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³�ª­¬¯®�®�¨´®Y¬{¥©²�¬{½�½�ª¹º^·¹¥�ÃD¦ §©¨´®�¨�¼Ç¿"²�¨�ªÍ®Ç¦�¿R¥©¨�± Ò�¥©®Á¨´¨�¥�²�¿^³�Ò�¼Ç¨�¥^¦�®Ç°Ë¿¯ÀÇ³�ª­¬¯®�®,¬¯®tÏ
® ·¹Ã[¥�¼Ç¨�¥^¦µÆ
��¦�·Í®�¼~¬{·¹¥�ª¹º�¬~®�Ò�½�¨�À Å"·Í®�¨´²T³�ª­¬¯®Á® ·ÊÌV³µ¬{¦ ·Í¿¯¥�¦Á¬¯®�Ô�ÐV±�§©¨�À�¨¶¬Ç¦ ÀÁ¬{·¹¥�·¹¥�Ã�®�¨�¦
³´¿¯¥©® ·Í® ¦ ·¹¥�ÃK¿{°�²�¿"³�Ò�¼Ç¨�¥È¦�®�±�·¹¦ §�½�À�¨�Å^·Í¿¯Ò©® ª¹º�¬¯®�® ·¹Ã[¥©¨´²T³�ª­¬¯®Á®�¨´®�·Í®�½�À�¿ÑÅ^·Í²�¨´²fÐf¬{¥©²»¬
¦�¨´® ¦ ·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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� �,í	��í�ã�å�ç�í�ðØî � �
¨�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
	�¨|Ä5¦�Ì©ª¹¦�¨�À ·¹¥�ÃÇ·¹¥©³�ª¹Ò©²�¨´®�¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®�·¹¥�±�§�·Í³Á§�¬¾®�¨�¦&¿{°
¦�¨|Ä"¦�®&®�§©¿¯Ò�ªÍ²�¸�¨�Ì©ª¹¦�¨�À�¨´²
¿¯Ò�¦�¸�¨|°�¿¯À�¨rÀ�¨µ¬¯³�§�·¹¥�Ã�¬¾Ò©®�¨�À�¿¯À�¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥%Æ&12¿¯¦ §Î¦ §©¨É® ¦ À Ò©³�¦ Ò�À�¨´®�¿{°�® Ò©³�§�¦�¨|Ä"¦�®
¬{¥©²�¦ §©¨*¼Ç¿¯¦ ·¹Åe¨´®2°Ë¿¯À�Ì©ª¹¦�¨�À ·¹¥�ÃÇ¦ §©¨�¼FÅ¯¬{À º,±�·Í²�¨�ª¹ºeÆ

	2§©¨R¸�¨´® ¦�Ô"¥©¿µ±�¥j¨|Ä©¬{¼¾½�ªÍ¨E·Í®T¬{¥^¦ ·ÊÏ.® ½V¬{¼�Ì©ª¹¦�¨�À ·¹¥�Ã/°�¿¯ÀT¨|Ïc¼~¬{·¹ªÍ®�Ü���¥©²5À�¿¯Ò�¦tÏ
®�¿¯½�¿¯Ò�ªÍ¿[®���ßOã¯ä%P­Ð u[v[v[v Ý|Æ��2¦Y¬»Ò©®Á¨�Àµï ®¾½�¨�À�®Á¿¯¥V¬{ª�³´¿¯¼¾½�Ò�¦�¨�ÀY¿¯ÀY¬{¦,¬»³´¨�¥È¦ ÀÁ¬{ª¹·¹Ûµ¨´²
®�¨�À Åe¨�ÀµÐ�¬E® ½V¬{¼ Ì©ª¹¦�¨�ÀY® §©¿¯Ò�ªÍ²�·Í²�¨�¥È¦ ·Ê°�ºP¬{¥©²/Ì©ª¹¦�¨�ÀY¿¯Ò�¦»Ü�¿¯ÀY¬{¦ÇªÍ¨µ¬¯® ¦Y¼~¬{À Ô�ÝO¦ §©¨
Ò�¥©®�¿¯ª¹·Í³�·¹¦�¨´²�¨|Ïc¼~¬{·¹ªcÆÎ#
®�ÒV¬{ª¹ª¹ºeÐ�¼~¬¯³Á§�·¹¥©¨~ªÍ¨µ¬{À ¥�·¹¥�Ã�¦�¨´³�§�¥�·Í×^Ò©¨´®O¦�¿�¬{¥V¬{ª¹º"Ûµ¨Y¨|Ïc¼~¬{·¹ª
¨�ªÍ¨�¼Ç¨�¥È¦�®µÐ¯·cÆ ¨[Æ
® Ò�¸5Õ ¨´³�¦µÐ¯®�¨�¥©²�¨�À
¬{¥©²É¼Ç¨´®�®Á¬{Ãe¨[Ð¯³´¿^¿¯½�¨�ÀÁ¬{¦�¨Â±�·¹¦ §É§V¬{¥©²"Ï.³�ÀÁ¬�°�¦�¨´²«À Ò�ªÍ¨´®
¬{¥©²�¸�ª­¬¯³�ÔKª¹·Í® ¦�®<;´Ð"°Ë¿¯À&¨µ¬¯³�§�¨|Ïc¼~¬{·¹ª�¨�ªÍ¨�¼Ç¨�¥È¦µÆ

�
¥©¿¯¦ §©¨�À�Ã[À�¿µ±�·¹¥�ÃÉ¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥¾·Í®
Ì©ª¹¦�¨�À�®�¿{°VÒ�¥©® Ò�·¹¦Á¬{¸�ªÍ¨�³´¿¯¥^¦�¨�¥È¦µÆ���¿[® ¦ ª¹ºr¦ §©¨´®�¨
Ì©ª¹¦�¨�À�®*¬{À�¨O¨�¼¾½�ªÍ¿Ñºe¨´²�°�¿¯À�³�§�·¹ªÍ²5À�¨�¥%ï ®*®�¬�°�¨«Ò©®�¨O¿{°�¦ §©¨«·¹¥^¦�¨�À ¥©¨�¦µÐ�¸�Ò�¦�¼Ç¿¯À�¨O³µ¬{¥�¸�¨
°�¿¯Ò�¥©²T¨µ¬¯³�§T²©¬µºK¿¯¥Î��¥È¦�¨�À ¥©¨�¦�®�¨�À Å"·Í³´¨�½�À�¿µÅ"·Í²�¨�À�®&¦�¿¶Ì©ª¹¦�¨�À&·¹ª¹ªÍ¨�ÃÈ¬{ª�® ·¹¦�¨´®µÆ

*,+.-,+6- ô h%\Èo@n{aV_�n{aPo�]�n�Xfl�=!]53�2�X�Z[].h�_
ØE¿¯À�²~®�¨�¥©®Á¨&²5·Í®Á¬{¼É¸�·¹Ã[ÒV¬{¦ ·Í¿¯¥K·Í®�¦�¿«²�¨�¦�¨�À ¼¾·¹¥©¨�¦ §©¨�®�¨�¥©®�¨&¿{°�¬�½V¬{À ¦ ·Í³�Ò�ª­¬{À�¬{¼É¸�·¹Ã[Ò5Ï
¿¯Ò©®É±!¿¯À�²Ö¿"³´³�Ò�À À�¨�¥©³´¨[ÐkÅ"·¹ÛeÆ�¦�¿T²5·Í®Á¬{¼«¸�·¹Ã[ÒV¬{¦�¨K¸�¿¯¦ §Ö½�¿¯ª¹º5®�¨�¼Ç¿¯Ò©®¶¬{¥©²E§©¿¯¼Ç¿¯¥^ºÈÏ
¼Ç¿¯Ò©®�±Â¿¯À�²�®µÆO�©¿¯À�·¹¥©® ¦Á¬{¥©³´¨[Ðf¦ §©¨O±!¿¯À�²E³�§�·¹½R¼~¬µºT§V¬´Åe¨ÎÜË¬{¦*ªÍ¨µ¬¯®�¦�Ý&¦�±Â¿�²5·Êîf¨�À�¨�¥È¦
®�¨�¥©®�¨´®
·¹¥¶��¥�Ã[ª¹·Í® §%ÐÈ¬¯®
·¹¥O¦ §©¨Â½�À�¿"³´¨´®�®�¿¯Àk³�§�·¹½TÜË¬{¥¶¨�ªÍ¨´³�¦ À�¿¯¥�·Í³�²�¨�Å"·Í³´¨Â·¹¥¶³´¿¯¼¾½�Ò�¦�¨�À�®�Ý
¿¯À�½�¿¯¦Á¬{¦�¿É³Á§�·¹½»ÜË¬�Åe¨�À º¾½�¿¯½�Ò�ª­¬{ÀÂ®�¥V¬¯³�Ô©Ý|Æ��.¦�¼~¬µº¾¸�¨�®�¨´¨�¥,¬¯®!¬*¦�¨|Ä5¦Â³�ª­¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥
¦Á¬¯® Ô�ÐÈ±�§©¨�À�¨�±Â¨
Å"·Í¨�±'¦ §©¨�³´¿¯¥È¦�¨|Ä5¦�®2¿{°�¿^³´³�Ò�À À�¨�¥©³´¨*¬¯®!²�¿^³�Ò�¼Ç¨�¥^¦�®&¬{¥©²~¦ §©¨�®�¨�¥©®�¨´®
¿{°
·¹¥^¦�¨�À ½�À�¨�¦Á¬{¦ ·Í¿¯¥»¬¯®�³µ¬{¦�¨�Ãe¿¯À ·Í¨´®«Üc�*¬{ªÍ¨[�´ß!ã¯ä-P­Ð � ��� u Ý|Æ

>@?BADCFEHG�IJCLKFMON�KLM�E�CLKFMON�PHQ KRN5SUTVMWPXQ S	YZT[EHKFC�SUCLSUTVS	\]N5M^N5_DEHN�KLMWG�_`SUG�IaS
bJQcPXd�SUefS	d@gJS	YZT[EHKFCihj?�\]gS	YZT[EHKFC�GUPX\<N1EXKL\DKL\DkVPX\DS,PHQ N5_DPXM@S/KLN5S	TVMlKFMWGUCFEHM@M@KLmDS
bnEXMWM@oDEXT
h



þ�ìLp�ì�ñ�ð3ã8ò�qÜèêîlç é�è æêé�è��,è îOç&å�ç�í�ðØî � �
*,+.-/+sr õ Z�t�aV\�X^uvu!b.]�g5XUZe].h�_�n
ØE¨�§V¬µÅe¨�¸�À ·Í¨5¶©º*À�¨�Å"·Í¨�±Â¨´²O®�¿¯¼Ç¨�·¹¼¾½�¿¯À ¦Á¬{¥^¦k¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®k¿{°©	���ÆÑ	2§©¨Â¸�¿¯Ò�¥©²©¬{À ·Í¨´®
¸�¨�¦.±Â¨´¨�¥¾¦ §©¨�²5·Êîf¨�À�¨�¥È¦�³�ª­¬¯®Á®�¨´®�¿{°�¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®�ª¹·Í®�¦�¨´²«§©¨�À�¨&¬{À�¨!¸�ª¹Ò�À À�¨´²fÐ"¬{¥©²O®Á¿¯¼Ç¨
¼~¬´ºK¸�¨*³´¿¯¥©® ·Í²�¨�À�¨´²Î® ½�¨´³�·­¬{ª%³µ¬¯®�¨´®&¿{°�¿¯¦ §©¨�À�®µÆ

�
¦ §©¨�À
¥©¿¯¦�¨�±Â¿¯À ¦ §Èº»¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®�¿{°k¦�¨|Ä5¦�³�ª­¬¯®�®�·ÊÌV³µ¬{¦ ·Í¿¯¥%ÐV¸�Ò�¦
ªÍ¨´®�®&À�¨�ªÍ¨�Å[¬{¥È¦
¦�¿
¦ §©¨¶® Ò�¸5Õ ¨´³�¦�¿{°!¦ §�·Í®�¦ §©¨´® ·Í®µÐ�·¹¥©³�ª¹Ò©²�¨Ç¬{Ò�¦ §©¿¯À�® §�·¹½D¬{¦ ¦ À ·¹¸�Ò�¦ ·Í¿¯¥%Ð�§�·Í¨�ÀÁ¬{À�³�§�·Í³µ¬{ª!³µ¬{¦�¨|Ï
Ãe¿¯À ·¹ÛÑ¬{¦ ·Í¿¯¥P¿{°�±Â¨�¸=½V¬{Ãe¨´®µÐ�®�½�¨´¨´³Á§�³µ¬{¦�¨�Ãe¿¯À ·¹ÛÑ¬{¦ ·Í¿¯¥%Ð�·¹¼~¬{Ãe¨,³µ¬{¦�¨�Ãe¿¯À ·¹ÛÑ¬{¦ ·Í¿¯¥PÒ©®�·¹¥�Ã
³µ¬{½�¦ ·Í¿¯¥©®
¬{¥©²�¬{Ò�¦�¿¯¼~¬{¦�¨´²T¨´®�®Á¬µºYÃ[ÀÁ¬¯²5·¹¥�Ã©Æ

ó
Ð1w 6 Ò3ø�ûx�oÞ4Ù:Ô ù°Þ % ù°Þ4â�Þ4Ù:Ô\×¦Ô�Õ�Ò'Ù
	�º"½�·Í³µ¬{ª¹ª¹ºeÐ5¦�¨|Ä5¦2²�¿"³�Ò�¼Ç¨�¥È¦�®
¬{À�¨
Ò�¥©®�¦ À Ò©³�¦ Ò�À�¨´²Î²©¬{¦Á¬5Æ�12¨|°�¿¯À�¨�ªÍ¨µ¬{À ¥�·¹¥�Ã©Ð©¿¯¥©¨�¼ÉÒ©®�¦
¦ ÀÁ¬{¥©®t°Ë¿¯À ¼ ¦ §©¨�¼ ·¹¥^¦�¿~¬OÀ�¨�½�À�¨´®�¨�¥È¦Á¬{¦ ·Í¿¯¥�¦ §V¬{¦&·Í®&®�Ò�·¹¦Á¬{¸�ªÍ¨�°�¿¯À&³´¿¯¼¾½�Ò�¦ ·¹¥�Ã©Æ

