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Tree Learning and Windowing
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Rule Learning and Windowing
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Mushroom: Test Accuracy
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Mushroom: # Examples processed by DOS
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Mushroom: Train Time
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KRK: Test Accuracy

DOS

WIN-DOS-3.1

WIN-DOS-95

% Correct

3Train Exs x 10
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KRK: Train Time
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KRKN: Test Accuracy
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% Correct
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KRKN: Train Time

DOS

WIN-DOS-3.1

WIN-DOS-95

Seconds

3Train Exs x 10
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Tic-Tac-Toe: Test Accuracy
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Tic-Tac-Toe: Train Time
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KRKP: Test Accuracy
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KRKP: Train Time
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õÁõ��Èí�ñÊò�ó©õ�ì�� 'Ù÷�õ ú�õ�ì2î�ó�ô7ì ã�å�ô�õ�ú7ñ`ìGç 	 ú�î\å�ð�ô�ã�ñ`õ{æ\ã©æÓå�ç
ôGöø÷\í�å�ê
õ��A�@çhèGõ��
õ�ú��
ã�å�ô�õ�ú�ñØì{ç 	 íhö�ö�î\ú�íhö�ü��Äô�÷�õÊò\õ�ú 	 çuú�ñÌí
å�ö�õÊç 	 
���~Óã�ñÊò\ú.ç���õ�æ��Iì�ç¼ô�÷\íhô{ã©ô{õ�ù\î\íhó©ì`1ï�G
43#5�6�783#9;:�<
è@ã©ô�÷C1ï�G
43#5�6�783#>8@¼ï\õ�ã�å�êÕï*õ�÷�ã�å�æ�ï*ç
ô�÷��$â õO÷\í���õOå�ç
ôGü
õ�ô 	 çuî\å�æÓí`ê
ç�çuæ¼õ��\ò�ó�í
å\íhô�ã©çuå 	 ç�úGô�÷�ã©ì
ò\÷�õ�å�çuñ`õ�å�ç�å��

�lô6ã©ì6ã�å�ô�õ�ú�õ�ì�ô7ãéå�ê`ô�ç`å�ç
ô�õGô�÷\íhô&ô�÷�ã©ì6ã©ìGô�÷�õ@çuå�ó©üÊæ\ç�ñÊíhã�å`èGõK÷\í��
õ@ô�ú.ã�õ�æÌô�÷\íhô6ö�ç�å
ô�í ãéå�ìGåuî\ñØõ�ú�ã©ö
íhô�ô2ú�ã�ï\î�ô�õ�ì��þâ õÓ÷\í
å�æ\ó©õ�æ ô�÷�õ�ì�õ¼ã�å ô�÷�õ^ö�ç�ñÊñ`çuå½è@í}üûî�ì�ã�å�êþô�÷\ú.õ�ì�÷�ç
ó©æÎô�õ�ì�ô�ì�� '@÷�õ¼ö�í
å�æ\ã©æ�íhô7õ
ô�÷\ú�õ�ì2÷�ç
ó©æ\ì 	 ç�ú{õ�íhö�÷þô7õ�ì�ôÊí
ú�õÊì�õ�ó©õ�ö�ô�õ�æäï\õ�ô�èGõ�õ�åþö�÷\í
å�ê
õ�ì`ã�å½ô�÷�õ�ö�ó�íhì�ìæ�jí
ú.ãéí�ï�ó�õ�ìÌãéå½ô2÷�õ^ì�ç�ú�ô�õ�æ
ó©ã©ì�ô¼ç 	 �jíhó�î�õ�ì¼ç 	 ô�÷�õ¼ö�ç�å
ô�ã�å�î�çuî�ìÓíhô�ô2ú�ã�ï\î�ô�õ�ì ÿT�Ií�ü�üuíhæ É ��ú�í�å�ãt� ����� _ � � ',+ 9Kì�ô�÷�õëè@ã�å�æ\çjèÙãéå�ê
íhó©ê
çuú.ã�ô2÷\ñ`ìGè@ã©ó�óÄô,ü\ò�ã©ö�íhó©ó©üÓ÷\í���õKô�ç`ö�÷�çuç�ì�õ íÏô�÷\ú.õ�ì�÷�ç
ó©æ 	 ú.çuñ íQñ`î�ö�÷�ì�ñÊíhó©ó©õ�úGõ��\í
ñÊò�ó©õ{ì�õ�ô���ô�÷�õ�ü
í
ú�õ¼ó©ã7;hõ�ó©üäô�ç�öø÷�ç�ç
ì�õëæ\ãnÕ õ�ú.õ�å
ô�ô�÷\ú�õ�ì�÷�ç�ó�æ\ì�� â ÷�õ�ô�÷�õ�úÌô�÷�ã©ìÕ÷\í ì^íûò*ç
ì�ã©ô�ã)�
õÎÿ�ó©õ�ì�ì^ç,�
õ�ú,ð�?�ô�ô�ã�å�ê � �
å�õ�êuíhô7ã·��õûÿ�ô�÷�õ�çuò�ô�ã�ñÊíhóGô�÷\ú�õ�ì2÷�ç
ó©æ ñÊí}üûï\õÓñ`ã©ì�ì7õ�æ � �6ç�úQå�ç�õdÕFõ�ö�ô^íhôÊíhó©óGã©ì^í
å½çuò*õ�å½ùÈî�õ�ì7ô�ã©çuå��
èK÷�ã©ö�÷þ÷\íhìQí óéú.õ�íhæ\ü ï*õ�õ�åûú�í ã�ì7õ�æûï
üyÌGú�õ�ã�ñÊí
å�õ�ô`íhó��6ÿ ����� Ö � í
å�æþ÷\íhì`ï\õ�õ�å 	 î\ú�ô�÷�õ�ú õ��Èò�ó©çuú.õ�æþã�å
È íhô7ó�õ�ô7ô�é�ìGèGçuú�;`çuå ü�ÐÅÐ�ü��p%�ý)�T!�Ñûÿ È íhô�ó©õ�ô�ô�� ����� _ � �
+8�',�ÑYM?;A<R:P��@G032?�NE=68/*<R;=<n@GM?;A<G4307�PM1@G47H�<G/5DV;F�R�L43032*;=68�]<G47:8DJ;A032�@GM*;>�R/125��@G07\];ZEF/1����;=<n:8K��A�A�*,
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Binary Shuttle (+): Test Accuracy

