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This report presents a new ensemble learning method IBB (Integration of Bagging and Boosting). This method
creats initial base classifiers by bagging, then builds new base classifiers by boosting using the previous created
base classifiers. This method have a new reweighting technique in boosting. This technique increases the weight of
a sample when the sample is misclassified both the ensemble classifier and each base classifier. The experimental
results using the datasets of UCI machine learning repository show that IBB results better accuracy than the other

ensemble learning methods in several datasets.

1. 0000

gooooooboooboooooboooboooboooooboog
gobodooboobooboobobooboooboobooo
gbogbobobooobobobobooobobuoboobo
gbogboboooobooboobbboooboboobo
0000000 Boosting[Freud 95] O Bagging[Breiman 96]
O00O0OBoostingOO OO BaggingOOOOOODOOOOO
O0000D00OCO00000DOBoosting 0 00O Bagging U
goboooobooooobbooobboa

ggodoooooobobbobobbbobobbbbooogo
o0 2000000000D000DO0ODODODODDODOD
000000000 0MultiBoost[Webb 00] O O Boosting 0

Bagging 000000 WaggingODOOOOOODOOOODOO

O00D0000Wagging OODOODOO0OOODOODODODOO
0000000000000 Boosting OO 00 Parallelized
Boosting[Yu 01] O Bagging 00000000000 DOOO
O0oo0o0oo0ooo0oOoooooooooooooooo
O000O000Boosting OO0 O0OOODOOOOOOOOCODO
O00000OMultiBoost 000D OO0OOOOOOOOO
0000000000 Parallelized Boosting 0000000
goooooobobooobbo

O00000o0o0Oo0ooooooooooooooooo
O00000000000000000000000 BaggingO
Boosting 0 0 OO0OOODOOOOOODOOOOOOODOOO
000 IBBOOOOOO (Integration of Bagging and Boost-
ing) J00000000000 Bagging0OOOOOOOD
J0000b0000Db0b00O0b00Db00O Boosting OO
Oo0o0o0oo0oOoO0oooOooOoOooooooooooo
ooooooood

2. 00obOooood

obhooooobooobooboooooobo0obdBoost-
mgoooo0oO0oooOoO0oOoooooooooDoOoo
oob0o0o0o0Db0o000O0o0bOU00DOBoosting 00O OO
uboooodooooooooooboooooobobboooooa
oooooooooooooocoooooooooboooooo
oooooooooboooobooooooooobooooa

dod: 000000 d0dooooooooon
E-Mail: yasumura@ai.cs.kobe-u.ac.jp

ooo
2 n
| [}
-
o | =

ooo

2000 BoostingDl O OO

10 Bagging
ggind goooooooo

oooooo

01 IBBOOOOOOODOO

goboobooobobooobooooobboboooooboobooo
ggbobooboobobooboobobooboobobo
ggoog

BaggingO OO OOOOO0OOOOOOOODODOOOOOOO
gobooboooooooboobooooobooboboobooo
goooooboooooooooooooboboobobobooog
0 O O0Wagging[Bauer 99] 0 Bagging 0 0 0 O 0 0 OBagging
gobo0o000b00O000b0bO0000D0D0OWaggingO OO
Jo0D0D0o00bDO0o0bDbO0000WagegngOOOoooooQ
goboobooobooboooooboboobobooooobooboo
000000ooouoon Boosting DO 0O BaggingOO OO
000000000000 OBagging 0 00 Boosting D 00 O
O0000000o00o0000OoOO [Quinlan 96, Bauer 9910

MultiBoosting O 0 Boosting 0 Wagging O OO OOOOO
0000000 2000000000000 0 BoostingdO
0000 WaggingOOOOOOOODOOOOOOOOOD
000000bboOoOOO0O0000UbOOODOddWagging
ggoboooboboooobooboooboouoobobo
000 BoostingODOODOUODOODODODODODODOODODOOO
goboooooooooobooooooboobooooobooo
00000 BoostingDODOOODOODOOOOOODOODO
goobooboobooooboooooooboobooo

Parallelized Boosting 0 O Boosting 0000000000



The 19th Annual Conference of the Japanese Society for Artificial Intelligence, 2005

Algorithm IBB
Given: S = ((z1,y1), ", (Tm, Ym))

where z; € X,y; € Y ={1,---,k}
Fort=1,---,n:
1. Set S; by random sampling with random weight
2. hy = BaseLearn(St).
3. Calculate the error of hy:

Z“ht(li)#yi weightt (z:)

m

€ =
set ﬂt = Et/(l — Et).
Fort=n+1,---,T:
1.Sz = St—n
2. For each z; € Sy,
if he(w;) # yi AND B (z:) # yi
then weight:(x;) = weights(x;)
otherwise weights(x;) = weight:(x;) X Bt
standardize S; to sum to m.
3. hy = BaseLearn(St).
4. Calculate the error of hy:

tght P
€ = Ziiht(wq,)#yi weights (@;)

set ﬂt = Et/(l — Et).
Output the final hypothesis:
(z) = arg r;lea})/( Z og

t:hi(z)=y
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lymph 148 4 3 15
vehicle 846 4 18 -
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Data Set | C4.5 | Bagging | AdaBoostM1 | MultiBoost | Parallelized Boost | IBW |
balance-scale | 77.87 77.21 82.24 82.12 78.39 83.07
breast-cancer | 73.53 73.49 65.73 72.34 73.12 70.83
credit-a 85.32 81.94 82.89 83.21 84.48 83.57
credit-g 71.34 74.18 74.40 75.66 73.20 75.79
diabetes 74.22 76.23 62.63 76.27 75.59 76.34
glass 67.01 73.97 77.10 76.96 72.32 74.20
heart-c 76.11 81.41 79.53 81.58 80.99 83.10
lymph 76.76 80.47 84.45 83.98 79.42 83.10
vehicle 72.21 72.73 77.06 75.35 74.18 74.47
average 74.93 76.85 76.23 78.61 76.85 78.29
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