWú¢ê�æ�äKäKú¢è�ò>ý3è�õ�ñ�ä�õ9ñ��(þWçéñ�äKï�êð�ëéñ�ãÑñ�ã�ä ú�äKæ�ñ�ã³è�ò�ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä�þWçéñ�äKï�ëíõ�î � ÷ÅäBô�æ�æ�ç�|è�ÿ�ïSï�ä7êä7ô�ï ý ãIô�æ�æWï�è9ô�ý ã5ñ�è ô�õIè�õ�çíëéõ�äBõ�äKð�êæWô�æ�äKïKöRô�õ¶ô�ê�ä3ñ ÿ�õ9ñ�ô�æ�æ�ä7ú¢è�æ�æ�è�ïñ�ÿ�õ�ëéñ�Fò è�ï�þWçéñ�ä�ï êBÿWê�ä3ò ÿ�ç&ñ�è¶ñ�ãWä ð�ë ú�ä��Qê�æ�ï�äKô�úFõWä�ð�êBï�ä7ô�ú�ëíõ�î¶æ�è�æ�ÿ�ç ô�ý3ä � ÷Ïä æ�ï�äKê�ä�õ9ñ ñ�ã�äú�äKê�ëéî�õIè�ò�è�ÿ�ï¨þ�çùñ�ä�ï�ëéõ�î5ê�Rêñ�äKó ô�õWúIú�äKê�ý3ï�ëéø;ä�ñ�ã�ä�ï�äKê�ÿ�çéñ�ê>ò ï�è�ó�æ�ï�äKçéëíó5ëéõ�ô�ï� ä�å�æ�äKï�ëíó5ä�õ9ñ�ê>ñ�ãWô�ñÖê�ÿ�î�î�äKêñ>ó5ä�ï�ëéñ�êñ�è|è�ÿ�ï�ô�æ�æ�ï�è�ô�ý ã �
� ��������������� �"!#���
âÖã�ô�ñ�ðÂäºô�ï�ä ëéõ�ñ�ã�äºô�î�ä
è�ò¨ëéõ�ò è�ï�ó5ô�ñ�ëíè�õ¢ë ê�äKìRëíú�äKõ9ñ%$9ÿ�ëéñ�ä5ý3çíäKô�ï�ç�Ñëíõ¤õ�äKð�êæWô�æ�äKï�ê�ô�ê�ô�õ¢ëíõ�ò è�ï�ó|ô�ñ�ëéè�õ¢êè�ÿ�ï�ý�ä �& äKô�ï�ç�¢ä�ì�ä�ï�Rð�ã�ä�ï�äºëíõ'&�è�ïñ�ã)( ó äKï�ë ý�ô*�è�ÿ$ý�ô�õÅãWô/ì�ä*+-,	.¶ú�è��Kä�õÅõ�ä�ð�ê�æWô�æ�äKï�ê¸ú�äKçéëíì�äKï�ä7ú¢ñ�è��è�ÿWï
ú�èRè�ï ê ñ�ä�æ0öä7ô�ý ãYð�ëùñ�ã�ãRÿ�õ�ú�ï�ä7ú�ê è�òBõ�ä�ðÍô�ï�ñ�ë ý3çíäKê � &�ä7ô�ï�ç/uäKì�äKï�Rð�ã�äKï�ä¶ëéõ�ñ�ãWä³ðÂè�ï�ç ú ìRëíô¤ñ�ãWä�÷Ïè�ï�ç ú ÷kë ú�ä�÷Åä�ø0ö �è�ÿýKô�õ¤ô�ý�ý�äKê�ê�ó5è�ï�ä¸ñ�ã�ô�õ).10	212|ú�ô�ëíç/Fõ�äKð�êæ�ô�æ;ä�ï ê�ñ�ãWï�è�ÿ�î�ã�ñ�ã�ä�ëíïBè�õ�çíëéõWä ÷Åä�øÏê�ëéñ�äKê�3 õ�ä�ð541687(ö"æ�ï�è�ìRëíú�ëéõ�îIñ�ä�õ�ê è�òñ�ã�è�ÿ�ê�ô�õWú�ê�è�ò>õ�äKð�ê ô�ï�ñ�ë ý3çíäKê�è�ò>æ;è�ñ�ä�õ9ñ�ë ô�ç&ëéõ9ñ�ä�ï�äKêñ � ÷Åäºõ�äKäKú¤ëéõ�ò è�ï�ó|ô�ñ�ëíè�õ�þWçéñ�äKï�ê�ñ�èÑã�äKçéæÏÿWêBæ�ï�ëíè�ï�ëéñ�ë���ä õWä�ð�êô�ïñ�ëíý�çéä7ê�êè ñ�ãWô�ñ�ðÂä ó5ô8¶êæ;ä�õWú³ó5è�ï�ä è�ò&è�ÿ�ïÖñ�ëéó5ä¸ï�äKô�ú�ëéõ�î|ô�ïñ�ëíý�çéä7êSè�ò&ëíõ9ñ�äKï�ä7ê ñ �& ä�ð�ê�æWô�æ;ä�ïBþWçéñ�äKï�êBæ�ï�äKê�ä�õ9ñBñ�ã�ä|ô�ú�ú�ëéñ�ëíè�õWô�ç&è�æ�æ;è�ï�ñ�ÿ�õ�ëéñ�Fò è�ï æ;ä�ï êè�õWô�çíë��Kô�ñ�ëéè�õ0ö"ð�ã�ë ý ãÏãWô�êBø�äKä�õ$êã�è�ð�õ¤ñ�èã�ô/ì�ä
ô|êñ�ï�è�õ�î|ô�æWæ�ä7ô�ç�ñ�è|õ�ä�ð�ê�æWô�æ;ä�ï ï�ä7ô�ú�äKï�ê93 :Âè�î1614;7 � < ï ô�ý3ñ�ë ý�ô�ç0ý�è�õWê�ë ú�ä�ï ô�ñ�ëéè�õWêÖãWô/ì�ä æ�ï�ä�ì�ä�õ9ñ�ä7ú³ãWô�ï ú=� ý3è�æ=õWä�ð�ê�æWô�æ;ä�ï êLò ï�è�ó¯è�ø�ñ ô�ëíõ�ëíõ�î
ô�õ=5ú�ä�î�ï�äKä�è�ò0æ;ä�ï êè�õWô�çWý�ÿWêñ�è�ó5ë��Kô�ñ�ëíè�õ0ö�ø�ÿ�ñSè�õ�çíëéõ�ä�õ�ä�ð�ê�æWô�æ�äKï�ê¨ô�ï�ä�õWè�ñÂê�ÿ�ø�> ä7ý�ññ�è ñ�ã�ä¸ê�ô�ó5äBý�è�õWêñ�ï ô�ëíõ9ñ�êÂô�êSæ�ï�ëéõ9ñ�ä7úÑó|ô�ññ�äKï �@? õ�çíëíõ�ä õ�ä�ð�ê�æWô�æ;ä�ïÂæ�ï�äKê�ä�õ9ñ�ô�ñ�ëíè�õ³ý�ô�õ¶ø�ä æ;ä�ï êè�õWô�çíë���äKúIëéõ¶ñ�äKï�ó|êè�ò"ý�è�õ9ñ�äKõ9ñ�êKö�çíô8�è�ÿ�ñ7ö�ó5äKú�ë ôBA�ñ�ä3åRñ¨è�õ�ç��ö�ñ�ä3åRñ¨ð�ëéñ�ã5æ�ë ý�ñ�ÿ�ï�ä7ê�ö�ñ�ä�å9ñ¨ð�ëéñ�ã5ìRë ú�ä�è�ö�ä3ñ ý �DC ö�ô�ú�ì�äKïñ�ëíê�ä�ó5äKõ�ñ ê)ô�õWú ó5è�ï�ä �÷kãWëéçíä>ñ�ã�ä�ï�ä>ã�ô/ì�ä¨ø;ä�äKõºô�ñ�ñ�äKó æ�ñ�ê&ô�ñ&ý�ÿWêñ�è�ó5ë��Kô�ñ�ëíè�õ
è�ò�õ�ä�ð�ê�æWô�æ;ä�ï ê�ô�õWú þWçéñ�äKï�ëíõ�î�è�ò�õ�äKð�êæWô�æ�äKï�êE3 F9:G(H410Rö7çíô	�I7Qöñ�ã�äKê�ä
ô�ñ�ñ�äKó æ�ñ�ê�ãWô/ì�ä�õWè�ñ ý3è�ó5æ�çéä�ñ�äKç/Ñý�è�ÿ�õ9ñ�ä�ï�äKúÑñ�ã�ä¸ðÂäKô��9õWäKê�êä7êSè�òÀãRÿ�ó|ô�õ�ô�õWú¶ý�è�ó5æ�ÿ�ñ�ä�ïÖþWçéñ�äKï�ê �:Âè�ñ�ã�ãRÿ�ó|ô�õWê ô�õWú�ý�è�ó5æ�ÿ�ñ�ä�ï ê�õ�ä�ä7úFã�ä�çíæ¢ëíõFþWçéñ�ä�ï�ëíõ�î|ëéõ�ò è�ï�ó5ô�ñ�ëíè�õ �KJ ô�õ=Ñä�ì�ä�ï��ú�ô8|þWçéñ�äKï�ëíõ�îIë ê�ú�è�õ�ä
ø=ãRÿ�ó|ô�õ¤ý3ï�ëùñ�ëíýKê � ÷Ïä ï�äKô�úFø;èRè��Fï�ä�ìRëéäKð�ê�ø;ä3ò è�ï�äºðSä ú�äKý�ëíú�äºð�ãWô�ñBø�èRè1�Rê ñ�è¶ï�ä7ô�ú � ÷Ïäºçéë êñ�ä�õ¤ñ�è¶ó è�ìRëíä ý3ï�ëéñ�ë ý�êø;ä3ò è�ï�ä³ðÂä³ú�ä7ý3ë ú�ä³ð�ãWô�ñ5ó5è�ì9ëíäKêºñ�èÏðÖô�ñ ý ã � ÷Ïä�ý3è�ÿ�õ9ñºñ�ã�äFõRÿ�ó ø;ä�ï è�òBï�ô�ñ�ëíõ�îÏêñ�ô�ï�êºø�ä�ò è�ï�ä³ú�äKý3ë ú�ëíõ�îÅð�ãWô�ñï�äKêñ�ô�ÿ�ï ô�õ9ñÂô�ñÂð�ã�ë ý ã¶ñ�è äKô�ñ ��L è�ðÂä�ì�äKïKö9ð�ã�ëíçéäBãRÿ�ó|ô�õWêÖô�ï�äBî�äKõ�ä�ï ô�çíç/|ê�ó|ô�ï�ñÂô�ñ�ú�ä7ý3ë ú�ëíõ�îºð�ã�ô�ñÖëéõ�ò è�ï�ó|ô�ñ�ëíè�õÑë êî�èRèRú³ô�õ�ú¶ð�ã=�ö�ðSä¸ô�ï�ä¸êçíè�ð<ý�è�ó5æWô�ï�ä7ú|ñ�è ñ�ã�ä
ô�ó5è�ÿWõ�ñ�è�òÀëíõ�ò è�ï�ó|ô�ñ�ëéè�õ¶è�ÿ�ñ�ñ�ã�äKï�äBñ�ãWô�ñ�ï�äM$9ÿ�ëíï�ä7êSþWçùñ�ä�ï�ëéõWî �âÖãWäÏæ;è�ðSäKï³ô�õWúPý�è�õ�õWäKý�ñ�ëéìRëéñ�kè�òºý�è�ó5æ�ÿ�ñ�ä�ï ê³ãWô�êFô�çíçíè�ðSä7úqý3è�ó æWÿ�ñ�äKï�êÑñ�è�ø;äÅô�æ�æ�çíëéä7úkñ�è�ñ�ã�äÏæWï�è�ø�çéäKóè�òÖþWçùñ�ä�ï�ëéõWî¢ëéõ�ò è�ï�ó5ô�ñ�ëíè�õ �NJ ä7ý ãWô�õWëíýKô�çLþWçéñ�äKï�êºêÿ�ý ã$ô�êO��ä�RðSè�ï�úÅê�äKô�ï ý ã�ëíõ�î�ô�õWúuô�ïñ�ëùþ;ý3ë ô�ç¨ëíõ9ñ�ä�çíçíëéî�ä�õWý�ä|þWçéñ�ä�ï êê�ÿWý ã³ô�êÂõWô�ñ�ÿ�ï ô�ç"çíô�õ�î�ÿ�ô�î�ä æ�ï�è�ý�äKê�êëíõ�î ã�ô/ì�ä�ô�ññ�ä�ó5æ�ñ�ä7ú¶ñ�è5ô�æ�æ�ç�5ñ�ãWäBæ;è�ðÂä�ïÂè�òÀý�è�ó5æ�ÿ�ñ�ä�ï ê>ñ�è ñ�ã�ä æ�ï�è�ø�çíä�ó è�òæWï�ëíè�ï�ëùñ�ë/�KëéõWî�ëíõ�ò è�ï�ó|ô�ñ�ëéè�õ �PL è�ðSäKì�ä�ï7ö/ð�ã�ëíçéäÖý3è�ó æWÿ�ñ�äKï�ê)ô�ï�äSòCô�êñ)ô�ñ)æWï�è�ý3ä7ê�ê�ëíõ�î ëíõ�ò è�ï�ó|ô�ñ�ëéè�õ0ö/ñ�ã�äM ô�ï�ä>î�ä�õ�äKï�ô�çéç�êñ�ÿWæ�ëíú³ð�ã�äKõFëùñ ý�è�ó5äKêÂñ�è|ó5ô��Rëéõ�î ó5äKô�õ�ëéõWî�ò ÿ�ç�ú�äKý3ë ê�ëéè�õWê�ô�ø;è�ÿ�ñ�ñ�ã�ä ëéõ�ò è�ï�ó5ô�ñ�ëíè�õFý3è�õ�ñ�ä�õ9ñ �

