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name age incom credit_rating
Sandy <=30 low fair
Bill <=30 low excellent
Courtney 31…40 high excellent
Susan >40 med fair
Claire >40 med fair
Andre 31…40 high excellent

If age=”31…40” and income = high 
Then Credit_rating = excellent 

name age incom credit_rating
Frank >40 high fair
Sylvia <=30 low fair
Anne 31…40 high excellent

(John, 31…40, high) 

Credit rating?

excellent

(a)

(b)

2 1

2.3
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3. 3 AdaBoost

T BaseLearner

BaseLearner

BaseLearner

AdaBoost Freund Schapire
2 AdaBoost C4.5

AdaBoost AdaBoost
C4.5 C4.5

Quinlan[1] C4.5 AdaBoost Bagging

C4.5 AdaBoost Bagging
C4.5

10

Freund Schapire[5] OCR

 13



 14



 4 

AdaBoost

4. 1 
AdaBoost

AdaBoost AdaBoost
Quinlan[1]

AdaBoost

10

},...,1{ kYyi

}1,1{Yyi

11 7 3
1

AdaBoost
AdaBoost

AdaBoost_M1
AdaBoost_M2

1

 15



4. 2 AdaBoost_M1
AdaBoost

)( iy },...,1{ kYy

BaseLearner AdaBoost

t

)( iy

AdaBoost

 16



The algorithm MModified AdaBoost 1 (AdaBoost_M1)
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属性数 
データセット名 データ数 クラス数

連続値 離散値 
anneal 898 6 6 32  
audiology 226 24 70 0  
auto 205 7 14 12  
breast 699 2 10 0  
chess 3500 2 0 36  
cleve 303 2 6 7  
diabetes 768 2 8 0  
DNA 3186 3 0 180  
flare 1066 2 2 8  
glass 214 5 10 0  
heart 270 2 13 0  
hepatitis 155 2 6 14  
horse- colic 368 2 6 16  
hypothyroid 2800 2 7 22  
ionosphere 351 2 34 0  
iris 150 3 4 0  
labor- neg 85 2 8 8  
letter 20000 26 16 0  
lymphography 148 4 3 15  
segment 2310 7 19 0  
shuttle 58000 7 9 0  
sick- euthyroid 3163 2 7 18  
sonar 208 2 59 0  
soybean- large 316 19 0 35  
splice 3190 3 0 59  
vehicle 840 4 18 0  
vote 435 2 0 16  
waveform- 21 5000 3 21 0  
wine 178 3 13 0  
zoo 101 7 0 18  
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6. 2 
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3 un-pruned tree pruned tree

