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Examples in graphic formExamples as attribute−value pairs

Rules as attribute−value pairs Rules in graphic form
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med
low

e1

e2

e3

r1

r2

r3

 class
+

 class
+

 class

 class
+

 class

 class
+

−

−

ApoE ApoH Chol Trig HDL
33 32 high low high

ApoE ApoH Chol Trig HDL

ApoE ApoH Chol Trig HDL

ApoE ApoH Chol Trig HDL

ApoE ApoH Chol Trig HDL

ApoE ApoH Chol Trig HDL

33 22 high high med

43 22 low high low

33 32 high * *

43 * low * low

* 22 high * med

(ApoE 33), (ApoH 32), (ApoH 22),
(Chol high), (class +)

(ApoE 43), (Chol low), (HDL low),
(class −)

(ApoH 22), (Chol high), (Chol med),
(Chol low), (HDL med), (class +)

(ApoE 43), (ApoH 22), (Chol low), 
(Trig high), (HDL low), (class −)

(ApoE 33), (ApoH 22), (Chol high), 
(Trig high), (HDL med), (class +)

(ApoE 33), (ApoH 32), (Chol high),
(Trig low), (HDL high), (class +)
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Ï�Ð l
�
|wÍÒÑxÓ Æ0Ô�ÕpÇÊÉ�Ë�Ì¥Æ×ÖÈÖ×ÉpÔ"Ø�Ë
Ù�Ø�Ì�Ô9Ù�ÚÛÆÈÚ>ØµÌ�Ë
ÙÝÜ�Ø�Æ Ï Ú�ÞpÌ�Ø"ßxÌ�Ì�Ú }j~ t#� Ù�Úpà l
�5| ÆÈÚkáSË�Ì à>Æ0Ü�ØµÆ×ÚSÇ Ð Ù�âFÆ×ÖÈã
Ó ÆäÔ,Ø Ï Ë�ã Ï�Ð à>ÆäÔ,Ì�ÙÝÔ,Ì ÍÂå Ú>ØµÌ�Ë
ÙÝÜ�Ø�Æ Ï ÚpÔJÞwÌ§Ø,ßvÌ�Ì�Ú�Ù�Ø�Ø�ËµÆ×ÞSÉ�Ø�Ì�Ô9Ù�ÚæàçØ Ó ÌFÜeÖ0ÙÊÔµÔ9Ù�Ø�ØµË�ÆÈÞSÉSØ�Ì«âbÙ ãÒÜ Ï âFáSÖÈÆ0Ü�Ù�Ø�Ì
Ø Ó Ì�Ü�ÖäÙÊÔµÔ,Æ%ÕwÜ�Ù�ØµÆ Ï ÚÂáSË Ï Ü�Ì�à>ÉSËµÌ Í Å Ï ËxÌ�è�Ù�âFá�Ö×Ìêé�Ö ÏêÏÝë ÆÈÚSÇvì�ÉpÔ,ØíÙ�Ø�Ø Ó Ì l
�5| Ù�Ø�Ø�ËµÆ×ÞSÉ�Ø�Ìêé |[{ � l
�
| Æ0Ô-Ø Ó Ì
ÞpÌ�Ô,ØJáSËµÌ�à>Æ0ÜeØ Ï Ë Ï�Ð Ù Ð Ù�âFÆÈÖ×ã Ó ÆäÔ,Ø Ï Ë�ã Ï�Ð à>Æ0Ô"Ì�ÙÊÔ"Ì�î K^_AÉ Ï�Ð Ø Ó Ì�Ô,Ì9Æ×Úæà>Æ×ï[Æ0à>ÉæÙ�Ö0Ô Ó Ù ïêÌ&Ù Ð Ù�âFÆÈÖ×ã Ó ÆäÔ,Ø Ï Ë�ã
Ï�Ð à>Æ0Ô"Ì�ÙÊÔ"ÌÊð
ñ Ó Ï ßxÌ�ïêÌ�Ë§é)Ö ÏêÏÝë ÆÈÚSÇ¥Ù�Ø�Ù¥Ü Ï â�Þ�Æ×ÚSÌ�à l
�5| Ù�Úpà }j~ t#� ØµÌ�Ë�âòéwßvÌ�ÕpÚpàóØ Ó Ù�Ø lDt#��l }j~ t#��o
ljt#�-lôl
�5| Æ0ÔxØ Ó Ì�ÞpÌ�Ô"Ø�áSËµÌ�à>ÆäÜ�Ø Ï Ë Ï�Ð Ù Ð Ù�âFÆÈÖ×ã Ó Æ0Ô,Ø Ï Ëµã Ï�Ð à[Æ0Ô,Ì ÙÊÔ,ÌÂî2õ _ÊÉ Ï�Ð Ø Ó Ì�Ô"Ì9Æ×Úpà>ÆÈï>Æäà>ÉpÙ�Ö0Ô Ó Ù ïêÌ
Ù Ð Ù�âöÆ×Ö×ã Ó Æ0Ô"Ø Ï Ë�ã Ï�Ð à>Æ0Ô"Ì�ÙÊÔ"ÌÊð Íx÷ ÆÈÚpÜ�Ì�â Ï Ô,Ø�â¥ÙÝÜ Ó Æ×ÚSÌJÖ×Ì�Ù�Ë�ÚSÆÈÚSÇ«Ô"ãSÔ"Ø�Ì�âbÔøÖ ÏêÏÊë Ù�Ø Ï ÚSÌ&Ù�Ø�Ø�ËµÆ×ÞSÉ�Ø�Ì9Ù�ØJÙ
Ø�ÆÈâFÌêéêØ Ó Ì�ã�ß�ÆÈÖ×ÖjØµÌ�ÚpàFØ Ï âFÆäÔ�ÔvÔ Ï âöÌ Ï�Ð Ø Ó Ì�Ô"Ì�ÆÈÚ>ØµÌ�Ë
ÙÝÜ�Ø�Æ Ï ÚpÔ Í
Ñ ß Ï Ù�ØµØ�ËµÆ×ÞSÉSØµÌ�Ô
Ù�Ë�ÌíÔ�Ù�Æ0à�Ø Ï ÞpÌxÆÈÚpà>Ì�ápÌ�Úpà[Ì�Ú>ØjÆ Ðpë Ú Ï ß�Æ×ÚSÇJØ Ó ÌvïÝÙ�Ö×É�Ì Ï�ÐAÏ ÚSÌíà Ï Ì�Ô5Ú Ï Ø Ó Ì�Ö×á&Ø Ï áSË�Ì�à[Æ0Ü�Ø
Ø Ó Ì�ïÊÙ�Ö×ÉSÌ Ï�Ð Ø Ó Ì Ï Ø Ó Ì�Ë§ñêâ¥Ù�Ø Ó Ì�â¥Ù�Ø�Æ0Ü§Ù�Ö×Ö³ãêéeØ"ß Ï Ù�Ø�Ø�ËµÆ×ÞSÉ�Ø�Ì�Ô-Ù�Ë�Ì�ÆÈÚpà>Ì�ápÌ�Úpà[Ì�Ú>Ø�Æ Ðjù îUúJû�ügývþ�ð�ÿ ù î2ú�û�ð R
ù î,ýxþeð Ó Ï Ö0àSÔ Ð#Ï Ë&Ù�Ö×Ö�Ù�Ø�ØµË�ÆÈÞSÉSØ�Ì��UïÝÙ�ÖÈÉSÌ�Ô9ú�û�Ù�Úpàkýxþ&Ü Ï Ë�Ë�Ì Ô,á Ï Úpà[Æ×ÚSÇ¥Ø Ï Ø"ß Ï à>Æ��AÌ�ËµÌ�Ú>Ø¢Ù�Ø�ØµË�ÆÈÞSÉSØ�Ì Ô�ú
Ù�Úæàçý Í�ÑxÓ Ì&õ����yÌ§èSÙ�âFáSÖ×Ì ÔøÆÈÚ Ï ÉSËÃàSÙ�Ø�ÙÊÔ"Ì�Ø�Ù�Ë�Ì&à>ÆÈï>Æäà>Ì�à�ÚSÌ Ù�Ë�ÖÈãFÌ�ïêÌ�Ú�Ö×ã«Æ×Ú[Ø Ï Ø Ó Ì |>{ � é � �p� é�Ù�Úpà
ljt#�-l éjØµÌ�Ë�ØµÆ×Ö×Ì Ô Ð#Ï Ë�Ì�ÙÝÜ Ó Ù�ØµØ�ËµÆ×ÞSÉSØµÌêñ-Ø Ó Ì�Ë�ÌöÙ�ËµÌ	��
��FÌ�èSÙ�âFáSÖÈÌ�Ô Ð#Ï Ë�Ì�ÙÝÜ Ó ïÊÙ�Ö×ÉSÌ Ï�Ð }�~ t#� é�Ù�Úæà
��
��Sé
�����êé�Ù�Úpà
��
���Ì�è�Ù�âöáSÖ×Ì�Ô Ð#Ï Ë&Ì�ÙÊÜ Ó Ï�Ð |[{ � é � �p� é-Ù�Úæà lDt#��lôl
�5| éjË�Ì�Ô"áwÌ Ü�Ø�ÆÈïêÌ�Ö×ã Í Å Ï Ë }j~ t#� Ù�Úpà
l
�5| Ø Ï ÞpÌ«Æ×Úpà>Ì§áwÌ§Úpà>Ì�Ú[Ø�é)ßvÌ«ß Ï ÉSÖ0àóÌ�è[áwÌ Ü�Ø�Ø Ï Ô,Ì�ÌÂÙ�Þ Ï ÉSØ��ÝõFÌ�èSÙ�âFáSÖÈÌ�Ô Ð#Ï Ë9Ì�ÙÊÜ Ó ïÝÙ�Ö×É�Ì Ï�Ð }�~ t#�
ß�Æ×Ø ÓÒ|>{ � l5�
| épÙ�Þ Ï ÉSØ����«Ì�èSÙ�âFáSÖÈÌ�Ô Ð#Ï ËJÌ�ÙÊÜ Ó ïÊÙ�Ö×ÉSÌ Ï�Ð }j~ t#� ß�Æ×Ø Ó � �p��l5�
| épÙ�Úpà����ÂÌ�èSÙ�âFáSÖÈÌ�Ô
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Ð#Ï ËvÌ�ÙÊÜ Ó ïÊÙ�Ö×ÉSÌ Ï�ÐNMPORQTS ß�Æ×Ø ÓVU QTS UWUNXZYpÍ0[ Ï ßvÌ�ïêÌ�Ë�é�Ø Ó Ì9ÙÊÜ�ØµÉpÙ�ÖpÚ[ÉSâÂÞwÌ§Ë
Ô Ï�Ð Ì�èSÙ�âFáSÖÈÌ�Ô Ð#Ï ËvÌ�ÙÊÜ Ó Ï�Ð
Ø Ó Ì�Ô,ÌPÜ Ï âÂÞSÆ×ÚæÙ�Ø�Æ Ï ÚpÔ�ïÝÙ�Ë�ÆÈÌ�Ô]\4ÉSÆÈØ�Ì&Ù«ÞSÆ×Ø Ð Ë Ï â6Ø Ó ÆäÔ_^`��� Í×Í �Ýõ�ajË�Ù�ÚSÇÝÌ Í Å Ï Ë�Ì§èSÙ�âFáSÖ×ÌÃØ Ó Ì U QTS U MbORQTS�c
U QTS UdUNXZY Ü Ï âÂÞSÆ×ÚæÙ�Ø�Æ Ï ÚkÌ§è>áSÖäÙ�ÆÈÚpÔ Ï ÚSÖ×ãe���óÌ�è�Ù�âFá�Ö×Ì�Ô Ð Ë Ï â Ø Ó Ì¤à�Ù�Ø
ÙÝÔ,Ì�Ø Í�ÑxÓ Ì MbORQTS Ù�Úpà UZXNY
Ù�ØµØ�ËµÆ×ÞSÉSØµÌ�Ô�Æ×Ú Ï ÉSËÂàSÙ�Ø
ÙÝÔ,Ì�ØöÙ�ËµÌ�Ú Ï Ø«Æ×Úæà>Ì�ápÌ�Úpà>Ì§Ú>Ø§é-ÙÊÔ«Æ×ÖÈÖ×ÉpÔ"Ø�Ë�Ù�Ø�Ì àiÆ×Ú�Å
Æ×ÇÊÉ�Ë�ÌV� Í � ÍHå ÚÛØ Ó Ì�ÕpÇÝÉSË�Ì é
ßxÌöÔ,Ì§ÌFØ Ó Ù�Ø�Ø Ó Ì�Ë�ÌÂÆ0Ô&Ù�ØµÌ�Úpà>Ì�ÚæÜ�ã Ð#Ï Ë Ygfbh ïÝÙ�Ö×ÉSÌ�Ô Ï�Ð]MPORQTS Ø Ï ÞpÌFápÙ�Æ×ËµÌ�àçß�ÆÈØ ÓiU QTS U ïÝÙ�ÖÈÉSÌ�Ô Ï�Ð
UNXZY épÙ�Úpà¥ï>ÆäÜ�Ì�ïêÌ�Ë�Ô�Ù Íkj ØµØ�ËµÆ×ÞSÉSØµÌ�Ô(Ø Ó Ù�ØÃÙ�ËµÌ�Ú Ï Ø�ÆÈÚpà>Ì�ápÌ�Úæà>Ì�Ú[Ø�â¥Ù�ãFÜ Ï âFáSÖÈÆ0Ü�Ù�Ø�Ì�Ø Ó Ì&Ü�Ö0ÙÝÔ�Ô,Æ³ÕAÜ�Ù�Ø�Æ Ï Ú
áSË Ï Ü�Ì�à>ÉSËµÌ Ð#Ï Ë9Ô"ãSÔ"Ø�Ì�âbÔ�Ø Ó Ù�Ø�ËµÌ�Ö×ã Ï Ú�Ô,Ø
Ù�Ø�ÆäÔ,Ø�ÆäÜ�Ù�Ö
â Ï à>Ì§Ö0Ô�éAÔ,ÆÈÚpÜ�Ì&â Ï Ô"Ø9Ô,Ø�Ù�Ø�ÆäÔ,ØµÆ0Ü�Ù�Ö5â Ï à[Ì�Ö0ÔJÙÊÔµÔ,ÉSâFÌ
Ø Ó Ù�ØJÌ�ÙÊÜ Ó Ù�ØµØ�ËµÆ×ÞSÉSØµÌ&Ü�Ù�ÚÒÞwÌ&Ü Ï ÚpÔ,Æäà>Ì�ËµÌ�àFÆ×Úpà>Ì§áwÌ§Úpà>Ì�Ú[Ø�ÖÈã�ß Ó Ì§Ú Ð#Ï Ë�âFÆÈÚSÇ�Ø Ó Ì&Ü�Ö0ÙÝÔ�Ô"Æ%ÕAÜ�Ù�Ø�Æ Ï Ú Í
å ÚÂÙÊàSà[Æ×Ø�Æ Ï ÚÂØ Ï ÆÈÚ>ØµÌ�Ë
ÙÝÜ�Ø�Æ Ï ÚpÔ�Ù�Úpà«Ö0ÙÝÜ ë9Ï�Ð Æ×Úpà[Ì�ápÌ�Úpà>Ì�ÚæÜ�ÌêéÝÙ�ÚöÙÊàSà>ÆÈØ�Æ Ï ÚpÙ�ÖpÜ Ï ÚæÔ,Æ0à[Ì�Ë
Ù�Ø�Æ Ï Ú�Ø Ó Ù�Ø�ËµÌ�Ö0Ù�Ø�Ì�Ô
Ø Ï Ø Ó Ì Ð#Ï É�Ë�Ø Ó á Ï Æ×Ú[Ø�ÆÈÚiØ Ó Ì¥Ù�Þ Ï ïêÌÂÖ×Æ0Ô"Ø9Æ0Ô�Ø Ó Ù�Ø�Ø Ó Ì�Ë�ÌÂÆ0Ô&Ù¤à>Ì§ÇÊË�Ì§Ì Ï�Ð Ú Ï ÆäÔ,Ì Æ×ÚkØ Ó ÌFà�Ù�Ø
ÙÝÔ,Ì�Ø Í Å Ï Ë
Ì�è�Ù�âFá�Ö×ÌêéSØ Ó Ì�á Ó Ì�Ú Ï Ø"ã[ápÌ«Ö×Ì�ïêÌ�ÖäÔ Ï�Ð Ù�ÚóÆÈÚpà>ÆÈï>Æäà>ÉpÙ�Ö
â¥Ù�ãFïÝÙ�Ëµã Ð Ë Ï â Ï ÚSÌÂàSÙ�ã¤Ø Ï Ø Ó Ì�ÚSÌ�è[Ø«î Ï Ë Ï ÚSÌ
Ó Ï ÉSË�Ø Ï Ø Ó Ì&ÚSÌ�è[Ø�ð
éAÔ Ï Ø Ó Ù�Ø�Ø Ó Ì«ïÝÙ�Ö×É�Ì�Ô�ËµÌ�Ü Ï Ë
à>Ì�à Ð#Ï Ë9Ù�Ú>ã Ï ÚSÌ�ápÌ�Ë�Ô Ï ÚHÙ�ØÃÙ�ápÙ�Ë�ØµÆ0Ü�ÉSÖäÙ�ËJØ�ÆÈâFÌ9â¥Ù�ã
ÞpÌ Ó ÆÈÇ Ó Ì§Ë Ï Ë�Ö Ï ßxÌ§Ë�Ø Ó Ù�ÚóØ Ó Ì�ãbÙ�Ë�Ì«ÆÈÚ¥ÇÊÌ�ÚSÌ§Ë
Ù�Ö ÍJå ÚòÙÊàSà[Æ×Ø�Æ Ï ÚjépÖ0Ù�Þ¤Ì�ËµË Ï Ë
Ô�â¥Ù�ã Ï Ü�Ü�ÙÝÔ,Æ Ï ÚpÙ�ÖÈÖ×ãÒË�Ì�Ô"ÉSÖ×Ø
Æ×ÚÂÚ Ï Æ0Ô,ÌJß Ó Ì�ÚöâFÌ�ÙÊÔ"ÉSË�ÆÈÚSÇ�ÆÈÚpà>Æ×ï[Æ0à[ÉpÙ�ÖäÔ�ñ Ð#Ï Ë�Ì�è�Ù�âFá�Ö×ÌêéÝÙ�Ü Ó Ï ÖÈÌ�Ô,ØµÌ�Ë Ï ÖSÖ×Ì§ïêÌ�ÖSâ¥Ù�ã9ÞpÌ�Ë�Ì�Ü Ï Ë
à[Ì�à�ÙÝÔl����m
ß Ó Ì�Ú¥ÆÈØ�Ô Ó Ï ÉSÖäà Ó Ù�ïêÌ�ÞpÌ�Ì�Ú¥Ë�Ì Ü Ï Ë�à>Ì�àFÙÝÔ3����mFî Ï ËJÙ�Ú�ÆÈÚpÔ,ØµË�ÉSâöÌ�Ú>Ø�â¥Ù�ã«ÞwÌ Ð Ù�ÉSÖ×Ø"ãpð Í Å
Æ×ÚpÙ�Ö×Ö×ã é4ßvÌ9Ù�ËµÌ
ÉpÔ"Æ×ÚSÇ Ð Ù�âFÆÈÖ×ã Ó Æ0Ô"Ø Ï Ë�ã Ï�Ðon j3p ÙÝÔ(Ø Ó Ì�ÜeÖ0ÙÊÔµÔ,Æ³ÕAÜ�Ù�ØµÆ Ï Újéêß Ó Æ0Ü Ó ÆäÔ(Ú Ï Ø�Ü Ï Ë�ËµÌ�Ö0Ù�Ø�Ì�àV��m�m�q ß�Æ×Ø Ó n j3p ÆÈÚ



���

Ø Ó Ì�ÆÈÚpà>Æ×ï[Æ0à[ÉpÙ�Ö Í-ÑxÓ ÉpÔ�é[ßxÌJß Ï É�Ö0à�Ì�è[ápÌ�Ü�Ø�Ø Ó Ì�Ë�ÌJØ Ï ÞwÌ¢Ù�Ü�Ì�ËµØ
Ù�Æ×ÚÂÚ>ÉSâÂÞpÌ�Ë Ï�Ð Æ×Úpà>ÆÈï>Æäà>ÉpÙ�Ö0Ô5ß Ó Ï Ó Ù ïêÌ
Ù Ð Ù�âFÆÈÖ×ã Ó Æ0Ô,Ø Ï Ëµã Ï�Ð3n jrp é)ÞSÉSØÃß Ó Ï Ó Ù�ïêÌPÙ�Ø�ØµË�ÆÈÞSÉSØ�Ì��UïÝÙ�ÖÈÉSÌÂáSË Ï ÕpÖ×Ì�ÔJØ Ó Ù�Ø�â Ï Ë�ÌPÜ�Ö Ï Ô,Ì�ÖÈã¤ËµÌ�Ô,Ì�âÂÞSÖÈÌ
Ï Ø Ó Ì�ËJÆ×Úpà[Æ×ï[Æ0à>ÉpÙ�Ö0Ô�ß Ó Ï Ó Ù�ïêÌ9Ú Ï�Ð Ù�âFÆ×ÖÈã Ó Æ0Ô,Ø Ï Ëµã Ï�Ð�n j3p îUÙ�Úpà¤ï>ÆäÜ�Ì9ïêÌ�Ë
ÔµÙ4ð Í�j Ö×Ö Ï�Ð Ø Ó Ì�Ô"Ì Ð ÙÝÜ�Ø Ï Ë
Ô
Ü Ï Ú>ØµË�Æ×Þ�ÉSØ�Ì�Ø Ï Ú Ï Æ0Ô"ÌêépÙ�Úæà¤ÙÊà�àbØ Ï Ø Ó Ì&à>Æ�sbÜ�ÉSÖÈØ"ã Ï�Ð Ø Ó Ì9Ø
ÙÊÔ ë Í

t]u>t vxwzy|{~},�C}6�|�����o�P�|}6�|�������N�0wR�]}K�]���l�]�g�C�0{��

ÑxÓ Ì&Ü�Ù�ápÙ�ÞSÆÈÖ×ÆÈØ�Æ×Ì Ô(ÚSÌ�Ì à>Ì�à Ð#Ï Ë�Ø Ó Æ0Ô�Ü�ÖäÙÊÔµÔ,Æ%ÕwÜ�Ù�ØµÆ Ï ÚÒØ
ÙÝÔ ë ßvÌ�Ë�Ì9Ö×ÆäÔ,ØµÌ�à�Æ×Ú ÷ Ì Ü�Ø�Æ Ï Ú�� Í � Î