�
¥©³´¨»¦ §©¨�°Ë¨µ¬{¦ Ò�À�¨´®K·¹¥p¦ §©¨�²�¿"³�Ò�¼Ç¨�¥È¦�®ÑÐ
Ò©®�ÒV¬{ª¹ª¹º�±Â¿¯À�²�®T¿¯À,¦�¨�À ¼Ç®ÑÐ�¬{À�¨R¨|Ä"Ï
¦ ÀÁ¬¯³�¦�¨´²fÐf¨µ¬¯³�§E²�¿"³�Ò�¼Ç¨�¥È¦�·Í®�À�¨�½�À�¨´®�¨�¥^¦�¨´²R·¹¥»¬~Åe¨´³�¦�¿¯Àr® ½V¬¯³´¨[Ðf¬{ªÍ®�¿,Ô"¥©¿µ±�¥E¬¯®�¦ §©¨
¸V¬{Ã¯Ï.¿{°�Ïc±Â¿¯À�²�®�Ü�1&�2ØHÝ|Ð%±�·Í²�¨�ª¹ºRÒ©®�¨´²D·¹¥E·¹¥5°�¿¯À ¼~¬{¦ ·Í¿¯¥�À�¨�¦ À ·Í¨�Å[¬{ª�Ü�1�¬¯¨�ÛÑ¬�Ï@yÂ¬{¦�¨´®lü
�&·¹¸�¨�·¹À�¿{Ï.��¨�¦�¿�Ð � �����eÝ|Æ9	2§�·Í®KÀ�¨�½�À�¨´®Á¨�¥È¦Á¬{¦ ·Í¿¯¥H¼Ç¨�¦ §©¿"²0·Í®,¨´×^Ò�·¹Å[¬{ªÍ¨�¥È¦�¦�¿P¬{¥H¬{¦tÏ
¦ À ·¹¸�Ò�¦�¨&Å[¬{ª¹Ò©¨�À�¨�½�À�¨´®�¨�¥^¦Á¬{¦ ·Í¿¯¥YÒ©®Á¨´²¾·¹¥¾¼~¬¯³�§�·¹¥©¨
ªÍ¨µ¬{À ¥�·¹¥�Ã,Ü���·¹¦�³�§©¨�ª¹ªcÐ � �����eÝ|Æ���¬¯³�§
²5·¹¼Ç¨�¥©® ·Í¿¯¥Î¿{°
¦ §�·Í®�® ½V¬¯³´¨�À�¨�½�À�¨´®�¨�¥È¦�®�¬O® ·¹¥�Ã[ªÍ¨�°Ë¨µ¬{¦ Ò�À�¨[Ð5±�§©¿[®�¨�·¹¼¾½�¿¯À ¦Á¬{¥©³´¨*·¹¥K¦ §©¨
²�¿"³�Ò�¼Ç¨�¥È¦2³´¿¯À À�¨´® ½�¿¯¥©²�®Â¦�¿r¦ §©¨
¨|Ä�¬¯³�¦!²5·Í® ¦Á¬{¥©³´¨�°�À�¿¯¼7¦ §©¨�¿¯À ·¹Ã[·¹¥%Æ���¿^³�Ò�¼Ç¨�¥^¦�®�¬{À�¨
¦ §ÈÒ©®
½�¿¯·¹¥È¦�®«Ü�Åe¨´³�¦�¿¯À�®|Ý�·¹¥�¬ |W| Ï.²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ª
Åe¨´³�¦�¿¯À�® ½V¬¯³´¨[ÐV±�§©¨�À�¨ |W| ²�¨�¥©¿¯¦�¨´®
¦ §©¨�²5·¹¼Ç¨�¥©® ·Í¿¯¥O¿{°"¦ §©¨kÅe¿"³µ¬{¸�Ò�ª­¬{À º*¿¯À�²5·Í³�¦ ·Í¿¯¥V¬{À ºeÐ W = {w1, w2, . . . , wk, . . . , w|W|}

Ð
±�·¹¦ §ÎÒ�¥�·Í×^Ò©¨�¦�¨�À ¼Ç®�¿¯À�°Ë¨µ¬{¦ Ò�À�¨´®µÐ

wk
Ð©¬¯®&³´¿¯¼¾½�¿¯¥©¨�¥È¦�®µÆ

�
¨�½�À�¨´®�¨�¥È¦Á¬{¦ ·Í¿¯¥Ç¿{°©°Ë¨µ¬{¦ Ò�À�¨´®
·Í®
Åe¨�À ºr·¹¼¾½�¿¯À ¦Á¬{¥^¦�¬¯®
·¹¦
³´¿¯¥©® ¦ ·¹¦ Ò�¦�¨´®k¦ §©¨!¸V¬¯® ·Í®�°Ë¿¯À
¼Ç¿[® ¦¶³�ª­¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥P¬{ª¹Ãe¿¯À ·¹¦ §�¼Ç®µÆ»��Åe¨�À ºD²�¿"³�Ò�¼Ç¨�¥È¦¾·Í®«À�¨�½�À�¨´®�¨�¥È¦�¨´²P¬¯®¾¬�Åe¨´³�¦�¿¯À
di = (wi1, wi2, . . . , wik, . . . , wi|W|)

Ð�±�§©¨�À�¨
wik

²�¨´®�³�À ·¹¸�¨´®¾¨µ¬¯³�§�°Ë¨µ¬{¦ Ò�À�¨[Ð�±Â¿¯À�²
·¹¥�¦ §©¨,²5·Í³�¦ ·Í¿¯¥V¬{À ºeÐ�°�¿¯À¶¦ §©¨K²�¿"³�Ò�¼Ç¨�¥È¦µÆE�
ª¹Ãe¿¯À ·¹¦ §�¼Ç®¶±Â¿¯À Ô�¿¯¥�¦ §©¨´®Á¨,²�¿"³�Ò�¼Ç¨�¥È¦
Åe¨´³�¦�¿¯À�®r¬{¥©²»¦ §©¨¶³�ª­¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥R¦Á¬¯® Ô»¬{·¹¼Ç®r¬{¦*²5·Í® ¦ ·¹¥�Ã[Ò�·Í® §�·¹¥�ÃÎ²�¿"³�Ò�¼Ç¨�¥È¦�®r¿{°2¿¯¥©¨
³�ª­¬¯®�®&°�À�¿¯¼ ¦ §©¨«¿¯¦ §©¨�À�®µÐ�®�¿¾¦ §©¨�À�¨r¼«Ò©® ¦�¸�¨r® ·¹Ã[¥�·ÊÌV³µ¬{¥^¦�²5·Êîf¨�À�¨�¥©³´¨´®
·¹¥T¦ §©¨rÅe¨´³�¦�¿¯À�®
¿{°�²5·Êî�¨�À�¨�¥^¦�²�¿^³�Ò�¼Ç¨�¥^¦�®OÜc�*¿^²5¸�¿¯ªÍ¨[Ð u[v[v �eÝ|Æ

	2§©¨*® ·¹¼¾½�ªÍ¨´®�¦�À�¨�½�À�¨´®�¨�¥È¦Á¬{¦ ·Í¿¯¥�Ò©®�¨´®2¦ §©¨�¸�·¹¥V¬{À º,¨�Åe¨�¥^¦&¼Ç¿"²�¨�ªcÐ5±�§©¨�À�¨*·Ê°k¬É°Ë¨µ¬�Ï
¦ Ò�À�¨

wk ∈ W ¬{½�½�¨µ¬{À�®~·¹¥/²�¿^³�Ò�¼Ç¨�¥^¦
di

Ð�¦ §©¨�¥/¦ §©¨
kth ³´¿¯¼¾½�¿¯¥©¨�¥^¦

wik
·Í®

1
Ð

¿¯¦ §©¨�À ±�·Í®�¨�·¹¦Y·Í®
0
Æj	2§�·Í®YÀ�¨�½�À�¨´®�¨�¥È¦Á¬{¦ ·Í¿¯¥H³µ¬{¥0¸�¨ÎÀ�¨�½�ª­¬¯³´¨´²'¸Èº/¦ §©¨�¥ÈÒ�¼«¸�¨�À�¿{°

¦ ·¹¼Ç¨´®
¦ §©¨É±!¿¯À�²�¿"³´³�Ò�À�®�·¹¥T¦ §©¨O²�¿^³�Ò�¼Ç¨�¥^¦¶Ü�	��/ÏÂ¦�¨�À ¼¤°�À�¨´×^Ò©¨�¥©³�º�Ý|Ð
TF (wk)

ÐV·¹ªÊÏ
ª¹Ò©® ¦ ÀÁ¬{¦�¨´²�·¹¥»��·¹Ã[Ò�À�¨ u Æ u Ð�¿¯À*®�¿¯¼Ç¨«Å¯¬{À ·­¬{¦ ·Í¿¯¥R¿{°�·¹¦�®�Å[¬{ª¹Ò©¨[Ð�¦ §©¨�À�¨�¸Èº�·¹Ã[¥©¿¯À ·¹¥�Ã�¦ §©¨
®�¨´×^Ò©¨�¥©³´¨~·¹¥�±�§�·Í³�§=±!¿¯À�²�®¾¿^³´³�Ò�ÀµÆR+^·¹¥©³´¨,¦ §©¨Y	��jÀ�¨�½�À�¨´®�¨�¥È¦Á¬{¦ ·Í¿¯¥/³µ¬{¥�¸�·­¬¯®O¦ §©¨



� � ã�ä8å:æ8ç�èêé þ�ì��¦åcã����¦é<ðßò>î8ñ ðØî ç�è��lç ã���å
� �,í	��í�ã�å�ç�í�ðØî

participants

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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� �����eÝ|Ð&¥©¨�Ò�ÀÁ¬{ª�¥©¨�¦.±!¿¯À Ô"®µÐ
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¦ §©¨ÂÕt¿¯·¹¥^¦!½�À�¿¯¸V¬{¸�·¹ª¹·¹¦�ºeÐ

P (di, cj)
Ð"¿{°�¦ §©¨
·¹¥�½�Ò�¦�²�¿"³�Ò�¼Ç¨�¥È¦
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#�® ·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
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À�¨�ªÍ¨�Å¯¬{¥^¦OÜ
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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
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ωqk
ÐÈ·Í®�¥©¿¯¦Â³´¿¯¥©® ·Í²�¨�À�¨´²fÐ

®�¨�¦ ¦ ·¹¥�Ã
λ = 0

Ü���Ò�¼~¬{·Í®a��ß*ã¯ä%P­Ð � ��� w Ý|Æ
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¬{¥©²
γ
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Fβ =
(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>
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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|}

Ð
�� 
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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
½�À�¿¯¸�ªÍ¨�¼ ¿{°�³�ª­¬¯®�® ·Ê°�º^·¹¥�Ã¶¬É®�¨�¦!¿{°�²�¿^³�Ò�¼Ç¨�¥^¦�® D = {d1,d2, . . . ,di, . . . ,d|D|}

·¹¥È¦�¿
¦.±!¿Ç½�¿[®�® ·¹¸�ªÍ¨�¦Á¬{À Ãe¨�¦�³�ª­¬¯®�®Á¨´®	( {cj , cj}

Æ
Ú*¨�À ¥©¨�ª©¼Ç¨�¦ §©¿"²�®�³µ¬{¥¾¸�¨�³µ¬¯® ¦�·¹¥È¦�¿«¬�³�ª­¬¯®�®�¿{°�½V¬{¦ ¦�¨�À ¥ÇÀ�¨´³´¿¯Ã[¥�·¹¦ ·Í¿¯¥~¦�¨´³Á§�¥�·Í×ÈÒ©¨´®

·¹¥K±�§�·Í³�§Î¦ §©¨�¦ ÀÁ¬{·¹¥�·¹¥�Ã~²©¬{¦Á¬O½�¿¯·¹¥È¦�®µÐ�¿¯À&¬{¦2ªÍ¨µ¬¯® ¦�¬O® Ò�¸©®�¨�¦�¿{°
¦ §©¨�¼ÎÐ©¬{À�¨
Ôe¨�½�¦�¬{¥©²
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),
ÜQ�5Æ � Ý

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

Æ
	2§©¨�³´¿¯¥©³´¨�½�¦�¿{°f¬�Ôe¨�À ¥©¨�ª�°�¿¯À ¼«Ò�ª­¬{¦�¨´²~¬¯®�¬{¥¾·¹¥�¥©¨�À�½�À�¿"²5Ò©³�¦�·¹¥~¬�°�¨µ¬{¦ Ò�À�¨�® ½V¬¯³´¨

¬{ª¹ªÍ¿µ±&®�Ò©®
¦�¿Ç¸�Ò�·¹ªÍ²�·¹¥È¦�¨�À�¨´® ¦ ·¹¥�Ã�¨|Ä5¦�¨�¥©® ·Í¿¯¥©®
¿{°�¼~¬{¥^ºÎ±Â¨�ª¹ª
Ô"¥©¿µ±�¥R¬{ª¹Ãe¿¯À ·¹¦ §�¼Ç®
¸^º
¼~¬{Ô^·¹¥�Ã
Ò©®�¨�¿{°�¦ §©¨�Ôe¨�À ¥©¨�ªÈ¦ À ·Í³�Ô�Ð[¬{ªÍ®�¿&Ô"¥©¿µ±�¥¶¬¯®�Ôe¨�À ¥©¨�ª"® Ò�¸©® ¦ ·¹¦ Ò�¦ ·Í¿¯¥%Æk	2§©¨�Ãe¨�¥©¨�ÀÁ¬{ª
·Í²�¨µ¬*·Í®�¦ §V¬{¦µÐ^·Ê°�±Â¨&§V¬µÅe¨
¬{¥K¬{ª¹Ãe¿¯À ·¹¦ §�¼S°Ë¿¯À ¼ÉÒ�ª­¬{¦�¨´²Y·¹¥~® Ò©³�§K¬�±!¬µº¾¦ §V¬{¦�¦ §©¨�·¹¥�½�Ò�¦
²�¿^³�Ò�¼Ç¨�¥^¦

d
¨�¥È¦�¨�À�®�¿¯¥�ª¹ºK·¹¥�¦ §©¨*°Ë¿¯À ¼F¿{°k®Á³µ¬{ª­¬{À&½�À�¿^²5Ò©³�¦�®ÑÐ�¦ §©¨�¥T±!¨r³µ¬{¥TÀ�¨�½�ª­¬¯³´¨

