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¦�¨´® ¦ ·¹¥�ÃO®�¨�¦�·Í®�Ò©®Á¨´²¾¦�¿É¨�Å[¬{ª¹ÒV¬{¦�¨&¦ §©¨�¼Ç¿^²�¨�ªÍ®µÆk	�¨|Ä"¦!³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥,·Í®�·¹ª¹ª¹Ò©® ¦ ÀÁ¬{¦�¨´²~·¹¥

���
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·¹Ã[Ò�À�¨ u Æ � Ð"·¹¥©³�ª¹Ò©²5·¹¥�Ã¶¦ §©¨�½�À�¨|Ïc½�À�¿"³´¨´®�® ·¹¥�Ã¾® ¦�¨�½©®�Ü�²�¿"³�Ò�¼Ç¨�¥È¦2À�¨�½�À�¨´®�¨�¥È¦Á¬{¦ ·Í¿¯¥T¬{¥©²
® ½V¬¯³´¨YÀ�¨´²5Ò©³�¦ ·Í¿¯¥"!Ñ°�¨µ¬{¦ Ò�À�¨�¨|Ä5¦ ÀÁ¬¯³�¦ ·Í¿¯¥UÝ¶¬{¥©²D¦ §©¨YªÍ¨µ¬{À ¥�·¹¥�Ã#!{¨�Å[¬{ª¹ÒV¬{¦ ·Í¿¯¥/½�À�¿^³´¨´²5Ò�À�¨
Ü�® Ò�½�½�¿¯À ¦&Åe¨´³�¦�¿¯À�¼~¬¯³Á§�·¹¥©¨´®µÐ©¥©¨�Ò�ÀÁ¬{ª�¥©¨�¦.±Â¿¯À Ô5®µÐUÃe¨�¥©¨�¦ ·Í³É¬{ª¹Ãe¿¯À ·¹¦ §�¼Ç®µÐ�¨�¦�³[Æ Ý|Æ!��À�¨µ¬{¦
À�¨�ªÍ¨�Å¯¬{¥©³´¨Î§V¬¯®Ç¸�¨´¨�¥PÀ ·¹Ã[§È¦t°�Ò�ª¹ª¹ºPÃ[·¹Åe¨�¥/¦�¿RªÍ¨µ¬{À ¥�·¹¥�ÃE½�À�¿"³´¨´²5Ò�À�¨´®Ç·¹¥/¦�¨|Ä5¦~³�ª¬¯®�®�·ÊÌ�Ï
³µ¬{¦ ·Í¿¯¥%Æ��¿Ñ±Â¨�Åe¨�ÀµÐ
¦ §©¨�À�¨Ç¼«Ò©® ¦É¸�¨~¬Î½�À�¨|Ïc½�À�¿^³´¨´®�®�·¹¥�Ã�® ¦Á¬{Ãe¨¾¸�¨|°Ë¿¯À�¨Ç¦ §©¨¾ªÍ¨µ¬{À ¥�·¹¥�Ã
½�À�¿^³´¨´®Á®µÐ�¬{¥©²/¦ §�·Í®ÇÒ©®�ÒV¬{ª¹ª¹ºPÀ�¨�½�À�¨´®�¨�¥È¦�®YÒ�½�¦�¿ w[v�$ ¿{°*¸�¿¯¦ §'¦ ·¹¼Ç¨�¬{¥©²�³´¿¯¼¾½�Ò5Ï
¦Á¬{¦ ·Í¿¯¥V¬{ª�¨|î�¿¯À ¦�®µÆ���À�¨|Ïc½�À�¿^³´¨´®Á® ·¹¥�ÃK¬{ª¹¦�¨�À�®�¦ §©¨É·¹¥�½�Ò�¦�® ½V¬¯³´¨«Ò©®�¨´²T¦�¿~À�¨�½�À�¨´®�¨�¥^¦¦ §©¨
²�¿^³�Ò�¼Ç¨�¥^¦�®�¦ §V¬{¦�¬{À�¨2Ò�ª¹¦ ·¹¼~¬{¦�¨�ª¹º¶·¹¥©³�ª¹Ò©²�¨´²¾·¹¥¾¦ §©¨�¦ ÀÁ¬{·¹¥�·¹¥�ÃO¬{¥©²¶¦�¨´® ¦ ·¹¥�Ãr®�¨�¦�®µÐ[Ò©®Á¨´²
¸ÈºO¼~¬¯³�§�·¹¥©¨�ªÍ¨µ¬{À ¥�·¹¥�ÃÉ¬{ª¹Ãe¿¯À ·¹¦ §�¼Ç®�¦�¿�ªÍ¨µ¬{À ¥Ç³�ª¬¯®�® ·ÊÌV¨�À�®µÐ[±�§�·Í³Á§¾¦ §©¨�¥~¬{À�¨�¨�Å¯¬{ª¹ÒV¬{¦�¨´²fÆ

Pre-Processing

    Document
Representation

Feature Extraction

  Space Reduction

Raw

Learning

     SVM
      NNs
       GA
     Rules
     KNN
     Linear
Probabilistic

Texts

Processed

Evaluation

 Accuracy
Recall

Precision
F1

ROCs

Models

TextsDocument
Collection

ModelsDeployment

Text Classification

��·¹Ã[Ò�À�¨ u Æ � (�	�¨|Ä5¦�³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥�¿µÅe¨�À Å"·Í¨�±rÆ

	�¨|Ä5¦«³�ª¬¯®Á® ·ÊÌV³µ¬{¦ ·Í¿¯¥D¼~¬µºR¸�¨¶°Ë¿¯À ¼~¬{ª¹·¹Ûµ¨´²Ö¬¯®É¦ §©¨¾¦Á¬¯® ÔR¿{°�¬{½�½�À�¿´Ä5·¹¼~¬{¦ ·¹¥�Ã�¦ §©¨
Ò�¥�Ô^¥©¿Ñ±�¥Ù¦Á¬{À Ãe¨�¦Y°�Ò�¥©³�¦ ·Í¿¯¥

f : D × C → {−1, 1} ¦ §V¬{¦,³´¿¯À À�¨´® ½�¿¯¥©²�®K¦�¿Ö§©¿µ±
²�¿^³�Ò�¼Ç¨�¥^¦�®�±Â¿¯Ò�ªÍ²H¸�¨»³�ª¬¯®�® ·ÊÌV¨´²0¸^ºÙ¬{¥H¬{Ò�¦ §©¿¯À ·¹¦Á¬{¦ ·¹Åe¨E¨|Ä5½�¨�À ¦µÆ7	2§©¨�°�Ò�¥©³�¦ ·Í¿¯¥
f

·Í®Y¦ §©¨T¦�¨|Ä5¦,³�ª¬¯®Á® ·ÊÌV¨�ÀµÐ C = {c1, c2, . . . , cj , . . . , c|C|}
·Í®�¬R½�À�¨´²�¨|Ì©¥©¨´²p®�¨�¦,¿{°

³µ¬{¦�¨�Ãe¿¯À ·Í¨´®&¬{¥©² D ·Í®!¬O®�¨�¦2¿{°�²�¿^³�Ò�¼Ç¨�¥^¦�®µÆ���¬¯³Á§Î²�¿^³�Ò�¼Ç¨�¥^¦�·Í®�À�¨�½�À�¨´®Á¨�¥È¦�¨´²KÒ©® ·¹¥�Ã
¦ §©¨Â®Á¨�¦�¿{°�°Ë¨µ¬{¦ Ò�À�¨´®µÐ¯Ò©® ÒV¬{ª¹ª¹º*±Â¿¯À�²�®ÑÐ W = {w1, w2, . . . , wk, . . . , w|W|}

Ð¯±�·¹¦ §¶¨µ¬¯³�§
¿¯¥©¨«¬¯®�¬ÇÅe¨´³�¦�¿¯À

di = (wi1, wi2, . . . , wik, . . . , wi|W|)
ÐV±�§©¨�À�¨

wik
²�¨´®�³�À ·¹¸�¨´®�¨µ¬¯³�§

°�¨µ¬{¦ Ò�À�¨[ï ®�À�¨�½�À�¨´®�¨�¥^¦Á¬{¦ ·Í¿¯¥»°�¿¯À�¦ §V¬{¦�® ½�¨´³�·ÊÌV³O²�¿"³�Ò�¼Ç¨�¥È¦µÆ�Ø0§©¨�¥
f(di, cj) = 1

Ð
di·Í®¬¶½�¿[® ·¹¦ ·¹Åe¨r¨|Ä©¬{¼¾½�ªÍ¨É¿¯À�¼Ç¨�¼É¸�¨�À¿{°�³µ¬{¦�¨�Ãe¿¯À º

cj
Ð�±�§�·¹ªÍ® ¦±�§©¨�¥

f(di, cj) = −1·¹¦�·Í®�¬¶¥©¨�ÃÈ¬{¦ ·¹Åe¨r¨|Ä©¬{¼¾½�ªÍ¨r¿{°
cj

Æ
	�¨|Ä5¦�³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥Î³µ¬{¥K¸�¨�¬«® Ò�¸5Õ ¨´³�¦ ·¹Åe¨½�À�¿¯¸�ªÍ¨�¼ÎÐ�®�·¹¥©³´¨¦ §©¨�ª¬{¸�¨�ª.Ü�®�ÝÂ¿¯À!³µ¬{¦tÏ
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¨�Ãe¿¯À ºfÜ�·Í¨´®�Ý*¦ §V¬{¦Ç¬{¥=¨|Ä"½�¨�À ¦¶³µ¬{¥P¬{¦ ¦ À ·¹¸�Ò�¦�¨,¦�¿»¬�²�¿^³�Ò�¼Ç¨�¥^¦O¼~¬µºDÅ[¬{À ºR±�·¹¦ §=¦ §©¨
½�Ò�À ½�¿[®�¨¶¿{°�¦ §©¨¾³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥D¬{¥©²�½�¨�À�®�¿¯¥V¬{ª�¨|Ä"½�¨�À ·Í¨�¥©³´¨[ÆÉ�©¿¯À*·¹¥©®�¦Á¬{¥©³´¨[Ð%¬~¥©¨�±&®
¬{À ¦ ·Í³�ªÍ¨�¿¯¥¾¦ §©¨2³�ÀÁ¬¯® §Ç¿{°�¬�® ½�¿¯À ¦�®k¦�¨µ¬{¼Îï ®�® ¦�¿"³�Ô5®k²5Ò©¨2¦�¿�Ò�¥5°Ë¬{·¹ÀkÃe¿ÑÅe¨�À ¥�¼Ç¨�¥È¦�½�¿¯ª¹·Í³�º
³µ¬{¥K¸�¨�³�ª¬¯®�® ·ÊÌV¨´²,Ò�¥©²�¨�À�Þ�05í[à|ß�ç�Ð"¿¯À!Ò�¥©²�¨�À:^�í¯ä æ�ß�æ�â|ç�Ð^¿¯À2Ò�¥©²�¨�À�é�ã¯à�è���ß�ç�Ð�¿¯À2Ò�¥©²�¨�À
¬{¥ÈºÎ³´¿¯¼«¸�·¹¥V¬{¦ ·Í¿¯¥R¿{°k¦ §©¨É¦ §�À�¨´¨[Æ2	2§©¨r½�Ò�À ½�¿[®�¨É¿{°�¬¾¼~¬¯³Á§�·¹¥©¨ÉªÍ¨µ¬{À ¥�·¹¥�ÃK¬{½�½�À�¿e¬¯³�§
·Í®2¦�¿¾³µ¬{½�¦ Ò�À�¨*¦ §�·Í®&®�Ò�¸5Õt¨´³�¦ ·¹Å"·¹¦.º,¸ÈºK¨|Ä�¬{¼¾·¹¥�·¹¥�Ã~¦ §©¨r²�¿^³�Ò�¼Ç¨�¥^¦�®�³�ª¬¯®�®�·ÊÌV¨´²K¸Èº,¦ §©¨
¨|Ä5½�¨�À ¦�Ò�¥©²�¨�À C Æ

	�¨|Ä"¦�³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥�·Í®!Ò©® ÒV¬{ª¹ª¹ºK¬«¸�·¹¥V¬{À º~½�À�¿¯¸�ªÍ¨�¼ÎÐV¬¯®!¼Ç¨�¥È¦ ·Í¿¯¥©¨´²T¨µ¬{À ª¹·Í¨�ÀµÐ5¸�Ò�¦
¦ §©¨�À�¨T¬{À�¨�¬{ªÍ®�¿R¼ÉÒ�ª¹¦ ·Í³�ª¬¯®Á®,¬{½�½�À�¿e¬¯³Á§©¨´®µÆÙ��¨�½�¨�¥©²5·¹¥�ÃÖ¿¯¥�¦ §©¨�¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥%Ð2¦�¨|Ä5¦
³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥�¼~¬´º�¸�¨r¨�·¹¦ §©¨�À�¬Ç® ·¹¥�Ã[ªÍ¨|Ïcª¬{¸�¨�ª�¦Á¬¯® ÔRÜ�·cÆ ¨[Æ!¨|Ä©¬¯³�¦ ª¹º�¿¯¥©¨

cj ∈ C ¼ÉÒ©® ¦
¸�¨r¬¯®�® ·¹Ã[¥©¨´²K¦�¿¾¨µ¬¯³�§

di ∈ D Ý|Ð�¿¯À�¬O¼ÉÒ�ª¹¦ ·ÊÏcª¬{¸�¨�ª�¦Á¬¯® Ô»Ü�·cÆ ¨[Æ�¬{¥ÈºK¥ÈÒ�¼«¸�¨�À¸�¨�¦�±Â¨´¨�¥
v ¬{¥©² |C| ¿{°&³µ¬{¦�¨�Ãe¿¯À ·Í¨´®O¼~¬´ºR¸�¨Y¬¯®Á® ·¹Ã[¥©¨´²E¦�¿Î¨µ¬¯³Á§�²�¿"³�Ò�¼Ç¨�¥È¦

di ∈ D Ý|Æ���¿µ±2Ï
¨�Åe¨�ÀµÐk¼Ç¿[® ¦¶¼ÉÒ�ª¹¦ ·ÊÏcª¬{¸�¨�ªcÐ�¼«Ò�ª¹¦ ·Í³�ª¬¯®�®¶¦Á¬¯® Ô5®µÐ
ª¹·¹Ôe¨,¦ §©¨Y¿¯¥©¨´®OÒ©®�¨´²P¬¯®«¸�¨�¥©³Á§�¼~¬{À Ô"®
¦ §�À�¿¯Ò�Ã[§©¿¯Ò�¦r¦ §�·Í®*±!¿¯À Ô�Ð�¬{À�¨¾Ò©® ÒV¬{ª¹ª¹ºT¦Á¬¯³ÁÔ^ªÍ¨´²Ö¬¯® |C| ·¹¥©²�¨�½�¨�¥©²�¨�¥È¦r¸�·¹¥V¬{À º»³�ª¬¯®�® ·ÊÏ
ÌV³µ¬{¦ ·Í¿¯¥R½�À�¿¯¸�ªÍ¨�¼Ç®�Ò�¥©²�¨�À {cj , cj}

Ð�°Ë¿¯À
j = 1, . . . , |C| Æ«�.¥�¦ §�·Í®*³µ¬¯®�¨[Ðf¬,³�ª¬¯®�® ·ÊÌV¨�À

°Ë¿¯À C ·Í®�¦ §^Ò©®¬¯³�¦ ÒV¬{ª¹ª¹º�³´¿¯¼¾½�¿[®Á¨´²Î¿{° |C| ¿¯¥©¨|Ï�¬{ÃÈ¬{·¹¥©® ¦tÏ�¬{ª¹ª�¸�·¹¥V¬{À ºK³�ª¬¯®Á® ·ÊÌV¨�À�®µÆ
��¥�¦ §©¨TÀ�¨´® ¦,¿{°r¦ §�·Í®Y¦ §©¨´® ·Í®Y±Â¨�Ò©®�¨T³�ª¬¯®Á® ·ÊÌV³µ¬{¦ ·Í¿¯¥H¬{¥©²�³µ¬{¦�¨�Ãe¿¯À ·¹ÛÑ¬{¦ ·Í¿¯¥H® º"¥5Ï

¿¯¥Èº"¼Ç¿¯Ò©® ª¹ºeÆ +^·¹¼¾·¹ª¬{À ª¹ºeÐ�¦ §©¨�¦�¨�À ¼Ç®T³�ª¬¯®�®µÐ&ª¬{¸�¨�ªcÐ�¿¯ÀK³µ¬{¦�¨�Ãe¿¯À ºp¬{À�¨»Ò©®�¨´²0·¹¥È¦�¨�ÀtÏ
³�§V¬{¥�Ãe¨µ¬{¸�ª¹ºeÐ
¬¯®�±Â¨�ª¹ª�¬¯®�±Â¿¯À�²fÐf¦�¨�À ¼ÎÐf¨|Ä©¬{¼¾½�ªÍ¨¶¿¯À�°�¨µ¬{¦ Ò�À�¨[Ð�¬{¥©²»²©¬{¦Á¬¯®�¨�¦µÐf³´¿¯À ½�Ò©®
¿¯À&³´¿¯ª¹ªÍ¨´³�¦ ·Í¿¯¥%Æ

ó
Ð�� J&%'% ô�Õ�ø�×¦Ô\Õ�Ò�ÙáâHÒ'ÛÜÔ\Þ�(
Ô ø>ô�×'â�â\Õ)ßø�×¦Ô\Õ�Ò'Ù
	�¨|Ä5¦³�ª¬¯®Á® ·ÊÌV³µ¬{¦ ·Í¿¯¥E¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®�¬{À�¨O® ½�À�¨µ¬¯²5·¹¥�Ã,ÀÁ¬{½�·Í²5ª¹ºÎ²5Ò©¨É¦�¿,¬{¥�¨�Åe¨�ÀtÏc·¹¥©³�À�¨µ¬�Ï
® ·¹¥�Ã*¬{¼Ç¿¯Ò�¥È¦�¿{°U²5·¹Ã[·¹¦Á¬{ª5¦�¨|Ä5¦ ÒV¬{ª"²©¬{¦Á¬5Æk�ª¹Ãe¿¯À ·¹¦ §�¼Ç®k¬{À�¨Â°c¬¯³´¨´²É±�·¹¦ §Oª¬{À Ãe¨�¬{¼Ç¿¯Ò�¥È¦�®
¿{°&¦�¨|Ä5¦«²©¬{¦Á¬�¦�¿T¿¯À ÃÈ¬{¥�·¹Ûµ¨,·¹¥P¬�Ã[·¹Åe¨�¥P®�¨�¦«¿{°�³µ¬{¦�¨�Ãe¿¯À ·Í¨´®ÑÆ���¿"³�Ò�¼Ç¨�¥È¦�®¾³µ¬{¥�¦Á¬{Ôe¨
®�¨�Åe¨�ÀÁ¬{ªf°Ë¿¯À ¼Ç®µÐ©¨[Æ Ã©ÆÂ±Â¨�¸�½V¬{Ãe¨´®µÐV¨�¼~¬{·¹ªÍ®ÑÐ©¥©¨�±&® ±�·¹À�¨«¿¯À�®�³�·Í¨�¥È¦ ·ÊÌV³O¬{À ¦ ·Í³�ªÍ¨´®µÆ2�.¥�¦ §�·Í®
®�¨´³�¦ ·Í¿¯¥Î±!¨*·¹¥È¦ À�¿"²5Ò©³´¨É¬¾®�¬{¼¾½�ªÍ¨r¿{°
¦ §©¨�¼Ç¿[®�¦�® ·¹Ã[¥�·ÊÌV³µ¬{¥È¦�¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®µÆ

*,+.-/+10 ø hkg 2Âl0aV_�ZTh%\�3%Xf_Â]54�X�Ze]ch�_
	2§©¨ÇÃe¨�¥©¨�ÀÁ¬{ª!½�À�¿¯¸�ªÍ¨�¼ ¿{°&²�¿^³�Ò�¼Ç¨�¥^¦¶¿¯À ÃÈ¬{¥�·¹ÛÑ¬{¦ ·Í¿¯¥=·Í®«¦ §©¨~¿¯¥©¨,¿{°&³�ª¬¯®�® ·Ê°�º^·¹¥�Ã�¿¯À
Ì©ª¹·¹¥�ÃY¬¶®�¨�¦&¿{°k¦�¨|Ä5¦�²�¿^³�Ò�¼Ç¨�¥^¦�®&·¹¥^¦�¿~¬¾®�¨�¦&¿{°�³µ¬{¦�¨�Ãe¿¯À ·Í¨´®µÆ

�9¦.º"½�·Í³µ¬{ª�¨|Ä�¬{¼¾½�ªÍ¨¶·Í®�¦ §©¨¶³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥Ö¿{°�¥©¨�±&®r® ¦�¿¯À ·Í¨´®�·¹¥E¬Y¥©¨�±&®É¬{Ãe¨�¥©³�º
Ü���¿¯¦ §©¿Ü��ß�ã¯ä-PÍÐ u[v[v �eÝ|Æ!��¥Î½�Ò�¸�ª¹·Í® §�·¹¥�Ã~§©¿¯Ò©®Á¨´®µÐ©ª¹·¹Ôe¨*¦ §©¨É·¹¥È¦�¨�À ¥V¬{¦ ·Í¿¯¥V¬{ªk��¨�Ò�¦�¨�À�®¿¯À
�
¿¯À ¦ Ò�Ã[Ò©¨´®�¨�$fÒ©®Á¬5Ð!¬Îª¬{À Ãe¨K¥^Ò�¼É¸�¨�ÀÇ¿{°¥©¨�±&®¶® ¦�¿¯À ·Í¨´®Ç¬{À À ·¹Åe¨�¨µ¬¯³�§P²©¬µºeÆD��¦«·Í®¾¿{°
Ò�¦ ¼Ç¿[® ¦!·¹¼¾½�¿¯À ¦Á¬{¥©³´¨�¦ §V¬{¦2¦ §©¨�À�¨�·Í®�¬{¦ÂªÍ¨µ¬¯®�¦2¬O®�¨�¼¾·ÊÏ�¬{Ò�¦�¿¯¼~¬{¦�¨´²�® º5® ¦�¨�¼B¦ §V¬{¦Â¦Á¬{Ãe®
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� �,í	��í�ã�å�ç�í�ðØî
¦ §©¨´®�¨�²�¿"³�Ò�¼Ç¨�¥È¦�®
±�·¹¦ §�·¹¥¾¬�®Á¨�¦�¿{°©½�À�¨´²�¨|Ì©¥©¨´²¶³µ¬{¦�¨�Ãe¿¯À ·Í¨´®µÆ�	2§©¨!³�§V¬{ª¹ªÍ¨�¥�Ãe¨´®k·¹¥©³�ª¹Ò©²�¨
¦ §©¨r¿¯¥�ª¹·¹¥©¨*¥V¬{¦ Ò�À�¨r¿{°k¦ §©¨r® º5® ¦�¨�¼F¬{¥©²K¦ §©¨*Å[¬{À ·¬{¦ ·Í¿¯¥Î·¹¥Î¦ §©¨É®�¨�¦&¿{°k³µ¬{¦�¨�Ãe¿¯À ·Í¨´®ÑÆ

�¥©¿¯¦ §©¨�ÀY¨|Ä©¬{¼¾½�ªÍ¨Î·Í®Ç½V¬{¦�¨�¥^¦K¬{¥V¬{ª¹º5® ·Í®µÐ!±�§©¨�À�¨�® Ò�¸�¼¾·Í®�® ·Í¿¯¥©®Y¿{°�¥©¨�±¤½V¬{¦�¨�¥È¦
¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®,¬{À�¨K·¹¥©³�À�¨µ¬¯®�·¹¥�Ã©Æ/	2§©¨K¦Á¬¯® Ô�·Í®¶¦�¿E²�¨�¦�¨�À ¼¾·¹¥©¨�·Ê°r¬�Ã[·¹Åe¨�¥/½V¬{¦�¨�¥È¦Ç·Í®
Ò�¥�·Í×ÈÒ©¨�¿¯À!·Ê°�·¹¦!§V¬¯®2¬{ª¹À�¨µ¬¯²5ºY¸�¨´¨�¥K® ¦Á¬{¦�¨´²fÆ�	2§©¨�³�§V¬{ª¹ªÍ¨�¥�Ãe¨´®¬{À�¨¦ §©¨ª¬{À Ãe¨�¥ÈÒ�¼«¸�¨�À
¿{°�½V¬{¦�¨�¥È¦�®�¦ §V¬{¦
¬{ª¹À�¨µ¬¯²5ºr¨|Ä5·Í® ¦µÐÑ¦ §©¨�ªÍ¿¯¥�Ãe¨�À�¦ §V¬{¥«Ò©® ÒV¬{ª^® ·¹Ûµ¨�¿{°�²�¿"³�Ò�¼Ç¨�¥È¦�®k¬{¥©²r¦ §©¨[Ð
®�¿¯¼Ç¨�¦ ·¹¼Ç¨´®Î²�¨�ª¹·¹¸�¨�ÀÁ¬{¦�¨�ª¹ºeÐ�¦�¨´³�§�¥�·Í³µ¬{ªcÐ�¥©¿¯¥5Ï.® ¦Á¬{¥©²©¬{À�²fÐ*¬{¥©²H¬{¸©® ¦ À Ò©®�¨�Åe¿"³µ¬{¸�Ò�ª¬{À º
Ò©®�¨´²K¸ÈºÎ¬{½�½�ª¹·Í³µ¬{¥^¦�®OÜ�$�¬{À Ôe¨�ºeÐ � �����eÝ|Æ

*,+.-,+6* 7 a 8kZ:92bËZ[a©\È]�_�3
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Subject: New course edition
Date:  Mon, 3 Nov 2003 12:07:02 +0100
From:     xxx@xxx.com
Dear friends,

As referred last September, regarding the course, if there were enough 
registrations, a new edition would take place still this year.
Until now, 17 people have already registered to a new course edition, and 
new registrations are predictable. Moreover, most previous editions 
participants found the course very interesting and valuable to their work.

Best Regards.
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³�ª¹Ò©²5·¹¥�ÃT¸�¿^¿[®�¦ ·¹¥�Ã�¼Ç¨�¦ §©¿^²�®,Ü���À�¨�Ò�¥©²"üF+"³Á§V¬{½�·¹À�¨[Ð � �����eÝ Ý|Ð
¬{¥©²E®�Ò�½�½�¿¯À ¦rÅe¨´³�¦�¿¯À
¼~¬¯³�§�·¹¥©¨´®¶Ü�-�¬{½�¥�·¹Ô�Ð � �����eÝ|Æ

	%ÀÁ¬{·¹¥�·¹¥�Ã¾¼Ç¨�¦ §©¿"²�®!°Ë¿¯ÀÂ¼~¬¯³Á§�·¹¥©¨�ªÍ¨µ¬{À ¥�·¹¥�Ã¶³�ª¬¯®Á® ·ÊÌV¨�À�®�¬{À�¨�¿{°�¦�¨�¥K³�§V¬{ÀÁ¬¯³�¦�¨�À ·¹Ûµ¨´²
¬¯®�¸�¨�·¹¥�ÃOÃe¨�¥©¨�ÀÁ¬{¦ ·¹Åe¨�¿¯À2²5·Í®�³�À ·¹¼¾·¹¥V¬{¦ ·¹Åe¨[Æ2��¨�¥©¨�ÀÁ¬{¦ ·¹Åe¨�³�ª¬¯®�® ·ÊÌV¨�À�®ÂªÍ¨µ¬{À ¥K¬É¼Ç¿^²�¨�ª�¿{°
¦ §©¨ÂÕt¿¯·¹¥^¦!½�À�¿¯¸V¬{¸�·¹ª¹·¹¦�ºeÐ

P (di, cj)
Ð"¿{°�¦ §©¨·¹¥�½�Ò�¦�²�¿"³�Ò�¼Ç¨�¥È¦

di
¬{¥©²,¦ §©¨�³�ª¬¯®�®2ª¬{¸�¨�ª

cj
Ð�¼~¬{Ôe¨¶¦ §©¨�·¹À�½�À�¨´²5·Í³�¦ ·Í¿¯¥©®*¸Èº�Ò©® ·¹¥�Ã�12¬µºe¨´®µï�À Ò�ªÍ¨O¦�¿,³µ¬{ªÍ³�Ò�ª¬{¦�¨¶¦ §©¨¶³´¿¯¥©²5·¹¦ ·Í¿¯¥V¬{ª

½�À�¿¯¸V¬{¸�·¹ª¹·¹¦.º
P (cj |di)

Ð�¬{¥©²P¦ §©¨�¥/½�·Í³�Ô=¦ §©¨�¼Ç¿[®�¦Çª¹·¹Ôe¨�ª¹º=ª¬{¸�¨�ª
cj

Æ/��¥/³´¿¯¥È¦ ÀÁ¬¯® ¦µÐ
²5·Í®�³�À ·¹¼¾·¹¥V¬{¦ ·¹Åe¨¶³�ª¬¯®�® ·ÊÌV¨�À�®�²�¿Ç¥©¿¯¦�§V¬´Åe¨¶¬~½�À�¿¯¸V¬{¸�·¹ª¹·¹¦.ºÎ°�ÀÁ¬{¼Ç¨�±Â¿¯À Ô�¬{¥©²�³µ¬{¥�¦ §ÈÒ©®
¸�¨&·¹¥È¦�¨�À ½�À�¨�¦�¨´²�¬¯®�¼Ç¿"²�¨�ª¹·¹¥�ÃÉ¦ §©¨�½�¿[®�¦�¨�À ·Í¿¯À

P (cj |di)
²5·¹À�¨´³�¦ ª¹ºeÐ^¦ §ÈÒ©®Â½�À�¿µÅ"·Í²5·¹¥�Ã¶¬{¥

¬{½�½�À�¿´Ä5·¹¼~¬{¦ ·Í¿¯¥%Æ���¦�§V¬¯®�¿{°�¦�¨�¥¾¸�¨´¨�¥Y¬{À Ã[Ò©¨´²Ç¦ §V¬{¦�°�¿¯À�¼~¬{¥^º~¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥Y²�¿¯¼~¬{·¹¥©®µÐ
²5·Í®�³�À ·¹¼¾·¹¥V¬{¦ ·¹Åe¨r³�ª¬¯®�®�·ÊÌV¨�À�®�¬¯³�§�·Í¨�Åe¨*§�·¹Ã[§©¨�À�¦�¨´®�¦ ·¹¥�ÃÇ®�¨�¦&¬¯³´³�Ò�ÀÁ¬¯³�ºY¦ §V¬{¥�Ãe¨�¥©¨�ÀÁ¬{¦ ·¹Åe¨
³�ª¬¯®�® ·ÊÌV¨�À�®!Ü�-�¬{½�¥�·¹Ô�Ð � ��� w Ý|Æ���¿¯¥©¨�¦ §©¨�ªÍ¨´®�®µÐ�Ãe¨�¥©¨�ÀÁ¬{¦ ·¹Åe¨�³�ª¬¯®Á® ·ÊÌV¨�À�®�¬{ªÍ®�¿2§V¬µÅe¨�®�¨�Åe¨�ÀÁ¬{ª
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½�ªÍ¨�Ãe¨�¥©¨�ÀÁ¬{¦ ·¹Åe¨É³�ª¬¯®Á® ·ÊÌV¨�À«Ü�¥V¬Z¡ËÅe¨r1�¬´ºe¨´®|Ý2¿¯Ò�¦ ½�¨�Àt°Ë¿¯À ¼Ç®�·¹¦�®&³´¿¯¥©²5·¹¦ ·Í¿¯¥V¬{ª¹ª¹º^Ïc¦ ÀÁ¬{·¹¥©¨´²fÐ
²5·Í®�³�À ·¹¼¾·¹¥V¬{¦ ·¹Åe¨&³´¿¯Ò�¥^¦�¨�À ½V¬{À ¦�Ü�ªÍ¿¯Ã[·Í® ¦ ·Í³&À�¨�Ã[À�¨´®�® ·Í¿¯¥UÝ�±�§©¨�¥Ç¦ §©¨&¬{¼Ç¿¯Ò�¥^¦Â¿{°�¬µÅ¯¬{·¹ª¬{¸�ªÍ¨
ª¬{¸�¨�ªÍ¨´²�¦ ÀÁ¬{·¹¥�·¹¥�Ã~²©¬{¦Á¬¶·Í®&®�¼~¬{ª¹ªÂÜ���Ã�ü À ¿¯À�²©¬{¥%Ð u[v[v[u Ý|Æ

��¨�¥©¨�ÀÁ¬{¦ ·¹Åe¨»¼Ç¨�¦ §©¿"²�®,·¹¥©³�ª¹Ò©²�¨»¥V¬Z¡ËÅe¨»12¬µºe¨´®µÐ�$�¬{¦�¨�¥È¦T��·¹À ·Í³�§�ªÍ¨�¦Î�ª¹ªÍ¿"³µ¬{¦ ·Í¿¯¥%Ð
¦ §©¨É��® ½�¨´³�¦&¼Ç¿"²�¨�ªcÐ�¬{¥©²�1�¬´ºe¨´®�����)$�ÆU�·Í®Á³�À ·¹¼¾·¹¥V¬{¦ ·¹Åe¨É¼Ç¨�¦ §©¿"²�®*¬{À�¨r¦.º"½�·ÊÌV¨´²�¸Èº
® Ò�½�½�¿¯À ¦2Åe¨´³�¦�¿¯À�¼~¬¯³�§�·¹¥©¨´®«Üc+^-��RÝ|Ð^ªÍ¿¯Ã[·Í®�¦ ·Í³�À�¨�Ã[À�¨´®�® ·Í¿¯¥EÜ�$%��Ý|Ð�²�¨´³�·Í®�·Í¿¯¥�¦ À�¨´¨´®&¬{¥©²
¨�¥©®�¨�¼«¸�ªÍ¨´®«Ü�ª¹·¹Ôe¨r��²©¬¯12¿"¿[® ¦�Ý|Æ

ØE¨�¥©¿µ± ½�À�¨´®�¨�¥È¦Î¬D® §©¿¯À ¦,¿ÑÅe¨�À Å^·Í¨�± ¿{°rªÍ¨µ¬{À ¥�·¹¥�Ã=¼Ç¨�¦ §©¿^²�®Y°Ë¿¯À~¦�¨|Ä5¦Y³�ª¬¯®�®�·ÊÏ
ÌV³µ¬{¦ ·Í¿¯¥%Ð!¥V¬{¼Ç¨�ª¹ºP��¿"³´³�§�·Í¿�ï ®Ç¼Ç¨�¦ §©¿"²fÐ2²�¨´³�·Í® ·Í¿¯¥�¦ À�¨´¨´®,¬{¥©²PÀ Ò�ªÍ¨´®µÐÂ¥V¬Z¡ËÅe¨T1�¬´ºe¨´®ÑÐ
Ô^Ïc¥©¨µ¬{À�¨´® ¦«¥©¨�·¹Ã[§^¸�¿¯ÀµÐ�¥©¨�Ò�ÀÁ¬{ª2¥©¨�¦.±Â¿¯À Ô5®µÐ�Ôe¨�À ¥©¨�ªÊÏc¸V¬¯®Á¨´²=¼~¬¯³�§�·¹¥©¨´®Ç¬{¥©²P¬{ªÍ®�¿�³´¿¯¼¶Ï
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	2§©¨r°�¿¯Ò�¥©²©¬{¦ ·Í¿¯¥©®�¿{°�Ôe¨�À ¥©¨�ªÊÏc¸V¬¯®�¨´²�¼~¬¯³�§�·¹¥©¨´®µÐU·cÆ ¨[Æ�® Ò�½�½�¿¯À ¦�Åe¨´³�¦�¿¯À�¼~¬¯³�§�·¹¥©¨´®
Üc+^-���®�Ý�¬{¥©²ÇÀ�¨�ªÍ¨�Å[¬{¥©³´¨&Åe¨´³�¦�¿¯À�¼~¬¯³Á§�·¹¥©¨´®*Ü��%-���®�Ý|Ð^¬{À�¨&ªÍ¨|°�¦�°�¿¯À�¦ §©¨&¥©¨|Ä5¦Â³�§V¬{½�¦�¨�À
® ·¹¥©³´¨~¦ §©¨�ºE³´¿¯¥©® ¦ ·¹¦ Ò�¦�¨,¦ §©¨~® ¦Á¬{À ¦ ·¹¥�Ã�½�¿¯·¹¥^¦O¿{°&¦ §©¨~¦�¨´³�§�¥�·Í×^Ò©¨´®¶½�À�¿¯½�¿[®Á¨´²E·¹¥D¦ §�·Í®
¦ §©¨´® ·Í®µÆ

*,+.¡/+10 ÷ h�g�g�tÂ]ch�¢�n�l'a©Z�t�h�o
��¿"³´³�§�·Í¿�ï ®&¼Ç¨�¦ §©¿^²EÜ��¿^³´³Á§�·Í¿�Ð � �  ,� Ý!·Í®&¬¶³�ª¬¯®�® ·Í³�¼Ç¨�¦ §©¿"²K°�¿¯À�²�¿"³�Ò�¼Ç¨�¥È¦&À�¿¯Ò�¦ ·¹¥�Ã
¿¯ÀkÌ©ª¹¦�¨�À ·¹¥�Ã*¦ §V¬{¦�¿¯À ·¹Ã[·¹¥V¬{¦�¨´²¾°�À�¿¯¼@·¹¥5°�¿¯À ¼~¬{¦ ·Í¿¯¥~À�¨�¦ À ·Í¨�Å¯¬{ª©¦ ÀÁ¬¯²5·¹¦ ·Í¿¯¥%ÐÈ·¹¥�·¹¦ ·¬{ª¹ª¹º«Ò©®Á¨´²
°Ë¿¯ÀÉ¨|Ä"½V¬{¥©²5·¹¥�Ã�Ò©®�¨�ÀÉ×^Ò©¨�À ·Í¨´®O¿¯¥D¦ §©¨Ç¸V¬¯®�·Í®É¿{°�À�¨�ªÍ¨�Å¯¬{¥©³´¨ÉÕtÒ©²5Ã[¼Ç¨�¥È¦�®µÆ���¦r·Í®rÒ©®Á¨´²
°Ë¿¯À�·¹¥©²5Ò©³�·¹¥�ÃKª¹·¹¥©¨µ¬{ÀµÐ�½�À�¿{Ì©ªÍ¨|Ï.® ¦.º"ªÍ¨¶³�ª¬¯®�® ·ÊÌV¨�À�®µÐU·cÆ ¨[Æ�ª¹·¹¥©¨µ¬{À�³�ª¬¯®Á® ·ÊÌV¨�À�®�¦ §V¬{¦�³´¿¯¥©® ·Í®�¦
¿{°&¬{¥D¨|Ä"½�ª¹·Í³�·¹¦«½�À�¿{Ì©ªÍ¨�Ü�¿¯Àr½�À�¿¯¦�¿¯¦�º^½�·Í³µ¬{ª2²�¿"³�Ò�¼Ç¨�¥È¦�Ý*¿{°�¦ §©¨Ç³µ¬{¦�¨�Ãe¿¯À ºeÆ,	2§�·Í®r§V¬¯®
¿¯¸ÈÅ"·Í¿¯Ò©®2¬¯²5Å¯¬{¥^¦Á¬{Ãe¨´®�·¹¥Y¦�¨�À ¼Ç®Â¿{°f·¹¥È¦�¨�À ½�À�¨�¦Á¬{¸�·¹ª¹·¹¦�ºeÐ5¸�¨´³µ¬{Ò©®Á¨¬�½�À�¿{Ì©ªÍ¨�¿{°f¦ §�·Í®�¦.º"½�¨
³µ¬{¥�¸�¨*À�¨µ¬¯²5·¹ª¹ºYÒ�¥©²�¨�À�®�¦�¿^¿"²�¸Èº�¬¶§^Ò�¼~¬{¥%Æ

	2§�·Í®¾¼Ç¨�¦ §©¿"²=À�¨�ª¹·Í¨´®Ç¿¯¥�¬{¥�¬¯²©¬{½�¦Á¬{¦ ·Í¿¯¥/¦�¿»¦�¨|Ä5¦Ç³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥'¿{°¦ §©¨K±Â¨�ª¹ªÊÏ
Ô"¥©¿µ±�¥��¿^³´³Á§�·Í¿R°Ë¿¯À ¼ÉÒ�ª¬»°Ë¿¯À¾À�¨�ªÍ¨�Å[¬{¥©³´¨�°Ë¨´¨´²5¸V¬¯³�ÔP·¹¥P¦ §©¨ÎÅe¨´³�¦�¿¯ÀtÏ.®�½V¬¯³´¨Î¼Ç¿"²�¨�ªcÆ
	2§�·Í®¾¬¯²©¬{½�¦Á¬{¦ ·Í¿¯¥=±!¬¯®«Ì©À�® ¦O½�À�¿¯½�¿[®�¨´²Ö·¹¥pÜ���Ò�ª¹ªcÐ � ��� � Ý|Ð�¬{¥©²Ö§V¬¯®«¸�¨´¨�¥�Ò©®�¨´²Ö¸Èº
¼~¬{¥Èº/¬{Ò�¦ §©¿¯À�®Y® ·¹¥©³´¨�¦ §©¨�¥�Üc+"¨�¸V¬¯® ¦ ·¬{¥�·cÐ u[v[v[u Ý¶¨�·¹¦ §©¨�À,¬¯®¾¦ §©¨�¼~¬{·¹¥�® Ò�¸5Õ ¨´³�¦~¿{°
À�¨´®�¨µ¬{À�³Á§»Ü À ¿e¬¯³Á§�·¹¼Ç®µÐ � ���   )©+"³�§V¬{½�·¹À�¨���ß�ã¯ä-PÍÐ � ��� w Ý|ÐÈ¸V¬¯®Á¨�ª¹·¹¥©¨³�ª¬¯®�®�·ÊÌV¨�À�Üc�!¿¯§©¨�¥aü
+^·¹¥�Ãe¨�ÀµÐ � ������) À ¿e¬¯³�§�·¹¼Ç®µÐ � ��� w )"$%¨�±�·Í®
�´ß�ã¯ä%PÐ � ������)�+"³�§V¬{½�·¹À�¨3üj+^·¹¥�Ãe¨�ÀµÐ u[v[v[v Ý�¿¯À
¼Ç¨�¼É¸�¨�À�¿{°�¬¾³�ª¬¯®�® ·ÊÌV¨�À&³´¿¯¼¾¼¾·¹¦ ¦�¨´¨,Ü�$�¬{À Ôe¨�ºmü9�ÂÀ�¿{°�¦µÐ � �����eÝ|Æ

#�® ·¹¥�Ã¶¦ §�·Í®2¼Ç¨�¦ §©¿^²fÐ�¨µ¬¯³Á§�¦�¨�À ¼
wk

·Í®�¬¯®�® ·¹Ã[¥©¨´²Î¬«±!¨�·¹Ã[§È¦
ωk

Ð"¦ §V¬{¦&³´¿¯¼É¸�·¹¥©¨´®
¦ §©¨Î¦�¨�À ¼ ±Â¨�·¹Ã[§^¦K·¹¥'¦ §©¨�¿¯À ·¹Ã[·¹¥V¬{ª�×^Ò©¨�À º

q
±�·¹¦ §'¦ §©¨�±Â¨�·¹Ã[§^¦�®�¿{°r¸�¿¯¦ §DÕ)Ò©²5Ãe¨´²



uZ� ã�ä8å:æ8ç�èêé þ�ì��¦åcã����¦é<ðßò>î8ñ ðØî ç�è��lç ã���å
� �,í	��í�ã�å�ç�í�ðØî
À�¨�ªÍ¨�Å¯¬{¥^¦OÜ

Pos
Ý2¬{¥©²K·¹À À�¨�ªÍ¨�Å[¬{¥È¦¶Ü

Neg
Ý�²�¿"³�Ò�¼Ç¨�¥È¦�®&°�¿¯À�¦ §©¨r³µ¬{¦�¨�Ãe¿¯À º°(

ωk = λ ωqk + β
∑

i∈Pos

ωik

|Pos| − γ
∑

i∈Neg

ωik

|Neg| ,
Ü u Æ��eÝ

±�§©¨�À�¨
ωik

·Í®*¦ §©¨¶±Â¨�·¹Ã[§^¦«¿¯À*À�¨�½�À�¨´®�¨�¥^¦Á¬{¦ ·Í¿¯¥Ö¿{°2¦�¨�À ¼
wk

·¹¥E²�¿"³�Ò�¼Ç¨�¥È¦
di

Ð
Pos¬{À�¨r¦ §©¨*¦ ÀÁ¬{·¹¥�·¹¥�ÃK²�¿"³�Ò�¼Ç¨�¥È¦�®¸�¨�ªÍ¿¯¥�Ã[·¹¥�Ã,¦�¿¾¦ §©¨É³µ¬{¦�¨�Ãe¿¯À ºeÐU±�§©¨�À�¨µ¬¯®

Neg
¬{À�¨*¦ §©¨

¦ ÀÁ¬{·¹¥�·¹¥�Ãr²�¿^³�Ò�¼Ç¨�¥^¦�®�¥©¿¯¦k¸�¨�ªÍ¿¯¥�Ã[·¹¥�Ã*¦�¿�¦ §©¨2³µ¬{¦�¨�Ãe¿¯À º¾¬{¥©² |.| À�¨�½�À�¨´®�¨�¥È¦�®�¦ §©¨Â¥^Ò�¼¶Ï
¸�¨�À«¿{°�¨�ªÍ¨�¼Ç¨�¥^¦�®¶¿{°2¦ §©¨~®�¨�¦µÆK�.¥E¦ §©¨~³´¿¯¥È¦�¨|Ä5¦O¿{°�¦�¨|Ä5¦É³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥�¦ §©¨�À�¨Ç·Í®*¥©¿
·¹¥�·¹¦ ·¬{ª�×^Ò©¨�À ºeÐ"®�¿*¦ §©¨&¦�¨�À ¼B±Â¨�·¹Ã[§^¦Â·¹¥Y¦ §©¨�¿¯À ·¹Ã[·¹¥V¬{ª�×ÈÒ©¨�À ºeÐ

ωqk
ÐÈ·Í®�¥©¿¯¦Â³´¿¯¥©® ·Í²�¨�À�¨´²fÐ

®�¨�¦ ¦ ·¹¥�Ã
λ = 0

Ü���Ò�¼~¬{·Í®a��ß*ã¯ä%PÐ � ��� w Ý|Æ
β

¬{¥©²
γ

¬{À�¨Ç³´¿¯¥È¦ À�¿¯ª!½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�®O¦ §V¬{¦
¬{ª¹ªÍ¿µ±L®�¨�¦ ¦ ·¹¥�Ã¾¦ §©¨*À�¨�ª¬{¦ ·¹Åe¨r·¹¼¾½�¿¯À ¦Á¬{¥©³´¨r¿{°k½�¿[®�·¹¦ ·¹Åe¨É¬{¥©²K¥©¨�ÃÈ¬{¦ ·¹Åe¨É¨|Ä©¬{¼¾½�ªÍ¨´®µÆ

