Vol. 45 No. 3 goooooooo Mar. 2004

000000000000 BoostingU U oo
gooago

O o o of oo o of oo o of

AdaBoost 0 00000 O00O0DO0OO00OO00OOO0ODOO0OOOOOOOOODOOOOOOOO
0000000000 AdaBoost 0000000000000 O0O0O0O0O0O0O0DOO0OOD hard ex-
ample00 0000000000000 00O000D0O0O0DOO0O0OO0DOOOOAdaBoostO hard
example 000 000000000000 00O0O0O0O0OCOOOOOOOOOOOOOCOOOOOO
O0000AdaBoost 00D 0000000000000 OODOODOOOODOODOODOOOOOODOO
000000AdaBoost 00 0000000000000 OO00DOO0O0OOODDOOOOOODOO
0 AdaBoost 000 00000000000 OOODOOOOOOOOOOOOOOOOOOOOO
AdaBoost 00 0O0O0OO0O0DODOOODODOOOO

Improvement of Boosting Algorithm by Modifying Weighting Rule

MASAYUKI NAKAMURA," HIROKI NOMIYAT and KUNIAKI UEHARAT

AdaBoost is a method for improving the classification accuracy of a given learning algo-
rithm by combining hypotheses created by the learning alogorithm. One of the drawbacks of
AdaBoost is that AdaBoost worsens its performance when training examples include noisy
examples or exceptional examples, which are called hard examples. The phenomenon causes
that AdaBoost assigns too high weights to hard examples. In this research, we will introduce
the thresholds into the weighting rule of AdaBoost in order to prevent weights from increasing
too much. During learning process, we compare the upper bound of the classification error of
our method with that of AdaBoost, and we set the thresholds so that the upper bound of our
method can be superior to that of AdaBoost. Our method shows better performance than
AdaBoost.
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Table 1 Results of experiments.
error(%)
Data Set NadaBoost
Name w=10 w=30 w=50 w=100 AdaBoost C4.5
t t t t
breast-w 3.58 - 3.29 * 3.29 * 3.15 * 3.86 5.29
crx 13.48 - 13.48 - 13.33 - 13.48 - 13.91 15.94
german 25.20 - 25.00 - 23.90 * 24.80 - 25.40 29.10
heart-c 21.73 | * | 21.46 | * | 20.84 | * | 20.77 | * 22.77 27.31
hepatitis 15.16 * 15.05 * 13.13 * 12.31 * 17.20 20.05
ionosphere 5.67 * 6.27 * 5.40 * 5.97 * 6.56 9.69
pima-indians | 26.68 | - 26.44 | - 25.64 | * | 25.66 | * 27.34 26.91
sonar 19.19 - 19.29 * 19.21 * 18.17 * 21.21 31.81
tic-tac-toe 0.84 * 0.84 * 0.84 * 0.63 * 1.05 13.78
vote 5.04 - 5.05 - 4.82 - 4.37 * 5.51 5.07
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Table 2 Results of experiments for noisy data sets.

error(%)
Data Set NadaBoost
Name w=10 w=30 w=>50 w=100 AdaBoost C4.5
maze 24.85 * 24.43 * 24.02 * 23.98 * 25.48 26.43
tic-tac-toe 21.33 * 21.18 * 21.09 * 20.96 * 23.33 27.40
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Fig.6 Final weight distributions of hard examples.
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Table 3 Mean value of final weights of hard examples.
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Table 4 Execution time.
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Table 5 Result of experiments.
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Fig.7 Margin distributions.
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Table 6 Mean values of margins.

Data Set Mean value
Name Normal Hard
maze AdaBoost 0.450038  0.371218
NadaBoost | 0.455097  0.357785
tic-tac-toe AdaBoost 0.464483  0.390105
NadaBoost | 0.470284  0.376698

0000 hardexampleD OO OO0O0OOOOODOO
00000 O000000oooooooooOg hard
example 000000000000 OOOOOOODO
000000000000 hard exampleO0 OO0 O
O0ooooooooon

00000 ONadaBoost 0 O O AdaBoost 0 00 O
000000o0o0o0oooooooooooooooo
J00000 hardexample 000 0000DO0OO
0000000000000 DDOOAdaBoost 00O 0O
000000000 hardexampleO OO OOOOO
0000000 ONadaBoost 00O hard exampled O
000000000000 00000Ohard example
0o0oooooDoOooooOoooOooOoooooo
d0o0oopoOooooOoooooooooo