¦ §©¨r®�³µ¬{ª­¬{À
½�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

�<Ð1� N û %x% Ò{ù\ÔöÖ'Þ4ø½Ô\Ò'ùÑ�o×'ø°ÝßÕ�ÙßÞ4â
+^-���®�±Â¨�À�¨!·¹¥È¦ À�¿"²5Ò©³´¨´²O¸Èºr-�¬{½�¥�·¹ÔKÜ�-�¬{½�¥�·¹Ô�Ð � �����eÝ%¸V¬¯®�¨´²O¿¯¥«¦ §©¨!® ¦ À Ò©³�¦ Ò�ÀÁ¬{ª5À ·Í® Ô
¼¾·¹¥�·¹¼¾·¹ÛÑ¬{¦ ·Í¿¯¥DÜc+"���RÝ�½�À ·¹¥©³�·¹½�ªÍ¨[Ð©¬¯®�¬{¥Î¬{ª¹¦�¨�À ¥V¬{¦ ·¹Åe¨�¦�¿O¦ §©¨�¦ ÀÁ¬¯²5·¹¦ ·Í¿¯¥V¬{ª%¨�¼¾½�·¹À ·Í³µ¬{ª
À ·Í® Ô~¼¾·¹¥�·¹¼¾·¹ÛÑ¬{¦ ·Í¿¯¥=Ü������RÝ�½�À ·¹¥©³�·¹½�ªÍ¨[Æ�	2§©¨�¼~¬{·¹¥�·Í²�¨µ¬O·Í®2¦�¿OÌ©¥©²Î¬O§^º^½�¿¯¦ §©¨´® ·Í®

h
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H
°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

)

.
ÜQ�5Æ��eÝ

	2§�·Í®%Ò�½�½�¨�À�¸�¿¯Ò�¥©²r§©¿¯ªÍ²�®�±�·¹¦ §¾¬2½�À�¿¯¸V¬{¸�·¹ª¹·¹¦.ºO¿{°©¬{¦�ªÍ¨µ¬¯® ¦
1−η

Æ
v

²�¨�¥©¿¯¦�¨´®�¦ §©¨�-
��Ï
²5·¹¼Ç¨�¥©® ·Í¿¯¥^;,Ü�-�¬{½�¥�·¹Ô�Ð � ��� w Ý|Ð�±�§�·Í³�§Ö·Í®É¬,½�À�¿¯½�¨�À ¦.ºR¿{°!¦ §©¨Ç§Èº"½�¿¯¦ §©¨´® ·Í®«® ½V¬¯³´¨

H¬{¥©²«·¹¥©²5·Í³µ¬{¦�¨´®k·¹¦�®
¨|Ä5½�À�¨´®�® ·¹Åe¨�¥©¨´®Á®µÆ�	2§�·Í®k¸�¿¯Ò�¥©²ÉÀ�¨5¶V¨´³�¦�®
¦ §©¨!¦ ÀÁ¬¯²�¨´¿{î~¸�¨�¦.±!¨´¨�¥¾¦ §©¨
³´¿¯¼¾½�ªÍ¨|Ä5·¹¦.º�¿{°
¦ §©¨�§^º^½�¿¯¦ §©¨´® ·Í®&®�½V¬¯³´¨É¬{¥©²K¦ §©¨�¦ ÀÁ¬{·¹¥�·¹¥�ÃY¨�À À�¿¯ÀÉÜ À ¿e¬¯³Á§�·¹¼Ç®µÐ u[v[v�� Ý|Ð
·cÆ ¨»¬E® ·¹¼¾½�ªÍ¨�§Èº"½�¿¯¦ §©¨´®�·Í®,®�½V¬¯³´¨T±�·¹ª¹ª�¥©¿¯¦K¬{½�½�À�¿µÄ"·¹¼~¬{¦�¨»¦ §©¨�²�¨´® ·¹À�¨´²�°�Ò�¥©³�¦ ·Í¿¯¥©®ÑÐ
À�¨´® Ò�ª¹¦ ·¹¥�ÃR·¹¥P§�·¹Ã[§/¦ ÀÁ¬{·¹¥�·¹¥�Ã�¬{¥©²=¦ À Ò©¨�¨�À À�¿¯À�®µÆ��
¥P¦ §©¨�¿¯¦ §©¨�À¾§V¬{¥©²fÐ!¬�¦�¿"¿{ÏcÀ ·Í³�§
§Èº"½�¿¯¦ §©¨´® ·Í®~® ½V¬¯³´¨[Ð!·cÆ ¨[Æ'±�·¹¦ §�ª­¬{À Ãe¨�-
��Ï.²5·¹¼Ç¨�¥©®�·Í¿¯¥%Ð�±�·¹ª¹ª&À�¨´® Ò�ª¹¦Y·¹¥�¿µÅe¨�ÀtÌ©¦ ¦ ·¹¥�Ã©Æ
	2§�·Í®&½�À�¿¯¸�ªÍ¨�¼ ¬{À ·Í®�¨´®&¸�¨´³µ¬{Ò©®�¨[ÐV¬{ª¹¦ §©¿¯Ò�Ã[§R¬¾® ¼~¬{ª¹ª�¦ ÀÁ¬{·¹¥�·¹¥�ÃY¨�À À�¿¯À�±�·¹ª¹ª�¿^³´³�Ò�ÀµÐV¦ §©¨
®�¨´³´¿¯¥©²K¦�¨�À ¼ ·¹¥K¦ §©¨�À ·¹Ã[§È¦tÏc§V¬{¥©²�® ·Í²�¨�¿{°2ÜQ�5Æ��eÝ!±�·¹ª¹ªf¸�¨�ª­¬{À Ãe¨[Æ���¨�¥©³´¨[Ð5·¹¦!·Í®�³�À Ò©³�·­¬{ª
¦�¿Î²�¨�¦�¨�À ¼¾·¹¥©¨Y¦ §©¨Ç§^º^½�¿¯¦ §©¨´® ·Í®É®�½V¬¯³´¨Ç±�·¹¦ §D¦ §©¨Y® Ò5Ó~³�·Í¨�¥È¦¶³´¿¯¼¾½�ªÍ¨|Ä5·¹¦.ºeÆ���¥�+"���
¦ §�·Í®«·Í®«¬¯³�§�·Í¨�Åe¨´²�¸^ºE²�¨|Ì©¥�·¹¥�Ã»¬Î¥©¨´® ¦�¨´²D® ¦ À Ò©³�¦ Ò�À�¨,¿{°&§Èº"½�¿¯¦ §©¨´® ·Í®«®�½V¬¯³´¨´®

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
ÜQ�5Æ � Ý

	2§�·Í®
® ¦ À Ò©³�¦ Ò�À�¨�·Í®!ã�0Uà|æ�í[à�æ�²�¨|Ì©¥©¨´²É¦�¿�Ì©¥©²r¦ §©¨�·¹¥©²�¨|Ä*°�¿¯À�±�§�·Í³�§�ÜQ�5Æ��eÝf·Í®�¼¾·¹¥�·¹¼ÉÒ�¼ÎÆ
	�¿&¸�Ò�·¹ªÍ²r¦ §�·Í®�®�¦ À Ò©³�¦ Ò�À�¨�¦ §©¨�¥ÈÒ�¼«¸�¨�Àk¿{°"°�¨µ¬{¦ Ò�À�¨´®�·Í®%À�¨´® ¦ À ·Í³�¦�¨´²fÆ�+^-���®fªÍ¨µ¬{À ¥«ª¹·¹¥©¨µ¬{À
¦ §�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
·Í®O¦ §©¨Y¸�·­¬¯®ÑÆ�$%·¹¥©¨µ¬{ÀO¦ §�À�¨´®�§©¿¯ªÍ²�°�Ò�¥©³�¦ ·Í¿¯¥©®O±�·¹¦ §P�;°Ë¨µ¬{¦ Ò�À�¨´®«§V¬µÅe¨Î¬Î-
��Ï

²5·¹¼Ç¨�¥©® ·Í¿¯¥T¿{°��nÓ � Ü�-�¬{½�¥�·¹Ô�Ð � ��� w Ý|Æ
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�.¥~¦ §©¨�® ·¹¼¾½�ªÍ¨´® ¦�+^-�� °Ë¿¯À ¼ÉÒ�ª­¬{¦ ·Í¿¯¥%Ð�¬r¦ ÀÁ¬{·¹¥�·¹¥�Ã«®�¨�¦!³µ¬{¥~¸�¨&®�¨�½V¬{ÀÁ¬{¦�¨´²Y¸Èº~¬{¦�ªÍ¨µ¬¯®�¦
¿¯¥©¨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.

ÜQ�5Æ��eÝ
�.¥¾¦ §�·Í®Â³µ¬¯®�¨[Ð"+^-���®�¬{À�¨&³µ¬{ª¹ªÍ¨´²¾ª¹·¹¥©¨µ¬{ÀÂ§V¬{À�²"Ïc¼~¬{À Ã[·¹¥K¬{¥©²¾¦ §©¨�À�¨&·Í®�¬�±Â¨�·¹Ã[§^¦ÂÅe¨´³�¦�¿¯À
ω

′ ¬{¥©²Ö¬K¦ §�À�¨´® §©¿¯ªÍ²
b′

¦ §V¬{¦«³´¿¯À À�¨´³�¦ ª¹ºR²�¨|Ì©¥©¨~¦ §©¨Ç¼Ç¿"²�¨�ªcÆ~1�¬¯® ·Í³µ¬{ª¹ª¹º»¦ §©¨�À�¨Ç·Í®O¬
°�Ò�¥©³�¦ ·Í¿¯¥Î¿{°k¦ §©¨�°Ë¿¯À ¼ ÜQ�5Æ��eÝ2¦ §V¬{¦&®Á¬{¦ ·Í®tÌV¨´®

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.

ÜQ�5Æ   Ý
�
®Â¬�À Ò�ªÍ¨&¦ §©¨�À�¨
³µ¬{¥Ç¸�¨&¼ÉÒ�ª¹¦ ·¹½�ªÍ¨
§Èº"½�¨�À ½�ª­¬{¥©¨´®�¦ §V¬{¦!¬{ª¹ªÍ¿µ±0® Ò©³�§,®�¨�½V¬{ÀÁ¬{¦ ·Í¿¯¥~±�·¹¦ §5Ï
¿¯Ò�¦~¨�À À�¿¯À�Ü�®�¨´¨T��·¹Ã[Ò�À�¨Ü�5Æ � Ý|Ð2¬{¥©²/¦ §©¨�+^-�� ²�¨�¦�¨�À ¼¾·¹¥©¨´®Y¦ §©¨Î¿¯¥©¨�±�·¹¦ §/ª­¬{À Ãe¨´® ¦
¼~¬{À Ã[·¹¥

ρ
ÐÈ·cÆ ¨[Æ�°�Ò�À ¦ §©¨´® ¦Â°�À�¿¯¼B¦ §©¨�§^º^½�¨�À ½�ª­¬{¥©¨
¦�¿É¦ §©¨�³�ªÍ¿[®�¨´® ¦Â¦ ÀÁ¬{·¹¥�·¹¥�Ã¶¨|Ä©¬{¼¾½�ªÍ¨´®µÆ

	2§©¨*¨|Ä�¬{¼¾½�ªÍ¨´®�³�ªÍ¿[®�¨�À�¦�¿O¦ §©¨�§Èº"½�¨�À ½�ª­¬{¥©¨É¬{À�¨*³µ¬{ª¹ªÍ¨´²�®�Ò�½�½�¿¯À ¦�Åe¨´³�¦�¿¯À�®ÉÜc+^-�®|ÝÂ¬{¥©²
§V¬´Åe¨�¬{¥Y¨|Ä©¬¯³�¦�²5·Í® ¦Á¬{¥©³´¨�¿{°

ρ
¦�¿r¦ §©¨�§Èº"½�¨�À ½�ª­¬{¥©¨[Æ��
·¹Ã[Ò�À�¨
�5Æ u ²�¨�½�·Í³�¦�®2¬{¥Y¿¯½�¦ ·¹¼~¬{ª

®�¨�½V¬{ÀÁ¬{¦ ·¹¥�Ã~§^º^½�¨�À ½�ª­¬{¥©¨É¬{¥©²K°Ë¿¯Ò�À
+^-�®µÆ

+
+

+

+
+

+
+

+

-

-
-

-

-
-

--

h1

h2

h3

h4

�
·¹Ã[Ò�À�¨N�5Æ � (¶�
¿[®�® ·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¦ §©¨



��ì���ìÒ��ò�æêæ:ðØé'ç&´�è:ã{ç{ðØé&qÜåcã�ä8í©î8è�� � �

+

+

+

+
+

-

-

-

-

-

+

-

-

-

+

-

+

+

+

-

-

w

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¦



� � 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
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



��ì���ìÒ��ò�æêæ:ðØé'ç&´�è:ã{ç{ðØé&qÜåcã�ä8í©î8è�� ���
-,+.-/+.- § h�_Âb.]._�a©X�\Ri ;Ø× n
+"¿~°Ë¬{À
·¹¥�¦ §�·Í®�®�¨´³�¦ ·Í¿¯¥%Ð�±Â¨«§V¬´Åe¨¶¿¯¥�ª¹ºT²5·Í®Á³�Ò©®�®�¨´²�+^-���®&°Ë¿¯À
ª¹·¹¥©¨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[§©¨�À
²5·¹¼Ç¨�¥©® ·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
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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¿¯À
À�¨�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¿¯À
½�À�¿¯¸V¬{¸�·¹ª¹·¹¦�º
¿{°k¼Ç¨�¼É¸�¨�À�® §�·¹½�¿{°�¿¯¥©¨r¿{°k¦ §©¨r³�ª­¬¯®�®�¨´®�Ã[·¹Åe¨�¥T¦ §©¨*·¹¥�½�Ò�¦
²�¿"³�Ò�¼Ç¨�¥È¦

d
Æ�ØE¨�°Ë¿¯ª¹ªÍ¿µ±

® ¦Á¬{¦ ·Í® ¦ ·Í³µ¬{ªk³´¿¯¥ÈÅe¨�¥^¦ ·Í¿¯¥D¬{¥©²ÎÃe¨�¥©¨�ÀÁ¬{ª¹·¹Ûµ¨O¦ §©¨«ª¹·¹¥©¨µ¬{À
¼Ç¿"²�¨�ª!ÜQ�5Æ��eÝ&¸Èº�¬{½�½�ª¹º"·¹¥�Ã,¦ §©¨
ªÍ¿¯Ã[·Í® ¦ ·Í³r®�·¹Ã[¼Ç¿¯·Í²�ª¹·¹¥�Ô~°�Ò�¥©³�¦ ·Í¿¯¥

σ(y) = 1/(1 + e−y)
¦�¿

y(d)
(

y(d,ω) = σ

( n
∑

i=1

ωiφi(d) + ω0

)