� Í Ù�ÖÈÖ Ï ß Ð#Ï Ë��������]���C���	���A�������g�6� Ð#Ï ËJà[Æ��AÌ�Ë�Ì§Ú>ØíÔ,ÉSÞpÔ"Ì�Ø
Ô Ï�Ð Ø Ó Ì&àSÙ�Ø
ÙÊÔ"Ì�Ø
� Í Ù�ÖÈÖ Ï ß Ð#Ï ËÃÜ Ï âFá�Ö×Ì�è«ÆÈÚ>ØµÌ�Ë
ÙÝÜ�Ø�Æ Ï ÚpÔ�ÞwÌ§Ø,ßvÌ�Ì�Ú¥Ù�Ø�ØµË�Æ×Þ�ÉSØ�Ì�ÔJÙ�ÚæàbØ Ó Ì&Ü�Ö0ÙÝÔ�Ô
� Í Ù�ÖÈÖ Ï ß Ð#Ï ËÃÙ�Ø�ØµË�ÆÈÞSÉSØ�Ì ÔxØ Ó Ù�ØJÙ�Ë�Ì&Ú Ï Ø�ÆÈÚpà>Ì�ápÌ�Úæà>Ì�Ú[Ø
� Í âFÆÈÚSÆ×âFÆ%��Ì�Ø Ó Ì9Ì�Ë�Ë Ï Ë�ÆÈÚ�Ì ÙÊÜ Ó Ï�Ð Ø Ó Ì9â Ï à>Ì�ÖäÔ

îUÙêðóÆ×ÚÒà>Ì�ÔµÜ�Ë�ÆÈÞSÆ×Ú�Ç«Ø Ó Ì Ï ËµÆ×ÇÝÆ×ÚpÙ�Ö
àSÙ�Ø�Ù
î�ÞAðóÆ×Ú¥ÇÊÌ§ÚSÌ�Ë
Ù�Ö×Æ ��Æ×ÚSÇ«Ø Ï ÉSÚpÔ"Ì�Ì�ÚÒàSÙ�Ø�Ù�î Ð Ë Ï â Ø Ó Ì&Ô�Ù�âFÌ�á Ï áSÉ�Ö0Ù�ØµÆ Ï Ú)ð

õ Í âFÆÈÚSÆ×âFÆ%��Ì�Ø Ó Ì9Ú>É�â�ÞpÌ�Ë Ï�Ð â Ï à>Ì�ÖäÔ(ÚSÌ�Ì à>Ì�àFØ Ï Ì�è[áSÖäÙ�Æ×Ú¥Ø Ó Ì&àSÙ�Ø�Ù
� Í Ù�ÖÈÖ Ï ß Ð#Ï ËFÙÝÔ,ã[âFâFÌ�ØµË�ã�Æ×Ú Ü�Ö0ÙÝÔ�Ô"Æ%ÕAÜ�Ù�Ø�Æ Ï ÚôÌ§Ë�Ë Ï Ë
Ôeé�Ø Ó Ù�ØÂÆ0Ôeé Ð Ù�ÖäÔ,ÌÒá Ï Ô,ÆÈØ�Æ×ïêÌ ÔyâFÆÈÇ Ó Ø�ÞpÌ¤â Ï Ë�Ì

Ô,ÆÈÇÊÚSÆ³ÕAÜ�Ù�Ú>Ø�Ø Ó Ù�Ú Ð Ù�Ö0Ô"Ì9ÚSÌ�ÇêÙ�Ø�ÆÈïêÌ�Ô�é Ï ËJï>ÆäÜ�Ì�ïêÌ�Ë�Ô�Ù Í

¡óÙ�Ú[ã Ï�Ð Ø Ó Ì�Ô,ÌÂÙ�Ë�Ì«Ø�Ù ë Ì�Ú Ð#Ï Ë�ÇÝË
Ù�Ú>ØµÌ�àçÆÈÚóâ¥ÙÊÜ Ó ÆÈÚSÌ9Ö×Ì�Ù�Ë�ÚSÆÈÚSÇFË�Ì Ô,Ì�Ù�Ë
Ü Ó éjÙ�ÖÈØ Ó Ï ÉSÇ Ó â¥Ù�Ú>ãÒÔ,ã�Ô,ØµÌ�â¥Ô
à Ï Ú Ï ØíÙ�Ö×Ö Ï ß Ð#Ï Ë�Ü Ï âFáSÖÈÌ�è9Æ×Ú[Ø�Ì�Ë�ÙÊÜ�ØµÆ Ï ÚpÔ-ÞwÌ§Ø,ßvÌ�Ì�ÚÂØ Ó ÌÃÙ�ØµØ�ËµÆ×ÞSÉSØµÌ�ÔxÙ�Úpà�Ø Ó Ì9Ü�ÖäÙÊÔ�Ôeé[Ù�Úpà Ð Ì�ß_Ü Ï ÚpÔ"Æ0à>Ì§Ë
Ø Ó Ì�á Ï Ô�Ô,ÆÈÞSÆ×ÖÈÆ×Ø"ã Ï�Ð ÙÝÔ,ã[âFâFÌ�ØµË�ã Í
÷ Ì�ïêÌ§Ë
Ù�Öpâ¥ÙÝÜ Ó Æ×ÚSÌ�ÖÈÌ�Ù�ËµÚSÆ×ÚSÇPÙ�áSá�Ë Ï ÙÝÜ Ó Ì�Ô�Ù�ËµÌ�ÆÈÚ>ïêÌ Ô,Ø�ÆÈÇêÙ�Ø�Ì�à«Æ×ÚFØ Ó Æ0Ô�Ë�Ì�Ô"Ì�Ù�Ë�Ü Ó�Í0j Ú¥Ù�Ø�ØµÌ�âFáSØ Ó ÙÝÔxÞwÌ§Ì�Ú
â¥ÙÝà>Ì«Ø Ï Ü Ó ÏêÏ Ô"Ì¥Ô,ã�Ô,ØµÌ�â¥Ô�Ø Ó Ù�Ø9áSË Ï à>ÉpÜ�ÌÂË�ÉSÖÈÌFÔ"Ì�Ø
Ô�ÆÈÚ>ØµÌ�Ë�áSËµÌ�Ø
Ù�ÞSÖ×Ì&Þ>ã Ó ÉSâ¥Ù�ÚpÔ�Ù�ÚpàiØ Ó Ù�Ø&Ù�ËµÌ�ßvÌ�Ö×Ö
ë Ú Ï ß�Ú�ÆÈÚ¥Ø Ó Ì9â¥ÙÝÜ Ó ÆÈÚSÌJÖ×Ì�Ù�Ë�ÚSÆÈÚSÇÂÜ Ï âöâ�ÉSÚ�Æ×Ø"ã Í
ÑxÓ Ì&Ô,ã�Ô,ØµÌ�â¥Ô�Ø Ó Ù�Ø Ó Ù�ïêÌ�ÞpÌ�Ì§Ú¤Æ×âöáSÖ×Ì�âÂÌeÚ>ØµÌ�à�Æ×Ú¥Ø Ó Æ0ÔxØ Ó Ì�Ô,ÆäÔ�Ù�Ë�Ì Î

¢¤£ Ì�ÚSÌ�ØµÆ0Ü j Ö×Ç Ï Ë�ÆÈØ Ó â¥Ô
¢ å(p �ÂÙ�Úpà Ï Ø Ó Ì�ËÃà>Ì�Ü�ÆäÔ,Æ Ï Úg�2Ø�ËµÌ�Ì9Ô,ã�Ô,ØµÌ�â¥Ô
¢ j ÉSØ Ï Ü�Ö0ÙÝÔ�Ô
¢ n�Ï Þ[ßxÌ§Þ
¢¦¥ Ù�Úpà Ï â6ÇÊÌ�ÚSÌ§Ë
Ù�ØµÆ Ï Ú
¢ ÷ ØµÌ�Ì�ápÌ�Ô,Ø(�"ÙÝÔ�Ü�Ì§Ú>Ø Ó ÆÈÖ×ÖäÜ�Ö×ÆÈâ«ÞSÆ×ÚSÇ
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Û�ÙÊÜ Ó Ï�Ð Ø Ó Ì�Ô,ÌöÔ,ã�Ô,ØµÌ�â¥Ô�ß�Æ×ÖÈÖ(ÞpÌ¥à[Ì�Ô�Ü�ËµÆ×ÞpÌ�àiÞpÌ�Ö Ï ß9ñxÔ"áwÌ Ü�Æ%ÕAÜ«Æ0ÔµÔ,ÉSÌ Ô�Ë�Ì§Ö0Ù�ØµÌ�àiØ Ï ÉpÔ"Æ×ÚSÇóØ Ó ÌFÔ"ãSÔ"Ø�Ì�â
Ð#Ï Ë Ï ÉSË&Ü�ÖäÙÊÔµÔ,Æ%ÕwÜ�Ù�ØµÆ Ï Ú�Ø
ÙÝÔ ë ß�Æ×ÖÈÖ-ÞpÌFà>Ì Ô�Ü�ËµÆ×ÞpÌ�àóÆ×Ú�Ö0Ù�ØµÌ�Ë&Ü Ó Ù�áSØµÌ�Ë
Ô ÍFÑxÓ ÌÂË
Ù�Úpà Ï â ÇÊÌ§ÚSÌ�Ë
Ù�Ø�Æ Ï ÚHÙ�Úpà
Ó ÆÈÖ×Ö0ÜeÖ×Æ×â«Þ�Æ%Ú�Ç¥Ù�áSá�Ë Ï ÙÝÜ Ó Ì�Ô«Ù�ËµÌ�ÆÈÚpÜ�ÖÈÉpà>Ì�àóáSË�ÆÈâ¥Ù�ËµÆ×ÖÈãóÙÊÔ«Ü Ï âFápÙ�Ë�ÆäÔ Ï ÚæÔ�Ù�Ç Ù�ÆÈÚpÔ,Ø«ÇÝÌ�ÚSÌ�ØµÆ0ÜÂÙ�Ö×Ç Ï ËµÆ×Ø Ó â¥Ô Í
Ü�Ì�É�Ë
Ù�Ö�ÚSÌ�Ø&Ù�áSá�Ë Ï ÙÝÜ Ó Ì�Ô�ßvÌ�Ë�Ì«Ì�è�Ü�ÖÈÉpà>Ì�àÒÙ�Ø�Ø Ó Æ0Ô�ØµÆ×âFÌ9ÞpÌ�Ü�Ù�ÉpÔ,ÌFØ Ó Ì�ãòà Ï Ú Ï Ø9Ö×Ì�Úpà¤Ø Ó Ì�â¥Ô"Ì�Ö×ïêÌ Ô�Ø Ï
Ó ÉSâ¥Ù�Ú��UÆÈÚ>ØµÌ�Ë�áSËµÌ�Ø
Ù�ÞSÖ×ÌJË�É�Ö×Ì�Ô Í
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ÑxÓ Ì�ËµÌÂÙ�ËµÌ�â¥Ù�Ú>ã¥ïÝÙ�ËµÆ0Ù�Ø�Æ Ï ÚpÔ Ï ÚkÇÝÌ�ÚSÌ�ØµÆ0Ü&Ù�Ö×Ç Ï ËµÆ×Ø Ó â¥Ô�éjÙ�ÚpàiÆÈØ�ß Ï ÉSÖ0àóÞpÌ«Æ×âFá Ï ÔµÔ,ÆÈÞSÖ×Ì&Ø Ï Ë�Ì�á Ï Ë�Ø Ï Ú
Ø Ó Ì�â Ù�Ö×Ö Ï Ë�Æ×Ú[ïêÌ�Ô"Ø�Æ×Ç Ù�ØµÌxØ Ó Ì�â Ù�Ö×ÖpÆ×Ú«Ø Ó Æ0Ô-Ø Ó Ì�Ô,ÆäÔ5ß Ï Ë ë Í�å Ú«Ø Ó Æ0Ô�Ô"Ì�Ü�Ø�Æ Ï Újé å áSË�Ì Ô,Ì�Ú[Ø�Ù�Ë�Ì�á�Ë�Ì�Ô"Ì�Ú>Ø�Ù�ØµÆ×ïêÌ
Ô,ÆÈâFáSÖÈÌ £ j Ð#Ï Ëµâ�ÉSÖäÙ�ØµÆ Ï Ú Í
ÑxÓ Ì £ j ^gõg�Ýé0�Ç�Ýéo����axÆäÔ«ÙóÔ,Ì�Ù�Ë
Ü Ó áSË Ï Ü�Ì à>ÉSË�Ì¥ÆÈÚpÔ,áSÆÈË�Ì�à�Þ>ãká�Ë�Æ×ÚæÜ�Æ×áSÖÈÌ�Ô Ï�Ð ÚpÙ�ØµÉSË
Ù�Ö�Ô"Ì�Ö×Ì Ü�Ø�Æ Ï ÚHÙ�Úpà
á Ï áSÉ�Ö0Ù�ØµÆ Ï Ú«ÇÊÌ�ÚSÌ§Ø�Æ0Ü§Ô Íbâ Æ×Ø Ó Ø Ó Æ0Ô
Ù�áSáSË Ï ÙÝÜ Ó é Ù�á Ï áSÉSÖäÙ�ØµÆ Ï Ú Ï�Ð Ô,ØµË�ÆÈÚSÇêÔ���ã����%ã��KäøÔ Ï Ø Ó Ù�Ø Ï ïêÌ�ËjâÂÉSÖ×ØµÆ×áSÖÈÌ
ÇÊÌ§ÚSÌ�Ë
Ù�Ø�Æ Ï ÚpÔeéwØ Ó Ì�á Ï á�ÉSÖ0Ù�Ø�Æ Ï Ú¤ØµÌ�ÚpàSÔ�Ø Ï ÆÈÚpÜ�ÖÈÉpà>Ì�ÞpÌ�ØµØ�Ì�ËÃÙ�Úpà¥ÞpÌ�Ø�ØµÌ�Ë�Ô Ï ÖÈÉSØ�Æ Ï ÚpÔ�Ø Ï Ù�Ú Ï áSØ�ÆÈâFÆE��Ù�Ø�Æ Ï Ú
áSË Ï ÞSÖÈÌ�â Í�å
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ÑxÓ Ì9ÞpÙÝÔ,Æ0Ü9Ü Ï âFá Ï ÚSÌ§Ú>Ø�Ô Ï�Ð Ù�ÇÝÌ�ÚSÌ�ØµÆ0Ü�Ù�Ö×Ç Ï Ë�ÆÈØ Ó â Ù�ËµÌ Î
õöì³êAìN÷ZøTògï�ùTêAí
êgñ�ðªï�ú�ù½íbûÅð�ç ÑxÓ Ì�Ô"Ì«Ô,ØµË�ÆÈÚSÇêÔ�ËµÌ�áSËµÌ�Ô,Ì�Ú[Ø�á Ï ØµÌ�Ú>ØµÆ0Ù�Ö-Ô Ï Ö×É�Ø�Æ Ï ÚpÔ�Ø Ï Ø Ó Ì Ï áSØ�ÆÈâFÆE��Ù�Ø�Æ Ï Ú

áSË Ï ÞSÖÈÌ�â Í
ÑxÓ Ì�Ì�ÖÈÌ�âFÌ�Ú[Ø
Ô Ï�Ð Ø Ó Ì9Ô"Ø�Ë�ÆÈÚSÇFî#Ø"ã>áSÆäÜ�Ù�ÖÈÖ×ãêé�ÞSÆÈØ
Ô°ð�Ì�ÚpÜ Ï à[Ì�Ø Ó ÌJÆ×âöá Ï Ë�Ø�Ù�Ú[Ø Ð Ì Ù�Ø�É�Ë�Ì�Ô Ï�Ð
Ø Ó ÌxÔ Ï ÖÈÉSØ�Æ Ï Ú9Ø Ï Ø Ó Ì Ï áSØµÆ×âFÆ ��Ù�ØµÆ Ï ÚJáSË Ï ÞSÖÈÌ�â Í î å Ú9Ø Ó Ì-Ø Ó Ì�Ô,ÆäÔ)Ë�Ì�Ô"Ì�Ù�Ë�Ü Ó é�Ì ÙÊÜ Ó Ô"Ø�ËµÆ×ÚSÇ�ËµÌ�áSË�Ì Ô,Ì�Ú[Ø
Ô
Ù«Ë�ÉSÖÈÌ Í ð

õ.í¾î�üAòÇøT÷Zò�ï�ù½êAíýëþî�òÇð�÷Nú�îÖç ÑxÓ ÆäÔ�ÆäÔ�ÉpÔ"ÉpÙ�ÖÈÖ×ã¥Ü§Ù�Ö×ÖÈÌ�à¥Ùxÿ"ÕpØ�Ú�Ì�Ô�Ô Ð É�ÚpÜ�Ø�Æ Ï Ú��«Æ×Ú¥Ø Ó Ì £ j ÖÈÆ×ØµÌ�Ë
Ù�Ø�ÉSËµÌ Í
ÑxÓ ÆäÔ Ð ÉSÚpÜeØ�Æ Ï ÚFØ
Ù ë Ì�ÔxÙÝÔxÆ×ÚSá�ÉSØ�Ù&Ô,Ø�ËµÆ×ÚSÇ Ð Ë Ï âªØ Ó ÌÃá Ï áSÉSÖäÙ�Ø�Æ Ï ÚjépÙ�Úpà�ËµÌ�Ø�ÉSËµÚpÔ�Ù�Ú[ÉSâÂÞpÌ�Ë�Ø Ó Ù�Ø
Æ×Úæà>Æ0Ü�Ù�Ø�Ì�Ô�Ø Ó Ì�\4ÉæÙ�Ö×ÆÈØ"ã Ï�Ð Ø Ó ÌÒÔ,Ø�ËµÆ×ÚSÇ�ÙÝÔ�Ù�Ô Ï Ö×ÉSØµÆ Ï ÚÛØ Ï Ø Ó Ì Ï áSØµÆ×âFÆ ��Ù�ØµÆ Ï ÚiáSË Ï ÞSÖÈÌ�â ÍHÑxÓ Ì
ÕpØµÚSÌ�Ô�Ô Ð ÉSÚpÜeØ�Æ Ï Ú¥Æ0ÔxáSË Ï ï[Æ0à[Ì�à�Þ[ãFØ Ó Ì9ÉpÔ"Ì�Ë�épÙ�Úpà�ÆäÔ�Ô,Ì�ÖÈÌ�Ü�ØµÌ�àFÔ,ápÌ�ÜeÆ%ÕAÜ�Ù�Ö×ÖÈã Ð#Ï ËÃÙyÇÝÆ×ïêÌ�ÚFØ�ÙÊÔ ë Í

õöëþî�ï��Nê�� ñ*êAú ìNòÇú�îgíAï.ðÓîgøTî���ï�ù½êAíoç Ñ ã[áSÆ0Ü§Ù�Ö×ÖÈãêé Ï ÚSÖ×ãÒÔ Ï âFÌ Ï�Ð Ø Ó Ì«Ô"Ø�Ë�ÆÈÚSÇêÔJÆ×Ú¥Ø Ó ÌPÜ�ÉSËµË�Ì�Ú[Ø�á Ï ág�
ÉSÖäÙ�Ø�Æ Ï Ú�ß�Æ×ÖÈÖ�ápÙ�ËµØ�Æ0ÜeÆ×ápÙ�Ø�ÌFÆÈÚkØ Ó ÌöË�Ì�áSË Ï à>ÉpÜ�ØµÆ Ï ÚÛá�Ë Ï Ü�Ì�ÔµÔ ÍHÑxÓ ÌFápÙ�Ë�Ì�Ú[ØÂÔ,ØµË�Æ×Ú�ÇêÔ«Ù�ËµÌ¥Ü Ó Ï Ô"Ì�Ú
Ë
Ù�Úpà Ï âFÖ×ãóî#ß�Æ×Ø Ó ËµÌ�áSÖäÙÊÜ�Ì�âöÌ�Ú>Øeð
ñÊÆÈÚóÙÝàSà>Æ×ØµÆ Ï ÚjéSâ Ï Ô"Ø £ j Æ×âöáSÖ×Ì�âÂÌeÚ>Ø�Ù�Ø�Æ Ï ÚpÔ-ÉpÔ"Ì«Ù«ßxÌ�ÆÈÇ Ó Ø�Ì�à
Ë
Ù�Úpà Ï â Ô,Ì�ÖÈÌ�Ü�Ø�Æ Ï ÚÒÔ�Ü Ó Ì�âöÌ�Ô Ï Ø Ó Ù�Ø Ó ÆÈÇ Ó Ì§Ë�ÕpØ�Ú�Ì�Ô�Ô�Ô"Ø�ËµÆ×ÚSÇ Ô�Ù�Ë�Ì&â Ï ËµÌ�Ö×Æ ë Ì�Ö×ãÂØ Ï ÞwÌÂÔ"Ì�Ö×Ì Ü�Ø�Ì�à
ÙÊÔ�ápÙ�Ë�Ì�Ú[Ø
Ô Í