1 10
CV

6. 3 

CV

3

 29



6. 4 
6.4.1 C4.5 BC4.5

C4.5 BC4.5 
un- pruned pruned   un- pruned

err 
pruned   
err T err T err 

anneal 0.0578 0.0793 10.0 0.0508 10.0 0.0569 
audiology 0.2296 0.2213 9.9 0.2230 10.0 0.2551 
auto 0.1762 0.1962 10.0 0.1640 10.0 0.1821 
breast 0.0592 0.0557 10.0 0.0392 10.0 0.0388 
chess 0.0056 0.0057 10.0 0.0056 10.0 0.0074 
cleve 0.2356 0.2438 10.0 0.1990 10.0 0.2064 
diabetes 0.2593 0.2600 10.0 0.2517 10.0 0.2486 
DNA 0.0835 0.0761 10.0 0.0832 10.0 0.1744 
flare 0.1884 0.1728 9.9 0.1769 10.0 0.1708 
glass 0.3169 0.3169 10.0 0.2541 10.0 0.2509 
heart 0.2478 0.2178 10.0 0.1996 10.0 0.1915 
hepatitis 0.2133 0.2043 10.0 0.1796 10.0 0.1808 
horse- colic 0.1742 0.1459 10.0 0.1601 10.0 0.1513 
hypothyroid 0.0078 0.0073 10.0 0.0087 10.0 0.0080 
ionosphere 0.1075 0.1059 10.0 0.0730 10.0 0.0718 
iris 0.0500 0.0580 9.7 0.0553 10.0 0.0600 
labor- neg 0.2180 0.2193 9.8 0.1570 10.0 0.1977 
letter 0.1190 0.1197 10.0 0.0531 10.0 0.0552 
lymphography 0.2601 0.2348 10.0 0.1992 10.0 0.2092 
segment 0.0339 0.0333 10.0 0.0206 10.0 0.0215 
shuttle 0.0002 0.0003 9.2 0.0002 9.9 0.0002 
sick- euthyroid 0.0238 0.0213 10.0 0.0226 10.0 0.0219 
sonar 0.2725 0.2592 9.9 0.1971 9.9 0.1816 
soybean- large 0.0918 0.0845 10.0 0.0729 10.0 0.0594 
splice 0.0789 0.0576 9.9 0.0677 10.0 0.0625 
vehicle 0.2789 0.2726 10.0 0.2457 10.0 0.2434 
vote 0.0545 0.0476 10.0 0.0517 10.0 0.0435 
waveform- 21 0.2376 0.2355 10.0 0.1721 10.0 0.1737 
wine 0.0711 0.0732 8.6 0.0502 9.4 0.0440 
zoo 0.0731 0.0813 2.3 0.0691 8.6 0.1180 

ave 0.1409 0.1369 9.6 0.1168 9.9 0.1229 

C4.5 BC4.5
BC4.5 T
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6 2 C4.5 un-pruned tree pruned tree
C4.5 Pruned tree 2 BC4.5

C4.5とUnprunedBC4.5との比較
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C4.5とPrunedBC4.5との比較
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UnprunedBC4.5とPrunedBC4.5との比較
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6.4.2 BC4.5 BC4.5_M1
BC4.5 Un-pruned Pruned Un-pruned

BC4.5_M1 Un-pruned BC4.5

BC4.5 BC4.5_M1 
Un- pruned Un- pruned Pruned   

T err T err T err 
anneal 10.0 0.0508 6.7 0.0597 10.0 0.1173 
audiology 9.9 0.2230 1.1 0.2305 7.4 0.2612 
auto 10.0 0.1640 10.0 0.1912 9.8 0.2468 
breast 10.0 0.0392 9.0 0.0416 10.0 0.0392 
chess 10.0 0.0056 10.0 0.0056 10.0 0.0057 
cleve 10.0 0.1990 10.0 0.1983 10.0 0.1962 
diabetes 10.0 0.2517 10.0 0.2530 10.0 0.2462 
DNA 10.0 0.0832 5.7 0.0838 10.0 0.1579 
flare 9.9 0.1769 1.0 0.1884 10.0 0.1708 
glass 10.0 0.2541 9.3 0.2803 10.0 0.2783 
heart 10.0 0.1996 10.0 0.2004 10.0 0.1848 
hepatitis 10.0 0.1796 5.4 0.2027 10.0 0.2053 
horse- colic 10.0 0.1601 9.9 0.1601 10.0 0.1434 
hypothyroid 10.0 0.0087 4.6 0.0083 10.0 0.0165 
ionosphere 10.0 0.0730 10.0 0.0778 10.0 0.0794 
iris 9.7 0.0553 9.9 0.0573 10.0 0.0633 
labor- neg 9.8 0.1570 9.9 0.1720 10.0 0.2280 
letter 10.0 0.0531 10.0 0.0635 10.0 0.0639 
lymphography 10.0 0.1992 7.7 0.2297 10.0 0.2373 
segment 10.0 0.0206 10.0 0.0239 10.0 0.0248 
shuttle 9.2 0.0002 9.7 0.0003 10.0 0.0010 
sick- euthyroid 10.0 0.0226 3.2 0.0232 10.0 0.0329 
sonar 9.9 0.1971 9.9 0.2005 10.0 0.1937 
soybean- large 10.0 0.0729 8.9 0.0807 10.0 0.0791 
splice 9.9 0.0677 9.3 0.0750 10.0 0.0810 
vehicle 10.0 0.2457 10.0 0.2461 10.0 0.2420 
vote 10.0 0.0517 10.0 0.0545 10.0 0.0440 
waveform- 21 10.0 0.1721 10.0 0.1783 10.0 0.1764 
wine 8.6 0.0502 9.8 0.0489 9.8 0.0512 
zoo 2.3 0.0691 2.0 0.0788 5.1 0.1447 