,
ÜQ�5Æ����eÝ

±�§©¨�À�¨
ω = (ω0, . . . , ωn)T

¬{À�¨¾¦ §©¨¶±Â¨�·¹Ã[§^¦�®,Ü�¦ §©¨¶¸�·­¬¯®*±2¬¯®r·¹¥^¦�¨�Ã[ÀÁ¬{¦�¨´²E·¹¥È¦�¿Î¦ §©¨
±Â¨�·¹Ã[§^¦ÇÅe¨´³�¦�¿¯ÀY¬¯®

ω0
Ý|Ð

φi(d) = k(d,di)
±�·¹¦ §

k(·, ·) À�¨�½�À�¨´®�¨�¥È¦ ·¹¥�ÃÖ¦ §©¨,Ôe¨�À ¥©¨�ª
°�Ò�¥©³�¦ ·Í¿¯¥�¬{¥©²

di
¬{¥T¨|Ä©¬{¼¾½�ªÍ¨~Ü�¿¯À�¬Kà��|ä-�5Y�ã¯ê�â��ßYZ� âµßcí¯à[Ý2°�À�¿¯¼ ¦ §©¨r¦ ÀÁ¬{·¹¥�·¹¥�ÃY®�¨�¦µÆ

��Ò�À ¦ §©¨�À ¼Ç¿¯À�¨[ÐÂ¬¯²�¿¯½�¦ ·¹¥�Ã�¦ §©¨,12¨�À ¥©¿¯Ò�ª¹ª¹·�²5·Í® ¦ À ·¹¸�Ò�¦ ·Í¿¯¥D°Ë¿¯À
P (t|d)

Ðk¦ §©¨Yª¹·¹Ôe¨�ª¹·ÊÏ
§©¿"¿^²�³µ¬{¥�¸�¨�±�À ·¹¦ ¦�¨�¥�¬¯®	(

p(t|d) =
n
∏

i=1

σ{(y(di;ω)}ti [1 − σ{y(di;ω)}]1−ti ,
ÜQ�5Æ�� � Ý

±�§©¨�À�¨[Ð^°�¿¯ª¹ªÍ¿Ñ±�·¹¥�ÃÉ°�À�¿¯¼B¦ §©¨&½�À�¿¯¸V¬{¸�·¹ª¹·Í® ¦ ·Í³�® ½�¨´³�·ÊÌV³µ¬{¦ ·Í¿¯¥%Ð"¦ §©¨�¦Á¬{À Ãe¨�¦�®
ti ∈ {0, 1} � Æ#
¥©²�¨�ÀÉ¦ §©¨Ç��-�� °�ÀÁ¬{¼Ç¨�±Â¿¯À Ô�Ð�½�À ·Í¿¯À�®¶¬{À�¨Ç·¹¥^¦ À�¿^²5Ò©³´¨´²�¿µÅe¨�À«¦ §©¨Ç±!¨�·¹Ã[§È¦OÅe¨´³|Ï

¦�¿¯À
ω

Ðk¿¯¸�¦Á¬{·¹¥�·¹¥�ÃR¬Î¼Ç¿^²�¨�ªÂ¸ÈºD¬{½�½�ª¹º"·¹¥�Ã»¬{¥=����� Ü��
Ò�¦�¿¯¼~¬{¦ ·Í³Y�
¨�ªÍ¨�Å¯¬{¥©³´¨Y��¨|Ï
¦�¨�À ¼¾·¹¥V¬{¦ ·Í¿¯¥UÝ«½�À ·Í¿¯À

p(ω|α) =
∏M

i=1 N (ωi|0, α−1
i )

Ð�±�§©¨�À�¨
αi

·Í®O¦ §©¨~½�À�¨´³�·Í® ·Í¿¯¥
§Èº"½�¨�À ½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�¿{°�¦ §©¨

ith
½V¬{ÀÁ¬{¼Ç¨�¦�¨�À

ωi
Æ���¿¯¦�¨�¦ §V¬{¦�¥©¿µ±p±!¨�§V¬´Åe¨

M = n + 1§Èº"½�¨�À ½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�®µÐ5¿¯¥©¨&°Ë¿¯ÀÂ¨µ¬¯³Á§,·¹¥�½�Ò�¦�¬{¥©²Y¬{¥©¿¯¦ §©¨�À!°Ë¿¯À�¦ §©¨�¸�·­¬¯®µÆ��.¦!® §©¿¯Ò�ªÍ²Y¬{ªÍ®Á¿
¸�¨r¨�¼¾½�§V¬¯® ·¹Ûµ¨´²Î¦ §V¬{¦
¦ §�·Í®
¬{¥V¬{ª¹º5® ·Í®&·Í®�Å¯¬{ª¹·Í²Î°�¿¯À�¬{À ¸�·¹¦ ÀÁ¬{À ºÎ³�§©¿¯·Í³´¨´®�¿{°k¸V¬¯®�·Í®�°�Ò�¥©³|Ï
¦ ·Í¿¯¥©®µÐf·cÆ ¨[Æ¶¦ §©¨�À�¨Ç·Í®�¥©¿�À�¨´® ¦ À ·Í³�¦ ·Í¿¯¥'ÜË¬¯®*¦ §©¨�À�¨¶±2¬¯®*°Ë¿¯À«+^-���®�Ý
¿{°2Ò©® ·¹¥�Ã�½�¿[®�·¹¦ ·¹Åe¨
²�¨|Ì©¥�·¹¦�¨*Ôe¨�À ¥©¨�ªÍ®
¿¯À&¦�¿¶Ò©®�¨�¦ §©¨r®Á¬{¼Ç¨�Ôe¨�À ¥©¨�ª�°�¿¯À�¬{ª¹ªf·¹¥©®�¦Á¬{¥©³´¨´®µÆ

��¥E¦ §©¨YÀ�¨�Ã[À�¨´®�® ·Í¿¯¥Ö³µ¬¯®Á¨[Ð�¦ §©¨~±Â¨�·¹Ã[§^¦�®¶¬{À�¨,¬{¥V¬{ª¹º^¦ ·Í³µ¬{ª¹ª¹ºD·¹¥È¦�¨�Ã[ÀÁ¬{¦�¨´²=¿¯Ò�¦µÐ�¬{¥©²
¸�¿¯¦ §Y¦ §©¨�±Â¨�·¹Ã[§^¦&½�¿[® ¦�¨�À ·Í¿¯À

p(ω|t,α)
¬{¥©²Y¦ §©¨�¼~¬{À Ã[·¹¥V¬{ªfª¹·¹Ôe¨�ª¹·¹§©¿"¿^²

p(t|α)
§V¬µÅe¨

³�ªÍ¿[®�¨´²"ÏË°Ë¿¯À ¼¤¨|Ä5½�À�¨´®�® ·Í¿¯¥©®µÆÂ�
¿Ñ±Â¨�Åe¨�ÀµÐV°�¿¯À
³�ª­¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥T¦ §�·Í®�·Í®�¥©¿¯¦�½�¿[®�® ·¹¸�ªÍ¨[ÐU¬{¥©²
®�¿Y¦ §©¨«°�¿¯ª¹ªÍ¿Ñ±�·¹¥�Ã�¬{½�½�À�¿µÄ"·¹¼~¬{¦ ·Í¿¯¥D½�À�¿^³´¨´²5Ò�À�¨O·Í®*¬¯²�¿¯½�¦�¨´²fÐ�¬¯®�Ò©®�¨´²�¸Èº�Ü��»¬¯³´Úr¬´ºeÐ

�	Ú�PXN5S[N5_�E�N�N5_`KFM�KLM�N5_DSVd5S
EHM@Pa\ÛQ PXd�N5_DSJb`KRÜ�S	d5SU\`GUSJA�S	N6º�SUSU\�N5_DSJeaEHCL�DSUMvPXQ�N5_DS[N1EHd5kXS	N5M�KL\Á�Ô Ã�M/ÝsÞ�h »aßWEX\Db�à Ô Ã�M�ÝsÞ�h Þf»Xß�h



� v 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
� ��� u Ý|Ð�¸V¬¯®�¨´²Î¿¯¥Î$�¬{½�ª­¬¯³´¨[ï ®�¼Ç¨�¦ §©¿"²�(

� Æ��©¿¯À¶¦ §©¨K³�Ò�À À�¨�¥È¦µÐ�Ì�Ä5¨´²fÐ�Å¯¬{ª¹Ò©¨´®¶¿{°
α

Ð�¦ §©¨,¼Ç¿[® ¦O½�À�¿¯¸V¬{¸�ªÍ¨K±Â¨�·¹Ã[§È¦�®
ωMP¬{À�¨Y°Ë¿¯Ò�¥©²fÐkÃ[·¹Å^·¹¥�Ã�¦ §©¨,ªÍ¿^³µ¬{¦ ·Í¿¯¥=¿{°�¦ §©¨Y¼Ç¿^²�¨K¿{°&¦ §©¨Y½�¿[® ¦�¨�À ·Í¿¯À¾²5·Í® ¦ À ·¹¸�Ò5Ï

¦ ·Í¿¯¥%Æ&+^·¹¥©³´¨
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

TAω,
ÜQ�5Æ����eÝ

±�·¹¦ §
yi = σ{y(di;ω)} ¬{¥©²

A = diag(αi)
ÆÙ	2§�·Í®Y³µ¬{¥'¸�¨T²�¿¯¥©¨ÎÒ©® ·¹¥�Ã

·¹¦�¨�ÀÁ¬{¦ ·¹Åe¨|ÏcÀ�¨�±!¨�·¹Ã[§È¦�¨´²»ªÍ¨µ¬¯® ¦&®�×^ÒV¬{À�¨´®ÉÜ��)��$�+�ÝrÜ�1Â·Í®�§©¿¯½%Ð u[v[v �eÝ|Æ
u Æ��©¿¯À��)��$�+�Ð"¿¯¥©¨
¥©¨´¨´²�®Â¦ §©¨�Ã[ÀÁ¬¯²5·Í¨�¥^¦!Åe¨´³�¦�¿¯À&¬{¥©²,�
¨´®Á® ·­¬{¥Y¼~¬{¦ À ·ÊÄ,¿{°�¦ §©¨�ªÍ¿¯Ã

½�¿[® ¦�¨�À ·Í¿¯À�²5·Í® ¦ À ·¹¸�Ò�¦ ·Í¿¯¥�Ü�1Â·Í®�§©¿¯½Üü@	2·¹½�½�·¹¥�Ã©Ð u[v[v �eÝ|Ð©¿¯¸�¦Á¬{·¹¥©¨´²T¸ÈºK²�¨�À ·¹Å^·¹¥�Ã
ÜQ�5Æ����eÝ|Ð

∇ ln p(ω|t,α) = ΦT (t− y) −Aω,
ÜQ�5Æ����eÝ

∇2 ln p(ω|t,α) = −(ΦTBΦ + A),
ÜQ�5Æ��   Ý

±�§©¨�À�¨
B

·Í®Â¬{¥
n×n

²5·­¬{Ãe¿¯¥V¬{ª�¼~¬{¦ À ·ÊÄ¾±�·¹¦ §Y¨�ªÍ¨�¼Ç¨�¥È¦�®
bi = yi(1−yi)

Ð
y =

(y1, . . . , yn)T
¬{¥©²

Φ
·Í®�¦ §©¨r²�¨´®�·¹Ã[¥Î¼~¬{¦ À ·ÊÄ,±�·¹¦ §�¨�ªÍ¨�¼Ç¨�¥È¦�®

Φij = φj(di)
Æ

	2§�·Í®Â·Í®�¦ §©¨�¥,¥©¨�ÃÈ¬{¦�¨´²K¬{¥©²Ç·¹¥ÈÅe¨�À ¦�¨´²,¦�¿ÉÃ[·¹Åe¨�¦ §©¨
³´¿µÅ[¬{À ·­¬{¥©³´¨
Σ

°�¿¯À2¬«�*¬{Ò©®tÏ
® ·­¬{¥�¬{½�½�À�¿´Ä5·¹¼~¬{¦ ·Í¿¯¥T¦�¿¾¦ §©¨*½�¿[® ¦�¨�À ·Í¿¯À&¿ÑÅe¨�À�±Â¨�·¹Ã[§^¦�®
³´¨�¥^¦�¨�À�¨´²�¬{¦

ωMP
Æ

�5Æ�	2§©¨�¼Ç¿"²�¨*¿{°�¦ §©¨�À�¨´® Ò�ª¹¦ ·¹¥�Ã~¬{½�½�À�¿µÄ"·¹¼~¬{¦ ·Í¿¯¥�¦�¿«¦ §©¨�½�¿[® ¦�¨�À ·Í¿¯À�²5·Í® ¦ À ·¹¸�Ò�¦ ·Í¿¯¥
³´¿¯À À�¨´® ½�¿¯¥©²5·¹¥�ÃO¦�¿r¦ §©¨&¼Ç¨µ¬{¥,¿{°f¦ §©¨��*¬{Ò©®�®�·­¬{¥,¬{½�½�À�¿´Ä5·¹¼~¬{¦ ·Í¿¯¥%Ð"·Í®�¿¯¸�¦Á¬{·¹¥©¨´²
®�¨�¦ ¦ ·¹¥�ÃDÜQ�5Æ����eÝ�¦�¿,Ûµ¨�À�¿�Ð�Ã[·¹Å"·¹¥�Ã,¦ §©¨O¼Ç¨µ¬{¥D¬{¥©²»³´¿µÅ[¬{À ·­¬{¥©³´¨¾¿{°�¦ §©¨¶$�¬{½�ª­¬¯³´¨
¬{½�½�À�¿µÄ"·¹¼~¬{¦ ·Í¿¯¥�·¹¥�¦ §©¨�°Ë¿¯À ¼

ωMP = A−1ΦT (t− y)
ÜQ�5Æ�� w Ý

Σ = (ΦTBΦ + A)−1.
ÜQ�5Æ����eÝ

ØE¨«¥©¿µ±@³µ¬{¥TÒ©®�¨É¦ §�·Í®
$�¬{½�ª­¬¯³´¨¶¬{½�½�À�¿µÄ"·¹¼~¬{¦ ·Í¿¯¥»¦�¿Y¨�Å¯¬{ª¹ÒV¬{¦�¨«¦ §©¨r¼~¬{À Ã[·¹¥V¬{ª
ª¹·¹Ôe¨�ª¹·¹§©¿"¿^²fÆ=��Å[¬{ª¹ÒV¬{¦ ·¹¥�ÃD¬{¥P·¹¥È¦�¨�Ã[ÀÁ¬{ª�Ò©® ·¹¥�ÃR¦ §©¨K$�¬{½�ª­¬¯³´¨T¬{½�½�À�¿´Ä5·¹¼~¬{¦ ·Í¿¯¥%Ð
±!¨*§V¬´Åe¨,Ü�1Â·Í®�§©¿¯½%Ð u[v[v �eÝ



��ìLp�ì�é:è��½èn´�å:îlã�è¦´�è:ã{ç{ðØé&qÜåcã�ä8íïî:è�� � �

p(t|α =

∫

p(t|ω)p(ω|α)dω

' p(t|ωMP )p(ωMP |α)(2π)M/2|Σ|1/2.