� î�ìZú�ê��N÷	��ï�ù½êAíiêAì³î�ú�ògï�êAú�ð�ç ÑxÓ Ì�Ô"ÌóÙ�ËµÌ¤Ø Ó Ì¤âFÌ Ü Ó Ù�ÚSÆ0Ô"âFÔ�Þ[ã�ß Ó Æ0Ü Ó ÚSÌ�ß6Ô"Ø�Ë�ÆÈÚSÇêÔÂÙ�ËµÌ Ð#Ï Ë�âFÌ�à
Ð Ë Ï â6ápÙ�ËµÌ�Ú>ØJÔ"Ø�ËµÆ×ÚSÇ Ô�ñpØ,ã[áSÆäÜ�Ù�ÖÈÖ×ãêéêØ Ó Ì Ï ápÌ�Ë�Ù�Ø Ï Ë
ÔJÉpÔ,Ì�àÒÙ�ËµÌ�âÂÉSØ
Ù�Ø�Æ Ï Ú¥Ù�Úæà¤Ü�Ë Ï Ô�Ô Ï ïêÌ�Ë Í ¡¤É�Ø
Ù��
Ø�Æ Ï Ú Ð#Ï Ë�â¥Ô�Ù�Ú Ï ��Ô,á�Ë�Æ×Ú�Ç«Ô,ØµË�ÆÈÚSÇ Ð Ë Ï âMÙ�ápÙ�Ë�Ì�Ú[ØvÔ,Ø�ËµÆ×ÚSÇ&Þ>ãÂÜ Ó Ù�ÚSÇÊÆÈÚSÇ Ï ÚSÌ Ï Ëvâ Ï ËµÌ�Ë
Ù�Úpà Ï âöÖ×ã
Ô,Ì§Ö×Ì�Ü�ØµÌ�à«Ì�Ö×Ì�âöÌ�Ú>Ø�Ô�ñêÜeË Ï ÔµÔ Ï ïêÌ�ËíÔ,ß�Ù�ápÔxË
Ù�Úpà Ï âFÖ×ãöÔ,Ì�ÖÈÌ�Ü�ØµÌ�àyá Ï Ë�Ø�Æ Ï ÚpÔ Ï�Ð Ø"ß Ï Ô,ØµË�ÆÈÚSÇêÔeé Ð#Ï Ë�âöÆ×ÚSÇ
Ø"ß Ï ÚSÌ§ß Ï �jÔ"áSË�ÆÈÚSÇ¥Ô"Ø�Ë�ÆÈÚSÇêÔ Í

õöëþî�ï��Nê�� ñ*êAú ú�î�ìZøTò
��î�ëþî�íÖïØç�� Ì�Ü§Ù�ÉpÔ"ÌxÙ�Ö×â Ï Ô,Ø�Ù�Ö×Ö £ j Ô)âbÙ�Æ×Ú[Ø
Ù�Æ×ÚÃÙ�Ü Ï ÚpÔ"Ø
Ù�Ú[Øjá Ï áSÉ�Ö0Ù�ØµÆ Ï Ú«Ô,Æ ��Ìêé
Ì�ÙÝÜ Ó ÚSÌ§ß Ï ��Ô,áSËµÆ×ÚSÇ9Æ×Ú[Ø�Ë Ï à>ÉpÜ�Ì à�Æ×Ú[Ø Ï Ø Ó Ì�á Ï á�ÉSÖ0Ù�Ø�Æ Ï Ú�âöÌ�Ù�ÚpÔjØ Ó Ù�Ø Ï ÚSÌ�Ì�è[Æ0Ô,ØµÆ×ÚSÇÃÔ,ØµË�ÆÈÚSÇ�âÂÉpÔ,Ø
ÞpÌ¤ËµÌ�â Ï ïêÌ�à Í ÑxÓ ÌóÔ"Æ×âFá�Ö×Ì�Ô"ØÂÙ�áSáSË Ï ÙÝÜ Ó Ø Ï Ø Ó Æ0Ô«Æ0Ô«Ø Ï ÜeË�Ì�Ù�Ø�ÌóÙÝÔyâbÙ�Ú[ã Ï ��Ô,á�Ë�Æ×Ú�ÇôÔ"Ø�ËµÆ×ÚSÇ Ô
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parent
population

offspring
population

reproduce

replace

0101011
�
1110100
1101110
1010001
0011001
0100110
1000111
0011100

0101011   34
�
1110100   67
1101110   86
1010001   23
0011001   99
0100110   12
1000111   94
0011100   87

fitness
�

evaluate
fitness

current
population

select
parents

0011001   99
1000111   94
1010001   23
0011001   99
0011100   87
1000111   94
0011001   99
1110100   67

mutation crossover

0111010
�
1000111

0011010
1000111

first two
�
offspring

0111001
1000111

original
parents

011 01 01
�
100 10 11

0110101
�
1001011

1

2
�

3
�

4
�

1110001
0011000
0011111
1100100
0110101
1011001
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trig
high

CURRENT TREE

root node

254 +
319 −

chol
low

chol
med, high

187 +
195 −

current
node

trig
37 +
70 −
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18 +
36 −

49 +
88 −

12 +
18 −

22 +
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45 +
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42 −

44 +
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consider all
binary splits

hdl

trig
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low     med, high

low     med, high
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med    low, high

high    low, med

root node
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NEW TREE
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current
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trig
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select
best split
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.9347

.9344

.9334

.9337

.9348

.9335

entropy
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Each node keeps a count of the 
attribute−values of the examples
explained by that node, which can
be summarized by a grid:

Each column sums to the number
of examples explained by the node 

1    1
 
   1 

ADD NEW EXAMPLE

(Example illustrated
d
    as a grid)

CURRENT TREE

root node
(after 14 examples)

5 +
9 −

1 +
1 −

3 +
e
4 −

1 +
4 −

3 +
e
0 −

0 +
4 −

0 +
2 −

0 +
2 −

 +

 − + + +

 +

 −

 − −

 − −

 − −

 −

  1 1 5
  3 6 5
10 7 4

   1 1
1 4 
4    4

      4
1    3
6 7 

1 
1 2 2

      1
      2
3 3 

      3
1    1
3 4

      2

2 2 

      1
   2
2    1

A
f

B

C D

root node

1 +
1 −

1 +
4 −

0 +
4 −

0 +
2 −

0 +
2 −

 +

 −
 + + +

 +

 −

 − −

 − −

 − −

 −

   1 1
1 4 
4    4

1 
1 2 2

      3
1    1
3 4

      2

2 2 

      1
   2
2    1

A
f

C D

 +

4 +
g
0 −

1    2
      2
3 4 

6 +
9 −

  2 1 6
  3 6 5
10 8 4

(after 15 examples)
NEW TREE

Leaf node (single example)

Node (with counts of positive
           and negative examples)

1. The new example is automatically explained by the root node (A);
    check category utility for adding example to each child of root to 
    find the best child.

2. The best child is the second child (B); also consider adding new 
    example as singleton, merging two best children, and splitting best
    child into two.

3. The category utility of the tree would be most improved by a "split"
    of the best child. Since this node has two children (C and D), this 
    is equivalent to"promoting" the two children nodes to be children of
    the root node.

4. The best match is with the first of these two nodes, so the example 
    is added to node C, and this becomes the current node; check the
    category utility for adding the example to each of the three children.

5. Check the category utility for creating a new singleton (leaf node),
    merging two best children, and splitting best child into two. The
    highest category utility of these is found to be creating a new leaf
    node, so the example is added there and the recursion terminates.

1 1 5
3 6 5

10 7 4

1 1 5
3 6 5

10 7 4
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©L\/g+j�l3g8f�T(V%j=f�^ em^�g�b8T�f*g+|´eDV�T(VmöXj S T S b8V��Lj�¯�lmj�ö S V)i&f�j�^%^1j�Wog8f h º!]a]�lmT�fug S VE^�Vuf�ö S d�^ET�fugpi"T S b�önb­T(Vug	^
}�j=f�|�eDV�T(V�öaj S `FV%\/gQ|´e­V�T(VmöXj S j>l�g5f�T(V%j=f�bOg"V*g8f�|ªö S g�^<TZYeöXV�V�jz|�eDV�T(Vug o V%\/g;}#f*g�Ãºe�g S ik[áj(}BV�\fö ^ ö ^
bOg"V*g8f�|�ö S g�b»Y�[ÐV%\/gz|´e­V�T(VmöXj S f�T(V*gzlmT�f�T(|¨g�Vug8f�w�T S b V�\�g S ^$g"]?g�ikV�^8T£f�T S b5j>| ¼ j=f { }�j!fQV�\fö ^
YföaV h o1G j�V*gZV%\mT(VªöaV ö ^;lmj�^%^�öXY­]�gZ}�j=f�T «%|´eDV�T(V*g�bD¬zYföXV8V%j»Y3g¶ö bOg S V�öni�T(]EV�j V�\/g_j=f�ö?d�ö S T(]<YeöXV"�G^1j
V�\�g8^�Vuf�ö S dQ|QT"[ S j�Vpi�\mT S d!g8b;e/f�ö S dQV�\/g.l/f�j�i&g�^�^<j(}G|´e­V�T(VmöXj S h wá©L\�g;l3g8f�i�g S V�T�d!g�j(})V%\/g�lmT�f*g S V
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V�\�g<i�f%j�^%^1j�Wog8fFj�i"i&e/f�^�j S ]a[�Y�g�V1�|g8g S fmön^1·+}�T�ikV%j=f�^LT S b S j�V���öaV�\fö S fmön^1·+}�T�ikV%j=f�^ h ©L\/g)V��Ljpi�f�jU^�^�j(Wog5f
lmj�ö S V�^³T�fugG^$g"]?g�ikV*g�b�f�T S b�j�|8]a[��"��öXV%\6V%\/g�fug�^�VufmönikVmöXj S V�\mT�V³V�\/g"[�i"T SDS j�V³j�i"i�e�fFT�V³V�\/g:^�T�|¨gF]aj�i"T(VmöXj S h
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YföaV<j(}|g�T>i�\ ^1Vufmö S d�\mT�^+T ha{ ¹ i�\mT S i�gJj�}:Y�g_ö S d8|�eDV�T(Vug	b��mT S bá¿ ¼o¹ j�}LV%\/g�j(Û ^�l/f�ö S dQl¸j>l/eD] T(V�öaj S
e S b;g8fud>jái�f�jU^�^1j�Wog8f h ����l3g8f�öa|¨g S V�^!�|g8fugâb5j S g�V�j¿ö S Wog�^�V�ö�dUT(V*g;V%\/g¨gkÛEg�ikV�^Jj(})W>T�f%[�ö S dzV�\�g�^$g8V��:j
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V%\/gElmj�l/eD] T(VmöXj S T(V�d=g S g8f�T�V�öXj S�G ön^´l�fug�^�g8f�Wog�b
ö S V�jqd!g S g8f�T(V�öaj S�G6� { o i�\Dj�^�g S f�T S b5j�|�]X[�����öaV�\Dj!eDV�fug"l­]nT�i&g"|¨g S Vkw���T S b;V%\/g fug�|QT�ö S ö S d ç�ã ¹ j�}³V%\/g
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¾FT�f�T(|�g"Vug8f�^ �F��lD]nT S T(VmöXj S ^
¾´j>l/eD]nT�V�öaj S x ö\D8g ¡ { ¼y¼ g ^$g { ¼y¼ ^�Vuf�ö S d�^�ö S V%\/g+l¸j>l/eD] T(V�öaj S
©³j�V�T�]F©
f�ö T(] ^ ¡ { ¼y¼ � ¼�¼�¼ �FW>T(]?emT(V*g { ¼�¼ � ¼�¼y¼ ^1V*f�ö S d�^�ö S V�\/gqg S V�ö?fug)fue S
�F�5l3g8fmöX|¨g S V�^ ¡ { ¼�¼ ± j { ¼�¼ f*e S ^L��öXV%\_b�öÜÛEg8f*g S V f�T S b�j�| ^$g8g	bD^
Á f�jU^�^�j(Wog5f�ê)T(V*g ¡ ¼ h ¿ ¿ ¼º¹ j(}�V�\/g+lmT�fug S V�^L��öa]X]6e S bOg8f*d�j

i&f�j�^%^1j�Wog8f g�T>i�\Kd!g S g8f�T(V�öaj S
F³eDV�T(V�öaj S ê!T�Vug ¡=¼ h ¼�¼ { ��T>i�\_YföXV:j(}�g�T>i�\Qj�Û³^�l/f�ö S d.\mT�^)T ¼ hX{ ¹ i�\±T S i�g

j�}�e S b;g8fud>j�ö S d;|�eDV�T�V�öaj S g�T>i�\Kd!g S g8f�T(V�öaj S
Â)g S g8f�T(VmöXj S ÂBT(l ¡ ¼ h9ç�ã ç	ã ¹ j(}�V�\/g+lmj�l/e­]nT(VmöXj S ön^"f*g"lD] T�i�g�b�g�T�i�\Kd=g S g5f�T(VmöXj S
ê)T S ·�F¶ö S ¡¡¼ h  V%\/g+�Lj!f�^1VB^1V*fuemi�Vue/f*g ö S V�\/g+lmj�l/e­]nT(VmöXj S ��öX]a]�\mT"Wog

h  �j�Û ^1l/fmö S d­�¸j S V%\/gpT"Wog8f�T�d=g
¾>g8f�i�g S V ± Á T�fug�^ ¡ ã ¼ ã ¼ l3g8f�i�g S VEj(}®V�\/gÀö S öXVmönT(]
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i�f%j�^�^�j�Wog8fEj S ]a[8Y3g"V��"g8g S T�V�V*f�öXY�eDVug�^
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0101011
1110100
1101110
1010001
0011001
0100110
1000111
0011100

0101011   34
1110100   67
1101110   86
1010001   23
0011001   99
0100110   12
1000111   94
0011100   87

current
population

1
evaluate
raw
fitness

raw
fitness

raw
fitness

order by
raw
fitness

2
Ô

0011001   99
1000111   94
0011100   87
1101110   86
1110100   67
0101011   34
1010001   23
0100110   12

raw
fitness

order by
operative
fitness

3
Õ operative

fitness

best string: 0011001

+
−

dataset
Ö

99

second best string: 1000111 75

datapoints
×
explained
by current
string

remove positive
examples explained
by current string

+
−

remove positive
examples explained
by current string

dataset’
Ö

+
−

remove positive
examples explained
by current string

thid best string: 0011100 52

dataset’’
Ö

0011001   99       99
1000111   94       75
0011100   87       52
1101110   86       84
1110100   67       14
0101011   34       10
1010001   23         8
0100110   12         7

get fitness for
string by comparing
to dataset

get fitness for
string by comparing
to dataset’

get fitness for
string by comparing
to dataset’’

datapoints
×
explained
by previous
strings

ÿ ö�d=e�fug ãOh�£Oi|Ø�r�vwk=Ù p y poÚ=Ëwn s�v�y!k %1Ûon r�m�Î´Ü;s*k=m�r�r&Ý



¿ ã

Þ \�g�l¸j>l/eD]Çß Þ öaj=à o gkÛEg�i Þ ö�áog�]�â Þ g8f%|ªö�à3ß Þ ö?à/d Þ \/g�^�g�ß�f�i�\zl�f�j�i�g�^%^<l/fug"|ãß Þ e�fug"]?â¸w h�� j(�|g8áog8f���^�j�|¨gpj(}
Þ \�g ö ^�^�e/g�^"ß>^�^�j�ihöAß Þ g�bQ��ö Þ \Ql/f*g"|Kß Þ e/f*g<ikj!àOáog5fud=g5àmi�g�ß�fugp^ Þ öX]a]3fug"]?g8á!ß�à Þ"Þ j�j!e/fÀÂ�º hfÿ j=f g"��ß(|�lD]�g��
Þ \�g}ä�g	^ Þ ^ Þ f�ö�à�d�^�ö�àzj!e/f³Â�ºÎlmj�l/e­]Aß Þ öXj!àÄß�fug.|8j�^ Þ ]]öX·og"]?â Þ jKä3g8^�g"]�g	i Þ g�bÀß�^<l3ß�fug8à Þ ^�`´�E\/g8à Þ �:j
^$e±i�\ ^ Þ fmö�à/dU^<i�f%j�^�^�j�áog8f"��ö Þ ön^ àDj Þ e/à;em^$e·ß(]´}�j!f Þ \/gpj(Û ^1l�f�ö�à�dQ^ Þ f�ö�à�d�^ Þ \3ß Þ ß�fug+}�j=f�|�g�b Þ j¨g"��lD]Çß�ö�à
d=f%j=eDl±^6j(})g��/ß�|8lD]�g	^ Þ \3ß Þ \3ß8áog�ß(]�f*g�ß�b;âJä�g5g8à£g��5lD]Çß�ö?à/g�b½ä;âzj Þ \/g8fp^ Þ f�ö?à/d�^ o l3g8f�\·ß(lm^qg8áog8à Þ \�g&ö�f
l3ß�fug8à Þ ^�w h ©L\Oe±^k�	ön^�^�e/g�^p^$emi�\åß�^J�E\3ß Þ � j�]a]Aß�à±b i5ß(]X] ^°« Þ \/g¨ä·ß(]Aß�àmi�gKä3g Þ �"g8g5à£g"��lD]aj�ö Þ ß Þ öXj=àæß�àmb
ö�à�àDj�á=ß Þ öaj=àm¬ ô ã�{ � ã�£�õ ß�lDlD]?â Þ j�j!e/f!lmj>l/eD]Aß Þ öaj=à5¯1ä3ß�^�g�b°c Þ à/g�^�^�ÂSº¥ß�^E�"g"]a] h

Þ)Ä43)Ä�Å 8 ×<×<Ñ�Ø�6ÔÑ�ÌæÌ Ñ76$ÇmÖFÒ­Ñ1ÈEØàÒ­È ÒmÓ)Ë0à$8

� |8|ªöwd=fçß Þ öXj=àÝön^�ß�à�ß(l­l/f�j�ß�i�\QbOg8áog"]aj�l3g�b�ä;â 
 g�ß�à¨ß�àmb.ikj�]a]�g�ß�d=e/g�^ ô ã � ç ��¿D�>y�¿ õ Þ \3ß Þ |Kß8â6\�g"]Xl Þ \/g
ÂSº Þ j8|Kß�ö?à Þ ß�ö?àQb�ö�áog5f�^�ö Þ â ö?à Þ \�gJlmj�l/e­]Aß Þ öXj!à j�}:^ Þ f�ö�à�d�^ h ©L\fön^)^1\­j=eD] bZ\/g"]Xl ikj=e�à Þ g8f Þ \/g�gkÛEg�i Þ ^
j(}Al�fug"|Kß Þ e/f*g)ikj=à;áog8f*d=g8àmi&g��(�E\eöni�\ Þ g8àmbD^ Þ j�bOg�i�f*g�ß�^�g Þ \/gBb�ö�áog8f�^�ö Þ â+j�} Þ \/g)lmj�l/eD]Çß Þ öXj=à�j(}®^ Þ f�ö?à/d�^ h
� \/g8à�em^�ö?à/d³öX|8|�ö�d!f�ß Þ öXj!à³�=g8áog5fuâ G d=g8à/g5f�ß Þ öXj!àm^k��¾ ¹ j(} Þ \/g<lmj�l�eD]Aß Þ öXj!àÀß�fug�«�öX|�|ªö�d!f�ß�à Þ ^%¬5��ö h g h �
à/g"� ^ Þ f�ö?à/d�^ Þ \3ß Þ ß�fug�ö�à Þ f%j�bOemi�g	b ö?à Þ j Þ \/gQlmj�l�eD]Aß Þ öXj!àdj(}�^ Þ f�ö�à�d�^k�|ä/e Þ àDj Þ d!g8à/g8fçß Þ g	bæä;â Þ \/g
em^�e3ß(]4f*g"l/f%j�bOemi Þ öXj=àzl�f�j�i�g�^%^ h o1G ß�à±b£¾èß�fug�l3ß�f�ß(|�g Þ g8f�^!^�g Þ äOâ Þ \�g}em^$g8f h w � \/g8à¿öX|�|ªöwd=f�ß Þ öaj=à
ön^�ß�bDbOg	b��
ß�àMg"� Þ fçß8^ Þ g"l¿ön^Cß>bDbOg�b Þ j Þ \/g}ä3ß>^�ö i Â�ºÎi&âDik]?g��Dc3f�^ Þ öX]a]�em^ Þ f�ß Þ g�b�ö�à ÿ ö?d=e/f*g äOh�ãOh ©L\/g
à/g"�hi�â­ik]�gSön^wöX]a]�em^ Þ fçß Þ g	b ö�à ÿ ö?d=e/f*g ã;h�ä;h
ºÀ} Þ g8f¨fug�l/f�j�bOe±i Þ öaj=à¬á�öAßNi�f%j�^�^�j�áog8fÀß�àmb |�e Þ ß Þ öaj=à³��öX|8|�öéd!f�ß Þ öXj!àdl/f�j�b;emi�g�^Qj=à/gáj=f_|8j=f*gJà/g"�
^ Þ f�ö?à/d�^��<�E\föni�\êß�f*g ö?àm^$g8f Þ g�bÜö?à Þ j Þ \�g lmj�l�eD]Aß Þ öXj!à h ©L\�g�^$g ^ Þ f�ö�à�d�^ Þ ß�·og Þ \/gzlD]Aß>i�gzj(}�^ Þ fmö�à/dU^
l/f%j�bOemi�g�bKäOââi�f�jU^�^1j�áog8f�ß�à±b°|�e Þ ß Þ öXj!à³�Ofçß Þ \/g8f Þ \3ß�à Þ \­j�^$g�^uß8áog�bKá�öÇß Þ \/g�d=g8à/g5f�ß Þ öXj!à½d�ß(l h o ©L\/g
fug~ß�^1j!à�}�j!f Þ \fö ^¸ö ^ Þ \·ß Þ�Þ \/g d!g8à/g8fçß Þ öXj=à�doß�lQ^uß8áog�^ Þ \/g ä3g�^ Þ ^ Þ fmö�à/dU^®}#f%j�| Þ \/gEl/fug5á�öaj=em^>d!g8à/g8fçß Þ öXj=à �
�E\föa]�g+i�f%j�^%^1j�áog8f)ß�à±b°|�e Þ ß Þ öXj!à8|Kß8â.j=fE|Kß8â�àDj Þ l/f�j�b;emi�gqd�j�j�bá^ Þ f�ö�à�d�^ h w
ÿ j=f�j!e/f³öX|8l­]�g"|�g8à Þ ß Þ öaj=à³�³�"gâ^$g Þ�ë ¡ { �:^1j Þ \·ß Þ öX|�|ªöwd=f�ß Þ öaj=àáj�i"i�e/f�^�áog8fuâJd!g8à/g8fçß Þ öaj=à h � g
ö�à;áog�^ Þ ö�d�ß Þ g�b½á!ß(]?e/g�^!j�}Cì ¡ { ß�à±bæì ¡ ã;h � g³ö?àOáog	^ Þ ö?doß Þ g�bKß;}#g"�¥á!ß�f�öÇß Þ öXj=à±^�j�}nöX|8|ªö?d=fçß Þ öaj=à³�
�E\fö i�\Q��öX]a]6ä3gpbOg�^%i�f�ö?ä�g	buö?à Þ \/gqà/g"� Þ x g�i Þ öaj=à ãOh y h�£Oh