�H³�ª¬¯®�®�·ÊÌV¨�À!¸�Ò�·¹ª¹¦2Ò©® ·¹¥�Ã¾�¿^³´³Á§�·Í¿�ï ®Â¼Ç¨�¦ §©¿"²,À�¨�±!¬{À�²�®�¦ §©¨�³�ªÍ¿[®�¨�¥©¨´®Á®!¿{°k¬É¦�¨´®�¦tÏ
·¹¥�ÃY²�¿"³�Ò�¼Ç¨�¥È¦�¦�¿¾¦ §©¨É³´¨�¥^¦ À�¿¯·Í²�¿{°�¦ §©¨É½�¿[® ·¹¦ ·¹Åe¨É¦ ÀÁ¬{·¹¥�·¹¥�ÃY¨|Ä©¬{¼¾½�ªÍ¨´®µÐ�¬{¥©²Î·¹¦�®�²5·Í® Ï
¦Á¬{¥©³´¨*°�À�¿¯¼F¦ §©¨«³´¨�¥È¦ À�¿¯·Í²�¿{°�¦ §©¨r¥©¨�ÃÈ¬{¦ ·¹Åe¨r¦ ÀÁ¬{·¹¥�·¹¥�ÃK¨|Ä©¬{¼¾½�ªÍ¨´®µÆ�	2§©¨rÀ�¿¯ªÍ¨«¿{°k¥©¨�Ã¯Ï
¬{¦ ·¹Åe¨«¨|Ä©¬{¼¾½�ªÍ¨´®·Í®�Ò©® ÒV¬{ª¹ª¹ºÎ²�¨´¨�¼¾½�§V¬¯®�·¹Ûµ¨´²fÐU¸^ºÎ®�¨�¦ ¦ ·¹¥�Ã

β
¦�¿Y¬Ç§�·¹Ã[§�Å[¬{ª¹Ò©¨«¬{¥©²

γ¦�¿�¬ÎªÍ¿µ±;¿¯¥©¨�Üc+"¨�¸V¬¯® ¦ ·¬{¥�·cÐ u[v[v[u Ý|Æ�	2§�·Í®É¼Ç¨�¦ §©¿"²Ö·Í®É×^Ò�·¹¦�¨Y¨µ¬¯® º»¦�¿T·¹¼¾½�ªÍ¨�¼Ç¨�¥È¦µÐ
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¿{°%²�¿^³�Ò�¼Ç¨�¥^¦�®�ª¬{¸�¨�ªÍ¨´²Ç±�·¹¦ §¤£&æËí¯äÊí�+�¥¾³µ¬{¦�¨�Ãe¿¯À º~¬{¥©²Ç²�¨µ¬{ª¹·¹¥�ÃÉ±�·¹¦ §,¨�·¹¦ §©¨�À S ê©æ�ëÇã¯ä ç
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(β2 + 1)P × R

β2P + R
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(β2 + 1)a

(β2 + 1)a + b + β2c
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<REUTERS TOPICS="YES" LEWISSPLIT="TRAIN" CGISPLIT="TRAINING-SET" 
OLDID="5552" NEWID="9">
<DATE>26-FEB-1987 15:17:11.20</DATE>
<TOPICS><D>earn</D></TOPICS>
<PLACES><D>usa</D></PLACES>
<PEOPLE></PEOPLE>
<ORGS></ORGS>
<EXCHANGES></EXCHANGES>
<COMPANIES></COMPANIES>
<UNKNOWN> 
&#5;&#5;&#5;F
&#22;&#22;&#1;f0762&#31;reute
r f BC-CHAMPION-PRODUCTS-&lt;CH   02-26 0067</UNKNOWN>
<TEXT>&#2;
<TITLE>CHAMPION PRODUCTS &lt;CH> APPROVES STOCK SPLIT</TITLE>
<DATELINE>    ROCHESTER, N.Y., Feb 26 - </DATELINE><BODY>Champion 
Products Inc said its
board of directors approved a two-for-one stock split of its
common shares for shareholders of record as of April 1, 1987.
    The company also said its board voted to recommend to
shareholders at the annual meeting April 23 an increase in the
authorized capital stock from five mln to 25 mln shares.
 Reuter
&#3;</BODY></TEXT>
</REUTERS>

�
·¹Ã[Ò�À�¨ u Æ���(��¨�Ò�¦�¨�À�®tÏ u�� �  ¯w ²�¿"³�Ò�¼Ç¨�¥È¦µÆ

²�¿^³�Ò�¼Ç¨�¥^¦K½�À�¨´®�¨�¥È¦�¨´²Ù·¹¥Ù�
·¹Ã[Ò�À�¨ u Æ��5ÆL��¨´® ½�·¹¦�¨T·¹¦�®,½�¿¯½�Ò�ª¬{À ·¹¦.ºeÐ���¨�Ò�¦�¨�À�®tÏ u�� �  ¯w
½�À�¨´®�¨�¥È¦�®Ç¬T¥ÈÒ�¼«¸�¨�ÀÇ¿{°�²5·Í®Á¬¯²5Å¯¬{¥^¦Á¬{Ãe¨´®µÐ�½V¬{À ¦ ·Í³�Ò�ª¬{À ª¹º�¦ §V¬{¦¾¿{°¿µÅe¨�ÀÁ¬{ª¹ª�® ·¹Ûµ¨»Ü�¿¯¥�ª¹º
u�� Ð��  ¯w ²�¿"³�Ò�¼Ç¨�¥È¦�®|Ý|Æ�1!ºE³´¿¯¥È¦ ÀÁ¬¯®�¦µÐ����Â- � ·Í®á���T¦ ·¹¼Ç¨´®Éª¬{À Ãe¨�ÀµÆ���¨�Ò�¦�¨�À�®tÏ u�� �  ¯w
³´¿µÅe¨�À�®2¿¯¥�ª¹ºÇ¬�°�ÀÁ¬¯³�¦ ·Í¿¯¥Y¿{°�¬*ºe¨µ¬{ÀµÐ^±�·¹¦ §Y®Á¿¯¼Ç¨�±�§V¬{¦Â·¹¥©³´¿¯¥©® ·Í®�¦�¨�¥È¦2³´¿µÅe¨�ÀÁ¬{Ãe¨�¿{°�¦ §V¬{¦
¦ ·¹¼Ç¨¾½�¨�À ·Í¿^²fÐ�±�§©¨�À�¨µ¬¯®É�&�Â- � ³´¿ÑÅe¨�À�®O¬K³´¿¯¼¾½�ªÍ¨�¦�¨~ºe¨µ¬{ÀÉ¿{°�¨´²5·¹¦�¿¯À ·¬{ªÂ¿¯Ò�¦ ½�Ò�¦µÐ�¬{ªÊÏ
ªÍ¿µ±�·¹¥�Ã,¦ §©¨r·¹¥^Åe¨´® ¦ ·¹ÃÈ¬{¦ ·Í¿¯¥R¿{°k¦�¨�¼¾½�¿¯ÀÁ¬{ª
·Í®�® Ò©¨´®µÆ2��¥�¬¯²�²5·¹¦ ·Í¿¯¥%Ð����Â- � ±2¬¯®�³�À�¨µ¬{¦�¨´²
°�À�¿¯¼ð¬,¥©¨�±&®«¬{À�³�§�·¹Åe¨Ç½�À�¿"²5Ò©³�¦~Ü�·cÆ ¨[ÆÇ¬K²©¬{¦Á¬{¸V¬¯®�¨ÑÝ�ÀÁ¬{¦ §©¨�À*¦ §V¬{¥�¬,ÀÁ¬´±S¥©¨�±&® ±�·¹À�¨
°�¨´¨´²fÐ�±�§�·Í³Á§R§©¨�ª¹½©®�¦�¿Y¨�¥©®�Ò�À�¨O³´¿¯¥©®�·Í® ¦�¨�¥©³�º�Ü�°Ë¨�±Â¨�Àr²5Ò�½�ª¹·Í³µ¬{¦�¨´®µÐ�³´¿¯À À�¨´³�¦ ·Í¿¯¥©®µÐf¸�À ·Í¨|°
¬{ªÍ¨�À ¦�®µÐf¨�¦�³[Æ Ý|Æ*��¿µ±Â¨�Åe¨�ÀµÐ�¿¯¥©¨¶¬¯²5Å[¬{¥È¦Á¬{Ãe¨¾¿{°Â¦ §©¨O¿¯ªÍ²�¨�À*³´¿¯ª¹ªÍ¨´³�¦ ·Í¿¯¥R·Í®�¦ §V¬{¦r¬ÇÃ[À�¨µ¬{¦
²�¨µ¬{ª%¿{°
¨|îf¿¯À ¦�§V¬¯®2¸�¨´¨�¥T¬{½�½�ª¹·Í¨´²K¦�¿¶·Í²�¨�¥^¦ ·Ê°�ºK® Ò�·¹¦Á¬{¸�ªÍ¨�¦ ÀÁ¬{·¹¥�·¹¥�Ã#!�¦�¨´® ¦ ·¹¥�Ã,® ½�ª¹·¹¦�®!°Ë¿¯À
Å¯¬{À ·Í¿¯Ò©®¶¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®µÐ
½V¬{À ¦ ·Í³�Ò�ª¬{À ª¹ºE¦ §©¿[®�¨Y¿{°�¦�¨|Ä"¦O³µ¬{¦�¨�Ãe¿¯À ·¹ÛÑ¬{¦ ·Í¿¯¥P¬{¥©²D¼~¬¯³�§�·¹¥©¨
ªÍ¨µ¬{À ¥�·¹¥�Ã©Æ��.¥Ç°Ë¬¯³�¦µÐe�¨�Ò�¦�¨�À�®tÏ u�� �  ¯w ³´¿¯¥©®�¦ ·¹¦ Ò�¦�¨´®!¬�¸�¨�¥©³�§�¼~¬{À Ô¶°Ë¿¯ÀÂ¬{ª¹Ãe¿¯À ·¹¦ §�¼7³´¿¯¼¶Ï
½V¬{À ·Í®�¿¯¥~±�·¹¦ §�·¹¥Y¦ §©¨�À�¨´®�¨µ¬{À�³Á§,³´¿¯¼¾¼«Ò�¥�·¹¦.ºeÐ"±�§�·¹ªÍ¨&±!¿¯À ÔÇ¿¯¥Ç¦ §©¨&¥©¨�±�³´¿¯À ½�Ò©®Â·Í®�®�¦ ·¹ª¹ª
²�¨�Åe¨�ªÍ¿¯½�·¹¥�Ã©Æ

�2¬{¦�¨�Ãe¿¯À ·Í¨´®�°�¿¯À%�&�Â- � ¬{À�¨�§�·Í¨�ÀÁ¬{À�³�§�·Í³µ¬{ª¹ª¹ºr¿¯À ÃÈ¬{¥�·¹Ûµ¨´²É·¹¥È¦�¿2°Ë¿¯Ò�À%¦�¿¯½5ÏcªÍ¨�Åe¨�ªe¥©¿"²�¨´®	(
�!¿¯À ½�¿¯ÀÁ¬{¦�¨�!{��¥©²5Ò©® ¦ À ·¬{ª�Üc���!��	�Ý|ÐÈ��³´¿¯¥©¿¯¼¾·Í³´®�Ü��Â�!��	�Ý|Ð^�*¿µÅe¨�À ¥�¼Ç¨�¥È¦X!«+"¿^³�·¬{ª�Üc��Ï
�!��	�Ý�¬{¥©²��»¬{À Ôe¨�¦�®ÇÜ��R�!��	�Ý|Æ�	2§©¨�À�¨¾¬{À�¨ �µv �,³µ¬{¦�¨�Ãe¿¯À ·Í¨´®É¬¯³�¦ ÒV¬{ª¹ª¹º�¬¯®Á® ·¹Ã[¥©¨´²�¦�¿
¦ §©¨Â²©¬{¦Á¬5Æ
��¥É¦ §©¨!®�¨´³´¿¯¥©²«³´¿¯ª¹Ò�¼¾¥¾¿{°V	
¬{¸�ªÍ¨ u Æ � Ü���¿^³�Ò�¼Ç¨�¥^¦�®�Ý�¦ §©¨�¦�¿¯¦Á¬{ª"¥ÈÒ�¼«¸�¨�À�¿{°
½�¿[®�·¹¦ ·¹Åe¨&²�¿^³�Ò�¼Ç¨�¥^¦�®�°Ë¿¯À�¦ §©¨�¦�¨�¥~¼Ç¿[® ¦�½�¿¯½�Ò�ª¬{¦�¨´²~³�ª¬¯®�®�¨´®�¿{°f�&�Â- � ·Í®�Ã[·¹Åe¨�¥%Æ��©¿¯À
¦ ÀÁ¬{·¹¥�·¹¥�Ã©Ð%�&�Â- � ²�¨|Ì©¥©¨´® u[u Ð��  ¯v ²�¿"³�Ò�¼Ç¨�¥È¦�®*¦ §V¬{¦r®�§©¿¯Ò�ªÍ²�¸�¨«Ò©®�¨´²fÆÉ�©¿¯À�¦�¨´® ¦ ·¹¥�Ã
±Â¨«®�¨�ªÍ¨´³�¦�¨´²Î¦ §©¨rÌ©À�® ¦8� v Ð v[v[v ²�¿^³�Ò�¼Ç¨�¥^¦�®¥©¿¯¦�Ò©®�¨´²�°Ë¿¯À&¦ ÀÁ¬{·¹¥�·¹¥�Ã©Æ�	�¬{¸�ªÍ¨ u Æ � ¬{ªÍ®Á¿



þ�ì�È�ì�èn´�å��'ò>å�ç�í�ðØî ð���æêé�èv{Tæ é3ð3ã�è�� �,í©î��Éq�è:ç�älðØñÄ� �&�

	
¬{¸�ªÍ¨ u Æ � (��
¿[® ·¹¦ ·¹Åe¨É²�¿"³�Ò�¼Ç¨�¥È¦�®&°�¿¯À&�&�Â- � ³µ¬{¦�¨�Ãe¿¯À ·Í¨´®µÆ
�2¬{¦�¨�Ãe¿¯À º ��¿"³�Ò�¼Ç¨�¥È¦�® 	�ÀÁ¬{·¹¥�·¹¥�Ã 	�¨´® ¦ ·¹¥�Ã
���!��	 � w�� Ð�� uU  �µv Ð �&� � u �5Ð vU � 
�É�!��	 u ���5Ð u �   u Ð v � v �5Ð �µw[v
�R�!��	 u[vZ� Ð w[u[v �5Ð � � � ��� Ð ���µv
� � � � � � Ð  ¯w � �5Ð �µu[u   Ð � � �

�Â�!��	 ��� �5Ð�� u[v �5Ð � � u   Ð������
� ��� w �5Ð ���Èv � Ð   ��� � Ð w[wU 
� � � � w�� Ð w � v � � � ��� w
� � � u   �5Ð v � u � Ð v[w[w � ���
���Â��$ ���5Ð wU ¯w � Ð�� uU  �5Ð   ���
� � � ���5Ð���� � � Ð v ��� u Ð�� � �

½�À�¨´®�¨�¥^¦�®¶¦ §©¨,¨|îf¨´³�¦ ·¹Åe¨K¥ÈÒ�¼«¸�¨�ÀÇ¿{°½�¿[® ·¹¦ ·¹Åe¨K²�¿"³�Ò�¼Ç¨�¥È¦�®¾Ò©®Á¨´²D°Ë¿¯ÀO¦ ÀÁ¬{·¹¥�·¹¥�ÃD¬{¥©²
¦�¨´® ¦ ·¹¥�Ã©Æ»��¨�¦Á¬{·¹ªÍ¨´²�·¹¥5°�¿¯À ¼~¬{¦ ·Í¿¯¥�¬{¸�¿¯Ò�¦O�&�Â- � ³´¿¯À ½�Ò©®¾³µ¬{¥�¸�¨Ç°Ë¿¯Ò�¥©²D·¹¥P$%¨�±�·Í®Ñï
½V¬{ÀÁ¬{¼Ç¿¯Ò�¥È¦�¬{À ¦ ·Í³�ªÍ¨~Ü�$%¨�±�·Í®l��ßÂã[ä%PÐ u[v[vZ� Ý�¬{¥©²�·¹¥T�½�½�¨�¥©²5·ÊÄK1�Æ

ó
Ð�Ê ? � % Õ_ù�Õ�ø>×'ô3Þ�ÖØ×'ô�ûß×¦Ô\Õ�Ò�Ù Ò'Û % ù�Þ�} % ù�Ò3ø�Þ4â�â\Õ�Ùßõ&�oÞ�Ô\ÝßÒ3÷ßâ
	�¿*°�Ò�À ¦ §©¨�ÀÂ¬¯®Á®�¨´®�®k¦ §©¨2·¹¥�¶©Ò©¨�¥©³´¨¬{¥©²ÇÀ�¨�ª¬{¦ ·¹Åe¨�·¹¼¾½�¿¯À ¦Á¬{¥©³´¨¿{°�½�À�¨|Ïc½�À�¿"³´¨´®�® ·¹¥�ÃÉ¼Ç¨|Ï
¦ §©¿"²�®É¿¯¥E¦�¨|Ä5¦É³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥�½�¨�Àt°�¿¯À ¼~¬{¥©³´¨[Ð�±Â¨~§V¬´Åe¨YÒ�¥©²�¨�À ¦Á¬{Ôe¨�¥=¬{¥D¨�¼¾½�·¹À ·Í³µ¬{ª
® ¦ Ò©²5ºY¦�¿¾½�À�¿¯¼Ç¿¯¦�¨*¦ §©¨�·¹À&³´¿¯¼¾½V¬{À ·Í®�¿¯¥%ÆÂ	2§�·Í®&® ¦ Ò©²5º,Ò©®�¨´²K¦ §©¨*��¨�Ò�¦�¨�À�®tÏ u�� �  ¯w ³´¿¯ªÊÏ
ªÍ¨´³�¦ ·Í¿¯¥�±�·¹¦ §�¦ §©¨Î��¿"²��½�¦�¨Î® ½�ª¹·¹¦µÆ0	2§©¨Î¨|Ä"½�¨�À ·¹¼Ç¨�¥È¦�®Y±Â¨�À�¨�³µ¬{À À ·Í¨´²�¿¯Ò�¦ÇÒ©®�·¹¥�Ã
¦ §©¨O+^-�� ³�ª¬¯®�® ·ÊÌV¨�ÀµÆ�	2§©¨´®Á¨«³Á§©¿¯·Í³´¨´®�¿{°�¸�¨�¥©³�§�¼~¬{À ÔT³´¿¯À ½�Ò©®*¬{¥©²�³�ª¬¯®�® ·ÊÌV¨�À�³´¿¯À À�¨|Ï
® ½�¿¯¥©²,¦�¿¶¦ §©¨�¼Ç¿[® ¦�±�·Í²�¨�ª¹ºYÒ©®Á¨´²K¸�¨�¥©³Á§�¼~¬{À ÔK¬{¥©²�¦ §©¨*®�¦Á¬{¦�¨|Ï.¿{°�Ïc¦ §©¨r¬{À ¦&³�ª¬¯®�®�·ÊÌV¨�À
·¹¥�¦�¨|Ä5¦~³�ª¬¯®�®�·ÊÌV³µ¬{¦ ·Í¿¯¥%Ð�¦ §ÈÒ©®Y½�¨�À ¼¾·¹¦ ¦ ·¹¥�Ã�¦ §©¨T²�¨´²5Ò©³�¦ ·Í¿¯¥p¿{°r® ·¹Ã[¥�·ÊÌV³µ¬{¥^¦YÀ�¨´® Ò�ª¹¦�®ÑÆ
��¥Î¿¯À�²�¨�À&¦�¿O°�Ò�ªÊÌ©ª¹ª�¦ §©¨r¿¯¸5Õt¨´³�¦ ·¹Åe¨´®²�¨´®�³�À ·¹¸�¨´²fÐ�¦ §�À�¨´¨*½�À�¨|Ïc½�À�¿"³´¨´®�® ·¹¥�ÃÇ¼Ç¨�¦ §©¿"²�®�°Ë¿¯À
²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ª¹·¹¦�º�À�¨´²5Ò©³�¦ ·Í¿¯¥T±Â¨�À�¨É³´¿¯¥©® ·Í²�¨�À�¨´²fÐ©¥V¬{¼Ç¨�ª¹º°(

• $%¿Ñ±L°�À�¨´×^Ò©¨�¥©³�º�±Â¿¯À�²�À�¨�¼Ç¿µÅ[¬{ª1(�±�§©¨�¦ §©¨�À*¿¯À�¥©¿¯¦±!¿¯À�²�®�¦ §V¬{¦�¬{½�½�¨µ¬{À�¨´²T·¹¥
°Ë¨�±Â¨�À�¦ §V¬{¥Î¦ §�À�¨´¨r²�¿"³�Ò�¼Ç¨�¥È¦�®¬{À�¨rÀ�¨�¼Ç¿µÅe¨´²�)

• +^¦�¿¯½^±Â¿¯À�²EÀ�¨�¼Ç¿ÑÅ¯¬{ª1(�¦ §©¨¶À�¨�¼Ç¿ÑÅ¯¬{ª�¿¯À*¥©¿¯¦r¿{°!±Â¿¯À�²�®*·¹¥R¦ §©¨~+"�����
	@® ¦�¿¯½5Ï
±!¿¯À�²�ª¹·Í® ¦	)

• +^¦�¨�¼¾¼¾·¹¥�Ã&(�±�§©¨�¦ §©¨�À�
¿¯À ¦�¨�À® ¦�¨�¼¾¼¾·¹¥�ÃÇ±2¬¯®¬{½�½�ª¹·Í¨´²Î¿¯À�¥©¿¯¦µÆ
	
¬{¸�ªÍ¨ u Æ��,½�À�¨´®�¨�¥È¦�®*¦ §©¨O½�¿[®�® ·¹¸�ªÍ¨¶³´¿¯¼É¸�·¹¥V¬{¦ ·Í¿¯¥©®«¿{°Â¦ §©¨O¦�¨´® ¦�¨´²R²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ªÊÏ

·¹¦.º=À�¨´²5Ò©³�¦ ·Í¿¯¥0¼Ç¨�¦ §©¿^²�®ÑÆ0	
¬{¸�ªÍ¨ u Æ��R½�À�¨´®�¨�¥È¦�®Y¼~¬¯³�À�¿{Ï�¬´Åe¨�ÀÁ¬{Ãe¨´²ÙÀ�¨´® Ò�ª¹¦�®Ç°�¿¯À,¬¯³|Ï



�Èu ã�ä8å:æ8ç�èêé þ�ì��¦åcã����¦é<ðßò>î8ñ ðØî ç�è��lç ã���å
� �,í	��í�ã�å�ç�í�ðØî
³�Ò�ÀÁ¬¯³�ºeÐ!½�À�¨´³�·Í® ·Í¿¯¥%Ð2À�¨´³µ¬{ª¹ª¬{¥©²/� � Ð�¬¯³�§�·Í¨�Åe¨´²/°�¿¯À¾¦ §©¨�²�¨|Ì©¥©¨´²/³´¿¯¼É¸�·¹¥V¬{¦ ·Í¿¯¥©®K¿{°
½�À�¨|Ïc½�À�¿^³´¨´®Á® ·¹¥�ÃÇ¼Ç¨�¦ §©¿"²�®«Üc+^·¹ª¹Å[¬lü��&·¹¸�¨�·¹À�¿�Ð u[v[v �{¸UÝ*Üc+^·¹ª¹Å[¬�ü��&·¹¸�¨�·¹À�¿�Ð u[v[vU  ¸UÝ|Æ

	
¬{¸�ªÍ¨ u Æ���(�	�¨´®�¦ ·¹¥�ÃY³´¿¯¥©²5·¹¦ ·Í¿¯¥©®�¿{°k½�À�¨|Ïc½�À�¿"³´¨´®�® ·¹¥�ÃÇ¼Ç¨�¦ §©¿"²�®µÆ
	�¨´® ¦ $%¿Ñ±H°�À�¨´×UÆ ±!¿¯À�²�® +^¦�¿¯½È±!¿¯À�²�® +^¦�¨�¼¾¼¾·¹¥�Ã
� ��¿ �¿ �¿
1 ��¿ �¿ y�¨´®
� ��¿ y�¨´® �¿
� ��¿ y�¨´® y�¨´®
� y�¨´® �¿ �¿
� y�¨´® �¿ y�¨´®
� y�¨´® y�¨´® �¿
� y�¨´® y�¨´® y�¨´®

	
¬{¸�ªÍ¨ u Æ���(��
¨�Àt°�¿¯À ¼~¬{¥©³´¨´®�°Ë¿¯À&²5·Êî�¨�À�¨�¥^¦�½�À�¨|Ïc½�À�¿"³´¨´®�® ·¹¥�ÃÇ¼Ç¨�¦ §©¿"²�®µÆ
	�¨´® ¦ ��³´³�Ò�ÀÁ¬¯³�º ��À�¨´³�·Í® ·Í¿¯¥ �¨´³µ¬{ª¹ª � �
� ���5Æ�� w�$ w �5Æ���� $ ���5Æ���� $ ���5Æ���� $
1 �   Æ v���$ wZ� Æ u � $ ���5Æ�� u�$ ���5Æ ���#$
� ���5Æ�� �#$ wZ� Æ v � $ � u Æ w���$  ,� Æ u � $
� �   Æ�� v�$ w �5Æ���� $ � u Æ�� �#$  ,� Æ v � $
� �   Æ v[v�$ wZ� Æ���� $ � w Æ v � $ �   Æ  ��#$
� �   Æ v � $ w �5Æ v � $ ���5Æ v � $ ���5Æ uU �$
� �   Æ�� u�$ w �5Æ v � $ ���5Æ v � $  ,� Æ   � $
� �   Æ�� ��$ w �5Æ�� ��$ � u Æ�� �#$  ,� Æ  � �$

�!¿¯¼¾½V¬{À ·¹¥�ÃR¦ §©¨YÀ�¨´® Ò�ª¹¦�®O·¹¦«·Í®O³�ªÍ¨µ¬{À¶¦ §V¬{¦µÐk¦ §©¨�À�¨K¬{À�¨,¿¯¥�ª¹ºD® ª¹·¹Ã[§^¦¾²5·Êî�¨�À�¨�¥©³´¨´®
±�§©¨�À�¨�¬¯³´³�Ò�ÀÁ¬¯³�ºÙ¬{¥©²�½�À�¨´³�·Í®�·Í¿¯¥Ù¬{À�¨�³´¿¯¥©³´¨�À ¥©¨´²fÆ�	2§�·Í®,ªÍ¨µ¬¯²�®,¦�¿E¦ §©¨»¬¯®�®�¨�À ¦ ·Í¿¯¥
¦ §V¬{¦�¦ §©¨�½�À�¨|Ïc½�À�¿"³´¨´®�® ·¹¥�Ãr¼Ç¨�¦ §©¿"²�®�¦�¨´®�¦�¨´²Ç²�¿*¥©¿¯¦�Ã[À�¨µ¬{¦ ª¹º¶·¹¥�¶©Ò©¨�¥©³´¨&¦ §©¨´®Á¨�Å¯¬{ª¹Ò©¨´®ÑÆ
�¿Ñ±Â¨�Åe¨�ÀµÐV·¹¥�¦�¨|Ä"¦�³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥T¦Á¬¯® Ô"®ÑÐ^À�¨´³µ¬{ª¹ª�Å¯¬{ª¹Ò©¨´®&¬{À�¨�Ò©® ÒV¬{ª¹ª¹º,¼Ç¿¯À�¨*®�¨�¥©® ·¹¦ ·¹Åe¨
²5Ò©¨�¦�¿É¦ §©¨�²5·Í® ¦ À ·¹¸�Ò�¦ ·Í¿¯¥�¿{°�½�¿[® ·¹¦ ·¹Åe¨*¬{¥©²~¥©¨�ÃÈ¬{¦ ·¹Åe¨*¨|Ä©¬{¼¾½�ªÍ¨´®µÆ�#�® ÒV¬{ª¹ª¹ºÇ¦ §©¨¥ÈÒ�¼¶Ï
¸�¨�À�¿{°�¨|Ä�¬{¼¾½�ªÍ¨´®·Í®ª¬{À Ãe¨[ÐU¸�Ò�¦¦ §©¨É¥^Ò�¼É¸�¨�À�¿{°�½�¿[® ·¹¦ ·¹Åe¨«¨|Ä�¬{¼¾½�ªÍ¨´®�·Í®�® ¼~¬{ª¹ª!Ü�ªÍ¨´®�®
¦ §V¬{¥2� $ ·¹¥E��¨�Ò�¦�¨�À�® Ï u�� �  ¯w ³µ¬¯®�¨ÑÝ|Æ¾�¨�¥©³´¨[Ð%·Ê°2¬,ªÍ¨µ¬{À ¥�·¹¥�ÃÎ¼~¬¯³Á§�·¹¥©¨~³�ª¬¯®�® ·ÊÌV¨´®r¬{ª¹ª
²�¿^³�Ò�¼Ç¨�¥^¦�®�¬¯®2¥©¿¯¦2¸�¨�ªÍ¿¯¥�Ã[·¹¥�Ã~¦�¿¶¬O³µ¬{¦�¨�Ãe¿¯À ºeÐ�·¹¦2±�·¹ª¹ªf® ¦ ·¹ª¹ª�§V¬´Åe¨r¬Oª¬{À Ãe¨*¬¯³´³�Ò�ÀÁ¬¯³�ºeÐ
¼~¬{Ô^·¹¥�Ã�¦ §©¨¾°c¬{ªÍ®�¨¾¥©¨�ÃÈ¬{¦ ·¹Åe¨´®¶¬{¥D·Í®�®�Ò©¨¾¦�¿�¸�¨Ç³´¿¯¥©® ·Í²�¨�À�¨´²fÆ�	�¬{¸�ªÍ¨ u Æ   ®�§©¿µ±&®r¦ §©¨
¬´Åe¨�ÀÁ¬{Ãe¨¥ÈÒ�¼«¸�¨�À2¿{°�°Ë¬{ªÍ®�¨&¥©¨�ÃÈ¬{¦ ·¹Åe¨´®2¬{¥©²Ç°Ë¬{ªÍ®Á¨�½�¿[®�·¹¦ ·¹Åe¨´®�°Ë¿¯ÀÂ¨µ¬¯³�§,³´¿¯¼É¸�·¹¥V¬{¦ ·Í¿¯¥�¿{°
½�À�¨|Ïc½�À�¿^³´¨´®Á® ·¹¥�ÃY¼Ç¨�¦ §©¿"²�®µÆ���®�¨|Ä5½�¨´³�¦�¨´²fÐU¦ §©¨*°c¬{ªÍ®�¨É½�¿[® ·¹¦ ·¹Åe¨ÉÅ¯¬{ª¹Ò©¨´®�²�¿Ç¥©¿¯¦�® §©¿µ±



þ�ì�È�ì�èn´�å��'ò>å�ç�í�ðØî ð���æêé�èv{Tæ é3ð3ã�è�� �,í©î��Éq�è:ç�älðØñÄ� � �

	�¬{¸�ªÍ¨ u Æ   (,�V¬{ªÍ®�¨K�
¿[® ·¹¦ ·¹Åe¨´®~¬{¥©²P�V¬{ªÍ®Á¨,��¨�ÃÈ¬{¦ ·¹Åe¨´®¶°Ë¿¯ÀO²5·Êîf¨�À�¨�¥È¦~½�À�¨|Ïc½�À�¿^³´¨´®�®�·¹¥�Ã
¼Ç¨�¦ §©¿"²�®µÆ

	�¨´® ¦ �V¬{ªÍ®�¨r�
¿[® ·¹¦ ·¹Åe¨´® �V¬{ªÍ®Á¨r�¨�ÃÈ¬{¦ ·¹Åe¨´®
� u[u Æ�� � u Æ��
1 u[u Æ � � u Æ��
� u �5Æ�� ���5Æ v
� u[u Æ u � � Æ��
� u[u Æ�� � u Æ��
� u�� Æ w � u Æ u
� u �5Æ v ���5Æ��
� u[u Æ v � � Æ��

Ã[À�¨µ¬{¦Ç²5·¹Åe¨�À Ãe¨�¥©³´¨[Ð2±�§�·¹ªÍ¨,°c¬{ªÍ®�¨K¥©¨�ÃÈ¬{¦ ·¹Åe¨Î¨|Ä5§�·¹¸�·¹¦~® Ò�¸©® ¦Á¬{¥^¦ ·¬{ª�²5·Êî�¨�À�¨�¥©³´¨´®ÑÆP	2§©¨
±Â¿¯À�®�¦�Ü�§�·¹Ã[§©¨´® ¦�Ý«°c¬{ªÍ®�¨�¥©¨�ÃÈ¬{¦ ·¹Åe¨�Å[¬{ª¹Ò©¨´®~³´¿¯À À�¨´®�½�¿¯¥©²P¦�¿D® ·¹¦ ÒV¬{¦ ·Í¿¯¥©®Ç±�§©¨�À�¨Î®�¦�¿¯½5Ï
±Â¿¯À�²�À�¨�¼Ç¿ÑÅ¯¬{ª2±!¬¯®O¥©¿¯¦¾³µ¬{À À ·Í¨´²�¿¯Ò�¦µÐ�¨´® ½�¨´³�·¬{ª¹ª¹ºE¦�¨´® ¦�®

A
Ð
B

Ð
¸�Ò�¦¾¬{ªÍ®Á¿T¦�¨´® ¦�®
E¬{¥©²

F
Ð©® Ò�Ã[Ãe¨´®�¦ ·¹¥�ÃÇ¦ §V¬{¦&½�À�¨´®�¨�À Å"·¹¥�Ã¾¦ §©¿[®�¨*±!¿¯À�²�®�³µ¬{¥Î¸�¨�§V¬{À ¼¶°�Ò�ª�¦�¿¶À�¨´³µ¬{ª¹ª%Å¯¬{ªÊÏ

Ò©¨´®�·¹¥�¦�¨|Ä5¦�³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥%Æ
�!¿¯¼¾½V¬{À ·¹¥�ÃÇ�j¬{¥©²Y�«ÐÈ±�§�·Í³�§,À�¨´® ½�¨´³�¦ ·¹Åe¨�ª¹ºÇ³´¿¯À À�¨´® ½�¿¯¥©²Y¦�¿*¦�¨´® ¦�®Â±�·¹¦ §©¿¯Ò�¦�¬{¥©²

±�·¹¦ §P® ¦�¨�¼¾¼¾·¹¥�Ã©Ð�¿¯¥©¨K³µ¬{¥�¬{ªÍ®�¿�³´¿¯¥©³�ª¹Ò©²�¨�¦ §V¬{¦¾® ¦�¨�¼¾¼¾·¹¥�ÃR·Í®O¥©¿¯¦¾¿{°¼~¬�Õ ¿¯À¶·¹¼¶Ï
½�¿¯À ¦Á¬{¥©³´¨Î°Ë¿¯ÀÇÀ�¨´³µ¬{ª¹ª�Å¯¬{ª¹Ò©¨´®µÐ2¸�Ò�¦Y·¹¦Y³µ¬{¥0½�ª¬´º�¬{¥'·¹¼¾½�¿¯À ¦Á¬{¥^¦,À�¿¯ªÍ¨T·¹¥�½�À�¨´³�·Í® ·Í¿¯¥
¼~¬{¦ ¦�¨�À�®µÆRØ0§�·¹ªÍ¨�® ¦�¿¯½^±Â¿¯À�²=À�¨�¼Ç¿µÅ[¬{ª&® ·¹Ã[¥�·ÊÌV³µ¬{¥^¦ ª¹ºP¬{ª¹¦�¨�À�®¶¦ §©¨K³´¿¯¥^¦�¨�¥È¦~¿{°�·¹¥�½�Ò�¦
²©¬{¦Á¬5Ð"® ¦�¨�¼¾¼¾·¹¥�Ã¾¿¯¥�ª¹º~¬{ª¹¦�¨�À�®Â·¹¦�®!® §V¬{½�¨[ÐÈ·cÆ ¨[Æk¦ §©¨�À�¨´²5Ò©³�¦ ·Í¿¯¥�¿{°%·¹¥5°�¿¯À ¼~¬{¦ ·Í¿¯¥K·Í®Â¥©¿¯¦
® ·¹Ã[¥�·ÊÌV³µ¬{¥^¦µÆKØE¨~³µ¬{¥D¦ §©¨�À�¨|°Ë¿¯À�¨~®�¬´º»¦ §V¬{¦«® ¦�¨�¼¾¼¾·¹¥�Ã�À�¨�ª¬{¦�¨Ç¦�¿T¦ §©¨Ç¨|Ó~³�·Í¨�¥©³�ºD¿{°
¦ §©¨�ªÍ¨µ¬{À ¥�·¹¥�Ã~¼~¬¯³Á§�·¹¥©¨YÜ�¦ §©¨�À�¨*·Í®&ªÍ¨´®�®�À�¨´²5Ò�¥©²©¬{¥©³�º�·¹¥�¦ §©¨r²©¬{¦Á¬eÝ|Æ

�
·¹Ã[Ò�À�¨ u Æ��Ç½�À�¨´®�¨�¥^¦�®�¦ §©¨«�&�*�ÙÃ[ÀÁ¬{½�§�±�·¹¦ §»¿¯¥©¨É½�¿¯·¹¥È¦°�¿¯À�¨µ¬¯³�§R¿{°�¦ §©¨O³´¿¯¼¶Ï
¸�·¹¥V¬{¦ ·Í¿¯¥©®É¿{°!½�À�¨|Ïc½�À�¿^³´¨´®Á® ·¹¥�ÃÎ¼Ç¨�¦ §©¿"²�®µÐf¼~¬{·¹¥È¦Á¬{·¹¥�·¹¥�Ã�¦ §©¨Ç²�¨´³�·Í® ·Í¿¯¥R¦ §�À�¨´® §©¿¯ªÍ²D¿¯À
³�Ò�¦tÏ.¿{îE½�¿¯·¹¥È¦�§V¬{ªÊ°�Ïc±2¬´ºÎ¸�¨�¦.±!¨´¨�¥�½�¿[® ·¹¦ ·¹Åe¨«¬{¥©²�¥©¨�ÃÈ¬{¦ ·¹Åe¨O¨|Ä�¬{¼¾½�ªÍ¨´®µÆ��V¿¯À�¬{¥�¿¯Ò�¦tÏ
½�Ò�¦�²�¨´³�·Í® ·Í¿¯¥�ÀÁ¬{¥�Ãe¨O·¹¥

[−1, 1]
¦ §©¨«¦ §�À�¨´® §©¿¯ªÍ²�±!¬¯®�®�¨�¦�¦�¿~Ûµ¨�À�¿�Æ���¿¯¦ ·Í³´¨«¦ §V¬{¦�¦ §©¨

¬�Ä�¨´®�¬{À�¨�¥©¿¯¦�¨´×^ÒV¬{ª¹ª¹ºYÀÁ¬{¥�Ãe¨´²fÐV½�¨�À ¼¾·¹¦ ¦ ·¹¥�ÃY¬{¥�¨µ¬¯® º,³´¿¯¼¾½V¬{À ·Í®Á¿¯¥T¿{°�¬{½�½�À�¿e¬¯³Á§©¨´®µÆ
�¥V¬{ª¹º^Û´·¹¥�Ã�¦ §�·Í®rÃ[ÀÁ¬{½�§%Ð
·¹¦É³µ¬{¥Ö¸�¨¾Åe¨�À ·ÊÌV¨´²Ö¦ §V¬{¦É¦�¨´®�¦ ·¹¥�ÃT³´¿¯¥©²5·¹¦ ·Í¿¯¥©®Ç��Ð �OÐ �¾Ð

¬{¥©²O�«Ð�±�§©¨�À�¨�® ¦�¿¯½È±!¿¯À�²¶À�¨�¼Ç¿µÅ[¬{ª5±!¬¯®k½�¨�Àt°�¿¯À ¼Ç¨´²fÐe¬{À�¨2²�¨|Ì©¥�·¹¦�¨�ª¹ºÉ¸�¨�¦ ¦�¨�Àk¦ §V¬{¥¶¦ §©¨
À�¨´® ¦µÆÖ	2§©¨´®�¨,À�¨´® Ò�ª¹¦�®¾³´¿¯¥5Ì©À ¼Ç¨´²P¦ §V¬{¦¾® ¦�¿¯½È±!¿¯À�²PÀ�¨�¼Ç¿µÅ[¬{ª&À�¨�¼Ç¿ÑÅe¨´®¾·¹¥5°�¿¯À ¼~¬{¦ ·Í¿¯¥
¦ §V¬{¦�³´¿¯Ò�ªÍ²�¼¾·Í®�ªÍ¨µ¬¯²�¦ §©¨�ªÍ¨µ¬{À ¥�·¹¥�Ã~¼~¬¯³Á§�·¹¥©¨[ÐV³´¿¯¼¾½�À�¿¯¼¾·Í® ·¹¥�ÃY¦ §©¨*½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨[Æ
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A - No pre-processing methods

B- Stemming

C - Stopwords

D - Stopwords, Stemming

E - Low frequency words

F - Low frequency words,Stemming

G - Low frequency words, Stopwords

H - Low frequency words, Stopwords, Stemming

�
·¹Ã[Ò�À�¨ u Æ���(���Å[¬{ª¹ÒV¬{¦ ·Í¿¯¥�¿{°k½�À�¨|Ïc½�À�¿"³´¨´®�® ·¹¥�ÃÇ¼Ç¨�¦ §©¿"²�®�±�·¹¦ §T�&�*�0Ã[ÀÁ¬{½�§%Æ

ó
Ð1Ë : Ò'Ùßø>ô�ûßâ�Õ�Ò'Ù
	2§�·Í®�³�§V¬{½�¦�¨�À�§V¬¯®!·¹¥È¦ À�¿"²5Ò©³´¨´²K¦ §©¨�¸V¬¯³�Ô"Ã[À�¿¯Ò�¥©²�¦�¿«¦�¨|Ä"¦�³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥�¦Á¬¯®�Ô"®µÐ^Å"·¹ÛeÆ
À�¨�½�À�¨´®�¨�¥È¦Á¬{¦ ·Í¿¯¥%ÐU½�À�¨|Ïc½�À�¿"³´¨´®�® ·¹¥�Ã©Ð�ªÍ¨µ¬{À ¥�·¹¥�ÃK¬{¥©²�¨�Å¯¬{ª¹ÒV¬{¦ ·Í¿¯¥�·Í®�® Ò©¨´®µÆ

	�¨|Ä5¦k³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥¶·Í®
¬�§�·¹Ã[§5Ï.²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ª�ªÍ¨µ¬{À ¥�·¹¥�Ã�½�À�¿¯¸�ªÍ¨�¼@¦ §V¬{¦
³µ¬{¥O½�¿¯¦�¨�¥5Ï
¦ ·¬{ª¹ª¹ºr¨�¥�§V¬{¥©³´¨!½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨�·Ê°�¦ §©¨!³´¿¯À À�¨´³�¦
²5·¹¼Ç¨�¥©®�·Í¿¯¥V¬{ª¹·¹¦.ºÉÀ�¨´²5Ò©³�¦ ·Í¿¯¥¶¦�¨´³Á§�¥�·Í×ÈÒ©¨´®
¬{À�¨r¬{½�½�ª¹·Í¨´²fÆ���Åe¨�¥T¦ §©¿¯Ò�Ã[§Î¦ §©¨´®�¨�½�À�¨|Ïc½�À�¿"³´¨´®�® ·¹¥�Ã~® ¦�¨�½©®&¬{À�¨r¥©¿¯¦�¦ §©¨r³´¿¯À�¨*¿{°
¦ §�·Í®
±Â¿¯À Ô�Ð�¦ §©¨�ºT³´¿¯¥©® ¦ ·¹¦ Ò�¦�¨¾¬~Å^·¹¦Á¬{ª�³´¿¯¼¾½�¿¯¥©¨�¥È¦r¿{°Â¬Y¦�¨|Ä"¦�³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥R® º5® ¦�¨�¼ÎÆ��®
® Ò©³�§%Ðe±Â¨2§V¬´Åe¨2Ò�¥©²�¨�À ¦Á¬{Ôe¨�¥,¬{¥¶¨�¼¾½�·¹À ·Í³µ¬{ªU® ¦ Ò©²5ºÉ¦�¿�½�À�¿¯¼Ç¿¯¦�¨2¦ §©¨�³´¿¯¼¾½V¬{À ·Í®�¿¯¥%Ðe²�¨|Ï
¦�¨�À ¼¾·¹¥©¨~¦ §©¨Ç·¹¥�¶©Ò©¨�¥©³´¨[Ð�¬{¥©²EÀ�¨�ª¬{¦ ·¹Åe¨Ç·¹¼¾½�¿¯À ¦Á¬{¥©³´¨,¿{°�²5·¹¼Ç¨�¥©®�·Í¿¯¥V¬{ª¹·¹¦.ºEÀ�¨´²5Ò©³�¦ ·Í¿¯¥
¼Ç¨�¦ §©¿^²�®¿¯¥�¦�¨|Ä"¦³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥Î½�¨�Àt°�¿¯À ¼~¬{¥©³´¨[Æ

��¥=¿¯Ò�ÀÇ®�¦ Ò©²5ºeÐ�¦ §�À�¨´¨�® ¦Á¬{¥©²©¬{À�²P²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ª¹·¹¦�ºPÀ�¨´²5Ò©³�¦ ·Í¿¯¥P¦�¨´³�§�¥�·Í×^Ò©¨´®Ç±Â¨�À�¨
¦�¨´® ¦�¨´²�(KªÍ¿µ±;°�À�¨´×^Ò©¨�¥©³�ºÖ±!¿¯À�²PÀ�¨�¼Ç¿µÅ[¬{ªcÐÂ®�¦�¿¯½È±Â¿¯À�²�À�¨�¼Ç¿µÅ[¬{ª�¬{¥©²/® ¦�¨�¼¾¼¾·¹¥�Ã©Æ=��¦
±!¬¯®�½�¿[®�®�·¹¸�ªÍ¨�¦�¿¾²5ÀÁ¬´±�®Á¨�Åe¨�ÀÁ¬{ª�³´¿¯¥©³�ª¹Ò©® ·Í¿¯¥©®µÆ

+^¦�¿¯½È±!¿¯À�²¶À�¨�¼Ç¿µÅ[¬{ª5±!¬¯®�°�¿¯Ò�¥©²«¦�¿¸�¨�¦ §©¨�¼Ç¿[® ¦k® ·¹Ã[¥�·ÊÌV³µ¬{¥^¦
¦�¨´³Á§�¥�·Í×ÈÒ©¨�¬{½�½�ª¹·Í¨´²fÐ
º^·Í¨�ªÍ²5·¹¥�Ã~¦ §©¨*¸�¨´®�¦�½�¨�Àt°Ë¿¯À ¼¾·¹¥�Ã~³�ª¬¯®�® ·ÊÌV¨�À�®&·¹¥T¬{ª¹ª%¦�¨´® ¦�¨´²Î³´¿¯¥©²5·¹¦ ·Í¿¯¥©®µÆ

