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Table 1 Cross table between the feature A and label Y
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Figure 1 The concave funtion
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Table 3 An example of the relationship between the degree of impurity reduction and feature importance and the multi-
value bias problem

X o T T3 Ty Tz T Ty Ty Ty Tio

Yy 1.1 1 1 2 2 2 2 2 2
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Figure 2 The contingency table elements of a permutation set obey hypergeometric distribution
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Figure 3 The selection tendency of standard Gini index and the Gini index
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{d+1,d+2,..,2d}, JBVEX;, i € O NFEGEENE, BIEX;, i € PREHFIBEEX, _; AR ERHES)E
PR JEPE. B X, AR B 2 2 XUN:

AIR(X;) = Im(X;;i € O) — Im(Xy;i € P), (27)

Horb I 5 SRR . FE e Fa B A 4l i BRI R 2R
5.1.2 PIMPJRE

PIMP /5 yRB01 B $bp & o) s AE AR A _ERHES, A58 22 vk B 32 i T 82 P A R il v 34 o A i 5 43
A, FAA AR — log pfEAE A B ZE VN HEN. & Bk, BARBIRITT:

Stepl. B 5e, THEAEAEME RS UENMELIm(X;; i < d);

Step2. PAJG, it (t < s) IREWARZE MR BER B — MRS &, 1H5E (0 < d) BTz
M EPRRIN EEREER,

16



HERFE A5 R

Step3. THERAEEsK E#PIIME ShRMEZE, 7202 /Ew = mean(R. ;) 5o, = std(R. ), i FT
B Z BB’ = mean(o;);

Stepd. Fo, R [BIBEHLAE B Im(X,) FESHONN (i, max{oy, 0'}) KRR 7pAR 5B X R K)p {H.
PIMPJ5 %42 8 — log p X Ja 1k i) B 2 FE AT HF .

5.1.3 Ag. 7%

AgeITHBMEBen N2 M, I ga B e R B 577 2 In AR (12) R, #E— PR
JEAREAMAM S oA, 5 2 T3 JE 4R BAE 1Z 0 Al R B A i

(E(Age))? GiniV(Age) >

p(290) = Gampa (5280 ST (28)

Nge FTIRIEIR—logp X8 VER) EEEHEATHEF.
5.1.4 AGini/5E

AGini 7V MRHE A g T7ike IR Je R B I8 5575 22, it — 1l Cantelli A 55 X AF I JE 4R
1 — o A E:

AGini = Gini — (E(Age) + %V(Age)). (29)

AGini 7 iEIZ B AGini 0 @ VE EEZ AT H Y, Hh S 8afiE Na = 0.1.
5.2 HEEHRANSHIRERE

NEAIE T PR AERE JE 18 B0 W SR R 2 AL VERE, SR HSKRIE T UCTERWEK A 04 45 1 1 240 20 4%
KR VRS B asR4 Frs. R4AB)H 53 mI0E RER R 2 PR . FEARN S B AN (8 1 BB 2k
G S UN SRS - ININSE T (- UNES N TS PN~ = N AT

W FAFAE S 8 M AR 4R, AR SCR 4 31 1) ChiMerge Sy B4 E47 B 84k, ChiMerge 1%
ST — P TR O R IR B I B B ik, AR B R T R B SREE S A AR IX ] 2 A R A
FEWABY B WGP B, X AT A FEAIE S JE M BUE HET, A S MU E N — AN X R &
B, W — 0 A QA X R TH AR 58 AR R 8RO MR, BRI TR N R TR — X AR AR X [l A T A
If; AWrEE FAR PR, BRIHE RO EAAMC T e BRI, BE A IE X A B —E AL
BRSO T B AN B B 50 LAY IR B B RS S

X RN AR, %I - SHI LRI s N DI ZRae AR, AR RRT - 3I EL B Ul ZR B il 43 Nl
SREEFNIRUEEE. IXFEMIRI AT TR, B B EEAE [ — IR K 4r g AT this. 0T U s B245 1k
A S Eominnum I BUEIEHBCE J9{1, 2, .., 20}, BRI T, JiEE b KPS E B 280
ENBETSSHL. N T VA VR RIPERE, 51 NHERR S T PR Acc 5 2EHERR 5 TR FRPA cd39):