�



� è�çéç ô�ø;è�ï ô�ñ�ëéì�äÂþWçùñ�ä�ï�ëéõWîºô�æWæ�çéëíäKê¨ñ�ã�äBêæ;ä�ä7ú|è�ò�ý�è�ó5æ�ÿ�ñ�ä�ï ê¨ð�ëéñ�ã|ñ�ã�ä ëíõ9ñ�äKçéçíëéî�ä�õWý�ä è�ò"ãRÿ�ó|ô�õWê � � è�çéç ô�ø;è�ï ô�ñ�ëéì�äþ�çùñ�ä�ï�ëéõ�î�ë ê¸ñ�ã�ä5ñ�ä7ý ã�õ�ëQ$9ÿ�äIè�òÖÿWê�ëéõWî�æ�äKä�ï
è�æ�ëéõWëéè�õWê ñ�è�æWï�ä7ú�ëíý3ñ¸ñ�ã�äÑëéõ9ñ�äKï�ä7ê ñ
è�òÂè�ñ�ã�äKï�ê � û�êäKï�ê ëíõWú�ë ý�ô�ñ�ä|ñ�ã�ä�ëíïè�æ�ëíõ�ëéè�õWê)ëíõºñ�ã�äÂò è�ï�ó è�ò"ï ô�ñ�ëíõ�î9êÀè�õºì�ô�ï�ëíè�ÿWê&æ�ëíäKý�äKê)è�ò;ëíõ�ò è�ï�ó|ô�ñ�ëéè�õ0ö�ô�õ�ú
ñ�ã�ä�ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä¨þWçéñ�äKï¨ý3è�ï�ï�ä�ç ô�ñ�ä7ê0ñ�ã�äï ô�ñ�ëéõWî�ê¨ð�ëéñ�ãIñ�ã�è9êä�è�ò0è�ñ�ã�ä�ïSÿWê�ä�ï êLñ�è ú�ä3ñ�ä�ï�ó5ëéõ�ä�ã�è�ð�ñ�è ó5ô���ä�ò ÿ�ñ�ÿ�ï�ä�æWï�ä7ú�ëíý3ñ�ëíè�õWê¨ò è�ïSñ�ã�ä�ï�ô�ñ�äKï ��
 õÑô�úWú�ëùñ�ëéè�õ0öñ�ã�äÑý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�äºþWçùñ�ä�ï ê�ãWô�ï�ä7êBñ�ã�äIï ô�ñ�ëéõWî�ê ð�ëéñ�ãuè�ñ�ã�ä�ï ÿWêäKï�ê¸ê�èFñ�ãWä�ÏýKô�õ$ÿWê�ä5ñ�ã�äKónëíõuó|ô	�Rëíõ�î³ñ�ã�äKëéï
è�ð�õæWï�ä7ú�ëíý3ñ�ëíè�õWê �L è�ðSäKì�äKïKöRý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä þWçéñ�äKï�ëíõ�î|ô�çíè�õWä ýKô�õ³æ�ï�è�ì�äBëéõ�ä�ü;ä7ý�ñ�ëéì�ä ò è�ï�ê�ä�ì�äKï�ô�ç"ï�ä7ô�ê�è�õWêMR
SUT5V-WYX[Z\W�V-]_^#WK`aW�b1c#X/^�d � < ÿ�ï�ä
ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä�þWçéñ�ä�ï�ëíõ�îIý�ô�õ�õ�è�ñ�æ�ï�è�ìRëíú�ä ô5æWï�ä7ú�ëíý3ñ�ëíè�õFò è�ï ô�õFëéñ�ä�óÍð�ã�äKõ³ëéñþ�ï�êñºô�æWæ�ä7ô�ï ê¸êëíõWý3äIñ�ã�äKï�äIô�ï�ä|õ�è�ÿ�êäKï�ê¸ï ô�ñ�ëéõWî�ê¸è�õÅð�ãWëíý ã$ñ�è¢øWô�ê�ä5ñ�ãWäIæ�ï�äKú�ë ý�ñ�ëéè�õWê �*J è�ï�ä�è�ì�ä�ï7ö0äKô�ï�ç�æWï�ä7ú�ëíý3ñ�ëíè�õWê¨ò è�ïLñ�ã�ä ëéñ�äKó ð�ëíçíç�è�ò�ñ�ä�õ|ø;ä�ëíõWô�ýKý3ÿ�ï ô�ñ�ä�ø�ä7ý�ô�ÿWêä�ñ�ã�äKï�ä ô�ï�äÖò äKð�ï�ô�ñ�ëíõ�î�êLè�õ|ð�ã�ë ý ã5ñ�è
øWô�êäÖñ�ã�äæWï�ä7ú�ëíý3ñ�ëíè�õWê�3 e � 41487 ��f ëéó5ëíçíô�ï�ç��öÀä�ì�äKõuô�õÅäKêñ�ô�øWçéë êãWäKú$ê��êñ�äKó}ð�ëéçíç¨æ�ï�è�ìRëíú�ä æ;èRè�ï¸æ�ï�äKú�ëíý3ñ�ëíè�õWêBò è�ï
äKô�ý ãô�õWúÏä�ì�äKï�Fõ�äKð ÿWê�ä�ïBñ�ãWô�ñ¸ä�õ9ñ�ä�ï ê ñ�ã�ä|ê��êñ�äKó � ( ê ä�å9ñ�ï�äKó5ä ýKô�ê�äºè�ò>ñ�ãWä ä7ô�ï�ç/Fï ô�ñ�ä�ï æ�ï�è�ø�çíä�óFö�ð�ã�äKõÅôý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä�þWçéñ�ä�ï�ëíõ�î|ê��êñ�ä�ó þWï�êñ�ø�äKî�ëíõWê�äKì�ä�ï�|ÿWê�ä�ï�ê�ÿ�ü"ä�ï êÂò ï�è�ó ñ�ã�ä¸ä7ô�ï�ç/Ñï�ô�ñ�ä�ïÖæ�ï�è�øWçéäKó ò è�ï�äKì�ä�ï�ëéñ�äKó �Shg�`iV	WkjYlm]IZn`aW�b1c#X�^#d �H
 õ¤ó5ô�õ=¶ëíõ�ò è�ï�ó|ô�ñ�ëéè�õ¢ú�è�ó|ô�ëíõWêKöWñ�ã�ä õRÿ�óºø�äKï�è�ò¨ëùñ�ä�ó|ê òCô�ï ä�å�ý3ä�ä7ú�ê�ð�ãWô�ñ ô�õ=¶ëíõWú�ë/�ìRë ú�ÿWô�ç&ýKô�õ�ã�è�æ�ä¸ñ�è¶ô�øWêè�ï�ø�ö�ñ�ãRÿWê�ó|ô�ñ�ï�ë ý3äKê ý3è�õ9ñ ô�ëíõ�ëéõWî|ñ�ã�äºï�ô�ñ�ëíõ�î�ê�è�ò>ô�çíç�ëéñ�äKó|ê�ò è�ï�ô�çíç�ÿ�êäKï�ê�ô�ï�ä ì�ä�ï�ê�æWô�ï�ê�ä �*o ä�ç ô�ñ�ëéì�ä�ç�Ïú�äKõWêäÑëéõ�ò è�ï�ó|ô�ñ�ëíè�õÅþWçéñ�ä�ï�ëíõ�î¢ú�è�ó|ô�ëéõWê ð�ëéçíç>è�ò�ñ�äKõ ê ñ�ëéçíç>ø;ä�4�6	�p414rqÊê�æWô�ï�ê�ä�öÀó5ô��Rëéõ�îëéñ ãWô�ï ú³ñ�è|þ�õWú¤ú�è�ý�ÿ�ó5ä�õ9ñ�ê ñ�ãWô�ñ�ãWô/ì�ä¸ø�äKä�õÏï�ô�ñ�äKúFø=Fä�õWè�ÿ�î�ã�æ�äKè�æ�çíä è�õ�ð�ã�ëíý ã¢ñ�èÑø�ô�ê�ä ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�äþ�çùñ�ä�ï�ëéõ�î|æWï�ä7ú�ëíý3ñ�ëíè�õWê �StsGW�V	Zuj�vi^k^p` �w
 õ�ô$ê�ó|ô�çíç�è�ï|ä�ì�ä�õYó ä7ú�ëíÿ�ó ý�è�ó5ó ÿ�õWëùñ� è�òBÿ�êäKï�êKö¨ñ�ã�ä�ï�ä�ô�ï�ä¶ëíõWú�ëíìRëíú�ÿ�ô�ç ê5ð�ã�è$ðSè�ÿ�çíúõWè�ñ|ø�äKõ�ä3þWñ ò ï�è�ó_æWÿ�ï�ä�ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä|þWçéñ�äKï�ëíõ�î$ê��êñ�äKó5ê ø;äKýKô�ÿWê�äÑñ�ã�ä�ëíï|è�æWëéõ�ëíè�õ�ê ú�èÏõ�è�ñ5ý�è�õWê�ë ê ñ�ä�õ9ñ�ç�ô�î�ï�ä�ä è�ï�ú�ëíê�ô�î�ï�äKä�ð�ëéñ�ã¢ô�õ=Ñî�ï�è�ÿWæ¶è�ò&æ;ä�è�æ�çéä � âÖã�ä7êä ëéõWú�ëéìRë ú�ÿWô�ç ê�ð�ëíçéç�ï�ô�ï�äKç/�ö�ëùò)ä�ì�ä�ï7ö�ï�äKý3äKëéì�ä¸ô�ý�ý�ÿ�ï ô�ñ�äý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä�þWçéñ�ä�ï�ëíõ�î5æ�ï�ä7ú�ë ý�ñ�ëíè�õ�ê�ö�äKì�ä�õFô�ò�ñ�ä�ïÖñ�ã�ä¸ëéõWëùñ�ëíô�ç�ê ñ ô�ï�ñ�ÿ�æFæ�ãWô�ê�äBò è�ïÖñ�ã�ä¸ÿWê�ä�ï�ô�õ�ú³ê��ê ñ�ä�ó �x>õ9ñ�ä�ï æ�ÿ�ï�äIý3è�õ9ñ�ä�õ9ñ��QøWô�ê�äKú¤þWçéñ�äKï�ëíõ�î � ( æ�ÿWï�äIý�è�õ9ñ�äKõ�ñ��(ø�ô�ê�äKúÏþWçéñ�ä�ï ï�ä7ý3è�ó5ó5ä�õ�ú�ê¸ëéñ�ä�ó|ê øWô�ê�äKú$ê�è�çíä�ç�¤è�õôFæWï�è�þWçéä|øWÿ�ëéçéñ ÿ�æuø=Åô�õWô�ç/=��ëíõ�î³ñ�ãWäÑý3è�õ�ñ�ä�õ9ñ
è�òÖëéñ�ä�ó|ê
ñ�ãWô�ñºôFÿWê�ä�ï
ãWô�ê¸ï ô�ñ�ä7ú ��< ÿ�ï�äIý�è�õ9ñ�äKõ9ñ��QøWô�ê�äKú¤þWçéñ�ä�ï êò è�ï¸õ�ä�ð�ê�æWô�æ�äKï�ê ëíõWý3çíÿWú�äN3 � < F9414;7(ö 3 &Hx>â 7Sô�õWúy3 � Jzf 4r0;7 � ( ý�è�õ9ñ�äKõ9ñ��QøWô�ê�äKú¢þWçùñ�ä�ï ô�õWô�ç�=��ä7ê�ëéñ�äKó|ê ï�ô�ñ�äKúÏø=ô�õÏëíõWú�ëíìRëíú�ÿWô�çLÿWê�ä�ï
ô�õWúÏÿWêä7êBñ�ã�ä|ý�è�õ9ñ�äKõ�ñ¸è�ò>ñ�ãWä ëéñ�äKó|ê
ô�êBðÂä�çíç¨ô�êBñ�ãWä æWï�è�ìRë ú�äKú¤ï�ô�ñ�ëíõ�î�ê�ñ�èFø�ÿWëéç ú$ôÑæ�ï�è�þ�çéäñ�è�ý3è�ó5æWô�ï�ä ñ�è³è�ñ�ã�ä�ï õ�è�õ��(ï ô�ñ�äKú�ëéñ�äKó|ê ñ�èFï�ä7ý3è�ó5ó5ä�õ�ú¢ô�ú�ú�ëùñ�ëéè�õWô�ç)ëéñ�ä�ó|ê è�ò>ëéõ9ñ�ä�ï�äKêñ � � è�õ�ñ�ä�õ9ñ��QøWô�êä7úFþWçéñ�ä�ï êô�ï�ä|çíäKê�ê ô�ü;ä7ý�ñ�äKú$ø=¢ñ�ã�ä¶ô�ø�è�ì�ä æWï�è�ø�çéäKó|ê¸è�ò�æ�ÿ�ï�äÑý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä þWçéñ�ä�ï ê¸ø;äKýKô�ÿWê�ä|ñ�ãWä�ÅÿWêäIñ�äKý ãWõ�ë�$9ÿ�ä7ê¸ñ�ãWô�ñô�æ�æ�ç��ô�ý3ï�è�ê�ê�ô�çéç)ú�è�ý3ÿ�ó5äKõ�ñ ê �H{ è�ïBä3å�ô�ó æWçéä�ö;ô5þ�çùñ�ä�ï�ñ�ãWô�ñBæ�ï�äKú�ëíý3ñ�ê�ãWëéî�ã¢ëéõ9ñ�ä�ï�äKêñ ò è�ïBô�ï�ñ�ë ý3çíäKê ð�ëùñ�ã¢ñ�ãWä ðÂè�ï ú| F è�ê�è�ì�èr}¸ëéõ³ñ�ã�ä�óÍý�ô�õ³î�ëíì�äBñ�ã�ä¸æ�ï�äKú�ë ý�ñ�ëéè�õ¶ø;ä3ò è�ï�ä¸ô�õ=�è�õ�ä ãWô�êÖï�ä7ô�ú|ñ�ã�ä
ô�ï�ñ�ë ý3çíä �~�äKê�æ�ëéñ�ä5ñ�ã�äKê�ä|ê ñ�ï�äKõ�î�ñ�ãWê�ö&ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7ú�þWçéñ�äKï�ê¸ô�çéè�õ�ä|ý�ô�õÅæ�ï�è�ì�ä ëéõWä3ü"äKý�ñ�ëéì�ä � û õ�çéë���ä5ãRÿ�ó|ô�õ�ê�ö&ý3è�õ9ñ�ä�õ9ñ��ø�ô�ê�äKú ñ�ä7ý ã�õ�ëQ$9ÿ�äKê>ãWô/ì�ä ú�ë��Iý3ÿWçùñ�5ëíõIú�ëíêñ�ëíõ�î�ÿ�ëíê�ã�ëíõ�î ø;ä3ñ ðÂä�äKõ|ã�ëíî�ã��_$9ÿWô�çíëùñ�5ô�õ�ú5çéè�ðG�_$9ÿWô�çíëùñ�ºëéõ�ò è�ï�ó5ô�ñ�ëíè�õ5ñ�ãWô�ñë êSè�õ5ñ�ãWä�ê�ô�ó5ä�ñ�è�æ�ë ý � (�õWúÑô�êLñ�ã�ä õRÿ�óºø�äKï>è�ò0ëùñ�ä�ó|ê¨î�ï�è�ð�êKö�ñ�ã�ä õRÿ�óºø�äKï>è�ò0ëéñ�äKó|ê¨ëíõ|ñ�ã�äBê�ô�ó5ä ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7úýKô�ñ�ä�î�è�ï�|ëíõWý�ï�ä7ô�ê�äKêKö�ò ÿWïñ�ã�ä�ï ú�äKý3ï�äKô�êëíõ�îºñ�ã�ä ä�ü;ä7ý�ñ�ëíì�äKõ�äKê�ê�è�ò&ý3è�õ9ñ�ä�õ9ñ��(øWô�êä7úÑô�æ�æ�ï�è�ô�ý ãWäKê �x¨å�æ�äKï�ëíó5ä�õ9ñ�ê¸ã�ô/ì�äIê�ã�è�ð�õuý3è�çíç ô�ø;è�ï ô�ñ�ëíì�ä þWçéñ�äKï�ëíõ�î¢ê��ê ñ�ä�ó|ê ýKô�õ$ø�äÑä�õ�ãWô�õWý3ä7ú$ø=Åô�ú�ú�ëíõ�î¢ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7úþ�çùñ�ä�ï ê93 (HF9F94�6�öi: f 4=�M7 � : Iÿ�êëíõ�î|ô5ý3è�óºø�ëíõWô�ñ�ëéè�õÑè�ò)ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7úÑô�õ�ú¶ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä�þ�çùñ�ä�ï êÖðSä¸ý�ô�õ¶ï�äKô�çéë���äñ�ã�ä ø�äKõ�ä3þWñ�êÂè�òÀý�è�õ9ñ�äKõ9ñ��QøWô�ê�äKú5þ�çùñ�ä�ï ê>ð�ã�ë ý ãÑëíõWý�çéÿWú�ä�ä7ô�ï�ç/5æ�ï�äKú�ë ý�ñ�ëéè�õWê>ñ�ãWô�ñ�ý�è�ì�äKïSô�çíç;ëùñ�ä�ó|êÖô�õWúÑÿWêäKï�êKöRð�ã�ëíçéäî9ô�ëíõ�ëíõ�îFñ�ã�ä¶ø�äKõ�ä3þWñ�ê
è�ò�ô�ý�ý�ÿ�ï ô�ñ�äIý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä þWçéñ�äKï�ëíõ�î¢æ�ï�äKú�ëíý3ñ�ëíè�õWê
ô�ê¸ñ�ã�äIõRÿ�ó ø;ä�ïºè�ò�ÿWê�ä�ï ê
ô�õ�ú$ï�ô�ñ�ëíõ�î�êëíõWý�ï�ä7ô�ê�äKê �âÖãWä�ï�ä�ãWô/ì�ä�ø;ä�äKõÑê�ä�ì�äKï�ô�çRþWçéñ�ä�ï�ëíõ�î ô�æWæ�ï�è9ô�ý ã�ä7ê)ð�ã�ë ý ãIãWô/ì�ä�ÿ�ñ�ëíçéë���ä7úIý3è�ó ø�ëíõ�äKú|ý�è�õ9ñ�äKõ9ñ��QøWô�ê�äKú5ô�õ�ú|ý3è�çíç ô�ø��è�ï�ô�ñ�ëíì�ä�þWçéñ�ä�ï êMReBï�è�ÿWæ��0äKõWê�ëíó5æ�çíä�ó5ä�õ9ñ�êLô�ã=Rø�ï�ë ú ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�äLþ�çùñ�ä�ï�ëéõ�î ê�Rêñ�äKó:ò è�ï)û ê�ä�õ�ä�ñLõ�ä�ð�êÀñ�ã�ô�ñ¨êÿWæ�æ�è�ïñ ê)ý3è�õ9ñ�ä�õ9ñ��ø�ô�ê�äKúÅþWçéñ�äKï�ê
ô�ê¸ÿWê�ä�ï ê�3 J (�:G��41687 � âÖã�ä7êäO� X[]_^#W�ckb-]Ij ä�ì�ô�çíÿWô�ñ�ä|õ�ä�ð ô�ïñ�ëíý�çéä7ê
ô�ê
ê�èRè�õuô�ê¸ñ�ã�äMÅô�ï�ä|æ�ÿWø�çéë ê�ã�äKúô�õWú¢äKõ9ñ�ä�ïBï ô�ñ�ëíõ�î9ê�ò è�ï ñ�ã�è�ê�ä ú�èRý�ÿ�ó5ä�õ9ñ�ê � âÖã�ä5ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä¸þWçéñ�ä�ï�ëíõ�î¶ê��ê ñ�ä�óÊñ�ï�äKô�ñ�êBô|þWçéñ�äKï�ø;è�ñ
ô�ê�ô�õ�è�ñ�ã�ä�ïè�ï�ú�ëéõWô�ï�|ÿ�êäKïÖñ�ãWô�ñÖäKõ9ñ�ä�ï êÖó|ô�õ=Iï ô�ñ�ëéõ�î9ê � âÖã�äBþWçéñ�äKï�ø;è�ñ ô�ÿ�ñ�ãWè�ïÖð�ï�ëéñ�ä7ê�ôºþWçùñ�ä�ï�ø�è�ñ�> ÿWêñ�çéë���ä¸ô5ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7úô�î�äKõ�ñ�ñ�ãWô�ñ�ï�ä7êæ;è�õWúWê�ð�ã�ä�õWä�ì�äKï�ô|õ�äKðEô�ïñ�ëíý�çéä
ô�ï�ï�ëéì�äKê�ô�õWú³ï�ä�ñ�ÿ�ï�õWê�ô|ï ô�ñ�ëéõWîºñ�è|ñ�ãWä ê��êñ�äKó �G{ ëéçéñ�äKï�ø;è�ñ ê�ã�äKçéæð�ëéñ�ã³ñ�ã�ä¸æ�ï�è�ø�çíä�ó è�ò&ê�æWô�ï ê�ëùñ�Iê�ëéõ�ý3äBñ�ã�äM¶ô�ï�ä ô�ø�çíäBñ�è|ï ô�ñ�ä�ó|ô�õ=Ñô�ïñ�ëíý�çéä7êK$9ÿ�ëíýk�Rç��ö�ø�ÿ�ñ êëíõWý3äBñ�ã�äneBï�è�ÿ�æ���ä�õWêæWï�ä7ú�ëíý3ñ�ëíè�õWêºê ñ�ëéçíçÂÿWêä¶æ�ÿ�ï�ä¶ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä þWçéñ�ä�ï�ëíõ�îWö)õ�äKð ÿWêäKï�êKöLô�õWú$ãWä�õWý�äÑõ�äKð�þWçùñ�ä�ï�ø�è�ñ�êKö¨ê ñ�ëéçíçÖêÿ�ü"ä�ï ò ï�è�óñ�ã�äÑä7ô�ï�ç/Ïï�ô�ñ�äKï ê ñ ô�ï�ñ��Qÿ�æuæ�ï�è�ø�çíä�ó �N
 ï�è�õ�ë ý�ô�çéç��ö)ô�ñ ê ñ ô�ï�ñ��Qÿ�æ0ö)ä�ì�ä�õuôFþWçéñ�äKï�ø;è�ñ5ô�õWú$ëéñ�ê ô�ÿ�ñ�ã�è�ïºê ñ�ëéçíçSã�ô/ì�ä|õ�èý�è�ï�ï�äKçíô�ñ�ëíè�õ|äKì�ä�õIñ�ã�è�ÿ�î�ãÑñ�ã�ä ô�ÿ�ñ�ã�è�ïÂçíë/��ä�ç� ã�ô�êÂô
î�èRè�ú|ëíõWú�ë ý�ô�ñ�ëíè�õÑè�ò�ý3è�ï�ï�ä�ç ô�ñ�ëéè�õ|ð�ëùñ�ãIñ�ãWä�ø;è�ñ ��
 õ¶ô�úWú�ëùñ�ëéè�õ0öï�äKô�çéç�Bä3å�ý3äKçéçíä�õ9ñ0þWçéñ�äKï�ø;è�ñ ê�ó|ô8Bõ�è�ñÀø�äSðSäKëéî�ã�äKú ã�ä7ô/ìRëéç��äKõ�è�ÿWî�ã¸ëéò�ñ�ã�äKï�äÂô�ï�ä¨ó|ô�õ=�õWä�ð�ê0ï�äKô�ú�ä�ï ê�ð�ëéñ�ã
ó5ä7ú�ëéÿWóñ�è|ã�ëíî�ãFý3è�ï�ï�ä�ç ô�ñ�ëíè�õ�ê �

«



{ ô�øºëéó5æ�çíä�ó5ä�õ9ñ ê&ô�ã=Rø�ï�ë ú
ý�è�õ9ñ�äKõ�ñ��(ø�ô�ê�äKú
ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä>ê��ê ñ�ä�ó:ò è�ï&ï�äKý3è�ó5ó äKõWú�ëíõ�î ÷Åä�ø æWô�î�äKê 3 : f 4r�M7 �P
 õ{ ô�ø0ö�ÿWê�ä�ïLæ�ï�è�þWçíäKê)ø�ô�ê�äKúºè�õ ñ�ã�ä�æ�ô�î�ä7êLôBÿWêäKïLçéë���ä7ú5ô�ï�äÂó|ô�ëéõ9ñ�ô�ëéõWäKúºørºÿWê�ëéõ�î¸ý�è�õ9ñ�äKõ�ñ��(ø�ô�ê�äKú ñ�äKý ãWõ�ë�$9ÿ�ä7ê � âÖã�äæWï�è�þWçéä7êLô�ï�äÂú�ëéï�äKý3ñ�ç�ºý3è�ó5æWô�ï�äKú
ñ�è¸ú�ä3ñ�ä�ï�ó5ëéõ�ä�ê�ëíó ëíç ô�ï�ëùñ�
ø;ä3ñ ðÂä�äKõºÿ�êäKï�ê)ëíõ5è�ï ú�ä�ï&ñ�è ó|ô	��ä�ý3è�çíç ô�ø;è�ï ô�ñ�ëíì�ä>þWçéñ�ä�ï��ëíõ�î|æ�ï�äKú�ëíý3ñ�ëíè�õWê ��
 õFè�ï ú�ä�ïÖñ�è|ø�ä¸ä�ü;ä7ý�ñ�ëíì�ä�ö�ñ�ãWä { ô�ø³ô�æ�æ�ï�è�ô�ý ã¶ó|ô�õWú�ô�ñ�ä7êÖñ�ãWô�ñ�ñ�ã�ä
ý�è�õ9ñ�äKõ9ñ��QøWô�ê�äKúÑñ�ä7ý ã�õ�ëQ$�ÿWäKêñ�è ø�ÿWëéç ú5ñ�ãWä�ÿWê�ä�ïSæ�ï�è�þWçíä�ø;ä ä3åRñ�ï�äKó äKç/|ô�ý�ý3ÿWï�ô�ñ�ä ��
 õWô�ý�ý3ÿWï�ô�ñ�ä�æ�ï�è�þWçíäKê>ï�ä7êÿWçùñÂëéõIëíõWô�ý�ý3ÿWï�ô�ñ�ä ý�è�ï�ï�äKçíô�ñ�ëíè�õWê)ð�ëéñ�ãè�ñ�ã�äKï�ÿWê�ä�ï ê�ö�î�ï�ä7ô�ñ�ç�Iú�ëíó5ëéõ�ë ê�ã�ëéõWî5ñ�ã�ä
êñ�ï�ä�õ�î�ñ�ã³è�ò&ñ�ã�ä
ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä þWçùñ�ä�ï�ëéõWî|æ�ï�ä7ú�ë ý�ñ�ëíè�õ�ê �< ï�è�ò�:Âÿ�ëéç ú�äKïÀï�äKý�è�ó5ó5ä�õWú�ê&ðÂä�øºæWô�î�äKêÀÿWêëíõ�î ø;è�ñ�ã5ý3è�õ9ñ�ä�õ9ñ��(øWô�êä7ú
ô�õ�ú ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä¨þWçéñ�äKï�êG3 ÷Åô�ê�41487 � û�êäKï�êô�ï�äSæ�ï�è�ì9ë ú�ä7ú¸ô�ê�ëéõWî�çíä>ëíõ�ñ�ä�ï�òCô�ý�ä¨ñ�è ñ ðSè�çéë êñ�ê&è�ò�ï�äKý�è�ó5ó5ä�õWú�ä7ú¸ðÂä�øºê�ëéñ�äKêKö�è�õWä>çíëíêñ&î�ä�õ�äKï�ô�ñ�ä7ú ør
ô�ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�äþ�çùñ�ä�ï�ñ�ã�äºè�ñ�ãWä�ï çíë ê ñBørFôIý�è�õ9ñ�äKõ�ñ��(ø�ô�ê�äKú¶þWçéñ�ä�ï ��L è�ðSäKì�ä�ï7ö�ñ�ã�ä
ñ ðÂèIçíëíêñ�êBô�ï�ä¸õ�è�ñ ý3è�ó ø�ëíõ�äKúFëíõ9ñ�èÑô¶êëíõ�î�çéä
çíë ê ñð�ëéñ�ã ôFý�è�ó øWëéõ�ä7ú¤æWï�ä7ú�ëíý3ñ�ëíè�õ0öÀõ�è�ï
ô�ï�ä ñ�ã�ä|ï�äKçíô�ñ�ëíì�ä|êñ�ï�ä�õ�î�ñ�ãWê è�òÂä7ô�ý ã¤æWï�ä7ú�ëíý3ñ�ëíè�õ$î�ëíì�äKõÅê�è�ô�êBñ�è¢ô�çíçéè�ð�ñ�ã�äÿ�êäKïÖñ�ã�äKó5ê�ä�çíì�ä7êÂñ�èIý ã�èRè9êä�ñ�ã�ä¸ø;äKêñ ê�ëùñ�äKêÖò ï�è�ó ø;è�ñ�ãFçéë ê ñ ê �
����� ���������H���i�@�"���
÷Åä æ�ï�è�ìRë ú�ä ô|ÿWõ�ë�$9ÿ�ä5ô�æWæ�ï�è9ô�ý ã³ñ�è³ý3è�ó ø�ëíõ�ëíõ�îÑý3è�õ9ñ�ä�õ9ñ��(øWô�êä7ú�ô�õWú¤ý3è�çíç ô�ø;è�ï ô�ñ�ëíì�ä þ�çùñ�ä�ï�ëéõ�î¶ø=³ø�ô�ê�ëéõ�î¶ôIæ�ï�ä#�ú�ëíý3ñ�ëíè�õ,è�õ,ôÏðSäKëéî�ã�ñ�äKú ô/ì�ä�ï ô�î�ä è�ò�ñ�ãWä³ý�è�õ9ñ�äKõ�ñ��(ø�ô�ê�äKú$æ�ï�äKú�ë ý�ñ�ëéè�õYô�õWú$ñ�ãWä³ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�äIæ�ï�äKú�ëíý3ñ�ëíè�õ ��? ÿ�ïô�æ�æ�ï�è�ô�ý ã�ò ÿ�çíç/�ï�äKô�çéë���ä7ê�ñ�ã�ä|ê ñ�ï�äKõ�î�ñ�ãWê è�òSý3è�õ9ñ�ä�õ9ñ��(øWô�êä7úFþWçéñ�äKï�êKö�ó5ëùñ�ëéî9ô�ñ�ëíõ�î¶ñ�ã�ä ä3ü"äKý3ñ�ê è�ò¨ñ�ã�ä5ê�æWô�ï êëéñ��ô�õWúñ�ã�ä ä7ô�ï�ç/¶ï�ô�ñ�äKï�æ�ï�è�ø�çíä�ó|ê �5J è�ï�ä�è�ì�ä�ï7öRñ�ã�ä
ðÂä�ëíî�ã9ñ ê�è�ò)ñ�ã�äºý�è�õ9ñ�äKõ�ñ��(ø�ô�ê�äKúFô�õWú�ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä æ�ï�äKú�ë ý�ñ�ëéè�õWê ô�ï�äú�ä3ñ�äKï�ó5ëíõ�äKú è�õuô�æ;ä�ï��(ÿWê�ä�ï øWô�ê�ëíêKö)ô�çíçéè�ð�ëíõ�îFñ�ãWä¶ê�Rêñ�äKóhñ�è¤ú�ä�ñ�ä�ï�ó5ëéõWä|ñ�ã�äÑè�æ�ñ�ëéóºÿ�ó ó ëéå$è�ò�ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7úô�õWúFý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä ï�äKý3è�ó5ó äKõWú�ô�ñ�ëíè�õ¶ò è�ï�äKô�ý ã¶ÿ�êäKïKö�ã�äKçéæWëéõ�î ñ�èIêè�çéì�ä ñ�ã�ä¸î�ï ô8IêãWä�ä�æ³æ�ï�è�ø�çíä�ó �
 õ³ô�ú�ú�ëùñ�ëéè�õ0ö�è�ÿ�ï�ô�æ�æ�ï�è�ô�ý ãIô�çéçíè�ð�ê>ò è�ïÂñ�ã�ä¸ý�è�õ9ñ�äKõ�ñ��(ø�ô�ê�äKúIô�õWúÑý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä ðÂä�ëíî�ã9ñ ê¨ñ�è ø;ä ý3è�ó5æ�ÿ�ñ�äKú¶è�õô5æ;ä�ï��Qëùñ�ä�óÍøWô�ê�ëíê � âÖãWä
ðSäKëéî�ã9ñ�ê�ô�ï�ä
ô�ú-> ÿWê ñ�äKúFøWô�êä7ú³è�õ³ñ�ã�ä | êñ�ï�ä�õ�î�ñ�ã�} è�ò)äKô�ý ãFæ�ï�ä7ú�ë ý�ñ�ëíè�õ � ( ê�ñ�ã�ä õ9ÿWó ø;ä�ïè�ò�ÿWê�ä�ï êºô�õWúuï ô�ñ�ëíõ�î9ê¸ò è�ï ñ�ã�ä³ëéñ�ä�ó_ëíõWý�ï�ä7ô�ê�ä�ö&ñ�ã�ä³ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä5þWçùñ�ä�ï ëíê*A ÿ�êÿWô�çéç� C ðÂä�ëíî�ã9ñ�äKú$ó5è�ï�äÑã�ä7ô/ìRëéç��öëíõWý�ï�ä7ô�ê�ëéõ�îÅñ�ã�ä¢è�ì�äKï�ô�çéç�ô�ý�ý3ÿWï�ô�ý# è�ò�ñ�ã�ä¢æ�ï�äKú�ë ý�ñ�ëéè�õ � âÖãWëíê¶ô�çíçéè�ð�ê5ÿWê|ñ�è$ñ�ô���ä¢ô�ú�ì�ô�õ9ñ�ô�î�äFè�òBñ�ã�ä¤ëéõ�� ú�äKæ�ñ�ããRÿ�ó|ô�õ³ÿWõWú�ä�ï êñ�ô�õ�ú�ëéõWî è�ò�ñ�ã�ä¸ó|ô�ñ�äKï�ë ô�ç0ô�êÖï�ô�ñ�ëíõ�î�êÂäKõ�ñ�ä�ïÖñ�ã�ä
ê��êñ�äKó �? ÿWïBô�æ�æ�ï�è�ô�ý ã�ë ê�õ�è�ñ¸ôIã=Rø�ï�ëíúÏô�æ�æ�ï�è�ô�ý ã0öWó5ä7ô�õ�ëíõ�î¶ñ�ãWô�ñ�ñ�ã�äºø�ô�ê�ëíê ò è�ï�ñ�ã�ä5ý3è�õ9ñ�ä�õ9ñ��(øWô�êä7ú�ô�õWúÏý3è�çéç ô�ø;è	�ï ô�ñ�ëéì�ä¸æ�ï�äKú�ë ý�ñ�ëéè�õWê�ô�ï�ä���äKæ�ñ�ê�ä�æWô�ï�ô�ñ�ä � âÖã�ëíê�ô�çíçéè�ð�êÖÿ�ê�ñ�è|ø;ä�õWä3þ�ñ�ò ï�è�óÍëíõWú�ëíì9ë ú�ÿWô�ç�ô�ú�ì/ô�õWý3ä7ê�ó|ô�ú�ä ñ�èIä�ëéñ�ãWä�ïý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�äÖè�ïSý3è�õ9ñ�ä�õ9ñ��QøWô�ê�äKú þWçéñ�äKï�êSêëíõWý3ä�ñ�ã�äKï�ä�ë ê¨õ�è ëéõ9ñ�äKï�� ú�äKæ�äKõWú�ä�õ�ý# ø;ä3ñ ðÂä�äKõ5ñ�ã�ä�ñ ðSè
ý�è�õ9ñ�äKõ�ñÂý3è�ó5æ;è	�õWä�õ9ñ�ê ��{ è�ïÂä3å�ô�ó æWçéä�ö�ëíõWú�ëíìRëíú�ÿ�ô�ç"ëéó5æ�ï�è�ì�äKó5ä�õ9ñ�ê)ñ�èºæWÿ�ï�äBý3è�çéç ô�ø;è�ï ô�ñ�ëéì�äÖþWçùñ�ä�ï�ëéõWîºô�çíî�è�ï�ëéñ�ãWó5ê�3 : L F941687�3 e � 414-7ýKô�õ�ø;äFò ÿ�çéç��ï�ä7ô�çíë/�KäKú � (�êIô�ú�ì�ô�õWý3ä7ê5ëéõ�äKô�ý ã�ý�è�ó5æ;è�õ�äKõ�ñÑô�ï�äFëíõWý3è�ï�æ;è�ï ô�ñ�äKúYëéõ9ñ�è$ô$ðÂè�ï��RëéõWîÅê��ê ñ�ä�óFöÖè�ÿ�ïðÂä�ëíî�ã9ñ�äKú³ô/ì�ä�ï ô�î�ä�ô�æ�æ�ï�è�ô�ý ã¶ð�ëéçíç0ô�úWô�æ�ñ�ñ�è æWï�è�ìRë ú�äBñ�ã�ä¸ø;äKêñ ý3è�ó ø�ëíõWô�ñ�ëéè�õÑè�òÀñ�ã�ä¸ëéõ�ú�ëéìRë ú�ÿWô�ç0æ�ï�äKú�ë ý�ñ�ëéè�õWê �? ÿWïSô�æWæ�ï�è9ô�ý ã5ë ê¨ä3åRñ�ä�õWê�ëéøWçéä ñ�èºô�ú�ú�ëéñ�ëíè�õWô�ç�þWçéñ�äKï�ëíõ�î
ó5ä�ñ�ã�è�ú�êSø= ô�çéçíè�ð�ëéõWî
äKô�ý ã|ó ä�ñ�ã�è�ú5ñ�è
ø;äBô�ú�ú�äKú|ô�ê>ôê�ä�æ�ô�ï ô�ñ�ä ðSäKëéî�ã�ñSëéõ|ñ�ã�ä ðÂä�ëíî�ã9ñ�äKú|ô/ì�äKï�ô�î�ä ��{ è�ï>ä3å�ô�ó æWçéä�ö�æ�ï�äKú�ëíý3ñ�ëíè�õWê>øWô�ê�äKú5è�õIú�ä�ó5è�î�ï�ô�æ�ã�ë ý�ê53 < ô	�;4�4;7�ý3è�ÿ�çíúø;äBï�ä7ô�ú�ëíç/5ëíõWý3çíÿWú�ä7úIëíõ9ñ�è è�ÿ�ïÂæ�ï�ä7ú�ë ý�ñ�ëíè�õ�êSê�ý ã�ä�ó5ä ��
 õ³ô�ú�ú�ëùñ�ëéè�õ0öRè�ÿ�ïÖô�æ�æWï�è9ô�ý ã5ëíêÂã�ëíä�ï ô�ï ý ã�ë ý�ô�ç�ëéõÑñ�ãWô�ñÂð�ëéñ�ãWëéõä7ô�ý ãuëíõWú�ëíìRëíú�ÿ�ô�çÖý3è�ó5æ;è�õ�äKõ9ñKöLêÿWø��Qý�è�ó5æ;è�õ�äKõ�ñ ê ñ�ã�ô�ñºó|ô���äIÿ�æ$ñ�ã�äÑæWï�ä7ú�ëíý3ñ�ëíè�õ$ò è�ï
ñ�ã�ô�ñ ý�è�ó5æ;è�õ�äKõ�ñ ý�ô�õuø;äî�ëéì�ä�õ³ú�ëùü"ä�ï�ä�õ9ñ�æ;ä�ï ý3ä�õ9ñ ô�î�ä7ê>è�ò�ñ�ã�ä ðSäKëéî�ã�ñ ��{ è�ïÖä�å�ô�ó5æ�çéä�ö�è�ÿ�ï�ý�è�õ9ñ�äKõ�ñ��(ø�ô�ê�äKú5þWçéñ�äKï�ÿWê�äKêÖô ðSäKëéî�ã�ñ�äKú¶ô/ì�ä�ï ô�î�äñ�èIý3è�ó ø�ëíõ�ä ëùñ êK��äMRðSè�ï�úIô�õWúFêä7ý�ñ�ëéè�õ³ý�è�ó5æ�è�õ�ä�õ9ñ ê �÷Åä¸ãWô/ì�ä�ø�ÿWëéçéñ ô5ý3è�çíç ô�ø;è�ï ô�ñ�ëíì�ä þWçéñ�ä�ï�ëíõ�î|ê��êñ�ä�ó ò è�ï�ô�õ³è�õWçéëíõ�ä õ�ä�ð�ê�æWô�æ�äKïKöRñ�ã�ä¸÷Ïè�ï�ý�äKêñ�äKïÖâÀä�çíä�î�ï�ô�ó ô�õWúe ô���ä�ññ�ä ? õ�çíëíõ�äBACâ&ô�õ�î�è C 3 ñ ô�õ�7Qö�ëíõ¶è�ï�ú�äKïÂñ�èºñ�äKêñ�è�ÿWïÖô�æ�æ�ï�è�ô�ý ã ��< ï�äKçéëíó5ëéõ�ô�ï� ÿ�êäKïÖêñ�ÿ�ú�ëéä7ê�êÿWî�î�ä7ê ñÖó5ä�ï�ëùñ êÂñ�èè�ÿ�ï�ô�æWæ�ï�è9ô�ý ã �"J è�ï�ä ä3åRñ�ä�õWê�ëéì�ä ÿWêäKï�ê ñ�ÿWú�ëíäKê�ô�ï�ä¸ý3ÿWï�ï�ä�õ9ñ�ç�Iè�õ�î�è�ëéõ�î �âÖãWä ï�äKêñ�è�òLñ�ã�ë ê æWô�æ�äKï�æWï�è�ý3äKäKú�ê�ô�ê ò è�çíçéè�ð�êMR f äKý3ñ�ëíè�õ�.Ñú�äKê�ý3ï�ëíø�ä7ê è�ÿ�ï�ý�è�õ9ñ�äKõ�ñ��(ø�ô�ê�äKú�ô�õ�ú¢ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�äþ�çùñ�ä�ï ê>ëíõÑú�ä�ñ�ô�ëíç(ö f ä7ý�ñ�ëéè�õ��¸ëíõ�ñ�ï�è�ú�ÿ�ý3äKê>ñ�ãWä�ê�Rêñ�äKó ðÂä ÿ�êä�ñ�è
ñ�äKêñSè�ÿWïSô�æWæ�ï�è9ô�ý ã0ö f äKý3ñ�ëíè�õB�ºæ�ï�è�ìRë ú�äKê>ô�õWô�ç/�ê�ëíêò ï�è�óÍè�ÿWï æ�ï�ä�çíëéó5ëíõWô�ï�³ä3å�æ�äKï�ëíó5ä�õ9ñ�êM� f äKý3ñ�ëíè�õz0|ê�ÿ�ó5ó|ô�ï�ë/�KäKê�è�ÿ�ï�ý�è�õWý�çéÿ�êëíè�õWêM��ô�õWú f ä7ý�ñ�ëíè�õ� |æ�ï�äKê�ä�õ9ñ�ê�ô�ï�äKô�êè�òÀò ÿ�ñ�ÿ�ï�ä¸ðSè�ï�� �
¡ ¢¤£5¥�£5¦9���@§©¨«ªNª����n¦9�@§

 õIñ�ã�ë êSê�äKý3ñ�ëíè�õ0ö9ðÂä�ú�ä7ê�ý�ï�ëíø�ä�ñ�ã�ä�æ�ÿ�ï�ä�ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�äÂþWçùñ�ä�ï�ëéõWî æ�ï�äKú�ë ý�ñ�ëéè�õ0ö�ñ�ã�ä�æ�ÿ�ï�ä�ý3è�õ9ñ�ä�õ9ñ��(øWô�êä7ú æ�ï�ä7ú�ë ý�ñ�ëíè�õô�õWú¶ñ�ã�ä¸ó5ä7ô�õWêÖø=Ið�ã�ë ý ã³ñ�ã�äMÑô�ï�ä¸ý3è�ó ø�ëíõ�äKú¶ëíõ�ñ�èIô5êëíõ�î�çíä æ�ï�äKú�ë ý�ñ�ëéè�õ �
¬K��� ��@®�®��"¯9���i��°i±_²@³U´B±�®_°�³��
÷ÅäÖø�ÿ�ëíçíúºÿ�æ;è�õ ñ�ã�äÖðÂè�ï��Bè�ò�ñ�ãWäÂæWÿ�ï�äÖý3è�çéç ô�ø;è�ï ô�ñ�ëéì�äLþWçéñ�äKï�ëíõ�î ô�çíî�è�ï�ëéñ�ã�ó|êÀæ�ÿ�ø�çíëíê�ã�ä7ú
ñ�ãWô�ñLý3è�ó æWÿ�ñ�ä�ê�ëéó5ëíçíô�ï�ëéñ�ëíäKêø;ä3ñ ðÂä�äKõ|ÿWê�ä�ï ê)ÿWêëíõ�î ônµ ^�V	Wkj�b-¶N·�b	WYW�^�X/V-]¸l�b-¶z·kb;^�¹�·#l�^�¶�] 3 : < 4�6Rö o5
�f � 4	��ö { ~H4r.;7 ��< ï�ä7ú�ëíý3ñ�ëíè�õWêLò è�ï>ô�õ ëéñ�äKó¯ô�ï�ä

º



ñ�ã�ä�õ¢ý�è�ó5æ�ÿ�ñ�äKú�ô�êÂñ�ã�ä
ðÂä�ëíî�ã9ñ�äKú³ô/ì�ä�ï ô�î�ä�è�òÀñ�ã�ä
ï ô�ñ�ëéõ�î9êÂò è�ï�ñ�ã�ä¸ëéñ�ä�ó|ê�ò ï�è�ó ñ�ãWè�ê�ä¸ÿWêäKï�êÖð�ãWëíý ã�ô�ï�ä
ê�ëéó5ëíçíô�ïKöð�ãWä�ï�ä ñ�ã�ä
ðÂä�ëíî�ã9ñ�ë ê�ñ�ãWä
ý3è�ó5æ�ÿ�ñ�äKú�ý�èRä#�Iý3ëíä�õ9ñ � âÖã�ä¸î�äKõ�ä�ï ô�ç"ò è�ï�óºÿ�ç ô ò è�ï ô5æ�ï�äKú�ë ý�ñ�ëéè�õ³ò è�ï ô�õ³ëéñ�äKó{ò è�ï�ÿWê�ä�ï» ë êMR
¼�½-¾;¿1À_ÁYÂ_À_Ã8Ä�Å »�ÆÈÇÊÉË�ÌPÍ A Á#Ã8½8½ Ë C Î A ½-ÏrÂ_ÀpÄÑÐ ËÓÒ À C