+^¦�¨�¼¾¼¾·¹¥�Ã�¬{ªÍ®Á¿R½�ª¬´º5®~¬{¥/·¹¼¾½�¿¯À ¦Á¬{¥È¦YÀ�¿¯ªÍ¨[ÐÂ¨´® ½�¨´³�·¬{ª¹ª¹º�°�¿¯À¾½�À�¨´³�·Í®�·Í¿¯¥�¿{°�¦ §©¨
³�ª¬¯®�® ·ÊÌV¨�À�®µÆkØ0§�·¹ªÍ¨*® ¦�¿¯½^±Â¿¯À�²�À�¨�¼Ç¿ÑÅ¯¬{ª�¬{ª¹¦�¨�À�®�®�·¹Ã[¥�·ÊÌV³µ¬{¥È¦ ª¹ºK¦ §©¨*³´¿¯¥È¦�¨�¥^¦�®�¿{°�·¹¥�½�Ò�¦
²©¬{¦Á¬5Ð5® ¦�¨�¼¾¼¾·¹¥�ÃO¿¯¥�ª¹º,¬{ª¹¦�¨�À�®�·¹¦�®!® §V¬{½�¨[ÐÈ·cÆ ¨[Æk¦ §©¨À�¨´²5Ò©³�¦ ·Í¿¯¥�¿{°%·¹¥5°�¿¯À ¼~¬{¦ ·Í¿¯¥,·Í®�¥©¿¯¦
® ·¹Ã[¥�·ÊÌV³µ¬{¥È¦µÆ�ØE¨³µ¬{¥,¦ §©¨�À�¨|°�¿¯À�¨�®Á¬µºÇ¦ §V¬{¦2® ¦�¨�¼¾¼¾·¹¥�Ã¶·Í®�¼Ç¿¯À�¨À�¨�ªÍ¨�Å¯¬{¥^¦2·¹¥Y¦�¨�À ¼Ç®2¿{°
¨|Ó~³�·Í¨�¥©³�º�¿{°
¦ §©¨*ªÍ¨µ¬{À ¥�·¹¥�ÃY¼~¬¯³�§�·¹¥©¨,Ü�¦ §©¨�À�¨*·Í®�ªÍ¨´®�®2À�¨´²5Ò�¥©²©¬{¥©³�º�·¹¥T²©¬{¦Á¬eÝ|Æ
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$%¿Ñ±@°�À�¨´×^Ò©¨�¥©³�ºÎ±!¿¯À�²»À�¨�¼Ç¿µÅ[¬{ª�§V¬¯®ª¹·¹¦ ¦ ªÍ¨¶·¹¥�¶©Ò©¨�¥©³´¨¶·¹¥R³�ª¬¯®�®�·ÊÌV³µ¬{¦ ·Í¿¯¥�½�¨�Àt°Ë¿¯ÀtÏ

¼~¬{¥©³´¨R¼~¬{¦ ¦�¨�À�®µÐ�¸�Ò�¦�·¹¦�³µ¬{¥pÀ�¨´²5Ò©³´¨R¦ ÀÁ¬{·¹¥�·¹¥�Ã'³´¿¯¼¾½�ªÍ¨|Ä5·¹¦.ºÙ¸Èºp²�¨´³�À�¨µ¬¯® ·¹¥�Ã�¦ §©¨
¥ÈÒ�¼«¸�¨�À�¿{°�°Ë¨µ¬{¦ Ò�À�¨´®µÆ

�'Ãe¨�¥©¨�ÀÁ¬{ªV³´¿¯¥©³�ª¹Ò©® ·Í¿¯¥Y·Í®�¦ §V¬{¦�¦ §©¨&¨�Å[¬{ª¹ÒV¬{¦�¨´²Ç²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ª¹·¹¦�º¾À�¨´²5Ò©³�¦ ·Í¿¯¥~¦�¨´³�§5Ï
¥�·Í×^Ò©¨´®&³µ¬{¥T® ¦ À�¨�¥�Ã[¦ §©¨�¥Î¦ §©¨É³�ª¬¯®�® ·ÊÌV¨�À&½�¨�Àt°�¿¯À ¼~¬{¥©³´¨[Æ

+^Ò�½�½�¿¯À ¦�Åe¨´³�¦�¿¯À�¼~¬¯³�§�·¹¥©¨´®OÜc+^-���®�Ý�±Â¨�À�¨�Ò©®�¨´²,·¹¥�¦ §©¨�½�À�¨´®�¨�¥^¦�¨´²Î¨�Å¯¬{ª¹ÒV¬{¦ ·Í¿¯¥%Æ
�¦ §©¨�ÀÎªÍ¨µ¬{À ¥�·¹¥�Ã/¦�¨´³Á§�¥�·Í×ÈÒ©¨´®T±Â¨�À�¨D¼Ç¨�¥È¦ ·Í¿¯¥©¨´²�¬{¥©²fÐ�±�§�·¹ªÍ¨R¼Ç¿[®�¦T¿{°«¦ §©¨�¼ ®�¦ ·¹ª¹ª
À�¨�¦Á¬{·¹¥�¦ §©¨�·¹À�½�¿¯½�Ò�ª¬{À ·¹¦.ºeÐ©·¹¦2·Í®!°c¬{·¹À�¦�¿¾®Á¬´ºY¦ §V¬{¦�·¹¥�À�¨´³´¨�¥È¦&ºe¨µ¬{À�®�+^-��öÜ À ¿e¬¯³�§�·¹¼Ç®µÐ
u[v[v�� Ý�¬{¥©²T¸�¿"¿[® ¦ ·¹¥�Ã»Üc+"³Á§V¬{½�·¹À�¨�üB+^·¹¥�Ãe¨�ÀµÐ u[v[v[v Ý&§V¬´Åe¨O¸�¨´¨�¥»¦ §©¨É¦�±Â¿K²�¿¯¼¾·¹¥V¬{¥È¦
ªÍ¨µ¬{À ¥�·¹¥�ÃÇ¼Ç¨�¦ §©¿"²�®�·¹¥Î¦�¨|Ä5¦&³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥ÖÜc+"¨�¸V¬¯®�¦ ·¬{¥�·cÐ u[v[v �eÝ|Æ�	2§©¨*¥©¨|Ä5¦&³�§V¬{½�¦�¨�À
À�¨|°Ë¨�À�®Â¦�¿¶®�¿¯¼Ç¨�¿{°�¦ §©¨´®Á¨·Í®Á® Ò©¨´®�¬{¥©²Y½�À�¨´®Á¨�¥È¦�®&¬É¼Ç¿¯À�¨*²�¨�¦Á¬{·¹ªÍ¨´²�²5·Í®�³�Ò©®�® ·Í¿¯¥K¿¯¥K¦ §©¨
® Ò�¸5Õ ¨´³�¦&¿{°
Ôe¨�À ¥©¨�ªÊÏc¸V¬¯®Á¨´²ÎªÍ¨µ¬{À ¥�·¹¥�ÃÇ¼~¬¯³Á§�·¹¥©¨´®&°Ë¿¯À�¦�¨|Ä"¦³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥%Æ
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Kernel machines for text

classification

�<Ð�Ï 3 Ù:Ô�ù°Ò3÷ßûáø�Ô\Õ�Ò'Ù

��¥'¦ §�·Í®K³�§V¬{½�¦�¨�À�±!¨»²�¨�¦Á¬{·¹ª�¦ §©¨�³´¿¯¥©³´¨�½�¦Î¿{°rÔe¨�À ¥©¨�ª*¼Ç¨�¦ §©¿"²�®K¬{¥©²0½�À�¨´®�¨�¥^¦K¦ §©¨
°Ë¿¯Ò�¥©²©¬{¦ ·Í¿¯¥©®«¿{°&¦�±Â¿�½V¬{ÀÁ¬¯²5·¹Ã[¼~¬{¦ ·Í³Y¦�¨´³Á§�¥�·Í×ÈÒ©¨´® (¾® Ò�½�½�¿¯À ¦«Åe¨´³�¦�¿¯À«¼~¬¯³Á§�·¹¥©¨´®¾¬{¥©²
À�¨�ªÍ¨�Å[¬{¥©³´¨ÉÅe¨´³�¦�¿¯À�¼~¬¯³�§�·¹¥©¨´®µÆ12¿¯¦ §�¬{À�¨r·¹¥^¦ À�¿^²5Ò©³´¨´²�·¹¥»¬¾¦�¨|Ä5¦³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥�½�¨�ÀtÏ
® ½�¨´³�¦ ·¹Åe¨O¬{¥©²�¦ §©¨�¥�±Â¨¶³´¿¯¥©³�ª¹Ò©²�¨¶±�·¹¦ §�À�¨´® Ò�ª¹¦�®*¬{¥©²�³´¿¯¼¾½V¬{À ·Í®Á¿¯¥©®*¿{°�¦ §©¨�·¹Àr¬{½�½�ª¹·ÊÏ
³µ¬{¦ ·Í¿¯¥Î¦�¿¶¸�¨�¥©³�§�¼~¬{À ÔÎ³´¿¯À ½�¿¯ÀÁ¬5Æ

�<Ðeó ÍàÞ�ù°ÙßÞ4ô:�oÞ�Ô\ÝáÒ3÷ßâ

	2§©¨»³´¿¯¥©³´¨�½�¦�¿{°ÉÔe¨�À ¥©¨�ªÍ®K±!¬¯®K¸�À�¿¯Ò�Ã[§^¦Î¦�¿D¦ §©¨�¼~¬¯³Á§�·¹¥©¨»ªÍ¨µ¬{À ¥�·¹¥�Ã/®�³´¨�¥V¬{À ·Í¿�¸Èº
Ü�12¿[®�¨�ÀN��ß*ã¯ä-PÐ � ��� u Ý|Ð
·¹¥È¦ À�¿"²5Ò©³�·¹¥�Ã�¦ §©¨~¦�¨´³�§�¥�·Í×^Ò©¨Y¿{°&® Ò�½�½�¿¯À ¦ÉÅe¨´³�¦�¿¯À«¼~¬¯³�§�·¹¥©¨´®
Üc+^-���®�Ý|Æ�+^·¹¥©³´¨&¦ §©¨�¥~¦ §©¨�À�¨�§V¬¯®�¸�¨´¨�¥Ç³´¿¯¥©® ·Í²�¨�ÀÁ¬{¸�ªÍ¨&·¹¥^¦�¨�À�¨´® ¦�·¹¥~¦ §�·Í®�¦�¿¯½�·Í³ÉÜc+"³Á§

ö
ªÊÏ

Ôe¿¯½5°a�´ßÇã¯ä%PÐ � ������)¶+"³�§�Î¯ª¹Ôe¿¯½5°�ü +^¼Ç¿¯ª¬5Ð u[v[v[u )O+^§V¬´±Â¨|Ï.	
¬´º"ªÍ¿¯À?ü �ÂÀ ·Í® ¦ ·¬{¥�·¹¥�·cÐ
u[v[vZ� Ý|Æ
Ú*¨�À ¥©¨�ªÈ¼Ç¨�¦ §©¿"²�®
¬{À�¨�½�À�¿¯½�¨�À ª¹º*¼Ç¿¯¦ ·¹Å[¬{¦�¨´²r¦ §©¨´¿¯À�¨�¦ ·Í³µ¬{ª¹ª¹º«¬{¥©²«¨|Ä"§�·¹¸�·¹¦�Ãe¿^¿"²
Ãe¨�¥©¨�ÀÁ¬{ª¹·¹ÛÑ¬{¦ ·Í¿¯¥~½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨�¿¯¥¾¼~¬{¥Èº¶À�¨µ¬{ªÊÏcª¹·Ê°Ë¨�²©¬{¦Á¬*®Á¨�¦�®µÐ[·¹¥©³�ª¹Ò©²5·¹¥�Ãr·¹¥Ç¦ §©¨�·¹À!¬{½5Ï
½�ª¹·Í³µ¬{¦ ·Í¿¯¥R¦�¿,¦�¨|Ä"¦�³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥�Ü À ¿e¬¯³�§�·¹¼Ç®µÐ u[v[v�� )�	�¿¯¥�Ã¹üBÚ�¿¯ª¹ªÍ¨�ÀµÐ u[v[v�� Ý|ÆÉ	2§©¨
¼Ç¿[® ¦!½�¿¯½�Ò�ª¬{À2Ôe¨�À ¥©¨�ª�¼Ç¨�¦ §©¿"²�®2¬{À�¨�® Ò�½�½�¿¯À ¦!Åe¨´³�¦�¿¯À!¼~¬¯³Á§�·¹¥©¨´®ÉÜc+^-���®�ÝÜ�-�¬{½�¥�·¹Ô�Ð
� ������)%+"³�§�Î¯ª¹Ôe¿¯½5° Ð � ���   )U-�¬{½�¥�·¹Ô�Ð � ��� w Ý�¬{¥©²T¦ §©¨ÉÀ�¨´³´¨�¥^¦ ª¹ºÎ·¹¥È¦ À�¿"²5Ò©³´¨´²�À�¨�ªÍ¨�Å¯¬{¥©³´¨
Åe¨´³�¦�¿¯À�¼~¬¯³�§�·¹¥©¨´®~Ü���-���®�ÝÉÜ�	2·¹½�½�·¹¥�Ã©Ð u[v[v�� )f1!·Í® §©¿¯½§ü9	2·¹½�½�·¹¥�Ã©Ð u[v[v �eÝ|Æ*Ú*¨�À ¥©¨�ª
¬{½�½�À�¿e¬¯³�§©¨´®Â¬{À�¨Â¼Ç¿[®�¦ ª¹ºr¸�·¹¥V¬{À ºÉ±�§�·¹ªÍ¨[ÐÈ¬¯®
¥©¿¯¦�¨´²O·¹¥~�Â§V¬{½�¦�¨�À u Ð¯¦�¨|Ä"¦k³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥
¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®Ç¬{À�¨YÒ©® ÒV¬{ª¹ª¹ºE¼ÉÒ�ª¹¦ ·ÊÏcª¬{¸�¨�ªcÐ�¼«Ò�ª¹¦ ·Í³�ª¬¯®�®¶½�À�¿¯¸�ªÍ¨�¼Ç®µÆ»�¿Ñ±Â¨�Åe¨�ÀµÐ!¬�¦�¨|Ä5¦
³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥É½�À�¿¯¸�ªÍ¨�¼j±�·¹¦ §É¬�®�¨�¦%¿{° |C| ³µ¬{¦�¨�Ãe¿¯À ·Í¨´®ÑÐ C = {c1, c2, . . . , cj , . . . , c|C|}
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ª¹·¹Ôe¨¶¦ §©¨Ç¿¯¥©¨´®�Ò©®�¨´²E¬¯®*¸�¨�¥©³�§�¼~¬{À Ô5®r¦ §�À�¿¯Ò�Ã[§©¿¯Ò�¦É¦ §�·Í®*±Â¿¯À Ô/Ü�®�¨´¨¶®�¨´³�¦ ·Í¿¯¥ u Æ   Æ u Ý|Ð
·Í®ÇÒ©® ÒV¬{ª¹ª¹º�¦Á¬¯³�Ô"ªÍ¨´²'¬¯® |C| ·¹¥©²�¨�½�¨�¥©²�¨�¥È¦,¸�·¹¥V¬{À ºP³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥�½�À�¿¯¸�ªÍ¨�¼Ç®YÒ�¥©²�¨�À
{cj , cj}

Ð�°�¿¯À
j = 1, . . . , |C| ÆÖ��¥P¦ §�·Í®¾³µ¬¯®�¨[Ð!¬�³�ª¬¯®Á® ·ÊÌV¨�À¶°�¿¯À C ·Í®¶¦ §ÈÒ©®~¬¯³�¦ ÒV¬{ª¹ª¹º

³´¿¯¼¾½�¿[®Á¨´²Î¿{° |C| ¿¯¥©¨|Ï�¬{ÃÈ¬{·¹¥©® ¦tÏ�¬{ª¹ª�¸�·¹¥V¬{À º�³�ª¬¯®�®�·ÊÌV¨�À�®µÆ
��¥�¦ §©¨O°Ë¿¯ª¹ªÍ¿µ±�·¹¥�ÃÎ®Á¨´³�¦ ·Í¿¯¥©®�±Â¨¶±�·¹ª¹ª�²�¨�¦Á¬{·¹ª�¦.±!¿Î¿{°�¦ §©¨¶¼Ç¿[® ¦r¬¯³´³´¨�½�¦�¨´²RÔe¨�À ¥©¨�ª

¼Ç¨�¦ §©¿^²�®ÑÐ%¥V¬{¼Ç¨�ª¹ºÖ+^-���®É¬{¥©²D�%-���®µÐ%¦ À�¨µ¬{¦ ·¹¥�ÃÎ¸�¿¯¦ §�¬¯®É®�¿¯ª¹Ò�¦ ·Í¿¯¥©®É¦�¿T¬,¸�·¹¥V¬{À º
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Ò©®�¨´²P¬{ªÍ®�¿»²5Ò�À ·¹¥�ÃE¦ §©¨,½�À�¨´²5·Í³�¦ ·Í¿¯¥/½�§V¬¯®�¨[ÆÖ��¿¯À�¨´¿ÑÅe¨�ÀµÐ�¼~¬{¥^ºÖª¹·¹¥©¨µ¬{À¾½V¬{ÀÁ¬{¼Ç¨�¦ À ·Í³
¼Ç¿^²�¨�ªÍ®�³µ¬{¥�¸�¨«¦ ÀÁ¬{¥©®t°Ë¿¯À ¼Ç¨´²�·¹¥È¦�¿�¬{¥�¨´×^Ò�·¹Å[¬{ªÍ¨�¥È¦*²5ÒV¬{ªkÀ�¨�½�À�¨´®�¨�¥È¦Á¬{¦ ·Í¿¯¥R·¹¥�±�§�·Í³�§
¦ §©¨�½�À�¨´²5·Í³�¦ ·Í¿¯¥©®&¬{À�¨¸V¬¯®�¨´²,¿¯¥K¬Éª¹·¹¥©¨µ¬{À�³´¿¯¼É¸�·¹¥V¬{¦ ·Í¿¯¥Î¿{°�¬ÉÔe¨�À ¥©¨�ª�°�Ò�¥©³�¦ ·Í¿¯¥K¨�Å¯¬{ª¹Ò5Ï
¬{¦�¨´²,¬{¦Â¦ §©¨&¦ ÀÁ¬{·¹¥�·¹¥�Ã¾²©¬{¦Á¬*½�¿¯·¹¥È¦�®*Ü�1!·Í® §©¿¯½%Ð u[v[v �eÝ|Æ��©¿¯À!¼Ç¿^²�¨�ªÍ®Â±�§�·Í³�§�¬{À�¨&¸V¬¯®�¨´²
¿¯¥KÌ�Ä5¨´²K¥©¿¯¥�ª¹·¹¥©¨µ¬{À&°�¨µ¬{¦ Ò�À�¨r®�½V¬¯³´¨�¼~¬{½�½�·¹¥�Ã©Ð

φ(d)
Ð�¦ §©¨�Ôe¨�À ¥©¨�ªf°�Ò�¥©³�¦ ·Í¿¯¥Î·Í®2Ã[·¹Åe¨�¥

¸ÈºK¦ §©¨�À�¨�ª¬{¦ ·Í¿¯¥
k(d1,d2) = φ(d1)

T φ(d2),
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¼~¬{Ô^·¹¥�ÃÉ¦ §©¨&Ôe¨�À ¥©¨�ªU¬*®�º^¼¾¼Ç¨�¦ À ·Í³&°�Ò�¥©³�¦ ·Í¿¯¥~¿{°f·¹¦�®�¬{À Ã[Ò�¼Ç¨�¥^¦�®2®�¿�¦ §V¬{¦
k(d1,d2) =

k(d2,d1)
Ü�1!·Í® §©¿¯½%Ð u[v[v �eÝ|Æ¶	2§©¨O®�·¹¼¾½�ªÍ¨´® ¦r¨|Ä�¬{¼¾½�ªÍ¨¾¿{°�¬YÔe¨�À ¥©¨�ªk°�Ò�¥©³�¦ ·Í¿¯¥R·Í®�¦ §©¨

ª¹·¹¥©¨µ¬{ÀrÔe¨�À ¥©¨�ªcÐ�¿¯¸�¦Á¬{·¹¥©¨´²E¸Èº»³´¿¯¥©® ·Í²�¨�À ·¹¥�ÃT¦ §©¨¶·Í²�¨�¥^¦ ·¹¦.ºR¼~¬{½�½�·¹¥�Ã�°Ë¿¯À*¦ §©¨O°�¨µ¬{¦ Ò�À�¨
® ½V¬¯³´¨*·¹¥DÜQ�5Æ � Ý|Ð©®Á¿¶¦ §V¬{¦

φ(d) = d
Ð�·¹¥�±�§�·Í³�§�³µ¬¯®�¨

k(d1,d2) = dT
1 d2
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²�¿^³�Ò�¼Ç¨�¥^¦

d
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¦ §©¨r®�³µ¬{ª¬{À½�À�¿^²5Ò©³�¦&±�·¹¦ §�®�¿¯¼Ç¨r¿¯¦ §©¨�À�³Á§©¿¯·Í³´¨É¿{°�Ôe¨�À ¥©¨�ªcÆ!�©¿¯À&·¹¥©® ¦Á¬{¥©³´¨[ÐV¦ §©¨*¦�¨´³�§5Ï
¥�·Í×ÈÒ©¨É¿{°kÔe¨�À ¥©¨�ª
® Ò�¸©® ¦ ·¹¦ Ò�¦ ·Í¿¯¥�³µ¬{¥T¸�¨É¬{½�½�ª¹·Í¨´²Î¦�¿~½�À ·¹¥©³�·¹½V¬{ª�³´¿¯¼¾½�¿¯¥©¨�¥È¦*¬{¥V¬{ª¹º"® ·Í®
Ü��Â�!�*Ýk·¹¥Y¿¯À�²�¨�ÀÂ¦�¿É²�¨�Åe¨�ªÍ¿¯½K¬*¥©¿¯¥�ª¹·¹¥©¨µ¬{À!Åe¨�À�® ·Í¿¯¥Y¿{°%�Â�!�OÐÈÚ*�Â�!�SÜ�Ôe¨�À ¥©¨�ªÊÏ.�!�!��Ý
Üc+"³�§�Î¯ª¹Ôe¿¯½5°8��ß2ã¯ä-PÍÐ � ��� w Ý|Æ
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°Ë¿¯À�±�§�·Í³�§¶¿¯¥©¨�³µ¬{¥«Ã[ÒV¬{ÀÁ¬{¥È¦�¨´¨!¦ §©¨�ªÍ¿Ñ±Â¨´® ¦k½�À�¿¯¸V¬{¸�·¹ª¹·¹¦�º

¿{°�¨�À À�¿¯À
Err(h)

ÆÂ��·¹Åe¨�¥T¬¶¦ ÀÁ¬{·¹¥�·¹¥�Ã~®Á¨�¦&¿{°
n

¨|Ä©¬{¼¾½�ªÍ¨´®	(

(d1, t1), . . . , (dn, tn),di ∈
� � N , ti ∈ {−1,+1}, ÜQ�5Æ u Ý

+"��� ³´¿¯¥�¥©¨´³�¦�®Â¦ §©¨&¦ À Ò©¨�¨�À À�¿¯À!¿{°�¬�§Èº"½�¿¯¦ §©¨´®�·Í®
h

±�·¹¦ §~¦ §©¨&¨�À À�¿¯À!¿¯¥~¦ §©¨�¦ ÀÁ¬{·¹¥�·¹¥�Ã
®�¨�¦µÐ

Errtrain
Ð©¬{¥©²�±�·¹¦ §T¦ §©¨*³´¿¯¼¾½�ªÍ¨|Ä"·¹¦�ºÎ¿{°
¦ §©¨�§^º^½�¿¯¦ §©¨´® ·Í®«ÜQ�5Æ��eÝ5(

Err(h) ≤ Errtrain(h) + O

(

v ln(η
v ) − ln(η)

n

)

.
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Hi
Ðk®�¿

¦ §V¬{¦&¦ §©¨�·¹À&À�¨´®�½�¨´³�¦ ·¹Åe¨�-��Ï.²5·¹¼Ç¨�¥©® ·Í¿¯¥
vi

·¹¥©³�À�¨µ¬¯®Á¨´®	(

H1 ⊂ H2 ⊂ H3 ⊂ · · · ⊂ Hi ⊂ . . . and ∀i : vi ≤ vi+1
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¦ §�À�¨´® §©¿¯ªÍ²K°�Ò�¥©³�¦ ·Í¿¯¥©®�¿{°k¦ §©¨�¦.º"½�¨�(

h(d) = sign(ω.d + b) =







+1
·Ê°

ω.d + b > 0

−1
¿¯¦ §©¨�À ±�·Í®Á¨[Ð ÜQ�5Æ��eÝ

±�§©¨�À�¨
ω = (ω1, ω2, . . . , ωN )T

¬{À�¨Çª¹·¹¥©¨µ¬{À«½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�®,Ü�±!¨�·¹Ã[§È¦�®�ÝÉ¿{°�¦ §©¨¾¼Ç¿"²�¨�ª
¬{¥©²

b
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¿¯¥©¨¾§Èº"½�¨�À ½�ª¬{¥©¨[Ð�·cÆ ¨[Æ¾²©¬{¦Á¬Î¬{À�¨Çª¹·¹¥©¨µ¬{À ª¹º�®�¨�½V¬{ÀÁ¬{¸�ªÍ¨,¬{¥©²E¬Kª¹·¹¥©¨µ¬{Àr¼Ç¿"²�¨�ª�³µ¬{¥E¸�¨
Ò©®�¨´²�(

y(d) = ω
Td + b.
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ω

′ ¬{¥©²Ö¬K¦ §�À�¨´® §©¿¯ªÍ²
b′

¦ §V¬{¦«³´¿¯À À�¨´³�¦ ª¹ºR²�¨|Ì©¥©¨~¦ §©¨Ç¼Ç¿"²�¨�ªcÆ~1�¬¯® ·Í³µ¬{ª¹ª¹º»¦ §©¨�À�¨Ç·Í®O¬
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y(di) > 0
°�¿¯À�²�¿"³�Ò�¼Ç¨�¥È¦�®�±�·¹¦ §

ti = 1¬{¥©²
y(di) < 0

°Ë¿¯ÀÂ½�¿¯·¹¥È¦�®2§V¬µÅ^·¹¥�Ã
ti = −1

Ð"®�¿O¦ §V¬{¦Â°Ë¿¯À2¨µ¬¯³�§�¦ ÀÁ¬{·¹¥�·¹¥�Ã¾²�¿^³�Ò�¼Ç¨�¥^¦
(di, ti)

tiy(di) = ti(ω
′.di + b′) > 0.
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¿[®�® ·¹¸�ªÍ¨Y§Èº"½�¨�À ½�ª¬{¥©¨´®¶®�¨�½V¬{ÀÁ¬{¦ ·¹¥�Ã�½�¿[®�·¹¦ ·¹Åe¨,¬{¥©²D¥©¨�ÃÈ¬{¦ ·¹Åe¨~¦ ÀÁ¬{·¹¥�·¹¥�Ã
¨|Ä�¬{¼¾½�ªÍ¨´®ÑÆ

	2§©¨E½�¨�À ½�¨�¥©²5·Í³�Ò�ª¬{À�²5·Í® ¦Á¬{¥©³´¨Ö¿{°Y¬=½�¿¯·¹¥È¦�°�À�¿¯¼ ¬/§Èº"½�¨�À ½�ª¬{¥©¨�²�¨|Ì©¥©¨´²H¸^º
y(d) = 0

Ð!±�§©¨�À�¨
y(d)

¦Á¬{Ôe¨´®Y¦ §©¨K°�¿¯À ¼ö¿{°¾ÜQ�5Æ��eÝ|Ð2·Í®¾Ã[·¹Åe¨�¥'¸Èº |y(d)|
||ω||

Ü�1!·Í® §©¿¯½%Ð
u[v[v �eÝ|ÆT��®É±!¨,¬{À�¨,¿¯¥�ª¹ºR·¹¥È¦�¨�À�¨´®�¦�¨´²Ö·¹¥=®�¿¯ª¹Ò�¦ ·Í¿¯¥©®É°�¿¯ÀO±�§�·Í³�§P¬{ª¹ª2²�¿^³�Ò�¼Ç¨�¥^¦�®¶¬{À�¨
³´¿¯À À�¨´³�¦ ª¹º~³�ª¬¯®�® ·ÊÌV¨´²fÐ"®�¿É¦ §V¬{¦

tiy(di) > 0
Ð"¦ §©¨�²5·Í® ¦Á¬{¥©³´¨�¿{°�¬r²�¿"³�Ò�¼Ç¨�¥È¦

di
¦�¿r¦ §©¨
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Support
Vectors

�
·¹Ã[Ò�À�¨c�5Æ u (�+^-�� ¿¯½�¦ ·¹¼~¬{ª
®�¨�½V¬{ÀÁ¬{¦ ·¹¥�ÃÇ§^º^½�¨�À ½�ª¬{¥©¨«¬{¥©²Î®Á¨�½V¬{ÀÁ¬{¦ ·¹¥�ÃÇ¼~¬{À Ã[·¹¥%Ð
ρ
Æ

²�¨´³�·Í® ·Í¿¯¥T®�Ò�Àt°Ë¬¯³´¨�·Í®�Ã[·¹Åe¨�¥T¸Èº

tiy(di)

||ω|| =
ti(ω

T .di + b)

||ω|| .
ÜQ�5Æ w Ý

	2§©¨�¼~¬{À Ã[·¹¥T·Í®2¦ §©¨�¥TÃ[·¹Åe¨�¥Î¸ÈºK¦ §©¨�½�¨�À ½�¨�¥©²5·Í³�Ò�ª¬{À�²5·Í® ¦Á¬{¥©³´¨�¦�¿¾¦ §©¨*³�ªÍ¿[®�¨´® ¦�½�¿¯·¹¥^¦
di

¿{°�¦ §©¨�²©¬{¦Á¬O®�¨�¦µÐ�¬{¥©²Y±!¨�±�·Í® §K¦�¿«¿¯½�¦ ·¹¼¾·¹Ûµ¨�¦ §©¨�½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�®
ω

¬{¥©²
b
·¹¥K¿¯À�²�¨�À

¦�¿O¼~¬�Ä"·¹¼¾·¹Ûµ¨r¦ §�·Í®�²5·Í® ¦Á¬{¥©³´¨[Æ�	2§ÈÒ©®ÑÐ5¦ §©¨�¼~¬�Ä"·¹¼«Ò�¼ ¼~¬{À Ã[·¹¥Î®�¿¯ª¹Ò�¦ ·Í¿¯¥�·Í®!°Ë¿¯Ò�¥©²K¸Èº
®�¿¯ª¹Å"·¹¥�Ã

¬{À Ã¾¼~¬�Ä
ω,b

{

1

||ω||min
i

[ti(ω
T di + b)]

}

.
ÜQ�5Æ��eÝ

#�® ·¹¥�ÃY¬¾³µ¬{¥©¿¯¥�·Í³µ¬{ª�À�¨�½�À�¨´®�¨�¥È¦Á¬{¦ ·Í¿¯¥R¿{°�¦ §©¨r²�¨´³�·Í® ·Í¿¯¥�§Èº"½�¨�À ½�ª¬{¥©¨[Ð�¬{ª¹ª�²©¬{¦Á¬¾½�¿¯·¹¥È¦�®
®Á¬{¦ ·Í®t°�º

ti(ω
T di + b) ≥ 1. i = 1, . . . , n

ÜQ�5Æ �µv Ý
Ø0§©¨�¥~¦ §©¨¬{¸�¿µÅe¨�¨´×^ÒV¬{ª¹·¹¦.º¾§©¿¯ªÍ²�®µÐ^¦ §©¨³´¿¯¥©®�¦ ÀÁ¬{·¹¥È¦�®�¬{À�¨�®Á¬{·Í²~¦�¿r¸�¨�¬¯³�¦ ·¹Åe¨�°�¿¯ÀÂ¦ §V¬{¦
²©¬{¦Á¬»½�¿¯·¹¥È¦µÐ2±�§�·¹ªÍ¨Î°�¿¯À¾¦ §©¨TÀ�¨´® ¦Ç¦ §©¨Î³´¿¯¥©® ¦ ÀÁ¬{·¹¥^¦�®,¬{À�¨T·¹¥V¬¯³�¦ ·¹Åe¨[Æ'	2§©¨�À�¨T±�·¹ª¹ª�¸�¨
¬{ª¹±!¬µº"®K¬{¦ÇªÍ¨µ¬¯® ¦Y¿¯¥©¨�¬¯³�¦ ·¹Åe¨T³´¿¯¥©®�¦ ÀÁ¬{·¹¥È¦µÐ&® ·¹¥©³´¨Î¦ §©¨�À�¨Î±�·¹ª¹ª¬{ª¹±2¬´º5®~¸�¨T¬R³�ªÍ¿[®�¨´®�¦
½�¿¯·¹¥È¦µÐ%¬{¥©²»¿¯¥©³´¨O¦ §©¨«¼~¬{À Ã[·¹¥»§V¬¯®�¸�¨´¨�¥�¼~¬�Ä5·¹¼¾·¹Ûµ¨´²fÐ�¦ §©¨�À�¨¶±�·¹ª¹ªk¸�¨¶¬{¦�ªÍ¨µ¬¯® ¦�¦.±Â¿
¬¯³�¦ ·¹Åe¨¾³´¿¯¥©® ¦ ÀÁ¬{·¹¥^¦�®µÆ¾	2§©¨�¥%Ð%¦ §©¨¾¿¯½�¦ ·¹¼¾·¹ÛÑ¬{¦ ·Í¿¯¥Ö½�À�¿¯¸�ªÍ¨�¼ð³´¿¯¥©® ·Í® ¦�®r¿{°!¼~¬�Ä"·¹¼¾·¹Û´·¹¥�Ã
||ω||−1 ÐÈ±�§�·Í³Á§Y·Í®!¨´×^Ò�·¹Å¯¬{ªÍ¨�¥^¦!¦�¿É¼¾·¹¥�·¹¼¾·¹Û´·¹¥�Ã ||ω||2 Ð5¬{¥©²,®�¿r±!¨�§V¬µÅe¨¦�¿«®�¿¯ª¹Åe¨¦ §©¨
Ü�½�À ·¹¼~¬{ª�Ý2¿¯½�¦ ·¹¼¾·¹ÛÑ¬{¦ ·Í¿¯¥�½�À�¿¯¸�ªÍ¨�¼m(

¼¾·¹¥�·¹¼¾·¹Ûµ¨�( 1

2
ω.ω,

® Ò�¸5Õt¨´³�¦�¦�¿�( ∀n
i=1 : ti [ω.di + b] ≥ 1

ÜQ�5Æ ��� Ý



� u ã�ä8å:æ:ç�è é¦��ìÏ�3èêé:î:èv�Ðq�åcã�ä:íïî8è��¤��ðØé ç�è��lç ã���å
� �,í	��í�ã�å�ç�í�ðØî
	2§©¨´®�¨r³´¿¯¥©® ¦ ÀÁ¬{·¹¥^¦�®¨´®�¦Á¬{¸�ª¹·Í® §�¦ §V¬{¦�¬{ª¹ªf¦ ÀÁ¬{·¹¥�·¹¥�Ã,¨|Ä�¬{¼¾½�ªÍ¨´®® §©¿¯Ò�ªÍ²�ª¹·Í¨r¿¯¥�¦ §©¨r³´¿¯ÀtÏ
À�¨´³�¦r® ·Í²�¨¾¿{°Â¦ §©¨¶§^º^½�¨�À ½�ª¬{¥©¨[Æ¶#®�·¹¥�Ã,¦ §©¨¶Å[¬{ª¹Ò©¨¶¿{°

1
¿¯¥R¦ §©¨¶À ·¹Ã[§È¦tÏc§V¬{¥©²Ö® ·Í²�¨¶¿{°

¦ §©¨*·¹¥©¨´×^ÒV¬{ª¹·¹¦ ·Í¨´®�¨�¥5°Ë¿¯À�³´¨´®�¬¾³´¨�À ¦Á¬{·¹¥T²5·Í® ¦Á¬{¥©³´¨*°�À�¿¯¼ ¦ §©¨�§^º^½�¨�À ½�ª¬{¥©¨�(

ρ =
1

||ω|| ,
ÜQ�5Æ �µu Ý

±�§©¨�À�¨ ||ω|| ²�¨�¥©¿¯¦�¨´®�¦ §©¨
L2

Ïc¥©¿¯À ¼ ¿{°
ω

Ær	2§©¨�À�¨|°�¿¯À�¨O¼¾·¹¥�·¹¼¾·¹Û´·¹¥�Ã
ω.ω

·Í®�¨´×^Ò�·¹ÅÈÏ
¬{ªÍ¨�¥È¦r¦�¿K¼~¬�Ä5·¹¼¾·¹Û´·¹¥�ÃÎ¦ §©¨¶¼~¬{À Ã[·¹¥%Æ¾	2§©¨¾±!¨�·¹Ã[§È¦«Åe¨´³�¦�¿¯À

ω
¬{¥©²»¦ §©¨¶¦ §�À�¨´® §©¿¯ªÍ²

b²�¨´®�³�À ·¹¸�¨*¦ §©¨*¿¯½�¦ ·¹¼~¬{ª!Ü�¼~¬�Ä5·¹¼ÉÒ�¼¤¼~¬{À Ã[·¹¥UÝ!§Èº"½�¨�À ½�ª¬{¥©¨[Æ
-�¬{½�¥�·¹ÔHÜ�-�¬{½�¥�·¹Ô�Ð � �����eÝ¶®�§©¿µ±Â¨´²/¦ §©¨�À�¨�·Í®~¬»À�¨�ª¬{¦ ·Í¿¯¥/¸�¨�¦.±!¨´¨�¥�¦ §©¨�¼~¬{À Ã[·¹¥

¬{¥©²T¦ §©¨«-��Ï.²5·¹¼Ç¨�¥©® ·Í¿¯¥%ÆÉ�!¿¯¥©® ·Í²�¨�À ·¹¥�ÃK¦ §©¨«§Èº"½�¨�À ½�ª¬{¥©¨´®
h(d) = sign(ω.d + b)·¹¥�¬{¥

N
Ï.²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ª�® ½V¬¯³´¨«¬¯®�¬¶§Èº"½�¿¯¦ §©¨´® ·Í®µÐ�·Ê°�¬{ª¹ª�¨|Ä©¬{¼¾½�ªÍ¨´®

di
¬{À�¨r³´¿¯¥È¦Á¬{·¹¥©¨´²

·¹¥�¬O§Èº"½�¨�ÀtÏ.³�·¹À�³�ªÍ¨É¿{°�²5·¬{¼Ç¨�¦�¨�À
R

Ð5·¹¦&·Í®�À�¨´×^Ò�·¹À�¨´²�¦ §V¬{¦µÐ5°Ë¿¯À&¨|Ä�¬{¼¾½�ªÍ¨´®
di

(

abs(ω.di + b) ≥ 1
ÜQ�5Æ � �eÝ

¬{¥©²�¦ §©¨�¥Î¦ §�·Í®&®Á¨�¦&¿{°
§^º^½�¨�À ½�ª¬{¥©¨´®&§V¬¯®�¬O-��Ï.²5·¹¼Ç¨�¥©® ·Í¿¯¥%Ð
v
Ð©¸�¿¯Ò�¥©²�¨´²�¸^º�(

v ≤ min

([

R2

ρ2

]

, N

)

+ 1,
ÜQ�5Æ ��� Ý

±�§©¨�À�¨
[c]

·Í®,¦ §©¨�·¹¥È¦�¨�Ãe¨�ÀÎ½V¬{À ¦Î¿{°
c
Æ7	2§ÈÒ©®µÐ¦ §©¨�-��Ï.²5·¹¼Ç¨�¥©® ·Í¿¯¥H·Í®KªÍ¿Ñ±Â¨�À�¦ §©¨

ª¬{À Ãe¨�ÀÇ¦ §©¨�¼~¬{À Ã[·¹¥%Æ'��¿¯À�¨´¿ÑÅe¨�ÀµÐÂ¦ §©¨Î-��Ï.²5·¹¼Ç¨�¥©® ·Í¿¯¥'¿{°�¦ §©¨�¼~¬�Ä5·¹¼ÉÒ�¼ ¼~¬{À Ã[·¹¥
§Èº"½�¨�À ½�ª¬{¥©¨!²�¿"¨´®�¥©¿¯¦�¥©¨´³´¨´®�®Á¬{À ·¹ª¹ºr²�¨�½�¨�¥©²«¿¯¥«¦ §©¨�¥ÈÒ�¼«¸�¨�Àk¿{°�°Ë¨µ¬{¦ Ò�À�¨´®µÐ{¸�Ò�¦�¿¯¥É¦ §©¨
��Ò©³�ª¹·Í²�¨µ¬{¥¶ªÍ¨�¥�Ã[¦ § ||ω|| ¿{°©¦ §©¨Â±Â¨�·¹Ã[§^¦�Åe¨´³�¦�¿¯À
¿¯½�¦ ·¹¼¾·¹Ûµ¨´²O¸^ºr¦ §©¨2+^-���Æ���¥È¦ Ò�·¹¦ ·¹Åe¨�ª¹º
¦ §�·Í®�¼Ç¨µ¬{¥©®�¦ §V¬{¦�¦ §©¨�¦ À Ò©¨r¨�À À�¿¯À&¿{°�¬O®�¨�½V¬{ÀÁ¬{¦ ·¹¥�ÃÇ¼~¬�Ä5·¹¼ÉÒ�¼¤¼~¬{À Ã[·¹¥�§Èº"½�¨�À ½�ª¬{¥©¨
·Í®r³�ªÍ¿[®�¨¶¦�¿K¦ §©¨¶¦ ÀÁ¬{·¹¥�·¹¥�Ã�¨�À À�¿¯Àr¨�Åe¨�¥E·¹¥R§�·¹Ã[§5Ï.²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ªÂ®�½V¬¯³´¨´®µÐ�¬¯®�ªÍ¿¯¥�Ã�¬¯®r·¹¦
§V¬¯®�¬¾® ¼~¬{ª¹ªf±!¨�·¹Ã[§È¦Åe¨´³�¦�¿¯ÀµÆ

	2§©¨�½�À ·¹¼~¬{ª�³´¿¯¥©® ¦ ÀÁ¬{·¹¥©¨´²T¿¯½�¦ ·¹¼¾·¹ÛÑ¬{¦ ·Í¿¯¥Î½�À�¿¯¸�ªÍ¨�¼ ÜQ�5Æ ��� ÝÂ·Í®�¥^Ò�¼Ç¨�À ·Í³µ¬{ª¹ª¹ºK²5·ÊÓ¾Ï
³�Ò�ª¹¦Â¦�¿O§V¬{¥©²5ªÍ¨[Æ�	2§©¨�À�¨|°Ë¿¯À�¨[Ð�¿¯¥©¨�·¹¥^¦ À�¿^²5Ò©³´¨´®�$�¬{Ã[ÀÁ¬{¥�Ãe¨�¼ÉÒ�ª¹¦ ·¹½�ª¹·Í¨�À�®µÐ

αi ≥ 0
Ð"±�·¹¦ §

¿¯¥©¨&¼«Ò�ª¹¦ ·¹½�ª¹·Í¨�À�°Ë¿¯À�¨µ¬¯³�§,¿{°f¦ §©¨�³´¿¯¥©® ¦ ÀÁ¬{·¹¥^¦�®�·¹¥�ÜQ�5Æ ��� Ý|Ð"¿¯¸�¦Á¬{·¹¥�·¹¥�ÃO¦ §©¨�$�¬{Ã[ÀÁ¬{¥�Ã[·¬{¥
°�Ò�¥©³�¦ ·Í¿¯¥

L(ω, b,α) =
1

2
||ω||2 −

n
∑

i=1

αi[ti(ω
T di + b) − 1],

ÜQ�5Æ � �eÝ

±�§©¨�À�¨
α = (α1, . . . , αn)T

Æ,�¿¯¦�¨Ç¦ §©¨¾¼¾·¹¥ÈÒ©®O® ·¹Ã[¥E·¹¥D°�À�¿¯¥^¦É¿{°�¦ §©¨~$�¬{Ã[ÀÁ¬{¥�Ã[·¬{¥
¼ÉÒ�ª¹¦ ·¹½�ª¹·Í¨�ÀÇ¦�¨�À ¼ÎÐ�¸�¨´³µ¬{Ò©®Á¨Y±!¨Î¬{À�¨,¼¾·¹¥�·¹¼¾·¹Û´·¹¥�ÃE±�·¹¦ §=À�¨´® ½�¨´³�¦¶¦�¿

ω
¬{¥©²

b
Ð�¬{¥©²

¼~¬�Ä"·¹¼¾·¹Û´·¹¥�ÃÖ±�·¹¦ §�À�¨´® ½�¨´³�¦Ç¦�¿
α

Æ0+"¨�¦ ¦ ·¹¥�ÃÖ¦ §©¨T²�¨�À ·¹Å[¬{¦ ·¹Åe¨´®Y¿{°
L(ω, b,α)

±�·¹¦ §



��ì���ìÒ��ò�æêæ:ðØé'ç&´�è:ã{ç{ðØé&qÜåcã�ä8í©î8è�� ���
À�¨´® ½�¨´³�¦�¦�¿

ω
¬{¥©²

b
¦�¿ÇÛµ¨�À�¿�Ð�±Â¨r¿¯¸�¦Á¬{·¹¥T¦ §©¨�°�¿¯ª¹ªÍ¿Ñ±�·¹¥�Ã~¦�±Â¿Ç³´¿¯¥©²5·¹¦ ·Í¿¯¥©®	(

ω =
n
∑

i=1

αitidi,
ÜQ�5Æ � �eÝ

0 =

n
∑

i=1

αiti.
ÜQ�5Æ �   Ý

��ª¹·¹¼¾·¹¥V¬{¦ ·¹¥�Ã
ω

¬{¥©²
b

°�À�¿¯¼
L(ω, b,α)

Ã[·¹Åe¨´®Y¦ §©¨T²5ÒV¬{ª&À�¨�½�À�¨´®�¨�¥^¦Á¬{¦ ·Í¿¯¥p¿{°�¦ §©¨
¼~¬�Ä5·¹¼ÉÒ�¼F¼~¬{À Ã[·¹¥T½�À�¿¯¸�ªÍ¨�¼

¼~¬�Ä5·¹¼¾·¹Ûµ¨�( n
∑

i=1

αi −
1

2

n
∑

i=1

n
∑

j=1

titjαiαj(di.dj)

® Ò�¸5Õ ¨´³�¦&¦�¿�( n
∑

i=1

tiαi = 0

∀i ∈ [1..n] : 0 ≤ αi

ÜQ�5Æ �µw Ý

	2§©¨T¼~¬{¦ À ·ÊÄ
Q

±�·¹¦ §
Qij = titj(di.dj)

