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New Ensemble Learning Approach
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Abstract This paper proposed a new decision tree-based ensemble learning method called FL.(Forest Learning). Unlike
traditional ensemble learning approaches, such as bagging and boosting, FL directly learns a forest on all training exam-
ples as an ensemble rather than on examples obtained by sampling from training set. Unlike the approach of learning en-
semble by independently training each classifier and combining them for prediction, FLL learns each classifier considering
its influence on ensemble performance. FL first employs traditional algorithm to train the first decision tree,and then it-
eratively constructs new decision trees and add them to forest. When constructing current decision tree, FL considers the

influence of each partition on ensemble performance. Experimental results indicate that,compared to traditional ensem-

ble learning methods, FL. induces ensemble with much better performance.
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(4) v. leaf=true
(5) return v
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BRI R BIES D', FEYLIIRESLBIS D' 3518 Dy (47 3—
7). # PCA MR Dy Fl F o 881 BHIEEP,: . B
H PRI MU BRIERE P, (7 8) .
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(Dfor j=1 to M do
(2) BREREE AR KANFE Fi(1<k<K)

(3) for k=1toK do
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(5)  FEMLHRE DB RILHIE Di
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(7) end for
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(14) [ P4 D BRSBTS 6 LURAS I ZR%50E D
as Tj=CreateTree(D;)//ARAEZ 1
(16) endif
(17Yend for
B
(18)for j==1 to M do:
(19 x'=Plx
(20) BRI T, FAEEA R b 1SISL
(21)end for
(zz>pﬂ=§lpﬁi) /M,1=1,-+,M

(23)return arg lma\x{p;l [I=1,-,L}

ERERRR, ER MY B B C4. 5 ELH% X RIRM
(47 10.1D) . =B B, FL RS P, LR E A x.
BT B AR M SRS 8] RIS T, TSR B x L BRJR R
RDOBREHESEHEE L LRORTW (7 18—22).
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AT RIT T B4 L 50 K DPfl B Ak 2 2 J7 ¥ (FL, Forest
Learning) : MCEAY 2K E$MEO MHE S A KB R I LA &
FL 4r2848E. A 24 4~ UCT L@ (LR DIMRBE &%
BE. X TFEALEIE, M 5X2 T8 BIE™ 407 FL ¥
f8. A TR FL B G SURE BB , R IE R M (ro-
tation forest)[? | adaboost™®’ | bagging™ . f #l Z #& (random
foresV LI K C4, sSUY e RS E 1k, HH rotation fo-rest,
ababoost il bagging {1 f5 C4. 5 fE R8s, EEZE 2 P,
BB Q=1,{# C4. 5 B F 1 BHREM (F . rotation for-
est {12 F PCA FrikfB il 4535 5 58 & B 5 B0 B iy = ], kT
AR SR EE I AR GRS ER) . LRFEHEEZE
T E¥& S (LySpoon) 2 5g i,

®1 FRARMW 24 MEAIEHREE LR

5.1

kS KA BHE 2N
anneal 898 38 6
audiology 226 70 24
autos 205 25 6
balance-scale 625 4 3
breast-w 699 9 2
car 1728 4 6
cars 406 8 3
credit-g 1000 20 2
ecoli 336 8 8
flag 194 27 6
glass 214 9 7
heart-statlog 270 13 2
hypothyroid 3772 39 4
kr-vs-kp 3195 36 2
lymphography 148 19 4
machine 209 7 8
mofn-3-7-10 300 11 2
page-block 5473 11 5
promoters 106 27 2
segment 2310 19 7
sick 3772 30 2
vehicle 846 19 4
vowel 990 12 1
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EE 1 HFIERED RSN M XA &0 K S EEmN
B, 3 4~ 3L 4 (breast-cancer, credit-g #1 lymphography)
PR RIEAG M XTH I KAFNZN, HXERNE 1 xR,
HPBEMBRRAG LSRN YRR R S RFUERE, H
THWRRL, BFEET ENMNREZ,

——FL ~&— Rotation Forest
4 Adaboost e an;,g
—%— RandomForest —e— C45

& FL —&— Rotation Forest
4 Adaboost e B:ggxl:; ©
¥— RandomF .