ÇÊÉË/ÌPÍ A Á�Ã8½;½ Ë C÷kãWä�ï�ä » ëíê�ñ�ã�ä ó ä7ô�õFï ô�ñ�ëíõ�î5ò è�ï�ñ�ã�ä ÿWêäKï�ëíõ�$�ÿWäKêñ�ëíè�õ0ö Á#Ã8½8½ Ë ë ê�ñ�ã�ä < ä7ô�ï êè�õ�Ô êÖý�è�ï�ï�äKçíô�ñ�ëíè�õ¶ý�èRä#�Iý3ëíä�õ9ñ è�òÿ�êäKï À ð�ëùñ�ã|ñ�ãWä ÿWê�ä�ï>ò è�ï>ð�ãWè�ó¯ñ�ã�ä�æ�ï�äKú�ë ý�ñ�ëéè�õIëíê>ø�äKëéõWîºý3è�ó5æ�ÿ�ñ�ä7ú�ö ½-Ï1Â_ÀpÄÑÐ Ë ï�äKæ�ï�ä7êäKõ9ñ�ê)ñ�ã�ä ï ô�ñ�ëéõ�îºêÿ�øWó ëéññ�äKúø=Iÿ�êäKï À ò è�ïÖñ�ãWä ô�ïñ�ëíý�çéäBò è�ïÂð�ãWëíý ã¶ñ�ã�ä¸æWï�ä7ú�ëíý3ñ�ëíè�õ³ëíêÖø;ä�ëíõ�î|ý3è�ó5æ�ÿ�ñ�ä7ú�ö À ë êÂñ�ã�ä
ô/ì�ä�ï ô�î�ä�ï�ô�ñ�ëíõ�î�A�ñ�ãWä
ô/ì�ä�ï ô�î�äè�ò�ñ�ã�ä�ÿWê�ä�ï¨ï ô�ñ�ëéõWî�êÀò è�ïLñ�ã�ä�ô�ï�ñ�ë ý3çíäKê)ëíõ|ý3è�ó ó5è�õ C ò è�ïLÿWê�ä�ï À ö9ô�õWú Ä ë ê)ñ�ã�ä�ñ�è�ñ�ô�ç�õ9ÿWó ø;ä�ï¨è�ò;ÿWê�ä�ï ê)ëíõºñ�ã�ä�ê�Rêñ�äKóñ�ãWô�ñ�ã�ô/ì�ä¸êè�ó5ä ý�è�ï�ï�äKçíô�ñ�ëíè�õIð�ëéñ�ã³ñ�ã�ä¸ÿWê�ä�ï�ô�õ�ú¶ã�ô/ì�äBï�ô�ñ�äKúÑñ�ãWä¸ëùñ�ä�ó �
¬K�I¬ ��@ÕE°�³�ÕE°1Ö-×u��Ø1³PÙ¤´B±�®_°�³��
? ÿWï¶ý3è�õ9ñ�ä�õ9ñ��(øWô�êä7ú�þWçéñ�ä�ï�ëíõ�î,ô�çíî�è�ï�ëéñ�ãWó5êÑó|ô�ñ�ý ãqô�ïñ�ëíý�çéäz��ä�RðÂè�ï ú�ê5ñ�è���äMRðSè�ï�ú�ê5ëíõkñ�ã�ä¤ÿWê�ä�ï³æ�ï�è�þWçíä � ÷Åäþ�ï�êñºø�ï�ëíä#Ú�$ú�äKê�ý3ï�ëíø�äÑñ�ã�äÑò è�ï�ó5ô�ñ è�ò�ñ�ã�äÑÿ�êäKïMÔ ê
æ�ï�è�þ�çéä¶ï�ä;$�ÿWëéï�äKúÅò è�ï
ñ�ãWä¶ý�ô�çíý�ÿ�ç ô�ñ�ëíè�õuè�ò�ñ�ã�ä³ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7úæWï�ä7ú�ëíý3ñ�ëíè�õ0ö�ñ�ã�äKõ³î�ëéì�äBú�ä3ñ�ô�ëéç ê�è�õ\��ä�RðSè�ï�úÑî�äKõ�ä�ï ô�ñ�ëéè�õ¶ô�õ�úÑç ô�êñ�ç�Ñú�ä7ê�ý�ï�ëíø�ä¸è�ÿ�ï�ó|ô�ñ ý ã�ëéõWîºò ÿWõWý�ñ�ëéè�õ �xSô�ý ãIÿ�êäKïÂæWï�è�þWçéäBë ê�ú�ëéìRë ú�äKú¶ëíõ�ñ�è j�^k·�]Il�b	¶ij ý�è�ï�ï�ä7êæ;è�õWú�ëéõ�î ñ�èºñ�ã�ä¸â&ô�õ�î�èºõWä�ð�ê�æWô�æ;ä�ï7ö�êÿWý ã³ô�ê | :ÂÿWê�ëíõ�äKê�ê�}è�ï | f æ;è�ï�ñ�ê � } { è�ï è�ñ�ã�ä�ï ëíõ�ò è�ï�ó|ô�ñ�ëéè�õÏê�è�ÿ�ï ý3ä7ê�ñ�ã�äKê�ä|êä7ý�ñ�ëíè�õ�êBý�è�ÿ�ç ú¢ø;ä5ó|ô�æ�æ;äKú¤ñ�è�û ê�ä�õWä3ñ¸õ�ä�ð�êBî�ï�è�ÿ�æWêBè�ï÷Åä�øIê�ä�ï�ì�äKïÀì�è�çíÿ�ó5äKê � û�êäKï�êLýKô�õ ä3å�æ�çíëíý�ëùñ�ç/ºëéõ�ú�ëíýKô�ñ�ä�æ�ï�ä�ò ä�ï�ä�õWý�äÂò è�ï¨ô�ï�ñ�ë ý3çíäKê)ëíõ ñ�ã�ä7êä�ê�äKý3ñ�ëíè�õWê)ø= ó|ô�ï��Rëíõ�î ñ�ã�äý ãWäKýk�Rø�è/å�ä7ê>ò è�ï�äKô�ý ã¶æWô�ïñ�ëíý�ÿ�ç ô�ï�ê�äKý�ñ�ëéè�õ �"
 õ�ô�ú�ú�ëéñ�ëíè�õ�ö�ÿWê�ä�ï ê�ý�ô�õFê�æ�ä7ý3ëéòÛ ^�ÜY`ÑX[l�·�lm]�Ý1^�Z-Þ@b-W�ß-j ò è�ï�äKô�ý ãFê�äKý�ñ�ëéè�õ �{ è�ï)ä3å�ô�ó æWçéä�ö�ô�ÿ�êäKïÀó|ô8
ê�ä�çíäKý�ñ)ñ�ã�äÂê�äKý3ñ�ëíè�õ | f æ;è�ï�ñ�ê�} ô�õWú
äKõ9ñ�ä�ï&ñ�ã�äG��ä�RðÂè�ï ú | :Âï�è�õWý�è�ê�}Âñ�è ëíõWú�ë ý�ô�ñ�äSëíõ9ñ�äKï�ä7ê ñëíõFêæ;è�ï�ñ�êÂô�ï�ñ�ë ý3çíäKêÂëíõÑî�äKõ�ä�ï ô�ç"ô�õ�úIã�ëíî�ã¶ëéõ9ñ�äKï�ä7ê ñÖëíõ\~�ä�õRì�äKïG:Âï�è�õWý�è ê�æ�è�ïñ êÂô�ïñ�ëíý�çéä7ê � x>ô�ý ãÑæ�ï�è�þ�çéäBêä7ý�ñ�ëíè�õ³ô�ç êèý�è�õ9ñ�ô�ëéõ�êSôºçéë êñÂè�ò lmd5`ÑX[l�·#lm]�Ý1^#Z-Þ@b	W�ß8j ñ�ãWô�ñ�ë ê>æ;è�æWÿ�çíô�ñ�ä7úIø=Iô�æ�æ;ä�õ�ú�ëéõWî ñ�ã�äH��ä�RðÂè�ï ú�êLè�ò�ñ�ã�ä ô�ï�ñ�ë ý3çíäKê>ñ�ãWô�ñSñ�ã�äÿ�êäKï ãWô�ê î�ëéì�ä�õ¢ô|ã�ëíî�ã¤ï�ô�ñ�ëíõ�îzACý�ÿ�ï�ï�äKõ�ñ�ç/�ö�ñ�ã�ä ñ�è�æ�$9ÿWô�ïñ�ëéçíä
è�òLñ�ã�ä�ëíïBï�ô�õ�î�ä¸è�ò¨ï�ô�ñ�ëíõ�î�ê C ñ�èÑñ�ã�ä ý3ÿ�ï�ï�ä�õ9ñ çíëíêñ�è�òëíó5æ�çíëíý�ëùñ���ä�RðÂè�ï ú�ê �âÖãWä¸ä3å�æ�çíëíý�ëùñ ëíõ9ñ�äKï�ä7ê ñ�ëíõWú�ë ý�ô�ñ�è�ï êOACõ�ä�ð�ê�æWô�æ;ä�ï�êä7ý�ñ�ëíè�õ�ô�õWú³ä3å�æ�çíëíý�ëùñ���ä�RðÂè�ï ú�ê C äKõWô�ø�çíä ñ�ãWä ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7úþ�çùñ�ä�ï�ñ�èÑÿ�êä ú�ëéï�äKý3ñ çíäKô�ï�õ�ëíõ�îIëíõ¢æ�ï�äKú�ë ý�ñ�ëéõWî¶ô�ï�ñ�ë ý3çíä
ëíõ9ñ�ä�ï�äKêñ � ~ ëíï�ä7ý�ñBçéä7ô�ï�õ�ëéõWîIæ�ï�è�ì9ë ú�ä7ê�æ�ï�äKú�ë ý�ñ ô�ø�çíä
ø;ä�ãWô/ìRëíè�ïò è�ï�ñ�ãWä¸ÿWêäKï ô�õ�ú¶ë ê�è�ò�ñ�ä�õFæ�ï�äKý�ëíê�ä¸ëíõFú�ä3þWõ�ëíõ�î|ÿWê�ä�ï ëéõ9ñ�äKï�ä7ê ñ7ö�ø�ÿ�ñ�ï�ä;$�ÿWëéï�äKêÖô5çíè�ñ�è�ò)ó|ô�õRÿWô�ç0ä3ü"è�ï�ñ�ëéõFè�ï�ú�äKïÖñ�èô�ý ã�ëíä�ì�ä¸ô�ý�ý3ÿWï�ô�ñ�äBæ�ï�ä7ú�ë ý�ñ�ëíè�õ�ê �âÖãWäÑëíó æWçéë ý3ëéñºëíõ9ñ�ä�ï�äKêñºëíõWú�ë ý�ô�ñ�è�ï\A ëíó5æ�çíëíý�ëùñà��äM9ðÂè�ï ú�ê C ä�õWô�ø�çíäKê¸ñ�ã�ä¶ý�è�õ9ñ�äKõ9ñ��QøWô�ê�äKúÅþWçéñ�äKï
ñ�è¤ÿWê�äÑëíõWú�ëíï�ä7ý�ñçíäKô�ï�õWëéõ�îFëíõ$æ�ï�ä7ú�ë ý�ñ�ëíõ�î�ëíõ9ñ�ä�ï�äKêñ
ëíõÏñ�ã�äIô�ø�êäKõWý3ä7ê è�ò9A è�ï
ú�äKê�æ�ëùñ�ä C ñ�ã�ä|ä3å�æ�çíë ý3ëéñ
ëéõ9ñ�äKï�ä7ê ñ
ëíõWú�ë ý�ô�ñ�è�ï�ê �B
 õWú�ëíï�ä7ý�ñçíäKô�ï�õWëéõ�î¸ú�èRä7êLõ�è�ñ¨ï�äM$9ÿ�ëíï�äÂä�åRñ�ä�õ�êëíì�ä�ÿWê�ä�ïLä�ü;è�ïñ7ö�ø�ÿ�ñ>ó|ô8
ó5ëíê�ê¨ê�è�ó5äÖæ�è�ñ�ä�õ9ñ�ëíô�çéç� ÿWê�ä3ò ÿWç�ý3è�õ9ñ�ä�õ9ñLëíõ�ò è�ï�ó|ô�ñ�ëíè�õô�õWúFý�ô�æ�ñ�ÿ�ï�ä¸êè�ó5äBõWè�õ��QÿWê�ä3ò ÿ�ç0ý�è�õ9ñ�äKõ�ñ�ëíõ�ò è�ï�ó|ô�ñ�ëéè�õ �âÀèIî�ä�õ�äKï�ô�ñ�äO��ä�RðSè�ï�úWê�ö�ò è�ï�ä7ô�ý ã¢ô�ïñ�ëíý�çéä
ðÂä
ï�ä�ó5è�ì�ä
êñ�è�æ¢ðÂè�ï ú�êO3 { è/åi4�287Lô�õ�ú³ñ�ã�äKõ¤æ;ä�ï�ò è�ï�ócðÂè�ï ú�ê ñ�ä�ó��ó5ëíõ�î�3 { ï ô�6��-7 � F äM9ðÂè�ï ú�êLô�ï�ä�ê�ä�çíäKý3ñ�äKú5ø�ô�ê�äKú è�õIô ò ï�äM$9ÿ�äKõWý#5ý3è�ÿ�õ9ñ¨è�ò0ðÂè�ï ú�êKö�ô�ê�êÿWó ëíõ�î ñ�ãWô�ñSñ�ã�ä�è�ýKý3ÿ�ï�ï�äKõWý3äè�ò&ðÂè�ï ú�êÂëíõFô�õ³ô�ïñ�ëíý�çéäBò ÿ�ï�õ�ë êãWäKê�ô ÿWê�ä3ò ÿ�ç�ó ä7ô�ê�ÿ�ï�ä�ó5ä�õ9ñÖè�ò)ðSè�ï�ú¶êëíî�õ�ëéþ�ýKô�õWý�äà3 �0ÿWã�0	687 �âÀè ý�è�ó5æ�ÿ�ñ�ä�ñ�ãWä�ú�äKî�ï�ä�ä�è�ò�ó|ô�ñ ý ãIø;ä3ñ ðÂä�ä�õ5ñ�ã�ä�ô�ïñ�ëíý�çéä���ä�RðÂè�ï ú�êLô�õ�ú5ñ�ã�äH��äM9ðÂè�ï ú�ê)ëíõ|ñ�ãWä ÿWê�ä�ï;Ô ê¨æ�ï�è�þWçíä�öðÂä ÿWê�ä ñ�ã�äNáGâ ^#WYX/Vk`�ã�b;^�¹�·�l�^#¶�] î�ëéì�ä�õ³ëéõ³ñ�ã�ä ò è�çíçéè�ð�ëíõ�î ò è�ï�ó ÿWçíô�R

ä Å .�å æèç�é�å
ê\ÀpÄ A�å æzå�ë;å é�å C

÷kãWä�ï�ä9ì<ë êÂñ�ã�ä¸ê�ä3ñ�è�ò���äM9ðÂè�ï ú�êSä3åRñ�ï ô�ý3ñ�ä7ú|ò ï�è�ó ñ�ã�ä¸ô�ï�ñ�ë ý3çíäBô�õWú�í,ëíêSñ�ãWä
êä�ñÖè�ò���äMRðSè�ï�ú�êSëíõÑñ�ã�ä¸ÿWê�ä�ï;Ô êæWï�è�þWçéä � âÖã�ä ý3èRä��|ý�ëéäKõ9ñKöPîFö;ë ê�õ�è�ñ ëéõiÚWÿ�ä�õ�ý3äKú¢ørÑñ�ã�ä êë���ä7ê�è�ò�ì ô�õWú�íÖö�ð�ã�ëíý ã�ë ê ú�äKê�ëéï ô�ø�çíä
ô�ê�ñ�ã�äºõ9ÿWó ø;ä�ïè�ò¨ô�ï�ñ�ë ý3çíä9��ä�RðÂè�ï ú�ê�ý3è�ÿ�ç úFø�ä
óºÿWý ã�ç ô�ï�î�ä�ïÂñ�ãWô�õFñ�ã�än��ä�RðSè�ï�úWêSëíõ�ñ�ã�ä
ÿWê�ä�ï;Ô ê�ä3å�æ�çíëíý�ëùñ���ä�RðÂè�ï úÑçíëíêñ è�ï�ó ÿWý ãê�ó|ô�çíçéäKïÖñ�ãWô�õ³ñ�ã�ä9��ä�RðSè�ï�úWê>ëíõ�ôºÿ�êäKïMÔ êÖëéó5æ�çíë ý3ëéñ5��ä�RðÂè�ï úIçíëíêñ �< ï�ä7ú�ë ý�ñ�ëíè�õ�ê�ò ï�è�óÊñ�ã�ä ñ�ã�ï�ä�ä5ëíõ�ñ�ä�ï�äKêñBëíõWú�ë ý�ô�ñ�è�ï�êKö"ä3å�æ�çíëíý�ëùñ9��äMRðSè�ï�ú�êKö;ëéó5æ�çíëíý�ëùñO��ä�RðÂè�ï ú�ê ô�õWú¤õWä�ð�ê�æWô�æ;ä�ïê�äKý3ñ�ëíè�õ0ö�ô�ï�ä ý�è�óºø�ëéõWäKú5ìRëíô ó|ô�ñ�ý ãWëéõ�î ò ÿ�õWý3ñ�ëíè�õWêSð�ëùñ�ãIñ�ã�ä�ô�ïñ�ëíý�çéäH��ä�RðÂè�ï ú�ê¨ô�õWúIê�äKý�ñ�ëéè�õ � û�õ9ñ�ëíç"ðSäBú�ä3ñ�ä�ï�ó ëíõ�äô�æ�æ�ï�è�æ�ï�ë ô�ñ�äÖðÂä�ëíî�ã9ñ�êLò è�ï¨ä7ô�ý ã5ý3è�õ9ñ�ä�õ9ñ��Qó|ô�ñ�ý ã ñ�ã�ï�è�ÿ�î�ã5ä�å9ñ�ä�õWê�ëíì�äÖÿWê�ä�ï>êñ�ÿWú�ëéä7ê�ö9ðSä�î�ëéì�ä�äKô�ý ã ô�õ ä;$9ÿWô�ç�ðÂä�ëíî�ã9ñè�ò +-,-� ô�õWú³ý3è�ó ø�ëíõ�ä ñ�ã�ä�ó{ñ�è5æ�ï�èRú�ÿWý3ä¸ô|ê�ëéõ�î�çéä¸ý�è�õ9ñ�äKõ�ñ��(ø�ô�ê�äKúIæWï�ä7ú�ëíý3ñ�ëíè�õ �

ï



Web
Browser Data-

base
TangoFront

End
Back
End

ðÖ�mñ����3�I�=ò��
ª0� ����Â¡��Óñ��F	Ñó;¥������õô ���Kª0�������/�3������ö�����Â¡��Óñ��¶�/���0¥�� ¥��3¥���÷L¡�÷(�3���������0¦L§�¦0¡R�3¡=ø�¡�¥�� ¡��0¦Nø�¡���ù����0¦�öÖ�
ª��
�0¥����5¡����/��¥3¥���¥5�3ª0�\÷(�3�����º���0¦Y�3ª��3����ñ�ªY¡�ú��-ø�ø0����ú ¥�����öº�
ª��\ø�¡��#ùY���0¦�¦���ú ��û���¡�¦0¥ ¡R�3�3� �-û���¥ü÷*�����f�3ª��³�k�����/��¥������
�S�	û��-ñ���¡��f¡���¦�ý5¡=þ��������Nÿ|��û � �����Q�Â¡��Óñ����Mö

¬K��� ����è¯%±�Õ5��°i±��EÕ ´B±�®�°�³��
�Lè�î�ñÂä3ñÂô�ç;ê�ã�è�ðÂäKú ñ�ãWô�ñÖô ê�ëéó5æ�çíä çíëéõWäKô�ïÂý3è�ó ø�ëíõWô�ñ�ëéè�õ|è�ò�ê�ý3è�ï�ä7ê¨ï�ä3ñ�ÿWï�õ�ä7ú5ø=5ú�ëùü"ä�ï�ä�õ9ñ 
 õ�ò è�ï�ó5ô�ñ�ëíè�õ o ä�ñ�ï�ëéäKì�ô�çô�î�äKõ�ñ ê
ý�ô�õ$ëéó5æ�ï�è�ì�ä5ñ�ã�äIæ;ä�ï�ò è�ï�ó5ô�õWý3ä|è�òÖñ�ã�è9êä|ëíõWú�ëíìRëíú�ÿ�ô�çSê��ê ñ�ä�ó|ê¸è�õuõ�ä�ð ú�è�ý3ÿWó äKõ9ñ�êKö&ô�ý ã�ëéäKìRëéõ�î¢ôFø;ä3ñ��ñ�ä�ï|æ;ä�ï�ò è�ï�ó|ô�õWý�äÑñ�ãWô�õ�ô�õ=uëíõWú�ëíì9ë ú�ÿWô�ç�ô�î�ä�õ9ñ�3 � � :G:G4� 87 � ÷Åä�ø�ÿ�ëíçíúYÿ�æ;è�õYñ�ã�äKëéï|ðÂè�ï��uø= ý3è�ó ø�ëíõ�ëíõ�î$è�ÿ�ïý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä�þWçéñ�ä�ï�ëíõ�î5æ�ï�ä7ú�ë ý�ñ�ëíè�õ³ð�ëéñ�ãFè�ÿ�ï�ý�è�õ9ñ�äKõ9ñ��QøWô�ê�äKúÑæ�ï�ä7ú�ë ý�ñ�ëíè�õFÿWê�ëíõ�î|ôºðÂä�ëíî�ã9ñ�äKú³ô/ì�ä�ï ô�î�ä �âÖãWäLñ�ï�ëíýk�Bë ê�ñ�è�ý3è�ó5ä¨ÿWæ
ð�ëùñ�ã¸ñ�ãWä>ðÂä�ëíî�ã9ñ�ê"ñ�ãWô�ñ&ï�ä7êÿWçùñ�ëíõ¸ñ�ã�ä¨ó5è�êñ&ô�ý�ý3ÿWï�ô�ñ�äLæ�ï�äKú�ë ý�ñ�ëéè�õ � âÖãWä>ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�äþ�çùñ�ä�ï�ëéõ�î¶æ�ï�äKú�ë ý�ñ�ëéè�õWê ô�ï�ä
ó5è�ï�ä
ëíõWô�ý�ý3ÿWï�ô�ñ�ä
ëíõ¤ý�ô�êä7ê�ð�ã�äKï�ä
ñ�ã�äºñ�ã�äºõRÿ�ó ø;ä�ï7ö;ô�î�ï�ä�äKó äKõ9ñ è�ï�ã�ëíêñ�è�ï�³ø;ä3ñ ðÂä�ä�õÿ�êäKï�êÂë êSçíè�ð 3 e � 4�4-7 ��f ëíó ëíç ô�ï�ç/�ö�ñ�ã�ä�ï�ä ô�ï�äBýKô�ê�äKêSð�ã�ä�ï�ä ñ�ã�ä ý3è�õ9ñ�ä�õ9ñ��QøWô�ê�äKúIæ�ï�ä7ú�ë ý�ñ�ëíè�õ�êÂô�ï�ä�ó5è�ï�ä�ëíõWô�ýKý3ÿ�ï ô�ñ�ä�öê�ÿWý ãÑô�ê¨ð�ã�äKõÑô¸ÿWê�ä�ï ê¨ã�ô�ê¨õWè�ñÂê�æ;äKý3ëéþWä7ú|ä3å�æ�çíëíý�ëùñ ��äM9ðÂè�ï ú�êKö�è�ïSãWô�ê>ï�ô�ñ�ä7ú ñ�èRè¸ò ä�ðqô�ïñ�ëíý�çéä7ê¨ã�ëíî�ãWç/ºñ�èºî�ä�õWä�ï ô�ñ�äëíó5æ�çíëíý�ëùñ���ä�RðÂè�ï ú�ê �:Âè�ñ�ãºñ�ã�ä�ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä¨þ�çùñ�ä�ï�ëéõ�î¸ô�õWúºý�è�õ9ñ�äKõ9ñ��QøWô�ê�äKúºê�ý�è�ï�äKê)ô�ï�äSëíó5æ�è�ïñ ô�õ9ñLø�ÿ�ñLñ�ã�ä�ä3åRñ�äKõ9ñ¨è�òWñ�ã�ä�ëíïLëíó æ;è�ï��ñ ô�õWý�ä�ñ�è�ðÖô�ï ú�êÀñ�ãWä ô�î�î�ï�ä�î�ô�ñ�äÖê�ý�è�ï�äOA è�ï¨æ�ï�äKú�ë ý�ñ�ëéè�õ C ëíê>ì�äKï�
ÿ�êäKï�� êæ;äKý�ëùþ;ý � ÷Ïä�ñ�ã�ä�ï�ä3ò è�ï�ä�ëíó5æ�çíä�ó5ä�õ9ñ>æ;ä�ï��(ÿ�êäKïKöæ;ä�ï�� ô�ï�ñ�ë ý3çíä ðÂä�ëíî�ã9ñ�ê�ò è�ïBñ�ã�ä5ý3è�õ9ñ�ä�õ9ñ��(øWô�êä7ú�ô�õWú¤ý3è�çíç ô�ø;è�ï ô�ñ�ëíì�ä æ�ï�ä7ú�ë ý�ñ�ëíè�õ�ê � âÖã�äKê�ä ðSäKëéî�ã�ñ ê ýKô�õ¤ô�çíê�è¶ý ãWô�õ�î�äè�ì�ä�ïÂñ�ëíó5ä ñ�è|ï�ä#ÚWä7ý�ñÖñ�ãWä
ý ãWô�õ�î�ä�ëíõFÿWê�ä�ïÖñ�ô�ê ñ�äKê �÷Åä�ê ñ ô�ï�ñ&ø=
î�ëéìRëíõ�î ô�õ ä;$9ÿWô�ç�ðÂä�ëíî�ã9ñ&ñ�èBø�è�ñ�ã ñ�ã�ä�ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�äLþWçéñ�äKï�ëíõ�î¸ô�õ�ú¸ñ�ãWä�ý3è�õ9ñ�ä�õ9ñ��QøWô�ê�äKú ê�ý�è�ï�äKê�ò è�ïô�çéç0ñ�ã�ä¸ÿWê�ä�ï ê � (�ê�ÿWê�ä�ï êÂó5ô���ä ï ô�ñ�ëíõ�î9ê�ö�ðÂä¸ý3è�ó5æ�ÿ�ñ�ä ñ�ãWä
ô�øWê�è�çíÿ�ñ�ä äKï�ï�è�ïÂò ï�è�ó ñ�ã�ä
ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7úIæ�ï�äKú�ë ý�ñ�ëéè�õWêô�õWú ñ�ã�äÖý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä>æ�ï�äKú�ë ý�ñ�ëéè�õWê&ô�õWú ô�ú8> ÿ�ê ñ&ñ�ã�äÖðÂä�ëíî�ã9ñ�ê)ê�è�ô�ê�ñ�è ó ëíõ�ëíó5ë/�KäÂæ�ô�êñ&äKï�ï�è�ï � âÖã�äÂðSäKëéî�ã9ñ�ê)ô�ú8> ÿ�ê ñ$9ÿ�ë ýk�Rç/¶ô�ñ�þWï ê ñ7ö�ø�ÿ�ñ ê�çéè�ðEô�êÂñ�ã�ä¸õRÿ�ó ø;ä�ï�è�ò&ï ô�ñ�ëéõ�î9êÖô�õWú³æ�ï�äKú�ë ý�ñ�ëéè�õWêÖëíõWý3ï�äKô�êä �
	 