·Í®~³´¿¯¼¾¼Ç¿¯¥�ª¹º/À�¨|°Ë¨�À À�¨´²�¦�¿�¬¯®~¦ §©¨
��¨´®�® ·¬{¥�¼~¬{¦ À ·ÊÄ�ÆÖ	2§©¨YÀ�¨´®�Ò�ª¹¦¶¿{°�¦ §©¨K¿¯½�¦ ·¹¼¾·¹ÛÑ¬{¦ ·Í¿¯¥/½�À�¿^³´¨´®Á®«·Í®Ç¬TÅe¨´³�¦�¿¯ÀÇ¿{°�$�¬�Ï
Ã[ÀÁ¬{¥�Ã[·¬{¥�³´¿^¨|Ó~³�·Í¨�¥^¦�®

α = (α1, . . . , αn)T
°�¿¯À!±�§�·Í³�§�¦ §©¨�²5ÒV¬{ª�½�À�¿¯¸�ªÍ¨�¼ðÜQ�5Æ �µw Ý�·Í®

¿¯½�¦ ·¹¼¾·¹Ûµ¨´²fÆ�	2§©¨´®Á¨�³´¿"¨|Ó~³�·Í¨�¥È¦�®³µ¬{¥�¦ §©¨�¥Î¸�¨Ò©®Á¨´²K¦�¿O³´¿¯¥©®�¦ À Ò©³�¦&¦ §©¨�§Èº"½�¨�À ½�ª¬{¥©¨[Ð
®�¿¯ª¹Å"·¹¥�Ã�¦ §©¨Y½�À ·¹¼~¬{ª�¿¯½�¦ ·¹¼¾·¹ÛÑ¬{¦ ·Í¿¯¥P½�À�¿¯¸�ªÍ¨�¼ ÜQ�5Æ ��� Ý&Õ)Ò©® ¦«¸ÈºÖª¹·¹¥©¨µ¬{À ª¹ºD³´¿¯¼É¸�·¹¥�·¹¥�Ã
¦ ÀÁ¬{·¹¥�·¹¥�Ã~¨|Ä©¬{¼¾½�ªÍ¨´®«ÜQ�5Æ � �eÝ|Æ

ω.d =

(

n
∑

i=1

αitidi

)

.d =
n
∑

i=1

αiti(did)
¬{¥©²

b = tSV − ω.dSV

ÜQ�5Æ � �eÝ
�¥�ª¹º»® Ò�½�½�¿¯À ¦*Åe¨´³�¦�¿¯À�®YÜc+^-�®�Ý§V¬´Åe¨~¬,¥©¿¯¥5ÏcÛµ¨�À�¿

αi
³´¿"¨|Ó~³�·Í¨�¥È¦µÆ¾	�¿T²�¨�¦�¨�À ¼¾·¹¥©¨

b°�À�¿¯¼ ÜQ�5Æ �µw Ý&¬{¥©²DÜQ�5Æ � �eÝ|Ð�¬{¥�¬{À ¸�·¹¦ ÀÁ¬{À ºÎ® Ò�½�½�¿¯À ¦
dSV

Åe¨´³�¦�¿¯À±�·¹¦ §T·¹¦�®³�ª¬¯®�®�ª¬{¸�¨�ª
tSV

³µ¬{¥Î¸�¨�Ò©®�¨´²fÆ

-,+.-/+.* ikhWµ)ZZ=�l0X�\�3�]._9i ;Ø× n
��¬{À�²"Ïc¼~¬{À Ã[·¹¥=+^-���®r°Ë¬{·¹ª�±�§©¨�¥Ö¦ §©¨Ç¦ ÀÁ¬{·¹¥�·¹¥�Ã�²�¿"³�Ò�¼Ç¨�¥È¦�®¶¬{À�¨¾¥©¿¯¦«ª¹·¹¥©¨µ¬{À ª¹º»®Á¨�½5Ï
¬{ÀÁ¬{¸�ªÍ¨[Ð�®�·¹¥©³´¨~¦ §©¨�À�¨K·Í®O¥©¿»®�¿¯ª¹Ò�¦ ·Í¿¯¥=¦�¿�¦ §©¨,¿¯½�¦ ·¹¼¾·¹ÛÑ¬{¦ ·Í¿¯¥�½�À�¿¯¸�ªÍ¨�¼Ç®ÎÜQ�5Æ ��� Ý¶¬{¥©²
ÜQ�5Æ �µw Ý|Æ���Åe¨�¥Ç¦ §©¿¯Ò�Ã[§Y¼Ç¿[® ¦�¦�¨|Ä5¦tÏ.³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥Y½�À�¿¯¸�ªÍ¨�¼Ç®!¬{À�¨�ª¹·¹¥©¨µ¬{À ª¹º¾®�¨�½V¬{ÀÁ¬{¸�ªÍ¨[Ð
·¹¦�¼¾·¹Ã[§È¦r® ¦ ·¹ª¹ª
¸�¨«½�À�¨|°Ë¨�ÀÁ¬{¸�ªÍ¨¶¦�¿,¬{ª¹ªÍ¿Ñ±S®�¿¯¼Ç¨¶¨�À À�¿¯À�®·¹¥»¦ §©¨O¦ ÀÁ¬{·¹¥�·¹¥�Ã�²©¬{¦Á¬5Ð%¬¯®�·¹¥5Ï
²5·Í³µ¬{¦�¨´²K¸ÈºY¦ §©¨*® ¦ À Ò©³�¦ Ò�ÀÁ¬{ªfÀ ·Í® ÔY¼¾·¹¥�·¹¼¾·¹ÛÑ¬{¦ ·Í¿¯¥ÖÜ�-�¬{½�¥�·¹Ô�Ð � ��� w ) À ¿e¬¯³�§�·¹¼Ç®µÐ u[v[v�� Ý|Æ
	2§�·Í®«·Í®r¦ §©¨YÀÁ¬{¦ ·Í¿¯¥V¬{ªÍ¨Y¿{°&¦ §©¨Y®�¿{°�¦tÏc¼~¬{À Ã[·¹¥/+^-���®µÆ�	2§©¨�ºR¼¾·¹¥�·¹¼¾·¹Ûµ¨Y¦ §©¨Ç±!¨�·¹Ã[§È¦
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� �,í	��í�ã�å�ç�í�ðØî
Åe¨´³�¦�¿¯ÀµÐkª¹·¹Ôe¨~¦ §©¨Y§V¬{À�²"Ïc¼~¬{À Ã[·¹¥�+^-���®µÐ
¸�Ò�¦É¦ §©¨�ºÖ® ·¹¼ÉÒ�ª¹¦Á¬{¥©¨´¿¯Ò©® ª¹ºÖ¼¾·¹¥�·¹¼¾·¹Ûµ¨~¦ §©¨
¥ÈÒ�¼«¸�¨�ÀK¿{°*¦ ÀÁ¬{·¹¥�·¹¥�Ã�¨�À À�¿¯À�®Y¸Èº=¦ §©¨Î·¹¥^¦ À�¿^²5Ò©³�¦ ·Í¿¯¥Ù¿{°r® ª¬¯³�ÔPÅ[¬{À ·¬{¸�ªÍ¨´®µÐ

ξi
Æ'	2§©¨

½�À ·¹¼~¬{ª�¿¯½�¦ ·¹¼¾·¹ÛÑ¬{¦ ·Í¿¯¥�½�À�¿¯¸�ªÍ¨�¼F¿{°�ÜQ�5Æ ��� Ý2·Í®�¥©¿µ±�À�¨|°�¿¯À ¼«Ò�ª¬{¦�¨´²�¬¯®

¼¾·¹¥�·¹¼¾·¹Ûµ¨�( 1

2
ω.ω + C

n
∑

i=1

ξi,

®�Ò�¸5Õt¨´³�¦&¦�¿�( ∀n
i=1 : ti [ω.di + b] ≥ 1 − ξi

∀n
i=1 : ξi > 0.

ÜQ�5Æ u[v Ý

�c°r¬»¦ ÀÁ¬{·¹¥�·¹¥�ÃD¨|Ä©¬{¼¾½�ªÍ¨Î·Í®Ç±�À�¿¯¥�Ã[ª¹º/³�ª¬¯®�® ·ÊÌV¨´²P¸^º�¦ §©¨�+^-�� ¼Ç¿^²�¨�ªcÐ!¦ §©¨Î³´¿¯À À�¨|Ï
® ½�¿¯¥©²5·¹¥�Ã

ξi
±�·¹ª¹ªk¸�¨ÉÃ[À�¨µ¬{¦�¨�À�¦ §V¬{¥ � Æ�	2§©¨�À�¨|°�¿¯À�¨ ∑n

i=1 ξi
³´¿¯¥©® ¦ ·¹¦ Ò�¦�¨´®r¬{¥�Ò�½�½�¨�À

¸�¿¯Ò�¥©²,¿¯¥,¦ §©¨�¥^Ò�¼É¸�¨�À2¿{°%¦ ÀÁ¬{·¹¥�·¹¥�Ã¾¨�À À�¿¯À�®µÆ�	2§©¨�°c¬¯³�¦�¿¯À
C

·¹¥�ÜQ�5Æ u[v Ý�·Í®2¬*½V¬{ÀÁ¬{¼Ç¨|Ï
¦�¨�À2¦ §V¬{¦�¬{ª¹ªÍ¿Ñ±&®�¦ §©¨�¦ ÀÁ¬¯²�¨´¿{î�¸�¨�¦.±!¨´¨�¥�¦ ÀÁ¬{·¹¥�·¹¥�ÃÇ¨�À À�¿¯À�¬{¥©²K¼Ç¿"²�¨�ªf³´¿¯¼¾½�ªÍ¨|Ä"·¹¦�ºeÆ��
® ¼~¬{ª¹ª�Å[¬{ª¹Ò©¨O¿{°

C
±�·¹ª¹ªk·¹¥©³�À�¨µ¬¯®�¨¶¦ §©¨¶¦ ÀÁ¬{·¹¥�·¹¥�ÃT¨�À À�¿¯À�®µÐ�±�§�·¹ªÍ¨Ç¬,ª¬{À Ãe¨

C
±�·¹ª¹ª�ªÍ¨µ¬¯²

¦�¿¾¸�¨�§V¬´Å"·Í¿¯À�® ·¹¼¾·¹ª¬{À&¦�¿¶¦ §V¬{¦�¿{°�¬O§V¬{À�²"Ïc¼~¬{À Ã[·¹¥»+^-���Æ
�ÃÈ¬{·¹¥%Ð�¦ §�·Í®¶½�À ·¹¼~¬{ª�½�À�¿¯¸�ªÍ¨�¼ ·Í®¶¦ ÀÁ¬{¥©®t°Ë¿¯À ¼Ç¨´²=·¹¥=·¹¦�®¾²5ÒV¬{ª&³´¿¯Ò�¥È¦�¨�À ½V¬{À ¦µÐÂ°Ë¿¯À

³´¿¯¼¾½�Ò�¦Á¬{¦ ·Í¿¯¥V¬{ªkÀ�¨µ¬¯®�¿¯¥©®µÆ&	2§©¨«²5ÒV¬{ª�½�À�¿¯¸�ªÍ¨�¼ ·Í®® ·¹¼¾·¹ª¬{À¦�¿Ç¦ §©¨«§V¬{À�²"Ïcª¹·¹¼¾·¹¦*+^-��
ÜQ�5Æ �µw Ý|Ð©¨|Ä�³´¨�½�¦�°�¿¯À�¦ §©¨O�'Ò�½�½�¨�À&¸�¿¯Ò�¥©²Î¿¯¥�¦ §©¨r$�¬{Ã[ÀÁ¬{¥�Ãe¨r¼ÉÒ�ª¹¦ ·¹½�ª¹·Í¨�À�®

αi
(

¼~¬�Ä5·¹¼¾·¹Ûµ¨�( n
∑

i=1

αi −
1

2

n
∑

i=1

n
∑

j=1

titjαiαj(di.dj)

® Ò�¸5Õ ¨´³�¦�¦�¿�( n
∑

i=1

tiαi = 0

∀i ∈ [1..n] : 0 ≤ αi ≤ C

ÜQ�5Æ u�� Ý

��®�¸�¨|°�¿¯À�¨[Ð�¬{ª¹ª
¦ ÀÁ¬{·¹¥�·¹¥�Ã,¨|Ä©¬{¼¾½�ªÍ¨´®�±�·¹¦ §
αi > 0

¬{À�¨O³µ¬{ª¹ªÍ¨´²�® Ò�½�½�¿¯À ¦�Åe¨´³�¦�¿¯À�®µÆ
	�¿Y²5·Êî�¨�À�¨�¥^¦ ·¬{¦�¨r¸�¨�¦.±Â¨´¨�¥�¦ §©¿[®�¨*±�·¹¦ §

0 ≤ αi < C
¬{¥©²�¦ §©¿[®Á¨*±�·¹¦ §

αi = C
Ð5¦ §©¨

°�¿¯À ¼Ç¨�À�¬{À�¨r³µ¬{ª¹ªÍ¨´²�Ò�¥È¸�¿¯Ò�¥©²�¨´²�+^-�®¬{¥©²�¦ §©¨�ª¬{¦ ¦�¨�À�¬{À�¨*³µ¬{ª¹ªÍ¨´²�¸�¿¯Ò�¥©²�¨´²�+^-�®µÆ
��À�¿¯¼ ¦ §©¨Ç®�¿¯ª¹Ò�¦ ·Í¿¯¥Ö¿{°rÜQ�5Æ u�� Ý�¦ §©¨~³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥DÀ Ò�ªÍ¨~³µ¬{¥E¸�¨~³´¿¯¼¾½�Ò�¦�¨´²D¨|Ä"Ï

¬¯³�¦ ª¹ºeÐV¬¯®�·¹¥Î¦ §©¨�§V¬{À�²"Ïc¼~¬{À Ã[·¹¥E+^-��"(

ω.d =

(

n
∑

i=1

αitidi

)

.d =

n
∑

i=1

αiti(did)
¬{¥©²

b = tSV − ω.dSV

ÜQ�5Æ u[u Ý
	2§©¨Y¿¯¥�ª¹ºD¬¯²�²5·¹¦ ·Í¿¯¥V¬{ª!À�¨´® ¦ À ·Í³�¦ ·Í¿¯¥�·Í®É¦ §V¬{¦«¦ §©¨K+^-

(dSV , tSV )
°�¿¯ÀO³µ¬{ªÍ³�Ò�ª¬{¦ ·¹¥�Ã

b§V¬¯®�¦�¿¾¸�¨r¬{¥�Ò�¥È¸�¿¯Ò�¥©²�¨´²�+^-¶Æ
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+"¿~°Ë¬{À·¹¥�¦ §�·Í®�®�¨´³�¦ ·Í¿¯¥%Ð�±Â¨«§V¬´Åe¨¶¿¯¥�ª¹ºT²5·Í®Á³�Ò©®�®�¨´²�+^-���®&°Ë¿¯Àª¹·¹¥©¨µ¬{À�³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥
À Ò�ªÍ¨´®µÆ
$f·¹¥©¨µ¬{Àk³�ª¬¯®�® ·ÊÌV¨�À�®�¬{À�¨Â·¹¥V¬{½�½�À�¿¯½�À ·¬{¦�¨Â°�¿¯À�¼~¬{¥ÈºrÀ�¨µ¬{ªÊÏc±!¿¯À ªÍ²«½�À�¿¯¸�ªÍ¨�¼Ç®ÑÐ{®�·¹¥©³´¨
¦ §©¨�½�À�¿¯¸�ªÍ¨�¼Ç®�§V¬´Åe¨�·¹¥�§©¨�À�¨�¥^¦ ª¹º,¥©¿¯¥�ª¹·¹¥©¨µ¬{À&®�¦ À Ò©³�¦ Ò�À�¨[Æ��pÀ�¨�¼~¬{À Ô[¬{¸�ªÍ¨�½�À�¿¯½�¨�À ¦�º,¿{°
+^-���®�·Í®&¦ §V¬{¦�¦ §©¨�ºK³µ¬{¥»¨µ¬¯® ·¹ª¹ºK¸�¨r¦ ÀÁ¬{¥©®t°Ë¿¯À ¼Ç¨´²T·¹¥^¦�¿Ç¥©¿¯¥�ª¹·¹¥©¨µ¬{À�ªÍ¨µ¬{À ¥©¨�À�®¶Ü�1!¿[®Á¨�À
��ßrã¯ä-PÐ � ��� u Ý|ÆE	2§©¨�¬{¦ ¦ À ·¹¸�Ò�¦�¨�²�¿^³�Ò�¼Ç¨�¥^¦¾Åe¨´³�¦�¿¯À�®

d
¬{À�¨,¼~¬{½�½�¨´²�·¹¥^¦�¿E¬T§�·¹Ã[§5Ï

²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ªÂ°�¨µ¬{¦ Ò�À�¨,® ½V¬¯³´¨
X ′ ÆÎ��¨´® ½�·¹¦�¨Y¦ §©¨¾°c¬¯³�¦«¦ §V¬{¦O¦ §©¨~³�ª¬¯®Á® ·ÊÌV³µ¬{¦ ·Í¿¯¥=À Ò�ªÍ¨

·Í®&ª¹·¹¥©¨µ¬{À�·¹¥
X ′ ÐV·¹¦·Í®�¥©¿¯¥�ª¹·¹¥©¨µ¬{À�±�§©¨�¥�½�À�¿{Õ ¨´³�¦�¨´²�·¹¥È¦�¿Y¦ §©¨«¿¯À ·¹Ã[·¹¥V¬{ª
·¹¥�½�Ò�¦�®�½V¬¯³´¨[Æ

	2§©¨É°�¿¯ª¹ªÍ¿Ñ±�·¹¥�Ã,¨|Ä©¬{¼¾½�ªÍ¨O±�·¹¦ §»¬~²�¿^³�Ò�¼Ç¨�¥^¦
d = (w1, w2)

ÐU±�·¹¦ §»¿¯¥�ª¹ºÎ¦.±!¿Y·¹¥�½�Ò�¦
¬{¦ ¦ À ·¹¸�Ò�¦�¨´®

w1
¬{¥©²

w2
Ü�±!¿¯À�²�®�¿¯À&¦�¨�À ¼Ç®|Ý!·¹ª¹ª¹Ò©® ¦ ÀÁ¬{¦�¨´®&¦ §�·Í®ÑÆ�$%¨�¦&Ò©®&³Á§©¿^¿[®�¨

Φ(d) = Φ((w1, w2)
T ) = (w2

1 , w
2
2,
√

2w1w2,
√

2w1,
√

2w2, 1)
T ÜQ�5Æ u �eÝ

¬¯®
¦ §©¨�¥©¿¯¥�ª¹·¹¥©¨µ¬{À�¼~¬{½�½�·¹¥�Ã©Æk�ª¹¦ §©¿¯Ò�Ã[§¾·¹¦�·Í®
¥©¿¯¦k½�¿[®�® ·¹¸�ªÍ¨Â¦�¿�ª¹·¹¥©¨µ¬{À ª¹ºO®�¨�½V¬{ÀÁ¬{¦�¨!¦ §©¨
¨|Ä©¬{¼¾½�ªÍ¨´®�·¹¥l�5Æ��[¬eÝ|Ð¯¦ §©¨�ºr¸�¨´³´¿¯¼Ç¨!ª¹·¹¥©¨µ¬{À ª¹ºÉ®�¨�½V¬{ÀÁ¬{¸�ªÍ¨!·¹¥O�5Æ��{¸UÝ|Ð^¬�°�¦�¨�À
¦ §©¨�¼~¬{½�½�·¹¥�Ã
±�·¹¦ §

Φ(d)
·¹¥È¦�¿Ç¦ §©¨�§�·¹Ã[§©¨�À²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ª%°Ë¨µ¬{¦ Ò�À�¨r® ½V¬¯³´¨~Ü À ¿e¬¯³�§�·¹¼Ç®µÐ u[v[v�� Ý|Æ

++

+

+
+

+

-

-

-

-
-

-

-

+
+

+
+

+

+

-

-

-

-

-

-

-

a) b)

w2w2

w1 w2
1

�
·¹Ã[Ò�À�¨l�5Æ���(�¬eÝ��¿¯¥�ª¹·¹¥©¨µ¬{À ª¹º»®�¨�½V¬{ÀÁ¬{¸�ªÍ¨¶¦ ÀÁ¬{·¹¥�·¹¥�Ã�®�¨�¦�·¹¥
(w1, w2)

)%¸UÝ���À�¿{Õt¨´³�¦ ·Í¿¯¥
¿{°k¦ §©¨*®Á¬{¼Ç¨r®�¨�¦&¿¯¥^¦�¿

(w2
1 , w2)

Ð5±�§©¨�À�¨*¦ §©¨É®�¨�¦�¸�¨´³´¿¯¼Ç¨´®�ª¹·¹¥©¨µ¬{À ª¹º�®�¨�½V¬{ÀÁ¬{¸�ªÍ¨[Æ
��¥ÖÃe¨�¥©¨�ÀÁ¬{ªcÐ�® Ò©³�§/¬T¼~¬{½�½�·¹¥�Ã

Φ(d)
·Í®«·¹¥©¨|Ó~³�·Í¨�¥^¦¾¦�¿»³´¿¯¼¾½�Ò�¦�¨[ÆR	2§©¨�À�¨Y·Í®¾¬

® ½�¨´³�·¬{ª�½�À�¿¯½�¨�À ¦.º»¿{°2+^-���®�¦ §V¬{¦�§V¬{¥©²5ªÍ¨´®*¦ §�·Í®�½�À�¿¯¸�ªÍ¨�¼ÎÆÉ��Ò�À ·¹¥�ÃK¸�¿¯¦ §�¦ ÀÁ¬{·¹¥�·¹¥�Ã
¬{¥©²=¦�¨´® ¦ ·¹¥�Ã©Ð�·¹¦¾·Í®¾® Ò5Ó~³�·Í¨�¥È¦Ç¦�¿»¸�¨Î¬{¸�ªÍ¨K¦�¿»³´¿¯¼¾½�Ò�¦�¨Î²�¿¯¦tÏc½�À�¿"²5Ò©³�¦�®Ç·¹¥=°Ë¨µ¬{¦ Ò�À�¨
® ½V¬¯³´¨[Ðf·cÆ ¨[Æ

Φ(di).Φ(dj)
Æ¶�©¿¯Àr® ½�¨´³�·¬{ª�¼~¬{½�½�·¹¥�Ãe®

Φ(d)
®�Ò©³�§E²�¿¯¦tÏc½�À�¿"²5Ò©³�¦�®É³µ¬{¥

¸�¨*³´¿¯¼¾½�Ò�¦�¨´²TÅe¨�À º�¨|Ó~³�·Í¨�¥È¦ ª¹º�Ò©®�·¹¥�ÃÇÔe¨�À ¥©¨�ª%°�Ò�¥©³�¦ ·Í¿¯¥©®
K(d1,d2)

Æ��.°�¬O°�Ò�¥©³�¦ ·Í¿¯¥
K(d1,d2)

®Á¬{¦ ·Í®tÌV¨´®
��¨�À�³´¨�Àµï ®�	2§©¨´¿¯À�¨�¼ÎÐ¯·cÆ ¨[Æ�·¹¦�·Í®k¬&³´¿¯¥^¦ ·¹¥ÈÒ©¿¯Ò©®�® º"¼¾¼Ç¨�¦ À ·Í³�Ôe¨�À ¥©¨�ª
¿{°�¬É½�¿[® ·¹¦ ·¹Åe¨·¹¥È¦�¨�Ãe¨�À�¿¯½�¨�ÀÁ¬{¦�¿¯ÀµÐ"·¹¦Â·Í®ÂÃ[ÒV¬{ÀÁ¬{¥È¦�¨´¨´²K¦�¿O³´¿¯¼¾½�Ò�¦�¨�¦ §©¨�·¹¥�¥©¨�À2½�À�¿"²5Ò©³�¦
¿{°�¦ §©¨rÅe¨´³�¦�¿¯À�®

d1
¬{¥©²

d2
¬�°�¦�¨�À¦ §©¨�º�§V¬´Åe¨«¸�¨´¨�¥�¼~¬{½�½�¨´²�·¹¥È¦�¿K¬¾¥©¨�±@® ½V¬¯³´¨É¸Èº



��� ã�ä8å:æ:ç�è é¦��ìÏ�3èêé:î:èv�Ðq�åcã�ä:íïî8è��¤��ðØé ç�è��lç ã���å
� �,í	��í�ã�å�ç�í�ðØî
®�¿¯¼Ç¨*¥©¿¯¥�ª¹·¹¥©¨µ¬{À&¼~¬{½�½�·¹¥�Ã

Φ
Ü�-�¬{½�¥�·¹Ô�Ð � �����eÝ5(

Φ(d1).Φ(d2) = K(d1,d2)
ÜQ�5Æ uZ� Ý

��¨�½�¨�¥©²5·¹¥�Ã/¿¯¥p¦ §©¨»³�§©¿¯·Í³´¨D¿{°ÉÔe¨�À ¥©¨�ª*°�Ò�¥©³�¦ ·Í¿¯¥%Ð�+^-���®K³µ¬{¥pªÍ¨µ¬{À ¥p½�¿¯ª¹º^¥©¿¯¼¾·¬{ª
³�ª¬¯®�® ·ÊÌV¨�À�®,ÜQ�5Æ u �eÝ|Ð�ÀÁ¬¯²5·¬{ª�¸V¬¯® ·Í®*°�Ò�¥©³�¦ ·Í¿¯¥0Ü��1!��Ý�³�ª¬¯®Á® ·ÊÌV¨�À�®YÜQ�5Æ u �eÝr¿¯Àr¦.±!¿{Ïcª¬´ºe¨�À
® ·¹Ã[¼Ç¿¯·Í²�¥©¨�Ò�ÀÁ¬{ª%¥©¨�¦�±Â¿¯À Ô5®OÜQ�5Æ uU  Ý|Æ

Kpoly(d1,d2) = (d1.d2 + 1)d
ÜQ�5Æ u �eÝ

KRBF (d1,d2) = exp
(

−γ(d1 − d2)
2
) ÜQ�5Æ u �eÝ

Ksigmoid(d1,d2) = tanh (s(d1.d2) + c)
ÜQ�5Æ uU  Ý

	2§©¨OÔe¨�À ¥©¨�ª
Kpoly(d1,d2) = (d1.d2 + 1)2

³´¿¯À À�¨´® ½�¿¯¥©²�®�¦�¿,¦ §©¨«¼~¬{½�½�·¹¥�Ã�·¹¥
��×^ÒV¬{¦ ·Í¿¯¥=ÜQ�5Æ u �eÝ|Æ&	�¿~Ò©®Á¨«¬¾Ôe¨�À ¥©¨�ª�°�Ò�¥©³�¦ ·Í¿¯¥%ÐU¿¯¥©¨«® ·¹¼¾½�ª¹ºÎ® Ò�¸©® ¦ ·¹¦ Ò�¦�¨´®�¨�Åe¨�À ºÎ¿"³|Ï
³�Ò�À À�¨�¥©³´¨¿{°f¦ §©¨�·¹¥�¥©¨�ÀÂ½�À�¿^²5Ò©³�¦Â·¹¥Y¨´×^ÒV¬{¦ ·Í¿¯¥©®ÜQ�5Æ u�� ÝÂ¬{¥©²TÜQ�5Æ u[u Ý�±�·¹¦ §Ç¦ §©¨�²�¨´® ·¹À�¨´²
Ôe¨�À ¥©¨�ªf°�Ò�¥©³�¦ ·Í¿¯¥%Æ

�<Ð5w C Þ4ô�Þ�Ö�×'Ùßø>ÞàÖ'Þ4ø�Ô\Ò{ùÙ�o×'ø°ÝáÕ�ÙßÞ4â
��¨�ªÍ¨�Å[¬{¥©³´¨�Åe¨´³�¦�¿¯À�¼~¬¯³Á§�·¹¥©¨´®!Ü���-���®�Ý�¬{À�¨�¬&12¬µºe¨´® ·¬{¥r¦ À�¨µ¬{¦ ¼Ç¨�¥^¦
¿{°�¦ §©¨Â+^-��9½�À�¨|Ï
²5·Í³�¦ ·Í¿¯¥R¼Ç¿^²�¨�ªcÆ*��¿µ±!¨�Åe¨�ÀµÐ%�%-���®�¬{À�¨O¥©¿¯¦r¬~1�¬µºe¨´® ·¬{¥R¦ À�¨µ¬{¦ ¼Ç¨�¥È¦r¿{°!¦ §©¨¶+^-���®
¼Ç¨�¦ §©¿^²�¿¯ªÍ¿¯Ã[ºeÐ¸�Ò�¦,Ò©®�¨TÔe¨�À ¥©¨�ªÍ®�¬¯®K® ·¹¼¾½�ª¹º�²�¨|Ì©¥�·¹¥�Ã/¬Ö®�¨�¦K¿{°É¸V¬¯® ·Í®~°�Ò�¥©³�¦ ·Í¿¯¥©®µÐ
ÀÁ¬{¦ §©¨�ÀÉ¦ §V¬{¥Ö¬¯®«¬�²�¨|Ì©¥�·¹¦ ·Í¿¯¥Ö¿{°&¬�²�¿¯¦tÏc½�À�¿"²5Ò©³�¦É·¹¥D®�¿¯¼Ç¨¾®�½V¬¯³´¨TÜ�1!·Í® §©¿¯½%Ð u[v[v �eÝ|Æ
+^-���®Â¬{À�¨® ¦Á¬{¦�¨|Ï.¿{°�Ïc¦ §©¨|Ï�¬{À ¦!ªÍ¨µ¬{À ¥�·¹¥�Ã¾¬{ª¹Ãe¿¯À ·¹¦ §�¼Ç®Â°�¿¯À!³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥%Ð�¬{¥©²Ç§V¬µÅe¨®Á¨|Ï
Åe¨�ÀÁ¬{ª
²�¨´®�·¹ÀÁ¬{¸�ªÍ¨É½�À�¿¯½�¨�À ¦ ·Í¨´®µÐ�® Ò©³�§R¬¯®&Ì©¦ ¦ ·¹¥�ÃY°�Ò�¥©³�¦ ·Í¿¯¥©®·¹¥�§�·¹Ã[§5Ï.²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ªk°Ë¨µ¬�Ï
¦ Ò�À�¨É® ½V¬¯³´¨´®ÑÐV® ½V¬{À�® ·¹¦�ºT¬{¥©²ÎÃe¿"¿^²ÎÃe¨�¥©¨�ÀÁ¬{ª¹·¹ÛÑ¬{¦ ·Í¿¯¥�½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨r¸Èº�¼~¬{À Ã[·¹¥�¼~¬�Ä"·ÊÏ
¼¾·¹ÛÑ¬{¦ ·Í¿¯¥DÜc+"³�§

ö
ª¹Ôe¿¯½5°¦��ßÂã¯ä%PÐ � �����eÝ|Æ��%-���®!®�¨´¨�¼B¦�¿O§V¬´Åe¨�¿µÅe¨�À�³´¿¯¼Ç¨*®�¿¯¼Ç¨�¿{°�¦ §©¨

+^-���®µï�²5·Í®Á¬¯²5Å[¬{¥È¦Á¬{Ãe¨´®ÑÐ�¥©¿¯¦Á¬{¸�ª¹ºEÜ�	2·¹½�½�·¹¥�Ã©Ð u[v[v�� Ý5(
• �ª¹¦ §©¿¯Ò�Ã[§�À�¨�ª¬{¦ ·¹Åe¨�ª¹º�® ½V¬{À�®�¨[Ðf+^-�� ¼~¬{Ôe¨ÉÒ�¥�¥©¨´³´¨´®�®�¬{À ºTÒ©®�¨«¿{°�¸V¬¯® ·Í®�°�Ò�¥©³|Ï

¦ ·Í¿¯¥©®�® ·¹¥©³´¨Â¦ §©¨!¥ÈÒ�¼«¸�¨�À�¿{°�+^-�®kÀ�¨´×^Ò�·¹À�¨´²O¦.º"½�·Í³µ¬{ª¹ª¹ºÉÃ[À�¿µ±&®kª¹·¹¥©¨µ¬{À ª¹ºÉ±�·¹¦ §O¦ §©¨
® ·¹Ûµ¨�¿{°%¦ §©¨�¦ ÀÁ¬{·¹¥�·¹¥�ÃÇ®�¨�¦µÆ�+"¿¯¼Ç¨°�¿¯À ¼;¿{°�½�¿[® ¦tÏc½�À�¿"³´¨´®�® ·¹¥�Ã¶·Í®Â¿{°�¦�¨�¥KÀ�¨´×ÈÒ�·¹À�¨´²
¦�¿¾À�¨´²5Ò©³´¨É³´¿¯¼¾½�Ò�¦Á¬{¦ ·Í¿¯¥V¬{ª
³´¿¯¼¾½�ªÍ¨|Ä5·¹¦.º°)

• ��À�¨´²5·Í³�¦ ·Í¿¯¥©®Î¬{À�¨T¥©¿¯¦Y½�À�¿¯¸V¬{¸�·¹ª¹·Í® ¦ ·Í³[Æ��.¥�À�¨�Ã[À�¨´®�® ·Í¿¯¥0¦ §©¨�+^-�� ¿¯Ò�¦ ½�Ò�¦�®K¬
½�¿¯·¹¥È¦!¨´® ¦ ·¹¼~¬{¦�¨�¬{¥©²¾·¹¥~³�ª¬¯®Á® ·ÊÌV³µ¬{¦ ·Í¿¯¥,¬¾ï §V¬{À�²fïe¸�·¹¥V¬{À ºÇ²�¨´³�·Í® ·Í¿¯¥%Æk��²�¨µ¬{ª¹ª¹º¶±Â¨



��ìLp�ì�é:è��½èn´�å:îlã�è¦´�è:ã{ç{ðØé&qÜåcã�ä8íïî:è�� �  
±2¬{¥È¦«¦�¿�¨´® ¦ ·¹¼~¬{¦�¨¾¦ §©¨Ç³´¿¯¥©²5·¹¦ ·Í¿¯¥V¬{ª!²5·Í® ¦ À ·¹¸�Ò�¦ ·Í¿¯¥E·¹¥E¿¯À�²�¨�Àr¦�¿Î³µ¬{½�¦ Ò�À�¨Ç¦ §©¨
Ò�¥©³´¨�À ¦Á¬{·¹¥^¦.ºÎ·¹¥Î¿¯Ò�À�½�À�¨´²5·Í³�¦ ·Í¿¯¥%Æ

• ��¦�·Í®�¥©¨´³´¨´®Á®Á¬{À º¶¦�¿r¨´® ¦ ·¹¼~¬{¦�¨¦ §©¨&¨�À À�¿¯ÀX!�¼~¬{À Ã[·¹¥K¦ ÀÁ¬¯²�¨´¿{îÎ½V¬{ÀÁ¬{¼Ç¨�¦�¨�À2�HÜË¬{¥©²
·¹¥0À�¨�Ã[À�¨´®�® ·Í¿¯¥0¦ §©¨�·¹¥©®�¨�¥©® ·¹¦ ·¹Å"·¹¦.º/½V¬{ÀÁ¬{¼Ç¨�¦�¨�À

ε
¦�¿"¿ÈÝ|Æ�	2§�·Í®,Ãe¨�¥©¨�ÀÁ¬{ª¹ª¹º'¨�¥5Ï

¦Á¬{·¹ªÍ®r¬Y³�À�¿[®�®tÏcÅ[¬{ª¹·Í²©¬{¦ ·Í¿¯¥R½�À�¿"³´¨´²5Ò�À�¨[Ðf±�§�·Í³�§R·Í®�±!¬¯®�¦�¨|°�Ò�ª�¿{°�¸�¿¯¦ §R²©¬{¦Á¬K¬{¥©²
³´¿¯¼¾½�Ò�¦Á¬{¦ ·Í¿¯¥%Æ

• 	2§©¨*Ôe¨�À ¥©¨�ª%°�Ò�¥©³�¦ ·Í¿¯¥Î¼«Ò©® ¦�®Á¬{¦ ·Í® °�ºY¦ §©¨r��¨�À�³´¨�À³´¿¯¥©²5·¹¦ ·Í¿¯¥%Æ
�¨�ªÍ¨�Å¯¬{¥©³´¨DÅe¨´³�¦�¿¯ÀT¼~¬¯³�§�·¹¥©¨´®PÜ���-���®�Ý,³´¿¯¥©® ¦ ·¹¦ Ò�¦�¨=¬=Å"·¬{¸�ªÍ¨Ö¬{ª¹¦�¨�À ¥V¬{¦ ·¹Åe¨Ö¦�¿

+^-���®µÆ�	2§©¨�·¹À,¬¯²5Å[¬{¥È¦Á¬{Ãe¨´®YÀ ·Í®�¨Î²5Ò©¨Î¦�¿E¦ §©¨T¬{¸�·¹ª¹·¹¦.ºP¦�¿Rº"·Í¨�ªÍ²�¬R²�¨´³�·Í®�·Í¿¯¥/°�Ò�¥©³|Ï
¦ ·Í¿¯¥Ù¦ §V¬{¦Y·Í®,¼«Ò©³�§H® ½V¬{À�®�¨�ÀK¦ §V¬{¥j+^-��ÖÐ!® ª¹·¹Ã[§È¦ ª¹º'½�¨�¥V¬{ª¹·¹Û´·¹¥�Ã=·¹¦�®K³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥
½�¨�Àt°�¿¯À ¼~¬{¥©³´¨[Æ�	2§�·Í®�³µ¬{¥�ªÍ¨µ¬¯²�¦�¿Y¬Y® ·¹Ã[¥�·ÊÌV³µ¬{¥È¦�À�¨´²5Ò©³�¦ ·Í¿¯¥»·¹¥�¦ §©¨«³´¿¯¼¾½�Ò�¦Á¬{¦ ·Í¿¯¥V¬{ª
³´¿¯¼¾½�ªÍ¨|Ä5·¹¦.ºÙ¿{°«¦ §©¨R²�¨´³�·Í® ·Í¿¯¥Ù°�Ò�¥©³�¦ ·Í¿¯¥%Ð�¦ §©¨�À�¨�¸^ºÙ¼~¬{Ô^·¹¥�Ã=·¹¦�¼Ç¿¯À�¨R® Ò�·¹¦Á¬{¸�ªÍ¨�°Ë¿¯À
À�¨µ¬{ªÊÏc¦ ·¹¼Ç¨É¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®¶Ü�ØE¨�·Ø��ß2ã¯ä-PÍÐ u[v[v �eÝ|Æ

��-���®�±Â¨�À�¨¾½�À�¿¯½�¿[®�¨´²»¸Èº»	2·¹½�½�·¹¥�ÃÖÜ�	2·¹½�½�·¹¥�Ã©Ð u[v[v�� Ý�¬¯®É¬K1�¬´ºe¨´® ·¬{¥R½�À�¿¯¸V¬�Ï
¸�·¹ª¹·Í® ¦ ·Í³�°�ÀÁ¬{¼Ç¨�±Â¿¯À Ô,°Ë¿¯À�ªÍ¨µ¬{À ¥�·¹¥�Ã~¼Ç¿"²�¨�ªÍ®&¿{°k¦ §©¨*¦.º"½�¨

y(d) =

n
∑

i=1

ωiφi(d) = ω
T Φ(d),

ÜQ�5Æ u[w Ý

±�§©¨�À�¨Y¦ §©¨~¿¯Ò�¦ ½�Ò�¦¶·Í®O¬Îª¹·¹¥©¨µ¬{À ª¹ºÈÏc±!¨�·¹Ã[§È¦�¨´²P® Ò�¼s¿{°
n
Ð�Ãe¨�¥©¨�ÀÁ¬{ª¹ª¹ºD¥©¿¯¥�ª¹·¹¥©¨µ¬{À¾¬{¥©²

Ì�Ä�¨´²fÐ%¸V¬¯® ·Í®�°�Ò�¥©³�¦ ·Í¿¯¥©®
Φ(d) = (φ1(d), φ2(d), . . . , φn(d))T Æ¾��Ò�¥©³�¦ ·Í¿¯¥©®O¿{°2¦ §©¨

¦.º"½�¨rÜQ�5Æ u[w Ý�¬{À�¨&¬{¥V¬{ª¹º^Ûµ¨´²Ç¸Èº¾¬¯²{Õ)Ò©® ¦ ·¹¥�Ã*¦ §©¨&±Â¨�·¹Ã[§È¦�®
ω = (ω1, ω2, . . . , ωn)T

¦ §V¬{¦
¬{À�¨�ª¹·¹¥©¨µ¬{À�½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�®&¿{°�¦ §©¨�¼Ç¿"²�¨�ªcÐ"°�¿¯À2±�§�·Í³Á§�¦ §©¨ªÍ¨µ¬{À ¥�·¹¥�Ã¾½�À�¿"³´¨´®�®�¨´® ¦ ·¹¼~¬{¦�¨´®
¬¯²�¨´×^ÒV¬{¦�¨*Å¯¬{ª¹Ò©¨´®ÑÆ

ØE¨�® §V¬{ª¹ª¥©¿Ñ±¤·¹¥^¦ À�¿^²5Ò©³´¨�¦ §©¨�12¬µºe¨´® ·¬{¥p¬{½�½�À�¿e¬¯³�§©¨´®µÐ�¬{¥©²�¦ §©¨�¥0¦ §©¨T��-��
¬{½�½�À�¿e¬¯³�§%Æ

-,+srv+10 dKX�©�aVn¯]cXf_@X^uvuÂ\eh%Xfg�t�aVn
	2§©¨*¸V¬¯® ·Í®�¿{°�¬{ª¹ª%1�¬´ºe¨´®�·¬{¥�¬{½�½�À�¿e¬¯³�§©¨´®�·Í®�1�¬´ºe¨´®µï©¦ §©¨´¿¯À�¨�¼m(

p(t|d) =
p(d|t)p(t)

p(d)
,

ÜQ�5Æ u �eÝ

±�§©¨�À�¨
t
·Í®Â¦ §©¨&¦Á¬{À Ãe¨�¦�¬{¥©²

d
·Í®Â¦ §©¨�·¹¥�½�Ò�¦2²�¿"³�Ò�¼Ç¨�¥È¦µÆ�	2§�·Í®Â¦ §©¨´¿¯À�¨�¼ ® ¦Á¬{¦�¨´®�¦ §V¬{¦

®�¿¯¼Ç¨«½�À ·Í¿¯À�½�À�¿¯¸V¬{¸�·¹ª¹·¹¦.º
p(t)

³µ¬{¥�¸�¨«¦ ÀÁ¬{¥©®t°Ë¿¯À ¼Ç¨´²�·¹¥È¦�¿�¬Ç½�¿[® ¦�¨�À ·Í¿¯À�½�À�¿¯¸V¬{¸�·¹ª¹·¹¦.º
p(t|d)

Ð5¸^ºK·¹¥©³´¿¯À ½�¿¯ÀÁ¬{¦ ·¹¥�Ã,¨�Å^·Í²�¨�¥©³´¨*½�À�¿ÑÅ^·Í²�¨´²T¸Èº,¦ §©¨r¿¯¸©®�¨�À Åe¨´²Î²©¬{¦Á¬
p(d|t) Æ



� w ã�ä8å:æ:ç�è é¦��ìÏ�3èêé:î:èv�Ðq�åcã�ä:íïî8è��¤��ðØé ç�è��lç ã���å
� �,í	��í�ã�å�ç�í�ðØî
Ø0§©¨�¥�¬¯²©¬{½�¦�¨´²P¦�¿»ªÍ¨µ¬{À ¥�·¹¥�Ã�¬{ª¹Ãe¿¯À ·¹¦ §�¼Ç®µÐ!1�¬´ºe¨´®µï�¦ §©¨´¿¯À�¨�¼ ³µ¬{¥P¸�¨KÒ©®Á¨´²=¦�¿

²�¨�¦�¨�À ¼¾·¹¥©¨r¼Ç¿"²�¨�ª%½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�®	(

p(ω|t) =
p(t|ω)p(ω)

p(t)
,

ÜQ�5Æ�� v Ý

±�§©¨�À�¨
ω = (ω1, ω2, . . . , ωn)T

¬{À�¨~¦ §©¨Y¼Ç¿^²�¨�ª!½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�®Ç¬{¥©²
t

·Í®¶¬{ÃÈ¬{·¹¥Ö¦ §©¨
¦Á¬{À Ãe¨�¦µÆ«��¥»¦ §�·Í®�°�¿¯À ¼ÎÐ%·¹¦*¬{ª¹ªÍ¿Ñ±&®*Ò©®�¦�¿K¨�Å¯¬{ª¹ÒV¬{¦�¨¶¦ §©¨¶Ò�¥©³´¨�À ¦Á¬{·¹¥^¦.ºR·¹¥

ω
¬�°�¦�¨�À�±Â¨

§V¬´Åe¨!¿¯¸©®�¨�À Åe¨´²
t
Ð�·¹¥É¦ §©¨�°�¿¯À ¼L¿{°�¦ §©¨�½�¿[® ¦�¨�À ·Í¿¯À�½�À�¿¯¸V¬{¸�·¹ª¹·¹¦�º

p(ω|t) Æ
	2§©¨�×^ÒV¬{¥È¦ ·¹¦�º
p(t|ω)p(t|ω)

¿¯¥R¦ §©¨¶À ·¹Ã[§È¦r§V¬{¥©²D® ·Í²�¨¶¿{°*ÜQ�5Æ�� v Ý�·Í®*¨�Å[¬{ª¹ÒV¬{¦�¨´²»°Ë¿¯À*¦ §©¨¾¿¯¸©®�¨�À Åe¨´²
²©¬{¦Á¬¯®�¨�¦YÜ�±�·¹¦ §R¦Á¬{À Ãe¨�¦�®

t
Ý�¬{¥©²R³µ¬{¥E¸�¨OÅ"·Í¨�±Â¨´²D¬¯®«¬Y°�Ò�¥©³�¦ ·Í¿¯¥D¿{°2¦ §©¨¶½V¬{ÀÁ¬{¼Ç¨�¦�¨�À

Åe¨´³�¦�¿¯À
ω

Ð©·¹¥�±�§�·Í³�§T³µ¬¯®�¨�·¹¦�·Í®�³µ¬{ª¹ªÍ¨´²�¦ §©¨*ª¹·¹Ôe¨�ª¹·¹§©¿"¿^²,°�Ò�¥©³�¦ ·Í¿¯¥%Æ���¦&¨|Ä"½�À�¨´®�®Á¨´®�§©¿µ±
½�À�¿¯¸V¬{¸�ªÍ¨¶¦ §©¨¶¿¯¸©®�¨�À Åe¨´²»²©¬{¦Á¬~·Í®°Ë¿¯À�²5·Êîf¨�À�¨�¥È¦r®Á¨�¦ ¦ ·¹¥�Ãe®�¿{°Â¦ §©¨«½V¬{ÀÁ¬{¼Ç¨�¦�¨�À*Åe¨´³�¦�¿¯À
ω