ÜQ�5Æ �Èv Ý

�.°�±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�¦
¦�¿

αi
¨´×^ÒV¬{ª�¦�¿~Ûµ¨�À�¿�ÐV±!¨«¿¯¸�¦Á¬{·¹¥

Ü�1!·Í® §©¿¯½%Ð u[v[v �eÝ

−1

2
(wiMP ) +

1

2αi
− 1

2
Σii = 0.

ÜQ�5Æ �&� Ý

��¨|Ì©¥�·¹¥�Ã
γi = 1 − αiΣii

¬{¥©²KÀ�¨µ¬{À ÀÁ¬{¥�Ã[·¹¥�Ã,¦ §©¨�¥ÎÃ[·¹Åe¨´®

αnew
i =

γi

(wiMP )2
ÜQ�5Æ �Èu Ý

±�§�·Í³Á§T·Í®�·Í²�¨�¥^¦ ·Í³µ¬{ª�¦�¿¶¦ §©¨*À�¨�Ã[À�¨´®Á® ·Í¿¯¥ÎÒ�½�²©¬{¦ ·¹¥�Ã¾°�¿¯À ¼«Ò�ª­¬5Æ

��¥/¬�¸V¬{¦�³�§5ÏcªÍ¨µ¬{À ¥�·¹¥�ÃP¬{½�½�À�¿e¬¯³�§%Ð�¬{ª¹ª�¦ ÀÁ¬{·¹¥�·¹¥�ÃE¨|Ä�¬{¼¾½�ªÍ¨´®~±�·¹ª¹ª�¸�¨K³´¿¯¥©® ·Í²�¨�À�¨´²
¬¯®OÀ�¨�ªÍ¨�Å¯¬{¥©³´¨,Åe¨´³�¦�¿¯À�®~¬{¦O¦ §©¨,·¹¥�·¹¦ ·­¬{ª&® ¦Á¬{Ãe¨K¬{¥©²Ö¦ §©¨,À�¨�¼~¬{·¹¥�·¹¥�ÃRÅe¨´³�¦�¿¯À�®¾±�·¹ª¹ª2¸�¨
0Uà|á^ê°�_!E¬�°�¦�¨�À�À�¨|Ï.¨�Å[¬{ª¹ÒV¬{¦ ·Í¿¯¥D¿{°

α
·¹¥R¨µ¬¯³�§D·¹¦�¨�ÀÁ¬{¦ ·Í¿¯¥%ÆO��¥R¿¯¦ §©¨�À*±Â¿¯À�²�®µÐ�¨�Åe¨�À º

αi§V¬¯®�¬¾Ì©¥�·¹¦�¨OÅ[¬{ª¹Ò©¨«¬{¦�¦ §©¨É¸�¨�Ã[·¹¥�¥�·¹¥�Ã�¿{°�¦ §©¨«·¹¦�¨�ÀÁ¬{¦ ·Í¿¯¥%Ðf¬{¥©²�¦ §©¨¶�
¨´®�®�·­¬{¥T¼~¬{¦ À ·ÊÄ
¦�¿r¸�¨�³´¿¯¼¾½�Ò�¦�¨´²,·¹¥K¨µ¬¯³�§K¨´® ¦ ·¹¼~¬{¦ ·Í¿¯¥KªÍ¿^¿¯½Y§V¬¯®�¬r® ·¹Ûµ¨�¿{°

(n+1)× (n+1)
Æ!+^·¹¥©³´¨

¦ §©¨O·¹¥ÈÅe¨�À�® ·Í¿¯¥Ö¿{°!��¨´®�® ·­¬{¥�¼~¬{¦ À ·Í³´¨´®*·Í®�·¹¥ÈÅe¿¯ª¹Åe¨´²R·¹¥»¦ §©¨¶ªÍ¨µ¬{À ¥�·¹¥�ÃT¬{ª¹Ãe¿¯À ·¹¦ §�¼ÎÐ�¦ §©¨
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� � � u �5Ð���� � ���5Æ���� $ �5Æ  ¯w�$ � �5Æ u[u�$ �5Æ � � $
���Â��$ u Ð������ ���5Æ�� ��$   �5Æ wU �$   �5Æ �Èué$   �5Æ ���'$
� � � u Ð wZ�Èv �   Æ w � $ wU  Æ � � $  ¯w Æ v � $ w[u Æ � � $

·¦�\t�~���|\t � Ð u�� �5Æ w ���5Æ��  �$  �� Æ�� v�$ ���5Æ�� u�$ ���5Æ � � $
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RVM Training Examples
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ÒV¬¯²5ÀÁ¬{¦ ·Í³r¼Ç¿"²�¨�ª%¿{°k��-��ð¦ ÀÁ¬{·¹¥�·¹¥�Ã~¦ ·¹¼Ç¨´®�¿¯¥Î�
¨�Ò�¦�¨�À�®tÏ u�� �  ¯w Æ

�
¸©®�¨�À Å"·¹¥�ÃD¦ §�·Í®~¼Ç¿^²�¨�ª
³´¿¯¥©³�ª¹Ò©® ·Í¿¯¥©®Y³µ¬{¥'¸�¨T²5ÀÁ¬´±�¥'¿¯¥'¦ §©¨�·¹¼¾½�¿¯À ¦Á¬{¥©³´¨�¿{°
ª¹·¹¼¾·¹¦ ·¹¥�ÃD¦ §©¨Î¦ ÀÁ¬{·¹¥�·¹¥�ÃÖ®�¨�¦~®�·¹Ûµ¨�¦�¿R·¹¥©²5·Í® ½�¨�¥©®Á¬{¸�ªÍ¨Î·¹¦�¨�¼Ç®ÑÆ'	2§^Ò©®µÐ!·¹¥/¦ §©¨T��-���®
¸V¬¯®�¨�ª¹·¹¥©¨�À�¨´®�Ò�ª¹¦�®�±Â¨&§V¬´Åe¨&Ò©®Á¨´²�Õ)Ò©® ¦ � Ð v[v[v ¿¯À u Ð v[v[v ¦ ÀÁ¬{·¹¥�·¹¥�ÃO²�¿^³�Ò�¼Ç¨�¥^¦�®µÐÈ·¹¥©®�¦�¨µ¬¯²
¿{°k¦ §©¨�°�Ò�ª¹ª���¿"²���½�¦�¨*® ½�ª¹·¹¦�¦ ÀÁ¬{·¹¥�·¹¥�Ã,®�¨�¦�Ò©®�¨´²K¸^ºÎ+^-���®µÆ

	
¬{¸�ªÍ¨´®N�5Æ��Ö¬{¥©² �5Æ � ® §©¿Ñ±F½�¨�Àt°�¿¯À ¼~¬{¥©³´¨�¼Ç¨µ¬¯® Ò�À�¨´®»Ü�®�¨´¨�+"¨´³�¦ ·Í¿¯¥ u Æ   Æ � Ý¶°Ë¿¯À
�%-���®�¿¯¥Î��¨�Ò�¦�¨�À�®tÏ u�� �  ¯w ¬{¥©²T���Â- � ³´¿¯À ½�¿¯ÀÁ¬¶À�¨´® ½�¨´³�¦ ·¹Åe¨�ª¹ºeÆ

	2§©¨´®�¨�À�¨´®�Ò�ª¹¦�®&±Â¨�À�¨É¿¯¸�¦Á¬{·¹¥©¨´²ÎÒ©® ·¹¥�Ã¾¦ §©¨*¦�¨�¥�¼Ç¿[®�¦&½�¿¯½�Ò�ª­¬{¦�¨´²T³µ¬{¦�¨�Ãe¿¯À ·Í¨´®&°Ë¿¯À
¸�¿¯¦ §Î²©¬{¦Á¬¯®�¨�¦�®«Ü�®�¨´¨É��½�½�¨�¥©²5·ÊÄ5¨´®��L¬{¥©²Î1&Ý|Æ�	�¿¾½�À�¿µÅ"·Í²�¨É¬¾³´¿¯¼¾½�ªÍ¨|Ä5·¹¦.º�¼Ç¨µ¬¯®�Ò�À�¨
¿{°k¦ §©¨�À�¨´® Ò�ª¹¦ ·¹¥�Ã~¼Ç¿"²�¨�ªÍ®�À�¨�ªÍ¨�Å[¬{¥©³´¨*Åe¨´³�¦�¿¯À�®«Ü���-�®�Ý2¬{À�¨É¬{ªÍ®�¿¶½�À�¨´®�¨�¥^¦�¨´²fÆ
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¥V¬{ª¹º^Û´·¹¥�Ã�¦ §©¨�½�¨�Àt°�¿¯À ¼~¬{¥©³´¨�¼Ç¨µ¬¯® Ò�À�¨´®µÐ�¦ §©¨�À�¨Â¬{À�¨�®�¿¯¼Ç¨�³´¿¯¼¾¼Ç¿¯¥É½�¿¯·¹¥È¦�®�±�·¹¦ §
+^-���®µÐÈ·¹¥Ç½V¬{À ¦ ·Í³�Ò�ª­¬{À2¦ §V¬{¦!¬¯³´³�Ò�ÀÁ¬¯³�º¾Å[¬{ª¹Ò©¨´®!¬{À�¨
²�¨´³´¨�½�¦ ·¹Åe¨�±�§©¨�¥K³´¿¯¼¾½V¬{À�¨´²Y±�·¹¦ §
¿¯¦ §©¨�ÀO¼Ç¨µ¬¯® Ò�À�¨´®µÐ�¬{¥©²Ö¦ §V¬{¦O¼Ç¿¯À�¨Y½�¿[® ·¹¦ ·¹Åe¨Y²�¿"³�Ò�¼Ç¨�¥È¦�®¶·¹¥P¬�³µ¬{¦�¨�Ãe¿¯À ºEÀ�¨´® Ò�ª¹¦O·¹¥
¼Ç¿¯À�¨r³´¿¯¼¾½�ªÍ¨|Ä�¼Ç¿"²�¨�ªÍ®µÐ5·cÆ ¨[Æ�¼Ç¿¯À�¨r��-�®µÆ
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¬{¸�ªÍ¨á�5Æ���(��
¨�Àt°�¿¯À ¼~¬{¥©³´¨´®�°Ë¿¯À&�%-�� ±�·¹¦ §T�
¨�Ò�¦�¨�À�®tÏ u�� �  ¯w Æ
� Ð v[v[v ¦ ÀÁ¬{·¹¥�·¹¥�Ã~²�¿"³�Ò�¼Ç¨�¥È¦�®

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

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

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

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

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

·¦��tV~Z��|�t � �5Æ �µv ���5Æ  ¯w�$  ¯u Æ�� u�$ � w Æ � � $ � u Æ �Èv�$

u Ð v[v[v ¦ ÀÁ¬{·¹¥�·¹¥�Ã~²�¿"³�Ò�¼Ç¨�¥È¦�®
�2¬{¦�¨�Ãe¿¯À º ��-�® ��³´³�Ò�ÀÁ¬¯³�º ��À�¨´³�·Í® ·Í¿¯¥ �
¨´³µ¬{ª¹ª � �

��¬{À ¥ ��� � w Æ �µv�$ �   Æ uZ�#$ �   Æ w[v�$ �   Æ�� u�$
��³´×ÈÒ�·Í®�·¹¦ ·Í¿¯¥©® � � ���5Æ � � $ ���5Æ���� $ w �5Æ�� w�$ � � Æ��  �$
��¿¯¥©¨�º^ÏË°�Ä ��� ���5Æ u[w�$  ¯v Æ �µv�$ �Èw Æ u � $ �   Æ ���í$

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

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

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

·¦��tV~Z��|�t � u Æ �µv �   Æ � � $   �5Æ�� ��$ �   Æ�� w�$  ¯v Æ���� $

��¿¯À�¨´¿µÅe¨�ÀµÐ"���Â- � §V¬¯®�¼Ç¿¯À�¨��%-�®�½�¨�À�¼Ç¿"²�¨�ª1)[°Ë¿¯À���¨�Ò�¦�¨�À�®tÏ u�� �  ¯w ¦ §©¨�¬´Åe¨�ÀÁ¬{Ãe¨
¥ÈÒ�¼«¸�¨�À�¿{°��%-�®�·Í®�¸�¨�¦.±!¨´¨�¥ � �«¬{¥©²�� u ÐÈ±�§©¨�À�¨µ¬¯®Â°Ë¿¯ÀÂ�&�Â- � ¦ §©¨�¬´Åe¨�ÀÁ¬{Ãe¨�¥ÈÒ�¼«¸�¨�À
¿{°%�%-�®�·Í®Â¸�¨�¦.±Â¨´¨�¥a�   ¬{¥©²N� u Æ��
¿¯¦�¨&¦ §V¬{¦µÐ^²5·Í® À�¨�ÃÈ¬{À�²5·¹¥�Ã¶¦ §�·Í®Â²5·Êî�¨�À�¨�¥©³´¨
¸�¨�¦�±Â¨´¨�¥
²©¬{¦Á¬¯®�¨�¦�®µÐ�¦ §©¨�¥^Ò�¼É¸�¨�ÀK¿{°O�%-�®Y·¹¥0��-���®Ç·Í®Y¼ÉÒ©³Á§H® ¼~¬{ª¹ªÍ¨�ÀY¦ §V¬{¥Ù¦ §©¨�¥ÈÒ�¼«¸�¨�À
¿{°
+^-�®É·¹¥P+^-���®µÐ%±�§�·Í³Á§�®�§©¿µ±&®«¦ §©¨ÇªÍ¨´®�®�¨�ÀO¿µÅe¨�ÀÁ¬{ª¹ª!¼Ç¿^²�¨�ª!³´¿¯¼¾½�ªÍ¨|Ä"·¹¦�ºeÐk¼~¬{Ô^·¹¥�Ã
�%-���®�®�Ò�·¹¦Á¬{¸�ªÍ¨�°�¿¯À�À�¨µ¬{ª�¿¯¥�ª¹·¹¥©¨É¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®µÆ
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¬{¸�ªÍ¨c�5Æ � (��
¨�Àt°�¿¯À ¼~¬{¥©³´¨´®�°�¿¯À&��-��ð±�·¹¦ §T�&�Â- � Æ
� Ð v[v[v ¦ ÀÁ¬{·¹¥�·¹¥�ÃY²�¿"³�Ò�¼Ç¨�¥È¦�®