���¥���£�
÷Åä�ãWô/ì�äFú�äKê�ëéî�õ�äKú�ô�õWú�ú�äKì�äKçéè�æ�ä7úYôÏþWçéñ�äKï�ëíõ�î ê�Rêñ�äKó_ò è�ïIñ�ã�ä�÷Åè�ï ý3ä7ê ñ�ä�ï|â�äKçéäKî�ï ô�ófô�õWú�e ô	��ä�ññ�ä ? õ�çéëíõ�äA*âÀô�õ�î�èu3 ñ�ô�õi7 C ñ�è³ÿWê�ä|ô�êBôÑñ�äKêñ��Qø�ä7ú�ò è�ï¸ï�ä7êä7ô�ï ý ã¢ô�æ�æ�ï�è�ô�ý ã�äKê�ñ�è�ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä¸þWçéñ�äKï�ëíõ�î �à? ÿ�ï¸ê��êñ�ä�óFö < äKï��ê�è�õ�ô�çíë/�KäKúIâ&ô�õ�î�è è�ïKµ���� V-¶��1b ö�æ�ï�è�ì9ë ú�ä7ê>ôºæ�äKï�ê�è�õWô�çéë���ä7ú�öRý3ÿWêñ�è�ó ë��Kô�ø�çíä�ö9÷ÏäKø��(ø�ô�ê�äKúIëíõ9ñ�äKïòCô�ý3ä�ñ�è â&ô�õWî�è � âÖã�ä< �Qâ&ô�õWî�è¢ê�Rêñ�äKónã�ô�ê¸ñ�ã�ï�ä�äÑý�è�ó5æ�è�õ�ä�õ9ñ ê�Rºñ�ã�ä�� W�b-¶�]O^#¶Ñß ö)ñ�ãWä ß�V	]pV1c�V-j�^ ô�õWú$ñ�ã�ä ckV�·kÝu^#¶Ñß ö¨ô�ê ú�äKæ�ëíý3ñ�ä7úuëéõ
{ ëíî�ÿ�ï�äà+ �
�K��� ´K�i�@ÕE°��NÕ�Ù
âÖãWäIò ï�è�õ9ñ
ä�õWú,ô�çíçéè�ð�ê ÿWê�ä�ï ê¸ñ�è¢çíè�î�ëíõ0ö&ó5èRú�ëùòÛÅñ�ãWä�ëíï ÿWê�ä�ï
æWï�è�þWçéä7ê�ö)ô�õ�ú$ø�ï�è�ð�ê�ä�ö&ï�äKô�ú$ô�õWú$ï�ô�ñ�äIõWä�ð�ê�æWô�æ;ä�ïô�ïñ�ëíý�çéä7ê � âÖãWä ò ï�è�õ�ñ�äKõWúFý3è�õWêë êñ�êÖè�ò&ñ�ãWä¸ðSäKø³æ�ô�î�ä7êÖô�ý�ý�äKê�êëíø�çíäBñ�ã�ï�è�ÿ�î�ã³ô5÷Åä�øFø�ï�è�ð�ê�ä�ï7ö9ï�ÿ�õFø=Iñ�ã�ä¸ÿWê�ä�ï�è�õñ�ã�ä�ëíïÂðSè�ï���êñ�ô�ñ�ëéè�õ5è�ï < � ö�ô�õWú�(�ý�ñ�ëíì�ä f ä�ï�ì�äKï < ô�î�äKêKö�ï�ÿ�õIè�õÑô
÷këíõWú�è�ð�êE& âkðÂè�ï���ê ñ ô�ñ�ëíè�õ|ô�ñS÷ <�
Y�=< � â&ô�õ�î�èê�ÿ�æ�æ;è�ï�ñ�ê�ô�õ=¶êñ�ô�õWú�ô�ï�ú¶÷ÏäKø¢ø�ï�è�ð�êäKïÖñ�ãWô�ñ�ê�ÿ�æ�æ;è�ï�ñ�êÖò ï ô�ó5äKêKöWê�ÿWý ã¢ô�ê�ñ�ã�ä
ï�äKý�ä�õ9ñ�ì�äKï�ê�ëíè�õWêÖè�ò�& ä3ñ ê�ýKô�æ;ä ô�õWú

 õ9ñ�ä�ï�õ�ä3ñ5xLå�æ�çíè�ï�ä�ï7ö�ô�çíçéè�ð�ëíõ�îºÿWêäKï�êSñ�è5ô�ý�ý�äKê�ê < �Qâ&ô�õWî�è ð�ëéñ�ãWè�ÿ�ñ�õ�äKäKúÑò è�ï�ô�ú�ú�ëéñ�ëíè�õWô�ç"ý�ÿWêñ�è�ócý3çíëéäKõ�ñ�ê�è�ò�ñ ðÖô�ï�ä �÷kãWä�õÅþWï ê ñ
ÿWê�ëíõ�î < � âÀô�õ�î�è�ö�ÿWê�ä�ï ê ó ÿWêñ
ï�äKî�ë ê ñ�ä�ï
ô³æWê�ä�ÿWú�è�õ=Rónô�õ�úÅê�ä�çíäKý3ñ ô³æWô�ê�êðÂè�ï ú � �0è�î�ëíõÏë ê ñ�ã�ä�õô�ý�ý�è�ó5æ�çíëíê�ã�äKú¤ð�ëùñ�ãuô¶ê�ëéó5æ�çíä5õWô�ó5ä|ô�õ�ú¢æWô�ê�ê�ðSè�ï�ú0ö;ð�ëéñ�ãÏñ�ãWä|è�æ�ñ�ëéè�õ¤è�òÂÿWê�ëéõ�îFô�ÿ�ñ�è�ó|ô�ñ�ë ýºçíè�î�ëéõÏìRëíô³ý3èRè��RëíäKêò è�ï�êÿWøWêä;$9ÿ�ä�õ9ñ�ìRëíê�ëéñ�ê � û æ�è�õ³ñ�ã�äKëéï�þ�ï�êñ�çéè�î�ëíõ0ö�ÿWê�ä�ï ê�ô�ï�äBï�äM$9ÿ�ä7ê ñ�äKúIñ�èIê�ä3ñ�ÿ�æ¶ñ�ã�äKëéï æ�äKï�ê�è�õWô�ç�æ�ï�è�þWçíä �âÖãWäºÿWê�ä�ï æ�ï�è�þ�çéä æWô�î�äºçíë ê ñ ê ñ�ã�ä|ô/ì�ô�ëíçíô�ø�çéäºõ�ä�ð�ê�æWô�æ�äKï ê�äKý3ñ�ëíè�õWê ô�õWú¢æ�ï�è�ìRëíú�äKêBý ã�äKýk�Rø;è/åRä7ê�ò è�ï ëéõWú�ëíýKô�ñ�ëíè�õè�òLëéõ9ñ�äKï�ä7ê ñ�ëéõ�ä7ô�ý ã�êä7ý�ñ�ëéè�õFô�ê ú�äKæ�ë ý�ñ�ä7úFëéõ { ëíî�ÿ�ï�än. � ( çéç&êäKçéä7ý�ñ�ä7ú�êä7ý�ñ�ëéè�õWê�ô�ï�ä
ô�úWú�äKú³ñ�èIô|ÿWê�ä�ï ú�ï�è�æ�ú�è�ð�õçíë ê ñ�ø�è/åIñ�ãWô�ñ�ô�æ�æ�ä7ô�ï êÖô�êÖô õWô/ìRëéî9ô�ñ�ëíè�õ¶ô�ë úÑô�ñÖñ�ã�ä¸çéä�ò�ñ�è�ò�ñ�ã�ä < � âÀô�õ�î�èºð�ëéõ�ú�è�ð � x>ô�ý ã¶ÿWê�ä�ï�ý�ô�õ³ô�çíê�èºëíõWú�ë ý�ô�ñ�äñ�ã�ä¶ú�äKê�ëéï�äKú ê�äKý3ñ�ëíè�õ$ñ�èÏô�æWæ�ä7ô�ïºô�ê¸ñ�ã�ä�ëíï | ò ï�è�õ�ñºæWô�î�äM}�ð�ã�äKõ ï�ä#�Qì9ë ê�ëùñ�ëéõ�î < �Qâ&ô�õWî�è �N
 õYô�ú�ú�ëéñ�ëíè�õ�ö&ÿ�êäKï�êºý�ô�õê�æ;äKý3ëéòÛuó ÿWçùñ�ë��QðSè�ï�ú$ä�å�æ�çéë ý3ëéñü��ä�RðÂè�ï ú�ê¸ð�ëéñ�ã�ëíõ,ä7ô�ý ã ê�äKý�ñ�ëéè�õ � âÖãWä¶ý3ÿWï�ï�ä�õ9ñ õ�äKð�êæ�ô�æ;ä�ï5êä7ý�ñ�ëíè�õ�ê ê�ÿ�æ�æ;è�ï�ñ�äKú

�



ðÖ�mñ����3�Å«aòF� ª��¤����Â¡��Óñ��Êÿ5��û �C����� �-ú ¥3��¡R�)����� ¥����³� �3���Pû���ö�� ¥�����¥¶��¡��<�Kª0¡��Óñ��Å��¡�¥3¥YúB����¦0¥¶¡��0¦q���¢¡���û §Â�Kª��;��¥��
���-ú ¥3��¡R�)���
¥����/�3�����0¥
¡���¦'ù��-ó�úB����¦0¥ ��÷Â�C�W�����3��¥3� ¡��0¦u¦����������¤� ���Bú ª0�C��ªu¥����/�3�����Y� ¥ �3ª����k÷(�3�����¸��¡=ñ���ö! 

ô�ï�ä1R�(�ï ý ã�ëíì�äKêKöG:Sï�äKô��Rëéõ�îu&�äKð�ê�öK:ÂÿWê�ëéõWäKê�ê�ö � ëùñ��x>ú�ëéñ�ëíè�õ�ö � è�ó óºÿ�õ�ëéñ� < ô�î�äKêKöExSú�ëéñ�è�ï�ë ô�ç ê�ö { èRè�ú�ö L äKô�çùñ�ã0öJ è�ì9ëíäKêKö�& ô�ñ�ëíè�õa,�÷Ïè�ï�ç ú�ö ? ø�ëéñ�ÿWô�ï�ëíäKêKö < ä�è�æWçéä�ö o ä�î�ëíè�õ�ô�ç(ö f æ;è�ï�ñ�êKö�âÖëíó ä ? ÿ�ñ7ö�â�ï ô/ì�äKç;ô�õWú#"¨è�ÿ�ï�â�è�æ³âÀä�õ��0ë êñ �(�ú�ú�ëéñ�ëíè�õWô�ç¨êä7ý�ñ�ëéè�õWêBëéõWý�çéÿ�ú�ä ñ�ã�ä5ï�ä�î�ÿWçíô�ï�âÀä�çíä�î�ï ô�ó}ô�õWú�e ô���ä�ññ�ä5ý3è�çéÿWó õWëíêñ�ê¸ô�õWúz& è�ï�ñ�ã0ö f è�ÿ�ñ�ã0ö�x>ô�ê ñ¸ô�õWú÷ÅäKêñ�ï�ä�î�ëíè�õ�ô�ç�êä7ý�ñ�ëéè�õWêÂò è�ï�çíè�ý�ô�çíëéñ�ëíäKê�ô�ï�è�ÿWõWúÑ÷Åè�ï ý3ä7ê ñ�ä�ï �< �Qâ&ô�õWî�è¶ú�ëéìRë ú�äKêBñ�ã�ä5ø�ï�è�ð�ê�ä�ïBð�ëíõWú�è�ð ëíõ9ñ�è¶ò ï�ô�ó5äKê¸ô�ê ú�äKæ�ë ý�ñ�ä7úÅëéõ { ëéî�ÿ�ï�äà� � âÖã�ä ñ�è�æ¤ò ï ô�ó5ä|ý3è�õ9ñ�ô�ëíõWêñ�ã�ä¶ñ�ëéñ�çíä�ö>ô�çéçíè�ð�ê
ó5è�ú�ëéþ�ý�ô�ñ�ëíè�õ,è�ò�ÿWê�ä�ï5êä�ññ�ëíõ�î9êºô�õWú ô�ýKý3ä7ê�ê
ñ�èÏñ�ã�ä³ÿWê�ä�ï æWï�è�þWçéä � âÖãWä¶çíä3ò�ñ ò ï�ô�ó5ä¶ý3è�õ9ñ�ô�ëíõWêõWä�ð�ê�æWô�æ;ä�ïÂõWô/ìRëéî9ô�ñ�ëéè�õIô�ë ú�ê�öRëíõWý3çíÿWú�ëíõ�î5ô
çíëíêñÖè�òÀô�çéç;æ�è9ê�ê�ëíø�çéäBõ�äKð�êæWô�æ�äKïÂê�äKý3ñ�ëíè�õWêKöRô æ;ä�ï êè�õWô�çíë���äKú|ú�ï�è�æ��Qú�è�ð�õçíë ê ñ�ø�è/åÑè�òÀñ�ã�è�ê�ä êä7ý�ñ�ëíè�õ�êÖð�ã�ëíý ã³ðÂä�ï�äBëíõWú�ë ý�ô�ñ�ä7úÑè�ò&ëíõ9ñ�ä�ï�äKêñÖëéõ³ñ�ãWä¸ÿWêäKïÖæ�ï�è�þWçíä ô�õWú³ô ñ�ä3åRñ��Qø;è/åIò è�ï�ê�äKô�ï�ý ã�ä7ê �âÖãWä ó5ëíúWú�çéä�ò ï ô�ó5ä ëíõ�ëéñ�ë ô�çíç/|ê�ã�è�ð�ê>ô¸çíë ê ñÖè�ò�ñ�ã�ä�ô�ïñ�ëíý�çéä7ê¨ëíõIñ�ãWä�ý3ÿWï�ï�ä�õ9ñSê�äKý3ñ�ëíè�õ � âÖã�ë êSô�ïñ�ëíý�çéä ëéõWú�ä3åIçíëíêñ�êSäKô�ý ãô�ïñ�ëíý�çéä ð�ëéñ�ãÅëùñ ê ñ�ëùñ�çéä|ô�õWú¢ø=Rçéëíõ�ä�A çíè�ý�ô�ñ�ëéè�õ0ö"þWï ê ñ¸ê�ä�õ9ñ�äKõWý3ärACê C è�ò>ñ�ãWä ô�ïñ�ëíý�çéä5ô�õWúÏêè�ó5ä3ñ�ëíó5äKê�ñ�ãWä õWä�ð�ê�æWô�æ;ä�ïï�ä�æ;è�ï�ñ�äKï C#� û æ�è�õÑê�ä�çíäKý�ñ�ëéõWî ô�õIô�ïñ�ëíý�çéänA*ô�ê>ëéõ { ëíî�ÿ�ï�ä�� C ö�ñ�ã�ä�ó ë ú�ú�çíä�ò ï ô�ó5ä�ñ�ä3åRñSë ê¨ï�ä�æWçíô�ý3äKú5ø=ºñ�ã�ä ò ÿ�çíç;ô�ïñ�ëíý�çéäñ�ä3åRñ ô�õ�ú³ôºò ï ô�ó5äBò è�ï�äKõ�ñ�ä�ï�ëéõWî ï ô�ñ�ëéõWî�êÖô�æ�æ;äKô�ï�êÖè�õÑñ�ã�ä¸ï�ëéî�ã�ñ��(ã�ô�õWú¶êë ú�ä¸è�òÀñ�ã�ä¸øWï�è�ð�ê�ä�ï �û æ�è�õ¢ï�äKô�ú�ëéõ�î¶ô�õ¢ô�ï�ñ�ë ý3çíä�ö;ÿWê�ä�ï ê�äKõ�ñ�ä�ïBï�ô�ñ�ëíõ�î�ê�ì9ë ôÑôÑý3è�çíè�ï�� ý3è�ú�äKú³ï ô�ñ�ëéõ�î9ê�øWô�ï è�õ�ñ�ã�äºï�ëíî�ã9ñ ã�ô�õWú¢ê�ë ú�ä è�òñ�ã�ä æ�ô�î�ä � âÖãWä
øWô�ï ëíê õ�è�ñ õRÿ�ó5äKï�ë ý�ô�çéç�Ñç ô�ø;ä�çíäKú�ö;ø�ÿ�ñ�ï�ô�ñ�ã�äKï�ñ�ã�ä ñ�è�æ�è�ò)ñ�ã�ä øWô�ï�ë ê�ï�äKú�ô�õWúFç ô�ø;ä�çíäKú | J è�ï�äM}�öð�ãWëéçíä ñ�ã�äBø�è�ññ�è�ó è�ò0ñ�ã�äBøWô�ïÂëíêSø�çíÿ�ä ô�õWúÑçíô�ø�äKçéä7ú | ��äKê�ê � }¢âÖã�äBä�õ9ñ�ëéï�ä øWô�ïSë êSñ�ã�äKõÑð�ï ô�æ�æ;äKúIëéõÑñ�ã�ä æ�ã�ï ô�ê�ä | 
ðÂè�ÿWçíúÑçéë���äBñ�è5ê�ä�ä�$ øWô�ï&%Bè�ò�ñ�ã�ëíêÂñ�Ræ;ä è�òÀô�ïñ�ëíý�çéä � }ÅâÖã�äBÿWêäKï�êäKçéä7ý�ñ�ëíè�õ³ô�çíè�õ�îºñ�ãWäBø�ô�ïÖëíêÂó|ô�æWæ�ä7úIñ�è ô�õ¶ëíõ9ñ�ä�î�ä�ïø;ä3ñ ðÂä�äKõu+àACçéä7ê�ê C ñ�è�+;2*ACó5è�ï�ä CY�< ï�ä7ú�ë ý�ñ�ëíè�õ�êÀè�ò�ëíõ9ñ�ä�ï�äKêñ¨ô�ï�äÖî�ëíì�ä�õºëéõ5è�õ�äÖè�òWñ ðÂè ðÂô8�êKö�êäKçéä7ý�ñ ô�ø�çíäÖør
ñ�ã�ä�ÿWê�ä�ï � âÖãWäÖú�ä3òCô�ÿWçùñ¨ðÖô8¸ëíêLñ�è ãWô/ì�äñ�ã�ä¸ò ï�è�õ9ñ�ä�õ�ú�êã�è�ð<ñ�ãWä¸ñ�ëéñ�çíä ô�õ�ú¶ø=Rçíëéõ�ä è�òLô�ï�ñ�ë ý3çíäKê�è�ò&ã�ëíî�ã�ëíõ9ñ�äKï�ä7ê ñnACÿ�æ�æ;ä�ïH$9ÿWô�ïñ�ëéçíä¸è�òLô5ÿWê�ä�ï;Ô ê�æ�ï�ä7ú�ë ý�ñ�ëíè�õï ô�õWî�ä C ð�ëéñ�ã¶ô ø�çéÿWä øWô�ýk�9î�ï�è�ÿ�õWú�ö�ð�ãWëéçíä�ñ�ã�ä�ñ�ëéñ�çíä�ô�õWú ø=9çíëíõ�ä�è�ò0ô�ïñ�ëíý�çéä7êLè�ò�çíè�ð�ëíõ9ñ�äKï�ä7ê ñ�ACçéè�ðÂä�ïLñ�ã�ï�ä�ä�$9ÿWô�ïñ�ëéçíäKêè�òÂô³ÿWê�ä�ï;Ô ê æWï�ä7ú�ëíý3ñ�ëíè�õÅï�ô�õ�î�ä C ô�ï�ä5ê�ã�è�ð�õÏð�ëéñ�ã$ô³ð�ã�ëéñ�ä|øWô�ýk�9î�ï�è�ÿ�õWú � (�çéñ�äKï�õWô�ñ�ëíì�äKç/�ö�ñ�ã�ä ò ï�è�õ9ñ¸ä�õWú$ýKô�õ¤ø;äý�è�õ�þ�î�ÿ�ï�äKú$ñ�èÅê�ã�è�ð æ�ï�äKú�ëíý3ñ�äKú,ëéõ9ñ�ä�ï�äKêñ ð�ëéñ�ã +Ññ�èu0 | êñ�ô�ï�ê�}¢ô�æWæ�ä7ô�ï�ëéõ�î¢ñ�èÏñ�ã�äFçíä3ò�ñ5è�ò�ñ�ã�äFørRçíëéõWä¶è�ò äKô�ý ãÿWõ�ï�ä7ô�ú³ô�ï�ñ�ë ý3çíä �÷kãWä�õ¶ú�ëíê�æ�ç ô89ëíõ�î ô�ï�ñ�ë ý3çíä ëíõWú�ë ý3äKê>ñ�è5ô
ÿ�êäKïKö�ñ�ã�ä�ò ï�è�õ9ñÂäKõWúIï�äKêñ�ï�ÿWý3ñ�ÿ�ï�äKêSô�ý�ý�äKê�êLñ�è ñ�ã�ä�õWä�ð�ê�æWô�æ;ä�ïÖô�ï�ñ�ë ý3çíäKêëíõuñ ðÂè¢ðÖô8Rê �z{ ëíï�êñKö)ëéñºè�ï ú�äKï�ê
ñ�ã�ä³ô�ï�ñ�ë ý3çíäKê
ëíõ,ú�ä7ý3ï�äKô�êëíõ�î�è�ï ú�äKï è�ò�æ�ï�äKú�ëíý3ñ�äKú ëéõ9ñ�äKï�ä7ê ñ � âÖã�ë êºô�çéçíè�ð�ê
ÿ�êäKï�êñ�èÑä7ô�ê�ëéç�³ô�ý�ý�äKê�ê�ñ�ãWè�ê�äºô�ï�ñ�ë ý3çíäKê�ñ�ãWô�ñBô�ï�ä
ó5è9ê ñBçéë���äKç/¶ñ�è¶ø�äºè�ò¨ëíõ�ñ�ä�ï�äKêñ ��f äKý�è�õWú�ö;ëéñBæ�ï�è�ìRëíú�äKê�ô | ñ�è�æ��k+M2�}5çíë ê ñý�è�õ9ñ�ô�ëéõWëéõ�îºñ�ãWä�+;2ºô�ïñ�ëíý�çéä7êÂð�ëùñ�ãÑñ�ã�ä ã�ëéî�ã�äKêñÖæ�ï�ä7ú�ë ý�ñ�ä7úÑëíõ9ñ�äKï�ä7ê ñ7ö�ð�ã�ëíý ã³ô�ï�äBô�ý�ý�äKê�êëíø�çíä�ìRë ôºô êäKæWô�ï ô�ñ�ä�ô�ïñ�ëíý�çéä
�



ðÖ�mñ����3� º ò��
ª��Ñ����S¡��Óñ��uÿ5��û � �0���º�-ú ¥���¡R�)���	ö�� ª���û��-÷(�O÷*�K¡����I�/���W�3¡��C�0¥ �0¡(';�Ûñ�¡R�3�����,¡�� ¦�¥�§"�3ª��Ñ�¢� ¦�¦�û���÷*��¡��¢�I�3ª��
���-ú ¥3��¡R�)���|���*);��§Ö�3ª��¢�K�mñ�ªW�B÷(��¡����Ï¡'ø�¡R��÷(���Ñ�0¥3����¥|���,���������³��¡R�3� �Óñ�¥I¡���¦k�3ª��¢����� ÷*��¡��¢�¤¡u�3���#û��Ï¡��0¦q¡����/��¥3¥¶���
�0�3����û��|� �Ó÷(�����¢¡R�3������ö

ëíõWú�ä�å¶æWô�î�ä �
�K�I¬ +w��°=�"¯H�"Ør³
âÖãWäºú�ô�ñ�ô�ø�ô�ê�ä
ê ñ�è�ï�äKêÖñ�ã�äºô�ïñ�ëíý�çéä ñ�ä3åRñKö;ÿWê�ä�ï æWï�è�þWçéä7ê�ö�ï�ô�ñ�ëíõ�î�ê ô�õWúFæ�ï�äKú�ëíý3ñ�ëíè�õWê �5< � âÀô�õ�î�è5ï�ÿ�õWê è�õ¢ô�õ ? ï ô�ý�çéä6Ñú�ô�ñ ô�øWô�êä
ï�ÿ�õ�õWëéõ�îÑè�õ�÷këíõWú�è�ð�ê%& â � � 2 � âÖãWä
øWô�ýk�³ä�õ�ú¢ô�õWú³ñ�ã�ä
ò ï�è�õ9ñ äKõWú¢ý�è�õ�õ�ä7ý�ñ�ñ�è|ñ�ã�äºú�ô�ñ�ô�øWô�ê�ä¸ìRëíô? ~%: � �
�K��� ×u�"�-,.�NÕ�Ù
âÖãWäIøWô�ýk�¤ä�õWúÅë ê ñ�ã�äÑã�äKô�ïñ
è�òSñ�ã�ä < � âÀô�õ�î�èFê�Rêñ�äKó ��
 ñ
ëíó æ;è�ï�ñ�êºô�ï�ñ�ë ý3çíäKêBò ï�è�óhñ�ã�äIâ&ô�õ�î�è�êëéñ�ä�ö&ý�è�ó5æ�ÿ�ñ�äKêý�è�ï�ï�äKçíô�ñ�ëíè�õIê�ý3è�ï�ä7ê¨ø;ä3ñ ðÂä�ä�õÑÿWêäKï�êKö9î�ä�õWä�ï ô�ñ�ä7ê>ô�ïñ�ëíý�çéäH��ä�RðÂè�ï ú�êKö�ô�õ�úÑý�ô�çíý�ÿ�ç ô�ñ�ä7ê>ý�è�õ9ñ�äKõ�ñ��(ø�ô�ê�äKú�öRý3è�çéç ô�ø;è�ï ô�ñ�ëéì�äô�õWúFý3è�ó ø�ëíõ�äKú¶æ�ï�äKú�ë ý�ñ�ëéè�õWê �
 õ9ñ�ä�ï�õWô�çíç/�ö7ñ�ã�äÂøWô�ýk� äKõWú ý�è�õWê�ëíêñ�êÀè�ò;ô�ó|ô�êñ�äKï&ý�è�õ9ñ�ï�è�ç�ñ�ã�ï�äKô�ú
ô�õ�ú ô ê�ç ô/ì�äLñ�ã�ï�ä7ô�ú
ò è�ï&äKô�ý ã è�ò�ñ�ã�äSó5è�ú�ÿ�çíäKê �âÖãWä
ý3è�ó5æ;è�õ�äKõ9ñ�êÖëíõ¶ñ�ã�ä¸øWô�ýk�Iä�õWú¶ëíõWý3çíÿWú�ä ñ�ã�ä ò è�çíçéè�ð�ëíõ�î�R
S ì0/21 d�`ib	WY] ëíó æ;è�ï�ñ�ê ô�ï�ñ�ë ý3çíäKêÂò ï�è�ó ñ�ã�ä â&ô�õ�î�è5ðSäKøFê�ëéñ�ä¸ëíõ�ñ�è5ñ�ã�äºú�ô�ñ ô�øWô�êä � ~H: 
 ó5æ�è�ïñ�ëíê�ï�ÿ�õFè�õ�ý3ä¸æ;ä�ïúWô8Ñô�ñH0�ô�óFö�êãWè�ï�ñ�ç�Iô�ò�ñ�äKïÖñ�ã�ä
â&ô�õWî�è5÷ÏäKø�êëéñ�ä¸ë êÖÿ�æ"ú�ô�ñ�äKú³ð�ëùñ�ã³ñ�ã�ä
ú�ô8ÑÔ ê�ô�ï�ñ�ë ý3çíäKê �S43à^�Z�s5^#¶ î�äKõ�ä�ï ô�ñ�äKêH��äM9ðÂè�ï ú�êÖò è�ï õ�ä�ð ô�ïñ�ëíý�çéä7ê � F äMieBä�õ¤ë êBëéõRì�è���ä7úFÿ�æ;è�õ$ý3è�ó5æ�çíä3ñ�ëéè�õ¢è�òG~H: 
 ó5æ;è�ï�ñKöð�ãWä�õFëùñ�ñ�ã�ä�õFæ�ï�è�ý3ä7ê�ê�äKêÖô�çíç0õ�äKð�ç/Ñëéó5æ;è�ï�ñ�äKúFô�ïñ�ëíý�çéä7ê �Stã�b	¶ µ W�^kßisK^�¶ î�ä�õWä�ï ô�ñ�ä7ê�ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7ú¶æWï�ä7ú�ëíý3ñ�ëíè�õWê øWô�ê�äKú³è�õFñ�ã�äü��ä�RðÂè�ï úÑó|ô�ñ�ý ã�ä7ê � � è�õ < ï�äKú�eBäKõ³ë êï�ÿ�õFè�õ�ý3ä æ�äKï�ú�ô8�ö�ô�ò�ñ�äKï�ñ�ã�ä
ý�è�ó5æ�çíä3ñ�ëéè�õ¶è�ò�F ä�ieBäKõ �Stã�b	WYW-sK^�¶ î�äKõ�ä�ï ô�ñ�äKêBý3è�ï�ï�ä�ç ô�ñ�ëíè�õ�ê�ø�ä�ñ ðSäKä�õÏæWô�ëíï�ê�è�òSÿWêäKï�ê � � è�ï�ïkeBäKõ¢ë ê�ï�ÿ�õÏè�õWý�ä æ;ä�ï¸ú�ô8�ö�ô�ñ9.�ô�óFö�êèô�êÂñ�è|ó5ëíõ�ëéó5ë���ä¸çíè�ô�úÑè�õÑñ�ã�ä
ú�ô�ñ ô�øWô�êä ú�ÿ�ï�ëíõ�î|ï�äKî�ÿ�ç ô�ïÂè�õWçéëíõ�ä¸õ�äKð�êÖï�ä7ô�ú�ëíõ�î5ã�è�ÿWï�ê �Stã�b	XmX µ W�^kß�s5^�¶ î�äKõ�ä�ï ô�ñ�äKê ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä¸þ�çùñ�ä�ï�ëéõ�î¶æ�ï�äKú�ë ý�ñ�ëéè�õWê � � è�çéç < ï�äKú�eBäKõ¢ë ê�ëíõRì�è1��äKú�ô�ò�ñ�äKï ñ�ã�ä ý�è�ó��æWçéä�ñ�ëíè�õ5è�ò � è�ï�ïkeBäKõºô�õWúºô�ñ5+M2Bó5ëéõRÿ�ñ�ä�ëéõ9ñ�ä�ï�ì/ô�çíê&ñ�ã�ï�è�ÿ�î�ã�è�ÿ�ñ&ñ�ãWä�ú�ô8 � � è�çíç < ï�ä7ú�eBä�õºæ�è�çéç ê)ñ�ã�ä�ú�ô�ñ ô�øWô�êäò è�ï�ô�ï�ñ�ë ý3çíäKêÂñ�ãWô�ñ�ãWô/ì�ä�õWä�ðEï�ô�ñ�ëíõ�î�êKö9ñ�ã�äKõ�ï�ä��Qý�è�ó5æ�ÿ�ñ�äKêÖô�õ=Iæ�ï�äKú�ëíý3ñ�ëíè�õWêÂñ�ãWô�ñ ô�ï�äBó|ô8Iø�ä
ô�ü;ä7ý�ñ�äKú �

5



Stã�b	d µ W�^�ßis5^#¶ î�äKõ�ä�ï ô�ñ�äKê�ñ�ã�ä5ý3è�ó ø�ëíõ�äKú¤ý3è�õ9ñ�ä�õ9ñ��QøWô�ê�äKú�ô�õWú¤ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä¸æ�ï�äKú�ëíý3ñ�ëíè�õWê � � è�ó < ï�äKú�eBäKõë ê�ëíõRì�è���äKúIò è�ï�äKô�ý ã³ô�ïñ�ëíý�çéäBñ�ãWô�ñ�ãWô�ê�ô õ�ä�ðEý3è�õ9ñ�ä�õ9ñ��QøWô�ê�äKú¶è�ï�ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�äBæ�ï�ä7ú�ë ý�ñ�ëíè�õ �
âÖãWäSøWô�ýk� ä�õWú ãWô�ê)ô�ó|ô�ëéõ ý3è�õ9ñ�ï�è�ç9ú�ë ô�çíè�î�ø�è/å ò è�ï&ê��ê ñ�ä�ó ô�ú�ó ëíõ�ë ê ñ�ï�ô�ñ�ëíè�õ0ö�ô�çéçíè�ð�ëíõ�î êñ�è�æWæ�ëéõWîBô�õWú êñ�ô�ïñ�ëéõ�î

< �Qâ&ô�õWî�èWö9ê ñ ô�ï�ñ�ëíõ�îºô�õWúIêñ�è�æ�æ�ëíõ�î ëíõWú�ëíìRëíú�ÿ�ô�ç�ý3è�ó æ;è�õWä�õ9ñ�êKö9ô�õWúIý�è�õ�þWî�ÿ�ï ô�ñ�ëíè�õ|è�æ�ñ�ëíè�õ�êSê�ÿWý ãÑô�ê¨ñ�ã�ä ñ�ëéó5äBäKô�ý ãý�è�ó5æ;è�õ�äKõ�ñÖðÖô�ëéñ�êSø�ä�ñ ðSäKä�õÑæ;è�çíçíëéõ�îºñ�ãWäBú�ô�ñ�ô�øWô�ê�ä�ô�õWú|ä3å�ä7ý3ÿ�ñ�ëéè�õIñ�ëíó5äKêSò è�ïÖý3è�ó5æ�è�õ�ä�õ9ñ�êSñ�ãWô�ñÖï�ÿWõ¶ú�ô�ëéç� � âÖã�äý�è�õ9ñ�ï�è�ç�æ�ô�õ�äKçWô�ç êè ú�ë êæWçíô8�ê)ìRëùñ ô�ç�ëíõ�ò è�ï�ó|ô�ñ�ëéè�õ ô�ø�è�ÿ�ñ¨äKô�ý ã ý�è�ó5æ;è�õ�äKõ�ñ7ö�ê�ÿWý ã|ô�ê)ëéñ�ê¨ý�ÿ�ï�ï�äKõ�ñ¨êñ�ô�ñ�ÿWê¨ô�õWúºï�ä7ý3ä�õ9ñæ;ä�ï�ò è�ï�ó|ô�õWý�ä ëéõ�ò è�ï�ó|ô�ñ�ëíè�õ �
6 748 ª�£���!9 £H����¥
÷ÅäBãWô/ì�ä�ø�äKî�ÿ�õIæWï�äKçéëíó5ëéõWô�ï�5ä�åRæ;ä�ï�ëíó äKõ9ñ�ê>ñ�è ä�ì�ô�çíÿWô�ñ�ä�ñ�ã�ä�ä�ü;ä7ý�ñ�ëéì�ä�õ�ä7ê�êSè�ò�è�ÿ�ï>ï�äKê�äKô�ï�ý ãIô�æ�æ�ï�è�ô�ý ã|ëéõÑñ�ã�ä < �â&ô�õWî�è ê��ê ñ�ä�ó ��? ÿWï>ä3å�æ;ä�ï�ëéó5äKõ�ñ êLñ�ã9ÿ�ê¨òCô�ï>ãWô/ì�ä�ø�äKä�õ|ò è�ïSô ê�ã�è�ïñ>ô�ó è�ÿ�õ9ñSè�ò;ñ�ëéó5äBô�õWú|ð�ëéñ�ã¶ô
êó|ô�çéç�õ9ÿWó ø;ä�ïè�òLÿWêäKï�ê Í � ÷Åä
ãWô�úu+M65ÿWê�ä�ï êKöWó5è�êñ�ç�³ý�è�ó5æ�ÿ�ñ�ä�ïBê�ý�ëéäKõWý3ä êñ�ÿ�ú�ä�õ9ñ�êKö;ø�è�ñ�ã�î�ï ô�ú�ÿWô�ñ�ä
ô�õWúFÿ�õ�ú�ä�ï�î�ï ô�ú�ÿ�ô�ñ�ä�ö�ð�ã�èÿ�êä7ú < �Qâ&ô�õ�î�è è�õ³ô êäKó5ë��Qï�äKî�ÿ�ç ô�ïÂøWô�êë êSò è�ï�ô�ø;è�ÿ�ñK�ºðÂä�ä���ê � ~ ÿ�ï�ëíõ�î ñ�ã�ë êÂñ�ëíó5ä�ö < �Qâ&ô�õ�î�è ëíó5æ�è�ïñ�äKú³ô�ø;è�ÿ�ñ�0	2ô�ïñ�ëíý�çéä7ê æ�äKï ú�ô8 � (�çéñ�ã�è�ÿ�î�ãuê�è�ó5ä5ÿWêäKï�ê ðÂä�ï�ä|ô�ø�çíä5ñ�èFï�äKô�ú¤õ�ä7ô�ï�ç/Ïô�çíçLñ�ã�äIô�ïñ�ëíý�çéä7ê è�õ$êè�ó5äIú�ô8�ê�ö0è�ì�ä�ï ô�çíç*öñ�ã�ä�ï�ä¸ðÂä�ï�ä�è�õ�ç/¶ô�ø;è�ÿ�ñ�2 � 0rq¯è�ò&ñ�ã�ä¸æ;è�ê�ê�ëéø�çíä ï�ô�ñ�ëíõ�î�êÂäKõ�ñ�ä�ï�äKú �
 õYè�ï ú�ä�ïºñ�è$äKì/ô�çéÿ�ô�ñ�ä¶ñ�ãWäÑþWçéñ�äKï�ëíõ�î$æ;ä�ï�ò è�ï�ó5ô�õWý3ä¶è�ò < �Qâ&ô�õWî�èWöLðÂäFý3è�ó5æ�ÿ�ñ�äKú ñ�ã�ä dB^kV-¶UV�c#j�b-X!:�]_^�^�WYW�b-Wø;ä3ñ ðÂä�äKõFñ�ã�äºõRÿ�ó5ä�ï�ëíýKô�ç0æ�ï�äKú�ëíý3ñ�ëíè�õWê æ�ï�è�ìRë ú�äKú³ø= < � âÀô�õ�î�è|ô�õ�ú³ñ�ã�ä
õRÿ�ó5äKï�ë ý�ô�ç0ï�ô�ñ�ëíõ�î�ê�ä�õ9ñ�äKï�ä7úFør¶ñ�ãWä
ÿWê�ä�ïò è�ïBñ�ã�ä5ê�ô�ó5äºô�ï�ñ�ë ý3çíäKê � âÖã�ä ó ä7ô�õÅô�øWê�è�çíÿ�ñ�äºä�ï�ï�è�ï ë ê�ô¶ó5äKô�êÿ�ï�ä è�ò¨ñ�ãWä ú�äKìRëíô�ñ�ëíè�õ¢è�ò>æ�ï�äKú�ë ý�ñ�ëéè�õWê�ò ï�è�óÊñ�ã�ä�ëíïÿ�êäKï�� êæ;äKý�ëùþ�äKú¸ï ô�ñ�ëéõ�î9ê � âÖã�ä>çíè�ðSäKï�ñ�ãWäSäKï�ï�è�ï7ö3ñ�ã�äSó5è�ï�ä>ô�ý�ý�ÿ�ï�ô�ñ�äKç/�ñ�ã�ä < � âÀô�õ�î�è�ê��ê ñ�ä�ó:æ�ï�äKú�ë ý�ñ ê�ÿ�êäKï�ï ô�ñ�ëíõ�î9ê �÷Åä
ý�ô�çéç"ñ�ã�ä¸ó5äKô�õFô�øWê�è�çíÿ�ñ�ä ä�ï�ï�è�ïSñ�ã�ä lm¶ÑV�·k·;:�W�V�·�Z è�òÀñ�ã�ä¸æ�ï�äKú�ë ý�ñ�ëéè�õWê �{ ëíî�ÿ�ï�äK�
ú�äKæ�ëíý3ñ�ê¨ñ�ã�ä�ëéõWô�ý�ý�ÿ�ï�ô�ý#
è�ò"ñ�ã�ä < �Qâ&ô�õWî�è æ�ï�äKú�ë ý�ñ�ëéè�õWêLè�ì�äKï)ñ�ã�ä�ñ�ã�ï�ä�ä�ðÂä�äM�
ñ�ï�ë ô�ç � âÖãWä�ï�ä�ô�ï�äÖñ�ã�ï�ä�äúWô�ñ�ô³ê�ä3ñ�êBæ�çíè�ñ�ñ�ä7úÓR�ñ�ã�ä5ëéõWô�ý�ý�ÿ�ï�ô�ý#³è�ò¨ñ�ã�ä|ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7ú�æ�ï�äKú�ë ý�ñ�ëéè�õWê�ö;ñ�ã�ä5ëéõWô�ý�ý�ÿ�ï�ô�ý#³è�ò¨ñ�ã�ä|ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�äæWï�ä7ú�ëíý3ñ�ëíè�õWêBô�õ�úFñ�ã�äºëéõ�ô�ý�ý�ÿ�ï ô�ý#³è�òLñ�ã�ä5ý3è�óºø�ëíõWô�ñ�ëéè�õ�æ�ï�ä7ú�ë ý�ñ�ëíè�õ�ê �%{ è�ï ô�çíç�æ;è�ëíõ9ñ�êKö"ëéõWô�ý�ý�ÿ�ï�ô�ý#³ëíê�æ�çíè�ñ�ñ�äKú¤ô�êñ�ã�ä5ô/ì�ä�ï ô�î�ä è�ì�ä�ï�ô�çíçÀÿWê�ä�ï ê�è�ì�ä�ï ô�çéç&ëéñ�ä�ó|ê�ï�ô�ñ�ä7ú �H{ è�ï�ñ�ã�ä5ý3è�çíç ô�ø;è�ï ô�ñ�ëíì�ä¸æWï�ä7ú�ëíý3ñ�ëíè�õWêKö;ëéõWô�ý�ý�ÿ�ï�ô�ý#³ê�ý�è�ï�äKê ô�ï�äè�õ�ç�Iî�ëíì�äKõÑò è�ïÖñ�ã�è9êä¸ëíõ¶ð�ãWëíý ã�ô5ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä�æ�ï�äKú�ëíý3ñ�ëíè�õ³ðÂô�êSæ;è�ê�ê�ëéø�çíä�A l�^ �>õ�è þWï êñ�ï�ô�ñ�ä�ïÖæ�ï�è�øWçéäKó C#�{ è�ï�ñ�ã�äSþWï ê ñ&ðSäKä��"ö7ñ�ã�äÖý3è�õ�ñ�ä�õ9ñ��QøWô�êä7ú�æWï�ä7ú�ëíý3ñ�ëíè�õWê&ô�ï�ä>ý�è�õWê�ëíêñ�äKõ9ñ�ç�Bó5è�ï�ä>ô�ý�ý�ÿ�ï�ô�ñ�äLñ�ãWô�õ
ñ�ã�äÖý3è�çéç ô�ø;è�ï ô�ñ�ëéì�äæWï�ä7ú�ëíý3ñ�ëíè�õWê � ~ ÿ�ï�ëíõ�î¢ñ�ã�ëíêºñ�ëéó5ä�ö>ðSä¶ãrRæ;è�ñ�ã�äKê�ë/�KäIñ�ã�äÑøWô�êä¶è�ò�ÿWê�ä�ï5ý3è�ï�ï�ä�ç ô�ñ�ëéè�õWê
ô�õWú ï ô�ñ�ëéõ�î9ê
ë êºêñ�ëíçíçÂø;ä�ëíõ�îä7ê ñ ô�ø�çíë êã�ä7ú�ö�ýKô�ÿWê�ëéõWîFý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä þWçùñ�ä�ï�ëéõWî¶æ�ï�äKú�ëíý3ñ�ëíè�õWêBñ�è³ø;ä|ëíõWô�ýKý3ÿ�ï ô�ñ�ä � ~�ÿ�ï�ëéõWî¶ñ�ã�äIê�äKý3è�õWúÏðSäKä��"ö�ëùñ
ë êõWè�ñ
ý3çíäKô�ï�ð�ã�ë ý ã¤ë êBó5è�ï�ä ëíõWô�ýKý3ÿ�ï ô�ñ�ä�ö"ñ�ãWä ý�è�õ9ñ�äKõ�ñ��(ø�ô�ê�äKú�æ�ï�äKú�ëíý3ñ�ëíè�õWêBè�ï�ñ�ãWä5ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä
æWï�ä7ú�ëíý3ñ�ëíè�õWê � : ñ�ã�äÖñ�ãWëéï ú ðSäKä��"ö/ñ�ã�ä�ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�äSæ�ï�ä7ú�ë ý�ñ�ëíè�õ�êLêäKä�ó�ñ�è¸ø�ä�ê�è�ó5ä�ð�ãWô�ñLó è�ï�ä�ô�ý�ý3ÿWï�ô�ñ�äSñ�ãWô�õ ñ�ã�ä�ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7úæWï�ä7ú�ëíý3ñ�ëíè�õWê � âÖã�ä|ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä æ�ï�äKú�ë ý�ñ�ëéè�õWê¸ê�ã�è�ð ôFêçíëíî�ã9ñ
ú�è�ð�õRðÂô�ï�úFñ�ï�äKõWúÅëéõÅëíõWô�ýKý3ÿ�ï ô�ý��è�ì�ä�ï�ñ�ãWä5ñ�ã�ï�ä�äðÂä�äM� ñ�ä7ê ñ�ëéõ�îBæ;ä�ï�ëéè�ú � âÖã�ï�è�ÿ�î�ã�è�ÿ�ñ&ñ�ãWä>ñ�ã�ï�äKäÖðSäKä���ê�ö7ñ�ã�ä�ý3è�óºø�ëíõ�äKú æ�ï�ä7ú�ë ý�ñ�ëíè�õ�ê&ô�ï�äÖê�è�ó5ä�ð�ãWô�ñÀó5è�ï�äÖô�ý�ý�ÿ�ï ô�ñ�äñ�ãWô�õFäKëùñ�ã�ä�ïÖñ�ã�ä
ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7úÑæ�ï�äKú�ëíý3ñ�ëíè�õWêÖè�ïSñ�ã�ä
ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä�æWï�ä7ú�ëíý3ñ�ëíè�õWê�ô�çéè�õ�ä �& è�ñÑï�ä#Ú�äKý�ñ�äKú�ëíõ�ñ�ã�ë êÑúWô�ñ�ô,ô�ï�ä¶ñ�ã�äÏô�ïñ�ëíý�çéä7ê|ð�ã�äKï�äFñ�ã�ä�ï�ä¢ðÂè�ÿ�ç ú�ø�ä¤õ�è æ�ï�äKú�ë ý�ñ�ëéè�õWêIô/ì�ô�ëíç ô�ø�çíä�ëùò¸æ�ÿWï�äý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä þWçùñ�ä�ï�ëéõWîºðÖô�êÂÿWê�äKú �"
 õ¶ñ�ã�ä7êä¸ýKô�ê�äKêKö�ñ�ã�ä�ï�ä ëíêÖêñ�ëíçéç�î�ï�ä7ô�ñÖì/ô�çéÿWä ñ�èºñ�ã�ä ÿWê�ä�ïÖëéõ³ÿWê�ëéõWî ô ý3è�ó ø�ëíõ�äKúè�ï�ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7úIæ�ï�äKú�ë ý�ñ�ëéè�õ0ö�ø�ÿ�ñ�ëùñ�ë ê�ú�ë/�|ý�ÿ�çéñ�ñ�è5ó5äKô�êÿ�ï�äBñ�ã�ë ê�ø;ä�õ�ä�þ�ñ�õRÿ�ó5ä�ï�ëíýKô�çíç/ ��Àô�êñ�ç��ö9ðSä æ�è�ëéõ9ñÖè�ÿ�ñ¨ñ�ãWô�ñÂñ�ãWä�ï�ä�ëíêÂô
çíè�ñÂè�ò0ì�ô�ï�ë ô�ñ�ëíè�õ|ô�ó è�õ�î¸ñ�ã�ä�æWï�ä7ú�ëíý3ñ�ëíè�õWê¨ò ï�è�ó ú�ô8 ñ�èºú�ô8 � âÖãRÿWêKö9ðSäø;ä�çíëíä�ì�ä ñ�ãWô�ñ�ñ�ã�ä ñ�ï�ÿ�ä¸ì�ô�çíÿ�ä¸è�ò�ñ�ãWä < � âÀô�õ�î�è5ê��êñ�äKó{ð�ëíçéç0è�õ�ç�Iø�ä¸ï�ä�ì�äKô�çéä7úÑè�õWý3ä è�ÿWï�ý3ÿ�ï�ï�äKõ9ñ�ê�ä3ñ�è�òÀè�õ�î�è�ëéõ�îÿ�êäKï�ä3å�æ�äKï�ëíó5ä�õ9ñ�ê�ô�ï�ä¸ý�è�ó5æ�çíä3ñ�ä7ú�öWô�êÖðSä ëíõWú�ë ý�ô�ñ�ä¸ëéõ f ä7ý�ñ�ëíè�õN  �
< =È�����?>���¥"!#�ü�
âÖãWäÂä�å�æ�çéè9êëíì�äSî�ï�è�ðÖñ�ã
è�òWè�õWçéëíõ�äÂëéõ�ò è�ï�ó|ô�ñ�ëíè�õºú�ä�ó|ô�õWúWêÀõWä�ðuñ�äKý ã�õ�ëQ$9ÿ�äKêÀò è�ï&æWï�ëíè�ï�ëùñ�ë/�KëéõWî�ô�õ�ú
æ�ï�äKê�ä�õ9ñ�ëíõ�îBëùñ�ä�ó|êè�ò0æ�è�ñ�äKõ�ñ�ëíô�çWëíõ9ñ�ä�ï�äKêñ¨ñ�è
ÿWê�ä�ï ê � � è�çíçíô�ø�è�ï�ô�ñ�ëíì�äÂþWçéñ�äKï�ëíõ�î ý�è�ó øWëéõ�ä7êLñ�ã�ä�êñ�ï�ä�õ�î�ñ�ãWê>è�ò�ãRÿ�ó|ô�õ|ëíõ9ñ�ä�çíçíëéî�ä�õWý�ä�ëéõÑÿ�õ��ú�ä�ï ê ñ ô�õWú�ëíõ�î ëéõ�ò è�ï�ó5ô�ñ�ëíè�õÑý�è�õ9ñ�äKõ9ñÂð�ëéñ�ãÑñ�ã�ä¸ê�æ�äKäKúIè�òÀý3è�ó5æ�ÿ�ñ�äKï�êÂëíõÑëíõ�ò è�ï�ó|ô�ñ�ëéè�õÑæ�ï�è�ý3äKê�ê�ëéõ�î � û õ�ò è�ï�ñ�ÿWõWô�ñ�ä�ç��öý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�äºþWçéñ�ä�ï�ëíõ�îFñ�ä7ý ã�õ�ëQ$�ÿWäKê ô�çéè�õ�ä|ý�ô�õÅø;äIëíõ�ä3ü"äKý3ñ�ëíì�ä|ð�ã�äKõuÿWê�ä�ï ê ãWô/ì�ä5õ�è�ñ ï�ô�ñ�ä7úÅô�õ$ëùñ�ä�óFö�ò è�ï
õ�äKðÿ�êäKï�ê5è�òBñ�ã�äFþWçéñ�äKï�ëíõ�î ê�Rêñ�äKóFöSè�ï|ò è�ï|ÿWê�ä�ï ê5ð�ã�è ú�èuõWè�ñIî�äKõ�ä�ï ô�çíç� ø�äKõ�ä3þWñIò ï�è�órñ�ã�ä�è�æ�ëíõ�ëíè�õWêIè�ò è�ñ�ãWä�ï ê �� è�õ9ñ�ä�õ9ñ��(øWô�êä7ú�þWçéñ�äKï�ëíõ�î¶ñ�ä7ý ã�õ�ëQ$�ÿWäKê¸ý�ô�õ¤ø;äIý3è�ó ø�ëíõ�äKú¤ð�ëùñ�ãÅý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä þWçùñ�ä�ï�ëéõWî¶ñ�äKý ã�õWë�$9ÿ�ä7ê ñ�èFó ëéñ�ëíî�ô�ñ�äô�çéç0ñ�ã�ä7êä¸ê�ã�è�ï�ñ�� ý3è�ó ëíõ�î9ê �

@BADCFEHGJI�ALK9MON�PRQTS(QTUBE&VWC�K9QJXYE&E&M[ZBE]\^E&K�Q_Ea`bUBP�K�\!c^VdceUBEa`�N�ZBP�fOgbhiP�ZJUBE&QTUBc!MONRgFfFZBgYP�Q_E&Q&jlk�PamnE&o*E]Zap�ceUqc!QJPrf(ZJc!MsUBE]MsUlUBP�VtK�u*Eqc!UJgFfOXF\^c!v&\eS
KaorK9c!\wK9XO\!ExhyP9Z2N�E&MOEzZ{K�\|fFQ_E?K9UHUBCOE�E&M�`}P�hLUBCFE&Q_ERUBE&QTUBQ&j

¬



0

1

2

3

4

5

0 5 10 15 20

In
ac

cu
ra

cy

Day

collaborative
content-based

combination

ðÖ�mñ����3�NïÓò|� �0¡��������K¡��8ó~'����K¥3�0¥I�
�C����ö��
ª��¢ª������Ûþ����W�3¡�û�¡O)�� ¥|� ¥5�3ª0�¤¦0¡	ó"¥|��÷ �3ª��NúB���-ùPöÏ�
ª���'����3�3� ��¡�û ¡O)"� ¥Ñ� ¥5�3ª��
¡s'����K¡=ñ��º� �0¡������0��¡��8ó�ö��
ª��¸�3ª��3���9û �C����¥Ö¦������ �/�Ö�3ª��
� ��¡���������¡��8óÑ��÷&�3ª��
�/���������W� ��øÀ¡�¥���¦���û�������§��3ª��¸�/�iûÛû ¡=ø)����¡R�3��'��0�Pû������
¡��0¦u�3ª0�I�/����ø��C����¦��Pû�������ö


 õ5ñ�ã�ë ê>ðÂè�ï��"ö�ðSä æ�ï�ä7êäKõ9ñ>ô þWçéñ�ä�ï�ëíõ�î ô�æWæ�ï�è9ô�ý ãºñ�ãWô�ñÂý�è�ó øWëéõ�ä7êLæ�ÿ�ï�ä ý�è�õ9ñ�äKõ�ñ��(ø�ô�ê�äKú æ�ï�äKú�ë ý�ñ�ëéè�õWêLð�ëéñ�ãIæ�ÿWï�äý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä>þWçùñ�ä�ï�ëéõWî�æ�ï�äKú�ëíý3ñ�ëíè�õWê ��? ÿWï)ô�æ�æ�ï�è�ô�ý ã¸ò ÿ�çíç/
ï�äKô�çéë���ä7êÀñ�ã�äÖø;ä�õ�ä�þ�ñ�ê)è�òWñ�ãWäÖý�è�õ9ñ�äKõ9ñ��QøWô�ê�äKúºô�æ�æ�ï�è�ô�ý ãñ�è5þWçéñ�ä�ï�ëíõ�î5ð�ã�ëéçíä
ô�úWô�æ�ñ�ëéõ�î ñ�èºñ�ã�ä¸ä�ì�ä�ï�êñ�ï�ä�õ�î�ñ�ã�äKõ�ëíõ�î|ý3è�çíç ô�ø;è�ï ô�ñ�ëíì�ä þWçéñ�ä�ï�ëíõ�î5æ�ï�ä7ú�ë ý�ñ�ëíè�õ�ê �âÖãWäIî�ï�è�ð�ëéõWî³ú�è�ó|ô�ëíõuè�òÖè�õ�çíëéõWäIõ�ä�ð�ê�æWô�æ�äKï�ê¸æWï�ä7êäKõ�ñ ê
ôFï�ëíý ãuô�ï�äKôFð�ãWëíý ãuý�ô�õuø�äKõ�ä3þWñ ëéó5ó5ä�õ�êäKç/Ïò ï�è�óæ;ä�ï ê�è�õWô�çéë���ä7ú|þWçéñ�äKï�ëíõ�î|ô�æ�æWï�è9ô�ý ã�ä7ê � ÷Ïä ãWô/ì�äBú�ä7êëíî�õWäKúÑô�õWú¶ëéó5æ�çíä�ó5ä�õ9ñ�äKúFôºý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä þWçùñ�ä�ï�ëéõWî ñ�äKêñ��Qø�ä7ú�öýKô�çíçéä7ú�µR��� V	¶O�rb ò è�ï5è�ÿ�ï þWçéñ�äKï�ëíõ�î$ï�ä7êä7ô�ï ý ã$ñ�ãWô�ñ|æ�ï�è�ìRë ú�äKê æ;ä�ï êè�õWô�çíë���äKúuþWçùñ�ä�ï�ëéõWîÅè�ò�ô�õ�è�õWçéëíõ�ä³õ�ä�ð�ê�æWô�æ;ä�ï �(�ò�ñ�äKï�ëéõ�ý3è�ï�æ;è�ï ô�ñ�ëíõ�î è�ÿ�ï�ô�æ�æ�ï�è�ô�ý ãÑëíõ�ñ�è < � âÀô�õ�î�è�ö�è�ÿ�ï�æ�ï�ä�çíëéó5ëíõWô�ï�Iï�äKê�ÿ�çùñ ê�êÿWî�î�ä7ê ñÖó5ä�ï�ëùñ�ñ�è|è�ÿ�ï�ô�æ�æ�ï�è�ô�ý ã �
 õ�ê�ÿ�ó5ó|ô�ï��ö9ñ�ã�ä
ý�è�õ9ñ�ï�ëíø�ÿ�ñ�ëíè�õ�êÖè�ò&ñ�ã�ë ê�ðÂè�ï��|ëéõWý�çéÿ�ú�ä�R
S (:ÿWõ�ë�$9ÿ�ä
ô�æ�æ�ï�è�ô�ý ãIñ�è5ëíõ9ñ�ä�î�ï�ô�ñ�ëíõ�î5ý3è�õ9ñ�ä�õ9ñ��QøWô�ê�äKú³ô�õ�ú¶ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä�þWçùñ�ä�ï ê �S âÖãWä þWï�êñ�ô�æ�æWçéë ý�ô�ñ�ëíè�õ³è�òLý3è�çíç ô�ø;è�ï ô�ñ�ëíì�ä þWçéñ�ä�ï�ëíõ�î ñ�èIô�õ³è�õWçéëíõ�ä¸õ�äKð�êæWô�æ�äKï �S (�ý�è�õ9ñ�äKõ9ñ��QøWô�ê�äKúIþWçùñ�ä�ï�ò è�ï�è�õ�çíëíõ�ä¸õ�ä�ð�ê�æWô�æ�äKï�êSñ�ã�ô�ñ�ÿWê�äKêÖø;è�ñ�ãFú�ëéï�äKý3ñ ô�õWú¶ëéõ�ú�ëéï�äKý3ñ�çéä7ô�ï�õ�ëíõ�î �S < ï�äKçéëíó5ëéõ�ô�ï�|ä3å�æ�äKï�ëíó5ä�õ9ñ�êÖäKì�ô�çíÿWô�ñ�ëéõ�î5è�ÿ�ï�ô�æ�æWï�è9ô�ý ã �

� �N�\�"����£�� �n���
âÖãWäÖô�ï�ä7ô�êÀè�òWø;è�ñ�ã ý�è�õ9ñ�äKõ9ñ��QøWô�ê�äKú
ô�õWú ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä>þWçùñ�ä�ï�ëéõWîWö�ý3è�ÿ�æ�çíäKú ð�ëùñ�ã ô ñ�ä7ê ñ��(ø;äKú êÿWæ�æ�è�ïñ�ëéõWî�ï�äKô�ç9ÿ�êäKï�êë ê�ï�ëíý ã³ð�ëéñ�ã³ò ÿ�ñ�ÿWï�ä¸ðÂè�ï��|æ�è9ê�ê�ëíø�ëéçíëéñ�ëíäKê �? ÿWï�è�õWî�è�ëíõ�î�ä�ü;è�ïñ)ý3è�õ9ñ�ëéõRÿ�ä7ê0ø=�ä�åRñ�ä�õ�ú�ëéõWî è�ÿWï�ä3å�æ;ä�ï�ëéó5äKõ�ñ ê�ñ�è�ô�ó5è�ï�ä¨ä�å9ñ�ä�õWê�ëíì�ä¨ÿWê�ä�ï&ê ñ�ÿWú� è�ò < �Qâ&ô�õWî�è �
 õ$ñ�ã�äKê�ä|ä3å�æ;ä�ï�ëéó5äKõ�ñ7ö�ðÂä|ð�ëéçíç>ÿ�êä�� ï�ä7ô�ç¸Ô�õ�ä�ð�ê�æWô�æ�äKï
ï�ä7ô�ú�äKï�êBð�ã�è�ÿ�êäIâ&ô�õ�î�èFè�õuôFï�äKî�ÿ�ç ô�ï øWô�êë êKöÀú�ëíìRëíú�ëíõ�îñ�ã�ä�ó ëéõ9ñ�è
ôBý�è�õ9ñ�ï�è�çRî�ï�è�ÿ�æ ô�õWú ô ñ�äKêñ¨î�ï�è�ÿ�æ�ö�ô�õWúºî�ô�ñ�ã�äKï¨ú�ô�ñ ôBè�ì�ä�ï&ñ�ã�ä�ý3è�ÿ�ï�ê�äÂè�ò"ó5ô�õ=
ó5è�õ9ñ�ãWê � ( ú�ú�ëéñ�ëíè�õ�ô�çó5ä7ô�ê�ÿ�ï�ä7ê�è�ò¨æ�äKïò è�ï�ó|ô�õ�ý3ä ñ�èÑñ�ã�è9êä æ�ï�ä7êäKõ9ñ�äKú¢ã�ä�ï�ä
ð�ëíçéç&ø�äºî�ô�ñ�ã�äKï�ä7ú�öWëíõWý3çíÿWú�ëíõ�î¶ó ä7ô�õ�ñ�ëéó5äºï�ä7ô�ú�ëíõ�îIè�õ�çéëíõ�äõWä�ð�ê�æWô�æ;ä�ï7ö�ó5äKô�õ³ñ�ëéó5ä¸æ;ä�ï�ô�ï�ñ�ë ý3çíä�ö�è�ì�ä�ï ô�çíç"è�æ�ëíõ�ëíè�õWêÖè�õ¶õ�äKð�êæ�ô�æ;ä�ï�ç ô8�è�ÿ�ñÖô�õWú³ÿ�ñ�ëíçéëéñ��ö�ô�õWú¶ó5è�ï�ä �
 õw3 < ô	�;4�4;7Qö < ô	�M�Kô�õ�ëLëéõ9ñ�ï�è�ú�ÿWý�äKê¸ôFó5äKô�õWê¸è�òSþWçéñ�äKï�ëíõ�îFÿWê�ëéõWî¢ú�ä�ó5è�î�ï�ô�æ�ã�ë ý ëéõ�ò è�ï�ó|ô�ñ�ëíè�õ �\? ÿ�ïºô�æ�æ�ï�è�ô�ý ãýKô�õÅø�ä5ä�å9ñ�ä�õWú�äKú¤ñ�èFëéõ�ý3çíÿWú�ä|ô³æ�ÿ�ï�ä5ú�ä�ó5è�î�ï�ô�æ�ã�ë ý¸þWçéñ�äKïKö0ð�ãWëíý ã$ý�ô�õ¤ø;äIý3è�óºø�ëíõ�äKú¤ð�ëùñ�ãÏñ�ã�ä|ý3è�õ�ñ�ä�õ9ñ��QøWô�êä7ú