DOS

WIN-DOS-3.1

WIN-DOS-95

% Correct

3Train Exs x 1099.62

99.64

99.66

99.68

99.70

99.72

99.74

99.76

99.78

99.80

99.82

99.84

99.86

99.88

99.90

99.92

99.94

99.96

99.98

100.00

0.00 10.00 20.00 30.00 40.00

Binary Shuttle (+): Train Time

DOS

WIN-DOS-3.1

WIN-DOS-95

Seconds

3Train Exs x 10
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Binary Shuttle (-): Test Accuracy

DOS

WIN-DOS-3.1

WIN-DOS-95

% Correct

3Train Exs x 10

99.62

99.64

99.66

99.68

99.70

99.72

99.74

99.76

99.78

99.80

99.82

99.84

99.86

99.88

99.90

99.92

99.94

99.96

99.98

100.00

0.00 10.00 20.00 30.00 40.00

Binary Shuttle (-): Train Time

DOS

WIN-DOS-3.1

WIN-DOS-95

Seconds

3Train Exs x 10

0.00

50.00

100.00
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350.00
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500.00
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600.00
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700.00

750.00

800.00

850.00
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0.00 10.00 20.00 30.00 40.00

�$ã�ê�î\ú�õ Ù . IGõ�ì2î�ó�ô7ì{ãéå ô�÷�õOï�ã�å\í
ú�ã)(�õ�æ�÷��¦�¬Ï�Ï�ý)Ð`æ\çuñÊíhã�å��
��å¼ì�î\ñÌñÊí
ú�ü���ô�÷�õQú.õ�ì�î�ó©ô�ì ÷\í��
õ{ì2÷�çjèÁåÓî�ìÁô�÷\íhô@ì�ã©êuå�ãn?�ö�í
å�ôOú�î\å�ð�ô�ã�ñ`õ`êuí ãéå�ìÁö�í
åëï\õÊíhö�÷�ã�õ���õ�æ