Þ)Ä�Ã í½î)ÚpËßÇmÑ�Ì Ë�Ø�Ò­ÍdÏdÑ�Ò¸Ó ßáÖFÇfx)Ñ�Ø�6tÒmÓ)Ë�Æ_ÖFÇmÖLÌÎË³ÒDË³ÇmÍNÒDÈÎÒ¸ÓÀË;à$8

ÿ j=e/f ä·ß�^�ö i(á!ß�fmöAß Þ öXj!àm^Ej=à Þ \/g³ÂSº �"g8f*gÀö�à;áog�^ Þ ö�doß Þ g�b�ö�à Þ \fö ^"fug�^�g�ß�f�i�\ i
{!h ß�à�ö�à;áog�^ Þ ö�d�ß Þ öaj=à8j�} Þ \�g(g�Û6g	i Þ ^�j(}�á!ß�f*â�ö?à/d.i�f%j�^�^�j�áog8f)ß�àmbQ|´e Þ ß Þ öXj!à¨f�ß Þ g�^ h
£;h ß�à�ö�à;áog�^ Þ ö�d�ß Þ öaj=à8j�} Þ \�g(g�Û6g	i Þ ^�j(}|ß>bDb�ö�à�d öa|8|ªöwd=fçß Þ öaj=à h
ä;h ß�à�ö�à;áog�^ Þ ö�d�ß Þ öaj=à8j�} Þ \�g(g�Û6g	i Þ ^�j(}�á!ß�f*â�ö?à/d�Rqö�à Þ \�g6�|g&ö�d>\ Þ ö�à/d+}#e/àmi Þ öXj!à h
y h ß�àÀg8á!ß(]?e3ß Þ öXj=àQj�} Þ \/g+l/f*g�b�ö i Þ öaj=àKß>i"i�e/fçß�i�â;}�j!f Þ \/gqä3g�^ Þ l3ß�f�ß�|¨g Þ g5fE^$g ÞuÞ ö?à/d�^ h

©L\/g�^�gqg"�5l3g8fmöX|¨g5à Þ ^�ß�fugpbOg�^%i�f�ö?ä3g�b¨ä�g�]Xj�� h

Þ)Ä�Ã<Äml B Ó)ËrË�ï�Ë´Ù�Ò­ÍNÈw<¨ð®Ö�Çex)Ñ�Ø 6 Ù�Ç±ÈLÍDÍDÈ<ðLË³ÇdÖLØ)× Ì¡@EÒ­Ö�Ò­Ñ�ÈÀØ ÇmÖFÒDËAÍ

©L\/gpi�f%j�^�^�j�áog8fEj�l3g8fçß Þ j!f�ön^Lj!à/g�b�ön^ Þ ö�à/d!efön^�\fö�à�dJ}#g�ß Þ e/fug+j(} Þ \/g³ÂSº Þ \3ß Þ ^�g Þ ^wö Þ ß(l3ß�f Þ }#f�j�|Ô|8jU^ Þ
j Þ \/g8f<ß�lDl/f�j�ß�i�\/g�^��oß�àmbp^1j)j=e/f³c3f�^ Þ g"��l3g8f�öa|¨g8à Þ ^fö�à;áog�^ Þ ö�d�ß Þ g	b Þ \/g�gkÛEg�i Þ ^�j(}·á=ß�fuâ�ö�à/d Þ \/g:i�f�jU^�^�j�áog5f
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1010001
0011001
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0101011   34
ñ
1110100   67
1101110   86
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fitness
ò

evaluate
fitness

current
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select
parents

0011001   99
ñ
1000111   94
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mutation crossover
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ó
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ô
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õ
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ñ generate a 

random string
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replace random
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ÿ ö?d=e/f*g ãOh�ä;i # x=mC� j÷���=� Ë mCÌ�v�s*x�v ÍqÍ v�Ù!t n s$vDy=k}y8{<t n k=Îoy Í r�s*t�vwk=Ù�r&Ý

f�ß Þ gpl3ß�fçß(|¨g Þ g8f h � g�ß(] ^1j�fug�ikj!d=àfö]D8g�b Þ \·ß Þ)Þ \/g+|�e Þ ß Þ öXj!àKf�ß Þ g+|Kß8â ö?à Þ g8f�ß>i Þ ��ö Þ \ Þ \/gpi�f�jU^�^�j�áog5f
f�ß Þ g��m^�j Þ \/g�^�g(g��5l3g8fmöX|¨g8à Þ ^�ö�à;áog�^ Þ ö�doß Þ g�b Þ \/gqgkÛEg�i Þ ^Lj(}:b�öÜÛEg8fug5à Þ |´e Þ ß Þ öXj=à�f�ß Þ g�^ ß�^E�"g�]X] h
ê g�i8ß(]a] Þ \3ß Þ Þ \/g+b;gk}1ß�eD] Þ ^�g ÞuÞ ö�à/dU^wö�à¶Â)g8à/g	^�ön^|ß�f*g h ¿pi�f�jU^�^1j�áog8f|f�ß Þ g�ß�àmb h ¼�¼ { |�e Þ ß Þ öaj=à³�;ß�àmb Þ \3ß Þ
�"gBb�ö b { ¼�¼ f*e/àm^���ö Þ \�g�ß>i�\�á!ß�f�öÇß Þ öXj=à�j(} Þ \/g Þ �Lj+l3ß�f�ß�|¨g Þ g5f�^ h � g<b�önb {�ã b�ö9Û6g5fug8à Þ g"��l3g8f�öa|¨g8à Þ ^k�
em^7ö�à/d�i�f�jU^�^�j�áog5f"f�ß Þ g�^Ej(} h�£�ã � h�ã ¼ � h ¿ ¼ � h9ç�ã �3ß�àmb h�å ¼ �3ß�àmbQ|´e Þ ß Þ öXj=à�f�ß Þ g�^Lj(} hX{ � h ¼ { �3ß�àmb h ¼�¼ {=h
ÿ j=fCg~ß�i�\Zj(} Þ \/g�^$g {�ã g"��l3g8f�öa|¨g8à Þ ^k� Þ \/g { ¼�¼ fug	^$eD] Þ ö�à�d´f*eD]�g�^$g Þ ^!�"g8f*g�g8á!ß�]�e3ß Þ g�b h ��ß�i�\JfueD]?g�^$g Þ
ikj!à Þ ß�ö�à±^>f�j!e/d�\D]?â £�ã fue­]�g�^ o Þ \/g à;eD|�ä3g8f´j�}EfueD]?g�^F^uß8áog�b�á�öAß)g"]\ö Þ ön^�|øß�àmb Þ \/g9d!g8à/g8fçß Þ öXj=à}d�ß(l�w��;ß�àmb
g"��lD]Aß�ö�àm^qß�àOâ��E\/g8f*g�}#f%j�| ¿ Þ j {�ç yzj(} Þ \/g £�ã y_lmj�^�ö Þ ö?áog´g"��ß(|�lD]�g�^ h ©L\/g8b�ön^ Þ f�ö?ä/e Þ öaj=àm^+j(} Þ \/g�^�g
fue�àm^9ß�fugÀöX]a]�em^ Þ fçß Þ g	b ö�à ÿ ö?d=e/f*g ã;h y h
ºùfue­]�gá^$g Þ ö ^´g"� Þ fçß�i Þ g�b }#f�j>| Þ \/gZc3à·ß(]+lmj�l/eD]Çß Þ öXj=àHäOâåf�ß�à­·�ö?à/d Þ \/gMfueD]?g�^¨ß�àmbúß>bDb�ö?à/d²g�ß>i�\
^$e±i"i�g�^%^�ö�áog�fueD]?g Þ j Þ \/g�fueD]?g�^$g Þ e�à Þ öX]�ß�bDb�ö?à/d Þ \/g}à�g"� Þ ä�g	^ Þ fueD]?g�]Xj��"g5f�^ Þ \/gJc Þ à�g�^�^<j(} Þ \/g}f*eD]�g
^$g Þ h�
 g�i8ß�em^$g Þ \/g £�ã ä3g�^ Þ f*eD]�g�^)ß�f*g�^*ß~áog	b½g�ß>i�\Àd=g8à/g5f�ß Þ öXj!à³� Þ \/g8f*gJ��öX]a] Þ â5lfö i8ß(]a]�â�ä3g £�ã f*eD]�g�^wö?à
Þ \�g�c·à3ß(]
f*eD]�gp^$g Þ h
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F³e Þ ß Þ öaj=àÀf�ß Þ g ihX{ h ¼ { h ¼y¼ {Á f�jU^�^�j�áog5f
f�ß Þ g i
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ÿ ö?d=e/f*g ã;h y i"û v�r�s*tzv ÛoÚ s$vDy=k=r y8{<s*x=m Û m�r$s)t Ú=Ë m)r�m�s�r�{Ay Ú k=Î�vwkKü ��� t Ú k=r&ýº{Ay!t4m n ��x}y8{|ü�þCm�ÿ p m&t�v Í m&k�s�r Ì�v�s*xÎov . m&t�m&k�s pon t n�Í m�s�m&t"r�m�s$s�vwk=Ù�r * � n t��=vwk=Ù ÍCÚ s n s�v�y!k n k=ÎK�&tzy�r�r�y � m&t t n s�m�r 2 Ý # x=m�x=y=t�v ´ y!k�s n8Ë<n ÿ=vDrCy8{�m n ��x
Ûon t�Ù!t n�p x´r*x=y8Ì�r s*x=m�k ÚoÍCÛ m&t9y8{ p y�r$vDs$v � m�m�ÿ n�Íqp=Ë m�r)m�ÿ p=Ëwn vwk=m�Î *An�Û y � m�ü ����2 �/s*x=m � m&t�s$vD� n~Ë�n ÿ=v�r)r*x=y8Ì�rs*x=m)k ÚoÍCÛ m&t�y8{�t Ú k=r�s*x n s4m�ÿ p=Ë�n v�k=m�Î n Ù�v � m&k}k ÚoÍ�Û m&t�y~{ p y�r�v�s�v � m)m�ÿ n�Íqp=Ë m�r&Ý
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©��/g��fö?d��/g�� Þ à;eD|�ä�g5f��(}��	�
��ö Þ ö�áogÀg"�/ß�|��
�?g��k�|ß�à	� Þ ��gMß~áog5f�ß�d!g³à;e
��ä�g5f������	�
��ö Þ ö�áogÀg"�/ß����
�?g��
g"���
�Aß�ö�à/g��½ä;âJß´f*e
��g���g Þ ö�à�� ¼�¼ fue�à	�<��ö Þ �Jg~ß�������� Þ �/g�� ã �3ß�fçß��¨g Þ g8f��$g Þ*Þ ö�à�d���ö������
��� à¤ö�à Þ �/g
����� �!����ö�à�d Þ ß�ä"��g�� i

��e Þ ß Þ ö �=à¨fçß Þ g
h � h ¼ � h ¼�¼ �


 g�� Þ ��f#���$�%��áog8f h�£�ã � ç	ä � ã@ç � ä>£
ê e
��g f�ß Þ g h�ã ¼ � ç � � ç�ä � ã ¼

& g Þ h ¿ ¼ � ç(' ��¿� � ' �
h9ç�ã �"¿ ' ��¿ å � 'Uå
h�å ¼ � ã  � ç � � ã�'

��e Þ ß Þ ö �=à¨fçß Þ g
h � h ¼ � h ¼�¼ �

º9áog8fçß�d=g ��f#���$�%��áog8f h�£�ã � ã�'/h ¿ ç � ' � h ¼  � ¼ '/h  y ê e
��g f�ß Þ g h�ã ¼ � ã>£Oh�ä  � '5çoh ¼ å � £>£Oh�ä>£
& g Þ h ¿ ¼ � ã � h�å�' � '�åOh ¿ ' � £>ãOh)' �

h9ç�ã � '�çoh�å>ä � ã ¼ h*'�å � ä ¼ h�ã�'
h�å ¼ � 'UäOh  >¿ � ã�£Oh�ä�å � ä>£Oh�å>ã

� �fö ��g Þ �/g5fug	ö+�<ß-,�ö��Og"á!ß�f�öAß Þ ö �=à¢ö?à Þ �/gJ«*ä�g�� Þ fue
�?g.�$g Þ ¬/�$g8g8àÀö?à Þ ��g��$g|g102�3g8fmö!�¨g5à Þ �43&ß-�#g1,5�·ß ÞuÞ g8fuà6�
g1�¨g5fud=g i

7 ©��/g8��ö+� Þ f�ö?ä/e Þ ö!�=à�����f*e/à	��,�ö Þ � Þ ��g9� ��,"g�� Þ ��e Þ ß Þ ö �=àÄfçß Þ g;: h ¼�¼ ��<��3ß=�´ß��!��,"g5f�ß~áog5f�ß�d!g
> Þ à/g��$� Þ �·ß�à Þ �/gqf*e/à	�.,�ö Þ � Þ �/g?�fö�d=�/g�� Þ ß�à6�@��ö+�
�2�?gA��e Þ ß Þ ö �=à¨fçß Þ g�� h

7 ©��/g}ä3g�� Þ fue
�?g��$g Þ g102�"�Aß�ö?à/g��B� ç1' �	���7ö Þ ö�áog�g(0/ß����
��g���:�ß�à6� à
��à/g8doß Þ ö?áog�g10�ß����"��g���<�3
,�ö Þ �
�3ß�f�ß���g Þ g8fC�$g Þ*Þ ö?à/d��.��� h ¿ ¼ ��f#���#����áog8f ß�à	� h �D��e Þ ß Þ ö �=à h

7 ©��/g�à/g10 Þ ä�g�� Þ fue
�?g?�$g Þ ��g(02�
�Çß�ö?à/g���� ç	ä �	���7ö Þ ö�áogqg10�ß����
�?g��A:1ß�à	�Kà
��à/g8doß Þ ö?áogCg10�ß����
�?g��E<F3
,�ö Þ �G�·ß�f�ß��¨g Þ g8fH��g ÞuÞ ö�à/d
�H��� h�£�ã ��f#���$�%��áog8f�ß�à6� h �-��e Þ ß Þ ö �=àI3�ß�à	��,�ö Þ ���3ß�fçß��¨g Þ g8fJ��g ÞuÞ ö�à/d
�
��� h�ã ¼ �&f$���#����áog8f)ß�à	� h ¼ ����e Þ ß Þ ö!�!à h

7 ©��/g8f*gÀö+�"à
�K�4��g~ß�fJ«*ä3g�� Þ ¬���f$�
�$�%��áog5f f�ß Þ g�ß�à	�Kà
���4��g~ß�f�«uä3g�� Þ ¬��´e Þ ß Þ ö!�!à¨f�ß Þ g h

©��/g|fug���e
� Þ �L�#f#���øß Þ ,���¯M,lß~â�ß�à3ß��?â
�7ö+�I���Eá!ß�f�öÇß�à	�&gwö�à6��ö+�8ß Þ g Þ �·ß Þ4Þ �/g.��f#���#����áog8f<f�ß Þ g�3 Þ �/gN�´e Þ ß Þ ö!�=à
f�ß Þ g�3)ß�à	� Þ �/g¿ö�à Þ g5f�ß�� Þ ö!�!à²ä3g Þ ,"g5g8àO��f#���#����áog8f�ß�à	�O�´e Þ ß Þ ö!�!à²f�ß Þ g���g�ß����O�3ß8áogJß5� Þ ß Þ ö+� Þ ö��8ß�� ��â
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��, Þ ��g > Þ à/g��$�43/�=à Þ �/gB�#�8ß��?g ô ¼ h�h � h ¼ õ :^,.�/g8f*g
�!��,|g8f > Þ à/g��#� ö+�}ß³ä3g Þ*Þ g8f�fue
�?g��$g Þ < hB� ��,|g8áog8f13
à
� Þ g Þ �·ß Þ�Þ �/g > Þ à�g��$���8ß�à/à
� Þ �¨g�ß�àeö�à/d��#e
�!�?â³ä3g
�4�=���3ß�f*g��³ß=��f$�
�$�?��öi�6g5fug8à Þ á!ß��?e/g��A���/� ä3g��5ß�e	��gG��� Þ �/g���öi�6g5f�ö�à�d��4�=à Þ fmö�ä/e Þ ö!�!à	�A���/�V �¡�¡�¢(�E£#¤I¢1¥�¥
ß�à6�S¥�¦M§�¨
©�¦M�V¦^£#ª h
���/g�ß8áog8fçß�d=g > Þ à�g��$��g��A���|g�ß=�E����� Þ �/g�fue/à	��ö���à
� Þ áog8fuâ���g�ß�àfö?à/d��#e"�M33ß�d�ß�ö?àI3
ä�g��8ß�e	��g�,"g_�8ß�à/à"� Þ
�4�=���3ß�f*gT��ö��Eg8f*g8à Þ á!ß��?e/g��.���C�D33ä/e Þ ö Þ �Kß8â�� Þ ö!�!�
ä3g��/g(�!�2�#e
� Þ ���!���=�Jß Þ9Þ �/g}ä3g�� Þ fue
�?g���g Þ ���!e/à	�
ö�àKg�ß=�E����� Þ �/g��1«�«�fue/à	� i

, > Þ à�g��$� �4�!fuf*g�� Þ à�g��$� ��ö ���
�]ö+�hö Þ â ß ä f*e
��g��
¾W�=�/e
�Aß Þ ö �=à � h «�« h � ��'�n h � ��'�n ho� ���
� ����¬ « n �

& ö!�5g « h � � h � '
­�� h � ­ �1� h � n�'
� � � ¬ « n��
�(«�« « ho� « h � � � n h�� ¬=� � ho� ¬\� ­ n�n � n ¬2� ­

« hon�� ho��­=��n h � n=��n ho­=���=n n���n ¬=« ' ¬
« h «�« � h «=«�« h*'�­ �1« � h «�«=« n���' ¬�� ­ �

¾W�=�/e
�Aß Þ ö �=à � h «�« ho��­=n�n h���­=n�n h ��¬ ­ � n�' � « ��«
& ö!�5g « h � � ho� « ��� h�� ¬=«�¬ h ��¬ n ¬ n�n�n « ¬��
� � « « ho� « h � � � � h���­=��� ho­ � ' � n�� ¬ n=­�� �

ÿ f$�=� Þ �fö+� Þ ß�ä"��g�34à
� Þ g Þ �3ß Þ}Þ �/gB®�¯�°V°E±#® {c² ± z�z ��� Þ �/g¨ä3g�� Þ fue"��g���g Þ�Þ g8à	�
� Þ ���Og��&fug�ß=�$g�,�ö Þ � Þ �/g
á!ß��?e/g.���L�²ß�à	� Þ �/g z(|+³A´	µi| ® |!{c¶ ��� Þ �/g|ä�g�� Þ fue
�?g.��g Þ4Þ g5à	�
� Þ ��ö�à	�&fug�ß=�$g ß=� Þ �/g á!ß��?e/g����R�·�Og���f*g�ß���g�� h
¸ �����qà
� Þ ö+��g Þ �3ß Þ ,�ö Þ ��ßb�	�=�/e
�Aß Þ ö �=à��7ö!�8g.���J�1«=«23"�}v~¹�� � ß=� Þ e·ß��!�?â���ö��»º*ä3g ÞuÞ g8f�¼ Þ �·ß�àK�}v~��¹�«�ö?à
Þ �·ß Þ ö Þ g10��
�Aß�ö�à/g������!fugT�X�
��ö Þ ö�áog�g10�ß����
�?g���,�ö Þ �9�#g1,|g8f)fue
�?g��43Eß�� Þ �
�!e/d�� Þ �fö��Cß�à"���Kß���âa�2�og��Cà
� Þ
g10�ö+� Þ ,�ö Þ �JßP�	����e
�Aß Þ ö!�!à��7ö!�8g?���C� � « h
¸ e	��g4�#e
�
,lß~âT���Pö!� ��e	� Þ fçß Þ ö?à/d Þ �/g/��ö��Eg8f*g8à	��g���ä3g Þ ,"g5g8à Þ �/g ä3g�� Þ fue"��g.��g Þ �H�!ä Þ ß�ö�à/g���e6��ö�à�dP��ö��Eg8fug5à Þ
á!ß��?e/g��H���Z� ö+�H,�ö Þ � Þ ��g9e	��gA����ß¢êA½?¾��&e/fuáog�3�,.�fö��E���"�!� Þ � Þ �/g z ± ²\z(|!{M|+¿(|!{M¶ ��� Þ �/g)fue
�?g���g Þ ß�d�ß�ö�à6� Þ
Þ ��g z%´ ±#® | À ® |!{M¶ ß�� g�ß=�E�Kà/g1,êfue"��gÀö+� ß=�
�Og��B:4êA½?¾Üö�� ß�à ß���f#�=à;â2�Á���!f�ºuf*g���g&ö?áog8f��=� Þ ö �ªö!�&ö?à/dT�E�·ß�f�Â
ß�� Þ g8fmö+� Þ ö+�1¼�U��$g5g/Ã³g Þ � ô � ��õ ���=f�ß?��ö��$��e	�#��ö �=à���� Þ �/g)e	��g.��� Þ �fö+� Þ ������ö?à}g1�fö+�;g1�ªö!�=�!�!d=â	< h ê g��8ß��!���#f$���
& g�� Þ ö!�!à '/h�nOh � Þ �3ß Þ �$g5à	��ö Þ ö�á�ö Þ âªö�� Þ �/gP�#fçß�� Þ ö!�=àB���N�	���7ö Þ ö�áog}g10�ß����"��g�� Þ �3ß Þ �3ß8áog}ä�g5g8àJg10��
�Aß�ö�à/g��
Ä ß��¨g�ß=�$e/f*g����C�4�=���
��g Þ g8à/g��$� Ä ß�à	�;���3g��hö > �hö Þ âªö�� Þ �/gP�#fçß�� Þ ö!�=àB���lg10�ß����
�?g��"g10��
�Aß�ö�à/g�� Þ �3ß Þ
ß�f*g?�X�
��ö Þ ö�áog Ä ßP�¨g~ß��$e�fug����N�4�=f*fug�� Þ à/g��#� h
Y à�ß�êA½?¾;��e/fuáog
3�g�ß=�E�_�$e	�(��g��$�7ö�áog|fue
�?g ß��"�Og�� Þ � Þ �/g f*e
��gC�$g Þ ö��>fug(�/fug���g8à Þ g��qäOâ�ß Þ ö��E���ãß�f$�QU=g�ß=�E�
fue"��g Þ g8à	�
� Þ �ªö�à	�&fug�ß=�$g Þ ��g z ± ²\z(|!{c|+¿1|!{M¶ ��� Þ �/g}fue"��g��$g Þ ß�à	���;g���fug~ß��$g Þ �/g z%´ ±#® | À ® |!{c¶ h ���/g�êA½?¾
��e/f*áog������=f Þ �/g > áogT��öi�Eg8fug8à Þ á=ß���e/g��A���N�øß�f*g��$e
�3g8fmö!���	����g��9�!à Þ �/g_�uß��¨gqd=f�ß��
�¤ö�à ÿ ö�d=e�fug �;ho­;h
Å f�ß��
�	�qß�f*g��%�
��, à»���!fD�	�=�/e
�Aß Þ ö �=à;��ö!�5g��A���b� � «K���!fT�ÆvÇ��¹�«Kß�à	�B��vÈ¹i� � ß�à	�8���!f?�X�=�/e
�Çß Þ ö �=à
��ö �8g������.�(«�«e���!f.� Þ ��g8f á!ß���e�g��-���J� h
ÿ f$�=� ÿ ö�d!e/fug �Oho­ 3
,"gT�$g5g Þ �3ß Þ Þ �/g Þ ,����fö?d��/g�� Þ á!ß���e�g������N���2�}à
� Þ � Þ f�ß8âG�#f#��� Þ �/gqáog8f Þ ö+�8ß��X�]ö�à/g
�Og > à/g���ä;â z%´ ±#® | À ® |!{M¶ v~��¹�«23oß�à	�}ß�f*g Þ �/g8f*g4���=f*g�3=��ö��@��e
� Þ>Þ �?��ö+� Þ ö?à/d=efö���� h ���/g8f*g4���=f*g�3 ÿ ö�d=e�fug �Oh �1«�3
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Comparison of rule sets for:  w*correctness + (1-w)*(simplicity)

w = 0.00
w = 0.25
w = 0.50
w = 0.75
w = 1.00

ÿ ö?d=e/f*g �;ho­;iK�9t n�p x½y8{�ÉFÊ4Ë�É�Ì Í+Ì!ÎVÌ!Í+Ï � r&Ý»É�Ð�Ê#Ñ4Ì ÒHÑVÌ!Í+Ï¨v�k³Îom�r$�&t�v Û v�k=ÙJsux=m}m&k�s�vwt�m}Î n s n r�m�s9{Ay!t9m n �çx³y~{|s*x=m
� n~Ë�Ú m�r"y8{RÓ)Ý

���"��,/��ß¨á=ß�f�öÇß Þ ö �=àB��� Þ �/g�êA½?¾úd!f�ß��
�I3W,.�eö+�����
�!� Þ �?¥�¢1¤Q¥�¦^£#¦MÔ2¦�£$ª��=à Þ �/g�áog8f Þ ö+�8ß��4ß�0�ö��43<ß�à6� Þ �/g
à;e
�´ä3g8fN���|fue"��g����!à Þ �/gT�
�=fmö!�1�!à Þ ß���ß�0�ö+� hCÕ â9� ������ö�à/d�ß Þ�Þ �/g Þ ,���d=fçß��
�	� Þ �=d=g Þ �/g8f(3X,|g�ß�fug�ß�ä
�?g
Þ ��d=g Þ ßqä�g ÞuÞ g5fq�#g5g1�\ö?à/d����=f Þ �/gb��ö��Eg8f*g8à	��g���ö�à Þ �/gCf*e
��g/��g Þ �J�=ä Þ ß�ö?à/g��´e	�7ö�à/dT��öi�Eg8fug8à Þ á!ß���e�g��H���Z� h

Ö/×�Ø�×�Ø ÙdÚÜÛ�ðZÝJÞFß-Ýqà"á%â-Ú[â�ã�äAå	ÛRæ�á%ç`à"á�â.Ú�ÝJçIçWß.å6Ý]ç`è

�I�´g8á!ß���e3ß Þ g Þ �/g?�/fug��2é+� Þ é!�!à³ß=�1��e/fçß���âK��� Þ �/g Å�¸ 3
,|g(e6�$g�� Þ �/g�º$�?g�ß8áog?�=e Þ à	¼�� Þ fçß Þ g8d=â i.n « ¹ ���
Þ ��g?�/ß Þ ße,|g8fug�f�ß�à6�2�����?â��$g1�?g�� Þ g��S:^,.é Þ �
�!e Þ fug(�
�Aß=��g1�¨g8à Þ <	�#f$�=� Þ ��g��=f#é�d�é?à3ß��R��ß Þ ß=�$g Þ 33ß�fue
�?g?�$g Þ
, ß=�-���=f#�¨g��¨e	�%é�à/d Þ �/g}fug(�Kß�é?à
é�à/d � « ¹ : Þ ��gSº Þ f�ß�é�à
é?à/d�¼��/ß Þ ß\<F3
ß�à6� Þ �/g}f*e
��gT�$g Þ , ß=�9g8á!ß��?e3ß Þ g��
e	�%é�à/d Þ �/g n « ¹ : Þ �/gjº Þ g�� Þ é?à/d�¼5��ß Þ ß�< h ���
é+��, ß=�´fug1�3g�ß Þ g�� > áog Þ é �¨g��43�g�ß=�E��,.é Þ �èß5��é��Eg8fug5à Þ
f�ß�à	�2�=���%�
�!é Þ ��� Þ �/gT�/ß Þ ß=�$g Þ é�à Þ � Þ f�ß�é�à
é?à/d�ß�à	� Þ g�� Þ é?à/dK�$g Þ � h ���/g?�/f*g��2é+� Þ é!�!àKß��(��e/f�ß=��âG���!f9g�ß=�E�
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Comparison of rule sets for:  w*correctness + (1-w)*(simplicity)

w = 0.00
w = 0.25
w = 0.50
w = 0.75
w = 1.00

êWé?d=e/f*g �Oh �1« i9�)t n�p x¼y8{JÉ�ÊVË�É�Ì!Í+Ì Î4Ì Í+Ï � r&Ý"k ÚoÍCÛ m&t�y8{�t Ú=Ë m�r vwk´Îom�r��&t�v Û vwk=Ù�sux=m)m&k�s�vwt�mCÎ n s n r�m�sÆ{Çy!t�m n ��x}y8{s*x=m � n8ËwÚ m�r y8{LÓ9Ý

fue�àSé+� Þ ��gP�3g8f��&g8à Þ ���Æg10/ß����
�?g���é�à Þ �/g Þ g�� Þ é�à�d���g Þ9Þ �3ß Þ ß�f*g��4�=f*fug�� Þ ��â@�4�Aß=�$��é > g���:�ß=�A�	���%é Þ é?áogP�!f
à/g8d�ß Þ é�áogCg10�ß��K�
��g���< h
���/g�� Þ fue	� Þ e/fug/��� Þ �/g)fue
�?g/�$g Þ �q���=f#�¨g���ä;â Þ �/g Å�¸ é�� Þ �3ß Þ �!à
��â��	�
��é Þ é�áog)g10�ß����
�?g��<ß�fugb�Og��$�&f$é�ä3g��
ä;â Þ �/gCfue"��g?��g Þ U�ß�à;â Þ �
é�à/d}à"� Þ �Og��#��f$é?ä3g��´ä;â Þ �/gCfue"��g?��g Þ é�� ß��$��e
�¨g�� Þ ��ä3g�ß�à/g8d�ß Þ é�áogCg10�ß��K�
��g h
���/g8f*g4���=f*g�3 Þ �/g�ºuà;e
��ä�g5f]���4f*e
��g��$¼D���=f g~ß����9��� Þ �/g���gCfue
�?g?�$g Þ ����é?d�� Þ ä3g?é�à	��f*g1�¨g8à Þ g(��ä;â��=à/g Þ �
é�à6�4��e	�;gqßG�;g4�1ß�e
� Þ fue
�?gA���=f�º�ß��!�I� Þ �/g8f g(0/ß����
��g���ß�fug�à/g8doß Þ é?áog�¼ h



� ­

Þ fçß�é?à
é�à/d���g Þ Þ g�� Þ é�à�d���g Þ
àOe"�´ä3g8fJ��� à;e
��ä3g8f���� àOe
��ä3g8f �3g8fF��g8à Þ à;e
��ä3g8f���� àOe
��ä3g8f �3g8fF��g8à Þ

fue�à f*e
��g�� g10�ß��K�
��g�� �4�=f*fug�� Þ �4�=f*fug�� Þ g10�ß��K�
��g�� �4�=f*fug�� Þ �4�=f*fug�� Þ
� � ¬ '��=� '
��� �1«=« ¹ ��� � � � � « ¹
n ��� '��=� '
��� �1«=« ¹ ��� � �2� � ¬ ¹¬ ��� '��=� '
��� �1«=« ¹ ��� � ��' ' � ¹
' � « '��=� '
��� �1«=« ¹ ��� � ��¬ �=� ¹
� � � '��=� '
��� �1«=« ¹ ��� � � � � � ¹

: Þ � Þ ß��+��< n ��« n=n�­ « n�n=­ « �1«=« ¹ � � � ¬=«�« �=nOhon ¹

Y à Þ �/g Þ ß�ä"��g�ß�ä	��áog�3I�/fug���é+� Þ é!�=àMß=�1��e/fçß���â�é�� Þ �/gK�uß��¨g�ß�� Þ �/g��3g8f���g5à Þ �V�=fuf*g�� Þ �!à Þ ��g Þ f�ß�é?à
é�à�d
�$g Þ h ���/g Å�¸ ß����
é�g8áog��D�=à"��â �=n ¹ �/fug��2é+� Þ é!�!à÷ß��1�&e/f�ß=��â5é�à Þ �/g��$gKg10��3g8f$é �¨g8à Þ �V3r,.�"é+���5é+�P�	���=f
�3g8f����!f$�Kß�à	��g�é?à	�Og8g�� h
���/gÀfue/à	��,.é Þ �÷á=ß�f$é?g��Äá=ß���e/g��e���T�ë�1ß�f*g��Òg5áog8à5,��!f���gSé�à Þ �/g Þ g�� Þ ���?�/fug��2é+� Þ é!�!à÷ß��1�&e/f�ß=��â�3|ß��
���"��, àaé�à Þ ��g Þ ß�ä
�?g��"ä3g1�!��, i
�}v~¹i� � Þ fçß�é?à
é�à/d���g Þ Þ g�� Þ é�à�d���g Þ

àOe"�´ä3g8fJ��� à;e
��ä3g8f���� àOe
��ä3g8f �3g8fF��g8à Þ à;e
��ä3g8f���� àOe
��ä3g8f �3g8fF��g8à Þ
fue�à f*e
��g�� g10�ß��K�
��g�� �4�=f*fug�� Þ �4�=f*fug�� Þ g10�ß��K�
��g�� �4�=f*fug�� Þ �4�=f*fug�� Þ

� ��n '��=� '
� ¬ ­�­ ¹ ��� � ��' ' � ¹
n '�­ '��=� '
��n ­�­ ¹ ��� � ��' ' � ¹¬ � « '��=� '
��' ­�­ ¹ ��� � ��n '
� ¹
' ' ¬ '��=� '
� ¬ ­�­ ¹ ��� � ��' ' � ¹
� '�� '��=� '
��' ­�­ ¹ ��� � � � � « ¹

: Þ � Þ ß��+��< n�'
n n=n�­ « n�n ��� ­=­Oh « ¹ � � � n ��� ' � h � ¹

�}v~¹ � « Þ fçß�é?à
é�à/d���g Þ Þ g�� Þ é�à�d���g Þ
àOe"�´ä3g8fJ��� à;e
��ä3g8f���� àOe
��ä3g8f �3g8fF��g8à Þ à;e
��ä3g8f���� àOe
��ä3g8f �3g8fF��g8à Þ

fue�à f*e
��g�� g10�ß��K�
��g�� �4�=f*fug�� Þ �4�=f*fug�� Þ g10�ß��K�
��g�� �4�=f*fug�� Þ �4�=f*fug�� Þ
� �1� '��=� n �2� � � ¹ ��� � ' ¬ ¬�� ¹
n � '��=� n � ' ' � ¹ ��� � � « ' ¬ ¹¬ ­ '��=� n=n � '�� ¹ ��� � '�� '
n ¹
' � ' '��=� n=n � � « ¹ ��� � ��' ' � ¹
� ­ '��=� n=n�' '�­ ¹ ��� � ��n '
� ¹

: Þ � Þ ß��+��< � � n=n�­ « ��� ' � � « h � ¹ � � � n�' � ' ¬ h « ¹



� «

�}v~¹ n�� Þ fçß�é?à
é�à/d���g Þ Þ g�� Þ é�à�d���g Þ
àOe"�´ä3g8fJ��� à;e
��ä3g8f���� àOe
��ä3g8f �3g8fF��g8à Þ à;e
��ä3g8f���� àOe
��ä3g8f �3g8fF��g8à Þ

fue�à f*e
��g�� g10�ß��K�
��g�� �4�=f*fug�� Þ �4�=f*fug�� Þ g10�ß��K�
��g�� �4�=f*fug�� Þ �4�=f*fug�� Þ
� n '��=� n ��� ' � ¹ ��� � ' ¬ ¬�� ¹
n ¬ '��=� n � ­ '�� ¹ ��� � '�� '
n ¹¬ n '��=� n �1¬ ' � ¹ ��� � ' � ' « ¹
' ¬ '��=� n ��� ' � ¹ ��� � ��' ' � ¹
� ¬ '��=� n �1¬ ' � ¹ ��� � � « ' ¬ ¹

: Þ � Þ ß��+��< �1¬ n=n�­ « �1«���¬ ' � ho­ ¹ � � � n�' � ' � ho­ ¹
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  (14)
b=0
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  (14)
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a=13
  (12)
b=0
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  (9)
b=0
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±
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°
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a=184
b=174

a=185
   (48)
b=191

a=217
   (22)
b=257
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GID3*
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= examples explained by the
best GID3* rule

Autoclass
Í
14−4
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examples explained by 
the three GA rules

positive examples explained
by the best Autoclass rule

= negative examples explained
by the best Autoclass rule
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learning system

95% confidence intervals for training and testing runs

default rule (everyone negative)
biased coin (55.7% negative)

unbiased coin (random guessing)
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learning system

95% confidence intervals for training and testing runs -- positive examples only

biased coin (55.7% negative)
unbiased coin (random guessing)
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learning system

95% confidence intervals for training and testing runs -- negative examples only

biased coin (55.7% negative)
unbiased coin (random guessing)
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�6cag��\d�qMg�l1g]g�j�c\n�{]d�n�e�e?d0lMl3qMgXqMc�d�l&gPtao�e�dfe�g k dCz�g�oB�@oMd�dWå�n5Æ]d�o�tyj�g�o k d�o�qMgXd�j}n5wau:dKqMcadpl&d]~
sut:o�l&q|�U�_sWgPtau k u�t:Æ]d�qMgxq*oM�Xt\l7tyja�fqMcadfî4í�ô õ í0Þ]Þ Ä ñ9£�í7ó�í ø z�taj\e�q'tygPjin0j k qMc�dKsWd�t:��cUq9t:ja�Cz�taj\e?q9tygPj
k d�{]d|uyg��\d k tyj�-3c\n5�aq*d�o ã nPlWd�{Pn5u:t\n5q'tyg�j�hid�qMo't�e�l@z�g�o�qMc�d k d0e�tmlSt:g�j�qMoMd|d0l��]qMg�l1d�dKs�c\n0q�d�ü=d0e�q
qMcht�l6c\n�l3g�jiq*cadKo*d0l&tau:q9t:ja�KoMt�uydLl&d�qrl�~��]d0e?g�j k u:�]�]�_s"g�tau k u�t:Æ]dWq*gxqMo*��e+c}n5ja��tyja�fqMcadLl&q*g��a�Lt:ja�
e�o'tyqMd|o9t�nU�0n�l6nBhid0n5j}l<g5z=�aoMd|{]d�j
q'tyja�KúL�1�Kû]�Wz�oMgPh � j k tyj��KoMtau:d"l&d�qrl_qMc\n0q6n0oMd�Á|ÿ�ÿ Â n�e�e?tao�n0qMd]~
����q�hYn���w\diq*c\n5qÉn��\n0o�n0hid�qMd|oKqMg�úK�1�Kû]��e�g�t�u k w.d�t\l&d k qMgËn k ÀMt}l&qXqMc�dil7t.&�d�g5z�qMcadio*tauyd
l&d|q�lZz�g�t�j k ~���sut:j\n5u:uy�]�U�Zs"g�tau k u�tyÆ]dBqMg�d��U�\d�o9t:hid�jUq6s-tyq*c�nXl1�au�t:qMq'tyja�Xhidpe+c\n0jLt�l1hÔq*c\n5qBt\l&dpl
e�gPh�wLt:j\n5q'tygPj\l6g5z�n5qMq*o9t:wataqMdpl��]o�n0qMcad�o�q*c\n5j�nflStyj���uyd n5qMq*o9t:wataqMd(�an�l�t�l k g�jad�s-t:qMcOsao9t:ja��d0/213�34�~