ave 9.6 0.1168 8.1 0.1238 9.7 0.1337 
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6 3 BC4.5 BC4.5_M1
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UnprunedBC4.5とPrunedBC4.5_M1との比較
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UnprunedBC4.5_M1とPrunedBC4.5_M1との比較
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AdaBoost_M1 C4.5 Pruned tree Un-pruned tree

 37



6.4.3 BC4.5 BC4.5_M2
BC4.5_M2 Un-pruned BC4.5

BC4.5 BC4.5_M2 
Un- pruned Un- pruned Pruned   
T err T err T err 

anneal 10.0 0.0508 0.9 0.0578 0.9 0.0793 
audiology 9.9 0.2230 0.0 0.2296 0.0 0.2213 
auto 10.0 0.1640 1.0 0.1762 1.0 0.1962 
breast 10.0 0.0392 10.0 0.0382 10.0 0.0373 
chess 10.0 0.0056 10.0 0.0058 10.0 0.0170 
cleve 10.0 0.1990 10.0 0.2428 10.0 0.2552 
diabetes 10.0 0.2517 1.8 0.2591 1.9 0.2602 
DNA 10.0 0.0832 10.0 0.0742 10.0 0.0703 
flare 9.9 0.1769 0.0 0.1884 0.0 0.1728 
glass 10.0 0.2541 1.0 0.3169 1.0 0.3169 
heart 10.0 0.1996 10.0 0.2100 10.0 0.1822 
hepatitis 10.0 0.1796 7.9 0.1853 2.0 0.2003 
horse- colic 10.0 0.1601 10.0 0.1573 10.0 0.1540 
hypothyroid 10.0 0.0087 10.0 0.0138 10.0 0.0097 
ionosphere 10.0 0.0730 10.0 0.0813 10.0 0.0792 
iris 9.7 0.0553 10.0 0.0500 10.0 0.0567 
labor- neg 9.8 0.1570 5.4 0.1720 1.7 0.2283 
letter 10.0 0.0531 5.6 0.1106 9.1 0.1098 
lymphography 10.0 0.1992 1.2 0.2601 0.9 0.2348 
segment 10.0 0.0206 10.0 0.0290 9.9 0.0300 
shuttle 9.2 0.0002 1.0 0.0002 1.2 0.0003 
sick- euthyroid 10.0 0.0226 9.9 0.0298 10.0 0.0256 
sonar 9.9 0.1971 6.3 0.2480 7.7 0.2385 
soybean- large 10.0 0.0729 0.8 0.0918 0.8 0.0845 
splice 9.9 0.0677 10.0 0.0541 10.0 0.0639 
vehicle 10.0 0.2457 1.1 0.2789 1.2 0.2726 
vote 10.0 0.0517 10.0 0.0446 10.0 0.0437 
waveform- 21 10.0 0.1721 10.0 0.1857 10.0 0.1858 
wine 8.6 0.0502 10.0 0.0591 10.0 0.0617 
zoo 2.3 0.0691 1.0 0.0731 1.0 0.0813 

ave 9.6 0.1168 6.2 0.1308 6.0 0.1323 

6 4 BC4.5 BC4.5_M2
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UnprunedBC4.5とUnprunedBC4.5_M2との比較
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UnprunedBC4.5とPrunedBC4.5_M2との比較
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UnprunedBC4.5_M2とPrunedBC4.5_M2との比較
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