è@ã©ô�÷ è@ã�å�æ\çjèÙãéå�êþÿ"î�ì�î\í ó�ó©üëè@ã©ô�÷�çuî�ô@ó©ç
ì�ã�å�ê¼íhö�ö�î\ú�íhö�ü � ��í�å�æÓõ��
õ�åëñ`çuú�õ{ì�çÌè@ã©ô�÷¼ã�å�ô�õ�êuú�íhô7ã·��õ{è@ã�å�ð
æ\çhè@ã�å�ê¼ã�å í �jí�ú�ã©õ�ô,üëç 	 å�ç
ã©ì�õ2ð 	 ú�õ�õ`æ\çuñÊíhã�å�ì����Ùçhè õ���õ�ú��\èGõÊ÷\í���õQíhó©ì�ç�ì�õ�õ�åëô�÷\íhô{ú�õ�æ�î\å�æ�í
å�ö�üëã�ì
ã�å 	 íhö�ôÁíÊö�ú�î�ö�ã�íhó¯ö�çuå�æ\ã©ô�ã©çuå 	 çuúGô�÷�õÏõdÕ õ�ö�ô7ã·��õ�å�õ�ì�ì{ç 	 è@ã�å�æ\çjèÙãéå�ê$�Iì�çÊô�÷\íhôÁí 	 î\ú�ô�÷�õ�úGõ��\ò�ó©çuú�íhô7ã�ç�å
ç 	 æ\çuñÊíhã�å¼ú�õ�æ�î\å�æ�í�å�ö�üÓã©ì@ì�î�ê
ê�õ�ì�ô�õ�æÓíhìKíÌò\ú�çuñ`ã©ì�ã�å�ê¼í
ú�õ�í 	 çuú 	 î\ú.ô�÷�õ�ú@ú�õ�ì�õ�í�ú�öø÷��

âwmWa Ácb¼U 6 Z�UFXedÁW b W�0�Z 6 Z b »BZ 6�6�4 XYrB[
9Áó�óÄõ��Èò*õ�ú�ã�ñ`õ�å
ô7ì ú�õ�ò*çuú�ô�õ�æÓí�ï\ç,�
õ{èGõ�ú�õOò\õ�ú 	 çuú7ñ`õ�æ¼è@ã©ô�÷ öÅ!$�"ÏT÷��7ø�Ð í ��Ë�Ë í
å�æy�ÎÓ ú öd!���÷��7ø�Ð í × Ë �

{ãnÕFõ�ú�õ�å
ô¯�jí
ú�ã�íhô7ã�ç�å�ì@ç 	 ô�÷�õæöÅ!]�TÏT÷r�ñø�Ð ò\í
ú7í
ñ`õ�ô�õ�úG÷\í��
õ{ï\õ�õ�å¼ã�å��
õ�ì�ô�ã©êuí ô�õ�æ ï�üÊâäã�ú�ô�÷¼í
å�æ È íhô�ó©õ�ô�ô
ÿ ��������� ��'@÷�õ�ã�ú¯ú�õ�ì�î�ó©ô�ì¯ã�å�æ\ã�ö�í ô�õ@ô�÷\íhôÄô�÷�õ íhó©ê
ç�ú�ã©ô�÷\ñäã©ì$ùÈî�ã©ô�õ&ã�å�ì�õ�å�ì�ã©ô�ã)�
õ@ô�çÙô�÷�ã©ì6ò\í
ú�í
ñ`õ�ô7õ�ú���èK÷�ã©ö�÷

ê8á1á



í Y�î\qpï$X�[�î\iñð\qóò i7Y\rrô¬õ{i7Y]ï

KRK - Varying increments

Win-DOS-3.1

Win-DOS-95

Examples x 103

Log(Increment)

0.40

0.50

0.60

0.70

0.80

0.90

1.00

1.10

1.20

1.30

1.40

1.50

1.60

1e+01 3 1e+02 3 1e+03 3

�$ã©êuî\ú�õ � .WÊKî\ñ`ï*õ�ú{ç 	 õ��Èí
ñÌò�ó�õ�ìÊò\ú�ç�ö�õ�ì�ì�õ�æÎï�üÓô�÷�õÊèÙãéå�æ\çhè@ã�å�êþíhó©ê
çuú.ã�ô2÷\ñ`ì 	 çuúW�jí�ú�üuã�å�êÎ�jí óéî�õ�ì
ç 	 ô�÷�õ�ã�ú � Ó ú öÅ!��¶÷r�ñø<ÐÏò\í
ú�í
ñ`õ�ô7õ�ú ÿ±ì�÷�çhèKå�çuå¼í`ó©ç
êuí�ú�ã©ô�÷\ñ`ã©öOì�ö�í ó�õ � �

èGõ^÷\í��
õ`õ�ñÊò�ã�ú�ã©ö�íhó©ó©üÎö�çuå�?Bú�ñ`õ�æ���ÊÙõ��
õ�ú�ô�÷�õ�ó©õ�ì�ì��¯ã©ôÊñ`ã©êu÷�ôQï\õÌè ç�ú�ô�÷�èK÷�ã©ó�õ�ô�çÓî�ì�õ¼í�ô�÷�õ�çuú.õ�ô�ã©ö�íhó
í
å\íhó©ü�ì�ã©ìOç 	 ì2î\ï�ð�ì�í
ñÊò�ó©ã�å�êÓì�ã�ñ`ã©ó�í
úÏô�ç�ô�÷�õ`çuå�õÊò\õ�ú 	 çuú�ñØõ�æ�ï�ü çÁã)��ã�å�õ�åûí
å�æÎÄþí
å\å�ã©ó�íþÿ ����� Ö �-	 çuú
æ\õ�ô�õ�ú�ñØãéå�ã�å�êÓò\ú�ç�ñ`ã©ì�ã�å�ê��híhó�î�õ�ìKç 	 ô�÷�ã©ìKò\í
ú7í
ñ`õ�ô�õ�ú 	 çuúGíÊò\í
ú.ô�ã©ö�î�óéí�ú@æ\çuñÌíhã�å���ÙçhèGõ��
õ�ú��$èGõ í ô�ô�ú�ã�ï\î�ô�õ�ñ`çuú�õ¼ì�ã©êuå�ãn?�ö�í
å�ö�õ ô�çþô�÷�õëöø÷�ç
ã©ö�õ�ç 	 ô�÷�õQ�ÎÓ ú öd!���÷��7ø�ÐÊò\í
ú�í�ñ`õ�ô�õ�ú��
èK÷�ã©ö�÷Êì�ò*õ�ö�ãn?�õ�ì@ô�÷�õKñÊíá�uã�ñ`î\ñ å�î\ñ`ï\õ�ú&ç 	 õ��\í
ñÊò�ó©õ�ìGô�÷\íhô&ö�í
åÊï*õ íhæ\æ\õ�æÌô�çQí è@ã�å�æ\çjè:�>�$ã©êuî\ú.õ �
ì�÷�çhè@ì�ô�÷�õ ú.õ�ì�î�ó©ô�ì¼ç 	 õ��\ò\õ�ú�ã�ñ`õ�å�ô�ìÓèÙã�ô2÷Îô�÷�õ ��Ë � Ë�Ë�Ë õ��\í
ñÊò�ó©õ�ì¼ì�õ�ô�ç 	 ô�÷�õ¾ç&Ièç æ\çuñÊí ãéå��Ùã�å
èK÷�ã©ö�÷�è õ¯�jí
ú�ã©õ�æy�ÎÓ ú öÅ!´��÷��7ø�Ð 	 ú�çuñ ��Ë ô�çæ× Ë�Ë�Ë ÿlò�ó�ç�ô�ô�õ�æ�çuå^í ó©ç
êuí
ú�ã©ô�÷\ñØã�ö{ì7ö�íhó©õKçuåÌô�÷�õ�ûÈð,í,��ã�ì � �
'@÷�õ�ò\õ�ú 	 çuú�ñÊí�å�ö�õ¼ç 	 ô2÷�õ íhó©ê
çuú.ã�ô2÷\ñ`ìÊã�åÎô�õ�ú7ñ`ìÊç 	 åuî\ñ`ï*õ�úÊç 	 ò\ú�ç�ö�õ�ì�ì�õ�æ×õ��Èí
ñÌò�ó�õ�ì�ã©ìÕï*õ�ì�ôÊã 	
ô�÷�ã©ìOò\í
ú�í�ñ`õ�ô�õ�úÙã�ì ; õ�ò�ôKö�çuñÌò\í
ú�í
ï�ó©üÓó©çhè �&��åëô�÷�õÊú�í�å�ê
õOç 	&��Ë ô�çó× Ë õ��\í
ñÊò�ó©õ�ì��Iô�÷�õÊò\í
ú7í
ñ`õ�ô�õ�ú
ã©ì^ú�õ�ó�íhô�ã)�
õ�ó©üÎã�å�ì�õ�å�ì�ã©ô�ã)�
õëô�ç�ã©ô�ìÊõ��\íhö�ô`ì�õ�ô�ô�ã�å�ê]�¾� 	 ñ`ç�ú�õ^õ��\í
ñÊò�ó©õ�ì^í�ú�õÓíhæ\æ\õ�æÎô�ç�ô�÷�õ�è@ã�å�æ\çhè �
ò\õ�ú 	 çuú7ñÊí
å�ö�õÊæ\õ�êuú7íhæ\õ�ì�����çuúÁõ��Èí�ñÊò�ó©õÓíhôd� Ó ú öÅ!��¶÷r�ñø<Ð í × Ë �F1ï��
43#5�6_783#9;:�<¼ò\õ�ú 	 çuú�ñØìQí
ï*çuî�ô
Ö¼ã©ô�õ�ú�íhô7ã�ç�å�ìOç 	 ô�÷�õÊï\íhì�ã©öÊó©õ�í
ú�å�ã�å�êþíhó©ê
çuú�ã©ô�÷\ñ ò\ú.çuö�õ�ì�ì7ãéå�êþí�ô�ç�ô�íhó¯ç 	 í
ï*çuî�ô Ù�Ë�Ë õ��\í
ñÊò�ó©õ�ì��¯ô�÷�õ
?Bå\íhó�è@ã�å�æ\çjè×ö�çuå�ô�íhã�å�ã�å�êØí�ï\çuî�ô]_�× Ë õ��\í
ñÊò�ó©õ�ì�� 9@ô]�ÎÓ ú öd!���÷��7ø�Ð í ��Ë�Ë�Ë çuå`ô�÷�õ@ç�ô�÷�õ�ú$÷\í
å�æ���ô�÷�õ
ï\íhì�ã©öGó©õ�í
ú�å�ã�å�êOñ`ç�æ�î�ó©õKå�ç
ô¯çuå�ó©üQ÷\íhì¯ô�çKò\ú�ç�ö�õ�ì�ì6í
ï*çuî�ô¯ô,èÙã�ö�õ@íhì¯ñÊí
å�ü{õ��Èí
ñÌò�ó�õ�ì��uï\î�ô¯è@ã�å�æ\çjèÙãéå�ê
íhó©ì�çÏô�í�;hõ�ìGñ`çuú�õ@ã©ô�õ�ú7íhô�ã©çuå�ìGô�ç{ö�çuå��
õ�ú�ê
õ��A~�ã�ñ`ã©ó�í
ú@ï*õ�÷\í���ã©çuú&ö�í
å�ï\õÁçuï�ì�õ�ú}�
õ�æ 	 çuúf1ï��
(3?5-6�783#>8@]�
'@÷�î�ì`ã�ôÌì�õ�õ�ñ`ìÊô�çþï*õ¼ãéñÌò\çuú�ô2í
å
ô`ô�ç�ö�çuå�ô�ã�å�î�çuî�ì�ó©üûõ��híhó�î\íhô�õëô�÷�õ^ó©õ�í
ú7å�õ�æ ô�÷�õ�çuú.ã�õ�ìÌãéå½ç�ú�æ\õ�ú`ô�ç
	 çuö�î�ì@ô2÷�õ{ó�õ�í�ú�å�õ�úGçuå�ô�÷�õOò\í�ú�ô�ìGç 	 ô�÷�õ{ì7õ�í
ú�ö�÷�ì�ò\íhö�õ{ô�÷\íhô@÷\í��
õOå�ç
ôGü
õ�ô@ï*õ�õ�å¼ö�çuú�ú.õ�ö�ô�ó©ü^ó©õ�í
ú�å�õ�æ��
'@÷�ã©ì-?Bå�æ\ã�å�ê�ö�çuå
ô2ú�íhæ\ã©ö�ô�ì@ô�÷�õO÷�õ�î\ú.ã�ì7ô�ã©öOô�÷\íhôGã©ìÁö�î\ú�ú�õ�å�ô�ó©ü^õ�ñÊò�ó©çhü
õ�æ¼ã�å È Ö]�j×���å\í
ñ`õ�ó©ü^ô7ç^íhæ\æÓíhô
ó©õ�íhì�ôG÷\íhó 	 ç 	 ô2÷�õ@ô�ç
ô�í ó�ñ`ã©ì�ö�ó�íhì�ì�ãn?�õ�æ¼õ��\í
ñÊò�ó©õ�ì��Z�Ùçhè õ���õ�ú��hô�÷�ã©ì ÷�õ�î\ú�ã©ì�ô7ã�ö{è@íhì 	 çuú�ñØõ�æÊã�åÊçuú.æ\õ�ú$ô�ç
ñÊí�; õ èÙãéå�æ\çhè@ã�å�ê`ñ`çuú�õGõdÕFõ�ö�ô�ã)�
õ@ã�åÊå�ç