�2¬{¦�¨�Ãe¿¯À º �%-�® ��³´³�Ò�ÀÁ¬¯³�º ��À�¨´³�·Í® ·Í¿¯¥ ��¨´³µ¬{ª¹ª � �
���!��	 � w w[v Æ �µwé$   �5Æ u � $ w �5Æ v[vé$   �5Æ w � $
�r�!��	 ��� w[w Æ �Èu�$ �Èu Æ�� vé$ ���5Æ �� �$ �   Æ � � $
�»�!��	 � � wU  Æ � � $   �5Æ u � $ � w Æ wU Û$  ¯v Æ���� $
� � � �Èu � v Æ w � $ ���5Æ �  Û$  ¯v Æ � � $ ���5Æ���� $

�Â�!��	 � � w �5Æ���� $ � u Æ  ¯vé$ ��  Æ�� v�$ � �5Æ��  �$
� ��� � w � � Æ ���¤$ �   Æ���� $ �µw Æ v � $ u[w Æ � � $
� � � � ��� � w Æ u � $ uZ� Æ   � $ �µu Æ�� ��$ � �5Æ  ,��$
� � � u ��� ���5Æ v[u�$ � �5Æ�� �'$ u Æ�� v�$ �5Æ���� $
���Â��$ u � ���5Æ�� wé$ � � Æ uU �$ ��� Æ  ¯wé$ � u Æ   � $
� � � u[u ���5Æ���� $ �   Æ�� vé$ ���5Æ � � $ ���5Æ wU é$

·¦��tV~Z��|�t �   Æ  ¯v � � Æ v � $ � � Æ v � $ � �5Æ�� u�$ � �5Æ��  �$

u Ð v[v[v ¦ ÀÁ¬{·¹¥�·¹¥�ÃY²�¿"³�Ò�¼Ç¨�¥È¦�®
�2¬{¦�¨�Ãe¿¯À º �%-�® ��³´³�Ò�ÀÁ¬¯³�º ��À�¨´³�·Í® ·Í¿¯¥ ��¨´³µ¬{ª¹ª � �
���!��	 �µv � wZ� Æ vZ�¤$ w�� Æ���� $ wZ� Æ���� $ w[u Æ���� $
�r�!��	 w�� w[w Æ  ,��$ � �5Æ���� $ � v Æ �Èu�$ ���5Æ w � $
�»�!��	 � u w �5Æ � � $   �5Æ �  Û$   �5Æ�� ué$   �5Æ���� $
� � � � � � u Æ���� $  ¯u Æ u � $ w�� Æ � � $   �5Æ �� �$

�Â�!��	 w[w wU  Æ�� w�$ � v Æ v��'$ � v Æ w � $ � v Æ � � $
� ��� � � �   Æ�� �'$ u �5Æ uU Û$ ���5Æ u � $ � � Æ �Èw�$
� � � � u[w � u Æ   � $ ���5Æ�� vé$ � u Æ���� $ � w Æ u���$
� � � u �   � w Æ wZ�#$ w Æ��  Û$ �5Æ � � $ � Æ���� $
���Â��$ � u ���5Æ���� $ � � Æ ����$ ���5Æ�� �¤$ ���5Æ vU �$
� � � �&� ���5Æ �Èw�$ ���5Æ � � $ ���5Æ   � $ ���5Æ �µuì$

·¦��tV~Z��|�t � u Æ�� v � u Æ uZ�#$ ���5Æ uZ�#$ � � Æ w[u�$ ���5Æ vZ�#$
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¬¯³�¦ ·¹Åe¨rªÍ¨µ¬{À ¥�·¹¥�Ã,·Ê°���×ÈÒV¬{¦ ·Í¿¯¥

Ü � Æ u Ý!§©¿¯ªÍ²�®µÆ

di : ρi =
2

‖ω‖ < ∆2,
Ü � Æ u Ý

±�§©¨�À�¨
ρi

À�¨�½�À�¨´®�¨�¥^¦�®�¦ §©¨�¼~¬{À Ã[·¹¥0±�·¹¦ §Ù±�§�·Í³Á§j¬{¥'Ò�¥�ª­¬{¸�¨�ªÍ¨´²Ù²�¿^³�Ò�¼Ç¨�¥^¦
di

·Í®
³�ª­¬¯®�® ·ÊÌV¨´²fÐ

ω
À�¨�½�À�¨´®�¨�¥È¦�®«¦ §©¨Y¬¯®�®Á¿^³�·­¬{¦�¨´²R±!¨�·¹Ã[§È¦�®¾¬{¥©²

∆2
·Í®«¬K¦Á¬¯® ÔR²�¨�½�¨�¥©²�¨�¥È¦

½V¬{ÀÁ¬{¼Ç¨�¦�¨�ÀµÆT	2§�·Í®«¥ÈÒ�¼«¸�¨�À¾¿{°&²�¿^³�Ò�¼Ç¨�¥^¦�®¶®�¨�ªÍ¨´³�¦�¨´²Ö³µ¬{¥�¥©¿¯¦O¸�¨Çª­¬{À Ãe¨[Ðk® ·¹¥©³´¨Ç¦ §©¨
® Ò�½�¨�À Å^·Í®�¿¯ÀÉ±�·¹ª¹ª�¸�¨~¬¯® Ôe¨´²E¦�¿�³�ª­¬¯®�® ·Ê°�º�¦ §©¨�¼ ¼~¬{¥ÈÒV¬{ª¹ª¹ºeÆT	2§©¨�À�¨|°�¿¯À�¨[Ð
·¹¥Ö¬¯²�²5·¹¦ ·Í¿¯¥
¦�¿r¦ §©¨�¬{¸�¿ÑÅe¨
³´¿¯¥©® ¦ ÀÁ¬{·¹¥^¦µÐ�¬{¥,¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥Î¬{¥©²ÇÒ©®�¨�À!²�¨�½�¨�¥©²�¨�¥^¦Â¦ §�À�¨´®�§©¿¯ªÍ²Y® §©¿¯Ò�ªÍ²
¬{ªÍ®�¿,¸�¨¶®�¨�¦µÆ«�&°�¦�¨�À�¸�¨�·¹¥�ÃÎ³´¿¯À À�¨´³�¦ ª¹º»³�ª­¬¯®�® ·ÊÌV¨´²fÐ�¦ §©¨¾®�¨�ªÍ¨´³�¦�¨´²R²�¿"³�Ò�¼Ç¨�¥È¦�®«¬{À�¨«·¹¥5Ï
¦�¨�Ã[ÀÁ¬{¦�¨´²0·¹¥È¦�¿Ö¦ §©¨T¦ ÀÁ¬{·¹¥�·¹¥�Ã=®�¨�¦~±�·¹¦ §0¦ §©¨�³´¿¯À À�¨´³�¦,³�ª­¬¯®�®�·ÊÌV³µ¬{¦ ·Í¿¯¥0Ã[·¹Åe¨�¥0¸ÈºP¦ §©¨
® Ò�½�¨�À Å^·Í®�¿¯ÀµÐf¬{¥©²�¦ §©¨¾+^-�� ·Í®�À�¨�¦ ÀÁ¬{·¹¥©¨´²fÆr	2§�·Í®r¬{½�½�À�¿e¬¯³Á§E³µ¬{¥»¸�¨«À�¨�ÃÈ¬{À�²�¨´²E¬¯®*¬
°�¿¯À ¼ ¿{°
¬¯³�¦ ·¹Åe¨ÇªÍ¨µ¬{À ¥�·¹¥�Ã©Ðk±�§©¨�À�¨Y¦ §©¨Ç·¹¥5°Ë¿¯À ¼~¬{¦ ·Í¿¯¥Ö¦ §V¬{¦¶¬{¥�¨|Ä©¬{¼¾½�ªÍ¨~³µ¬{¥Ö·¹¥È¦ À�¿{Ï
²5Ò©³´¨¾·¹¥E¦ §©¨¾³�ª­¬¯®�®�·ÊÌV³µ¬{¦ ·Í¿¯¥D¦Á¬¯® Ô�·Í®*³´¿¯¥©® ·Í²�¨�À�¨´²E¦�¿K¸�¨¶·¹¥ÈÅe¨�À�®Á¨�ª¹ºR½�À�¿¯½�¿¯À ¦ ·Í¿¯¥V¬{ªÂ¦�¿
·¹¦�®&³�ª­¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥�¼~¬{À Ã[·¹¥%Æ

r�+.*,+6* ò 8/u�a©\È]�l'aU_�Z[Xfb
\eaVn�2�bcZ[n
	2§©¨�Ò©®�¨�¿{°5¸�¿¯¦ §rÒ�¥�ª­¬{¸�¨�ªÍ¨´²«¨|Ä�¬{¼¾½�ªÍ¨´®
¬{½�½�À�¿e¬¯³�§©¨´®�±!¬¯®�¨�Å¯¬{ª¹ÒV¬{¦�¨´²É·¹¥r¦ §©¨���¨�Ò�¦�¨�À�® Ï
u�� �  ¯w ¸�¨�¥©³�§�¼~¬{À Ô�²©¬{¦Á¬T®Á¨�¦«±�·¹¦ §�¦ §©¨Y��¿"²���½�¦�¨Y® ½�ª¹·¹¦µÆ�	2§©¨YÒ©®�¨Y¿{°�Ò�¥�ª­¬{¸�¨�ªÍ¨´²
¨|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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·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
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® ¦Á¬{¦�¨|Ï.¿{°�Ïc¦ §©¨|Ï�¬{À ¦*À�¨´® Ò�ª¹¦�®�·¹¥»¦�¨|Ä"¦�³�ª­¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥%Æ«	2§©¨�À�¨|°�¿¯À�¨¶·Í®�·¹¦�¼Ç¿¯À�¨O¦ §V¬{¥�À�¨µ¬�Ï
®�¿¯¥V¬{¸�ªÍ¨,¦�¿T¦ À ºR¦�¿YÕ ¿¯·¹¥Ö¦ §©¨´®Á¨~¦�±Â¿»® ¦ ÀÁ¬{¦�¨�Ã[·Í¨´®O¦�¿»¨�¥�§V¬{¥©³´¨Y½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨[ÆR+^·¹¥©³´¨
+^-���®�³µ¬{¥�§V¬{¥©²5ªÍ¨rª­¬{À Ãe¨«¦ ÀÁ¬{·¹¥�·¹¥�ÃK®�¨�¦�®�¬{¥©²T¦ §©¨�À�¨É·Í®�¬¾À�¨´²5Ò©³´¨´²�¥ÈÒ�¼«¸�¨�À*¿{°�½�¿[® Ï
·¹¦ ·¹Åe¨�¨|Ä�¬{¼¾½�ªÍ¨´®~·¹¥P¦ §©¨K¦ ÀÁ¬{·¹¥�·¹¥�ÃD®�¨�¦µÐÂ²©¬{¦Á¬�½V¬{À ¦ ·¹¦ ·Í¿¯¥�·¹¥�ÃD¦�¨´³�§�¥�·Í×^Ò©¨´®Ç±!¿¯Ò�ªÍ²P½�¨|Ï
¥V¬{ª¹·¹Ûµ¨,½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨,¬{¥©²Ö±Â¨�À�¨,¦ §©¨�À�¨|°Ë¿¯À�¨~¥©¿¯¦¶³´¿¯¥©® ·Í²�¨�À�¨´²fÆ»	�¿�³�À�¨µ¬{¦�¨,¦ §©¨~¸V¬¯®Á¨
+^-�� ³�ª­¬¯®�® ·ÊÌV¨�À�®ÑÐf±Â¨¾§V¬µÅe¨Ç¨|Ä5½�ªÍ¿¯À�¨´²E²5·Êî�¨�À�¨�¥^¦rªÍ¨µ¬{À ¥�·¹¥�ÃÎ½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�®µÆ~�
®É+^-���®
¬{À�¨r® ¦ À�¿¯¥�Ã~³�ª­¬¯®Á® ·ÊÌV¨�À�®µÐV¬{¥©²T¦ §©¨*¥ÈÒ�¼«¸�¨�À�¿{°
ªÍ¨µ¬{À ¥�·¹¥�ÃY½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�®�·Í®�À�¨´²5Ò©³´¨´²fÐ©±Â¨
§V¬´Åe¨Ç²�¨|Ì©¥©¨´²R°�¿¯Ò�Àr®�¨�¦ ¦ ·¹¥�Ãe®*°�¿¯À*¦ §©¨¾¨�¥©®�¨�¼«¸�ªÍ¨¾¸V¬¯®�¨¾³�ª­¬¯®�®�·ÊÌV¨�À�®µÐ%Ò©® ·¹¥�Ã�¦ §©¨~+^-��
ª¹·¹Ã[§È¦�®�¿{°�¦�±!¬{À�¨*½V¬¯³ÁÔ¯¬{Ãe¨�(

• SV M1
(�$f·¹¥©¨µ¬{À�Ôe¨�À ¥©¨�ª%±�·¹¦ §�²�¨|°Ë¬{Ò�ª¹¦&½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�® )

• SV M2
(���12��Ôe¨�À ¥©¨�ª%±�·¹¦ §T²�¨|°c¬{Ò�ª¹¦&½V¬{ÀÁ¬{¼Ç¨�¦�¨�À�®	)

• SV M3
(Î$f·¹¥©¨µ¬{À~Ôe¨�À ¥©¨�ª�±�·¹¦ §/¦ §©¨�¦ ÀÁ¬¯²�¨|Ï.¿{îH¸�¨�¦.±Â¨´¨�¥'¦ ÀÁ¬{·¹¥�·¹¥�ÃÖ¨�À À�¿¯ÀY¬{¥©²

¼~¬{À Ã[·¹¥�®�¨�¦�¦�¿ �µv[v )

• SV M4
(
$%·¹¥©¨µ¬{À!Ôe¨�À ¥©¨�ª�±�·¹¦ §,¦ §©¨
³´¿[®�¦tÏË°Ë¬¯³�¦�¿¯ÀµÐ"¸Èº~±�§�·Í³�§K¦ ÀÁ¬{·¹¥�·¹¥�Ã¾¨�À À�¿¯À�®!¿¯¥