ÆÂ��·¹Åe¨�¥Î¦ §�·Í®&²�¨|Ì©¥�·¹¦ ·Í¿¯¥�¿{°kª¹·¹Ôe¨�ª¹·¹§©¿"¿^²fÐ�±!¨r³µ¬{¥T® ¦Á¬{¦�¨*1�¬µºe¨´®µï�¦ §©¨´¿¯À�¨�¼ ¬¯®
½�¿[®�¦�¨�À ·Í¿¯À ∝ ª¹·¹Ôe¨�ª¹·¹§©¿^¿"² × ½�À ·Í¿¯À

,
ÜQ�5Æ�� � Ý

±�§©¨�À�¨�¬{ª¹ª2¿{°¦ §©¨´®�¨K×ÈÒV¬{¥^¦ ·¹¦ ·Í¨´®Ç¬{À�¨YÅ"·Í¨�±Â¨´²P¬¯®«°�Ò�¥©³�¦ ·Í¿¯¥©®¾¿{°
ω

Ü�1!·Í® §©¿¯½%Ð u[v[v �eÝ|Æ
	2§©¨�²�¨�¥©¿¯¼¾·¹¥V¬{¦�¿¯À2¿{°�ÜQ�5Æ�� v Ýk·Í®�¦ §©¨�¥©¿¯À ¼~¬{ª¹·¹ÛÑ¬{¦ ·Í¿¯¥�³´¿¯¥©® ¦Á¬{¥È¦µÐ^±�§�·Í³�§K¨�¥©® Ò�À�¨´®�¦ §V¬{¦
¦ §©¨�½�¿[® ¦�¨�À ·Í¿¯À&²5·Í®�¦ À ·¹¸�Ò�¦ ·Í¿¯¥Î¿¯¥,¦ §©¨�ªÍ¨|°�¦tÏc§V¬{¥©²�® ·Í²�¨�·Í®�¬«Å¯¬{ª¹·Í²,½�À�¿¯¸V¬{¸�·¹ª¹·¹¦.º�²�¨�¥©® ·¹¦�º
¬{¥©²�·¹¥È¦�¨�Ã[ÀÁ¬{¦�¨´®¦�¿¾¿¯¥©¨[Æ

-,+sr�+6* ÷c;Ø× X^uvuÂ\eh%Xfg�t
��¨�ªÍ¨�Å[¬{¥©³´¨�Åe¨´³�¦�¿¯À�¼~¬¯³�§�·¹¥©¨´®µïÉÜ���-���®µï ÝÇÔe¨�º/°Ë¨µ¬{¦ Ò�À�¨»·Í®,¦ §V¬{¦T¬¯®K±Â¨�ª¹ªÉ¬¯®K¿{î�¨�ÀtÏ
·¹¥�Ã¾Ãe¿^¿"²,Ãe¨�¥©¨�ÀÁ¬{ª¹·¹ÛÑ¬{¦ ·Í¿¯¥Î½�¨�Àt°�¿¯À ¼~¬{¥©³´¨[Ð�¦ §©¨�·¹¥5°Ë¨�À À�¨´²K½�À�¨´²5·Í³�¦�¿¯À�®�¬{À�¨�À�¨�¼~¬{À Ô[¬{¸�ª¹º
® ½V¬{À�®�¨~·¹¥D¦ §V¬{¦É¦ §©¨�ºE³´¿¯¥^¦Á¬{·¹¥�°�¨�±7¥©¿¯¥5ÏcÛµ¨�À�¿

ωi
½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�®ÑÆT��¿[® ¦r½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�®

¬{À�¨Î¬{Ò�¦�¿¯¼~¬{¦ ·Í³µ¬{ª¹ª¹º/®�¨�¦¾¦�¿»Ûµ¨�À�¿E²5Ò�À ·¹¥�ÃE¦ §©¨KªÍ¨µ¬{À ¥�·¹¥�ÃÖ½�À�¿^³´¨´®Á®µÐ�Ã[·¹Å"·¹¥�ÃD¬�½�À�¿^³´¨|Ï
²5Ò�À�¨�¦ §V¬{¦Â·Í®Â¨|Ä5¦ À�¨�¼Ç¨�ª¹º~¨|îf¨´³�¦ ·¹Åe¨�¬{¦!²5·Í®�³´¨�À ¥�·¹¥�ÃO¦ §©¿[®�¨�¸V¬¯®�·Í®�°�Ò�¥©³�¦ ·Í¿¯¥©®Â±�§�·Í³Á§K¬{À�¨
à_��ä%�5Y{ã¯êVß2°Ë¿¯À�¼~¬{Ô^·¹¥�Ã~Ãe¿^¿"²K½�À�¨´²5·Í³�¦ ·Í¿¯¥©®«Ü�	2·¹½�½�·¹¥�Ã©Ð u[v[v�� Ý|Æ

+^½�¨´³�·ÊÌV³µ¬{ª¹ª¹ºeÐ%¬¾°�Ò�ª¹ª¹ºÎ½�À�¿¯¸V¬{¸�·¹ª¹·Í® ¦ ·Í³«°�ÀÁ¬{¼Ç¨�±Â¿¯À ÔT·Í®*¬¯²�¿¯½�¦�¨´²�¸ÈºT·¹¥È¦ À�¿"²5Ò©³�·¹¥�ÃT¬
½�À ·Í¿¯Àr¿µÅe¨�À*¦ §©¨¶¼Ç¿"²�¨�ªk±Â¨�·¹Ã[§È¦�®ÑÆO�Â¬¯³�§E±!¨�·¹Ã[§È¦

ωi
·Í®*²�¨�¦�¨�À ¼¾·¹¥©¨´²R¸ÈºR¬Y§Èº"½�¨�À ½V¬�Ï

ÀÁ¬{¼Ç¨�¦�¨�À
αi

Ð%±�§©¿[®�¨¾¼Ç¿[® ¦*½�À�¿¯¸V¬{¸�ªÍ¨~Å¯¬{ª¹Ò©¨´®É¬{À�¨¶·¹¦�¨�ÀÁ¬{¦ ·¹Åe¨�ª¹ºE¨´®�¦ ·¹¼~¬{¦�¨´²»°�À�¿¯¼ ¦ §©¨
²©¬{¦Á¬5Æ�+^½V¬{À�® ·¹¦�ºR·Í®O¬¯³Á§�·Í¨�Åe¨´²Ö¸�¨´³µ¬{Ò©®�¨[Ð�·¹¥D½�ÀÁ¬¯³�¦ ·Í³´¨[Ðk¦ §©¨~½�¿[® ¦�¨�À ·Í¿¯À¶²5·Í® ¦ À ·¹¸�Ò�¦ ·Í¿¯¥©®
¿{°!¼~¬{¥^ºR¿{°!¦ §©¨¾±!¨�·¹Ã[§È¦�®¶¬{À�¨¾® §V¬{À ½�ª¹º/Ü�·¹¥»°Ë¬¯³�¦É·¹¥5Ì©¥�·¹¦�¨�ª¹º�Ý�½�¨µ¬{Ôe¨´²D¬{À�¿¯Ò�¥©²RÛµ¨�À�¿�Æ
	2§©¿[®�¨¾¦ ÀÁ¬{·¹¥�·¹¥�Ã�Åe¨´³�¦�¿¯À�®«¬¯®�®Á¿^³�·¬{¦�¨´²R±�·¹¦ §Ö¦ §©¨¾À�¨�¼~¬{·¹¥�·¹¥�ÃT¥©¿¯¥5ÏcÛµ¨�À�¿�±Â¨�·¹Ã[§^¦�®O¬{À�¨
¦ §©¨ÉÀ�¨�ªÍ¨�Å[¬{¥©³´¨«Åe¨´³�¦�¿¯À�®OÜ���-�®�Ý|ÐV·¹¥�²�¨|°�¨�À�¨�¥©³´¨«¦�¿Ç¦ §©¨«½�À ·¹¥©³�·¹½�ªÍ¨¶¿{°�¬{Ò�¦�¿¯¼~¬{¦ ·Í³«À�¨�ªÍ¨|Ï
Å¯¬{¥©³´¨�²�¨�¦�¨�À ¼¾·¹¥V¬{¦ ·Í¿¯¥ÖÜ������rÝ�±�§�·Í³�§�¼Ç¿¯¦ ·¹Å[¬{¦�¨´®�¦ §©¨*¬{½�½�À�¿e¬¯³�§DÜ��»¬¯³´Úr¬´ºeÐ � ��� � Ý|Æ



��ìLp�ì�é:è��½èn´�å:îlã�è¦´�è:ã{ç{ðØé&qÜåcã�ä8íïî:è�� ���
��-���®�±!¨�À�¨¶·¹¥�·¹¦ ·¬{ª¹ª¹ºT·¹¥^¦ À�¿^²5Ò©³´¨´²�°Ë¿¯ÀÀ�¨�Ã[À�¨´®Á® ·Í¿¯¥»½�À�¿¯¸�ªÍ¨�¼Ç®µÐf¸�Ò�¦�¦ §©¨r°Ë¿¯À ¼ÉÒ5Ï

ª¬{¦ ·Í¿¯¥�°�¿¯À�³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥�°�¿¯ª¹ªÍ¿Ñ±&®�¬{¥»¨´®�®�¨�¥^¦ ·¬{ª¹ª¹ºÎ·Í²�¨�¥È¦ ·Í³µ¬{ª
°�ÀÁ¬{¼Ç¨�±Â¿¯À Ô�Æ��!¿¯¥©®�·Í²�¨�À
¬O¦ ÀÁ¬{·¹¥�·¹¥�ÃY®Á¨�¦�±�·¹¦ §

n
²�¿"³�Ò�¼Ç¨�¥È¦�®

d
¬{¥©²T¬O¸�·¹¥V¬{À ºK¦Á¬{À Ãe¨�¦&Å¯¬{À ·¬{¸�ªÍ¨

t

(d1, t1), . . . , (dn, tn),di ∈
� � N , ti ∈ {0, 1}. ÜQ�5Æ�� u Ý

�©¿¯À¦.±Â¿{Ï.³�ª¬¯®Á®*³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥%Ð�·¹¦�·Í®�²�¨´® ·¹À�¨´²Î¦�¿Y½�À�¨´²5·Í³�¦�¦ §©¨r½�¿[® ¦�¨�À ·Í¿¯À½�À�¿¯¸V¬{¸�·¹ª¹·¹¦�º
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α

Ð�¦ §©¨,¼Ç¿[® ¦O½�À�¿¯¸V¬{¸�ªÍ¨K±Â¨�·¹Ã[§È¦�®
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p(ω|t,α) ∝ p(t|ω)p(ω|α)

Ð�¦ §�·Í®&·Í®¨´×ÈÒ�·¹Å[¬{ªÍ¨�¥È¦¦�¿¶Ì©¥©²5·¹¥�Ã~¦ §©¨
¼~¬�Ä5·¹¼ÉÒ�¼ÎÐU¿µÅe¨�À

ω
Ð©¿{°

ln{p(t|ω)p(ω|α)} =
n
∑

i=1

[ti ln yi+(1− ti) ln(1−yn)]− 1

2
ω
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yi = σ{y(di;ω)} ¬{¥©²

A = diag(αi)
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∇ ln p(ω|t,α) = ΦT (t− y) −Aω,
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∇2 ln p(ω|t,α) = −(ΦTBΦ + A),
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n×n
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bi = yi(1−yi)

Ð
y =

(y1, . . . , yn)T
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Φij = φj(di)
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ωMP = A−1ΦT (t− y)
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Σ = (ΦTBΦ + A)−1.
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p(t|α =

∫

p(t|ω)p(ω|α)dω

' p(t|ωMP )p(ωMP |α)(2π)M/2|Σ|1/2.
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�.°�±Â¨¶® Ò�¸©®�¦ ·¹¦ Ò�¦�¨
p(t|ωMP )

¬{¥©²
p(ωMP |α)

¬{¥©²T¦ §©¨�¥»®�¨�¦�¦ §©¨«²�¨�À ·¹Å[¬{¦ ·¹Åe¨
¿{°�¦ §©¨É¼~¬{À Ã[·¹¥V¬{ªkª¹·¹Ôe¨�ª¹·¹§©¿^¿"²T±�·¹¦ §�À�¨´® ½�¨´³�¦¦�¿
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−1

2
(wiMP ) +

1

2αi
− 1

2
Σii = 0.
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i =

γi

(wiMP )2
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(n+1)× (n+1)
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¨|Ä�¬{¼¾½�ªÍ¨´®«·Í®r¼Ç¿¯À�¨~·¹¼¾½�¿¯À ¦Á¬{¥^¦É±�§©¨�¥D°�¨�±7ª¬{¸�¨�ªÍ¨´²E¨|Ä©¬{¼¾½�ªÍ¨´®¶¬{À�¨Ç½�À�¨´®�¨�¥^¦µÆ,	2§©¨|Ï
À�¨|°�¿¯À�¨[Ð�·¹¥Ö¬¯²�²5·¹¦ ·Í¿¯¥Ö¦�¿�¦ §©¨~��¿^²��½�¦�¨Ç® ½�ª¹·¹¦µÐ
¬T+^¼~¬{ª¹ªÂ®�½�ª¹·¹¦r±!¬¯®O¬{ªÍ®�¿Î²�¨|Ì©¥©¨´²Ö¦�¿
À�¨�½�À�¿^²5Ò©³´¨�¬TÀ�¨µ¬{ª&®�·¹¦ ÒV¬{¦ ·Í¿¯¥/·¹¥=±�§�·Í³�§'¬�Ò©®�¨�À¶±!¿¯Ò�ªÍ²P¸�¨�¬¯® Ôe¨´²=¦�¿»½�À�¿ÑÅ^·Í²�¨K¦ §©¨
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¨|Ä©¬{¼¾½�ªÍ¨´®µÆp�.¥'¦ §©¨�+^¼~¬{ª¹ª�® ½�ª¹·¹¦µÐ2¦ §©¨Î¦�¨´®�¦ ·¹¥�ÃÖ®�¨�¦Y·Í®~¦ §©¨�®Á¬{¼Ç¨�°Ë¿¯À~¦ §©¨�®Á¬{Ôe¨T¿{°
³´¿¯¼¾½V¬{À ·Í®�¿¯¥%Ðk¸�Ò�¦«¦ §©¨Ç¦ ÀÁ¬{·¹¥�·¹¥�Ã»®�¨�¦É·Í®O²�¨|Ì©¥©¨´²E°Ë¿¯À«¨µ¬¯³Á§�³µ¬{¦�¨�Ãe¿¯À ºR¸^ºRÀÁ¬{¥©²�¿¯¼¾ª¹º
®�¨�ªÍ¨´³�¦ ·¹¥�Ã �µv ½�¿[® ·¹¦ ·¹Åe¨�¬{¥©² �µv ¥©¨�ÃÈ¬{¦ ·¹Åe¨�¨|Ä©¬{¼¾½�ªÍ¨´®2¿{°�¦ §©¨³µ¬{¦�¨�Ãe¿¯À ºeÆ�	2§©¨¸V¬¯®Á¨�ª¹·¹¥©¨
¿{°U³´¿¯¼¾½V¬{À ·Í®�¿¯¥¾±�·¹ª¹ª5¸�¨�¦ §©¨!À�¨´® Ò�ª¹¦�®�¿¯¸�¦Á¬{·¹¥©¨´²¶±�·¹¦ §¶¦ §©¨&+^-�� ·¹¥¶¦ §©¨Â·¹¥©²5Ò©³�¦ ·¹Åe¨�®Á¨�¦tÏ
¦ ·¹¥�Ã*½�À�¨´®�¨�¥^¦�¨´²¾·¹¥~�Â§V¬{½�¦�¨�À��5ÐÈ¬{¥©²¾²5Ò�ª¹ºÉÀ�¨�½�¨µ¬{¦�¨´²¶·¹¥Ç	�¬{¸�ªÍ¨ � Æ � °Ë¿¯À�¦ §©¨2��¿"²��½�¦�¨
¬{¥©²�+^¼~¬{ª¹ª�®�½�ª¹·¹¦�®µÆ�	2§©¨*Ò�¥�ª¬{¸�¨�ªÍ¨´²Î®�¨�¦�±!¬¯®²�¨|Ì©¥©¨´²T¬¯®�¦ §©¨*¦�¨´®�¦ ·¹¥�Ã~®�¨�¦µÆ

	�¬{¸�ªÍ¨ � Æ � (�1�¬¯®�¨�ª¹·¹¥©¨«+^-��ð½�¨�Àt°�¿¯À ¼~¬{¥©³´¨´®�±�·¹¦ §Î��¨�Ò�¦�¨�À�®tÏ u�� �  ¯w Æ
��¿"²��½�¦�¨É+^½�ª¹·¹¦

�2¬{¦�¨�Ãe¿¯À º +^-�® ��³´³�Ò�ÀÁ¬¯³�º ��À�¨´³�·Í®�·Í¿¯¥ ��¨´³µ¬{ª¹ª � �
��¬{À ¥ � Ð���� u ���5Æ�� u�$ ���5Æ���� $ ���5Æ�� v�$ � � Æ�� v�$

��³´×^Ò�·Í® ·¹¦ ·Í¿¯¥©® � Ð   � � � � Æ���� $ ���5Æ v � $ w �5Æ � � $ w[w Æ�� �#$
��¿¯¥©¨�ºÈÏË°�Ä � v[w ���5Æ � � $  ,� Æ � � $ � u Æ w[v�$ � v Æ  ¯u�$

��ÀÁ¬{·¹¥  � ,� �   Æ���� $ � u Æ���� $ ���5Æ vZ�#$   �5Æ v[v�$
�ÂÀ Ò©²�¨ ����� �   Æ vZ�#$ wZ� Æ w � $ ���5Æ�� �#$  ¯u Æ   � $
	%ÀÁ¬¯²�¨ � ��  �   Æ�� �#$   �5Æ � � $ � � Æ wU �$ � � Æ�� u�$

��¥È¦�¨�À�¨´® ¦  ��Èu �   Æ � � $  �  Æ v � $ ��  Æ ����$ � w Æ � � $
+^§�·¹½ � v[v � w Æ � � $ w �5Æ���� $ � � Æ w � $ ���5Æ�� u�$

Ø0§©¨µ¬{¦ �ÈwU  � w Æ  � �$ wZ� Æ ���#$ �   Æ�� w�$ � w Æ �� �$
�!¿¯À ¥ �ÈwZ� ���5Æ v[w�$ ���5Æ���� $ ���5Æ w � $ � w Æ u � $

·¦�\t�~���|\t w � � Æ�� v �   Æ�� ��$ w �5Æ�� ��$ � u Æ uZ�#$  ,� Æ  � �$
+^¼~¬{ª¹ª
+^½�ª¹·¹¦

�2¬{¦�¨�Ãe¿¯À º +^-�® ��³´³�Ò�ÀÁ¬¯³�º ��À�¨´³�·Í®�·Í¿¯¥ ��¨´³µ¬{ª¹ª � �
��¬{À ¥ � � � v Æ�� u�$ � v Æ u � $ w[u Æ��  �$ w �5Æ uZ�#$

��³´×^Ò�·Í® ·¹¦ ·Í¿¯¥©® � � � �5Æ  � �$ � u Æ vU �$ � w Æ uZ�#$ �Èw Æ���� $
��¿¯¥©¨�ºÈÏË°�Ä �µw � w Æ���� $ w Æ ����$ ���5Æ���� $ ��� Æ���� $

��ÀÁ¬{·¹¥ u[v w�� Æ�� ��$ � �5Æ v � $ �   Æ���� $ u �5Æ�� �#$
�ÂÀ Ò©²�¨ �µw  ¯v Æ�� v�$ � �5Æ�� u�$ wZ� Æ���� $ u �5Æ u � $
	%ÀÁ¬¯²�¨ �µw   �5Æ �&��$ � �5Æ�� v�$ ���5Æ w���$ u �5Æ�� v�$

��¥È¦�¨�À�¨´® ¦ �µw � � Æ �µv�$ w Æ v[u�$ ���5Æ���� $ ��� Æ  � �$
+^§�·¹½ � � � u Æ�� ��$ �5Æ�� v�$ ���5Æ�� v�$   Æ�� v�$

Ø0§©¨µ¬{¦ � � ���5Æ � � $ u �5Æ�� ��$ � w Æ �µw�$ �&� Æ u � $
�!¿¯À ¥ u[v � w Æ u[v�$ � u Æ v[v�$ u �5Æ v[v�$ ���5Æ  � �$

·¦�\t�~���|\t �µw Æ w[v � w Æ��  �$ uU  Æ ����$ w[v Æ�� u�$ � u Æ���� $



  � ã�ä8å8æ:ç�èêéÙp�ì�èêî8ä:å8îOã�íïî��î��´�qÖ�¤��ðØé ç�è��lç ã���å
� �,í	��í�ã�å�ç�í�ðØî
� ������|\~�q�}>r>���½r>q�����t��>|\tm~ZtVu }���s	u
	2§©¨R¸V¬¯³�Ô"Ã[À�¿¯Ò�¥©²HÔ"¥©¿µ±�ªÍ¨´²5Ãe¨�¬{½�½�À�¿e¬¯³�§�§V¬¯®T¬�½V¬{ÀÁ¬{¼Ç¨�¦�¨�À

∆1
Ü�®�¨´¨D��×ÈÒV¬{¦ ·Í¿¯¥

Ü � Æ � Ý Ý2¦�¿¾¸�¨r²�¨|Ì©¥©¨´²fÆ2��¼¾½�·¹À ·Í³µ¬{ª¹ª¹ºÎ±!¨É³´¿¯¥©® ·Í²�¨�À�¨´²
∆1 = 0.6

ÐVÀ�¨�½�À�¨´®�¨�¥È¦ ·¹¥�Ãa� v�$
¿{°U³´¿¯¥5ÌV²�¨�¥©³´¨[Æ�	�¬{¸�ªÍ¨ � Æ u ½�À�¨´®�¨�¥^¦�®k¦ §©¨!¸V¬¯³�Ô"Ã[À�¿¯Ò�¥©²¶Ô^¥©¿Ñ±�ªÍ¨´²5Ãe¨&¬{½�½�À�¿e¬¯³�§ÇÀ�¨´® Ò�ª¹¦�®
±�·¹¦ §p¸�¿¯¦ §p¦ ÀÁ¬{·¹¥�·¹¥�Ã#!�¦�¨´®�¦ ·¹¥�Ã'® ½�ª¹·¹¦�®µÆ;�¥V¬{ª¹º^Û´·¹¥�Ã/� � Å[¬{ª¹Ò©¨´®µÐ¦ §©¨�À�¨R·Í®Î¬=® ª¹·¹Ã[§È¦
·¹¼¾½�À�¿µÅe¨�¼Ç¨�¥^¦TÜ�°�À�¿¯¼  ,� Æ  � �$ ¦�¿  ¯u Æ�� v�$ Ý*°Ë¿¯Àr¦ §©¨~��¿^²��½�¦�¨~®�½�ª¹·¹¦µÐ�¸�Ò�¦«¥©¿¯¦r°Ë¿¯À
¦ §©¨�+^¼~¬{ª¹ª�® ½�ª¹·¹¦µÐ!±�§©¨�À�¨Î¦ §©¨�À�¨Î·Í®,¬R²�¨´³�À�¨µ¬¯®�¨�Ü�°�À�¿¯¼J� u Æ���� $ ¦�¿ u[v Æ w[u�$ Ý|ÆÙ�©¿¯À
¦ §�·Í®�¬{½�½�À�¿e¬¯³�§K¦�¿É¸�¨�® Ò©³´³´¨´®�®t°�Ò�ªV¦ §©¨¸V¬¯®�¨�ª¹·¹¥©¨�³�ª¬¯®�® ·ÊÌV¨�À�® §©¿¯Ò�ªÍ²Y¥©¿¯¦Â¸�¨&¦�¿"¿É±!¨µ¬{Ô�Ð
® ·¹¥©³´¨¾·¹¦r±�·¹ª¹ª�¸�¨¶À�¨´® ½�¿¯¥©® ·¹¸�ªÍ¨¶°Ë¿¯ÀÉ³�ª¬¯®�®�·Ê°�º"·¹¥�Ã�¦ §©¨¾Ò�¥�ª¬{¸�¨�ªÍ¨´²D¨|Ä©¬{¼¾½�ªÍ¨´®µÆ~	2§V¬{¦r·Í®

	�¬{¸�ªÍ¨ � Æ u (�12¬¯³ÁÔ^Ã[À�¿¯Ò�¥©²TÔ^¥©¿Ñ±�ªÍ¨´²5Ãe¨r½�¨�Àt°�¿¯À ¼~¬{¥©³´¨´®&±�·¹¦ §T��¨�Ò�¦�¨�À�®tÏ u�� �  ¯w Æ
��¿"²���½�¦�¨O+^½�ª¹·¹¦

�2¬{¦�¨�Ãe¿¯À º +^-�® ��³´³�Ò�ÀÁ¬¯³�º ��À�¨´³�·Í® ·Í¿¯¥ ��¨´³µ¬{ª¹ª � �
��¬{À ¥ � Ð���� � ���5Æ w � $ ���5Æ uU �$ ���5Æ���� $ � � Æ �Èu�$

��³´×ÈÒ�·Í®�·¹¦ ·Í¿¯¥©® � Ð w[v[v ���5Æ vZ�#$ � u Æ  ,��$ w �5Æ v � w �5Æ u � $
��¿¯¥©¨�º^ÏË°�Ä � u[w ���5Æ � � $  ,� Æ vU �$ ���5Æ �Èu�$ � v Æ���� $

��ÀÁ¬{·¹¥ w[v[u � w Æ v � $ � u Æ  ,��$ � � Æ � � $   �5Æ vU �$
�ÂÀ Ò©²�¨ ���   �   Æ �µw�$ w �5Æ u � $ ���5Æ�� ��$  �� Æ���� $
	%ÀÁ¬¯²�¨ ��� � �   Æ�� w�$   �5Æ   � $ ���5Æ   � $ ���5Æ�� u�$

�.¥^¦�¨�À�¨´® ¦  ���� �   Æ u[u�$   �5Æ�� u�$ � �5Æ���� $ � v Æ�� v�$
+^§�·¹½ � v � � w Æ � � $ w �5Æ�� w�$ ���5Æ v � $ ���5Æ��  �$

Ø0§©¨µ¬{¦ � � v � w Æ  � �$ w[u Æ�� w�$ ���5Æ v � $ ���5Æ v � $
�!¿¯À ¥ � v � ���5Æ v[w�$ ���5Æ���� $ ���5Æ w � $ � w Æ u � $

·¦�\t�~���|\t wU ¯w Æ�� v �   Æ���� $ w �5Æ   � $ ���5Æ�� w�$  ¯u Æ�� v�$
+^¼~¬{ª¹ª
+^½�ª¹·¹¦

�2¬{¦�¨�Ãe¿¯À º +^-�® ��³´³�Ò�ÀÁ¬¯³�º ��À�¨´³�·Í® ·Í¿¯¥ ��¨´³µ¬{ª¹ª � �
��¬{À ¥ �Èu � v Æ ���#$ w[u Æ � � $ ���5Æ v���$ wU  Æ �Èv�$

��³´×ÈÒ�·Í®�·¹¦ ·Í¿¯¥©® � u �Èv Æ���� $ u[w Æ���� $ ���5Æ �µu�$ ��� Æ � � $
��¿¯¥©¨�º^ÏË°�Ä ��� u �5Æ�� ��$ �5Æ w � $ ���5Æ uU �$ �µu Æ   � $

��ÀÁ¬{·¹¥ u � �   Æ���� $ �5Æ  ��#$ � u Æ   � $ �µu Æ��  �$
�ÂÀ Ò©²�¨ � � �   Æ���� $ w Æ wU �$ �   Æ   � $ � �5Æ u � $
	%ÀÁ¬¯²�¨ ��� u�� Æ w � $ � Æ w���$ ���5Æ �µu�$ �5Æ �  �$

�.¥^¦�¨�À�¨´® ¦ ��� u[u Æ  ��#$ �5Æ ����$ �   Æ�� u�$ �5Æ  ,��$
+^§�·¹½ w � � v Æ w � $ �5Æ w[u�$ � v Æ�� v�$   Æ���� $

Ø0§©¨µ¬{¦ uZ� �5Æ v � $ u Æ���� $ �µv[v Æ v[v�$ � Æ��  �$
�!¿¯À ¥ u � �5Æ � � $ � Æ�� w�$ �µv[v Æ v[v�$ �5Æ w[w�$

·¦�\t�~���|\t � �5Æ�� v � u Æ �µv�$ � �5Æ � � $ �   Æ �µw�$ u[v Æ w[u�$
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¥©¿¯¦2¦ §©¨�³µ¬¯®�¨�±�·¹¦ §Î+^¼~¬{ª¹ªf® ½�ª¹·¹¦µÆkØ0·¹¦ §�¿¯¥�ª¹º u[v ¨|Ä©¬{¼¾½�ªÍ¨´®µÐ"¦ §©¨·¹¥�·¹¦ ·¬{ª%³�ª¬¯®Á® ·ÊÌV¨�À2·Í®
¥©¿¯¦�¬¯³´³�Ò�ÀÁ¬{¦�¨É¨�¥©¿¯Ò�Ã[§T¦�¿Ç²�¨�¦�¨�À ¼¾·¹¥©¨r¥©¨�±H¦ ÀÁ¬{·¹¥�·¹¥�ÃY¨|Ä�¬{¼¾½�ªÍ¨´®µÆ

·O��s v��\t?�xtV��~�r>vTr>|§~ZtVu }���s	u
	2§©¨¶¦ §�À�¨´® §©¿¯ªÍ²

∆2
°Ë¿¯À*¬¯³�¦ ·¹Åe¨¶ªÍ¨µ¬{À ¥�·¹¥�ÃT·¹¥»��×ÈÒV¬{¦ ·Í¿¯¥'Ü � Æ u Ý±2¬¯®*¨�¼¾½�·¹À ·Í³µ¬{ª¹ª¹ºR²�¨|Ï

Ì©¥©¨´²Ç¬¯® v Æ��5Æ
	�¬{¸�ªÍ¨ � Æ��*½�À�¨´®�¨�¥È¦�®�¦ §©¨2À�¨´®�Ò�ª¹¦�®�¿¯¸�¦Á¬{·¹¥©¨´²¶°Ë¿¯À
¸�¿¯¦ §¾¦ ÀÁ¬{·¹¥�·¹¥�Ã#!�¦�¨´® ¦ ·¹¥�Ã
® ½�ª¹·¹¦�®µÆ¾��®É¬{ª¹À�¨µ¬¯²5º»¼Ç¨�¥È¦ ·Í¿¯¥©¨´²fÐ
·¹¥Ö¬¯²�²5·¹¦ ·Í¿¯¥Ö¦�¿K¦ §�·Í®É³´¿¯¥©® ¦ ÀÁ¬{·¹¥^¦É¦ §©¨¾¥^Ò�¼É¸�¨�À«¿{°
²�¿"³�Ò�¼Ç¨�¥È¦�®&®�¨�ªÍ¨´³�¦�¨´²K¦�¿O¸�¨�³�ª¬¯®�® ·ÊÌV¨´²,¸ÈºY¦ §©¨*® Ò�½�¨�À Å"·Í®�¿¯À!±!¬¯®�ª¹·¹¼¾·¹¦�¨´²K¦�¿¾¬«¼~¬�Ä5·ÊÏ
¼ÉÒ�¼ ¿{° �Èv Æ	2§©¨É·¹¼¾½�À�¿ÑÅe¨�¼Ç¨�¥È¦r·Í®¼Ç¿¯À�¨OÀ�¨�ªÍ¨�Å¯¬{¥^¦¶Ü�·¹¼¾½�À�¿ÑÅe¨�¼Ç¨�¥È¦É¿{°��  �$ ÐU°�À�¿¯¼
� u Æ���� $ ¦�¿ ��� Æ�� ��$ Ý!·¹¥T¦ §©¨É+^¼~¬{ª¹ª�® ½�ª¹·¹¦�¦ §V¬{¥Î¦ §©¨*��¿^²��½�¦�¨*® ½�ª¹·¹¦µÐ©¬¶½�À�¨´²5·Í³�¦Á¬{¸�ªÍ¨

	�¬{¸�ªÍ¨ � Æ���(���³�¦ ·¹Åe¨rªÍ¨µ¬{À ¥�·¹¥�ÃÇ½�¨�Àt°�¿¯À ¼~¬{¥©³´¨´®�±�·¹¦ §T��¨�Ò�¦�¨�À�® Ï u�� �  ¯w Æ
��¿"²��½�¦�¨É+^½�ª¹·¹¦

�2¬{¦�¨�Ãe¿¯À º +^-�® ��³´³�Ò�ÀÁ¬¯³�º ��À�¨´³�·Í®�·Í¿¯¥ ��¨´³µ¬{ª¹ª � �
��¬{À ¥ � Ð���� u ���5Æ uU �$ � � Æ v[v�$ ���5Æ�� w�$ � � Æ�� w�$

��³´×^Ò�·Í® ·¹¦ ·Í¿¯¥©® � Ð  ¯w[w ���5Æ u[w�$ � � Æ v � $ w �5Æ  ��#$ w �5Æ���� $
��¿¯¥©¨�ºÈÏË°�Ä � ��  ���5Æ���� $   �5Æ��  �$ �   Æ ���#$ ���5Æ �Èw�$

��ÀÁ¬{·¹¥   � � � w Æ u[w�$ � � Æ���� $ � w Æ �µu�$   �5Æ���� $
�ÂÀ Ò©²�¨  ,� � �   Æ � � $ w[w Æ  ¯u�$ �   Æ v � $   �5Æ�� w�$
	%ÀÁ¬¯²�¨ �   � � w Æ u[v�$ w �5Æ  ¯v�$ � w Æ ���#$   �5Æ �µu�$

��¥È¦�¨�À�¨´® ¦  � �  �   Æ�� �#$ wZ� Æ�� u�$ � � Æ���� $ ���5Æ�� �#$
+^§�·¹½ � � � � w Æ wZ�#$ � u Æ w � $ � � Æ u[v�$   �5Æ�� u�$

Ø0§©¨µ¬{¦ �Èw[u ���5Æ � � $ � v Æ��  �$  ¯u Æ   � $ w[v Æ�� w�$
�!¿¯À ¥ ���   ���5Æ ���#$ �   Æ��  �$  ,� Æ � � $ w[u Æ u[u�$

·¦�\t�~���|\t w � u Æ �Èv �   Æ  ¯u�$ w �5Æ   � $  ¯v Æ �Èw�$  ¯w Æ�� ��$
+^¼~¬{ª¹ª
+^½�ª¹·¹¦

�2¬{¦�¨�Ãe¿¯À º +^-�® ��³´³�Ò�ÀÁ¬¯³�º ��À�¨´³�·Í®�·Í¿¯¥ ��¨´³µ¬{ª¹ª � �
��¬{À ¥ � � � u Æ�� �#$ w �5Æ  ¯w�$ � � Æ���� $ � v Æ �&��$

��³´×^Ò�·Í® ·¹¦ ·Í¿¯¥©® ��� �   Æ   � $ ���5Æ�� u�$ �   Æ�� v�$ � u Æ�� v�$
��¿¯¥©¨�ºÈÏË°�Ä ��� ���5Æ���� $ �Èw Æ � � $ w[w Æ w[u�$ � u Æ � � $

��ÀÁ¬{·¹¥ ��� ���5Æ �Èu�$ �µu Æ v���$ ���5Æ �Èw�$ u�� Æ u � $
�ÂÀ Ò©²�¨ � � �   Æ �Èw�$ ��� Æ w � $ � v Æ�� ��$ u[v Æ�� �#$
	%ÀÁ¬¯²�¨ ��� ���5Æ vZ�#$ � �5Æ w���$ wU  Æ�� ��$ � w Æ �&��$
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¬{¥©²É°c¬¯® ¦�¨´® ¦�³�ª¬¯®Á® ·ÊÌV¨�ÀµÐ¯Ã[·¹Åe¨´®�³´¿¯¼¾½�¨�¦ ·¹¦ ·¹Åe¨!À�¨´® Ò�ª¹¦�®µÆ
	2§©¨�ÀÁ¬{¦ ·Í¿¯¥V¬{ªÍ¨Â°Ë¿¯À
¦ §�·Í®�À�¨´® Ò�ª¹¦�·Í®�¦ §V¬{¦&¦�¨|Ä5¦�³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥Î½�À�¿¯¸�ªÍ¨�¼Ç®ÑÐU¬{ª¹¦ §©¿¯Ò�Ã[§T§�·¹Ã[§�ª¹º�²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ªcÐ
¬{À�¨Ç¥©¨�Åe¨�À ¦ §©¨�ªÍ¨´®Á®O¨´®Á®�¨�¥È¦ ·¬{ª¹ª¹ºRª¹·¹¥©¨µ¬{À ª¹ºE®�¨�½V¬{ÀÁ¬{¸�ªÍ¨[ÆT�®r°�¿¯À¾+^-���®µÐ%¦ §©¨Y³´¿¯¼¾½�ªÍ¨|Ä^Ï
·¹¦.º�²�¨�½�¨�¥©²�®¾¿¯¥P¦ §©¨,¼~¬{À Ã[·¹¥'¬{¥©²�¥©¿¯¦Ç¿¯¥=¦ §©¨K²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ª¹·¹¦.ºeÐ!¸V¬¯®�¨�ª¹·¹¥©¨T+^-���®
§V¬´Åe¨:0&�|à�ç��«¬¯³´³´¨�½�¦Á¬{¸�ªÍ¨*½�¨�Àt°�¿¯À ¼~¬{¥©³´¨[Æ��12�EÔe¨�À ¥©¨�ª�+^-���®&¬{À�¨*¬O¼Ç¿¯À�¨*³´¿¯¼¾½�ªÍ¨|Ä
³�ª¬¯®�® ·ÊÌV¨�ÀµÐ"¸�Ò�¦Â°�¿¯À2®�¿¯¼Ç¨�® ½�¨´³�·ÊÌV³�¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®&³´¿¯¥©®�¦ ·¹¦ Ò�¦�¨�¬É¼~¬�Õ ¿¯ÀÂ·¹¼¾½�À�¿ÑÅe¨�¼Ç¨�¥È¦
¿µÅe¨�À¶ª¹·¹¥©¨µ¬{À~+^-���®µÆ»�¨�ÃÈ¬{À�²5·¹¥�Ã

SV M3
Ðk¦ §©¨,¦ ÀÁ¬¯²�¨|Ï.¿{î'¸�¨�¦.±!¨´¨�¥P¦ ÀÁ¬{·¹¥�·¹¥�ÃE¨�À À�¿¯À

¬{¥©²�¼~¬{À Ã[·¹¥�±2¬¯®·¹¥©³�À�¨µ¬¯®Á¨´²T¦�¿ �µv[v ¦�¿~¦ À º�¦�¿Y³´¿¯¥^¦ À�¿¯ªk¦ §©¨«¨�À À�¿¯À�®µÆ�Ø'·¹¦ §�À�¨´® ½�¨´³�¦
¦�¿

SV M4
Ð�¦ §©¨,°Ë¬{ªÍ®�¨,½�¿[® ·¹¦ ·¹Åe¨´®¶±Â¨�À�¨Î¦ §©¨K¼~¬{·¹¥/³´¿¯¥©³´¨�À ¥/·¹¥=¦ §�·Í®Ç®�¨�¦ ¦ ·¹¥�Ã©Ð�®�·¹¥©³´¨

¦ §©¨�·¹À&±!¨�·¹Ã[§È¦�±2¬¯®�²�¿¯Ò�¸�ªÍ¨´²�±�§©¨�¥�³´¿¯¼¾½V¬{À�¨´²Î±�·¹¦ §�°c¬{ªÍ®�¨�½�¿[® ·¹¦ ·¹Åe¨´®µÆ
	2§©¨°Ë¿¯Ò�À�+^-�� ¸V¬¯®�¨�³�ª¬¯®�® ·ÊÌV¨�À�®!±Â¨�À�¨*³´¿¯¼«¸�·¹¥©¨´²KÒ©® ·¹¥�ÃO¦ §©¨¦�±Â¿¶® ¦�¨�½K¼Ç¨�¦ §©¿"²

½�À�¿¯½�¿[®�¨´²E¬{¥©²E²�¨´®�³�À ·¹¸�¨´²R¥©¨|Ä5¦µÆ¾�.¥R¦ §©¨¶°Ë¿¯ª¹ªÍ¿µ±�·¹¥�Ã�¨´×ÈÒV¬{¦ ·Í¿¯¥©®ÑÐ%¦ §©¨¾³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥
¼~¬{À Ã[·¹¥Î±�·¹¦ §Î±�§�·Í³Á§�¬{¥

SV Ms
¼Ç¿"²�¨�ªcÐ

s ∈ {1, 2, 3, 4} Ð�³�ª¬¯®�® ·ÊÌV¨´®¬O¦�¨´®�¦ ·¹¥�Ã~²�¿^³|Ï
Ò�¼Ç¨�¥È¦

di
Ð5·Í®�À�¨�½�À�¨´®�¨�¥^¦�¨´²Î¸^º

ρsi
Æ

®°s	tV¾ � ��·¹Åe¨!¼Ç¿¯À�¨2±Â¨�·¹Ã[§È¦�¦�¿¦ §©¨!½�¿[® ·¹¦ ·¹Åe¨2³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥©®µÆ�+^·¹¥©³´¨!¦ §©¨�À�¨&¬{À�¨Â°Ë¨�±
½�¿[® ·¹¦ ·¹Åe¨¨|Ä©¬{¼¾½�ªÍ¨´®!·¹¥~¦ §©¨�²©¬{¦Á¬É®Á¨�¦µÐ^¦ §©¨�°c¬{ªÍ®�¨&¥©¨�ÃÈ¬{¦ ·¹Åe¨�ÀÁ¬{¦�¨·Í®�¼Ç¿¯À�¨�³�À ·¹¦ ·Í³µ¬{ª%¬{¥©²
¦ §�·Í®*® ¦�¨�½»¦Á¬¯³�Ô"ªÍ¨´®�¦ §�·Í®�½�À�¿¯¸�ªÍ¨�¼ÎÆO	2§©¨¾³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥R¼~¬{À Ã[·¹¥%Ð�Ü

ρsi
Ý|Ðf¿{°!³�ª¬¯®�®�·ÊÌV¨�À

SV Ms
·¹¥�¬O¦�¨´® ¦ ·¹¥�Ã~²�¿"³�Ò�¼Ç¨�¥È¦

di
Ð5·Í®�Ò�½�²©¬{¦�¨´²T¬¯³´³´¿¯À�²5·¹¥�Ã~¦�¿ÎÜ � Æ��eÝ

∀s∈{1,2,3,4} if ρsi > 0 then

ρsi := K × ρ(SV Ms).