6. 0000

00000 Ohard example 0 000000000
0000 AdaBoost 0O OOOOODOOODOCODO
gooooooooooboooooooboboooono
00000 trainingerror 0 OO0 OO0 OOOOOOO
000000 BoostingO OO OO O NadaBoost O
0000000000 DODODOD ONadaBoost
0000000000000000000000Ad-
aBoost 0 NadaBoost 000 O0O0OOO0OOOOOO
NadaBoost 0 AdaBoost 000 O00O0OOOOO0O
0ooooooooo

000000 0NadaBoost O generalization error
oooooOO00ooooobOOooOooooooDooDoo
00000000 0Freund and Schapire 0 O Ad-
aBoost 0 generalization error 0 O 0 0 Otraining er-
rort0000000000D00O00O0O0 vCeoOoooOd
0000000000000 Schapired 00000
00000 generalization error 000000000
O000O0DbO0O00O0O0ONadaBoost D ODODOOOO
0000000 generalization error 0 OO0 00O 0O
ooOooCocoooO3sbooooobooooooobooo
AdaBoost 0 errorbound 0 00000000000
0(9)00o0oooooo0ooUooooooUoo
00000 DOODOO00O00OoOooDOooooOooods
000000000 00000ooooooooog
OO0000000000NadaBoost D OOOOOO
goooooooooOo0oboooboboooouDboDboo
NadaBoost 0 0 OO0OO0OOOOOOOOOODOO
oooooooobobooooo

o o o0 o0

1) Freund, Y. and Schapire, R.E.: A decision-
theoretic generalization of on-line learning
and an application to boosting, Journal of
Computer and System Sciences, Vol.55, No.1,
pp.119-139 (1997).

2) Schapire, R.E. and Singer, Y.:
boosting algorithms using confidence-rated
predictions, Proc. 11th Annual Conference
on Computational Learning Theory, pp.80-91
(1998).

3) Schapire, R.E.: Theoretical views of boosting,
Proc. 4th EuroCOLT’99, pp.1-10 (1999).

4) Dietterich, T.G.: An experimental comparison
of three methods for constructing ensembles of
decision trees: Bagging, boosting and random-
ization, Machine Learning, Vol.32, No.1, pp.1-

Improved



Vol. 45 No. 3 000000000000 BoostingOOOOOOOOOOOOO 1013

22 (1999).

5) Lowerre, B.T. and Reddy, R.D.: The Harpy
Speech Understanding System, Trends in
Speech Recognition, Lea, W.A. (Ed.), pp.340—
360, Prentice Hall (1980).

6) Blake, C. and Merz, C.J.: UCI repository
of machine learning databases, Department
of Information and Computer Science, Uni-
versity of California at Irvine, Irvine, CA.
http://www.ics.uci.edu/ mlearn/
MLRepository.html

7) Quinlan, J.R.: Bagging, boosting and C4.5,
Proc. 18th AAAI pp.725-730 (1996).

8) Dietterich, T.G.: Approximate statistical tests
for comparing supervised classification learning
algorithms, Neural Computation, Vol.10, No.7,
pp-1895-1923 (1998).

9) Schapire, R.E., Freund, Y., Bartlett, P. and
Lee, W.S.: Boosting the margin: A new expla-
nation for the effectiveness of voting methods,
Proc. 14th International Conference on Ma-
chine Learning, pp.322-330 (1997).

10) Mason, L., Baxter, J., Bartlett, P. and Frean,
M.: Boosting algorithms as gradient descent,
Advances in Neural Information Processing
Systems 12, pp.512-518, MIT Press (2000).

11) Rétsch, G., Onoda, T. and Miller, K.R.:
Soft margins for AdaBoost, Machine Learning,
Vol.42, No.3, pp.287-320 (2000).

12) Vapnik, V.: Three Remarks on the Sup-
port Vector Method of Function Estimation,
Advances in Kernel Methods: Support Vector
Learning, pp.25—41, The MIT Press (1998).

(00150 50 26000)
(0016010 6 0O00)

oo 00

197rooo20000000000
gbooooocoooobz2o00200
gooooooooooooooon
uoooooooooooooooo
gbooooooooon

oo oo
197900020020000000
gooooocoooooooboooo
gooooooocoooooooon
oooooboooooooo ooo
oobooooon

00 Oooooooo

19540001978 0000000
000000D000001983 00
do0o0ooooooooooooo
goooooboboboooogooogo
gobooooobooboobooo
poboobooobobooobuobbooooboo
000000oooo1989000 1990000 Oregon
State University Visiting Assistant Professord O
Oo0oo00obOo0oboOooooboooobooooooo
Oo0oooOooooooooooooobooooo
2000 000000000000 O000DO00OO0OO0O0O
0O0DoOOD0O0O0OOO0oDbOoOobOobOobODbOoOoDbOo
J000000000O0AAAIODOOOO