ä ~��mí]ó�ì�ôO£]Þ]Þ]óyí7ó�í]ìL£�î6ð9úrò.ð+ñ�ó�ô�ð?ìUí Ä ÷6óyí�ðËó�ôoôXó�ô]ñ9£�í7ó�í]ì.ß
�Wcad�t\l1dWg0zRt:hih�t:��o�n0q9t:g�j�tml_n0jin0�a�\d0n5u�tyja��n0�a�ao*g]n�e�cXqMgLhid]�Pn5q3n0jotyjUqMtLt:q9ty{]dHuyd�{]d�u7��tyqHl&d�d|hid k
qMc}n5q(tyqLl&cagPtau k w.dfcad�u:�
z�tau<z�g�oBg�t�oCqrn�l&Æ=~-êWd�z�gPoMdf�W�	t:{]d�ta��gPj!tyqBe?g�hi�au:d�qMd|uy�]�U�Zs"g�tau k u�tyÆ]d
qMg�qMo*�id��U�\d�o9t:hid�jUq�l6l1t\e+c�nPl�t\l7tyja�$tyh�h�t`��o�n0q9t:g�j�g5z3d���n5h��auyd0l_z�o*g�hvq*cad k n5qrn�l&d|q�~

é ~�,�ìaë í�¤Uñ9£�ô]ó�ì�ôií�ð\ð�Ýnÿèí�íO¤ Ä ð5%0ð?÷Zð?ñm£�í2í7ñ�ó�ï�¤^í1ð Ä í�í Ä ò\ð*ë�ó %�ñXñ
¤^î:ð Ä ß
�WcLtml_h�ty�Pc
q�d�jUq�nEtyuU�]d�q3n5j�g�qMc�d�o6uyd|{]d�u]g5z¾hig k t � e�n5q'tyg�jXq*gKqMc�dKú ùÕ� qMjad0l*l_z�taj\e�q'tyg�j¾���\d�oMc\n0�\l
n�l&hYn0uyu@�\d�j\n0uyq1��z�g�oBd0nPe+c�n5q*qMo'tywataq*dxhid|j
q'tyg�j�d k tyj�nX�	t:{]d�jYoMtau:d]~ ù u:qMd�o*j\n5q'ty{]d�u:�]��wataqBs-tyq*c
e�gPj\lSt k d�o�n0wauy�Xh�g�oMd"qMo*g�tawau:d]��tyq3e?g�tau k w\d(tyj\e�gPoM�\g�orn5q*d k tyjUqMg�q*cadBl&gPoMq9t:ja�xh�d0e+c}n5jLtml&hªtyjXq*cad
�\g��at�u�n5q'tygPj���w}n�l&d k�� qMjadplMlBn k n0�aq�n0q9tygPj@~
��q/tml k tõëÊe�tauyqfqMgÇn0j
q't�e�t:�\n5q*dYcag0svd�j\e�gPtao�n0�	t:ja��qMc�d�ú ù q*g�t\l1d�z�d�s"d�o�n5qMq*o9t:wataqMdpl¡h�t:��cUq
tyjUqMd|o�n�e?q�s-tyqMc�s�c}n5qMd|{]d�o � qMjad0l*l�z�t�j\e�q9t:g�j¶tml�t:j��aumn�e�dÉn5qBqMcadXq'tyhid]~6�Cg0sWd|{]d�o��aq*cadXe�t�oMoMd|j
q
� q*jad0lMl6z�taj\e�q'tygPj k g]dplZjagPq k t�l&q'tyja�PtLt�l1ciw\d�q1sWd�d|jXq&s"g�oMtau:d0l6qMc\n0q k d0lMe�o'tyw\dBd��anPe�qMu:�xq*cadKl*n5hid
l&t�w\l&d�qrl�g5zfq*cad k n0q�nU�Cd�{]d�j�t`z�g�jad�oMd�u�tyd0lXg�j�Á|ÿ�n5q*qMo'tywataq*d0l�n5j k q*cad�g�q*cad�o�oMd�u�tyd0lxgPj�Û�ÿ
n5q*qMo'tywataq*d0l�~ êWd0e�n0t\l&dYg0z�g�tao�e�gPj\e�d�o*jÕq*c\n5q�qMc�d�o*tauydplxw.dztyjUqMd�o*�aoMd|q�n5w�uydiq*g�cUtahYn0j\l��6q*cad
Á�ÿ7�1n0qMq*o9tyw�taqMd�oMtau:d�l1cag�tau k ��oMg�w}n5wau:��w\d�e?g�j\l7t k d�o*d k w\d�q*qMd�o�qMc\n0j q*cad�ÛPÿ8�ºn5qMq*o9t:wataqMd�oMt�uyd]~
�Cg0sWd|{]d�o��0qMcLtml6e�gPj\e�d�o*j�hYn��#tyjUqMd|o�n�e?q_s-t:qMc�qMcad-tmlMl&t�d�g5z@��oMd k tme�q9t:{]d�nPe�e�taorn�e��=�	tyq"t�l6�\g]lMl7tywau:d
qMc}n5q�qMc�dXÁ�ÿ7�1n0qMqMo'tywat�qMd�oMtau:d]�]s�cLt�e�c�tmlZhigPoMdB��d�jad|o�n5u=qMc\n0jiqMc�d�Û�ÿ7�1n0qMqMo'tywat�qMd�oMtau:d]�
s"g�tau k w\d
sWgPo�l1d`tyj�qMcadfe�gPj
q*d��
q�g0z3nX�ao*d k t�e?q9tygPjiq�nPl&Æ=~
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��D�E3q1�
�GF*H7I0u
ú ù zKJMLON�tau*I3POF.JMQRFTSVUWE3S�F:� Q�E3U
PXJ � QYUZI�S�F'Qa� ['E6S�J ['\�POF'J Q���I3Q)JP��POF'N]F.&3I3POF'J Q
J0z^POD�E � PXQ�E3SXS
zK\�Q^H_POF.JMQ<��~H��Q�z`I H�P|��F.PaD^I Sab^E7E7QcS�D�J3deQfPOD^I3P�E�{�EgQhdeD�E7Q�P�d6J)JP��POF'NfIRJ5ziE8	j\^I3[ � POQ�E8SOSkE|��FTS�P��lI¡ú ù
LO\GQmdeF'[.[iPOE7Q^U�PXJ�H�J QU{�E7LM�MEhJ Q#J Q�EhJMLAPOD�E�J PXD�E7L
J0zePODGE3S�EhJP��POF'NfI���S�E7E]�.zKJMLAE���I3Ni��['E]�<ú�J [*UWbnEgLM�
IoQYUp�lE�� LXE3S�Pq/ ã ûo4rJ L
��NcF.POD�E7PsIo[�~�/ ! ! 4���~6��DGF*SW��D�EgQ�J N]EgQ�J Q]FTS�H7I3[.['E3Um�M�ME7Q�E7PXF*H
UWLOF�zKP � �KbnJMLOLXJodeF'Qa�
I
POE7LXNÔzKLOJMNtQ^I3PO\�LuIo[<�ME7Q�E7PXF*H7S���~��RE�{�Eg[.J��GN]E7QWP=J5ziPODGE7J L*��IoQ^UhN]E3HvD^IoQGF*S�NwSxPOJAE7Q^H�JM\�LvI0� E�POD�E�ú ù
POJqE�{�J [:{�E
IqS�E7P6J5zyH�J3��IMU�I5�GPOE3U]LO\G[.E3S?��LvI3POD�EgL�PODYIoQ�I)S�F.Qa�M[.E
JP��POF'NfI
F*S�IqH�\�LXLOE7QWPaLOE3S�E3IoLuHzD]PXJ���FTH{F'Q
PODGE¡ú ù H�JMN]N�\GQ�F.P��(~
��D�E7LXE�IoLXE�S�E�{�E7LuIo[aI0�a��LXJ�I HvD�E3S
F'Q�POD�Eiú ù [.F'POE7LuIoPX\�LOEhPXD^IoPAUWE3SOH�LXF.b^EhN]E7PXD�JWU�SRJ0zeE�{�JM[y{WF.Qa�cIfH�Jo�
I UGI5��PXE3U��^J���\�[TIoPXF.J Q�J0z6S�PXLOF'Qa��S?�nLuIoPODGE7LRPXD^IoQ�PXD�E)\YS�\^I3[Zú ù b^E7DYIp{WF.JMLRJ0z6H�JMQ
{�E7L*� F'Qa��PXJ]IcS�F.Q�� [.E
S�JM[.\�PXF.JMQ@~3��Q�PXD�F*S6I5�a�^E7Q^UWFy�=�
� à [.[a��LXE3S�EgQ�P6IZLXE���LXE3S�E7QWPvI3POF:{�E�SOIoN���[.EeJ0ziPOD�E3S�E
I0�a��LXJ�I HvD�E3S?��[*I3bnEg[.[.E8U<�
����DGEh|5F.PXP ù �a�GLOJ�IMHzD � �5����PXE7LvI3POFy{�E+�{\�QYS � �a��-aLXJ3d�U�F.Qa� � �a�v}VF'POQ�E8SOSR��D^I3LOF'Qa�i� � �V�v}iF.POQGE3SOSR��DYIoLOF'Qa�
�M� � ��I3Q^U~��-e��úL��� � ~�âkIMHzDcJ5ziPODGE3S�E�I5�a�GLOJ�IMHzDGE3S�D^I SeIMU
{MIoQWPvI0� E3SeI3Q^U]U�FTSOI UU{ I3Q�PuI5�ME3S���deD�FTHzDcNfI��
NfI0Æ�E�F.P6S�\�F.PXE3U0PXJhI��^IoLXPOF*H_\�[*I3LkP1�U�^EeJ5zyI5����[.FTH7IoPXF.J Q¾~6��Q]UWF*SOH_\^SOS�F.Qa�qE3I HvD]I0�a��LXJ�I HvD@���VdeF.['[^U�F*SXH�\^SXS
E��U�^E3H�POE8U]I U
{MI3Q�PuI5� E8S
IoQ^U�U�F*SXI U
{MI3Q�PuI5� E8S{J0za\^S�F'Qa�hPODGE)I0�a��LXJ�I HvD�JMQ�PXD�EAPOD�E3S�F*S�d6J LMÆ=~
��Q�EhPODGF.Qa�]PXJYÆ�E7E���F'Q�N]F'Q^U�deF'POD�PXD�E3S�EX{MI3LOF.JM\^S
I0�a��LOJlI HvD�E3S
F*S�POD^I3P)S�E�{�E7LuIo[iJ5z6POD�EgN�LOE8	j\�F'LOE�I
U�F`üxEgLOE7QWP � PXQ�E3SXSZzK\�Q^H�PXF.J Q¾��PODGEZQGE7d � POQ�E3SXSZzK\�Q^H�PXF.JMQ�QGE7E3U�SaPOJ�E�{MIo[.\YIoPOE�POD�E � PXQ�E3SOS�J0zaIYñ_�]îyð Ä ð�í��
LvI3POD�EgLhPOD^I3Q~POD�E � PXQ�E3SXSZJ5z+IoQ�F'Q^U�Fy{WF*UW\^Io[aLO\G[.E]~���DGF*S)F*SAb�\�PhJMQ�EfI5����LOJlI HvD�PXJ���LOE|{�E7Q�PXF.Qa�fPXD�E
�^J���\G[*IoPXF.JMQ�zKLOJMN�H�J QU{�E7LM�MF.Qa��J QcI)S�F'Qa� ['EeLO\�['E]��J PXD�E7L6I5�a�GLOJ�IMHzDGE3S5E�{MIo[.\YIoPOE�PODGE � PXQ�E3SXS�J0z=PXD�ERLX\�[.E
S�EgPeF.Ni��['F*H�F'PO[`�]� LuIoPXD�E7LePODYIoQ�E|�
��['F*H�F'PO[:�]~
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��D�E�ú ù�� JMLON�\�[*I3POF'J Q#U�E3SXH�LOF'b^E3U�F'Q���E3H_POF.JMQ�ûW��ûW�yÁ]F*SAS�J N]E7PXF.N]E8S{LXE � E7LOLXE3U�POJ�IMS��OPXD�Ef��F*HvD�F:��IoQ
Io�G��LOJlI HvD � b^E3HgIo\^S�E
F.PsH�J LXLOE3S��nJMQ^U�SePOJhPXD�E � J LXN�\G[*IoPXF.JMQ]U�Eg��E7[.JM�nE8U0bW�]� JMD�Q���J [.[TIoQ^UcIoQ^U]J PXD�E7LuS
IoPiPODGE���Q�F.��E7LuS�F'P��eJ � ��FTHzDGFy��I3Q:/ ä Á74��i��QqH�J QWPOLuI S�PVPXJRPXD�F*SxFTS��OPODGEe|5F.PXPiIo����LXJ�IMHzD �W� N]JMLOEaH�JMN]N]JMQ�[.�
\^S�E3UfIoP�POD�Eq�RQ�F'��E7LvS�F.P��hJ � |5F.PXPvS�bG\�LM�MD~ �S�E7E ��� J L�E7¡�I3N]��['E ��¢ E3� JMQa�#/ é ÿo4��v�
��Q~PODGEm�u|�F'POP � Io�G��LOJlI HvD � E3I HvD�S�POLOF'Qa��F'QmPXD�E]�^J �G\�[*I3POF.JMQ�LOE7��LXE3S�EgQ�PuSZIfLO\�['E]S�E7P � LvI3POD�E7LqPOD^I3Q£I
S�F'Qa� ['EALO\�['E��a��Q�S�J N]E�F.N]��['E7N�E7Q�PvI3POF.JMQ^S5J � PXD�F*S � POD�EqS�POLOF'Qa��S�IoLXEAJ � I�¤^¡WE3U][.EgQ�¥ PXDm KPOD^I3PRFTS � PXD�E7LOE
IoLXE�I�¤^¡�E8U�Q�\�N�b^E7LeJ � LO\�['E3SeF.Q#I]LO\�['EhS�E7P�¦ � IoQ^U�F.Q�JMPOD�EgL
F.N]�G[.E7N]E_QWPvIoPXF.JMQ^S � PXD�E�S�PXLOF.QG¥�S
I3LOE�J �
�MIoLXF*IobG[.EA[.E7QG¥ POD§�

ù U��MIoQWPvI3¥ E�¨ �{\�['E�S�E7P�Eg��J [.��E8ShI S]I~S�E7P� ©LvI3POD�EgL]POD^I3Q�I S�F'Q^U�E7�^E7QYU�E7QWP�LX\�[.E3Sv¦ � S�J�I�¤^PXQ�E3SXS
� \�Q^H_POF.JMQªH7I3Q�b^E�Eg¡���['F*H�F'PO['�#Io����['F.E3U~PXJmPXD�E�LX\�[.E�S�EgP7�« `�¬Q£N]J�S�PhJ PXD�E7LcIo����LXJ�IMHzD�E8S � PXD�E
¤^PXQ�E3SOS � \�Q^H_POF.JMQfF*SeIo�G��[.F'E3U�POJcI�S�F.QG¥ [.E�LO\�['E��­¦
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Michigan
Approach

Pitt
Approach

One or more strings from the population 
form a rule set.

Each string in the population
represents a distinct rule set.

One rule set is evolved in a GA run.

Many different rule sets
are evolved in a GA run.
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¢ F*SXI U��MI3Q�PuIo¥ El¨ ��\^HvD�[.J QG¥ E7L
Eg� I3[.\^I3POF'J Q#POF.NcE3S��^E7LqS�POLXF.Q�¥ � bnE8H7Io\^S�E�IoQ#E7QWPOF.LXE)LX\�[.E�S�E7P
N�\^S�P
b^EAE7�MIo[.\YIoPOE8Ux�

¢ F*SXI U��MI3Q�PuIo¥ El¨À��\YHzD]['J Q�¥ME7L�E7��J ['\�POF'J Q]PXF.N]E � b^E3H7I3\^S�EAPXD�EqS�POLXF.Q�¥lSRI3LOEqS�J�[.JMQ�¥��

Á�D�Eq|5F.PXP�Io����LXJ�IMHzD�F*S�F.['[.\^S�POLuIoPOE8UwF'Qf}VF'¥ \�LXE ù �yÁ �

Â �G�Ã�^�5�G��Ù��ÅÄ Ú�ÆBÖ

��Q~PODGE~�v��POEgLvIoPXF.��Ec�{\GQ^S � Io���GLOJ�IMHzD � \^S�E3U~bW���lFyÆ�J LuI�I3Q^U���D^I7d@/ ! Á_4 � PODGE�ú ù F*S)LX\�Q~N�\�[.PXF.��['E
POF'N]E3S_� ùe� POE7LaE3IMHzD]LX\�Q � POD�E�b^E3S�PeLX\�[.E�F*S6SOI7��E3U � IoQYUwPXD�EAU�I3PvI)�^J F'Q�PuSkPXD^IoPeNfI3PvHvDhPOD^I3P�S�PXLOF.QG¥hIoLXE
LOEgN]J3��E3U � LXJ N�POD�E�U�IoPuI S�E7P7�6Á�D�E
LX\�[.E�S�E7PaFTSkPODGE
H�JM[.['E3H�POF'J QhJ � bnE8S�PeLO\G[.E3S � LOJMNÅPOD�E+S�E7LXF.E3S5J � LX\�Q^S_�

ù U��MIoQWPvI3¥ E�¨���J ['\�POF'J Q^S�S�D�JM\�[*UfQ�J PeDYI8��EqI)D�F'¥ DpU�E7¥ LXE7E
J � J3��E7LO[TIo����F'Q�¥�U�I3PvIh�nJMF.QWPvS_�
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run GA

save best string

#1
Ç

#1
Ç

remove points from data set that match against best

#1
Ç #2

Ç
#1
Ç #2

Ç

run GA

save best string

#2
Ç

run GA

save best string

#3
Ç

#3
Ç
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ù U��MIoQWPvI3¥ E�¨ÊÁ�D�EZ¤YPOQ�E3SXS{J � I�S�POLXF.Q�¥cH7I3Q�b^E)E7�MI3[.\^I3POE3UfF.Q^U�Eg�nEgQ^U�E7QWPO['��J � POD�EA¤^POQGE3SOSeJ � JMPOD�EgL
S�PXLOF'Q�¥�S_�� ���J N]E�Io���GLOJ�IMHzDGE3SRPOJfE7��JM[.�WF.Q�¥�LO\G[.EhS�E7PvS�deF.POD�PXD�Eiú ù LXE3	j\GF.LOEqPOD^I3PAS�PXLOF'Q�¥�S
b^E
H�JMN]�^IoLXE3U�PXJ�JMPOD�E7L�S�POLXF.Q�¥lS��­¦

¢ F*SXI U��MI3Q�PuIo¥ El¨Ë��\�['POF.�G[.E
LX\�Q^S�IoLOEALXE3	j\GF.LOE8U � I3Q^U�PXD�EALOE3S�\�[.PXF.Q�¥��XbnE8S�P � S�POLXF.Q�¥lSRI3LOEAQ�JMPRQ�E8H�E3S¬�
SOI3LOF'[.�]PXD�EAbnE8S�P�H�JM[.[.E8H�POF'��ERE7¡W��[TIoQ^I3POF.JMQfJ � POD�EqU�I3PvI��

Á�D�Ef�v��PXE7LvI3POF.��E+�{\�QYS � Io����LXJ�IMHzD�F*S�F.['[.\^S�POLuIoPOE8U�F.Q�}VF'¥ \�LXE ù ��Û��

Ñm�Y�VÌªÍ
�OÆ�Î

��-aLXJ3d�U�F.Q�¥ � F*SiIoQ�Io���GLOJ�IMHzDqE7¡W��[.JMLOE3U
bW� ¢ E3� J Q�¥�/ é ÿ 4��i��Qh-aLOJ3d�U�F.QG¥ � E3IMHzDAQ�Egd�S�PXLOF.QG¥RFTSÃF'Q^S�E7LXPOE3U
F.QWPOJ�POD�E��^J ��\G[*IoPXF.JMQ�IMShS�J�JMQ�IMS)F.PAF*SqH�LOE8IoPOE8U� �IMS)U�FTSOH�\^SXS�E3U#F.Q���E8H�POF'J Q ä �yÁ � POD�FTSZFTSZIm�lPOE3IMU��j�
��PuIoPOEÇú ù)� IMS�J �G�nJlS�E3U�POJ£I ú�E7Q�EgLvIoPXF.JMQ^Io[Xú ù ¦v�s}YJMLfE3I HvDªQ�E7dÏS�POLXF.Q�¥�PXJ�b^E~IMU�U�E3UªPOJ�PXD�E
H�\�LXLOE7QWPA�^J ��\�[TIoPXF.J Q � I�S�NwIo[.[�S�\�b^S�E7P] KE��Ð¥G�iû�¦
J � PXD�EfH�\GLOLOEgQ�P
�^JM��\�[*I3POF'J Q�F*SASOI3N]��['E3UxÑVPXD�E�Q�E7d
S�PXLOF'Q�¥hLOE7�G[*I H_E3S�POD�EqS�POLOF'Q�¥ � LOJMNÒPOD�EqSOI3N]��['ERPXD^IoP�F.PeFTS�N]J�S�PeS�F'N]F.[TIoL6POJ��

ù U��MIoQWPvI3¥ E�¨ ��POLXF.Q�¥lS0LXE7��[TI H�E�S�PXLOF'Q�¥�ShPOD^I3P]I3LOEf¥ EgQ�E7POFTH7Io['[.�$S�F'N]F.[TIoL)PXJmPXD�E7NfS�E7[.��E8S � �^JlSOS�F'b�[.�
��LXE3S�E7LX��F'Q�¥h¥ LXE3IoPXE7L�U�F'��E7LvS�F.P��hF.QfPODGEZ�^JM��\�[*I3POF'J Q=�
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}VF.¥M\�LOE ù �-û�¨yÓk¹�º7ÔaÕ�²Ö· µ