Ü � Æ��eÝ

®°s	tV¾ � #®�¨~¦ §©¨,+^-�� ½�À�¨´®�¨�¥È¦ ·¹¥�Ã»¦ §©¨Yª¬{À Ãe¨´® ¦O¼~¬{À Ã[·¹¥%Ðk±�§�·Í³�§=·¹¼¾½�ª¹·Í¨´®O¼Ç¿¯À�¨
³´¿¯¥5ÌV²�¨�¥©³´¨«·¹¥Î¦ §©¨rÀ�¨´® Ò�ª¹¦µÆ2�©¿¯À�¨µ¬¯³�§�¦�¨´® ¦ ·¹¥�ÃY¨|Ä©¬{¼¾½�ªÍ¨[Ð©¦ §©¨«¿¯Ò�¦ ½�Ò�¦³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥
¿{°2¦ §©¨Ç¨�¥©®�¨�¼É¸�ªÍ¨~ªÍ¨µ¬{À ¥�·¹¥�ÃT¼~¬¯³Á§�·¹¥©¨[Ð

yens
Ðf±�·¹ª¹ª�¸�¨¶Ã[·¹Åe¨�¥E¸^º�¦ §©¨~¿¯Ò�¦ ½�Ò�¦«¿{°2¦ §©¨

¸V¬¯®�¨«+^-��þÜ
ys∗ , s

∗ ∈ {1, 2, 3, 4} Ý±�·¹¦ §T¦ §©¨É¼~¬�Ä"·¹¼«Ò�¼¤¼~¬{À Ã[·¹¥T°�¿¯À�¨µ¬¯³Á§�¦�¨´® ¦ ·¹¥�Ã
²�¿"³�Ò�¼Ç¨�¥È¦

di
Ü � Æ � Ý5(

yens := ys∗ with s∗ : ρs∗i = max(ρsi), s ∈ {1, 2, 3, 4} Ü � Æ � Ý

r�+.-/+.* ò 8/u�a©\È]�l0aV_�Z¯Xfb�\eaVn�2�bcZ[nÎX�_Âo@Xf_�Xfb@©�n¯].n
	2§©¨T°�¿¯Ò�À,¸V¬¯®�¨E+^-�� ³�ª¬¯®Á® ·ÊÌV¨�À�®,±Â¨�À�¨»·¹¥�·¹¦ ·¬{ª¹ª¹º/¦�¨´® ¦�¨´²Ù®�¨�½V¬{ÀÁ¬{¦�¨�ª¹ºeÆ�	
¬{¸�ªÍ¨ � Æ w
½�À�¨´®�¨�¥^¦�®�¦ §©¨r� � ¼~¬¯³�À�¿{Ï�¬µÅe¨�ÀÁ¬{Ãe¨´²�½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨´®&°Ë¿¯À&¦ §©¨r�¨�Ò�¦�¨�À�®tÏ u�� �  ¯w ¸�¨�¥©³�§5Ï



w � ã�ä8å8æ:ç�èêéÙp�ì�èêî8ä:å8îOã�íïî��î��´�qÖ�¤��ðØé ç�è��lç ã���å
� �,í	��í�ã�å�ç�í�ðØî
¼~¬{À ÔE²©¬{¦Á¬Î®�¨�¦µï ®r¦�¨�¥D¼Ç¿[® ¦É°�À�¨´×^Ò©¨�¥È¦O³µ¬{¦�¨�Ãe¿¯À ·Í¨´®µÐ�¬{¥©²D	�¬{¸�ªÍ¨ � Æ���½�À�¨´®�¨�¥^¦�®É¦ §©¨�·¹À
½�¿[®Á® ·¹¸�ªÍ¨*³´¿¯¼É¸�·¹¥V¬{¦ ·Í¿¯¥©®�·¹¥�¦ §©¨*½�À�¿¯½�¿[®�¨´²�¨�¥©®�¨�¼«¸�ªÍ¨É®�¨�¦ Ò�½%Æ

	�¬{¸�ªÍ¨ � Æ w (�� � ½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨*°Ë¿¯À+^-�� ¨�¥©®�¨�¼É¸�ªÍ¨r¸V¬¯®�¨r³�ª¬¯®�® ·ÊÌV¨�À�®ÑÆ
�2¬{¦�¨�Ãe¿¯À º

SV M1 SV M2 SV M3 SV M4��¬{À ¥ � w Æ ���#$ � w Æ v � $ � w Æ ���#$ �   Æ�� ��$
��³´×^Ò�·Í® ·¹¦ ·Í¿¯¥©® ���5Æ���� $ ���5Æ � � $ ���5Æ���� $ ���5Æ   � $
��¿¯¥©¨�ºÈÏË°�Ä  �� Æ�� �#$   �5Æ w���$   �5Æ �µw�$  �  Æ���� $

��ÀÁ¬{·¹¥ w[u Æ   � $ w[u Æ   � $ w �5Æ u � $ w �5Æ  ,��$
�ÂÀ Ò©²�¨ wZ� Æ wU �$ wZ� Æ wU �$ wZ� Æ ���#$ wU  Æ �µu�$
	%ÀÁ¬¯²�¨ ���5Æ��  �$  ¯u Æ �µu�$ ���5Æ uU �$  �� Æ u���$

��¥È¦�¨�À�¨´® ¦  �� Æ   � $   �5Æ �&��$   �5Æ�� w�$   �5Æ�� w�$
+^§�·¹½  ¯v Æ���� $  ,� Æ���� $   �5Æ���� $   �5Æ � � $

Ø0§©¨µ¬{¦   �5Æ���� $   �5Æ ���#$  ¯w Æ���� $ w �5Æ  ¯u�$
�!¿¯À ¥  ¯v Æ v[v�$ � w Æ �Èu�$  �� Æ  ¯v�$   �5Æ � � $

·{�\tV~Z��|�t   �5Æ���� $   �5Æ���� $ w�� Æ�� �#$ w �5Æ�� w�$

	�¬{¸�ªÍ¨ � Æ���(!�!¿¯¼É¸�·¹¥V¬{¦ ·Í¿¯¥©®�¿{°�+^-�� ¸V¬¯®�¨*³�ª¬¯®�® ·ÊÌV¨�À�®&¿¯¥�¨�¥©®�¨�¼É¸�ªÍ¨´®µÆ
SV M1 SV M2 SV M3 SV M4� ��¿ ��¿ y�¨´® y�¨´®

1 ��¿ y�¨´® �¿ y�¨´®
� ��¿ y�¨´® y�¨´® �¿
� ��¿ y�¨´® y�¨´® y�¨´®
� y�¨´® ��¿ �¿ y�¨´®
� y�¨´® ��¿ y�¨´® �¿
� y�¨´® ��¿ y�¨´® y�¨´®
� y�¨´® y�¨´® �¿ �¿
� y�¨´® y�¨´® �¿ y�¨´®
À y�¨´® y�¨´® y�¨´® �¿
Ú y�¨´® y�¨´® y�¨´® y�¨´®

	2§©¨É¬µÅe¨�ÀÁ¬{Ãe¨r¸V¬¯®�¨�½�¨�Àt°�¿¯À ¼~¬{¥©³´¨´®�ÀÁ¬{¥�Ãe¨*¸�¨�¦.±Â¨´¨�¥   �5Æ���� $ ¬{¥©² w �5Æ�� w�$ Æ�	2§©¨
ª¹·¹¥©¨µ¬{ÀÂ¸V¬¯®Á¨�³�ª¬¯®�® ·ÊÌV¨�À!½�À�¨´®�¨�¥^¦�®Â¦ §©¨�ªÍ¿µ±!¨�À!½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨[Ð^±�§�·¹ªÍ¨¦ §©¨�³�ª¬¯®�® ·ÊÌV¨�À�¦ §V¬{¦
¨�¼¾½�§V¬¯® ·¹Ûµ¨´®*°c¬{ªÍ®�¨¶¥©¨�ÃÈ¬{¦ ·¹Åe¨Ç¨�À À�¿¯À�®,Ü

SV M4
Ý§V¬¯®*¦ §©¨Ç¸�¨´® ¦�À�¨´® Ò�ª¹¦�®ÑÆÇ�¿¯¦ ·Í³´¨¶¦ §V¬{¦

·¹¥'¦ §©¨TªÍ¨´®�®YÀ�¨�½�À�¨´®�¨�¥È¦�¨´²Ù³µ¬{¦�¨�Ãe¿¯À ·Í¨´®µÐ&®�Ò©³�§p¬¯®Y® §�·¹½%Ð&±�§©¨µ¬{¦K¬{¥©²0³´¿¯À ¥%Ð�¦ §©¨Î·¹¼¶Ï
½�À�¿µÅe¨�¼Ç¨�¥^¦Î·Í®~¼Ç¿¯À�¨�¥©¿¯¦ ·Í³´¨µ¬{¸�ªÍ¨[Æ@	2§�·Í®,·Í®,½�À�¿¯¸V¬{¸�ª¹º�¸�¨´³µ¬{Ò©®�¨T¦ §©¨´®Á¨�³µ¬{¦�¨�Ãe¿¯À ·Í¨´®
§V¬´Åe¨OÅe¨�À º�°Ë¨�±j½�¿[® ·¹¦ ·¹Åe¨O¨|Ä�¬{¼¾½�ªÍ¨´®µÐf¬{¥©²�¦ §©¨«®�¦ À Ò�Ã[Ã[ªÍ¨¶¬{ÃÈ¬{·¹¥©®�¦�°c¬{ªÍ®�¨r¥©¨�ÃÈ¬{¦ ·¹Åe¨´®�·Í®
¼Ç¿¯À�¨«³�À ·¹¦ ·Í³µ¬{ª&Üc+^·¹ª¹Å[¬[ü9�&·¹¸�¨�·¹À�¿�Ð u[v[v �¯³ÑÝ|Æ���¨�ÃÈ¬{À�²5·¹¥�Ã,¦ §©¨«½�À�¿¯½�¿[®�¨´²�®�¨�¦ ¦ ·¹¥�Ãe®°Ë¿¯À



p�ì���ìEò/�,í©î��úqýò���ç�í©æv�½è ã���å
� �,í	��í©èêé
� wU 
³´¿¯¼É¸�·¹¥V¬{¦ ·Í¿¯¥©®ÑÐ�°Ë¿¯Àr·¹¥©® ¦Á¬{¥©³´¨[Ð
�7À�¨|°�¨�À�®É¦�¿T¬{¥D¨�¥©®�¨�¼«¸�ªÍ¨ÇÒ©® ·¹¥�ÃT¿¯¥�ª¹º

SV M3
¬{¥©²

SV M4
Æ
��¿¯¦�¨Â¦ §V¬{¦�¿{°U¦ §©¨

24 ½�¿[®�® ·¹¸�ªÍ¨2³´¿¯¼É¸�·¹¥V¬{¦ ·Í¿¯¥©®�±Â¨2ªÍ¨|°�¦�¿¯Ò�¦
¦ §©¿[®Á¨2¦ §V¬{¦
Ò©®Á¨´²
¿¯¥�ª¹º~¿¯¥©¨�¿¯À!¥©¿¯¥©¨¸V¬¯®Á¨�³�ª¬¯®Á® ·ÊÌV¨�ÀµÐ5® ·¹¥©³´¨�¦ §©¨�º~³µ¬{¥K¥©¿¯¦!¸�¨�³´¿¯¥©® ·Í²�¨�À�¨´²K¨�¥©®�¨�¼É¸�ªÍ¨´®µÐ
Ã[·¹Åe¨�¥E¦ §V¬{¦r¦ §©¨�º»³´¿¯À À�¨´® ½�¿¯¥©²R¦�¿K¦ §©¨¾¸V¬¯®�¨~³�ª¬¯®�® ·ÊÌV¨�À�®r¿¯À*¥©¿Î³�ª¬¯®Á® ·ÊÌV¨�À«¬{¦É¬{ª¹ªcÆÇ��¥
¦ §©¨K¥©¨|Ä5¦OÀ�¨´®�Ò�ª¹¦�®µÐ�¦ §©¨�³´¿¯¥©® ¦Á¬{¥^¦

K
·¹¥/��×^ÒV¬{¦ ·Í¿¯¥jÜ � Æ��eÝ«±!¬¯®~¨�¼¾½�·¹À ·Í³µ¬{ª¹ª¹º=®Á¨�¦O¦�¿

�µv[v Æ*	�¬{¸�ªÍ¨´® � Æ �µv ¬{¥©² � Æ ��� ½�À�¨´®�¨�¥È¦�¦ §©¨¶� � ¼~¬¯³�À�¿{Ï�¬µÅe¨�ÀÁ¬{Ãe¨´²E½�¨�Àt°�¿¯À ¼~¬{¥©³´¨´®�°Ë¿¯À
¨µ¬¯³�§R³´¿¯¼«¸�·¹¥V¬{¦ ·Í¿¯¥Ö¿{°�¸V¬¯®�¨¶³�ª¬¯®�®�·ÊÌV¨�À�®·¹¥»¦ §©¨¶¨�¥©®�¨�¼«¸�ªÍ¨´®�°�¿¯À�¦ §©¨¶��¨�Ò�¦�¨�À�®tÏ u�� �  ¯w
¦�¨�¥�¼Ç¿[® ¦�°�À�¨´×^Ò©¨�¥È¦�³µ¬{¦�¨�Ãe¿¯À ·Í¨´®µÆ

	
¬{¸�ªÍ¨ � Æ �µv (�� � ½�¨�Àt°�¿¯À ¼~¬{¥©³´¨´®&°�¿¯À+^-�� ¨�¥©®�¨�¼É¸�ªÍ¨´®¶Ü��&Ï.��Ý|Æ
�2¬{¦�¨�Ãe¿¯À º � 1 � � � �

��¬{À ¥ �   Æ�� ��$ � w Æ �µv�$ �   Æ�� ��$ �   Æ�� �'$ � w Æ �µv�$ �   Æ�� ��$
��³´×^Ò�·Í® ·¹¦ ·Í¿¯¥©® ���5Æ   � $ ���5Æ���� $ ���5Æ   � $ ���5Æ   � $ ���5Æ  � �$ ���5Æ   � $
��¿¯¥©¨�ºÈÏË°�Ä  �  Æ uZ�#$   �5Æ � � $  �  Æ  ¯w�$  �  Æ uZ�¤$   �5Æ v � $  �  Æ�� ��$

��ÀÁ¬{·¹¥ w �5Æ  ,��$ w �5Æ  ,��$ w �5Æ �µw�$ w �5Æ �µwé$ w �5Æ  ,��$ w �5Æ �µw�$
�ÂÀ Ò©²�¨ wU  Æ �µu�$ wZ� Æ ���#$ wU  Æ �µu�$ wU  Æ �µué$ wZ� Æ ���#$ wU  Æ �µu�$
	�ÀÁ¬¯²�¨   �5Æ wU �$  ,� Æ v � $   �5Æ v[v�$  �� Æ��  Û$ ���5Æ w � $  �� Æ u���$

��¥È¦�¨�À�¨´® ¦   �5Æ�� w�$   �5Æ�� w�$   �5Æ�� w�$   �5Æ�� wé$   �5Æ�� w�$   �5Æ�� w�$
+^§�·¹½   �5Æ � � $   �5Æ���� $   �5Æ � � $   �5Æ � � $   �5Æ���� $   �5Æ � � $

Ø0§©¨µ¬{¦ w �5Æ  ¯u�$  ¯w Æ���� $ w �5Æ  ¯u�$ w �5Æ  ¯ué$  ¯w Æ v � $ w �5Æ  ¯u�$
�!¿¯À ¥   �5Æ � � $  �� Æ  ¯v�$   �5Æ � � $   �5Æ � � $  �  Æ���� $   �5Æ vU �$

·{�\tV~Z��|�t w �5Æ�� �#$ w�� Æ  ¯v�$ w �5Æ���� $ w �5Æ �� Û$ w�� Æ  � �$ w �5Æ   � $

	�¬{¸�ªÍ¨ � Æ ��� (�� � ½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨´®�°Ë¿¯À+^-�� ¨�¥©®�¨�¼«¸�ªÍ¨´®«Üc�Ï.ÚÉÝ|Æ
�2¬{¦�¨�Ãe¿¯À º � � � À Ú

��¬{À ¥ �   Æ�� ��$ � w Æ v � $ � w Æ �µv�$ �   Æ�� ��$ �   Æ�� ��$
��³´×^Ò�·Í® ·¹¦ ·Í¿¯¥©® ���5Æ   � $ ���5Æ ���¤$ ���5Æ���� $ ���5Æ   � $ ���5Æ   � $
��¿¯¥©¨�ºÈÏË°�Ä  �  Æ uZ�#$   �5Æ���� $   �5Æ � � $  �  Æ�� ��$  �  Æ uZ�#$

��ÀÁ¬{·¹¥ w �5Æ �µw�$ w[u Æ   � $ w �5Æ  ,��$ w �5Æ �µw�$ w �5Æ �µw�$
�ÂÀ Ò©²�¨ wU  Æ �µu�$ w �5Æ u � $ wZ� Æ ���#$ wU  Æ �µu�$ wU  Æ �µu�$
	%ÀÁ¬¯²�¨   �5Æ wU �$  ,� Æ  ¯vé$  ,� Æ���� $   �5Æ v[v�$  �� Æ��  �$

��¥È¦�¨�À�¨´® ¦   �5Æ�� w�$   �5Æ �&�'$   �5Æ�� w�$   �5Æ�� w�$   �5Æ�� w�$
+^§�·¹½   �5Æ � � $  ,� Æ���� $   �5Æ���� $   �5Æ � � $   �5Æ � � $

Ø0§©¨µ¬{¦ w �5Æ  ¯u�$   �5Æ���� $  ¯w Æ v � $ w �5Æ  ¯u�$ w �5Æ  ¯u�$
�!¿¯À ¥   �5Æ vU �$  ¯v Æ v[vé$  �  Æ���� $   �5Æ vU �$   �5Æ vU �$

·¦�\t�~���|\t w �5Æ��  �$ w[v Æ �µwé$ w�� Æ���� $ w �5Æ w���$ w �5Æ   � $



w[w ã�ä8å8æ:ç�èêéÙp�ì�èêî8ä:å8îOã�íïî��î��´�qÖ�¤��ðØé ç�è��lç ã���å
� �,í	��í�ã�å�ç�í�ðØî
��¦�·Í®É¿¯¸©®�¨�À Åe¨´²»¦ §V¬{¦*¦ §©¨¶¸�¨´®�¦�®�¦Á¬{¥©²"Ï�¬{ªÍ¿¯¥©¨¾À�¨´® Ò�ª¹¦

SV M4
±�·¹¦ § w �5Æ�� w�$ Ü�®Á¨´¨

	�¬{¸�ªÍ¨ � Æ w Ý*±2¬¯®¶® Ò�À ½V¬¯®�®�¨´²D¸Èº2�DÜc��Ð
�¶Ð��2Ð
�¾Ð À Ð�ÚÉÝr¿{°�¦ §©¨ ��� ½�¿[®�® ·¹¸�ªÍ¨~³´¿¯¼¶Ï
¸�·¹¥V¬{¦ ·Í¿¯¥©®µÆÇ��¥E® ½�·¹¦�¨¾¿{°2§V¬´Å"·¹¥�ÃT¿¯¥�ª¹º�°�¿¯Ò�Àr¨�¥©®�¨�¼«¸�ªÍ¨¾¸V¬¯®�¨Ç³�ª¬¯®Á® ·ÊÌV¨�À�®µÐfÃe¨�¥©¨�ÀÁ¬{¦�¨´²
¸Èº�²5·Êî�¨�À�¨�¥^¦Y+^-�� ½V¬{ÀÁ¬{¼Ç¨�¦�¨�À ·¹ÛÑ¬{¦ ·Í¿¯¥%ÐÂ±!¨,§V¬´Åe¨Î¬�½�¿[®�·¹¦ ·¹Åe¨,¿¯Ò�¦�³´¿¯¼Ç¨[Ð!® ·¹¥©³´¨,±Â¨
§V¬´Åe¨K¬{ª¹¼Ç¿[® ¦«¨|îf¿¯À ¦ ªÍ¨´®�® ª¹º»·¹¼¾½�À�¿ÑÅe¨´²Ö¦ §©¨Y¿µÅe¨�ÀÁ¬{ª¹ª!½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨[Ðk·cÆ ¨[Æ,°�À�¿¯¼ð	�¬{¸�ªÍ¨
� Æ � °�¿¯À�¦ §©¨¶��¿"²���½�¦�¨O® ½�ª¹·¹¦µÐ�¦ §©¨O·¹¼¾½�À�¿µÅe¨�¼Ç¨�¥^¦r·Í®°�À�¿¯¼  ,� Æ  � �$ ¦�¿ w �5Æ w���$ Ær	�¿
¸�¨�¦ ¦�¨�À�¬{¥V¬{ª¹º"Ûµ¨�¦ §©¨�¨�¥©®�¨�¼«¸�ªÍ¨�³´¿¯¼«¸�·¹¥V¬{¦ ·Í¿¯¥%Ð^	
¬{¸�ªÍ¨ � Æ �µu ½�À�¨´®�¨�¥^¦�®�¦ §©¨ ��� ®�¨�¦ ¦ ·¹¥�Ãe®
¿¯À�²�¨�À�¨´²¾¸Èº¾� � ½�¨�Àt°�¿¯À ¼~¬{¥©³´¨[Æ��¥©¨2À�¨�¼~¬{À Ô[¬{¸�ªÍ¨�°c¬¯³�¦�·Í®�¦ §V¬{¦�¦ §©¨�¸�¨´® ¦�¸V¬¯®�¨�³�ª¬¯®�®�·ÊÏ
ÌV¨�ÀÂ·Í®!¥©¿¯¦!½�À�¨´®�¨�¥È¦2·¹¥,¦ §©¨�¸�¨´® ¦2¨�¥©®�¨�¼É¸�ªÍ¨�®�¨�¦ ¦ ·¹¥�Ã©Ð"¸�Ò�¦!·Í®µÐ"¿¯¥,¦ §©¨�³´¿¯¥È¦ ÀÁ¬{À ºeÐ5¼Ç¿¯À�¨
½�À�¨´®�¨�¥È¦*·¹¥»®�¿¯¼Ç¨¶¿{°�¦ §©¨O±Â¿¯À�®�¦�¿¯¥©¨´®ÑÆr��½�¿[®�® ·¹¸�ªÍ¨«À�¨µ¬¯®�¿¯¥�·¹¥�ÃK·Í®�¦ §V¬{¦�²5·¹Åe¨�À�®�·¹¦.ºT·Í®
¼Ç¿¯À�¨2·¹¼¾½�¿¯À ¦Á¬{¥^¦�¦ §V¬{¥¾·¹¥©²5·¹Å"·Í²5ÒV¬{ª�½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨[Æ

SV M3
®�¨´¨�¼Ç®�¦�¿�§V¬´Åe¨&¬�³�À Ò©³�·¬{ª

·¹¼¾½�¿¯À ¦Á¬{¥©³´¨[ÐU·cÆ ¨[Æ�®�¨´¨�¼Ç®¦�¿Ç¸�¨*¦ §©¨r¼Ç¿[®�¦²5·Êîf¨�À�¨�¥È¦�¿{°k¦ §©¨«¿¯¦ §©¨�À¸V¬¯®Á¨É³�ª¬¯®�® ·ÊÌV¨�À�®ÑÐ
® ·¹¥©³´¨�·¹¦2·Í®Â½�À�¨´®Á¨�¥È¦�·¹¥Î¬{ª¹ª�¦ §©¨�¦�¿¯½K®Á¨�¦ ¦ ·¹¥�Ãe®µÆ���¿¯À�¨�Ãe¨�¥©¨�ÀÁ¬{ª¹ª¹ºeÐ©®Á¨�¦ ¦ ·¹¥�Ãe®2±�·¹¦ §,¦ §�À�¨´¨
¿¯À�°Ë¿¯Ò�À�³�ª¬¯®�® ·ÊÌV¨�À�®
½�¨�Àt°�¿¯À ¼L¸�¨�¦ ¦�¨�ÀµÐ¯±�§�·Í³Á§¾·¹¥©²5·Í³µ¬{¦�¨´®k¦ §©¨�Ãe¨�¥©¨�ÀÁ¬{¦ ·Í¿¯¥Ç¿{°U¼Ç¿¯À�¨Â¸V¬¯®Á¨
³�ª¬¯®�® ·ÊÌV¨�À�®µÆ

	�¬{¸�ªÍ¨ � Æ �µu (Â�À�²�¨�À�¨´²Î� � ½�¨�Àt°�¿¯À ¼~¬{¥©³´¨´®¿{°
¦ §©¨É+^-�� ¨�¥©®Á¨�¼É¸�ªÍ¨´®µÆ
SV M1 SV M2 SV M3 SV M4

� �
À y�¨´® y�¨´® y�¨´® �¿ w �5Æ w���$
Ú y�¨´® y�¨´® y�¨´® y�¨´® w �5Æ   � $
� y�¨´® ��¿ y�¨´® �¿ w �5Æ   � $
� y�¨´® ��¿ y�¨´® y�¨´® w �5Æ��  �$
� ��¿ y�¨´® y�¨´® �¿ w �5Æ���� $
� ��¿ y�¨´® y�¨´® y�¨´® w �5Æ �� �$
� ��¿ ��¿ y�¨´® y�¨´® w �5Æ�� �#$
� y�¨´® y�¨´® �¿ y�¨´® w�� Æ���� $
� y�¨´® ��¿ �¿ y�¨´® w�� Æ  � �$
1 ��¿ y�¨´® �¿ y�¨´® w�� Æ  ¯v�$
� y�¨´® y�¨´® �¿ �¿ w[v Æ �µw�$

�©¿"³�Ò©® ·¹¥�ÃR¿¯¥Ö¦ §©¨Y¦.±!¿�¸�¨´® ¦¶®�¨�¦ ¦ ·¹¥�Ãe®�Ü À ¬{¥©²ÖÚÉÝ|Ðk	
¬{¸�ªÍ¨ � Æ � �5Ðk±�§�·Í³Á§P® §©¿µ±&®
¦ §©¨O°Ë¬{ªÍ®Á¨É½�¿[® ·¹¦ ·¹Åe¨Ç¬{¥©²�°Ë¬{ªÍ®Á¨«¥©¨�ÃÈ¬{¦ ·¹Åe¨Ç¼~¬¯³�À�¿{Ï�¬´Åe¨�ÀÁ¬{Ãe¨´²EÅ[¬{ª¹Ò©¨´®�°Ë¿¯À�¨µ¬¯³Á§E³´¿¯¼É¸�·ÊÏ
¥V¬{¦ ·Í¿¯¥Î¿{°�³�ª¬¯®�® ·ÊÌV¨�À�®2¦�¨´®�¦�¨´²fÐ"³µ¬{¥Î¬{·Í²,¦ §©¨�Ò�¥©²�¨�À�® ¦Á¬{¥©²5·¹¥�ÃÇ¿{°�¦ §©¨�·¹À�¿¯À�²�¨�À ·¹¥�Ã©Æ�	2§©¨
²5·Êî�¨�À�¨�¥©³´¨·Í®�¥©¿¯¦2®�¿*¼«Ò©³�§K·¹¥~¦ §©¨&°Ë¬{ªÍ®Á¨&¥©¨�ÃÈ¬{¦ ·¹Åe¨Å¯¬{ª¹Ò©¨´®�ÜË¬¯®�¼¾·¹Ã[§^¦Â¸�¨�¨|Ä5½�¨´³�¦�¨´²VÝ|Ð
¸�Ò�¦«·¹¥=¦ §©¨~°Ë¬{ªÍ®Á¨~½�¿[® ·¹¦ ·¹Åe¨YÅ¯¬{ª¹Ò©¨´®µÆ�	2§©¨YÀ�¨µ¬¯®�¿¯¥�°�¿¯ÀO¦ §�·Í®O·Í®ÉÀ�¨�ª¬{¦�¨´²�¦�¿�¦ §©¨~Ì©À�®�¦
® ¦�¨�½~¿{°�¦ §©¨&½�À�¿¯½�¿[®�¨´²Ç¨�¥©®�¨�¼«¸�ªÍ¨¬{ª¹Ãe¿¯À ·¹¦ §�¼7±�§�·Í³�§~Ã[·¹Åe¨´®�¼Ç¿¯À�¨&±!¨�·¹Ã[§È¦!¦�¿�½�¿[® ·¹¦ ·¹Åe¨
³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥©®µÐ%¦ ÀÁ¬{¥©®t°�¨�À À ·¹¥�ÃK¦ §©¨O°Ë¿^³�Ò©®°�À�¿¯¼ °Ë¬{ªÍ®�¨«¥©¨�ÃÈ¬{¦ ·¹Åe¨´®*¦�¿Y°c¬{ªÍ®�¨O½�¿[® ·¹¦ ·¹Åe¨´®ÑÐ
¬{¥©²�¦ §©¨�À�¨�¸ÈºK·¹¼¾½�À�¿ÑÅ^·¹¥�ÃY¦ §©¨*¸�À�¨µ¬{Ôe¨�Åe¨�¥T½�¿¯·¹¥È¦«Üc+^·¹ª¹Å[¬lü���·¹¸�¨�·¹À�¿�Ð u[v[v �¯²VÝ|Æ



p�ìLp�ì ã{ðØîlã��'ò/�,í�ðØî w �

	�¬{¸�ªÍ¨ � Æ � ��(���Åe¨�ÀÁ¬{Ãe¨É°c¬{ªÍ®�¨O½�¿[® ·¹¦ ·¹Åe¨´®¾Ü��
�!Ý�¬{¥©²T°c¬{ªÍ®�¨O¥©¨�ÃÈ¬{¦ ·¹Åe¨´®ÇÜ��k��Ý&°Ë¿¯ÀÉ+^-��
¨�¥©®�¨�¼«¸�ªÍ¨´®µÆ �k� �k�

� � �5Æ �Èv u[u Æ�� v
1 � �5Æ�� v u �5Æ�� v
� � �5Æ u[v u[u Æ v[v
� � �5Æ�� v u[u Æ v[v
� � �5Æ�� v uU  Æ v[v
� � �5Æ u[v u[u Æ v[v
� � �5Æ �Èv u[u Æ v[v
� ��� Æ  ¯v � v Æ v[v
� � �5Æ�� v u �5Æ�� v
À � �5Æ�� v u�� Æ w[v
Ú � �5Æ�� v u�� Æ w[v

wcÐ1w : Ò'Ùßø>ô�ûßâ�Õ�Ò'Ù
	2§�·Í®¾³�§V¬{½�¦�¨�ÀÇ²5·Í®Á³�Ò©®�®�¨´²P¬{¥©²�½�À�¿¯½�¿[®�¨´²�¦�¨´³Á§�¥�·Í×ÈÒ©¨´®¾¦�¿R¨�¥�§V¬{¥©³´¨K¦ §©¨K³�ª¬¯®�®�·ÊÌV³µ¬�Ï
¦ ·Í¿¯¥D¿{°2¦�¨|Ä"¦*Ò©®�·¹¥�Ã�+^-���®µÆÇ+^½�¨´³�·ÊÌV³µ¬{ª¹ª¹ºeÐ�±!¨¾·¹¥ÈÅe¨´®�¦ ·¹ÃÈ¬{¦�¨´²E¦ §©¨¾·¹¥©³´¿¯À ½�¿¯ÀÁ¬{¦ ·Í¿¯¥Ö¿{°
Ò�¥�ª¬{¸�¨�ªÍ¨´²Î²©¬{¦Á¬Ç¬{¥©²�¦ §©¨�Ò©®�¨É¿{°
¼«Ò�ª¹¦ ·¹½�ªÍ¨rªÍ¨µ¬{À ¥�·¹¥�ÃÇ¼~¬¯³Á§�·¹¥©¨´®µÆ

ØE¨�§V¬µÅe¨�½�À�¨´®�¨�¥È¦�¨´²�¦�±Â¿¾¼~¬{À Ã[·¹¥5Ïc¸V¬¯®Á¨´²T¬{½�½�À�¿e¬¯³�§©¨´®¦�¿O·¹¥È¦ À�¿"²5Ò©³´¨*Ò�¥�ª¬{¸�¨�ªÍ¨´²
²�¿"³�Ò�¼Ç¨�¥È¦�®�·¹¥5°Ë¿¯À ¼~¬{¦ ·Í¿¯¥�·¹¥^¦�¿,¦ §©¨«ªÍ¨µ¬{À ¥�·¹¥�Ã�® ¦Á¬{Ãe¨�(&¸V¬¯³�Ô"Ã[À�¿¯Ò�¥©²»Ô^¥©¿Ñ±�ªÍ¨´²5Ãe¨Ç¬{¥©²
¬¯³�¦ ·¹Åe¨,ªÍ¨µ¬{À ¥�·¹¥�Ã©ÆD	2§©¨,¸V¬¯³�Ô"Ã[À�¿¯Ò�¥©²=Ô"¥©¿µ±�ªÍ¨´²5Ãe¨K¼Ç¨�¦ §©¿"²Ö§V¬¯®¶¦ §©¨�¬¯²5Å[¬{¥È¦Á¬{Ãe¨�¿{°
¸�¨�·¹¥�ÃD³´¿¯¼¾½�ªÍ¨�¦�¨�ª¹º'¬{Ò�¦�¿¯¼~¬{¦�¨´²fÆp��¿µ±Â¨�Åe¨�ÀµÐ&·¹¦~® §©¿¯Ò�ªÍ²/¥©¿¯¦Y¸�¨ÎÒ©®�¨´²P±�·¹¦ §'®�¼~¬{ª¹ª
¦ ÀÁ¬{·¹¥�·¹¥�Ã=®�¨�¦�®µÐ!·cÆ ¨[Æp±�·¹¦ §�¦�¿"¿E±!¨µ¬{ÔP·¹¥�·¹¦ ·¬{ª�³�ª¬¯®Á® ·ÊÌV¨�À�®µÆÙØ0§©¨�¥�¦ §�·Í®Y·Í®~¥©¿¯¦Y¦ §©¨
³µ¬¯®�¨O·¹¦*³µ¬{¥RªÍ¨µ¬¯²»¦�¿,·¹¼¾½�À�¿µÅe¨�¼Ç¨�¥È¦µÆ¾	2§©¨¶½�À�¿¯½�¿[®�¨´²»¼~¬{À Ã[·¹¥5Ïc¸V¬¯®�¨´²E¬¯³�¦ ·¹Åe¨ÇªÍ¨µ¬{À ¥5Ï
·¹¥�Ã~¼Ç¨�¦ §©¿"²�§V¬¯®½�¿¯¦�¨�¥È¦ ·¬{ªk¦�¿Y® Ò�¸©® ¦Á¬{¥È¦ ·¬{ª¹ª¹º�·¹¼¾½�À�¿µÅe¨O½�¨�Àt°�¿¯À ¼~¬{¥©³´¨«±�§©¨�¥�®�¼~¬{ª¹ª
¦ ÀÁ¬{·¹¥�·¹¥�ÃÇ®�¨�¦�®&¬{À�¨*¬´Å[¬{·¹ª¬{¸�ªÍ¨[Æ�	2§�·Í®�³´¿¯¥©³�ª¹Ò©®�·Í¿¯¥�·Í®2Åe¨�À º~·¹¼¾½�¿¯À ¦Á¬{¥È¦&·¹¥K¦�¨|Ä5¦!¼¾·¹¥�·¹¥�Ã
¦Á¬¯® Ô5®µÐk® ·¹¥©³´¨ÇÒ©®�ÒV¬{ª¹ª¹ºE¦ §©¨�À�¨,¬{À�¨K¬�® ¼~¬{ª¹ªÂ¥^Ò�¼É¸�¨�À¾¿{°�³�ª¬¯®�® ·ÊÌV¨´²�¨|Ä�¬{¼¾½�ªÍ¨´®¾¬{¥©²=¬
§ÈÒ�Ãe¨Y¥ÈÒ�¼«¸�¨�À¾¿{°&Ò�¥�ª¬{¸�¨�ªÍ¨´²Ö¿¯¥©¨´®ÑÆÎ	2§©¨Y¨�¥�§V¬{¥©³´¨�¼Ç¨�¥^¦�®Ç¬¯³�§�·Í¨�Åe¨´²�¸ÈºD¸�¿¯¦ §Ö¼Ç¨|Ï
¦ §©¿"²�®�¬{¼Ç¿¯Ò�¥È¦¦�¿¾¨�¥©³´¿¯Ò�ÀÁ¬{Ã[·¹¥�Ã~À�¨´® Ò�ª¹¦�®µÆ

�!¿¯¥©³´¨�À ¥�·¹¥�Ã¾¦ §©¨Ò©®�¨�¿{°�¼ÉÒ�ª¹¦ ·¹½�ªÍ¨�³�ª¬¯®�® ·ÊÌV¨�À�®ÑÐ^±!¨�§V¬´Åe¨�½�À�¿¯½�¿[®Á¨´²,¬{¥Î+^-��ð¨�¥5Ï
®�¨�¼«¸�ªÍ¨Ç±�·¹¦ §Ö¬K¦�±Â¿{Ï.® ¦�¨�½�ªÍ¨µ¬{À ¥�·¹¥�Ã�®�¦ ÀÁ¬{¦�¨�Ã[ºRÒ©® ·¹¥�ÃÎ¦ §©¨Ç®�¨�½V¬{ÀÁ¬{¦ ·¹¥�Ã�¼~¬{À Ã[·¹¥�¬¯®«¬
²5·Êîf¨�À�¨�¥È¦ ·¬{¦ ·¹¥�ÃR°c¬¯³�¦�¿¯À¶·¹¥�½�¿[® ·¹¦ ·¹Åe¨,³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥©®µÆÖ�
·¹À�® ¦µÐk¦ §©¨,½�¿[® ·¹¦ ·¹Åe¨K³�ª¬¯®�®�·ÊÌ�Ï
³µ¬{¦ ·Í¿¯¥©®�Ã[·¹Åe¨�¥»¸ÈºT¦ §©¨«¸V¬¯®�¨O³�ª¬¯®�® ·ÊÌV¨�À�®�±Â¨�À�¨¾¨�¥�§V¬{¥©³´¨´²R¬{¥©²�¦ §©¨�¥�¦ §©¨«¼~¬�Ä5·¹¼ÉÒ�¼
¼~¬{À Ã[·¹¥�³�ª¬¯®Á® ·ÊÌV¨�À�±2¬¯®�Ò©®�¨´²�°�¿¯À�¨µ¬¯³Á§�¨|Ä©¬{¼¾½�ªÍ¨[Æ2	2§�·Í®®�¦ ÀÁ¬{¦�¨�Ã[º,½�À�¿ÑÅe¨´²T¦�¿~¸�¨rÀ�¿{Ï
¸�Ò©® ¦¬{¥©²TªÍ¨´²�¦�¿¾¦ §©¨«³´¿¯¥©³�ª¹Ò©® ·Í¿¯¥T¦ §V¬{¦�²5·¹Åe¨�À�® ·¹¦.º�·¹¥Î¦ §©¨É¸V¬¯®�¨r³�ª¬¯®�®�·ÊÌV¨�À�·Í®�¬Ç¼Ç¿¯À�¨



� v ã�ä8å8æ:ç�èêéÙp�ì�èêî8ä:å8îOã�íïî��î��´�qÖ�¤��ðØé ç�è��lç ã���å
� �,í	��í�ã�å�ç�í�ðØî
·¹¼¾½�¿¯À ¦Á¬{¥^¦&°c¬¯³�¦�¿¯À&¦ §V¬{¥Î·¹¥©²5·¹Å"·Í²5ÒV¬{ª%½�¨�Àt°�¿¯À ¼~¬{¥©³´¨[Æ

12¿¯¦ §Ç¦ §©¨2½�À�¿¯½�¿[®�¨´²Ç¨�¥�§V¬{¥©³´¨�¼Ç¨�¥È¦�®Â¦�¿«+^-���®k·¹¥¾¦�¨|Ä5¦�³�ª¬¯®�®�·ÊÌV³µ¬{¦ ·Í¿¯¥Ç·¹¥È¦�¨�Ã[ÀÁ¬{¦�¨
¥©¨�± Ô^¥©¿Ñ±�ªÍ¨´²5Ãe¨Î·¹¥^¦�¿»¦ §©¨KªÍ¨µ¬{À ¥�·¹¥�ÃE½�À�¿^³´¨´²5Ò�À�¨´®,¬{¥©²P® §©¿µ± ·¹¼¾½�À�¿ÑÅe¨�¼Ç¨�¥È¦�®K¿µÅe¨�À
¦ §©¨Ç¸V¬¯®�¨�ª¹·¹¥©¨�+^-���®µÐ�½�À�¨´®�¨�¥^¦�¨´²Ö·¹¥Ö¦ §©¨~½�À�¨�Å"·Í¿¯Ò©®O³�§V¬{½�¦�¨�ÀµÆT	2§©¨Y±!¬µºE¦ §©¨,+^-��
®�¨�½V¬{ÀÁ¬{¦ ·¹¥�Ã¾¼~¬{À Ã[·¹¥K½�ª¬´ºe¨´²T¬«³�À Ò©³�·¬{ªfÀ�¿¯ªÍ¨�·¹¥K¦ §©¨�²�¨´®Á³�À ·¹¸�¨´²,¦�¨´³�§�¥�·Í×^Ò©¨´®�¬{¥©²,§©¿µ±
·¹¦!³µ¬{¥,¸�¨&Ò©®�¨´²Y·¹¥~°�Ò�À ¦ §©¨�À2¨�¥�§V¬{¥©³´¨�¼Ç¨�¥È¦�®&® §©¿¯Ò�ªÍ²Y¸�¨�¨�¼¾½�§V¬¯® ·¹Ûµ¨´²fÆ���Åe¨�¥È¦ ÒV¬{ª¹ª¹º,·¹¦
¿¯Ò�Ã[§»¸�¨«½�¿[®Á® ·¹¸�ªÍ¨É¦�¿Y·¹¥5°Ë¨�À�½�À�¿¯¸V¬{¸�·¹ª¹·Í®�¦ ·Í³¶·¹¥5°�¿¯À ¼~¬{¦ ·Í¿¯¥»¦ §V¬{¦�±Â¿¯Ò�ªÍ²E¬{½�½�À�¿µÄ"·¹¼~¬{¦�¨
+^-���®�¦�¿¶À�¨�ªÍ¨�Å[¬{¥©³´¨*Åe¨´³�¦�¿¯À�¼~¬¯³Á§�·¹¥©¨´®µÆ�	2§�·Í®�·Í®&²5·Í®�³�Ò©®�®�¨´²K·¹¥T¦ §©¨�¥©¨|Ä"¦�³Á§V¬{½�¦�¨�ÀµÆ
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Scaling RVMs for text

classification

|
Ð�Ï 3 Ù:Ô�ù°Ò3÷ßûáø�Ô\Õ�Ò'Ù

��¥,¦ §©¨�½�À�¨�Å"·Í¿¯Ò©®&³Á§V¬{½�¦�¨�À&±Â¨*·¹¥^Åe¨´® ¦ ·¹ÃÈ¬{¦�¨´²�ªÍ¨µ¬{À ¥�·¹¥�ÃÇ¦�¨´³Á§�¥�·Í×ÈÒ©¨´®�¦�¿¶·¹¼¾½�À�¿µÅe¨r®�Ò�½5Ï
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(d1, t1), ...(dl, tl) ∈
� � M ×{±1} ÐÀ�¨´® Ò�ª¹¦ ·¹¥�Ã�·¹¥¶¬�¥ÈÒ�¼«¸�¨�À

r
¿{°V�%-�®µÐ

ϕ
Ð
(ϕ1, ...,ϕr) ∈

� � M ¬{¥©²¾¬{ªÍ®�¿Ò�¥�ª¬{¸�¨�ªÍ¨´²O²©¬{¦Á¬
U

Ð
(u1, ...,uh) ∈ � � M Ðk¦ §©¨,²5·Í® ¦Á¬{¥©³´¨,¸�¨�¦.±Â¨´¨�¥/¬{¥=�%-¶Ð

ϕi
Ðk¬{¥©²P¬{¥�Ò�¥�ª¬{¸�¨�ªÍ¨´²

²�¿^³�Ò�¼Ç¨�¥^¦µÐ
uj

Ð5·Í®&²�¨|Ì©¥©¨´²�¬¯®

Ψij = k(ϕi,uj),
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±�§©¨�À�¨
k

À�¨�½�À�¨´®�¨�¥^¦�®2¦ §©¨�Ôe¨�À ¥©¨�ª�Ò©®�¨´²~¦�¿«²�¨|Ì©¥©¨*¬É§�·¹Ã[§©¨�À2²5·¹¼Ç¨�¥©®�·Í¿¯¥K®�½V¬¯³´¨�±�§©¨�À�¨
½�¿¯·¹¥^¦�®¾³µ¬{¥P¸�¨,³´¿¯¼¾½V¬{À�¨´²fÆ��©¿¯ÀÇ¬TÃe¨�¥©¨�À ·Í³KÔe¨�À ¥©¨�ª2°�Ò�¥©³�¦ ·Í¿¯¥%Ð

Φ
Ð
Ψij

·Í®O¦ §©¨,²�¿¯¦
½�À�¿^²5Ò©³�¦

Ψij = 〈Φ(ϕi),Φ(uj)〉.
ÜQ�5Æ u Ý

�®Á® Ò�¼¾·¹¥�Ã~¬¶ª¹·¹¥©¨µ¬{À&Ôe¨�À ¥©¨�ªcÐ
Ψij

·Í®�® ·¹¼¾½�ª¹·ÊÌV¨´²

Ψij = 〈ϕi,uj〉.
ÜQ�5Æ��eÝ

ØE¨�¬{ªÍ®�¿�Ò©®Á¨2¬³´¿[® ·¹¥©¨!Ôe¨�À ¥©¨�ªcÐ[±�§©¨�À�¨!¦ §©¨2²�¿¯¦k½�À�¿^²5Ò©³�¦k·Í®
¥©¿¯À ¼~¬{ª¹·¹Ûµ¨´²¶¸Èº«¦ §©¨Â¥©¿¯À ¼

Ψij =
〈ϕi,uj〉
| ϕi || uj |

.
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k(ϕ1,u1) k(ϕ1,u2) k(ϕ1,u3) k(ϕ1,uh)

k(ϕ2,u1) k(ϕ2,u2) k(ϕ2,u3) k(ϕ2,uh)

. . . .

. . . . . . .