74

72
2 70
%o WM
e

64 o s ped

YT Y T T R XX SHEPS CESPPPLEP

HEAKBAA HENRBAS
(@ a— (b)
~&-- Rotation Forest
5 Rendomboren o 48

%)

S o oSSR E PP
e KB
©
B1 HEOEBBRBIEBIELE breast-cancer(a) , credit-g(b) Hl
lymphography(c) b 78 {b #a %

18R, Bk FL 2R EmREHERERN LR,
RAEZ B4 breast-cancer FEEHIF bagging., B KM, 7EiX 3
AELEFIE LR A A SRR MREREE M B E A
BE M M=308f  HE D RBHWHEEREARE. BUEEK
LR E M=30, 7F credit-g #l lymphography | ,FL & H
TCHREBE, BER BB . 7 breast-cancer b, Y4 F4r3

FAURB/ AT, FL % bagging 8% HILHEHE M REE
Fh#, [HEEEMNR, adaboost M} random forest 7ESL 4
4 breast-cancer | #P:RE B 55 T AR (FFH C4. 5 14
B, BEREY— 15 EM R, breast-cancer | 77 7E 5 B
F X R ababoost i 2 HIALAR L X 4 B9 B B L, AR SR 41
KA 288t A A ek S B B ST 22 B T I M B AR 4y
. random forest it FENLHIFE R Jr L M8 T XA RE .

FE 2 MHAT FL MR FXRERINE 2 Ik 3
5 B A A AR E A 838 4 HI D R BY R C4. 5 B
A C4. 5(& FL #i random forest), 7EF S, BAKFZ R/ B
Bk (G AR BB 5 ) L e R B B s v R SR A R T
PREER/N. BTEWH G 5 BB/ KIS M=3004F: ran-
dom forest ¥ X W I BY B FEBE, T LAFR 3 I HF A ran-
dom forest B HEHISEIEE R,

FL £ 3 AR R E M EHHF R T R 52 a5t d
BT ERE YR , 2 T S G bR T A SRR A B B R
Hit, SHEBESRMEEE . FLERHBARRE. NE2HR
MEF L, Y K BRI HIE F(14), 88— 5% (FL, Forest
Learning) #3158 T BB MR R, 5 HEMKIKE rotation for-
est(4) , adaboost (3) , bagging (2) , random forest (1) 1 C4. 5
(0), RIMEHRHEELMNER., FLELRERTHEL
(IOFEBTEESMEFRE, 5 EIKIKRE adaboost(7), rota-
tion forest(2) , bagging(1)#1 C4. 5(0),

HTHEFLWMECBERNRERTEREET TN &
FHEEERN 95 % MBECKT ¢ Mk, #E FL 43 %15 rotation forest,
adaboost, bagging, random forest # C4. 5 #F4T T LB, 4558
RF2MF 3. HP HEREFHHHBEFREHMD B HIE
U1 &, FL B ER T MR B 7515 (1) ; [B B 3R /R 75 45 R A 52
g b, FL &L FHMATE.

R2 BMEIFEER CA 5 MERRMRMER, o, 822685 (B FL M random forest S EA R3S FARIIAL CL. 5 #ar