ù U��MIoQWPvI3¥ E�¨ Á�D�E0¤YPOQ�E3SXS)J � I�S�POLXF.Q�¥pH7IoQ$bnEwH7Io[TH�\�[*I3POE3U�deF.PXD�J \GPhH�JMN]�^IoLXF.Q�¥fF'PZPXJ#Io['[kJMPOD�EgL
S�PXLOF'Q�¥�SeF.QfPODGEZ�^JM��\�[*I3POF'J Q=�

¢ F*SXI U��MI3Q�PuIo¥ El¨ÒÁ�D�EAN]E3I S�\�LOEAJ � S�F'N]F.[TIoLOF'P��)F*S�S��WQWPvI H_POF*H � Q�JMP
S�E7NfIoQWPOFTH �5Á�DYIoP
FTS � S�F'N]F.[TIoLXF.P��)FTS
U�E7PXE7LONcF.Q�E3U�IoPePXD�EA[.E7��Eg[xJ � deD^I3PRPXD�EqS�POLXF.Q�¥lS{['J�J ×]['F.×�E � LuIoPODGE7LRPXD^IoQ�D�J3dØPXD�E7� � \GQ^H�POF'J Q=�

Á�D�Eh-aLOJ3d�U�F'Q�¥cIo����LXJ�IMHzD�F*S�F.['[.\^S�POLuIoPOE8U�F.Q�}VF'¥ \�LXE ù ��û��

Ù ���^Æ��VÚGÚ«ÛRÜ��5�^�OÆ�Î Â

��Q�POD�E�J LXF.¥MF.Q^I3[ � J LXN�\�[TIoPXF.J Q�J � ¤^POQ�E8SOSAS�D^I3LOF'Q�¥�bW��ú�J [TU�b^E7LO¥�I3Q^U~�eF*HvD^IoLuU�S�JMQ£/ÞÝ�ß 4 � S�PXLOF'Q�¥�SAIoLXE
�^E7Q^I3[.F.&gE3U � JML
POD�Eq��LOE8S�E7Q^H_E)J � J PODGE7LAS�F'N]F.[TIoL�S�POLOF'Q�¥�S�F.Q�PXD�E)�^JM��\�[*I3POF'J Q=�h `Á�D^IoPAF*S � PXD�E7F'L{¤^PXQ�E3SXS
F*SfU�E8H�LOE7NcE7Q�PXE7Ur�­¦àÁ�D�FTS�I3����LXJ�I HvDáU�E�¤^Q�E8S�I~Q�EgF.¥ DWb^J LXD�J�JWU � J LfE3I HvD�S�PXLOF'Q�¥�  � J LfE7¡GIoNc��[.E � I
b^J \�QYU�IoLX��J � Io[.[=�^JMF.QWPvS�IoPePODGEhSOI3N]EAâ5\^H�['F*U�E8IoQ�U�F*S�PvI3Q^H�E � LOJMNãPXD�EqS�PXLOF.QG¥�¦v�6Á�D�EA¤^POQ�E8SOSeJ � E3IMHzD
S�PXLOF'Q�¥]F*S�H7Io[TH�\�[*I3POE3Uf\^S�F'Q�¥]PXD�E)¤^POQGE3SOS � \GQ^H�POF'J Q � b�\�P
PXD�E7Q�PODGF*SR�MIo['\�E)FTS
U�E7¥MLvIMU�E3U�I HgH�J LuU�F.Q�¥fPXJ
PODGE]Q�\GN�b^E7L
J � S�PXLOF.QG¥�S)PODYIoPhI3LOE]F'Q~PODGEfSOI3N]E�QGE7F.¥MD�b^J LXD�J�JWUx�#Á�D�EfI3N]J \GQ�PqPOJ�UWE3H�LOEgN]E7QWPRPXD�E
S�PXLOF'Q�¥�äåS�¤YPOQ�E3SXS
F*SRb^IMS�E3U�J Q$I]�^IoLuIoN]EgPOE7L �=æ^ç©èvé�ê�ëv� PXJ�U�E7POEgLON]F'Q�EAPOD�E�S�F.&7EhJ � PODGE�Q�EgF.¥ DWb^J LXD�J�JWUxÑ
PODGF*S��^I3LvIoNcE7POE7L6F*S�b^IMS�E3UfJ Q�POD�EAQW\�N�b^E7LaJ � E7¡W�nE8H�POE3U��nE8Io×GS{F'Q�PXD�EqS�JM[.\�PXF.J Q§�

ù U��MIoQWPvI3¥ E�¨ìÁ�D�F*SeN]E7PXD�JWU�F.QYU�\^H�E3SeS�PvI3b�[.EAQ�FTHzD�E8S��

ù U��MIoQWPvI3¥ E�¨ìÁ�D�F*SeN]E7PXD�JWU�F.QYH�J LX�nJMLvI3POE3SeF*U�E8I)J � ['F.N]F'POEgU0LXE3S�JM\�LvH�E8S�F.QWPOJhPODGE¡ú ù N]JWU�Eg[��

¢ F*SXI U��MI3Q�PuIo¥ El¨tÁ�D�E�QW\�N�b^E7LiJ � �^E3I3×�SaN�\YS�PibnE�×�Q�J3deQ� ©JML�¥ \GE3SOS�E3Un¦yIoD�E8I U�J � POF'N]E�Ñ PXD�E��nE8Io×GS
N�\^S�P6bnEAE3	�\�FTU�F*S�PvIoQWP � LOJMNËJ QGE)I3Q�J PXD�E7Lg�

¢ F*SXI U��MI3Q�PuIo¥ El¨ ù Q�E7Q�J LXN]J \YSkQW\�N�b^E7LyJ � H�JMN]�^IoLXF*S�J Q^SaN�\^S�P5b^EAU�JMQ�E
E7��E7LX�h¥ E7QGE7LvI3POF.JMQ� ©�^JM���
S�F'&7E íg�nJM�^S�F'&7E ¦u�
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strings are clustered
in fitness landscape

fitness of each string
is penalized for every
other string in its
neighborhood

}VF.¥M\�LOEqï)�ðÝ�¨iñ=²´¾X· °v¼�¼6¼X¯�¶o¹�²Ö· µ
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initial
population

raw
fitness

10     0
90     0
57     0
42     0
ò
96     0
39     0
ó
75     0
87     0
72     0
16     0
66     0
86     0
49     0
ò
52     0
37     0
ó
24     0

total
fitness

10     0

42     0
ò

86     0

initial
population

raw
fitness

10     0
90     0
57     0
42     0
ò
96     0
39     0
ó
75     0
87    87
72     0
16     0
66     0
86     0
49     0
ò
52     0
37     0
ó
24     0

total
fitness

42     0
ò

16     0

49     0
ò

87    87

75    75

select random
subset

select random
subset

first
iteration

second
iteration

highest raw fitness
wins −− total fitness
is incremented

highest raw fitness
wins −− total fitness
is incremented

}VF.¥M\�LOEqï)�åô�¨5õ�¼�°v³vºM· Õc¶o¸�¸�¹�ºM¶7³v¯)¾�ºRöW¾X· °v¼�¼�¼X¯�¶3¹�²Ö· µW½

ïR['POD�JM\�¥ D~¤^PXQ�E3SOS�S�DYIoLOF'Q�¥#\^S�E3S)�GLOF.NwIoLOF'[.�#I�S���QWPvIMH�POFTH�N]E3IMS�\�LXE]J � S�PXLOF.QG¥~S�F.N]F'[*IoLXF.P�� �V¢ E7b£IoQ^U
÷ J [TU�b^E7LO¥p/ÐßMôo4=J \GPO[.F'Q�EqIoQpIo����LXJ�IMHzD � J L�I�S�E7NfI3Q�PXF*HeN]E3IMS�\�LXE
J � S�F'N]F.[TIoLOF'P����
Á�D�FTSeIo����LXJ�IMHzD�POJh¤^POQ�E8SOS�S�D^I3LOF.QG¥�FTS�F.[.['\^S�PXLvI3POE3U�F'Q�}VF.¥M\�LOEqï)�ðÝ��

Ù ���^Æ��VÚGÚ«ÛRÜ��5�^�OÆ�Î Â�Â

ïRQ£Io['POE7LXQ^IoPXF.��E]��EgLvS�F'J Q�J � ¤^POQ�E8SOS�S�D^I3LOF.QG¥mFTS�U�E8SOH�LXF.b^E3U~F.Q�bW��ø�N]F'POD � }�J LXLOE3S�P � IoQ^U£|VE7LXE7[*S�J Q �
F.Q#PODGE7F.L
�GLOJ3ùOE3H_PZJMQ~PODGE�F'N]Nh\�Q�EqS��GS�PXE7N /ÐúMúo4`�]��QmPXD�F*SAI3����LOJlI HvD � PODGE]H7I3[*H�\G[*IoPXF.JMQ�J � ¤^PXQ�E3SOS
FTS
IoQ#F.PXE7LvI3POF'��E)��LXJWH�E3SOS_��}VF.LuS�PAPOD�E�ûXLvI7dt¤^PXQ�E3SOSXü]J � E8I HvD#S�POLXF.Q�¥fFTSZUWE7POE7LXN]F.QGE3U � \^S�F.Q�¥fPODGE0¤^PXQ�E3SXS
� \�Q^H_POF.JMQ=�aÁ�D�E7Q � I�S�\�b^S�E7PeJ � PODGEZ�^JM��\�[*I3POF'J Q�FTS�S�E7[.E3H_POE3U � I3Q^U�PXD�EALvI7dý¤YPOQ�E3SXS�E3S�J � PXD�E3S�E)S�POLXF.Q�¥lS
H�JMN]�^IoLXE3UxÑ�PODGE)S�POLXF.Q�¥hdeF'PODfPOD�E�D�F.¥MD�E3S�PeLuI7dý¤^PXQ�E3SXS
 ©F.QcPOD�EqS�\Gb^S�E7P_¦a¥ E7PuS�F.PuS)ûOJ �^E7LuIoPXF.��ER¤^PXQ�E3SXSOü
F.QYH�LOE7NcE7Q�PXE3Ux�5 `þRJ PXEAPOD^I3PePOD�E7F'L�IoLXEZP�d6J)¤^POQ�E8SOS�N]E3IMS�\�LXE3SkDGE7LOE��Ö¦qÁ�D�F*S�FTS�LOE7�^E3I3POE3U � JMLZ-ÿH��GH�[.E3S �
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initial
population

raw
fitness

96       18
90       12
87         6
86       15
75         4
72         0
66       11
57         2
52         0
49         0
42       13
39         6
37         1
24         7
16         0
10         3

number of
matches to
dataset

examples from data set are allocated to strings
from highest raw fitness to lowest raw fitness

each example gets allocated to only the first
string that matches it (the highest fitness string)

number of matches to dataset is the new fitness
function, used to determine parents for next generation

}VF.¥M\�LOEqï)����¨a®a¯ °�Ó����RÈ��ª¶3¸�¸�¹¬ºM¶7³v¯

deD�E7LXE	�«FTS
I]�^IoLuIoN]E7PXE7LAS�E7P
bW��PODGE�\^S�E7L7��ï � POE7L�POD�E	� H���H_[.E3SeD^I7��E�H�J Nc��[.E7PXE3U � PXD�E�JM�^E7LvI3POF.��E
¤^PXQ�E3SOSeF*S�\YS�E3U]POJcU�E7PXE7LONcF.Q�Ee�^I3LOE7QWP�S�Eg[.E3H�PXF.JMQfIoQ^U�
7J L+S�\�LX��F'��J LvS�PXJhPOD�EAQ�Eg¡�Pe¥ME7Q�E7LuIoPOF'J Q=�

ï
U��MIoQWPvI3¥ E�¨ÊÁ�D�E)QW\�N�b^E7L�J � �^E3Io×GSRUWJ�E3SRQ�JMPRQ�EgE3U]POJ�bnEq×�QGJodeQpIoD�E8I U�J � POF.NcE � Q�J L�U�J]PXD�E7�
Q�E7E8UwPXJ�b^EAE
��\�F*UWF*S�PuIoQWP7�

ï
U��MIoQWPvI3¥ E�¨:Á�DGE7LOEeFTS�QGJ P6IoQ]Eg¡�H�E8SOS�F'��E6IoN]JM\�Q�PaJ � H�JMN]��\�PuIoPOF'J QhLXE
�j\GF.LOE8U)F.QhPODGE
H�JMN]��\�PuIoPXF.J Q
J � ¤^POQ�E8SOS � J L�I)¥ EgQ�E7LvI3POF'J Q=�

¢ F*SXI U��MI3Q�PuIo¥ El¨ãø�E7EgNfSkPXD^IoP�POD�EA�^E3I3×�SeN�\YS�P�b^EqPOD�EqSOI3N]E
D�EgF.¥ DWPeJ L�PODGE7�]deF.['[xQ�JMPR¥ME7P���F*Hv×�E3U
\��=�

ï
S
\^S�E3U�bW�mølN]F.PXD�E7PqIo[`�hPOD�FTSZI3����LXJ�I HvD#\^S�E3SAI�S��WQ�PuI H�PXF*H)N]E3IMS�\�LXE)J � ¤^PXQ�E3SOS � b�\GPZPXD�E7�pH�[*I3F.N
PODYIoP�F.P�d6J \�[TU�Q=äðPeD^I7��EZPXJhb^E��
Á�D�FTSeIo����LXJ�IMHzD�POJh¤^POQ�E8SOS�S�D^I3LOF.QG¥�FTS�F.[.['\^S�PXLvI3POE3U�F'Q�}VF.¥M\�LOEqï)�åô��

������Â��

÷ LOE7EgQ�E]I3Q^U�ø�NcF.POD�� Ý Ý��6U�E7��Eg[.J �^E3U#IoQGJ PODGE7LhI3����LOJlI HvD~POJ�E7Q^H�JM\�LvI3¥ F'Q�¥�Q�F*HvD�E � JMLONfI3POF.JMQ=�fÁ�D�FTS
N]E7PXD�JWU�Io[*S�J)\^S�E3SkP�d6JZ¤^PXQ�E3SOS�E3S � JML�E3IMHzDcS�PXLOF'Q�¥��aÁ�D�E�¤^LvS�P � PXD�E�ûOLvI7d�¤^PXQ�E3SXSOü)F*SaH7I3[*H�\G[*IoPXE3U � LOJ N
PODGE�¤^POQ�E8SOS � \�QYH�POF'J Q=�yÁ�D�E�S�PXLOF.QG¥�SaIoLXEeLvIoQG×�E3UhI H7H_J LvUWF.Q�¥
PXJAPOD�E6LvI7d�¤^PXQ�E3SXS�  � LXJ Ntb^E3S�PaPOJ
d6J LvS�P�¦ �
IoQYUmPOD�EgQmPXD�E~ûOJM�^E7LvI3POF.��Eh¤^PXQ�E3SOSXü�FTSZUWE7POE7LXN]F.QGE3Ux¨RPXD�E]QW\�N�bnEgLRJ � E7¡�I3N]��['E3S � LOJMN@POD�EcU�I3PvI S�E7P
NfI3PvHvD�E3Uhb��fI�S�PXLOF'Q�¥hPOD^I3PRDYI8��E�Q�J P�Io['LOE3IMU��]b^E7E7QfE7¡W��[*I3F.Q�E8UwbW�cI0D�F'¥ D�EgL�¤^POQ�E8SOS�S�POLXF.Q�¥G�

ï
U��MIoQWPvI3¥ E�¨ìïR[.['Jod�SeI)�MI3LOF*I3b�[.EAQW\�N�bnEgL�J � Q�FTHzD�E8S��
¢ F*SXI U��MI3Q�PuIo¥ El¨ãø�E3H_J Q^U]¤^POQ�E8SOSeF*S�PODGE+¤YPOQ�E3SXS � \GQ^H�POF'J QpI S � IoL�I SePOD�E ÷ ï«F*S�H�J Q^H_E7LOQ�E8U � I3Q^U�F'P

LOE8S�\�['PvS�F.Q�Ih[*I3LO¥ EAQW\�N�bnEgLkJ ����� ¤^PXQ�E3SOS�S�PXLOF'Q�¥�S ��� J L�J \�L�PvIMS�×r�

Á�D�E��e� ÷ ��þØI3����LXJ�I HvD]dsI Sk\YS�E3U�F'Q�PXD�E�POD�E3S�F*S6IoQ^U�FTS5F.[.['\^S�PXLvI3POE3UhF.Qc}VF.¥M\�LOE�ï)���ZI3Q^U]}VF'¥ \�LXE
ôW�´ßW�
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Á�D�E�U�F54rE7LOE7QWP�H�LOJlSOS�J3��E7L+IoQ^U�N�\GPvIoPXF.JMQ�LuIoPXE3S
F.QW��E3S�PXF.¥�I3POE3U]D�EgLOEhLOEg��LOE3S�E7QWP
I�¥MJ�JWUmLvI3Q�¥ E�J � PXD�E
�^I3LvIoNcE7POE7L�S��^IMH�E�ÑeD�J3d�Eg��E7L � S�F.Q^H�EcPOD�E ÷ ïãLX\�Q^S)POEgQ^U�E3U~POJ�¤^Q^U�b^E7POPXE7LhLO\�['E�S�E7PuS)deD�E7Q�\YS�F.QG¥
[.J3d6E7L�H�LOJlSOS�Jo��EgL�LuIoPOE8S]IoQ^U�DGF.¥ DGE7L�N�\�PuIoPOF'J Q�LvI3POE3S � Imb�LXF.E � E7¡W�^E7LOF'N]E7QWP)deIMS�UWJ Q�E�PXJ~S�E7E�PXD�E
E64rE3H�P�J � \^S�F.Q�¥fE7��E7Q�['J3d�E7LAH_LOJ�SXS�J3��E7L
LuIoPXE3S)I3Q^U�Eg��E7Q�D�F.¥MD�E7LAN�\�PvI3POF.JMQ�LvI3POE3S
J Q#PODGF*S
��LOJMb�[.EgN��
ïRQ#IMU�U�F.PXF.JMQ^Io[aS�E7P�J � Eg¡��^E7LXF.N]E7QWPvSad�E7LXEhH�JMQ^U�\^H_POE3U � \^S�F'Q�¥fH�LXJ�SOS�J3��E7LRLuIoPXE3S
J � � î ô � �åß ��� IoQ^U��´ßMô
IoQYU�N�\�PuIoPXF.J QcLvIoPXE3SRJ � �´ß � � î I3Q^Um� � î ��Á�D�FTS{FTSRIhPOJMPvI3[5J � QGF.Q�EqU�F54xEgLOE7QWPREg¡��^E7LXF.N]E7QWPvS � D�J3d�E7��E7L �
P�d�J�J � PXD�E3S�E�E7¡W�^E7LOF'N]E7QWPvS= �H�LXJ�SXS�J3��E7LiLvIoPXE�J � �´ßMôRdeF.PXD)N�\�PvI3POF.JMQ
LvI3POE3SiJ � � î I3Q^U]� � î ¦rd�E7LXE�I3[.LXE3I U��
U�JMQ�E
I3PaPOD�Eeb^E7¥MF.Q�Q�F'Q�¥AJ � �aD^Io��PXE7L6ô��aÁ�D�E�Q�F'Q�EeLO\�QYSkI3LOEeF'[.[.\YS�POLuIoPXE3U)F.Q�}VF'¥ \�LXE87
� î �iÁ�D�E�D�F.¥MD�E3S�P
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95% confidence intervals for training and testing runs

default rule (everyone negative)
biased coin (55.7% negative)

unbiased coin (random guessing)
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r)B�]xù ¢ BC*)ù/./B�Ï�r)(/(-B�q

Ð ¤�ÓYÚNq � Å	n.n�o9�.�6D	×���������n�npÅ	�*Ãbcªq�cHÊ1Å9á�qph�Å'Ä>isÍlÈ>Ê�iàË}����n�ÈY�	Î�Ê�o'Å'n���Å'����Å�ÀóÆ¨Å�Ë�Å	�Dis�*Ã�o9É1o9�1Ã�oÔ���
É�n�o(Ã�i�ÀÂ�.��nN�'Î�Ã�o(Å	��Ê¨Ã�m�o����ÌÀ9Å'n�Ã�il�	Ú�Å�Ë�ÀÂm�ÍàÅ	n©Ã�iàË}o'Å�Ë}o8qFEG8:�'=)HI>KJ/5L8:9IM�Ï�N/(�]lr)B-N�ùC*O(�Ï�r)(�ô	¤$q

Ð ù	Ó��8Å	Ä>o(Ë�×©q � o'Å	�5q å oÔ��o9��iàÀ9Ë�Å	�1ÃDn�Å	�*Ã���Ä Æ8o9È$ËUÎ·��nªË�o+P)m$o9�1ÀÂil��kYÅ	�1Ã¦��É$��isÄÌieÛ'Å'��is����q � o(ÀóÊ�D
��i�ÀÔÅ	Í a o9É1��n�� �Na DQ( ¢ DF¤I.�Ï ¡ o9É1Å'n���ÄÌo9���p�	ÎÛ�L�1Ã�m1Ë���n�iàÅ	Í©Å'�1Ã�I©É1o9n�Å'��il���1Ë0ÚR��k�is��o9oÔn�is�$k�Ï � Ê�o
R���ilÚ8o9n�Ë�is��Èª�	ÎW:Pi�À�Ê�isk0Å	��Ï6r)(-( ¢ â6n�o9Ú�i�Ë�o'ÃPr)(-(/.�q