�



ô�õWú³ý3è�çíç ô�ø;è�ï ô�ñ�ëíì�ä�þWçéñ�äKï�êÖÿWê�ëíõ�î5è�ÿ�ïÖðÂä�ëíî�ã9ñ�ä7ú¶ô/ì�ä�ï ô�î�äBô�æ�æWï�è9ô�ý ã �"{ ÿ�ñ�ÿ�ï�äBðÂè�ï��|ëíõWý3çíÿWú�ä7ê�ëéõ�ý3è�ï�æ;è�ï ô�ñ�ëíõ�î êÿWý ãôºþWçéñ�äKï�ëíõ�ñ�è < � âÀô�õ�î�è5ô�õWú¶ä�ì�ô�çéÿWô�ñ�ëíõ�î5ëùñ ê�ä3ü"äKý3ñ�ëíì�äKõ�äKê�ê �âÖãWä5ô�ý�ý�ÿ�ï�ô�ý#Fè�òSñ�ã�äIý�è�óºø�ëéõWäKú¢æWï�ä7ú�ëíý3ñ�ëíè�õWê ëíõÅè�ÿ�ï¸ô�æWæ�ï�è9ô�ý ãÏçíô�ï�î�ä�ç�Fú�ä�æ;ä�õWú�ê ÿWæ�è�õ$ô¶ó5äKô�êÿ�ï�ä è�ò>ñ�ã�ä| ê ñ�ï�äKõ�î�ñ�ã�}Fè�ò�ñ�ã�ä¶ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä þWçéñ�äKï�ëíõ�î¢æ�ï�äKú�ëíý3ñ�ëíè�õ � âÖã�ä¶æ�ï�äKú�ë ý�ñ�ëéè�õ ê ñ�ï�äKõ�î�ñ�ãuëíê ÿWêä7ú$ñ�èÏú�ä3ñ�ä�ï�ó ëíõ�ä|ñ�ã�äï�ä�ç ô�ñ�ëéì�ä�ðÂä�ëíî�ã9ñ�ê>è�ò"ñ�ã�ä ý3è�õ9ñ�ä�õ9ñ��(øWô�êä7ú5ô�õWúIý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�äÖæ�ï�äKú�ë ý�ñ�ëéè�õWê � âÀè
è�ÿ�ï@�Rõ�è�ð�çíäKú�î�ä�ö9ô
ý3è�ó æWÿ�ñ�ô�ñ�ëíè�õIè�òñ�ã�ä
êñ�ï�ä�õ�î�ñ�ã³è�òLô ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä�þWçéñ�ä�ï�ëíõ�î5æ�ï�ä7ú�ë ý�ñ�ëíè�õ³ãWô�êÖõ�è�ñ�ø;ä�äKõFô�ú�äM$9ÿWô�ñ�äKç/|ñ�ï�ä7ô�ñ�äKú¶ëéõ³ñ�ãWä¸çéëéñ�äKï�ô�ñ�ÿ�ï�ä �? õWçéëíõ�äÑõWä�ð�ê�æWô�æ;ä�ï ê
ã�è�çíú î�ï�äKô�ñ
æWï�è�ó ë ê�ä|ò è�ï ï�ä7ê ñ�ï�ÿ�ý�ñ�ÿWï�ëíõ�î¢õ�äKð�êæ�ô�æ;ä�ï ç ô8�è�ÿ�ñºô�ý�ý3è�ï�ú�ëéõ�îFñ�è¤ëíõWú�ëíìRëíú�ÿ�ô�çæWï�ä�ò ä�ï�ä�õWý�äKê � âÖãRÿWê�òCô�ïKö;è�ÿWï�ñ�è�æ��k+M2|çíëíêñBô�õWú¢ô�ïñ�ëíý�çéäºï�ä��(è�ï�ú�äKï�ëíõ�î5ðÂä ãWô/ì�ä
è�õ�ç�Fê�ý�ï�ô�ñ�ý ã�ä7ú³ñ�ã�ä êÿ�ï�òCô�ý�ä
è�òLñ�ã�äæWï�è�ø�çéäKó ��o ëíý ã³æ;è�ê�êëíø�ëíçéëéñ�ëíäKêÖëíõWý3çíÿWú�ä æ;ä�ï êè�õWô�çíë���ëíõ�î ñ�ã�ä¸õRÿ�ó ø;ä�ï�è�ò&ô�ïñ�ëíý�çéä7êSæ;ä�ï�æ�ô�î�ä�öRñ�ã�ä ëíõWý3çíÿWê�ëéè�õ³ô�õWú³êë���äè�ò>æ�ë ý�ñ�ÿ�ï�ä7ê�ö�äKì�äKõ¢ñ�ãWä ê�ãWô�æ;ä5ô�õWúÏú�ä�æ�ñ�ã¤è�ò¨ñ�ã�ä5õ�äKð�êæ�ô�æ;ä�ï | ñ�ï�ä�ä � }<÷këéñ�ã$ô�ý�ý�ÿ�ï ô�ñ�äºæ�ï�äKú�ë ý�ñ�ëéè�õWê è�õÏô¶ÿWê�ä�ï;Ô êçíä�ì�ä�ç�è�ò�ëíõ�ñ�ä�ï�äKêñLëéõ ÿ�õ�ï�äKô�ú ô�ï�ñ�ë ý3çíäKêKö < �Qâ&ô�õ�î�è ð�ëíçéç�ê�ä�äM�¸ñ�è¸ú�äKçéëíì�äKïLô�æ;ä�ï ê�è�õWô�çéë���ä7ú¸ò ï�è�õ9ñ��QæWô�î�ä�ö�ý3è�õ9ñ�ô�ëíõ�ëíõ�îBè�õ�ç�ñ�ã�äIô�ï�ñ�ë ý3çíäKêBè�òSã�ëíî�ã�ä7ê ñ¸ëíõ9ñ�ä�ï�äKêñKö�ëéõWú�ëéìRë ú�ÿWô�çíç�¤ý3ï�äKô�ñ�äKúÏä�ì�ä�ï��ú�ô8�ö;ò è�ï ä7ô�ý ãÅÿWêäKïBñ�ãWô�ñ ô�ý�ý�äKê�êä7ê�ñ�ã�ä < � â&ô�õ�î�èê�ëéñ�ä �o äKê�äKô�ï ý ã¸ëíõ æ�ÿ�ï�äÖý3è�çíç ô�ø;è�ï ô�ñ�ëíì�ä)þ�çùñ�ä�ï�ëéõ�î ô�õ�ú
æ�ÿ�ï�äSý�è�õ9ñ�äKõ9ñ��QøWô�ê�äKú þ�çùñ�ä�ï êÀý�è�õ9ñ�ëíõRÿ�äKê�ñ�èBø�ä�ññ�ä�ï&ñ�ã�äÖó5ä3ñ�ã�è�ú�êè�ò�ë ú�ä�õ9ñ�ëéòÛRëéõWî ëéñ�ä�ó|êÂè�ò0ÿ�êäKï>ëíõ�ñ�ä�ï�äKêñ ��{ ÿ�ñ�ÿ�ï�ä�ðÂè�ï�� ëéõWý�çéÿ�ú�äKêSëéõ�ý3è�ï�æ;è�ï ô�ñ�ëíõ�î¸è�õ�î�è�ëéõ�î ø�ï�ä7ô	�9ñ�ãWï�è�ÿ�î�ãWê¨ëéõÑñ�ã�ä7êäþ�çùñ�ä�ï�ëéõ�î5ñ�äKý ã�õWè�çíè�î�ëíäKêÂëíõ9ñ�è5è�ÿ�ï < �Qâ&ô�õWî�è
þ�çùñ�ä�ï�ëéõ�îIê��ê ñ�ä�ó �
¢¤£��	£5��£����K£5¥
3 (�F9F9416-7 ��è9êãRÿWô'( çíê�æ;äKý�ñ�è�ï7öK(�çíä���ê�ô�õWú�äKï�F è�ç ý#��öÖô�õWúw& ô�ý ã�ëíó ÿ�ñ�ã9ÿwF¸ô�ï�ÿ�õ�ô�õ�ëéñ�ã�ë � � è�ó5æWô�ï�ëíõ�îÅò äKô�ñ�ÿ�ï�ä#�øWô�ê�äKúÏô�õWúÅý3çíëQ$�ÿWä#�QøWô�ê�äKú�ÿ�êäKïBó5è�ú�äKçíêBò è�ïBó5è�ìRëíä ê�ä�çíäKý3ñ�ëíè�õ �O
 õ�µ W�b;·k^k^�ß	lm¶O�	jBb � ]mv�^ � v=lmW�ß��üã îã�b-¶ � ^�W�^�¶a·k^àb-¶ ì l^��lm]pV	X|�"l�c�W�V	WYl�^Yj ö;æWô�î�äKê%+�+[��+M6WöÓ+M4�416 �3 : L F9416-7 ��è�ã�õ fÑ� :Âï�ä�ä7êä�ö ~Bô/ìRëíú L ä7ýk��äKï�ó|ô�õ�öÂô�õWú � ô�ï�ç5F¸ô�ú�ëíä � x¨ó5æ�ëíï�ë ý�ô�ç�ô�õWô�ç/�ê�ëíê5è�ò æWï�ä7ú�ëíý3ñ�ëíì�ä�ô�ç/�î�è�ï�ëéñ�ã�ó|ê�ò è�ï¸ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä
þ�çùñ�ä�ï�ëéõ�î � âÀäKý ã�õWëíýKô�ç o ä�æ;è�ï�ñ Jzf�o � â o �_4�6	��+8.�ö J ëíý�ï�è9êè�ò�ñ o äKê�äKô�ï ý ã0ö? ý�ñ�è�ø;ä�ï9+M414�6 �3 :Âè�îr6�4-7 �0äKèu:Âè�î�ô�ï�ñ � µ W�^Yjkj�V-¶aß µ :�c�X[l�·�����vib��H^kV�ß8j���viV	]����Bv�^#¶-����vi^�W�^�V	¶aß���v=Z'lm¶��Hdà^�WYl�·kV-¶� ^�Þ"j¸`iVk`i^�Wkj � ��ô/ð�ï�ä�õWý�ä%x>ï�çíøWô�ÿ�ó ( ê�ê�èRý�ëíô�ñ�ä7ê�öÑ+M416�4 �3 : < 416-7 ~ � :Âëíçéç êÿ�êSô�õWú J'�=< ô	�M�Kô�õ�ë � ��äKô�ï�õ�ëíõ�î ý�è�çíçíô�ø�è�ï�ô�ñ�ëíì�ä�ëíõ�ò è�ï�ó|ô�ñ�ëéè�õ|þWçéñ�ä�ï ê ��
 õ�î V�·kv=lm¶Ñ^[�P^kV-WY¶�lm¶��F�µ W�b;·k^�^kß	lm¶O�	jüb � ]Ûvi^��(�-]Ûv 1 ¶�]_^�WY¶aV-]¸l�b-¶ÑV-X�ã�b	¶ � ^�W�^#¶Ñ·k^ öP+M4�416 �3 : f 4r�87 J ô�ï���è%:Öô�ç ô�øWô�õ�è�ìRëíý¨ô�õWú}"¨è�ô/ì f ã�è�ãWô�ó � � è�õ9ñ�ä�õ9ñ��QøWô�ê�äKú0ö�ý3è�çíç ô�ø;è�ï ô�ñ�ëíì�ä>ï�ä7ý3è�ó5ó5ä�õ�ú�ô�ñ�ëéè�õ � ã�b	d �d�:�¶�l�·kV-]¸l�b-¶ijnb � ]mv�^[�üã î�ö��r2�A�� C ö J ô�ï�ý ã)+M414r� �3 � Jzf 4r087 <"��o9� � ã�ä7êõWô�ëíêKö J'� � ��J ÿWýk�RçíèWö0ô�õ�ú�� � ( �Pf ãWä�ä�õ�ô � âÖãWäºþ;êãRð�ï ô�æ¤æ;ä�ï ê�è�õWô�çéë���ä7ú�õ�ä�ð�ê¸ê��ê ñ�ä�ó �
 õ�1 T�T�TÊgÑ^k·kb-¶Ñß 1 ¶�]_^�WY¶aV-]¸l�b-¶ÑV-XR�Nb-W�Ý-j�v�b�`ub	¶'ã�b-d�d�:�¶�lm]IZ � ^�]IÞ@b	W�Ý-lm¶�� 1 ¶�]p^T��W�V-]¸lm¶O� î :�X[]¸lmdB^�ß	l�VgÑ^�W â l�·k^#j9]pb�]mv�^[�üb-dB^ ö�+;4�4r0 �
 õ9ñ�ä�ï�õ�ä�ñ êëéñ�ä1RD �¡�¡O¢R£z¤O¤F¥|¦O§* O¨Y©«ª(¢«¬FY®«¯O§n°T¨F¨�¨R°�±|²F|¦sª�°�±³¦r¡�°B²Os´�¤(�®-¯O§F¤ �3 � < F9414-7 � ë ý3äKõ�ñ�ä@�0ÿ�$�ÿWä � ä�õ9ñ�äKõ�èWö � ô�ï�ó5ä�õ { ä�ï�õWô�õWú�ä�� < ô�õ�ô�ú�äKï�è�ö�ô�õWú � ô�ï�çíè�êÓ~�ä�çíî�ô�ú�è5F çíè9è9ê �	< äKï�ê�è�õ�ô�çíë/���ëéõWî%�è�ÿ�ï)äKçéä7ý�ñ�ï�è�õWëíýÂõ�äKð�êæWô�æ�äKï ��
 õBµ W�bM·k^k^kß-lm¶O�	jHb � ]mv�^�µ�]mvüT�:�W�b-dB^kß-l�V�ã�b-¶ � ^�W�^�¶a·k^�¶*�BT /�� T%ã|· ö(�æ�ï�ëíçP.	 	�_.�6�+M414�4 �3 { ~H4r.87 <"��{ è�çùñ��5ô�õWú fÑ� â � ~ ÿWó5ô�ëíê �B< ä�ï êè�õWô�çíë���äKúFëíõ�ò è�ï�ó|ô�ñ�ëéè�õÅú�ä�çíëéì�ä�ï�aR%(�õuô�õ�ô�ç�Rê�ë ê è�òSëíõ�ò è�ï�ó|ô�ñ�ëíè�õþWçéñ�ä�ï�ëíõ�î5ó ä�ñ�ã�è�ú�ê � ã�b-d�d�:�¶�l�·kV-]¸l�b-¶ijüb � ]Ûvi^[�üã î�ö��r0iA�+;. C R 0i+x�� �2WöÓ+M4141. �3 { è/åi412-7 � ��{ è/å � (�êñ�è�æ³çíëíêñ�ò è�ï�î�ä�õ�äKï�ô�ç�ñ�ä3åRñ �@
 õ g�s 1 ��¸Pb-Wa:�d ö�ì�è�çíÿ�ó5äO.-��ö�æWô�î�äKê%+M4}���10�öÓ+M4�412 �3 { ï ô�6��	7 ÷ � : ��{ ï�ô���ä7ê � � ^#WYd ã�b-¶�¹KV	]Il�b	¶ � b-W 1 ¶ � b	WYdàV	]Il�b	¶��H^#]¸WYl�^ â V-X � � ô�óºø�ï�ëíú�î�äÂû õ�ëíì�ä�ï ê�ëùñ� < ï�ä7ê�êKö�+M416	� �3 e � 4�4	7 (�õRÿ->ôueBè��RãWô�çéäÑô�õWú J ô�ï�� � ç ô89æ;èRè�ç � âÖã�ï�äKê�ã�è�çíú�ê
ò è�ï ó5è�ï�äÑô�ýKý3ÿ�ï ô�ñ�äÑý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä5þWçùñ�ä�ï�ëéõWî �
 õ'µ W�bM·k^k^kß-lm¶��-j�b � ]Ûvi^ 1 �%g � T ìº1 ¶�]_^�WY¶aV-]¸l�b-¶ÑV-XKã�b-¶ � ^#W�^#¶Ñ·�^\b-¶��HWY]¸l � ·�l�V-X 1 ¶�]_^#XmX[l^�r^�¶a·k^�V	¶aß*gÓb � ]ã�b-d�`|:�]¸lm¶O� ö L è�õ�è�çíÿ�çíÿ0ö L ô/ðÖô�ëíë(ö�û f ( ö�(�ÿ�î�ÿWêñ�4-�k+;.�+M414�4 � âÀè|ô�æ�æ;äKô�ï �3 F9:G(�4r087 â � F¸ô�ó øWôWö�F � :Sã�ô�ï ô�ñKö)ô�õ�ú J'� � � (�çíø�äKï�ê � âÖã�ä��Rï ô	��ô�ñ�è�ôFý ã�ï�è�õ�ë ý3çíäIô�õuëíõ9ñ�äKï�ô�ý�ñ�ëíì�ä|æ;ä�ï ê�è�õWô�ç��ë/�KäKú$õ�äKð�êæ�ô�æ;ä�ï
è�õ$ñ�ã�ä¶ðSäKø �\
 õyµ W�bM·k^k^kß-lm¶��-j*b � ]Ûvi^#¸�bs:�WY]mv 1 ¶�]p^�WY¶aV	]Il�b	¶aV-X���b	WYX/ß»�\l�ß1^¼��^;cã�b-¶ � ^�W�^�¶a·k^ ö�~�äKý3äKó ø;ä�ï9+1+#�k+��*+M4�4r0 �3 ç ô-�¸7 âÖã�ä¸çíè�ê�ô�õWî�ä�çíäKêSñ�ëéó5äKênA ãRÿ�õ9ñ�äKï C#�
 õ9ñ�ä�ï�õ�ä�ñ êëéñ�ä1RD �¡�¡O¢R£z¤O¤s¨�¨�¨R°{½OªF¡L¦&±L²-§n°]¯s®*±|¤ �

��£



3 �0ÿWã�0	6	7 LO� <"� �0ÿWã�õ � âÖã�äIô�ÿ�ñ�è�ó5ô�ñ�ë ý5ý3ï�äKô�ñ�ëéè�õ¤è�òÂçíëùñ�ä�ï ô�ñ�ÿ�ï�ä|ô�øWê ñ�ï�ô�ý�ñ ê � 1z/Kî¿¾ bs:�WY¶aV	X@b � �H^Yj�^kV-W�·kv'V	¶aßì ^ â ^#X/bk`adB^#¶�] öÑ.�R�+;0�4*�a+; 10�öi+M4r0	6 �3 J (H: � 4�6-7à:Öô�ú�ï�ÿ�ç J�� f ô�ï�ðÖô�ï7öq��è�ê�ä�æWã�( � F è�õWêñ�ô�õ0ö�( ç :Âè�ï�ý ã�äKï�êKöq��è�õ L ä�ï�çéè�ýk��ä�ï7öP:Âï�ô�ú J ëíçéçíä�ï7öLô�õWú���è�ã�õo ëíäKú�ç � û ê�ëéõ�î³þWçéñ�äKï�ëíõ�îFô�î�ä�õ9ñ�ê�ñ�èFëíó5æ�ï�è�ì�äºæWï�ä7ú�ëíý3ñ�ëíè�õu$9ÿWô�çíëùñ��ëíõÅñ�ã�ä�eBï�è�ÿ�æ��0ä�õ�ê ï�ä7êä7ô�ï ý ã¤ý3è�ç��çíô�ø�è�ï�ô�ñ�ëíì�ä þWçéñ�äKï�ëíõ�îIê��ê ñ�ä�ó �G
 õ�µ W�b;·�^k^kß-lm¶��-jàb � ]Ûvi^t�üã î ã�b-¶ � ^#W�^�¶a·k^Bb	¶yã�b-d�`|:�]_^�W9g�:;`1`ib	WY]p^kßã�bMbk`i^�W�V-]¸l â ^���b	W�Ý�¶kã�gPã0��· ö�+M4�416 �3 &�xSâ 7 
 õWý � &Hx>â < ï�äKê�ê�ä�õWý�ä � � o (n" ? &nR � ï�ä7ô�ñ�ä}"�è�ÿ�ï ? ð�õ�&�äKð�êæ�ô�æ;ä�ïH�G�è�ÿ�ïBæ;ä�ï êè�õWô�çíë/�KäKú 
 õ9ñ�ä�ï�õ�ä3ñõ�ä�ð�ê êäKï�ìRë ý3ä �
 õ9ñ�ä�ï�õ�ä�ñ êëéñ�ä1RD �¡�¡O¢R£z¤O¤«¯À©«ªFÁY®(ÂR°TÂY²F¡-¤ �3 õ�äKð54�6-7 { ô�ý�ñ�ê ô�ø�è�ÿ�ñ õ�ä�ð�ê�æWô�æ;ä�ï êKö +M414�6 � 
 õ9ñ�ä�ï�õ�ä�ñ f ëéñ�ä1R Y¡O¡O¢R£z¤�¤À¨�¨�¨R°TÂ«ª�ª�°{®F©FÃ-¤«¦�ÂY¥Y®Y¤s¥Yª«¯*¡|§(¤-¦9Â«Y²sÄ�°Å Y¡*±l½ �3 < ô	�;4�4	7 J'��< ô����7ô�õ�ë � (:ò ï ô�ó5äKðSè�ï��5ò è�ï�ý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä�ö�ý3è�õ9ñ�ä�õ9ñ��(øWô�êä7úFô�õWúFú�äKó è�î�ï ô�æ�ãWëíýBþWçéñ�äKï�ëíõ�î � �HWY]¸l �� ·�l�V-X 1 ¶�]_^�XmX[l^�1^�¶a·k^b��^ â l�^�Þ ö�+;4�414 �3 oK
�f � 4	�	7 <"� o äKê�õ�ëíýk�"ö%& � 
 ô�ý3è�ì�è�ÿ0ö J��Kf ÿWêã�ô	�"ö <"� :SäKï�î9ê ñ�ï�è�ó � ö�ô�õWú4� � o ëíäKú�ç � eBï�è�ÿ�æ�çíä�õ�ê�R�( õPè�æ;ä�õô�ï ý ã�ëéñ�äKý3ñ�ÿ�ï�äIò è�ï|ý3è�çíç ô�ø;è�ï ô�ñ�ëíì�äIþWçùñ�ä�ï�ëéõWîÏè�ò õ�ä3ñ�õ�ä�ð�ê �'
 õÊµ W�b;·�^k^kß-lm¶��-jNb � ã�b-d�`|:�]_^#W\g�:;`1`ib	WY]p^kßã�bMbk`i^�W�V-]¸l â ^~��b	W�Ý�ã�b	¶ � ^�W�^#¶Ñ·k^�¶kã�gPã0��· öÀæWô�î�äKêà+-�	0���+M61  � ( � J f=
 e � è�ó5æ�ÿ�ñ�ä�ï f ÿ�æ�æ;è�ï�ñ�äKú� èRè�æ;ä�ï ô�ñ�ëíì�äB÷Åè�ï��;öÓ+;4�4�� �3 ñ�ô�õ�7 âÖã�ä¸ðÂè�ï ý3äKêñ�äKï>ñ�ä�çíä�î�ï�ô�ó{ô�õWú¶î�ô���ä�ññ�ä è�õ�çéëíõ�ä �
 õ9ñ�ä�ï�õ�ä�ñ êëéñ�ä1RD �¡�¡O¢R£z¤O¤s¨�¨�¨R°T¡«²Y½O²sÃ�©«ªr±?°]¯(®�±l¤ �3 � � :G:G4� -7 � ã�ï�ëíêñ�è�æ�ã�ä�ï � � �Lè�î�ñKöKe ô�ï�ï�ë êè�õY÷ � � è�ññ�ï�äKçéç(ö o ë ý ãWô�ï úyF � :SäKçéäKð¸öÂô�õWú�: � â � :Âô�ïñ�ä�çíç � û�êëíõ�îï�äKçéäKì�ô�õWý�ä|ñ�è�ñ�ï�ô�ëéõ ô¢çéëíõ�äKô�ï ó5ëéå9ñ�ÿ�ï�äIè�ò�ä�åRæ;ä�ï�ñ�ê �N
 õyµ W�b;·k^k^�ß	lm¶O�	j*b � ]mv�^#¸�l � ]Ûv � ^�Ü1]?��T ]¸WYl�^ â V-Xã�b-¶ � ^�W�^�¶a·k^ ö�+M414�  �3 ÷$ô�ê�4�4-7 (�ã�ó|ô�ú J'� ( ã�ó|ô�ú�÷$ô�êþ � � è�çíçéä7ý�ñ�ëéõ�îuÿ�êäKïÑô�ýKý3äKê�ê|æWô�ññ�ä�ï�õWê|ò è�ïIø�ÿ�ëíçíú�ëéõ�îYÿWê�ä�ïIæ�ï�è�þ�çéä7êIô�õWúý3è�çéç ô�ø;è�ï ô�ñ�ëéì�ä5þWçùñ�ä�ï�ëéõWî ��
 õ�µ W�bM·k^k^kß-lm¶��-jNb � ]Ûvi^��(Æ(ÆFÆ 1 ¶�]_^�WY¶aV-]¸l�b-¶ÑV-X%ã�b-¶ � ^�W�^�¶a·k^Nb-¶ 1 ¶�]p^�XmX[l^�r^#¶�]Ç j�^�W 1 ¶�]_^�W � V�·k^Yj ö�æ�ô�î�ä7êK01�d�� 	�WöÓ+;4�414 �

���


	Worcester Polytechnic Institute
	DigitalCommons@WPI
	6-22-1999

	Combing Content-Based and Collaborative Filters in an Online Newspaper
	Mark Claypool
	Anuja Gokhale
	Tim Miranda
	Paul Murnikov
	Dmitry Netes
	See next page for additional authors
	Suggested Citation
	Authors