Ace =P(h(z) = y), (30)
Ace — RAcc
PAcc = = Rdee (31)

HrfRAce = S5 P(h(x) = c)P(y = ), h(x) NS I8, TSR, o NHERITERAE.
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Table 4 The description of benchmark data sets

ID  Name Objects Attributes Class

1 Breast Cancer 699 9(9:11) 2(34.48:65.52)
2 Balance Scale Weight Distance 625 4(5:5) 3(7.84:46.08)
3 Molecular  Biology Promoter 106 57(4:4) 2(50.00:50.00)

Gene Sequences

4 Liver Disorders 345 6(1:16) 2(42.03:57.97)
5 Libras Movement 360 90(1:19) 15(6.67:6.67)
6 Musk(Version 1) 476 166(1:22) 2(43.49:56.51)
7 Zoo 100 16(2:6) 7(4.00:40.00)
8 Vehicle 846 18(4:29) 4(23.52:25.77)
9 Cardiotocography 2126 40(1:47) 10(2.49:27.23)
10 Segment 2310 19(1:44) 7(14.29:14.29)
11  Spambase 4601 57(3:68) 2(39.40:60.60)
12 Waveform Database Genera- 5000 21(3:71) 3(32.94:33.92)

tor(Version 1)
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Figure 4 Comparison of decision tree accuracy with different parameters on benchmark data sets
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Table 5 Performance comparison of decision tree algorithms on benchmark data sets