½�¿[® ·¹¦ ·¹Åe¨r¨|Ä©¬{¼¾½�ªÍ¨´®�¿¯Ò�¦�±Â¨�·¹Ã[§�¨�À À�¿¯À�®
¿¯¥�¥©¨�ÃÈ¬{¦ ·¹Åe¨É¨|Ä©¬{¼¾½�ªÍ¨´®�®�¨�¦�¦�¿ u Æ



p�ì���ìEò/�,í©î��úqýò���ç�í©æv�½è ã���å
� �,í	��í©èêé
� w �
	2§�·Í®�³Á§©¿¯·Í³´¨&¿{°�¸V¬¯®�¨�³�ª­¬¯®�® ·ÊÌV¨�À�®�±2¬¯®�¥©¿¯¦�ÀÁ¬{¥©²�¿¯¼ÎÆk	2§©¨

SV M1
Ðe²�¨´® ½�·¹¦�¨2¸�¨�·¹¥�Ã

¦ §©¨!® ·¹¼¾½�ªÍ¨´® ¦
¬{¥©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
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� �,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
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Φ
Ð
Ψij

·Í®O¦ §©¨,²�¿¯¦
½�À�¿^²5Ò©³�¦

Ψij = 〈Φ(ϕi),Φ(uj)〉.
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Ψij

·Í®�® ·¹¼¾½�ª¹·ÊÌV¨´²

Ψij = 〈ϕi,uj〉.
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Ψlinear = ϕ . U′.
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Ψcosine =
ϕ . U′

| ϕ || U | .
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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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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¬{¥
¦ §©¨rÌ©À�®�¦�ªÍ¨�Åe¨�ªk�%-��ÖÆU�
¿Ñ±Â¨�Åe¨�ÀµÐf¬¯®�¦ §©¨rÀÁ¬{¥�Ãe¨O·¹¥©³�À�¨µ¬¯®�¨´®µÐU½�¿[®�·¹¦ ·Í¿¯¥©®�¬{À�¨O³�§V¬{¥�Ãe¨´²
¬{¥©²r¦ §©¨�Ì©À�® ¦�ªÍ¨�Åe¨�ª"�%-��B¸�¨´³´¿¯¼Ç¨´®
® Ò�½�¨�À ·Í¿¯ÀµÆ���®%¦ §©¨�ÀÁ¬{¥�Ãe¨�Å[¬{ª¹Ò©¨�·¹¥©³�À�¨µ¬¯®�¨´®ÑÐÑ°Ë¨�±Â¨�À
¬{¥©²=® ·¹¼¾½�ªÍ¨�ÀO¨|Ä©¬{¼¾½�ªÍ¨´®¶±�·¹ª¹ª!¸�¨,³�ª­¬¯®�® ·ÊÌV¨´²Ö¸ÈºE¦ §©¨YÌ©À�® ¦OªÍ¨�Åe¨�ª��%-��ÖÐ�¼Ç¨µ¬{¥È±�§�·¹ªÍ¨
¼Ç¿¯À�¨*¬{¥©²K§V¬{À�²�¨�À2¨|Ä©¬{¼¾½�ªÍ¨´®2±�·¹ª¹ª�¸�¨�³�ª­¬¯®�®�·ÊÌV¨´²Y¸^º~¦ §©¨�®�¨´³´¿¯¥©²,ªÍ¨�Åe¨�ª�+^-���Æ5	2§ÈÒ©®µÐ
¦ §©¨�Ì©À�® ¦Î¬{¥©²p®�¨´³´¿¯¥©²ÙªÍ¨�Åe¨�ªÍ®Î³µ¬{¥�¥©¿¯¦�¸�¨R²5·¹À�¨´³�¦ ª¹º0³´¿¯¼¾½V¬{À�¨´²fÐ�® ·¹¥©³´¨R¨µ¬¯³Á§j¿¯¥�ª¹º
½�À�¿µÅ"·Í²�¨´®&½V¬{À ¦ ·­¬{ª�³�ª­¬¯®Á® ·ÊÌV³µ¬{¦ ·Í¿¯¥©®�¬{¥©²�¿¯¥�ª¹º,¦ §©¨�·¹À&¼Ç¨�À Ã[·¹¥�ÃÇ±�·¹ª¹ªf½�À�¿µÅ"·Í²�¨r³´¿¯¼¾½�ªÍ¨�¦�¨
³�ª­¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥Î½�¨�Àt°Ë¿¯À ¼~¬{¥©³´¨[Æ

 50

 60

 70

 80

 90

 100

[-15,15][-10,10][-7,7][-5,5]

F1
 (%

)

Range

First and Second Level Performance

1st Level
2nd Level

�
·¹Ã[Ò�À�¨��5Æ   (%� � ½�¨�Àt°�¿¯À ¼~¬{¥©³´¨Â³´¿¯¼¾½V¬{À ·Í®�¿¯¥¶¿{°"§^º^¸�À ·Í²O�%-��ÎÏ)+^-���Ì©À�®�¦
¬{¥©²r®�¨´³´¿¯¥©²
ªÍ¨�Åe¨�ªÍ®µÆ

�
·¹Ã[Ò�À�¨a�5Æ w ® Ò�¼¾¼~¬{À ·¹Ûµ¨´®Ç¬{ª¹ª!¦ §©¨,À�¨´® Ò�ª¹¦�®¾¬¯³�§�·Í¨�Åe¨´²=±�·¹¦ §�¦ §©¨,¦.±Â¿{ÏcªÍ¨�Åe¨�ª�§�·Í¨�ÀtÏ
¬{À�³�§�·Í³µ¬{ª
¼Ç¿^²�¨�ªcÆP��¦¾® §©¿µ±&®¾¦ §©¨�¬´Åe¨�ÀÁ¬{Ãe¨Î� � ½�¨�Àt°�¿¯À ¼~¬{¥©³´¨´®Ç°�¿¯ÀÇ²5·Êîf¨�À�¨�¥È¦ÇÀÁ¬{¥�Ãe¨
Å¯¬{ª¹Ò©¨´®
°Ë¿¯À�¦ §©¨«¦.±!¿{ÏcªÍ¨�Åe¨�ª�§�·Í¨�ÀÁ¬{À�³�§�·Í³µ¬{ª�§Èº"¸�À ·Í²R+^-��TÏ.�%-�� ³�ª­¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥�¼Ç¿^²�¨�ªcÐ
¦�¿¯Ãe¨�¦ §©¨�ÀÉ±�·¹¦ §R¦ §©¨Ç� � Å[¬{ª¹Ò©¨´®YÜ�³´¿¯¥©® ¦Á¬{¥^¦r±�·¹¦ §EÀ�¨´® ½�¨´³�¦*¦�¿�¦ §©¨¾ÀÁ¬{¥�Ãe¨ÑÝ�°�¿¯Àr��-��
¬{¥©²»+^-��s¸V¬¯®�¨�ª¹·¹¥©¨O³�ª­¬¯®�® ·ÊÌV¨�À�®µÆ�� � ¬´Åe¨�ÀÁ¬{Ãe¨OÅ[¬{ª¹Ò©¨´®
®�§©¿µ±�¬{¥T·¹¼¾½�À�¿µÅe¨�¼Ç¨�¥^¦É¿µÅe¨�À
¸V¬¯®�¨�ª¹·¹¥©¨Ç+^-���®�¬{¥©²���-���®µÐ©¼~¬¯²�¨O½�¿[®�® ·¹¸�ªÍ¨É¸ÈºÎ¦ §©¨O§�·Í¨�ÀÁ¬{À�³�§�·Í³µ¬{ª�¬¯®Á®�¿^³�·­¬{¦ ·Í¿¯¥»¿{°



z�ì�z�ì ã{ðØîlã��'ò/�,í�ðØî ��� �
¸�¿¯¦ §,ªÍ¨µ¬{À ¥�·¹¥�Ã¶¼~¬¯³Á§�·¹¥©¨´®µÆ�Ø0§�·¹ªÍ¨�¦ §©¨
¸�¨´® ¦!¸V¬¯®�¨�ª¹·¹¥©¨�À�¨´® Ò�ª¹¦�®µÐ©¬¯³Á§�·Í¨�Åe¨´²K¸ÈºK+^-���®µÐ
±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¨

[−15, 15]
Æ

	2§©¨»ª­¬{À Ãe¨�ÀÎ¦ §©¨»ÀÁ¬{¥�Ãe¨R³´¿¯¥©®�·Í²�¨�À�¨´²fÐ�¦ §©¨»ª­¬{À Ãe¨�À�¦ §©¨»½�¨�À�³´¨�¥^¦Á¬{Ãe¨D¿{°«¦�¨´®�¦ ·¹¥�Ã
¨|Ä©¬{¼¾½�ªÍ¨´®,³�ª­¬¯®Á® ·ÊÌV¨´²�¸^ºP¦ §©¨�®Á¨´³´¿¯¥©²�ªÍ¨�Åe¨�ªcÆL�©¿¯Ò�À,ÀÁ¬{¥�Ãe¨�®Á¨�¦ ¦ ·¹¥�Ãe®~±!¨�À�¨�¦�¨´®�¦�¨´²fÐ
³´¿µÅe¨�À ·¹¥�ÃY¦ §©¨*½�¿[®�® ·¹¸�ªÍ¨r® ½�ª¹·¹¦�®�¿{°
¦�¨´® ¦ ·¹¥�Ã,¨|Ä�¬{¼¾½�ªÍ¨´®�¸�¨�¦�±Â¨´¨�¥�¦ §©¨*¦.±!¿ÇªÍ¨�Åe¨�ªÍ®µÆÂ	2§©¨
½�¨�À�³´¨�¥È¦Á¬{Ãe¨´®�¿{°%¦�¨´® ¦ ·¹¥�Ã¶¨|Ä�¬{¼¾½�ªÍ¨´®2³�ª­¬¯®�®�·ÊÌV¨´²~¸^º¾¦ §©¨
®�¨´³´¿¯¥©²YªÍ¨�Åe¨�ª%+^-�� ±!¨�À�¨

8%
Ð

18%
Ð
46%

¬{¥©²
73%

°�¿¯ÀÂÀÁ¬{¥�Ãe¨´®
[−5, 5]

Ð
[−7, 7]

Ð
[−10, 10]

¬{¥©²
[−15, 15]

À�¨´® ½�¨´³|Ï
¦ ·¹Åe¨�ª¹ºeÆ¾��®�¦ §©¨¾¥ÈÒ�¼«¸�¨�ÀÉ¿{°�¨|Ä©¬{¼¾½�ªÍ¨´®*·¹¥R¦ §©¨Ç®�¨´³´¿¯¥©²»ªÍ¨�Åe¨�ª�Ã[À�¿Ñ±&®µÐ
+^-�� ½�¨�Àt°Ë¿¯ÀtÏ
¼~¬{¥©³´¨�²�¨�Ã[ÀÁ¬¯²�¨´®µÐ^® ·¹¥©³´¨2¼Ç¿¯À�¨&¨|Ä©¬{¼¾½�ªÍ¨´®�¬{¥©²¶¼Ç¿¯À�¨&²5·ÊÓ~³�Ò�ª¹¦tÏc¦�¿{Ï.³�ª­¬¯®�® ·Ê°�º¾¨|Ä�¬{¼¾½�ªÍ¨´®
¬{À�¨r¬¯®�® ·¹Ã[¥©¨´²Î¦�¿¾·¹¦ÉÜc+^·¹ª¹Å¯¬�ü@�&·¹¸�¨�·¹À�¿�Ð u[v[v ��°cÝ|Æ

 50

 60

 70

 80

 90

 100

[-15,15][-10,10][-7,7][-5,5]

F1
 (%

)

Range

Two-step Hierarchical Model Performance

Two-level
SVM
RVM

�
·¹Ã[Ò�À�¨3�5Æ w (�� � ½�¨�Àt°�¿¯À ¼~¬{¥©³´¨*³´¿¯¼¾½V¬{À ·Í®�¿¯¥�¿{°�§^º^¸�À ·Í²���-��TÏ)+^-�� ±�·¹¦ §,¦�±Â¿{ÏcªÍ¨�Åe¨�ª
§�·Í¨�ÀÁ¬{À�³�§�·Í³µ¬{ª�¼Ç¿^²�¨�ª
¬{¥©²�+^-��s¬{¥©²Î��-��ð¸V¬¯®�¨�ª¹·¹¥©¨´®µÆ

|
ÐU| : Ò'Ùßø>ô�ûßâ�Õ�Ò'Ù
	2§�·Í®
³�§V¬{½�¦�¨�À�§V¬¯®�·¹¥È¦ À�¿"²5Ò©³´¨´²O®Á¨�Åe¨�ÀÁ¬{ª"¦�¨´³Á§�¥�·Í×ÈÒ©¨´®
¦�¿�®�³µ¬{ªÍ¨!�%-���®�¦�¿�¬{½�½�ª¹·Í³µ¬{¦ ·Í¿¯¥©®
±�·¹¦ §Çª­¬{À Ãe¨&²©¬{¦Á¬r®�¨�¦�®µÐe® Ò©³Á§Y¬¯®�¦�¨|Ä5¦�³�ª­¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥%Æ
ØE¨2Ì©À�®�¦�·¹¥ÈÅe¨´® ¦ ·¹ÃÈ¬{¦�¨´²~±!¬µº"®�¦�¿
À�¨´²5Ò©³´¨O¦ §©¨¶® ·¹Ûµ¨«¿{°Â¦ §©¨É½�À�¿¯¸�ªÍ¨�¼ÎÐfÅ"·¹ÛeÆ*¬¯³�¦ ·¹Åe¨OªÍ¨µ¬{À ¥�·¹¥�ÃT¬{¥©²�® ·¹¼¾·¹ª¹·¹¦ Ò©²�¨¶¼Ç¨µ¬¯®�Ò�À�¨
¸�¨�¦.±Â¨´¨�¥T¦�¨�À ¼Ç®µÆ�	2§©¨�¥�±Â¨�°Ë¿"³�Ò©®�¨´²K¿¯¥�¦ §�À�¨´¨r²5·¹Å^·Í²�¨|Ï�¬{¥©²"Ï.³´¿¯¥©×^Ò©¨�À&¼Ç¨�¦ §©¿"²�®µÐ5Å"·¹ÛeÆ
·¹¥©³�À�¨�¼Ç¨�¥È¦Á¬{ªcÐe¸�¿"¿[® ¦ ·¹¥�Ã�¬{¥©²«¨�¥©®�¨�¼É¸�ªÍ¨!® ¦ ÀÁ¬{¦�¨�Ã[·Í¨´®µÆk�
·¹¥V¬{ª¹ª¹ºeÐ{±Â¨Â½�À�¿¯½�¿[®Á¨´²«¬�§^º^¸�À ·Í²
�%-��TÏ)+^-�� ¬{½�½�À�¿e¬¯³�§T¦�¿~²�¨µ¬{ªf±�·¹¦ §Î¦ §©¨r®�³µ¬{ªÍ¨*¿{°k¦�¨|Ä"¦
³�ª­¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥Î½�À�¿¯¸�ªÍ¨�¼Ç®µÆ