. . . .

k(ϕr,u1) k(ϕr,u2) k(ϕr,u3) k(ϕr,uh)
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�©¿¯À¬Oª¹·¹¥©¨µ¬{À&Ôe¨�À ¥©¨�ª�¦ §©¨*²�¨´® ·¹Ã[¥Î¼~¬{¦ À ·ÊÄ�·Í®&® ·¹¼¾½�ª¹·ÊÌV¨´²

Ψlinear = ϕ . U′.
ÜQ�5Æ��eÝ
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Ψcosine =
ϕ . U′

| ϕ || U | .
ÜQ�5Æ   Ý
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°Ë¿¯ª¹ªÍ¿µ±&®µÆk�
·¹À�® ¦µÐ¯¦ §©¨�³�ªÍ¿[®�¨´® ¦���-/¦�¿*¬{¥ÈºOÃ[·¹Åe¨�¥¾Ò�¥�ª¬{¸�¨�ªÍ¨´²¾²�¿"³�Ò�¼Ç¨�¥È¦�·Í®�²�¨�¦�¨�À ¼¾·¹¥©¨´²
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[

min(k(ϕi,u1)) min(k(ϕi,u2)) . . . min(k(ϕi,uh))
]

.
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Acq Baseline 2000; AUC: 0.9792
Acq Incremental 2000; AUC: 0.9764
Acq Boosting 2000; AUC: 0.9802
Acq Ensemble 2000; AUC: 0.9809
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Trade Baseline 2000; AUC: 0.9196
Trade Incremental 2000; AUC: 0.9369
Trade Boosting 2000; AUC: 0.9452
Trade Ensemble 2000; AUC: 0.9400
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�%-���®µï�¿¯Ò�¦ ½�Ò�¦µÆÙØ'§�·¹ªÍ¨Î¸�¿"¿[® ¦ ·¹¥�ÃEÒ©®�¨´®~¦ §©¨T¿¯À ·¹Ã[·¹¥V¬{ª�¼Ç¨�¦ §©¿^²/°�¿¯À~ÀÁ¬{¥�Ô^·¹¥�ÃÖ¦ §©¨
³�ª¬¯®�® ·ÊÌV¨�À�®ÑÐk¦ §©¨,¨�¥©®Á¨�¼É¸�ªÍ¨�¬{½�½�À�¿e¬¯³�§P¦Á¬{Ôe¨´®¾¬¯®¶¿¯Ò�¦ ½�Ò�¦¶Å¯¬{ª¹Ò©¨,¦ §©¨K¬´Åe¨�ÀÁ¬{Ãe¨KÅ[¬{ª¹Ò©¨
¿{°�¦ §©¨�³�ª¬¯®�®�·ÊÌV¨�À�®2¦ §V¬{¦&³´¿¯À À�¿¯¸�¿¯ÀÁ¬{¦�¨´²�¦ §©¨�¼~¬�Õ ¿¯À ·¹¦.ºK²�¨´³�·Í® ·Í¿¯¥%Æ�	2§�·Í®�³´¿¯¥©® ¦ ·¹¦ Ò�¦�¨´®¬
ªÍ¨µ¬¯²5·¹¥�ÃK¨´²5Ãe¨r¦ §V¬{¦�¬{ª¹ªÍ¿Ñ±&®�¦ §©¨É¨�¥©®�¨�¼«¸�ªÍ¨«¦�¿,¬¯³�§�·Í¨�Åe¨¶¬Ç® ª¹·¹Ã[§^¦�·¹¼¾½�À�¿ÑÅe¨�¼Ç¨�¥È¦r¿µÅe¨�À
¸�¿^¿[® ¦ ·¹¥�Ã©Æ



���µv ã�ä:å8æ:ç�èêéûz�ìü��ã�å��½í©î��öéJ´�qÖ�ì��ðØé ç�è��lç ã���å
� �,í	��í�ã�å�ç�í�ðØî
|
Ð5w 8:9
úßù�Õ�÷ C�> Ñ } N�> Ñ × %'% ù�Ò�×'ø°Ý
+^Ò�½�½�¿¯À ¦�-�¨´³�¦�¿¯Àr�»¬¯³�§�·¹¥©¨´®~Üc+^-���®�Ý�¬{¥©²»�¨�ªÍ¨�Å¯¬{¥©³´¨O-�¨´³�¦�¿¯À*��¬¯³Á§�·¹¥©¨´®~Ü��%-���®�Ý
¬{À�¨Î¦�±Â¿�® ¦Á¬{¦�¨|Ï.¿{°�Ïc¦ §©¨|Ï�¬{À ¦,ªÍ¨µ¬{À ¥�·¹¥�Ã�¼~¬¯³�§�·¹¥©¨´®,¦ §V¬{¦,¬{À�¨Î³�Ò�À À�¨�¥^¦ ª¹º/¦ §©¨�°Ë¿"³�Ò©®~¿{°
³�Ò�¦ ¦ ·¹¥�Ã¯Ï.¨´²5Ãe¨¶À�¨´®�¨µ¬{À�³�§%ÆO+^-���®�¿{î�¨�À�¸�¨�¦ ¦�¨�À�¬¯³´³�Ò�ÀÁ¬¯³�ºR¬{¥©²»³´¿¯¼¾½�ªÍ¨|Ä"·¹¦�ºeÐf¸�Ò�¦�¬{À�¨
® Ò�À ½V¬¯®�®�¨´²�¸^º*�%-���®�±�§©¨�¥r·¹¦%³´¿¯¼Ç¨´®�¦�¿2½�À�¿¯¸V¬{¸�·¹ª¹·Í® ¦ ·Í³�¿¯Ò�¦ ½�Ò�¦�®�¿¯À%Ôe¨�À ¥©¨�ªÈ®�¨�ªÍ¨´³�¦ ·Í¿¯¥%Æ

ØE¨&½�À�¿¯½�¿[®�¨�¬*¦.±Â¿{ÏcªÍ¨�Åe¨�ª�§�·Í¨�ÀÁ¬{À�³Á§�·Í³µ¬{ª�§^º^¸�À ·Í²K+^-��TÏ.�%-��¤¼Ç¿^²�¨�ªU¦�¿r³´¿¯¼É¸�·¹¥©¨
¦ §©¨�¸�¨´® ¦�¿{°©¸�¿¯¦ §ÉªÍ¨µ¬{À ¥�·¹¥�Ã�¼~¬¯³Á§�·¹¥©¨´®µÆk	2§©¨�Ì©À�® ¦�ªÍ¨�Åe¨�ª"¿{°©¦ §©¨�½�À�¿¯½�¿[®Á¨´²É¼Ç¿"²�¨�ªÈÒ©®�¨´®
¬{¥���-�� ¦�¿Y²�¨�¦�¨�À ¼¾·¹¥©¨«¦ §©¨«ªÍ¨´®�®³´¿¯¥5ÌV²�¨�¥È¦r³�ª¬¯®�® ·ÊÌV¨´²�¨|Ä�¬{¼¾½�ªÍ¨´®*¬{¥©²�¦ §©¨É®�¨´³´¿¯¥©²
ªÍ¨�Åe¨�ª�Ò©®�¨´®~¬{¥'+^-���¦�¿»ªÍ¨µ¬{À ¥�¬{¥©²P³�ª¬¯®�®�·Ê°�ºÖ¦ §©¨K¦�¿¯Ò�Ã[§©¨�À~¨|Ä�¬{¼¾½�ªÍ¨´®ÑÆ�	2§©¨K§�·Í¨�ÀtÏ
¬{À�³�§�·Í³µ¬{ª�¬{½�½�À�¿e¬¯³Á§E¿¯Ò�¦ ½�¨�Àt°Ë¿¯À ¼Ç®�¸�¿¯¦ §»¸V¬¯®�¨�ª¹·¹¥©¨OªÍ¨µ¬{À ¥�·¹¥�ÃK¼~¬¯³�§�·¹¥©¨´®ÑÆr�
·¹Ã[Ò�À�¨O�5Æ��
²�¨�½�·Í³�¦�®2¦ §©¨�½�À�¿¯½�¿[®�¨´²Y¦.±!¿{ÏcªÍ¨�Åe¨�ª%§�·Í¨�ÀÁ¬{À�³�§�·Í³µ¬{ªf§^º^¸�À ·Í²,¼Ç¿"²�¨�ªU·¹¥K¦ §©¨¦ ÀÁ¬{·¹¥�·¹¥�Ã¾¬{¥©²
·¹¥Î¦ §©¨�¦�¨´® ¦ ·¹¥�Ã~®Á¨�¦ ¦ ·¹¥�Ãe®µÆ

Training Testing

training examples testing examples

RVM 1 RVM n....

hard-to-classify examples

SVM

best RVM

classified examples

SVM

hard-to-classify
examples"easy"

examples

��·¹Ã[Ò�À�¨á�5Æ���(�	%±!¿{ÏcªÍ¨�Åe¨�ª�§�·Í¨�ÀÁ¬{À�³Á§�·Í³µ¬{ª
��-��TÏ)+^-��ð§Èº"¸�À ·Í²�¼Ç¿"²�¨�ªcÆ
	2§©¨ÂÌ©À�® ¦�ªÍ¨�Åe¨�ª�¿{°©¦ §©¨!¦.±!¿{ÏcªÍ¨�Åe¨�ª�§�·Í¨�ÀÁ¬{À�³�§�·Í³µ¬{ªV¬{½�½�À�¿e¬¯³Á§¾Ò©®�¨´®�¦ §©¨Â½�À�¿¯¸V¬{¸�·¹ª¹·Í® ¦ ·Í³

¥V¬{¦ Ò�À�¨¿{°�®Á¨�Åe¨�ÀÁ¬{ª���-�� ¼Ç¿"²�¨�ªÍ®�¦�¿«²�¨�¦�¨�À ¼¾·¹¥©¨±�§�·Í³Á§,¨|Ä©¬{¼¾½�ªÍ¨´®!±�·¹ª¹ªU¸�¨�À�¨�¦Á¬{·¹¥©¨´²
¬{¥©²K±�§�·Í³�§�±�·¹ª¹ªf¸�¨�¦ ÀÁ¬{¥©®t°Ë¨�À À�¨´²K¦�¿¾¦ §©¨*®�¨´³´¿¯¥©²KªÍ¨�Åe¨�ªcÆ�	�¿Ç³´¿¯½�¨�±�·¹¦ §T�%-�� ®�³µ¬{ª¬�Ï
¸�·¹ª¹·¹¦.º�½�À�¿¯¸�ªÍ¨�¼Ç®µÐ�¦ §©¨É¦ ÀÁ¬{·¹¥�·¹¥�Ã�®�¨�¦�±!¬¯®�²5·¹Å"·Í²�¨´²�·¹¥^¦�¿Y³Á§ÈÒ�¥�Ô5®*¿{° � Ð v[v[v ¨|Ä�¬{¼¾½�ªÍ¨´®
¬{¥©²�¬{¥»�%-�� ¼Ç¿^²�¨�ª
±!¬¯®�·¹¥©²5Ò©³´¨´²�°Ë¿¯À¨µ¬¯³�§R³Á§ÈÒ�¥�Ô�Æ�1!º�·¹¥^¦�¨�À ½�À�¨�¦ ·¹¥�Ã�¦ §©¨«��-��
½�À�¿¯¸V¬{¸�·¹ª¹·Í® ¦ ·Í³�¿¯Ò�¦ ½�Ò�¦�³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥~¬¯®�¬�³´¿¯¥5ÌV²�¨�¥©³´¨2¼Ç¨µ¬¯® Ò�À�¨[Ðe±Â¨�²�¨|Ì©¥©¨´²Ç¬�® º"¼¶Ï
¼Ç¨�¦ À ·Í³µ¬{ª�·¹¥È¦�¨�À Å[¬{ª�³´¨�¥È¦�¨�À�¨´²E¿¯¥»¦ §©¨¶¿¯À ·¹Ã[·¹¥�Ü

[−range, range]
Ý|Ðf±�§©¨�À�¨¶¦ §©¨¶�%-��

½�À�¨´®�¨�¥È¦�¨´²«ªÍ¿µ±!¨�À�³´¿¯¥5ÌV²�¨�¥©³´¨[Æ
	2§�·Í®�·¹¥È¦�¨�À Å[¬{ª5¿¯À�ÀÁ¬{¥�Ãe¨Â±!¬¯®�·¹¥©® ½�·¹À�¨´²É¸^º*¦ §©¨�ªÍ¿¯Ã[·Í® ¦ ·Í³
°�Ò�¥©³�¦ ·Í¿¯¥%Ð

p(t = 1|d) = 1
1+exp(−fRV M (d))

Ð5±�§©¨�À�¨
d

À�¨�½�À�¨´®�¨�¥^¦�®�¦ §©¨r²�¿"³�Ò�¼Ç¨�¥È¦µÐ
t·Í®�¦ §©¨¦Á¬{À Ãe¨�¦�¬{¥©²

fRV M
·Í®�¦ §©¨��-�� ³�ª¬¯®�®�·ÊÌV¨�À�°�Ò�¥©³�¦ ·Í¿¯¥%Æ�	2§ÈÒ©®µÐ"¦ ÀÁ¬{·¹¥�·¹¥�Ã¶¨|Ä�¬{¼¶Ï



z�ìLp�ì�ä<;,�¦é:í©ñHé[´,q {5��´,q å8æêæêé<ðêåcã�ä �����
½�ªÍ¨´®�¦ §V¬{¦�°Ë¬{ª¹ª
·¹¥»¦ §©¨O¬{À�¨µ¬YÒ�¥©²�¨�À�¦ §©¨OªÍ¿¯Ã[·Í® ¦ ·Í³¶³�Ò�À Åe¨¶¬{À�¨O®�¨�ªÍ¨´³�¦�¨´²�¦�¿,¸�¨«ª¬{¸�¨�ªÍ¨´²
¬¯®«§V¬{À�²"Ïc¦�¿{Ï.³�ª¬¯®�® ·Ê°�ºD¨|Ä�¬{¼¾½�ªÍ¨´®ÑÆT	2§©¨´®�¨,¨|Ä�¬{¼¾½�ªÍ¨´®¶³�ª¬¯®�®�·ÊÌV¨´²D±�·¹¦ §�·¹¥�¦ §©¨Y²�¨|Ì©¥©¨´²
ÀÁ¬{¥�Ãe¨K±�·¹ª¹ª&³´¿¯¥©® ¦ ·¹¦ Ò�¦�¨K¦ §©¨K¦ ÀÁ¬{·¹¥�·¹¥�ÃD®Á¨�¦¶¿{°�¦ §©¨�®�¨´³´¿¯¥©²=ªÍ¨�Åe¨�ª+^-��ÖÐ
±�§�·Í³�§P§V¬¯®
½�À�¨´®�¨�¥^¦�¨´²P¦ §©¨K¸�¨´®�¦Ç® ¦Á¬{¥©²©¬{ªÍ¿¯¥©¨�À�¨´® Ò�ª¹¦�®¾®�¿�°c¬{ÀµÆ=	�¨´® ¦ ·¹¥�ÃD½�À�¿^³´¨´²5Ò�À�¨K·Í®Ç®�·¹¼¾·¹ª¬{À
¦�¿Î¦ §©¨Y¦ ÀÁ¬{·¹¥�·¹¥�Ã»½�§V¬¯®�¨[ÆÎ	
¬{¸�ªÍ¨��5Æ��T½�À�¨´®�¨�¥^¦�®«¦ §©¨Y½�¨�Àt°�¿¯À ¼~¬{¥©³´¨´®«°Ë¿¯ÀÉ¦ §©¨Ç§^º^¸�À ·Í²
�%-��TÏ)+^-��ðÒ©® ·¹¥�ÃÇ²5·Êî�¨�À�¨�¥^¦³´¿¯¥5ÌV²�¨�¥©³´¨É·¹¥È¦�¨�À Å[¬{ªÍ®µÆ

	2§©¨r³´¿¯¥5ÌV²�¨�¥©³´¨«·¹¥È¦�¨�À Å[¬{ªÍ®&±!¨�À�¨É²�¨�¦�¨�À ¼¾·¹¥©¨´²�¬¯³´³´¿¯À�²5·¹¥�ÃY¦�¿¾¦ §©¨rªÍ¿¯Ã[·Í® ¦ ·Í³�°�Ò�¥©³|Ï
¦ ·Í¿¯¥�¬{¥©²=ÀÁ¬{¥�Ãe¨,°�À�¿¯¼

[−5, 5]
¦�¿

[−15, 15]
Ü�¿¯¦ §©¨�À¾Å[¬{ª¹Ò©¨´®¾±�·¹¦ §P½�¿"¿¯À�¨�À¶½�¨�Àt°Ë¿¯ÀtÏ

¼~¬{¥©³´¨´®�±Â¨�À�¨Y¬{ªÍ®�¿,¦�¨´® ¦�¨´²VÝ|ÆÉ�9¦�¨´® ¦ ·¹¥�Ã�¨|Ä�¬{¼¾½�ªÍ¨¶·Í®�Ì©À�® ¦*³�ª¬¯®�®�·ÊÌV¨´²»¸ÈºT¦ §©¨¶��-��

	�¬{¸�ªÍ¨ß�5Æ���(���¨�Àt°Ë¿¯À ¼~¬{¥©³´¨´®°�¿¯À�§^º^¸�À ·Í²Î��-��TÏ)+^-�� ±�·¹¦ §T²5·Êîf¨�À�¨�¥È¦ÀÁ¬{¥�Ãe¨´®µÆ
�¬{¥�Ãe¨�4
� ��¬{¥�Ãe¨�4  

�2¬{¦�¨�Ãe¿¯À º
1st ªÍ¨�Åe¨�ª

2nd ªÍ¨�Åe¨�ª 	�¿¯¦Á¬{ª
1st ªÍ¨�Åe¨�ª

2nd ªÍ¨�Åe¨�ª 	�¿¯¦Á¬{ª
��¬{À ¥ � w Æ�� v�$ ���5Æ ���#$ � w Æ � � $ � w Æ���� $ � � Æ v���$ �   Æ �&��$

��³´×^Ò�·Í® ·¹¦ ·Í¿¯¥©® � � Æ v���$ wU  Æ w[u�$ � u Æ �Èw�$ � � Æ w � $ � u Æ vU �$ ���5Æ w � $
��¿¯¥©¨�º^ÏË°�Ä �Èu Æ u[u�$ wZ� Æ u���$ � �5Æ�� �#$ � �5Æ��  �$  �� Æ   � $ � w Æ u[u�$

��ÀÁ¬{·¹¥  �  Æ  ¯w�$ w �5Æ   � $ w[v Æ���� $ wZ� Æ��  �$ w[v Æ v[v�$ w �5Æ v[v�$
�ÂÀ Ò©²�¨ ��  Æ�� ��$ wZ� Æ���� $  ¯u Æ �Èv�$ w �5Æ  ¯u�$   �5Æ wZ�#$   �5Æ  ��#$
	�ÀÁ¬¯²�¨ � u Æ���� $   �5Æ   � $   �5Æ�� w�$  ,� Æ   � $  �� Æ v � $  ¯u Æ�� �#$

�.¥^¦�¨�À�¨´® ¦ ���5Æ v � $   �5Æ v[v�$  ¯u Æ w � $  ¯v Æ��  �$  �  Æ w � $   �5Æ���� $
+^§�·¹½ � �5Æ v � $ w[u Æ���� $ ���5Æ��  �$ �   Æ ���#$  ¯w Æ�� v�$   �5Æ�� ��$

Ø'§©¨µ¬{¦   �5Æ��  �$ w[v Æ v[vé$   �5Æ���� $  ¯w Æ��  �$  �  Æ �Èu�$  �  Æ��  �$
�!¿¯À ¥   �5Æ�� wé$ � w Æ��  �$  ¯u Æ v � $ � w Æ��  �$   �5Æ�� u�$   �5Æ���� $

·¦��tV~Z��|�t ���5Æ��  �$ w[u Æ���� $   �5Æ�� u�$   �5Æ���� $   �5Æ��  �$   �5Æ���� $

�¬{¥�Ãe¨�4 �µv �¬{¥�Ãe¨�4 � �
�2¬{¦�¨�Ãe¿¯À º

1st ªÍ¨�Åe¨�ª
2nd ªÍ¨�Åe¨�ª 	�¿¯¦Á¬{ª

1st ªÍ¨�Åe¨�ª
2nd ªÍ¨�Åe¨�ª 	�¿¯¦Á¬{ª

��¬{À ¥ ���5Æ v � $ � � Æ �� �$ �   Æ w[u�$ ���5Æ u � $ ���5Æ u[u�$ �   Æ  � �$
��³´×^Ò�·Í® ·¹¦ ·Í¿¯¥©® ���5Æ w[u�$ ���5Æ v���$ � � Æ�� w�$ �   Æ�� u�$ � � Æ � � $ ���5Æ�� �#$
��¿¯¥©¨�º^ÏË°�Ä w[v Æ � � $   �5Æ uU �$   �5Æ � � $ � v Æ v[v�$   �5Æ �µw�$  �� Æ �� �$

��ÀÁ¬{·¹¥ wU  Æ w[w�$ w[u Æ���� $ w �5Æ u � $ � � Æ��  �$ w �5Æ wU �$ w �5Æ w � $
�ÂÀ Ò©²�¨  �  Æ���� $ w�� Æ�� w�$ w�� Æ v � $ ���5Æ�� w�$  ¯w Æ �Èv�$ w�� Æ�� v�$
	�ÀÁ¬¯²�¨ ���5Æ��  �$  �� Æ��  �$   �5Æ   � $ wU  Æ�� v�$  �� Æ�� �#$   �5Æ���� $

�.¥^¦�¨�À�¨´® ¦ w �5Æ � � $  ¯v Æ  � �$   �5Æ�� v�$ � � Æ w � $  ¯v Æ wU �$   �5Æ v[v�$
+^§�·¹½ w�� Æ u � $   �5Æ�� u�$  �  Æ w � $  ¯v Æ���� $ w�� Æ u[v�$ w[v Æ v[v�$

Ø'§©¨µ¬{¦ w �5Æ  ¯u�$ w�� Æ v��'$ w�� Æ��  �$ w[v Æ v[v�$ w[v Æ  � �$ w[v Æ���� $
�!¿¯À ¥ w �5Æ���� $   �5Æ �� �$  �  Æ���� $ w[u Æ���� $ w�� Æ � � $ w�� Æ �Èv�$

·¦��tV~Z��|�t wZ� Æ � � $ w[v Æ � � $ w[u Æ �µv�$ wZ� Æ�� u�$ w�� Æ���� $ w[u Æ w � $



���µu ã�ä:å8æ:ç�èêéûz�ìü��ã�å��½í©î��öéJ´�qÖ�ì��ðØé ç�è��lç ã���å
� �,í	��í�ã�å�ç�í�ðØî
¼Ç¿^²�¨�ª�¦ §V¬{¦�¨|Ä5§�·¹¸�·¹¦�¨´²Î¼Ç¿[® ¦�³´¿¯¥5ÌV²�¨�¥©³´¨r·¹¥T¦ §©¨r¦ ÀÁ¬{·¹¥�·¹¥�ÃY½�§V¬¯®�¨[Ð©·cÆ ¨[Æ¹Ð©±�·¹¦ §Î°Ë¨�±Â¨�À
¨|Ä�¬{¼¾½�ªÍ¨´®�¸�¨�·¹¥�ÃY¦ ÀÁ¬{¥©®t°Ë¨�À À�¨´²�¦�¿Ç¦ §©¨r®Á¨´³´¿¯¥©²�ªÍ¨�Åe¨�ªcÆ2�c°k·¹¦&·Í®&³�ª¬¯®�®�·ÊÌV¨´²T¿¯Ò�¦�® ·Í²�¨*¦ §©¨
·¹¥È¦�¨�À Å[¬{ª

[−range, range]
¦ §©¨¶¦�¨´® ¦ ·¹¥�Ã�½�§V¬¯®�¨¾¨�¥©²�®µÐ%¿¯¦ §©¨�À ±�·Í®Á¨¶¦ §©¨¾®�¨´³´¿¯¥©²»ªÍ¨�Åe¨�ª

+^-��s±�·¹ª¹ª
¸�¨ÉÀ�¨´® ½�¿¯¥©® ·¹¸�ªÍ¨r°�¿¯À�·¹¦�®³�ª¬¯®Á® ·ÊÌV³µ¬{¦ ·Í¿¯¥%Æ��®¦ §©¨ÉÀÁ¬{¥�Ãe¨«Å¯¬{ª¹Ò©¨«·¹¥©³�À�¨µ¬¯®�¨´®µÐ
ªÍ¨´®�®�¬{¥©²¶® ·¹¼¾½�ªÍ¨�À�¨|Ä�¬{¼¾½�ªÍ¨´®k±�·¹ª¹ª5¸�¨Â³�ª¬¯®�®�·ÊÌV¨´²«¸^ºÉ¦ §©¨�Ì©À�® ¦kªÍ¨�Åe¨�ª��%-��ÖÐ�¼Ç¨µ¬{¥È±�§�·¹ªÍ¨
¼Ç¿¯À�¨É¬{¥©²�§V¬{À�²�¨�À�¨|Ä©¬{¼¾½�ªÍ¨´®&±�·¹ª¹ª�¸�¨*³�ª¬¯®�®�·ÊÌV¨´²K¸ÈºK¦ §©¨r®�¨´³´¿¯¥©²KªÍ¨�Åe¨�ª
+^-���Æ

�
·¹Ã[Ò�À�¨Ø�5Æ   ¬{ª¹ªÍ¿µ±&®�¬�Ã[ÀÁ¬{½�§�·Í³µ¬{ª5³´¿¯¼¾½V¬{À ·Í®�¿¯¥¶¿{°©¦ §©¨�� � ½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨´®�¿¯¸�¦Á¬{·¹¥©¨´²
°�¿¯À�¦ §©¨r¦�¨´® ¦�¨´²�ÀÁ¬{¥�Ãe¨É·¹¥È¦�¨�À Å[¬{ªÍ®�·¹¥©²�¨�½�¨�¥©²�¨�¥È¦ ª¹ºÎ°�¿¯À&¦ §©¨rÌ©À�® ¦«Ü���-��RÝ�¬{¥©²Î®�¨´³´¿¯¥©²
Üc+^-��RÝÂªÍ¨�Åe¨�ªÍ®µÆ��©¿¯À® ¼~¬{ª¹ªfÀÁ¬{¥�Ãe¨´®µÐ5¦ §©¨*®�¨´³´¿¯¥©²�ªÍ¨�Åe¨�ª�+^-�� ½�¨�Àt°Ë¿¯À ¼Ç®�¸�¨�¦ ¦�¨�À�¦ §V¬{¥
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)
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First and Second Level Performance

1st Level
2nd Level
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±Â¨�À�¨

78.99%
¦ §©¨r¸�¨´® ¦&§�·Í¨�ÀÁ¬{À�³Á§�·Í³µ¬{ª�À�¨´®�Ò�ª¹¦�·Í®

82.89%
Ð�¬¯³Á§�·Í¨�Åe¨´²T±�·¹¦ §�¦ §©¨rÀÁ¬{¥�Ãe¨
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Æ
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8%
Ð

18%
Ð
46%

¬{¥©²
73%

°�¿¯ÀÂÀÁ¬{¥�Ãe¨´®
[−5, 5]

Ð
[−7, 7]

Ð
[−10, 10]

¬{¥©²
[−15, 15]
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F1
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)

Range

Two-step Hierarchical Model Performance

Two-level
SVM
RVM
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¼¾·¹Ûµ¨´²Î±!¿¯À Ô^·¹¥�Ã~®Á¨�¦�¿{°
¦ ÀÁ¬{·¹¥�·¹¥�Ã,²�¿^³�Ò�¼Ç¨�¥^¦�®µÆ!�.¼¾½�À�¿ÑÅe¨�¼Ç¨�¥È¦�®�¿{° u�$ ¦�¿ �µv�$ ¿µÅe¨�À
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® ¼~¬{ª¹ªÍ¨�ÀO±Â¿¯À Ô"·¹¥�Ã»®Á¨�¦�®r¦ §V¬{¦O½�¨�À ¼¾·¹¦O¦ §©¨~Ò©®Á¨~¿{°¬{ª¹ª!¦ ÀÁ¬{·¹¥�·¹¥�Ã»¨|Ä©¬{¼¾½�ªÍ¨´®«·¹¥���-��
¨|Ä"½V¬{¥©®�·Í¿¯¥Î¦�¿¶ª¬{À Ãe¨r²©¬{¦Á¬¯®�¨�¦�®µÆ�ØE¨*²�¨�¼Ç¿¯¥©® ¦ ÀÁ¬{¦�¨´²Î¦ §V¬{¦µÐ�¸^º,¨|Ä5½�ªÍ¿¯À ·¹¥�ÃÇ·¹¥©³�À�¨�¼Ç¨�¥5Ï
¦Á¬{ªcÐk¨�¥©®�¨�¼É¸�ªÍ¨,¬{¥©²E¸�¿^¿[® ¦ ·¹¥�Ã�® ¦ ÀÁ¬{¦�¨�Ã[·Í¨´®µÐ�·¹¦É·Í®É½�¿[®�®�·¹¸�ªÍ¨Ç¦�¿�¼~¬{Ôe¨~Ò©®�¨~¿{°&�%-���®µï
¬¯²5Å¯¬{¥^¦Á¬{Ãe¨´®µÐV®�Ò©³�§�¬¯®�½�À�¨´²5·Í³�¦ ·¹Åe¨«²5·Í® ¦ À ·¹¸�Ò�¦ ·Í¿¯¥©®�°Ë¿¯À�¦�¨´® ¦ ·¹¥�ÃÇ·¹¥©®�¦Á¬{¥©³´¨´®¬{¥©²Î® ½V¬{À�®Á¨
®�¿¯ª¹Ò�¦ ·Í¿¯¥©®µÐ2±�§�·¹ªÍ¨T¼~¬{·¹¥È¦Á¬{·¹¥�·¹¥�Ã/¬{¥©²/¨�Åe¨�¥�·¹¼¾½�À�¿ÑÅ^·¹¥�Ã�¦ §©¨T³�ª¬¯®Á® ·ÊÌV³µ¬{¦ ·Í¿¯¥'½�¨�Àt°Ë¿¯ÀtÏ
¼~¬{¥©³´¨[Æ�	2§©¨ÇÀ�¨´® Ò�ª¹¦ ·¹¥�Ã�¼Ç¿^²�¨�ªÍ®O¬{ª¹ªÍ¿µ±B¦ §©¨ÇÒ©®�¨~¿{°2·¹¥5°Ë¿¯À ¼~¬{¦ ·Í¿¯¥Ö°�À�¿¯¼ ¦ §©¨Ç¨�¥È¦ ·¹À�¨
¦ ÀÁ¬{·¹¥�·¹¥�Ã�®�¨�¦µÐ©º"·Í¨�ªÍ²5·¹¥�Ã,®�·¹Ã[¥�·ÊÌV³µ¬{¥È¦�·¹¼¾½�À�¿µÅe¨�¼Ç¨�¥^¦~ÜQ� $ Ý&¿ÑÅe¨�À�¸V¬¯®Á¨�ª¹·¹¥©¨«��-�� ½�¨�ÀtÏ
°�¿¯À ¼~¬{¥©³´¨[Æ�	2§©¨�¿¯Ò�¦ ª¹·¹¥©¨´²Y¼Ç¨�¦ §©¿^²�®ÂÀ�¨�ª¹ºÇ¿¯¥K¬É®�¨�ªÍ¨´³�¦ ·Í¿¯¥K¿{°f®�¼~¬{ª¹ªV±Â¿¯À Ô"·¹¥�Ã¾³�§^Ò�¥�Ô"®
°�À�¿¯¼s¦ §©¨,¦ ÀÁ¬{·¹¥�·¹¥�ÃE®�¨�¦¾¬{¥©²=¦ §©¨�¥P¨|Ä"½�ªÍ¿¯À�¨K²5·Êîf¨�À�¨�¥È¦Ç³´¿¯¼É¸�·¹¥�·¹¥�ÃÖ® ¦ ÀÁ¬{¦�¨�Ã[·Í¨´®µÆE1!º



z�ì�z�ì ã{ðØîlã��'ò/�,í�ðØî ��� �
²5·¹Å"·Í²5·¹¥�ÃÇ¦ §©¨�§ÈÒ�Ãe¨«²©¬{¦Á¬¶®�¨�¦�·¹¥È¦�¿Y® ¼~¬{ª¹ªÍ¨�À�¦ ÀÁ¬¯³�¦Á¬{¸�ªÍ¨É³Á§ÈÒ�¥�Ô5®µÐ�¦ §©¨r³´¿¯¼¾½�Ò�¦Á¬{¦ ·Í¿¯¥V¬{ª
ªÍ¿e¬¯²�Ò©® ÒV¬{ª¹ª¹ºT¬¯®�®�¿"³�·¬{¦�¨´²T±�·¹¦ §�¦ ÀÁ¬{·¹¥�·¹¥�Ã��%-���®�·Í®�¼¾·¹¦ ·¹ÃÈ¬{¦�¨´²fÆ���¿¯À�¨´¿µÅe¨�ÀµÐ�²5Ò©¨«¦�¿
¦ §©¨&·¹¥©²�¨�½�¨�¥©²�¨�¥©³´¨�¿{°%¦ §©¨��-�� ³�ª¬¯®�®�·ÊÌV¨�À�®µÐÈ·¹¦Â·Í®�½�¿[®�® ·¹¸�ªÍ¨�¦�¿É²5·Í® ¦ À ·¹¸�Ò�¦�¨¦ §©¨�³´¿¯¼¶Ï
½�Ò�¦Á¬{¦ ·Í¿¯¥V¬{ª%¸�Ò�À�²�¨�¥�±�·¹¦ §�·¹¥�¬O³�ª¹Ò©® ¦�¨�À&¿¯À&¿¯¦ §©¨�À&²5·Í®�¦ À ·¹¸�Ò�¦�¨´²Î¨�¥ÈÅ"·¹À�¿¯¥�¼Ç¨�¥È¦µÐ�¬¯®2±�·¹ª¹ª
¸�¨r¬¯²�²5À�¨´®�®�¨´²�·¹¥�¦ §©¨�°Ë¿¯ª¹ªÍ¿µ±�·¹¥�ÃY³�§V¬{½�¦�¨�ÀµÆ

�
·¹¥V¬{ª¹ª¹ºeÐe±!¨�¨|Ä5½�ªÍ¿¯·¹¦�¨´²Y¬�¦�±Â¿{ÏcªÍ¨�Åe¨�ª�§�·Í¨�ÀÁ¬{À�³�§�·Í³µ¬{ª�§Èº"¸�À ·Í²Y+^-��ÎÏ.��-��¤¼Ç¿^²�¨�ªV¦�¿
³´¿¯¼É¸�·¹¥©¨O¦ §©¨O¸�¨´® ¦¿{°�¸�¿¯¦ §E+^-���®*¬{¥©²���-���®µÆ�	2§©¨«Ì©À�® ¦�ªÍ¨�Åe¨�ªk¨|Ä"½�ªÍ¿¯·¹¦�®*��-���®µï
½�À�¿¯¸V¬{¸�·¹ª¹·Í® ¦ ·Í³�¥V¬{¦ Ò�À�¨�¦�¿¶²�¨|Ì©¥©¨�¦ §©¨�®�¨´³´¿¯¥©²"ÏcªÍ¨�Åe¨�ªf¦ ÀÁ¬{·¹¥�·¹¥�ÃÇ®�¨�¦µÐ"±�§©¨�À�¨r+^-���®µï5¬¯³|Ï
³�Ò�ÀÁ¬¯³�º~½�À�¿¯½�¨�À ¦ ·Í¨´®�¬{À�¨�Ò�¦ ·¹ª¹·¹Ûµ¨´²fÆ��kÄ5½�¨�À ·¹¼Ç¨�¥È¦Á¬{ª%À�¨´® Ò�ª¹¦�®�®�§©¿µ±p¦ §V¬{¦�¦ §©¨�½�À�¿¯½�¿[®Á¨´²
¼Ç¿"²�¨�ª�§V¬¯®*¦ §©¨¾½�¿¯¦�¨�¥È¦ ·¬{ªÂ¦�¿Î¿¯Ò�¦ ½�¨�Àt°Ë¿¯À ¼ð¨|Ä5·Í® ¦ ·¹¥�Ã�¬{½�½�À�¿e¬¯³Á§©¨´®µÐ
½�À�¨´®�¨�¥È¦ ·¹¥�Ã�·¹¼¶Ï
½�À�¿µÅe¨�¼Ç¨�¥^¦�®¿{°�¬{À�¿¯Ò�¥©² �µu�$ ¿ÑÅe¨�À��-���®&¬{¥©²Î¬{À�¿¯Ò�¥©²Ü� $ ¿ÑÅe¨�À�+^-���®µÆ

	2§�·Í®³�§V¬{½�¦�¨�À�§V¬¯®�²�¨�¼Ç¿¯¥©® ¦ ÀÁ¬{¦�¨´²�¦ §©¨*½�¿¯¦�¨�¥È¦ ·¬{ªk¿{°���-���®2·¹¥T¦�¨|Ä5¦�³�ª¬¯®�®�·ÊÌV³µ¬�Ï
¦ ·Í¿¯¥=¦Á¬¯® Ô5®µÐ�±�§©¨�¥�¬{½�½�À�¿¯½�À ·¬{¦�¨Î®�³µ¬{ª¹·¹¥�ÃE®�¦ ÀÁ¬{¦�¨�Ã[·Í¨´®Ç¬{À�¨K½�Ò�¦¶°�¿¯À ±2¬{À�²fÆDØE¨,§V¬´Åe¨
® §©¿Ñ±�¥~¦ §V¬{¦�¦ §©¨�³´¿¯¼É¸�·¹¥V¬{¦ ·Í¿¯¥�¿{°%�%-���®�¬{¥©²,+^-���®�³µ¬{¥Y¸�¨&¨|Ä5¦ À�¨�¼Ç¨�ª¹º¶¸�¨�¥©¨|ÌV³�·¬{ª
¦�¿¶¦�¨|Ä5¦�³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥Î½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨´®µÆ
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Distributing text

classification in grid
environments

�<Ð�Ï 3 Ù:Ô�ù°Ò3÷ßûáø�Ô\Õ�Ò'Ù
��¥D¦ §©¨Ç½�À�¨�Å"·Í¿¯Ò©®O³�§V¬{½�¦�¨�À�®¶±Â¨YªÍ¿"¿¯Ôe¨´²Ö¬{¦«®Á¨�Åe¨�ÀÁ¬{ªÂ±2¬´º5®«¦�¿T·¹¼¾½�À�¿µÅe¨,¦ §©¨Ç½�¨�Àt°Ë¿¯ÀtÏ
¼~¬{¥©³´¨K¿{°�® Ò�½�½�¿¯À ¦¶Åe¨´³�¦�¿¯À¾¼~¬¯³�§�·¹¥©¨´®TÜc+^-���®�ÝÉ¬{¥©²=À�¨�ªÍ¨�Å[¬{¥©³´¨,Åe¨´³�¦�¿¯À¾¼~¬¯³�§�·¹¥©¨´®
Ü��%-���®�Ý�·¹¥�¦�¨|Ä"¦�³�ª¬¯®Á® ·ÊÌV³µ¬{¦ ·Í¿¯¥�¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®µÆ

��¥«¦ §�·Í®k³Á§V¬{½�¦�¨�À�±Â¨2²�¨´®�³�À ·¹¸�¨�¦ §©¨2²�¨�½�ªÍ¿Ñº^¼Ç¨�¥^¦�¿{°V¦�¨|Ä5¦k³�ª¬¯®Á® ·ÊÌV³µ¬{¦ ·Í¿¯¥¶·¹¥¶³�ª¹Ò©®�¦�¨�À
¨�¥ÈÅ"·¹À�¿¯¥�¼Ç¨�¥È¦�®ÑÐ%Ò©® ·¹¥�ÃÎ¬,²5·Í® ¦ À ·¹¸�Ò�¦�¨´²E¨�¥^Å^·¹À�¿¯¥�¼Ç¨�¥^¦r¦�¿�¿¯½�¦ ·¹¼¾·¹Ûµ¨¶¦ §©¨¶½�À�¿^³´¨´²5Ò�À�¨´®ÑÆ
	2§�·Í®�±Â¿¯À Ô�±!¬¯®*³µ¬{À À ·Í¨´²»¿¯Ò�¦¸�¿¯¦ §»·¹¥»¬Y³�ª¹Ò©® ¦�¨�À�·¹¥�¦ §©¨O#¥�·¹Åe¨�À�® ·¹¦�º�¿{°Â$5ÕtÒ�¸�ª Õ�¬{¥V¬5Ð
+^ªÍ¿µÅe¨�¥�·¬5Ð©¬{¥©²Y·¹¥,¦ §©¨*�!¨�¥^¦�¨�À!°�¿¯À2�.¥5°Ë¿¯À ¼~¬{¦ ·Í³´®�¬{¥©²K+^º5® ¦�¨�¼Ç®2¿{°%¦ §©¨�#�¥�·¹Åe¨�À�® ·¹¦�ºY¿{°
�!¿¯·¹¼É¸�ÀÁ¬5Ð��
¿¯À ¦ Ò�ÃÈ¬{ªcÆ���¨´®�¨µ¬{À�³Á§©¨�À�®&°�À�¿¯¼ +^ªÍ¿µÅe¨�¥�·¬Y® Ò©³´³´¨´®�® °�Ò�ª¹ª¹º�³´¿"¿¯½�¨�ÀÁ¬{¦�¨´²T±�·¹¦ §
¦ §�·Í®&¨|îf¿¯À ¦«Üc+^·¹ª¹Å[¬m��ß!ã[ä%PÐ u[v[v �[¬�)©$%¿¯¦ À ·-L���ß!ã[ä%PÐ u[v[v ��)U+^·¹ª¹Å[¬m��ß!ã[ä%PÐ u[v[v �{¸UÝ|Æ

��¿[® ¦%²©¬{¦Á¬�¼¾·¹¥�·¹¥�Ã½�À�¿¯¸�ªÍ¨�¼Ç®�¬{À�¨�¥©¿µ±!¬¯²©¬µº"®�°c¬¯³´¨´²*±�·¹¦ §É¦�±Â¿&Ã[À�¨µ¬{¦
³�§V¬{ª¹ªÍ¨�¥�Ãe¨´®µÆ
�
·¹À�® ¦µÐ"¦ §©¨�Åe¿¯ª¹Ò�¼Ç¨*¿{°
²5·¹Ã[·¹¦Á¬{ª%²©¬{¦Á¬¾¬µÅ¯¬{·¹ª¬{¸�ªÍ¨�·Í®2Ã[À�¿Ñ±�·¹¥�ÃÇ¼~¬¯®�® ·¹Åe¨�ª¹ºY·¹¥�¬{ª¹¼Ç¿[®�¦�¬{ª¹ª
¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥Ö¬{À�¨µ¬¯®µÆ¶+"¨´³´¿¯¥©²fÐ�® ¦Á¬{¦�¨|Ï.¿{°�Ïc¦ §©¨|Ï�¬{À ¦rªÍ¨µ¬{À ¥�·¹¥�Ã�¼~¬¯³Á§�·¹¥©¨´®«¬{À�¨O¸�¨´³´¿¯¼¾·¹¥�Ã
·¹¥©³�À�¨µ¬¯® ·¹¥�Ã[ª¹ºT²�¨�¼~¬{¥©²5·¹¥�Ã,·¹¥�¦�¨�À ¼Ç®¿{°�³´¿¯¼¾½�Ò�¦ ·¹¥�ÃK½�¿µ±Â¨�ÀµÆ�ØE¨É¨´® ¦Á¬{¸�ª¹·Í®�§»¬Ç§�·¹Ã[§5Ï
½�¨�Àt°�¿¯À ¼~¬{¥©³´¨Y²5·Í® ¦ À ·¹¸�Ò�¦�¨´²D³´¿¯¼¾½�Ò�¦ ·¹¥�Ã»¨�¥ÈÅ"·¹À�¿¯¥�¼Ç¨�¥È¦O¼Ç¿^²�¨�ªÂ±�§©¨�À�¨Ç¦ §©¨¾ªÍ¨µ¬{À ¥�·¹¥�Ã
¦�¨´³�§�¥�·Í×^Ò©¨´®,½�À�¿¯½�¿[®Á¨´²/·¹¥�¦ §©¨T½�À�¨�Å^·Í¿¯Ò©®,³�§V¬{½�¦�¨�À�®Î¬{À�¨�¨|Ó~³�·Í¨�¥È¦ ª¹º�²�¨�½�ªÍ¿Ñºe¨´²p¬{¥©²
¦�¨´® ¦�¨´²K·¹¥Îª¬{À Ãe¨É®�³µ¬{ªÍ¨*³´¿¯À ½�¿¯ÀÁ¬5Æ

��¿µ±2¬¯²©¬´º5®�±Â¨O§V¬´Åe¨O¦�¿,²�¨µ¬{ª�±�·¹¦ §R¬{¥�¿ÑÅe¨�À ±�§©¨�ª¹¼¾·¹¥�Ã�¬{¼Ç¿¯Ò�¥È¦*¿{°Â²©¬{¦Á¬5Æ���¨�±
³´¿¯¼¾¼ÉÒ�¥�·Í³µ¬{¦ ·Í¿¯¥/®Á³´¨�¥V¬{À ·Í¿[®µÐk¥©¿¯¦Á¬{¸�ª¹ºE¦ §©¨~��¥È¦�¨�À ¥©¨�¦µÐ�§V¬´Åe¨K¬{½�½�¨µ¬{À�¨´²P¬{¥©²D²�¨�ª¹·¹Åe¨�À
ª¬{À Ãe¨ÇÒ�¥�·¹¦�®«¿{°&¦�¨|Ä"¦ ÒV¬{ªÂ·¹¥5°�¿¯À ¼~¬{¦ ·Í¿¯¥%Ð
±�§�·Í³Á§Ö¼«Ò©® ¦É¸�¨¾½�À�¿¯½�¨�À ª¹ºR¼~¬{¥V¬{Ãe¨´²fÆ�	2§©¨
¼~¬{¥ÈºO®�³�·Í¨�¥È¦ ·ÊÌV³&¬{¥©²O·¹¥©²5Ò©® ¦ À ·¬{ª5ÌV¨�ªÍ²�®kÃe¨�¥©¨�ÀÁ¬{¦�¨2¨�¥©¿¯À ¼Ç¿¯Ò©®�¬{¼Ç¿¯Ò�¥^¦�®�¿{°V¦�¨|Ä5¦�²©¬{¦Á¬5Ð

���  
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® Ò©³�§T¬¯®2¥©¨�±&®2±�·¹À�¨´®ÑÐ5¼¾·Í³�À�¿e¬{À ÀÁ¬´ºKÃe¨�¥©¨*²©¬{¦Á¬¶¿¯À�±Â¨�¸�½V¬{Ãe¨´®µÆ��¥�¦ §©¨*¿¯¦ §©¨�À�§V¬{¥©²fÐ
³´¨�¥È¦ ÀÁ¬{ª¹·¹Ûµ¨´²�®�¿¯ª¹Ò�¦ ·Í¿¯¥©®�¦�¿¶¼~¬¯³�§�·¹¥©¨rªÍ¨µ¬{À ¥�·¹¥�ÃY¬{¥©²Î²©¬{¦Á¬O¼¾·¹¥�·¹¥�ÃÇ½�À�¿¯¸�ªÍ¨�¼Ç®�¬{À�¨�¥©¿¯¦
® Ò�·¹¦Á¬{¸�ªÍ¨�°�¿¯À�¼Ç¿[®�¦!³�Ò�À À�¨�¥^¦!¨�¥^¦�¨�À ½�À ·Í®�¨´®µÐ5³´¿¯¥©® ·Í²�¨�À ·¹¥�ÃO¦ §V¬{¦!²©¬{¦Á¬É®�¿¯Ò�À�³´¨´®!¬{À�¨¿{°�¦�¨�¥
²5·Í® ¦ À ·¹¸�Ò�¦�¨´²Y¬{¥©²Ç¦ §©¨&³´¿¯¼¾½�ªÍ¨|Ä"·¹¦�º¾¿{°�¦Á¬¯® Ô5®�¬{¥©²¾¦�¨´³Á§�¥�·Í×ÈÒ©¨´®�·Í®�·¹¥©³�À�¨µ¬¯® ·¹¥�Ã©Æk��¥¾°c¬¯³�¦µÐ
¬{¥R·¹¼¾½�¿¯À ¦Á¬{¥^¦r³�§V¬{ª¹ªÍ¨�¥�Ãe¨Ç°�¿¯À*³�Ò�¦ ¦ ·¹¥�Ã¯Ï.¨´²5Ãe¨¾À�¨´®�¨µ¬{À�³Á§E·¹¥»¼~¬¯³�§�·¹¥©¨¾ªÍ¨µ¬{À ¥�·¹¥�Ã�·Í®�·¹¥5Ï
¦�¨�Ã[ÀÁ¬{¦ ·¹¥�Ã¾Ô^¥©¿Ñ±�ªÍ¨´²5Ãe¨r¬{¥©²,ªÍ¨µ¬{À ¥�·¹¥�Ã©Ð5·cÆ ¨[ÆkÔ^¥©¿Ñ±�ªÍ¨´²5Ãe¨*²5·Í®�³´¿µÅe¨�À ºY§V¬¯®Â¼Ç¿ÑÅe¨´²�¿¯¥K¦�¿
¦ §©¨�·¹¥©³´¿¯À ½�¿¯ÀÁ¬{¦ ·Í¿¯¥,¿{°�Ô^¥©¿Ñ±�ªÍ¨´²5Ãe¨&·¹¥^¦�¿r¦ §©¨�ªÍ¨µ¬{À ¥�·¹¥�Ã«½�À�¿^³´¨´®�®ÑÆ�	2§©¨�§�·¹Ã[§~³´¿¯¼¾½�ªÍ¨|Ä^Ï
·¹¦.ºÇ¿{°�® Ò©³Á§Y¼Ç¨�¦ §©¿"²�®�Ü���º^§©¨�ÀÁ¬{¼Ç¨�¥©²5º$��ß�ã¯ä-PÍÐ u[v[v �eÝ�¬{¥©²Y¦ §©¨&§�·¹Ã[§K²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ª¹·¹¦�º
¿{°�¦�¨|Ä5¦Y¬{¥©²P·¹¦�®~À�¨�½�À�¨´®�¨�¥È¦Á¬{¦ ·Í¿¯¥0§V¬´Åe¨TÃe¨�¥©¨�ÀÁ¬{¦�¨´²/·¹¥^¦�¨�À�¨´® ¦~·¹¥�²5·Í®�¦ À ·¹¸�Ò�¦ ·¹¥�ÃD¦�¨|Ä5¦
³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥%Æ�	2§©¨r³Á§V¬{ª¹ªÍ¨�¥�Ãe¨[Ð�¦ §©¨�À�¨|°�¿¯À�¨[ÐU·Í®&¦�¿¾¦Á¬¯³ÁÔ^ªÍ¨É¦ §©¨É® º"¥©¨�À Ã[·Í¨´®&¼~¬¯²�¨É½�¿[® Ï
® ·¹¸�ªÍ¨r¸^º�ª¹·¹¥�Ô^·¹¥�Ã,³´¿¯¥È¦�¨�¥^¦µÐUÔ"¥©¿µ±�ªÍ¨´²5Ãe¨¶¬{¥©²�ªÍ¨µ¬{À ¥�·¹¥�Ã,®�¿Y¬¯®&¦�¿Ç¼~¬{Ôe¨«³´¿¯¥È¦�¨�¥^¦*¬{¥©²
Ô^¥©¿Ñ±�ªÍ¨´²5Ãe¨*¬{¸�Ò�¥©²©¬{¥È¦µÐ©¬¯³´³´¨´®�® ·¹¸�ªÍ¨[Ð"·¹¥^¦�¨�ÀÁ¬¯³�¦ ·¹Åe¨�¬{¥©²YÒ©®Á¬{¸�ªÍ¨�¿µÅe¨�À!¦ ·¹¼Ç¨OÜ���Ò�À�¿¯½�¨µ¬{¥
�!¿¯¼¾¼¾·Í®�® ·Í¿¯¥%Ð u[v[vU  Ý|Æ