Ð1N	Ó��8Å	Ä>o(Ë�×©q � o'Å'�SÅ'�1ÃS�N��iàÃ�o9Í � oÔ� E Å�Ã9ì6DQ��Ís��m1Å	�$o8qT�-Ã�m1Å	Í@k�o9�$o9��iàÀ¥Å'Ísk���n�il��Ê�ÄýÎ·��n�Ç1��m$�1Ã�o'Ã
is����o9k�o9n©É�n���k�n�Å'Ä�ËÂq � o'ÀóÊ$��i�À9Å'Í a o9É1��n.� �Na DQ( ¢ D�ù-.�Ï ¡ o9É1Å	n.��Ä>oÔ���N�'Î©�L�1Ã�m1Ë���n.i�Å	ÍWÅ	�1ÃbI©É1o9n�Å)D
��il���1Ë�ÚR��k�il��o9o9n.is��k$Ï � Ê�oUR���isÚ8oÔn�Ë}il��Èv�	Î�:Pi�À�Ê�isk0Å	��Ï6r)(/( ¢ q

Ðx�9Ó��8Å	Ä>o(ËA×©q � o'Å	�DÅ'�1Ã � n�È�Å'�V�vqXW���n�Ä�Å'��q a Å'�1Ã���Ä²Æ8oÔÈ�Ë�Î·��n�ì���ÇDË�Ê���É§Ë�À�Ê�o'Ã�m$Ísis�$k�q � o(ÀóÊ�D
��i�ÀÔÅ	Í a o9É1��n.� �Na DQ(/.CD.�8Ï ¡ o9É*Å	n��.Ä>o9�����'Î��L�1Ã�m*Ë}��n.i�Å'ÍvÅ'�1Ã�I�É1o9n2Å	�.is���*Ë�ÚR��k�is��oÔo9n�il��k�Ï � Ê�o
R���ilÚ8o9n�Ë�is��Èª�	ÎW:Pi�À�Ê�isk0Å	��Ï6r)(-(/.�q

ÐHô	Ó å o9n�Å'Í�ÃZY1q � o9n�oÔ�1Ë}����q�ÚWÉ$i�Ã�o9ÄÌis��Íl��k�i�Àjil��Ú8o'Ë���ilk8Å	�.is���1Ë«�'Î6À9Å'n�Ã�il�	Ú�Å�Ë�ÀÂm�ÍàÅ	nRn.i�Ë�Æ�ÎFÅ�ÀÂ�.��nRÚ�Å'n�i�Å'Ç�Íso(Ë
is�YÀ�Ê�isÍàÃ�Ê��8��Ã\[ Å'�P�'Ú8o9n.Ú�ilo9á�q]2,=�5^JZ�_�'JI&I8:J/5^�a`X= JIMb&�`cHCdId�>xÏX.�ruô�]ä��*e(�ÏRr)(�ô�ù�q

Ð1(	Ó å o9n�Å'Í�Ã$Y1q � o9n�oÔ�1Ë}����ÏcY�Å'��Ê1Å'��m$n a q�Y8n.is��ilÚ�Å�Ë�Å'��Ï�Å'�1ÃPM6Å	n�n.ÈSY1q � o9Ç$Ç�oÔn9q@GRn���k����8Ë���iàÀ¥Ë�isk���iÒÙ�D
À9Å	�*ÀÂoN�	Î6ÍsilÉ�i�ÃHÉ�n.�	Ù1Ílo'Ëjil�ªÀ�Ê�isÍàÃ�n�o9�5q��L� a q�:¦q8M6Å	m$o9n�Å	�*Ã a q � qIY8Ê�oÔÆ8o9ÍsÍlo8ÏÂo'Ã�is����n�Ë!ÏfEhgb8i>K&<gb9+9+&
���7�"!<�7M�5L8:9IM�96jT2,5kg��7�@9<;0=�>i�7�@9<;08A;4JIM�&mlFn d��"�75o�"MO;08:9IM�Ï�É1Å'k�o'ËN�'ùC*�ô/N�q a Å(Ú8oÔ�>GRn�o(Ë�ËÂÏeW�oÔá�����n.Æ/Ï
r)(�ô/B�q

Ðär)B'Óp���1Ë�o9ÍsÄ � Ílm�Ä>o9nÔÏq���1Ã�n	Û9o�ì{ÚWÊ$n�o9��Î·oÔm1ÀóÊ��9Ï ¡ Å(Ú�i�Ã E Å'm1Ë�Ë�Íso9nÔÏJÅ'�1Ã�:SÅ'�1Ã�n.o'Ã�cªq � Å	n�Ä�m��.Ê�q
IUÀ9À9Å	Ä­ÙxË�n2ÅNÛ9��n9qsr7M7j09I��t�J/5^8:9IM\���'9<=��'; ;08:M/uwvx� 5y5o�"�@;!Ï ¢ ¤$æLN)ç2]z.8����*O.�ô-B�Ï�r)(�ô)�8q

Ðär�r!Ó�:SÅ	n.Æ8� � ��Ê*Å	��o'ÀÌÅ	�1Ã4�LÚ�Å	� � n2Å	��Æ8�$q � n�Å�Ã�is��k¨Å�À9ÀÂm$n�Å�À!È¿Î·��nªË}ilÄ>É�Íli�ÀÂil�}È�il�4Ã�o'ÀÂiàË}il���D��n�oÔo'ËÂq
#{JI=7gb8:M��|v]�'JI�"M�8:M/u�Ï�rÔù�æL.8ç�] ¢�¢ .)* ¢ ù/B�Ï�r0(/(	¤$q

Ðär ¢ ÓoÚNq � n�Å	m$��áVÅ	Í�Ã6qslm�'JI� 5]}~8A;+�'J<;+��q � q � q�Y�Å'm��1Ã�o9n2Ë�×���Ä>É*Å	��È8Ï�GRÊ�ilÍ�Å�Ã�o9ÍsÉ�Ê$i�Å�Ï6r)(�ô�ô�q
Ðär).'ÓPM@q � n.o9isÄ�Å'��Ï-��q E q8h�n�iso(Ã�Ä�Å	�5Ï a qe�vq�I�ÍàË}Ê�oÔ��Ï8Å	�*Ã�×©qe��q�Y0�����$o8q,E]>KJ<; ;08 ��= J/5^8:9IM$JIMb&U�4��uI�7�@;"�

;08:9IM���� � �@;!q � Å�Ã�Ë�áJ��n.��Ê�� � n��8��Æ�Ë!Ï1:P������o9n.o9È8ÏL×��vÏ�r)(�ô	¤�q

r0N/B



r0N�r

ÐärÂ¤�ÓPM@q � n.iso9Ä�Å'��Ï-��q E q8h�n�iso(Ã�Ä�Å	�5Ï a qe�vq�I�ÍàË}Ê�oÔ��Ï8Å	�*Ã�×©qe��q�Y0�����$o8q,E]>KJ<; ;08 ��= J/5^8:9IM$JIMb&U�4��uI�7�@;"�
;08:9IM���� � �@;!q � Å�Ã�Ë�áJ��n.��Ê�� � n��8��Æ�Ë!Ï�r)(�ô	¤�q

Ðär9ù'Ó � n2Å9È � m����.is��o0qx×�ÍàÅ�Ë.Ë}iÒÙ*o9n�Ë!]�� �.Ê�o9��n�o9�.i�À9Å'Í�Å	�1ÃDo9Ä>É�iln�i�ÀÔÅ	ÍíË}��m*Ã�È8q>�L�����@9+=�� �'&I8:M/u<;w96j�5kg��
�q��� >K!"5kg�r7M�5o�"��MbJ/5L8:9IM�J/>F�b9I8:M�5�EG9IM7j+�"�7�7M�=��{9IM�24� 5L8 ��=)8:J/>_r"Me56� >?>K8zu��"M�=����:r���Eh2,ry�+�~`Xn/&IMc�7nC�
24H�;"5^�@J/>�8:J�q1:P��n�k0Å	�¨c¥Å'm�Î·Ä�Å'����ÏcY)Å	�S:SÅ'��o9�$ÏQ×��vÏ/r0(/(�r�q

Ðär)N'Óq×�Í�Å'm1Ã�is�d×�Å	n�É$iso9������Å'�1Ã å is�'Ú�Å	���$i a ��Ä�Å'����q å Å	Ís��i�Ë!]]���p��n�Ã�o9n6DF��Ê�oÔ��n�oÔ��i�À�Å	É�É$n��8Å�ÀóÊ����ÛÀÂ����D
ÀÂo9É��.m1Å	ÍíÀÂÍlm1Ë}�.o9n�il��k�q©�L�����@9+=�� �'&I8:M/u+;~96j~5kg����c�7M�5kgVr7M�5o�"��MbJ/5L8:9IM�J/>�EG9IM7j+�"� �"M�=���9IM$#�JI=7gb8:Mc�
v]�'JI�"M�8:M/u<�x24t�g��"��;"5:�]#�2HÏ�É1Å'k�o'Ë,./.)*8¤�B�q�:P��n�k8Å'�Sc�Å	m�Î·Ä�Å	���5ÏcY�Å'�S:SÅ	�.o9��ÏQ×��pÏ�r)(/(-.�q

Ðär	�ÔÓ�GjqQ×�Ê�oÔo'Ë}o9ÄãÅ	��Ïb��q1cÛoÔÍsÍsÈ0Ï�:¦q�Y8o9ÍäÎ.Ï���q�Y8�.m��'Û0Ï � q � Å9È�Ís��nÔÏ1Å	�1Ã ¡ q6h*n.o9o9Ä�Å'��q]�©m�����×�Í�Å�Ë.ËÂ]��
� Å9È8o'Ë}iàÅ	�§ÀÂÍ�Å�Ë�Ë}iäÙ6À9Å'��is���4Ë}È$Ë}�.o9ÄSqY�L�����@9+=�� �'&I8:M/u<;�96j�5:g��Z��8 j"5:g{r"M�5o�"�"M�J/5L8:9IMbJ/>|EG9IM7j+�"� �"M�=��
9IM$#{JI=7gb8:M��|v]�'JI�"M�8:M/u<�]24MbM$24��� 9I�@�]#Sr2q�:P��n�k8Å'�Sc�Å	m�Î·Ä�Å	���5ÏcY�Å'�S:SÅ	�.o9��ÏQ×��pÏ�r)(�ô�ô�q

Ðär�ô'Óp��q�×�Ê�o9�$k�Ï|RpqJ:¦q�h1Å(È�È�Å�Ã6Ï�cªq � q��Ln�Å'��iLÏ©Å	�*Ã��@qT�©m�i�Å'��q-�LÄ>É$n��'Ú8o'Ã4Ã�o'ÀÂiàË}il�����.n�o9o(ËÂ]{�
k�o9�$o9n�Å'ÍsieÛÔo'ÃbÚ8o9n2Ë}is���¦�	ÎU� ¡ .�q¦�L�����@9+=�� �'&I8:M/u+;�96jp5kg�����8 j"5:g%r7M�56�7��M�J/5^8:9IM�J/>FEG9IM7j+�7�7�"M�=��\9IM
#{JI=7gb8:M��Zv]�'JI�"M�8:M/u+�|24M�M�24�"� 9I�@�_#�r�ÏjÉ*Å	k�o(Ë>r)B/B)*1r0B�ô�q�:P��n.k8Å'��c�Å	m�Î·ÄãÅ	����ÏGY�Å	��:SÅ'��o9�$Ï
×��vÏ�r)(�ô�ô�q

Ðär)('Ó � q�×�Ê$isÍ�Ã$ËÂq�Gjo9n2Ë}i�Ë���o9���ªo'À�Ê��8Ëª�	Îp�.Ê�oP�1Å'��m�n.o�DF��m�n.��m�n.oSÅ'n�k�m$Ä>o9���9q
24tZ�"�"8:= JIM��b9IH��"M�J/>,96j
lFHet�JIM%�|�"Mc� 5^8:=7;!Ï ¢ (�]sr7**r).�ÏRr)(8���8q

Ð ¢ B'Óq×©q � q�×����$k8Ã�����ÏI×©q6hJq�Y0is��k$Ï/Å'�1Ã�Y1q�M@q a o9isÍlÍsÈ8q å o9��o9�.i�ÀpÅ	Ísk���n.is��Ê$Ä�Ë�Î·��nHiàÃ�o9����iäÎ·È�il��kªÀÂ��ÄZD
Ç�is�*Å	��il���1ËH�'ÎNk�oÔ��o'Ë�Å	�1ÃD����Ê$o9n�n�i�Ë�ÆOD·ÎFÅ�À!����n2Ë�Å�Ë�Ë���ÀÂi�Å'��o'ÃSáNis�.Ê¦À!��n����1Å	n.ÈDÅ	n.��o9n.ÈDÃ�i�Ë�o'Å�Ë�o8qª�L�
���@9+=�� �'&I8:M/u<;�96j~5kg��\ S9I�@¡); gb9�d{9IM\24� 5^8 ��=)8:J/>�r"Me56� >?>K8zu��"M�=���JIMb&\5:g����|�"M�9ItZ�@�Gr7M�56�7��M�J/5^8:9IM�J/>
��9I8:Me5|EG9IM7j+�"� �"M�=��~9IM$24� 5L8 ��=)8:J/>�r"M�5o� >?>K8zu��"M�=)�@�~EhgbJIt����"�"nC�q�¢�@JIM�=��2Ï�r)(/(-.�q

Ð ¢ r!Óp��q ¡ Å(Ú�isk������5Ï a q ¡ m�Î·��m�nÔÏ>Å	�*Ã3:¦q�×�������is�5q �N��Ê$o9n��0Ë�ÀÂÍlo9n��0Ë}i�ËSÅ'�1Ã-Ê�È�É1o9n.��o9�1Ë�is����q �L�
å q]�8Å�À0P)m�o(ËS� 5~J/>xÏRo'Ã�il����nÔÏ�l�n7d��"� 56�7MO;08:9IMO�F�GgbnC;08:9�dbJ/5kgb9/>�97u�nC��JIM�&��b�7�'J/5^tZ�"M�5·ÏRÉ1Å'k�o'Ë0ô�r)BC*
ô�ù ¢ q6:SÀ å n�Å9ásD E isÍsÍFÏeW�o9á�����n�Æ6Ï�r)(�ô/.�q

Ð ¢�¢ ÓPM6Å9áNn�o9�1À!o ¡ Å(Ú�i�Ë!Ï	o(Ã�is�.��n9qX�|�"Mc� 5^8:=a2,>£u�9I��8i5:gbt�;�JIM�&_`X8:t�HO>�J/56�'&_24M�Mc�'J/>�8:M/u�q�GRil��Ä�Å'��¤':P��n�k8Å'�
c�Å	m�Î·Ä�Å'����Ï/M1�0Ë_��Íl���0ËÂÏ³×��pÏ�r)(�ô8�8q

Ð ¢ .'ÓPM6Å9áNn�o9�1À!o ¡ Å9Ú�iàËÂqflFJIM�&I� 9+9<¡~96j��|�"Mc� 5^8:=_2,>£uI9I�"8i5kgbt�;!q1K�Å	��W��0Ë}��n2Å	�1Ã a o9is��Ê$��Í�Ã6ÏIW�o9á4����n.Æ/Ï
W��ªÏ6r)(/(�r�q

Ð ¢ ¤�Ó � q a q ¡ Å(áNÇ1o9nÔq���g��m�¢�'JIt�8:M/u<gbJIt¥`�5LHe&InO¦~��g��§�LdX8:&��"t�8:9/>�97u�nS96j�J/5:g��"�'9<;0=�>i�"�'9/5L8:=p&I8A;+�'J<;+��q
E Å	n.Ú�Å	n�Ã�R���ilÚ8o9n�Ë�is��È�GRn�o'Ë.ËÂÏQ×�Å	Ä�Ç�n.i�Ã�k�o8Ï1r)(�ô-B�q

Ð ¢ ù'Ó�c�Å	ÍsÈ�Å'��Ä>�'È ¡ o9Ç4Å	�*Ã ¡ Å(Ú�i�Ã)ÚNq å ��ÍàÃ�Ç1o9n�k$qV���Dis��Ú8o'Ë}�.isk0Å	��il���D�	Î©��iàÀóÊ$o>Å'�1Ã¦Ë}É1o'À!iso'Ë�Î·��noD
Ä�Å	�.is���&il��k�o9��o9�.i�À�Î·m��1ÀÂ�.is������É$��isÄÌieÛ'Å'��is����q4�L�
���@9+=�� �'&I8:M/u+;p96j�5:g�����gb8:�@&�r7M�56�7��M�J/5^8:9IM�J/>
EG9IM7j+�"� �"M�=��~9IM%�|�"Mc� 5^8:=m2,>£uI9I�"8i5kgbt�;!q1:P��n�k8Å'�Sc�Å	m�Î·Ä�Å	���5Ï�Y�Å	�Y:SÅ	�.o9��ÏQ×��pÏ�r)(�ô-(�q

Ð ¢ N'Óp�vq�Gjq ¡ o9Ä>É1Ë���o9nÔÏeWvq�:¦q*M6Å'isn2Ã/Ï�Å'�1Ã ¡ q � q a m�Ç�is�5qj:SÅ'Ö�ilÄ�m$Ä-ÍsilÆ8o9ÍsilÊ��8��ÃvÎ·n���Ä is�*ÀÂ��Ä>É$Íso9�.o
Ã�Å	�2Å¥Ú�i�Å��.Ê�o�Ú�:úÅ'Ísk���n�il��Ê�ÄSqf�b9IHe��M�J/>�96j,5kg��T�,9In-J/>O`�5LJ/5^8A;"5L8:= J/>�`X9+=)8y��5Ln)�h`f�7��8y�@;,¨NÏe.-(�æ�r'ç�]lr7*
.�ô�Ïjr0()���0q



r0N ¢

Ð ¢ �ÔÓ � Å	n.Ç1Å	n2ÅV�vq ¡ o9����iàË}����Ï ¡ Å9Ú�i�Ã%�pqjcHilÆ�m1À�Ê�iFÏhY�Å	�.Ê1Å	��m�n a q]Y8n�il��isÚ�Å�Ë.Å	��ÏJM6Å'n�n.È3Y1q � oÔÇ�Ç1o9n9Ï
Å	�1Ã å o9n2Å	Í�Ã%Y1q � o9n�o9�*Ë}���5q�GRÅ	n.o9���2Å	Í�Ê�iàË}����n�ÈD�	ÎUÀ9Å'n�Ã�il�'Ú�Å�Ë�ÀÂm$Í�Å	npÃ�iàË}o'Å�Ë}o�Å�ËvÅ'�&il�1Ã�iàÀ9Å	�.is���
Î·��nYË�À!n�o9o9�$is��kbÎ·��n�ÍsisÉ1��É�n�����o9il��Å	Ç�����n�Ä�Å'Ísil��iso(Ëîil��À�Ê�isÍàÃ�n�oÔ��q©��g��V�b9IH��"M�J/>496jS�,�'&I8:J/5L�"8:=7;!Ï
r�rÔù�æ ¢ ç�]lr�ô/N)*1r0(�¤�Ïq��m�k�m1Ë}��r0(�ô/(�q

Ð ¢ ô'ÓSY1q ¡ o9m��2Ë�À�Ê�o9nÔÏÛM@q ¡ qHIUË}�.n�Å'�1Ã�o9nÔÏHÅ	�*Ã�hJq E q�ÚWÉ*Ë}��oÔis��q3h1Å'Ä>isÍli�Å	ÍNÎFÅ�À!����n2Ë>is��É�n�o9ÄãÅ	��m$n�o
ÀÂ��n.���1Å'n�È¦Ê$o'Å	n.�ªÃ�iàË}o'Å�Ë}oZ[ É�n�o9ÍlisÄ>il�1Å	n.ÈPn.o9É1��n���Î·n���Ä �.Ê�o � o'ÀÂm$Ä�Ë}o9Ê§ÀÂ��Ä>Ä�m$��is�LÈ�Ê�o(Å	Ís�.Ê
Ë}�.m1Ã�È8qT24tZ�"�"8:= JIM$�b9IH��"M�J/>f96jFªqdX8:&��"t�8:9/>K9 uIn'Ï�(�r�] ¢ ./.8OvÏ@r)(8�+B�q

Ð ¢ ('Ó a iàÀóÊ*Å	n�Ã�Ivq ¡ m1Ã�ÅªÅ'�1Ã�Gjo9�.o9n!ÚNq E Å	n��Ôq���J/5�56�"�"M%E]>KJ<; ;08 ��= J/5^8:9IMSJIMb&w`X=��"Mc�|24MbJ/>KnC;08A;!qx����Ê��
� isÍlo9È§�«Y8���*ËÂÏXW�o9á�����n�Æ6Ï/r0()�+.�q

Ð1./B'Ó � q/h�q�ÚR���8Ë!Ï a q E q E ��ÍsÄ>o(ËÂÏ�Å'�1ÃS��q � oÔÈ8o9n9q ×���n����1Å	n.ÈSÃ�iàË}o'Å�Ë}oÑÅ	Ä>����k�R���il��o'ÃSY8�2Å	��o(Ë�Ë���ÍAD
Ã�isoÔn�Ë�Æ�ilÍsÍso(Ã�is�ÑÅ�ÀÂ�.is���pis�ÑcÛ��n�o'Å�q��b9IH��"M�J/>e96j�5kg��G24tZ�"�"8:= JIM�#%�'&I8:= J/>I2_; ;09+=)8:J/5^8:9IM�Ï�r9ù ¢ ]sr0B/(/B)*
r)B-(/.�Ïír)(�ù-.�q
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