�!¿¯¥©³´¨�À ¥�·¹¥�Ã�¬¯³�¦ ·¹Åe¨�ªÍ¨µ¬{À ¥�·¹¥�Ã©Ð{±Â¨�·¹¥^¦ À�¿^²5Ò©³´¨´²O¬{¥É¬¯³�¦ ·¹Åe¨�ªÍ¨µ¬{À ¥�·¹¥�Ã
��-��9¼Ç¨�¦ §©¿^²
¸V¬¯®�¨´²�¿¯¥T¦ §©¨«Ôe¨�À ¥©¨�ª�¦ À ·Í³ÁÔ�Æ&	2§©¨«Ò�¥©²�¨�À ª¹º"·¹¥�ÃY·Í²�¨µ¬~·Í®&¦�¿,²�¨|Ì©¥©¨O¬Ç±Â¿¯À Ô"·¹¥�Ã,®�½V¬¯³´¨



����� 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
¸�¨�¦�±Â¨´¨�¥¾¦ §©¨2À�¨�ªÍ¨�Å[¬{¥©³´¨!Åe¨´³�¦�¿¯À�®�Ü��%-�®�Ý%·¹¥�·¹¦ ·­¬{ª¹ª¹º«¿¯¸�¦Á¬{·¹¥©¨´²¶·¹¥Ç¬�® ¼~¬{ª¹ª5ª­¬{¸�¨�ªÍ¨´²O²©¬{¦Á¬
®�¨�¦*¬{¥©²�¦ §©¨O¥©¨�±LÒ�¥�ª­¬{¸�¨�ªÍ¨´²R¨|Ä©¬{¼¾½�ªÍ¨´®µÐ�±�§©¨�À�¨O¦ §©¨O¼Ç¿[® ¦�·¹¥5°�¿¯À ¼~¬{¦ ·¹Åe¨O·¹¥©® ¦Á¬{¥©³´¨´®
¬{À�¨«³Á§©¿[®�¨�¥%Æ*#�® ·¹¥�ÃK¬~Ôe¨�À ¥©¨�ª�²5·Í® ¦Á¬{¥©³´¨O¼Ç¨�¦ À ·Í³[Ðf¬Ç§�·¹Ã[§©¨�ÀtÏ.²5·¹¼Ç¨�¥©® ·Í¿¯¥V¬{ªÂ® ½V¬¯³´¨«³µ¬{¥
¸�¨*²�¨|Ì©¥©¨´²K±�§©¨�À�¨r¦ §©¨*®�¨�ªÍ¨´³�¦ ·Í¿¯¥T³µ¬{¥�¦Á¬{Ôe¨�½�ª­¬¯³´¨[Æ�	2§©¨*½�À�¿¯½�¿[®�¨´²Î¬¯³�¦ ·¹Åe¨�ªÍ¨µ¬{À ¥�·¹¥�Ã
¼Ç¨�¦ §©¿^²�¥©¿¯¦�¿¯¥�ª¹ºÎ® Ò�À ¼Ç¿¯Ò�¥È¦�®�¦ §©¨«½�À�¿¯¸�ªÍ¨�¼ ¿{°�¿ÑÅe¨�À ªÍ¿e¬¯²�¿{°�Ò�¥�ª­¬{¸�¨�ªÍ¨´²�¨|Ä�¬{¼¾½�ªÍ¨´®
¬´Å[¬{·¹ª­¬{¸�ªÍ¨�·¹¥'ªÍ¨µ¬{À ¥�·¹¥�Ã�¦Á¬¯® Ô5®~ª¹·¹Ôe¨�¦�¨|Ä"¦K³�ª­¬¯®�® ·ÊÌV³µ¬{¦ ·Í¿¯¥%Ð�¸�Ò�¦K¬{ªÍ®Á¿D¿µÅe¨�À�³´¿¯¼Ç¨´®K¦ §©¨
®�³µ¬{ª­¬{¸�·¹ª¹·¹¦.ºR½�À�¿¯¸�ªÍ¨�¼Ç®É½�¿[®Á¨´²»¸ÈºR�%-�� ªÍ¨µ¬{À ¥�·¹¥�Ã�¼~¬¯³�§�·¹¥©¨´®¶¬{¥©²E®�¨�ªÍ¨´³�¦�®É¬{¥D¿¯½�¦ ·ÊÏ
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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τtotal(p, s1, s2, s3) = τdistribute(p, s1)+ τcompute(p, s2)+ τcollect(p, s3) ,
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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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<title>USA: Tylan stock jumps; weighs sale of company.</title>
<headline>Tylan stock jumps; weighs sale of company.</headline>
<dateline>SAN DIEGO</dateline>
<text>
<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 $12.75 in early trading on the Nasdaq market.</p>
<p>The company said it has set up a committee of directors to oversee
the sale and that Goldman, Sachs &amp; Co. has been retained as its
financial adviser.</p>
</text>
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�síQ¢ å £yæ × ä�ñzå�ò
× ü æsóo! ä è�í�æ&ÿ å èyè åRärã # ü ���*�0¸ Æa5 �Q2qp�C	25Ey@:>RF0HV5`HBI�6�8:>B@:uDm
K-6�8���8�F0>BED>BEDIÄ��2#P�@ � HRF�<;<:>TSG258;<µÆ_��(�W�X%Y�� ö 7j�! [Z�ø�ù%$G)\X#"#$](*),+- �$](*1wú� �$ªZ&X#";X#$]^%Xd �$
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�síQ¢ å £yæ × ä�ñOåfò
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<;25Ey@�F0@:>?6�E	<s6�EdF ��2#P�@ � F0@;25I�6�8:>BÂªF0@:>?6�E%Æ���(�W�X#Y`� c�ö�÷ �_ [Z�ørù%$G)\X#"#$](*),+- �$](�1�ú� *$�Z&X5"%Ö
X#$]^%X� �$d.VX%Y�X:(�":^#�J(*$]a\+bX#��X#1T #c]'dX#$G)�+f$dù%$�Z5 *"%'�(*),+- �$�.VX5),"#+-X#�0(�1]Ör�©úO� kDùQý7ù:.
7 ��� �ÈÆ
�síQ¢ å £yæ × ä�ñOåfòp× ü ���*� �0A%Æ�`	2�F0@:CD8;2V�Q25H?2&U5@:>?6�E©F0E	N�`	2�F0@:CD8;2N/rP�@:8�F�U5@:>?6�EbK-6�8O�O2#PQ@
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 �$ +h ª^5«y'dX#$])r�3$](*1¬Û0Y%+�YÆ(�$]agù%$�Z& �"%'�(*),+- �$|.`X5),"%+iX#�j(*1 ÆP)`ED>¹Å�258;<:>B@Ã�J60KM1�2�Å�F�N	F5Æ
�síQ¢ å £yæ × ä�ñzå�ò�× ü æ<�}î�ì ä Ý å ðeí�æO��ë � í	ð éx�hü æ�ý ä èyè äOç æ�ê ärã í	£©¥ ü æeó � ë çy

¥ ä Ý	ï ä�Æ ���*� �5Æ���8�F0>BED>BEDIz5`HBI�6�8:>B@:uDm�<�K,6�8��e>BE	2�F08`�O2#PQ@ � HRF�<�<:>TSG258;<µÆ7��(�WyX%Y\� ��õ�ö
�;� 8  [Z�ø�ù%$G)\X5"%$](�),+, �$}(�1`ú� �$�Z�X#";X#$]^�XJ *$M.`X%Y&X:(*"[^#��(�$]a$+_X#�0X#1B %c]'dX#$G) +f$Mù%$�Z5 *"%Ö
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� å æ�¤ ü ædó � ä�ã�äzç�å £jì å æ �Äü ���*�*� Æ �O2#PQ@ � HRF�<;<:>TSGU�F0@:>?6�E C	<;>BEDIA/�� � tiAGF�<;2&N
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� å æ�� ü ¤ ü æró�ê äzå�ç æM# ü=�/ü ���*� =5Æ � HRF�<;<:>TSGU�F0@:>?6�Ep60Ks��2#P�@�� 6QU5CDm�25E�@;<µÆ�ú� �'©Ö
c]«�),+�$QWdÔQ �«y"#$](�1TxI��Ç � =��#xG�*·�� Ü � ¸ �5Æ
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� å í	ðeí�æ©� ü æbó û�äOò í	Ý ä èyè å æ_¥ ü ���*� �"ÆZ5�U5@:>¹Å�2!��2�F08:ED>BEDI�4�>B@:u � 6�mgmg>B@:@;2&2&<
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��Y%Y5 �^&+,(*),+- �$_Z5 *"��3"#),+ Õ�^5+-(�1Gù%$G)\X#1f1�+TW�X5$]^�XbÖ7�`�3�`ù�7 ���Ic Æ
� åfâ æ � å�ç�� æ × äOå æ7� äOç�� æN� å æV� å?ä ëzè å æK�sí	í�æ£ÿ§í	íA� â�ç æwó~� ü � â æ�¥3ì å è å Ý Æ
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��(�WyX%Y-7 c���ö 7 õ�õ  [Z&ø�ù:¾7¾s¾³ù%$])\X#"%$}(*),+, *$](�1�ú� �$�Z�X#";X#$]^�X� �$�+h(�)i(��Ä+f$	+f$yW Ö�ù�ú�+��
�����*�eÆs��/V/V/ � 6�mgnDCD@;258��Q6yU5>?25@Ã�eÆ
�së é ð å�� æ�� ü æR� å è ñ�ä æ7ý ü æ�� å�� í å ðGëoæ �©ü æsó × ë �]ç�å ï ä ð�æ�# ü�� �*� �5Æ-B!6QND25HB>BEDI
/rPD2&U5CD@:>?6�Eÿ�w>Bm�2&<g60K3��F0@�F�BÄ>BED>BEDI6,�8;6�ADH?25m�<g>BEØ��8:>?Nx/�E^Åy>B8;6�EDm�25Ey@µÆ���(ªW�X%Y
7�7�� ö 7�7 8  [Z&øA�_ü?��ä<� îræ?# üÆû ð]ëO£ é � 2&NG�#x�ù%$])\X#"%$}(*),+, *$](�1w¾7.VÅ ú� �$�Z�X#";X#$]^�X�Æ
��/V/V/A,s8;2&<;<µÆ
ô³ä î �©ä ­oæ × ü ê ü ý ü ���*� �5Æ��wu	2\/�ÅQ>?ND25E	U&2\`D8�F0m�254o6�8:9 5`nDnDHB>?2&N @;6 � HRF�<;<;>TSGU�Fjt
@:>?6�E�1�25@\4o6�8:9Q<µÆoÙhX#«Q"[(*1oú� �'3c]«�)i(*),+- �$Gx|� � ���#xG��� �ªÜ ��·*�5Æ
ô³ä î �©ä ­oæ × ü ê ü ý ü ���*�0¸ Æ��`(*Û�X#Y%+-(�$
�pX5)f�Q ªa0YhZ& �"s�3(�^#²:c}"[ %cD(�W�(*),+- �$ºÙhX5),Ö
¿7 �"%²�Y����! �a�X51�Y_ :Z�ÙhX#«Q":(�1eÙbX5),¿7 �"%²�Y ù:ù:ù|ÆI/�Æ	� 6�mdF0E���x��©Æ	��Æ Å*F0E���25mgm�25E�x�F0E	N
C¾Æ]�QU�u�CDHB@;25E�2&N�E%Æo�ynD8:>BEDI�258µÆ � uGF0n%ÆG��x�nGF0I�2&<�� �*�%Ü �*� ¸ Æ
ô³äOç�ç�åfç�� æ3ý ü æoó��}î�ì�¨ é ��í�æ`¤ ü ���*�*� Æ$W� �«Q$]a�(*),+- �$DYd [Z©k})i(*),+RY5),+,^�(�1OÙÆ(*),«Q":(�1
~�(*$yW�«D(�W�X��o": �^�X%Y%Y%+f$yW[ÆPB����e,�8;2&<;<µÆ
ô³ä £ äzç�ò æ �©ü ���*�0¸ Æ�´Oc}),+�'©+�Y%+f$yW{ú� �$�Õoa�X#$]^�X� [Z �]X�%*)búz1B(0Y�Y#+ Õo^;(*),+- �$��VÛ�¾w�j �Ö
1�«Q),+- �$  [ZÄkGÛ�'�@; �1¬+-^/¾E%%c}":X%Y%Y%+- �$DY%�?�`a��j(�$]^%X%Y!+f$[ý`X#$}X5),+-^Ä�o": ;W�":(�'©'©+�$QW[ÆFB����
,�8;2&<;<ÑÆ � uGF0n%ÆG� � x�nGF0I�2&< ¸ � �ªÜ�¸ ���5Æ
ô î�ý ä è�è âOã æ�# ç�ò ðeí�¢ �/ü ægó � å��Oärã æ �gärãVä è Æ ���*� =5Æ�/�mgnDH?6ª�y>BEDI:/VB
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CÆF0C�K,mdF0EDEd,�CDADHB>?<:u	258;<ªx]��F0E�`D8�F0E	U5>?<;U&6DxX) ��Æ
ô í å æ7ê åRäOç æ � ì äOç�� æ_ÿ â æ�ó ÿ äOç�� æK� â�� í Æe� �*� �5Æ_��8:>?N6/�EGF0ADH?2&NpnD8;6�ADH?25m
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ô�åRé î�ì�í	èyèGæ ûdü ���*� �5Æw�!(�^#�y+�$}X ~OX:(�"#$	+�$QW[ÆV1�254�}76�8:9}vVB!Uª��8�F�4 �`>BHBHcÆ
ô è äOò í ç�å�� æ × ü ���*� =5Æ�`G2�F0@:CD8;2Ä�yCDA	<;25@g�Q25H?2&U5@:>?6�E�>BE���2#P�@g��2�F08:ED>BEDI©Æ³��(ªW�X%Y
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ô ë â è åfç�å íGð�æ"� ü æ�ó ! äOç�ä £jî å?ä æ ê ü�
 ! ü ���*� �5Æà��c�c]1¬Û�+f$yW¼(�$¼¾E%�+�Y#),+f$yWÿ�!(�Ö
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ô ë â è åfç�å íGð�æK� ü æ�� ä £ªï å�ç�å £yæ�! ü æoó�! äzç�ä £ªî åRä æVê ü�
 ! ü ���*� �5Æ��O2#PQ@ � F0@;25I�60t
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� � æa# ü æ�ó ê	ëzð òGäzç æ ô
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