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Forest Thinning via Contribution Gain

GUO Hua-ping FAN Ming
(School of Information Engineering, Zhengzhou University, Zhengzhou 450052, China)

Abstract An ensemble consisting of decision trees can be treated as a forest. We proposed a new strategy called forest
thinning to reduce the ensemble size and improve its accuracy. Unlike traditional decision tree pruning methods, forest
thinning treats all decision trees in a forest as a whole and try to evaluate the performance influence on the ensemble
when a certain branch is pruned. To determine which branches should be pruned, we proposed a new metric called con-
tribution gain. The contribution gain of a subtree is related not only to the accuracy of the host tree, but also to the di-
versity of trees in the ensemble, so it reasonably well measures how much improvement of the ensemble accuracy can be
achieved when a subtree is pruned. With the contribution gain, we designed a forest thinning algorithm named FTCG
(Forest Thinning via Contribution Gain). Our experiments show that forest thinning can significantly reduce forests
structure complexity and improve their accuracy in most of data sets,no matter ensembles are constructed by a certain

algorithm such as bagging,or obtained by an ensemble selection algorithm such as EPIC ['7, no matter whether each de-
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cision tree is pruned or unpruned.
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australian 87, 13-3. 38 86. 093, 61 86.803.50 85, 86+3. 71° heart-c 65, 47 62, 52 52, 06 47,35
backache 85.0614.45 83,1745.99° 85.8913.48 83.17L£5.77" b i 2307. 67+ 3625, 23+ 647. 89+ 974, 934+
balance-scale  78.91--3. 68 75.0744.20° 79,793, 62 76. 644, 29° Orsecole 106, 99 116.63" 102. 15 129.83-
breast-cancer 69, 947,06 67.1548.47* 69, 94+7.12 66.5748,15° jonosphere 55621' ‘fli 680. 45’1 52512; Sali 634,734
. 69. 95* .0 64, 44+
L 4944.99 86,7845, . .44 86. . -
s 86. 49x 81+5.01 86.78L15.44 86,2815, 11 . 168,46+ 222,66+ 144,52+ 191. 84+
credit-rating  86.48--3.76 85.5443.78* 86.33+3.52 85.43+3.56° iris 111 12 150, 42 97. 26 133,12
german-credit 75, 29+3, 33 73.834:3.82° 74.85+3.08 73,1143,48° S b 1089, 87+ 1394, 37+ 711. 62+ 856. 44+
ecoli 84, 4656, 07 83, 3246, 61 84,2045, 41 83, 40+6.05° YIMPROBTAPRY 67,16 61.85° 37.61 30.83°
hayes-toth  78,7549.93 78,63+9.66 78.75+9.57 76.31+9.16° page-blocks 1422705 0551ﬂ: 2515857- (;125:*: 1329245 10101 22932-795i
. 0379+
heart- 0.93--6.60 80. 346,91 81 .06 80, .74 - : - -
¢ 80.93% +£6.91 81.00£6.06 80,276 . 2202.414  2776.77+ 202119+ 248165+
horse-colic  84.51-5.43 83.2945.24* 84, 34+5.51 83,4245, 31" pima 674, 18 852, 95 - 600, 06 247, 19 -
ionosphere  93.99+4.13 93.93+3.96 93.59+3.97 93.7143.95 orumfglass 121098 1398.62% 115,20 1269, 28
iris 93.53-:6.86 94,27+4.83 94,53+5.14 94, 535,05 39. 85 53267 ?591 39.76 2375(; 52*
303. 06 .80 174, 04 .00
lymphography ~ 83, 79+8.05 83,43+9,02 84,5548, 59 83,2518.40° vote 124 Ooi 295 05 - s Gli 127 461.:
pageblocks  97.02:+0.71 97.0410.71 97.04=0.75 97.06:0.70 E: « (OFIFR FICG WHE B E /T (KT bagging, Kb, A
pima 75.09-+4, 11 74.2744.31° 75,4644, 00 74, 063,91+ BIEEN 0.05 8 T WA DM,
pron-fglass  78.14+7.87 78.4647.88 77.6248.14 77.8448,04 .
3] 4 3] b7
vote 95.7742.93 95.1343,24* 95.6742.89 95.3342.97 4 THE FTCG BEE AU R b H50 R LTy
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Unpruned C4., 5 Pruned C4. 5
Data Set - A " -
FTCG Bagging FTCG Bagging
+ustralian 86. 834+ 86,224+  2447.50+  3246. 164
3.72 3.69° 123.93 116.07°
backache 84. 83+ 82. 11+ 708,014+ 931 44+
4.46 5.89" 54.55 51,16
bodamccscde 7% T4E 78.574  3277.76+  4030.82-+
3.69 3.82° 85. 07 94.67"
breast-cancer 1026 67. 16+ 843,96+ 1189, 33+
cast-cance 7.24 8.36° 129. 44 154. 08 *
s 87. 02+ 86. 83+ 1783.324+ 2022, 81+
¢ 5. 06 5. 04 60. 44 53.19°
ereditorati 86,13+ 85.614 241460+  3226.25+
e 3.92 3.95° 123.66 131. 46+
ey 498 73.13+¢  4410.11+  6007. 28+
german 3.63 4,00° 114. 94 124. 30 *
i 83, 77+ 83. 24+ 1498.864+ 1806, 26+
eco 5.96 5.98 ¢ 62. 27 70,98 *
R 78,75+ 76. 814 275,09+ 31132+
ves 9. 57 9.16° 47.90 57.05*
hearte 81. 21+ 79. 994 1230. 14+ 1510.57+
ca 6.37 6. 65 54. 80 52,56
horse-calic 84,53+ 83.80+ 940074+  1337. 60+
orse” 5.30 6.11° 66. 64 75.73
nosoher 93. 90+ 94, 02+ 590. 634 706. 79+
lonosphere 4.05 3.83 65. 62 73.17*
y 94, 47+ 94, 47+ 152, 58 197. 80+
e 5.11 5.02 108. 04 141. 31+
Iomohograch 81. 65+ 81. 46+ 858. 424+ 102267+
ymPRORTaphy 9.45 9.39 46. 50 39.68°
Hock 97. 024+ 97. 074 1396. 634+ 2086, 89+
pageblocks 0.74 0. 69 237.03 399.10°
. 74, 924 74,03+ 2391954+ 2910, 31+
pima 3.94 3.58° 764. 16 936. 70
s 78. 13+ 77,99+ 1280. 14+ 1410, 84+
promig 8.06 8. 44 43.85 39.59°
. 95. 70+ 95. 33+ 177.364+  28L.62+
vo 2.86 2.97 86. 10 140.6°
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