ã©ì�ü`æ\çuñÌíhã�å�ì ÿ"ý{î�ã�å�ó�í
å�� ��������� �jíÁê�çuíhó�ô�÷\íhô$ã�å`çuî\úÍçuò�ã�å�ã�ç�å
ö�í
å\å�ç
ô`ï\õ^í öø÷�ã©õ��
õ�æ½è@ã©ô�÷þñ`õ�ú.õ�ó�üþî�ì�ã�å�êþí¼å�ç
ã©ì�õ2ð�ô�ç�ó�õ�ú7í
å
ôÏó©õ�í
ú�å�õ�úÏã�å�ì�ã©æ\õ^ô�÷�õÌè@ã�å�æ\çjèÙãéå�ê�ó©ç�çuò��
	 çuú@ú�õ�íhì7çuå�ìGæ\ã�ì7ö�î�ì�ì�õ�æ�ã�å¼ô�÷�õOå�õ���ôKì7õ�ö�ô�ã©çuå��
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gYÛ â á Ý ß&Þ�ãÓá Ýåä ¡ Ý ßihûÞÄá��,Ý
~�ç 	 í
ú@èGõÊ÷\í��
õ`çuå�ó©üÓæ\õ�íhó©ôÏè@ã©ô�÷�å�ç
ã©ì�õ2ð 	 ú.õ�õÊæ\çuñÊíhã�å�ì��Ïâ ÷�ã©ó�õÌè õÊï*õ�ó�ã©õ��
õ�ô�÷\íhô{ô2÷�õ�ú�õÊí
ú�õQñÌí
å
ü
ú�õ�è@í
ú�æ\ã�å�êþó©õ�í
ú7å�ãéå�ê½ô�íhìd;
ìÊô2÷\íhô`ö�í
åÎï\õëì�î�ö�ö�õ�ì�ì 	 î�ó©ó�üäíhô�ô�í ö<;hõ�æ½è@ã©ô�÷×å�ç
ã©ì�õ2ð 	 ú.õ�õÓó©õ�í
ú�å�ã�å�êÎíhó©ê
çhð
ú�ã©ô�÷\ñ`ì�� ' �¼å�ç
ã©ì�õ¼ã©ìÊö�çuñÊñ`ç�å�ó�ü ö�çuå�ì�ã©æ\õ�ú�õ�æ íhìÊíëô�üÈò�ã©ö�íhó@ò\ú�çuò*õ�ú�ô�üþç 	 ú�õ�íhóÇð�èGçuú�ó©æÎæ�íhô2í�� ��å½ô�÷�ã©ì
ì�õ�ö�ô�ã©çuå èGõÊè@ã©ó©ó ÷\í��
õ^í ö�ó©ç
ì�õ�úÏó©çuçp;�íhôÏô�÷�õ^ï*õ�÷\í���ã©çuúÏç 	 èÙãéå�æ\çhè@ã�å�ê�è@ã©ô�÷½å�ç
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KRK (0%): Test Accuracy
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KRK (20%): Test Accuracy
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KRK (20%): Train Time
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KRK (10,000): Noise vs. Accuracy
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KRK (10,000): Noise vs. Run-time
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