L& FL rotation forest adaboost bagging random forest C4. 5
anneal 98.9540. 43 98,7510, 47 98. 9540. 64 98. 6010, 439 99.04+0. 36 98. 33%0. 53¢
audiology 79.20+2. 10 77.96+2.52 80.97+2.78 79, 20%2. 29 73.547+2.52¢ 74.96%2, 13@
autos 74, 543, 98 74.45+4. 49 74, 8445, 77 76.10+3.56 74.3545. 20 69. 7715, 70@
breast-cancer 70.58+2.68 70. 35£3. 90 62, 8014.23@ 67.901+4.08 66.92+3.47¢@ 66, 57-£5. 08
balance-scale 91.02x0.76 90.82+1.15 79.361+1.8%¢  83.65%1.48¢ 81.34%1.97¢@  79.36%2. 3%
breast-w 97.39+0. 66 97. 00%0, 55 95.9740. 35@ 95. 96 0. 78@ 96.1474-0. 56@ 94, 1141, 20@
car 96. 6240, 55 96.70%0. 68 94.04%1.0l@ 91. 39+1. 08¢ 91.86+1. 4@ 90.174+1. 07
cars 79, 36+2. 85 79.014:2.90 82, 12+£1.770 81.7242.8(0  82,36%3.150 78.57%2.93
credit-g 74,.52+2 08 73.924:2.53 72.74%1. 739 73.06%2. 67 74.22%2.10 69.30£2. 08¢
ecoli 85.89+1. 29 85,95+ 1,69 81.19+2. 37¢@ 82,4412, 56@ 83,.27+2.0le 79.763. 02¢@
flag 68.6615.01 67.1114. 25 62.89+3. 40@ 61,3414, 10@ 64.85+3. 49¢@ 57.53%5. 4%¢
glass 72.47+2.69 71.03%2, 37 71.50+£5. 33 68. 601-4. 89 76.1743. 000 62,5216, 36@
heart-statlog 83.41+2. 21 82.81+2. 20 80.52%3. 48¢@ 80.89+2. 31@ 80.30+2. 86@ 76.7414. 16@
hypothyroid 99. 30-0. 26 99, 360. 20 99. 404:0. 20 99, 41%0. 18 99.06£0. 19¢ 99, 35%0. 23
kr-vs-kp 99.1940. 28 99. 08£0. 55 99.29%0. 18 99.1240. 34 98. 5410, 25@ 98. 95+0. 35@
lymphography 84,2443, 20 83.78+3.19 80. 6814, 64 78.78%2. 12¢ 81.8943.99 75. 8114, 15¢
machine 92, 82+3. 06 92.53+2. 80 87.27+2.63@  85.8412 86 87.27F1.62¢  85.45+3.12¢
page-blocks 97.1740. 25 97.22+0. 30 96. 90340, 23 97.1540. 30 97.01%0. 269 96. 6910, 24
promoters 87.55+4.72 86, 981+4. 40 86, 42+5. 32 83.02k5.4l¢ 84,1544, 46 74,5315, 13@
segment 97.97%+0.37 97,7130, 30@ 97.5810. 42¢ 96,4410, 42¢ 97. 4610, 31@ 95.0440.6l@
sick 98, 6010. 35 98.62+0. 28 98. 614:0. 33 98, 6010. 39 98, 080. 259 98. 370, 56
vehicle 77.54%1.84 77.38+2.17 75.93+1.25@  73.2940.93@ 73.26%1.52¢  69.6512 26@
vowel 94,15+ 1. 45 93.4541. 20 89.54+1. 63¢@ 85.05+2.47¢@ 90. 06 2. 29¢@ 72.12%3.06@
z00 92,29+3.24 91.90+2. 65 91, 70+3. 69 92, 0843. 36 90, 30+3. 02 91, 89+3. 41
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anneal 98.98+0. 43 98. 731:0. 48¢@ 98. 8910. 50 98.0010. 87¢@ 97. 861+0. 88¢@
audiology 79.20%2.10 77.174:2.82 81.06%1.52 79.0312. 47 75.7512.61@
autos 74,984:3.98 74.747%4.01 75.91+4.90 75.22%+2.71 67,4216, 49
breast-cancer 71,5842, 68 70.2843. 51 63.5013, 65¢ 71.82+1.95 69. 5811. 66
balance-scale 91,02%+0.76 90.59+1.08¢  80.10+1.76@  83.4611.19¢  79.29+1.80@
breast-w 96, 8810, 66 97.02+0.55 96,1140, 69 95. 9910, 80 94,39%1.0lg@
car 96.62+0. 55 96. 4910 65 94, 1411, l4g 90. 0010. 99¢@ 87.75+1. 10@

cars 79. 362, 85 79,0612, 87 81.63+2. 050 81.72+2. 610 78.52+3,77
credit -g 74.52+2,08 74.18%+2.23 72,36 1. 68¢ 74,0412, 22¢ 71.52%1. 75¢@
ecoli 86.89+1.29 86.1341.59 82.14+1. 949 82.56+2, 93¢ 80, 48+2, 26@
flag 68.66+5, 01 67,4214.19 60. 9313, 1@ 61, 3415. 03 55.6714. 45¢
Glass 70,472, 69 70. 562, 54 71.68+4.66 68,5014, 64 63.18:16, O6g
heart-statlog 83.41+2. 21 82.30%2. 38 79.3312. 8% 81.33:k2. 54 78.67+3, 16@
hypothyroid 99.30420,26  99.36+0.22  99.414£0.22  99.4040.19 99, 3640, 23
kr-vs-kp 99, 19+0. 28 99, 1140. 40 99, 3240. 16 99,1140, 30 99, 0710. 23
lymphography 84.24+%3.20 84,053, 04 81.35%2. 53¢@ 79.7312.47¢@ 76.08L3. 4%@
machine 92.82+3.06 92.344+2,76 87.3712.97¢ 85.651+2, 84 85.26%3.0%¢
page-blocks 97.17%0. 25 97.23+0.25 96. 8310. 27 97.1830.24 96. 8310, 20
promoters 87.55+4,72 86.98+4, 40 88.68+3. 44 81, 70+6. 42 73.9614. 34
segment 97.97+0. 37 97. 6810. 30@ 97.7140. 62 96. 4210, 48¢ 95.10+0, 63¢@
sick 98. 60+0. 35 98.4940. 31 98.68+0. 37 98. 5440, 39 98, 4240. 418¢@
vehicle 77.54% 1. 84 77.35%+2.10 76.29+1. 87 73.5010.92¢@ 69.7212. 249
vowel 93.73%1.45 93.00%1. 249 88, 67X 1. 80g@ 83.3912. 98¢ 69. 941 2. 66@
200 92.29+3. 24 91. 9042, 65 91. 69::3. 82 92.084-3. 36 91, 8943, 41
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