�kîf¿¯À ¦�®O¼~¬¯²�¨Y¦�¿Ñ±!¬{À�²�®¾²5·Í® ¦ À ·¹¸�Ò�¦ ·¹¥�ÃE®Á¨�Åe¨�ÀÁ¬{ªÂ¦Á¬¯® Ô5®«·¹¥�³�ª¹Ò©® ¦�¨�ÀÇ¬{¥©²ÖÃ[À ·Í²Ö¨�¥5Ï
Å^·¹À�¿¯¥�¼Ç¨�¥^¦�®r§V¬µÅe¨¶¼Ç¨�¦*±�·¹¦ §E®�¿¯¼Ç¨¶® Ò©³´³´¨´®�®µÐ%¬¯®�·Í®*® §©¿Ñ±�¥R·¹¥D+"¨´³�¦ ·Í¿¯¥"�5Æ u ÆÉ	2§©¨´®�¨
¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®�§V¬´Åe¨OÃ[À�¨µ¬{¦ ª¹ºT¸�¨�¥©¨|Ì©¦�¨´²T°�À�¿¯¼ ¦ §©¨¾¬´Å[¬{·¹ª¬{¸�·¹ª¹·¹¦.º�¿{°Â·¹¥V¬¯³�¦ ·¹Åe¨O³´¿¯¼¾½�Ò5Ï
¦Á¬{¦ ·Í¿¯¥V¬{ªÂÀ�¨´®Á¿¯Ò�À�³´¨´®«¿ÑÅe¨�ÀÉªÍ¿¯¥�ÃT½�¨�À ·Í¿"²�®É¿{°�¦ ·¹¼Ç¨[Ð
¥©¿¯¦«¿¯¥�ª¹ºR¿¯¥D¦ §©¨Y�.¥^¦�¨�À ¥©¨�¦µÐ�¸�Ò�¦
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¼Ç¨�¦ §©¿"²P¸V¬¯®�¨´²P¿¯¥�¦ §©¨KÔe¨�À ¥©¨�ª�¦ À ·Í³�Ô�ÆP	2§©¨�Ò�¥©²�¨�À ª¹º"·¹¥�ÃE·Í²�¨µ¬»·Í®¾¦�¿R²�¨|Ì©¥©¨
¬,±!¿¯À Ô^·¹¥�Ã�® ½V¬¯³´¨¶¸�¨�¦�±Â¨´¨�¥Ö¦ §©¨¶À�¨�ªÍ¨�Å¯¬{¥©³´¨¾Åe¨´³�¦�¿¯À�®r·¹¥�·¹¦ ·¬{ª¹ª¹º»¿¯¸�¦Á¬{·¹¥©¨´²E·¹¥D¬
®�¼~¬{ª¹ª^ª¬{¸�¨�ªÍ¨´²¶²©¬{¦Á¬�®�¨�¦�¬{¥©²«¦ §©¨�¥©¨�±=Ò�¥�ª¬{¸�¨�ªÍ¨´²«¨|Ä©¬{¼¾½�ªÍ¨´®µÐ¯±�§©¨�À�¨!¦ §©¨�¼Ç¿[®�¦
·¹¥5°Ë¿¯À ¼~¬{¦ ·¹Åe¨Î·¹¥©®�¦Á¬{¥©³´¨´®,¬{À�¨Î³Á§©¿[®�¨�¥%Æ0#® ·¹¥�Ã�¬»Ôe¨�À ¥©¨�ª²5·Í® ¦Á¬{¥©³´¨T¼Ç¨�¦ À ·Í³[Ð�¬
§�·¹Ã[§©¨�ÀtÏ.²5·¹¼Ç¨�¥©®�·Í¿¯¥V¬{ª�®�½V¬¯³´¨&³µ¬{¥~¸�¨�²�¨|Ì©¥©¨´²Ç±�§©¨�À�¨�¦ §©¨�®�¨�ªÍ¨´³�¦ ·Í¿¯¥,³µ¬{¥Ç¸�¨¬¯³|Ï
³´¿¯¼¾½�ª¹·Í®�§©¨´²fÆ�	2§©¨�½�À�¿¯½�¿[®�¨´²�¬¯³�¦ ·¹Åe¨ªÍ¨µ¬{À ¥�·¹¥�ÃO¼Ç¨�¦ §©¿"²,¥©¿¯¦!¿¯¥�ª¹ºY® Ò�À ¼Ç¿¯Ò�¥È¦�®
¦ §©¨¿µÅe¨�À ªÍ¿e¬¯²K¿{°%Ò�¥�ª¬{¸�¨�ªÍ¨´²Y¨|Ä©¬{¼¾½�ªÍ¨´®�¬´Å[¬{·¹ª¬{¸�ªÍ¨�·¹¥YªÍ¨µ¬{À ¥�·¹¥�ÃO¦Á¬¯®�Ô"®�ª¹·¹Ôe¨&¦�¨|Ä5¦
³�ª¬¯®Á® ·ÊÌV³µ¬{¦ ·Í¿¯¥%Ð�¸�Ò�¦T¬{ªÍ®Á¿Ö¿ÑÅe¨�À�³´¿¯¼Ç¨´®Î¦ §©¨»®�³µ¬{ª¬{¸�·¹ª¹·¹¦.º0½�À�¿¯¸�ªÍ¨�¼Ç®�½�¿[®�¨´²'¸Èº
��-��FªÍ¨µ¬{À ¥�·¹¥�ÃÉ¼~¬¯³Á§�·¹¥©¨´®µÐ^®Á¨�ªÍ¨´³�¦ ·¹¥�Ã«¬{¥~¿¯½�¦ ·¹¼¾·¹Ûµ¨´²¾±!¿¯À Ô^·¹¥�ÃO®�¨�¦�¿{°�¦ ÀÁ¬{·¹¥�·¹¥�Ã
²�¿"³�Ò�¼Ç¨�¥È¦�®ÑÆ��!¿¯¼¾½�ªÍ¨|Ä"·¹¦�ºY¨´®�³µ¬{ª¬{¦ ·Í¿¯¥Y±!¬¯®2³´¿¯¥È¦ À�¿¯ª¹ªÍ¨´²fÐ5® ·¹¥©³´¨�¦ §©¨&¥ÈÒ�¼«¸�¨�À�¿{°
¬¯²�²�¨´²R²�¿"³�Ò�¼Ç¨�¥È¦�®r±!¬¯®�Ì�Ä�¨´²R¬{¥©²�¦ §©¨¶¸�¨´® ¦�¼Ç¨�¦ §©¿^²R¿{°!¦ §©¨¶¨|Ä"½�¨�À ·¹¼Ç¨�¥È¦�®µÐ
¦ §©¨rª¹·¹¥©¨µ¬{À&Ôe¨�À ¥©¨�ªcÐ�½�À�¿µÅ"·Í²�¨´®¬¶®�·¹¼¾½�ªÍ¨r® ¦ ÀÁ¬{¦�¨�Ã[ºK¦�¿¾²�¨�¦�¨�À ¼¾·¹¥©¨r¦ §©¿[®�¨r¬¯³�¦ ·¹Åe¨
²�¿"³�Ò�¼Ç¨�¥È¦�® )
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• ��·¹Å^·Í²�¨|Ï�¬{¥©²"Ï.³´¿¯¥©×^Ò©¨�À«��-���®	(�±Â¨¶½�À�¿¯½�¿[®�¨´²E¬K®�¨�¦*¿{°Â¼Ç¨�¦ §©¿"²�®µÐf±�§©¨�À�¨¾²�¨|Ï
³´¿¯¼¾½�¿[® ·¹¦ ·Í¿¯¥Î¦�¨´³Á§�¥�·Í×ÈÒ©¨´®�½�À�¿¯¼Ç¿¯¦�¨*¦ §©¨r²�¨|Ì©¥�·¹¦ ·Í¿¯¥T¿{°�® ¼~¬{ª¹ªÍ¨�À�±Â¿¯À Ô"·¹¥�Ã~®�¨�¦�®
¦ §V¬{¦Y½�¨�À ¼¾·¹¦Y¦ §©¨ÎÒ©®�¨Î¿{°É¬{ª¹ª¦ ÀÁ¬{·¹¥�·¹¥�ÃÖ¨|Ä©¬{¼¾½�ªÍ¨´®~·¹¥0�%-���®Ç¨|Ä5½V¬{¥©® ·Í¿¯¥'¦�¿
ª¬{À Ãe¨Ç²©¬{¦Á¬¯®Á¨�¦�®µÆ¾ØE¨Ç²�¨�¼Ç¿¯¥©® ¦ ÀÁ¬{¦�¨´²D¦ §V¬{¦µÐ%¸^º»¨|Ä5½�ªÍ¿¯À ·¹¥�ÃÎ·¹¥©³�À�¨�¼Ç¨�¥^¦Á¬{ªcÐ
¨�¥5Ï
®�¨�¼«¸�ªÍ¨�¬{¥©²�¸�¿"¿[® ¦ ·¹¥�ÃD®�¦ ÀÁ¬{¦�¨�Ã[·Í¨´®µÐ2·¹¦~·Í®~½�¿[®�®�·¹¸�ªÍ¨�¦�¿E¼~¬{Ôe¨TÒ©®�¨T¿{°r�%-���®
¬¯²5Å[¬{¥È¦Á¬{Ãe¨´®µÐk® Ò©³Á§Ö¬¯®r½�À�¨´²5·Í³�¦ ·¹Åe¨Y²5·Í® ¦ À ·¹¸�Ò�¦ ·Í¿¯¥©®É°�¿¯Àr¦�¨´®�¦ ·¹¥�ÃÎ·¹¥©® ¦Á¬{¥©³´¨´®«¬{¥©²
® ½V¬{À�®Á¨É®�¿¯ª¹Ò�¦ ·Í¿¯¥©®µÐU±�§�·¹ªÍ¨«¼~¬{·¹¥È¦Á¬{·¹¥�·¹¥�ÃÎ¬{¥©²�¨�Åe¨�¥�·¹¼¾½�À�¿µÅ"·¹¥�ÃK¦ §©¨É³�ª¬¯®�® ·ÊÌV³µ¬�Ï
¦ ·Í¿¯¥Î½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨�)

• �º^¸�À ·Í²Î+^-��ÎÏ.��-�� (e±!¨*¨|Ä"½�ªÍ¿¯·¹¦�¨´²�¬«¦.±!¿{ÏcªÍ¨�Åe¨�ª%§�·Í¨�ÀÁ¬{À�³�§�·Í³µ¬{ªf§^º^¸�À ·Í²T+^-��ÎÏ
��-��s¼Ç¿"²�¨�ªk¦�¿Y³´¿¯¼«¸�·¹¥©¨¶¦ §©¨«¸�¨´® ¦�¿{°!+^-���®*¬{¥©²»�%-���®µÆ	2§©¨«Ì©À�® ¦ªÍ¨�Åe¨�ª
¨|Ä5½�ªÍ¿¯·¹¦�®��%-���®�½�À�¿¯¸V¬{¸�·¹ª¹·Í®�¦ ·Í³«¥V¬{¦ Ò�À�¨«¦�¿~²�¨|Ì©¥©¨«¦ §©¨É®Á¨´³´¿¯¥©²"ÏcªÍ¨�Åe¨�ª�¦ ÀÁ¬{·¹¥�·¹¥�Ã
®�¨�¦µÐ
±�§©¨�À�¨K¬¯²5Å¯¬{¥^¦Á¬{Ãe¨~·Í®É¦Á¬{Ôe¨�¥�¿{°�+^-���®«¬¯³´³�Ò�ÀÁ¬¯³�ºE½�À�¿¯½�¨�À ¦ ·Í¨´®µÆ��kÄ5½�¨�À ·ÊÏ
¼Ç¨�¥^¦Á¬{ª
À�¨´®�Ò�ª¹¦�®½�¨�À ¼¾·¹¦�Ò©®�¦�¿,³´¿¯¥©³�ª¹Ò©²�¨O¦ §V¬{¦¦ §©¨«½�À�¿¯½�¿[®Á¨´²T§^º^¸�À ·Í²�¼Ç¿^²�¨�ª
¿¯Ò�¦ ½�¨�Àt°�¿¯À ¼Ç®�¸V¬¯®�¨�ª¹·¹¥©¨«+^-���®¬{¥©²��%-���®	)

• ��°�¦�¨�Àk¦ §�·Í®�±!¿¯À Ô�Ð[±!¨2±Â¨�À�¨&³´¿¯¥©³´¨�À ¥©¨´²Y¬{¸�¿¯Ò�¦�¦ §©¨2³´¿¯¼¾½�Ò�¦Á¬{¦ ·Í¿¯¥V¬{ª©°Ë¨µ¬¯® ·¹¸�·¹ª¹·¹¦�º
¿{°É® Ò©³Á§'¦�¨´³Á§�¥�·Í×ÈÒ©¨´®K·¹¥'À�¨µ¬{ªÊÏc±Â¿¯À ªÍ²Ù® ·¹¦ ÒV¬{¦ ·Í¿¯¥©®µÆ�	2§©¨�À�¨|°�¿¯À�¨[Ð�±Â¨�²�¨�½�ªÍ¿µºe¨´²
¦�¨|Ä5¦,³�ª¬¯®Á® ·ÊÌV³µ¬{¦ ·Í¿¯¥'·¹¥Ù²5·Í® ¦ À ·¹¸�Ò�¦�¨´²0¨�¥ÈÅ"·¹À�¿¯¥�¼Ç¨�¥È¦�®µÐ�³´¿¯¼É¸�·¹¥�·¹¥�Ã=¦Á¬¯® ÔjÜË¬{¥©²
²©¬{¦Á¬eÝ¶²�¨´³´¿¯¼¾½�¿[® ·¹¦ ·Í¿¯¥%Ð2³´¿¯¥5Ì©Ã[Ò�ÀÁ¬{¦ ·Í¿¯¥Ù¨�Å¯¬{ª¹ÒV¬{¦ ·Í¿¯¥/¦ §�À�¿¯Ò�Ã[§�¦ §©¨�¼Ç¿^²�¨�ª¹·¹¥�Ã
¿{°&¦ §©¨,²�¨´® ·¹Ã[¥�½�§V¬¯®�¨´®µÐ�¬{¥©²�¬Î§�·¹Ã[§Ö½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨Y²5·Í® ¦ À ·¹¸�Ò�¦�¨´²=³´¿¯¼¾½�Ò�¦ ·¹¥�Ã
¼Ç¿"²�¨�ªcÆ9	�¨´® ¦ ·¹¥�ÃP±!¬¯®Î³µ¬{À À ·Í¨´²p¿¯Ò�¦�¿¯¥H¬Öª¬{À Ãe¨|Ï.²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ª«³´¿¯À ½�Ò©®Î¬{¥©²
¦ §©¨�À�¨´® Ò�ª¹¦�®YÀ�¨�Åe¨µ¬{ªÍ¨´²0¦ §V¬{¦,¦ §©¨�¦�¨´® ¦�¨´²'¦�¨´³�§�¥�·Í×^Ò©¨´®�³µ¬{¥Ù¸�¨T·¹¼¾½�ªÍ¨�¼Ç¨�¥È¦�¨´²
·¹¥P¬�§�·¹Ã[§5Ï.²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ª�À�¨µ¬{ªÊÏc±!¿¯À ªÍ²=® ·¹¦ ÒV¬{¦ ·Í¿¯¥%Ð�¨´® ½�¨´³�·¬{ª¹ª¹ºR·Ê°¬Î²5·Í® ¦ À ·¹¸�Ò�¦�¨´²
¨�¥^Å^·¹À�¿¯¥�¼Ç¨�¥^¦·Í®�¬µÅ¯¬{·¹ª¬{¸�ªÍ¨[Æ

²8Ð5w A ûcÔ\ûáù�Þ:Z Ò{ù�ã
�Ò�À2±Â¿¯À Ô~·¹¥©²5·Í³µ¬{¦�¨´®2¦�¿O®�¿¯¼Ç¨�·¹¥È¦�¨�À�¨´®�¦ ·¹¥�Ã¾½�¿[®�®�·¹¸�·¹ª¹·¹¦ ·Í¨´®�°Ë¿¯ÀÂ°�Ò�À ¦ §©¨�À2À�¨´®�¨µ¬{À�³Á§,¦ §V¬{¦
±Â¨É±Â¿¯Ò�ªÍ²Îª¹·¹Ôe¨É¦�¿Ç¨|Ä5½�ªÍ¿¯À�¨[ÆÂ��¥T�
·¹Ã[Ò�À�¨   Æ u ±!¨r½�À�¨´®�¨�¥^¦�¬~®�³�§©¨�¼Ç¨«¿{°
¦�¨|Ä5¦³�ª¬¯®�®�·ÊÌ�Ï
³µ¬{¦ ·Í¿¯¥%Ð5°�ÀÁ¬{¼¾·¹¥�ÃÇ·¹¦&±�·¹¦ §Î½�¿¯¦�¨�¥È¦ ·¬{ªf°�Ò�¦ Ò�À�¨*±!¿¯À Ô�¬µÅe¨�¥ÈÒ©¨´®µÆ

	�¨|Ä5¦2³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥,À�¨´®�¨µ¬{À�³�§K·Í®�°c¬¯³´¨´²Y±�·¹¦ §,²5·Êîf¨�À�¨�¥È¦2³�§V¬{ª¹ªÍ¨�¥�Ãe¨´®&¬{À ·Í® ·¹¥�Ã«°�À�¿¯¼
¦ §©¨ÎÅ[¬¯® ¦~·¹¥^¦�¨�À�¨´® ¦,¦ §©¨�ÌV¨�ªÍ²'·Í®ÇÀ�¨´³´¨�·¹Å"·¹¥�Ã©Æj12¨�ªÍ¿µ± ±Â¨�¨�¥ÈÒ�¼Ç¨�ÀÁ¬{¦�¨»¦ §©¨T¿¯¥©¨´®Y±Â¨
³´¿¯¥©® ·Í²�¨�À&¼Ç¿[® ¦�·¹¼¾½�¿¯À ¦Á¬{¥^¦	(
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� Æ ®°s	~�}���s }>~ZtV� �xt���~Zr�vTr�| (D��®,¦�¨|Ä"¦K³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥j¬{¥©²0¼~¬¯³�§�·¹¥©¨»ªÍ¨µ¬{À ¥�·¹¥�Ã
¦�¨´³Á§�¥�·Í×ÈÒ©¨´®�³´¿¯¥^¦ ·¹¥ÈÒ©¨*¦�¿O¨�Åe¿¯ª¹Åe¨r¬{¥©²Y·¹¼¾½�À�¿µÅe¨[Ð�¦ §©¨�À�¿¯ªÍ¨�¿{°�® ¦ À Ò©³�¦ Ò�À�¨�·¹¥,¦ §©¨
²©¬{¦Á¬�·Í®¶¸�¨´³´¿¯¼¾·¹¥�ÃE¼Ç¿¯À�¨Î¬{¥©²=¼Ç¿¯À�¨�·¹¼¾½�¿¯À ¦Á¬{¥È¦µÆP�F¼~¬�Õt¿¯ÀÇ²5À ·¹Å"·¹¥�Ã»°Ë¿¯À�³´¨
·Í®O¦ §©¨K¨|Ä5½�ªÍ¿[® ·¹Åe¨~Ã[À�¿Ñ±�¦ §P·¹¥Ö¦ §©¨�¬{¼Ç¿¯Ò�¥^¦Ç¿{°�§©¨�¦�¨�À�¿¯Ãe¨�¥©¨´¿¯Ò©®Ç²©¬{¦Á¬�¦ §V¬{¦¶·Í®
¸�¨�·¹¥�Ã»³´¿¯ª¹ªÍ¨´³�¦�¨´²Ö·¹¥Ö¦ §©¨~¸�Ò©®�·¹¥©¨´®�®¾¬{¥©²Ö®�³�·Í¨�¥^¦ ·ÊÌV³,±Â¿¯À ªÍ²fÆ�	2§©¨~±�·Í²�¨´® ½�À�¨µ¬¯²
²5·Êî�Ò©® ·Í¿¯¥�¿{°kÔe¨�À ¥©¨�ª�¼Ç¨�¦ §©¿^²�®§V¬¯®¬{ª¹ªÍ¿Ñ±Â¨´²�®�¨�Åe¨�ÀÁ¬{ª�ªÍ¨µ¬{À ¥�·¹¥�Ã�¬{ª¹Ãe¿¯À ·¹¦ §�¼Ç®¦�¿
¬{¸©®�¦ ÀÁ¬¯³�¦Y²©¬{¦Á¬»¦�º^½�¨´®Y¬{¥©²�¸�¨Î¬{½�½�ª¹·Í¨´²'¦�¿E® ¦ À Ò©³�¦ Ò�À�¨´²'¿¯¸5Õt¨´³�¦�®Y® ·¹¼¾½�ª¹º=¸Èº
½�ª¹Ò�Ã[Ã[·¹¥�Ã�·¹¥E¬Y® Ò�·¹¦Á¬{¸�ªÍ¨¶Ôe¨�À ¥©¨�ª
°�Ò�¥©³�¦ ·Í¿¯¥»°Ë¿¯À�¦ §©¨O²©¬{¦Á¬Y¦�º^½�¨¾¬{¦�§V¬{¥©²fÆny�¨�¦
À�¨´®Á¨µ¬{À�³�§¶§V¬¯®
¼~¬{·¹¥�ª¹º*°�¿"³�Ò©®�¨´²«¿¯¥«·¹¥©²�¨�½�¨�¥©²�¨�¥È¦�¬{¥©²«·Í²�¨�¥È¦ ·Í³µ¬{ª¹ª¹º^Ï.²5·Í® ¦ À ·¹¸�Ò�¦�¨´²
Ü�·cÆ ·cÆ ²fÆ ÝT¨|Ä©¬{¼¾½�ªÍ¨´®µÆ��¨µ¬{ª¹·¹¥�Ã,±�·¹¦ §�·¹¥^¦�¨�ÀtÏcÀ�¨�ª¬{¦�¨´²R¨|Ä�¬{¼¾½�ªÍ¨´®�¦ §V¬{¦r¬{À�¨rª¹·¹¥�Ôe¨´²
¦�¿¯Ãe¨�¦ §©¨�À!·¹¥Y³´¿¯¼¾½�ªÍ¨|ÄÇÃ[ÀÁ¬{½�§©®2¿¯À�§^º^½�¨�À Ã[ÀÁ¬{½�§©®!À�¨�¼~¬{·¹¥©®�¬�¼~¬�Õt¿¯À!³�§V¬{ª¹ªÍ¨�¥�Ãe¨[Æ
+^·¹¼¾·¹ª¬{À ª¹ºeÐ�¼ÉÒ�ª¹¦ ·¹¼Ç¨´²5·¬�³´¿µÅe¨�À�®«°Ë¿¯ÀÉ¦�¨|Ä5¦µÐkª¹·¹Ôe¨Ç·¹¼~¬{Ãe¨´®¶¿¯À«Å"·Í²�¨´¿[®µÐ�¬{À�¨~®�Ò�¸5Ï
®�¦Á¬{¥È¦ ·¬{ª¹ª¹ºK¼Ç¿¯À�¨r²5·ÊÓ~³�Ò�ª¹¦�½�À�¿¯¸�ªÍ¨�¼Ç®�¦ §V¬{¥T® ¦Á¬{¥©²©¬{À�²�¦�¨|Ä5¦&³�ª¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥½)

u Æ ®�t�¥2�&r�s vx� �xtV��~�r>vTr>| (K	2§©¨K¸V¬{Ã¯Ï.¿{°�Ïc±Â¿¯À�²�®,¬{½�½�À�¿e¬¯³�§/§V¬¯®Ç®Á¿T°c¬{À¾º"·Í¨�ªÍ²�¨´²
®�¦Á¬{¦�¨|Ï.¿{°�Ïc¦ §©¨|Ï�¬{À ¦rÀ�¨´®�Ò�ª¹¦�®µÆ«��¿µ±!¨�Åe¨�ÀµÐ�®Á¨�¼~¬{¥È¦ ·Í³¾À�¨�½�À�¨´®�¨�¥^¦Á¬{¦ ·Í¿¯¥©®É³´¿¯¥©® ¦ ·¹¦ Ò�¦�¨
¬{¥,³�·¹¥©³�À�¨µ¬¯® ·¹¥�Ã[ª¹º¾·¹¼¾½�¿¯À ¦Á¬{¥È¦2³´¿¯¼¾½�¿¯¥©¨�¥^¦!¿{°%³´¿¯¥È¦�¨�¼¾½�¿¯ÀÁ¬{À ºÇ¦�¨|Ä5¦Â³�ª¬¯®�®�·ÊÌV³µ¬�Ï
¦ ·Í¿¯¥%Æ
��³´×^Ò�·¹À ·¹¥�Ã*¬{¥©²«À�¨�½�À�¨´®�¨�¥^¦ ·¹¥�Ã�®Á¨�¼~¬{¥È¦ ·Í³!Ô^¥©¿Ñ±�ªÍ¨´²5Ãe¨�³µ¬{¥O¿ÑÅe¨�À�³´¿¯¼Ç¨!¦ §©¨
®�§©¿¯À ¦�³´¿¯¼¾¼¾·¹¥�Ãe®
¿{°�¦ §©¨�¸V¬{Ã¯Ï.¿{°�Ïc±!¿¯À�²�®k¬{½�½�À�¿e¬¯³Á§«¸^ºr¨�¥�À ·Í³�§�·¹¥�Ã�¦ §©¨�À�¨�½�À�¨´®�¨�¥5Ï
¦Á¬{¦ ·Í¿¯¥P¿{°�²�¿"³�Ò�¼Ç¨�¥È¦�®µÆ»��¿¯À�¨´¿µÅe¨�ÀµÐ�¦ §©¨Y·¹¥È¦ À�¿"²5Ò©³�¦ ·Í¿¯¥/¿{°¿¯¥^¦�¿¯ªÍ¿¯Ã[ºÈÏcÀ�¨�ª¬{¦�¨´²
·¹¥5°Ë¿¯À ¼~¬{¦ ·Í¿¯¥%Ð"¸V¬¯®�¨´²~°�¿¯À�·¹¥©®�¦Á¬{¥©³´¨¿¯¥,¦ §©¨&±!¿¯À�²5¥©¨�¦µÐ5·¹¥È¦�¿«Ôe¨�À ¥©¨�ªÊÏc¸V¬¯®�¨´²Y³�ª¬¯® Ï



� � � ã�ä:å8æ:ç�èêé ³ ì ã{ðØîOã���ò,�,í�ðØî
�
® ·ÊÌV³µ¬{¦ ·Í¿¯¥O® º5® ¦�¨�¼Ç®%³µ¬{¥«¨´®�¦Á¬{¸�ª¹·Í® §«¬2¸V¬¯³ÁÔ^Ã[À�¿¯Ò�¥©²É°�¿¯À
¬2¸�¨�¦ ¦�¨�À�·¹¥È¦�¨�À ½�À�¨�¦Á¬{¦ ·Í¿¯¥
¿{°k¼Ç¿^²�¨�ªÍ®ÑÆ�	2§©¨�±Â¿¯À Ô,½�À�¨´®�¨�¥È¦�¨´²�·¹¥�¦ §�·Í®&¦ §©¨´® ·Í®2À�¨�Åe¿¯ª¹Åe¨´²T¬{À�¿¯Ò�¥©²Î²5·Í®�³�À ·¹¼¶Ï
·¹¥V¬{¦ ·¹Åe¨Î¬{½�½�À�¿e¬¯³Á§©¨´®Ç¦�¿�ªÍ¨µ¬{À ¥�·¹¥�Ã©ÆD��¨�Åe¨�À ¦ §©¨�ªÍ¨´®�®µÐ�Ãe¨�¥©¨�ÀÁ¬{¦ ·¹Åe¨�¬{½�½�À�¿e¬¯³�§©¨´®µÐ
® Ò©³Á§D¬¯®�Ã[ÀÁ¬{½�§�·Í³µ¬{ª�¼Ç¿^²�¨�ªÍ®µÐ%¬{À�¨¾¬¯³´×^Ò�·¹À ·¹¥�Ã�Å^·Í®�·¹¸�ªÍ¨É½�¿¯¦�¨�¥È¦ ·¬{ªcÆ«�.¥�°c¬¯³�¦µÐU¦ §©¨
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<REUTERS TOPICS="YES" LEWISSPLIT="TRAIN" CGISPLIT="TRAINING-SET" 
OLDID="5552" NEWID="9">
<DATE>26-FEB-1987 15:17:11.20</DATE>
<TOPICS><D>earn</D></TOPICS>
<PLACES><D>usa</D></PLACES>
<PEOPLE></PEOPLE>
<ORGS></ORGS>
<EXCHANGES></EXCHANGES>
<COMPANIES></COMPANIES>
<UNKNOWN> 
&#5;&#5;&#5;F
&#22;&#22;&#1;f0762&#31;reute
r f BC-CHAMPION-PRODUCTS-&lt;CH   02-26 0067</UNKNOWN>
<TEXT>&#2;
<TITLE>CHAMPION PRODUCTS &lt;CH> APPROVES STOCK SPLIT</TITLE>
<DATELINE>    ROCHESTER, N.Y., Feb 26 - </DATELINE><BODY>Champion 
Products Inc said its
board of directors approved a two-for-one stock split of its
common shares for shareholders of record as of April 1, 1987.
    The company also said its board voted to recommend to
shareholders at the annual meeting April 23 an increase in the
authorized capital stock from five mln to 25 mln shares.
 Reuter
&#3;</BODY></TEXT>
</REUTERS>
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¦ §©¨É¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥�¬{¦&§V¬{¥©²fÐ5¸�Ò�¦�¬{À�¨*³´¿¯¼¾½V¬{ÀÁ¬{¸�ªÍ¨r¦�¿¶¦�¿¾ªÍ¨�Åe¨�ªÍ®&®Á¨´¨�¥�·¹¥Î¿¯½�¨�ÀÁ¬{¦ ·Í¿¯¥V¬{ª
®�¨�¦ ¦ ·¹¥�Ãe®µÆ

> _]N@N5o�� �a��N@d5S	Gah \DKLMONh kaP�e`�XbDE�N1Ef�d5SU�`N5S	d5M1�d5SU�`N5S�d5MUh _<N5TVC



�3ì���ì ç�ä8è ã�å�ç�è��<ðØé:í©è�� � ���

	
¬{¸�ªÍ¨É1�Æ � (��
¿[® ·¹¦ ·¹Åe¨É²�¿"³�Ò�¼Ç¨�¥È¦�®&°�¿¯À��&�Â- � ³µ¬{¦�¨�Ãe¿¯À ·Í¨´®µÆ
�2¬{¦�¨�Ãe¿¯À º ��¿"³�Ò�¼Ç¨�¥È¦�® 	�ÀÁ¬{·¹¥�·¹¥�Ã 	�¨´® ¦ ·¹¥�Ã
���!��	 � w�� � uU  �µvZ�&� � u � vU � 
�É�!��	 u ��� u �   u[v � v � �µw[v
�R�!��	 u[vZ�Èw[u[v � � � � �������µv
� � � � � �  ¯w � � �µu[u  �� � �

�Â�!��	 ��� ��� u[v � � � u   �����
� ��� w � ���Èv �   ��� �Èw[wU 
� � � � w��µw � v � � � ��� w
� � � u   � v � u �µv[w[w � ���
���Â��$ ��� wU ¯w � � uU  �   ���
� � � ������� � �µv ��� u � � �

âHÐ1� < ÝáÞ ø�×¦Ô\Þ4õ'Ò{ù°Õ�Þ4â

	�¿r¬{·Í²¶À�¨�¦ À ·Í¨�Å[¬{ª�°�À�¿¯¼�²©¬{¦Á¬{¸V¬¯®�¨�½�À�¿"²5Ò©³�¦�®�³µ¬{¦�¨�Ãe¿¯À ºO³´¿"²�¨´®k°�À�¿¯¼�¦ §�À�¨´¨�®�¨�¦�®&Ü�	�¿¯½5Ï
·Í³´®µÐ���¥©²5Ò©® ¦ À ·Í¨´®µÐ©¬{¥©²Î�¨�Ã[·Í¿¯¥©®�Ý!±!¨�À�¨É¬¯®�® ·¹Ã[¥©¨´²�¦�¿¾®�¦�¿¯À ·Í¨´®µÆ

d +.-,+�0 7 hWu!].gEg5h�o�aUn
��¥p¦ §©¨R¨|Ä"½�¨�À ·¹¼Ç¨�¥È¦�®�³µ¬{À À ·Í¨´²j¿¯Ò�¦�·¹¥p¦ §�·Í®Î¦ §©¨´®�·Í®Î³µ¬{¦�¨�Ãe¿¯À ·Í¨´®Î±!¨�À�¨R¦Á¬{Ôe¨�¥p°�À�¿¯¼
¦ §©¨�¦�¿¯½�·Í³�³´¿"²�¨´®µÐ�±�§�·Í³�§Ù±Â¨�À�¨E¬¯®�®�·¹Ã[¥©¨´²�¦�¿=³µ¬{½�¦ Ò�À�¨�¦ §©¨�¼~¬�Õt¿¯ÀK® Ò�¸5Õ ¨´³�¦�®,¿{°¶¬
® ¦�¿¯À ºeÆ 	2§©¨�ºÙ±!¨�À�¨D¿¯À ÃÈ¬{¥�·¹Ûµ¨´²H·¹¥Ù°Ë¿¯Ò�ÀÎ§�·Í¨�ÀÁ¬{À�³Á§�·Í³µ¬{ª«Ã[À�¿¯Ò�½©®	(0���!��	öÜc�!¿¯À ½�¿{Ï
ÀÁ¬{¦�¨�!{��¥©²5Ò©® ¦ À ·¬{ª�Ý|Ðf�Â�!��	 Ü���³´¿¯¥©¿¯¼¾·Í³´®�Ý|Ð��É�!��	;Üc�*¿µÅe¨�À ¥�¼Ç¨�¥È¦X![+"¿"³�·¬{ª�Ý|Ð�¬{¥©²»�TÏ
�!��	rÜ��»¬{À Ôe¨�¦�®�Ý|Æ

	2§©¨�À�¨Î¬{À�¨ �µv �»³µ¬{¦�¨�Ãe¿¯À ·Í¨´®~¬¯³�¦ ÒV¬{ª¹ª¹º=¬¯®�® ·¹Ã[¥©¨´²=¦�¿�¦ §©¨K²©¬{¦Á¬5ÆÖ��¥Ö¦ §©¨�®Á¨´³´¿¯¥©²
³´¿¯ª¹Ò�¼¾¥Ö¿{°�	�¬{¸�ªÍ¨Y1�Æ � Ü���¿^³�Ò�¼Ç¨�¥^¦�®�Ý�¦ §©¨¾¦�¿¯¦Á¬{ª�¥ÈÒ�¼É¸�¨�À¶¿{°!½�¿[® ·¹¦ ·¹Åe¨Ç²�¿"³�Ò�¼Ç¨�¥È¦�®
°Ë¿¯ÀÉ¦ §©¨Ç¦�¨�¥�¼Ç¿[® ¦«½�¿¯½�Ò�ª¬{¦�¨´²�³�ª¬¯®�®�¨´®O¿{°��&�Â- � ·Í®ÉÃ[·¹Åe¨�¥%ÆÎ�V¿¯À«¦ ÀÁ¬{·¹¥�·¹¥�Ã©Ð��&�Â- �
²�¨|Ì©¥©¨´® u[u Ð��  ¯v ²�¿"³�Ò�¼Ç¨�¥È¦�®r¦ §V¬{¦É® §©¿¯Ò�ªÍ²»¸�¨«Ò©®Á¨´²fÆO�V¿¯À*¦�¨´® ¦ ·¹¥�Ã�±Â¨Ç®Á¨�ªÍ¨´³�¦�¨´²»¦ §©¨
Ì©À�® ¦�� v Ð v[v[v ²�¿"³�Ò�¼Ç¨�¥È¦�®Ç¥©¿¯¦¶Ò©®�¨´²�°Ë¿¯À¶¦ ÀÁ¬{·¹¥�·¹¥�Ã©Æ=	�¬{¸�ªÍ¨�1�Æ � ¬{ªÍ®�¿�½�À�¨´®�¨�¥È¦�®Ç¦ §©¨
¨|îf¨´³�¦ ·¹Åe¨*¥ÈÒ�¼«¸�¨�À�¿{°
½�¿[® ·¹¦ ·¹Åe¨*²�¿"³�Ò�¼Ç¨�¥È¦�®Ò©®�¨´²,°�¿¯À�¦ ÀÁ¬{·¹¥�·¹¥�ÃK¬{¥©²�¦�¨´® ¦ ·¹¥�Ã©Æ

�¥©¨K³µ¬{¥P®�¨´¨Y¦ §V¬{¦O¦ §�·Í®¶³´¿"²�¨K®�¨�¦O®�§©¿µ±&®¶½V¬{À ¦ ·Í³�Ò�ª¬{À¾½�¨�À�® ½�¨´³�¦ ·¹Åe¨K¿¯¥P¬�²©¬{¦Á¬
®�¨�¦µÆk	2§©¨����Â- � ¬{À ¦ ·Í³�ªÍ¨´®!®�½V¬{¥K¬É¸�À�¿e¬¯²~ÀÁ¬{¥�Ãe¨�¿{°�³´¿¯¥^¦�¨�¥È¦µÐ5¸�Ò�¦!¦ §©¨³´¿"²�¨®Á¨�¦Â¿¯¥�ª¹º
¨�¼¾½�§V¬¯® ·¹Ûµ¨´®Ç²5·Í®�¦ ·¹¥©³�¦ ·Í¿¯¥©®ÇÀ�¨�ªÍ¨�Å[¬{¥È¦Ç¦�¿R�¨�Ò�¦�¨�À�®¾³�Ò©® ¦�¿¯¼Ç¨�À�®µÆ=�©¿¯ÀÇ·¹¥©® ¦Á¬{¥©³´¨[Ð ¦ §©¨�À�¨
¬{À�¨¾¦ §�À�¨´¨Y²5·Êî�¨�À�¨�¥^¦O	�¿¯½�·Í³~³´¿"²�¨´®*°Ë¿¯ÀÉ³´¿¯À ½�¿¯ÀÁ¬{¦�¨,¿µ±�¥©¨�À�®�§�·¹½�³Á§V¬{¥�Ãe¨´®µÐ
¸�Ò�¦«¬{ª¹ªÂ¿{°
®�³�·Í¨�¥©³´¨É¬{¥©²K¦�¨´³Á§�¥©¿¯ªÍ¿¯Ã[º�·Í®�¬¾® ·¹¥�Ã[ªÍ¨*³µ¬{¦�¨�Ãe¿¯À ºEÜc�r+��!� Ý*Ü�$%¨�±�·Í®O��ß2ã¯ä%PÐ � �����eÝ|Æ



�  ¯v å:æêæ èêî:ñ
í��Ù�
ì�é<ã�´¦ë {�é�ècò¦ç�èêé
�$ã{ðØé�æ<ò/�ä´�ð��'ò�q�è�í
� r���}�u	s	~ ÂA�Uq���tVu
�.¥©²5Ò©®�¦ À º�³´¿"²�¨´®±!¨�À�¨Ç¬¯®�® ·¹Ã[¥©¨´²»¸V¬¯®�¨´²»¿¯¥»¦.º"½�¨´®�¿{°!¸�Ò©® ·¹¥©¨´®�®�¨´®�²5·Í®�³�Ò©®Á®�¨´²�·¹¥�¦ §©¨
® ¦�¿¯À ºeÆ=	2§©¨�ºÖ±!¨�À�¨�Ã[À�¿¯Ò�½�¨´²P·¹¥ �µv ® Ò�¸�§�·Í¨�ÀÁ¬{À�³�§�·Í¨´®ÑÐ ® Ò©³�§Ù¬¯®Ç� u Ü�����	��$�+"������Ï
���)��������$�+�Ý&¬{¥©²��e��Üc������+"	��2#*�!	��t���*Ý|Æ�	2§©¨«��¥©²5Ò©® ¦ À ºÎ³´¿"²�¨´®�¼~¬{Ôe¨OÒ�½T¦ §©¨
ª¬{À Ãe¨´® ¦�¿{°k¦ §©¨*¦ §�À�¨´¨r³´¿"²�¨*®�¨�¦�®µÐ�® Ò�½�½�¿¯À ¦ ·¹¥�ÃÇ¼~¬{¥^ºYÌ©¥©¨É²5·Í® ¦ ·¹¥©³�¦ ·Í¿¯¥©®µÆ

´[t�|\vxq\r��Uq���tVu
��¨�Ã[·Í¿¯¥É³´¿"²�¨´®f·¹¥©³�ª¹Ò©²�¨´²*¸�¿¯¦ §rÃe¨´¿¯Ã[ÀÁ¬{½�§�·Í³�ªÍ¿^³µ¬{¦ ·Í¿¯¥©®�¬{¥©²É¨´³´¿¯¥©¿¯¼¾·Í³�!�½�¿¯ª¹·¹¦ ·Í³µ¬{ª"Ã[À�¿¯Ò�½5Ï
·¹¥�Ãe®µÆ���¿¶§�·Í¨�ÀÁ¬{À�³�§�·Í³µ¬{ª�¦Á¬�Ä5¿¯¥©¿¯¼«º�±!¬¯®&²�¨|Ì©¥©¨´²fÆ

d +.-,+.* WYh�o�]�_�3úu�h�b.]�g�©
�kÄ5½�ª¹·Í³�·¹¦~½�¿¯ª¹·Í³�·Í¨´®~¿¯¥'³´¿"²�¨T¬¯®�®�·¹Ã[¥�¼Ç¨�¥È¦~½�À�¨´®�Ò�¼Ç¨´²5ª¹ºP·¹¥©³�À�¨µ¬¯®�¨T³´¿¯¥©® ·Í®�¦�¨�¥©³�ºP¬{¥©²
Ò©®�¨|°�Ò�ª¹¥©¨´®�®T¿{°Ç³´¿"²5·¹¥�Ã©Ð*¦ §©¿¯Ò�Ã[§�³´¿¯¼¾·¹¥�Ã'Ò�½j±�·¹¦ §H½�À�¨´³�·Í®�¨D½�¿¯ª¹·Í³�·Í¨´®�·Í®Î²5·ÊÓ~³�Ò�ª¹¦µÆ
��¨�Ò�¦�¨�À�®�Ã[Ò�·Í²©¬{¥©³´¨O°Ë¿¯À�³´¿"²5·¹¥�ÃK·¹¥©³�ª¹Ò©²�¨´²»¦.±Â¿K¸�À�¿e¬¯²�½�¿¯ª¹·Í³�·Í¨´®µÐf¬{¼Ç¿¯¥�ÃÎ¿¯¦ §©¨�À�®µÆ*��¥
Ü�$%¨�±�·Í®ß�´ß!ã¯ä-PÐ u[v[vZ� Ý|Ð�¦ §©¨´®�¨*½�¿¯ª¹·Í³�·Í¨´®�¬{À�¨r²�¨´®�³�À ·¹¸�¨´²T¬¯®	(

� Æ���·¹¥�·¹¼ÉÒ�¼ �!¿"²�¨¾�
¿¯ª¹·Í³�º�(*��¬¯³Á§D® ¦�¿¯À º�±!¬¯®*À�¨´×^Ò�·¹À�¨´²R¦�¿,§V¬´Åe¨~¬{¦*ªÍ¨µ¬¯®�¦�¿¯¥©¨
	�¿¯½�·Í³É³´¿"²�¨r¬{¥©²Î¿¯¥©¨r��¨�Ã[·Í¿¯¥Î³´¿"²�¨�)

u Æ��·Í¨�ÀÁ¬{À�³�§^º��
¿¯ª¹·Í³�º�(��!¿^²5·¹¥�ÃK±2¬¯®¦�¿�¬¯®�®�·¹Ã[¥�¦ §©¨«¼Ç¿[® ¦*® ½�¨´³�·ÊÌV³O¬{½�½�À�¿¯½�À ·¬{¦�¨
³´¿"²�¨´®&°�À�¿¯¼F¦ §©¨«	�¿¯½�·Í³¾¬{¥©²T��¥©²5Ò©® ¦ À ºÎ®�¨�¦�®ÑÐU¬¯®&±!¨�ª¹ªk¬¯®¶Ü�Ò©® ÒV¬{ª¹ª¹ºT¬{Ò�¦�¿¯¼~¬{¦ ·ÊÏ
³µ¬{ª¹ª¹º©Ý�¬{ª¹ªU¬{¥©³´¨´®�¦�¿¯À�®Â¿{°f¦ §©¿[®�¨&³´¿"²�¨´®µÆk��¥~³´¿¯¥È¦ ÀÁ¬¯® ¦Â¦�¿r®�¿¯¼Ç¨³´¿^²5·¹¥�ÃÉ®�º"® ¦�¨�¼Ç®ÑÐ
¦ §©¨�À�¨«±!¬¯®¥©¿Çª¹·¹¼¾·¹¦�¿¯¥T¦ §©¨É¥ÈÒ�¼É¸�¨�À*¿{°�³´¿^²�¨´®±�·¹¦ §T¦ §©¨O®Á¬{¼Ç¨r½V¬{À�¨�¥^¦¦ §V¬{¦
³´¿¯Ò�ªÍ²�¸�¨r¬{½�½�ª¹·Í¨´²fÆ

â Ð1w N Ô\Ò % å�Ò{ù°÷ßâ
�©¿¯À�³´¿¯¼¾½V¬{À ·Í®�¿¯¥T½�Ò�À ½�¿[®�¨´®ÑÐ5¦ §©¨*®Á¬{¼Ç¨*®�¨�¦&¿{°
®�¦�¿¯½È±Â¿¯À�²�®Ò©®�¨´²,°Ë¿¯À&��¨�Ò�¦�¨�À�®tÏ u�� �  ¯w
Ü�®�¨´¨*�½�½�¨�¥©²5·ÊÄÎ�*ÝÂ±!¬¯®2Ì©ª¹¦�¨�À�¨´²�¿¯Ò�¦�°�À�¿¯¼ �&�Â- � Æ



�3ìLp�ìÒ��ç{ðØæz="ðØé:ñn� �  ,�

<?xml version="1.0" encoding="iso-8859-1" ?>
<newsitem itemid="2330" id="root" date="1996-08-20" xml:lang="en">
<title>USA: Tylan stock jumps; weighs sale of company.</title>
<headline>Tylan stock jumps; weighs sale of company.</headline>
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<p>The stock of Tylan General Inc. jumped Tuesday after the maker of
process-management equipment said it is exploring the sale of the
company and added that it has already received some inquiries from
potential buyers.</p>
<p>Tylan was up $2.50 to $12.75 in early trading on the Nasdaq market.</p>
<p>The company said it has set up a committee of directors to oversee
the sale and that Goldman, Sachs &amp; Co. has been retained as its
financial adviser.</p>
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��F0@;25Ey@3�Q25mdF0E�@:>?UÆ�ÃE	ND2#PQ>BEDI©Æs��(ªW�X%Y\� õ � ö � õ��  [Z&ø�ù%$G)\X#"#$](*),+- �$](�1�ú� �$�Z�X#";X#$]^�X_ �$
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