Accuracy
ID Gini AIR PIMP Age AGini SGini
1 0.93 £0.02 o 0.92 £0.01 o 0.92 £0.02 o 0.91 £0.02 o 0.93 £0.02 0.93 +0.02
2 0.63 £0.03 o 0.63 £0.03 o 0.62 £0.03 o 0.63 £0.03 o 0.62 £0.03 o 0.64 +0.04
3 0.72 £0.06 o 0.73 £0.07 e 0.70 £0.07 0.73 £0.07 o 0.73 £0.07 e 0.76 +0.06
4 0.62 £0.04 o 0.63 £0.04 o 0.64 £0.04 o 0.64 £0.04 o 0.64 £0.04 o 0.65 +0.04
5 0.20 £0.02 o 0.21 £0.02 o 0.21 £0.01 o 0.22 £0.02 o 0.21 £0.02 o 0.23 +0.02
6 0.73 £0.04 o 0.74 £0.04 o 0.75 £0.04 o 0.75 £0.03 0.75 £0.03 0.76 +0.04
7 0.61 £0.05 o 0.62 £0.05 o 0.69 £0.04 o 0.61 £0.05 o 0.60 £0.05 o 0.74 +0.04
8 0.54 £0.03 o 0.61 +0.03 e 0.55 £0.03 0.59 £0.05 o 0.63 +0.02 e 0.65 +0.02
9 0.74 £0.02 o 0.82 £0.03 o 0.64 £0.04 o 0.77 £0.02 o 0.86 £0.01 o 0.88 +0.00
10 0.83 £0.01 o 0.84 £0.01 o 0.78 £0.01 o 0.80 £0.01 o 0.84 £0.01 o 0.87 +0.01
11 0.83 £0.01 o 0.85 £0.01 o 0.82 £0.01 o 0.83 £0.01 o 0.86 £0.01 o 0.88 +0.01
12 0.58 £0.01 o 0.60 £0.01 o 0.51 £0.02 o 0.53 £0.01 o 0.60 £0.01 o 0.63 +0.01
Ave. Rank | 4.8333 3.3333 4.9167 4.0000 2.9167 1.0000
Pure Accuracy
D Gini PIMP AIR Age AGini SGini
1 0.83 £0.04 o 0.83 +0.04 0.82 £0.03 0.80 £0.04 o 0.84 +0.04 0.85 +0.03
2 0.36 £0.05 0.36 £0.04 0.35 £0.04 0.36 +0.04 0.35 £0.04 o 0.36 +0.04
3 0.44 £0.13 o 0.45 £0.15 o 0.38 £0.13 @ 0.44 £0.13 o 0.43 £0.12 o 0.51 +0.11
4 0.24 £0.09 o 0.26 £0.07 0.27 £0.08 0.27 £0.08 0.27 £0.08 o 0.29 +0.09
5 0.15 £0.02 o 0.16 +0.02 e 0.16 £0.02 0.16 £0.02 o 0.16 +0.02 e 0.17 +0.02
6 0.45 £0.07 o 0.48 +0.08 o 0.48 £0.08 o 0.49 £0.06 0.49 £0.06 0.52 +0.08
7 0.43 £0.03 o 0.43 £0.03 o 0.47 £0.03 o 0.43 £0.03 o 0.43 £0.04 o 0.52 +0.02
8 0.39 £0.05 o 0.49 £0.04 o 0.40 £0.04 o 0.45 £0.06 o 0.50 £0.03 o 0.53 +0.03
9 0.70 £0.02 o 0.79 £0.04 o 0.57 £0.04 o 0.74 £0.03 o 0.83 £0.01 o 0.86 +0.00
10 0.81 £0.01 o 0.81 +0.01 e 0.74 £0.02 0.77 £0.01 o 0.82 +0.01 e 0.85 +0.01
11 0.64 £0.02 o 0.68 £0.02 o 0.61 £0.03 e 0.65 £0.02 o 0.71 £0.02 o 0.76 +0.02
12 0.37 £0.02 o 0.39 £0.02 o 0.26 £0.02 o 0.29 £0.02 o 0.40 £0.02 o 0.44 +0.02
Ave. Rank | 4.8333 3.6667 4.8333 3.6667 3.0000 1.0000
Average Number of Nodes in Each Layer
1D Gini AIR PIMP ANge AGini SGini
1 14.50 £2.53 13.87 £1.85 16.34 £2.06 16.84 £1.90 12.85 £1.78 10.30 +£1.76
2 47.45 £5.53 48.23 +5.83 48.48 £3.42 47.52 £5.44 47.57 £5.47 22.74 £5.58
3 4.85 £0.96 4.69 £1.00 5.20 £0.96 4.36 +£0.80 4.42 £0.83 3.48 +0.57
4 20.56 +2.28 19.17 £2.89 17.56 £2.83 18.61 £1.84 17.28 £1.97 14.46 +1.74
5 38.91 £2.31 28.90 +3.56 28.66 +3.05 28.04 £3.71 25.91 +£3.52 18.47 +2.43
6 28.99 £2.99 20.93 +£3.18 15.06 £2.78 16.36 £2.65 15.61 £2.65 11.05 +1.66
7 4.09 £0.41 3.75 +£0.57 2.73 £0.36 3.54 £0.63 3.54 +0.62 1.81 +0.21
8 65.71 £4.29 41.10 +4.59 49.81 £5.93 41.35 £6.38 31.70 +£3.76 26.43 £2.62
9 42.68 £5.89 16.83 £7.12 68.32 +12.38 30.88 £3.89 7.82 £1.42 1.80 £+0.00
10 57.49 £7.78 48.49 +9.56 74.75 £10.15 62.63 £7.48 40.45 +7.46 29.60 £3.32
11 89.58 £21.02 49.72 £12.36 34.70 +4.63 30.85 £9.79 27.05 £5.73 44.77 £12.36
12 417.76 £12.92  309.88 £23.64  314.93 £26.94  290.23 £23.26  245.27 £16.36  218.79 +10.59
Ave. Rank | 5.1667 4.1667 4.4167 3.6667 2.3333 1.2500
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Figure 6 Comparison of decision tree algorithm accuracy under different parameters at disturbed noise level of 30%
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Table 6 Performance comparison of decision tree algorithm at disturbed noise level of 30%

Accuracy
1D Gini AIR PIMP Age AGini SGini
1 0.91 £0.02 0.91 £0.02 0.91 £0.02 o 0.91 £0.02 o 0.91 £0.02 o 0.92 +£0.02
2 0.64 £0.04 0.65 +0.04 0.64 £0.04 0.64 £0.04 o 0.64 £0.04 o 0.65 £0.03
3 0.68 +0.06 o 0.70 +0.08 0.69 £0.07 0.70 £0.07 o 0.70 £0.07 e 0.72 +0.06
4 0.60 £0.04 o 0.60 £0.04 0.60 £0.04 0.61 £0.04 0.61 £0.03 0.62 +0.04
5 0.20 £0.02 o 0.21 £0.02 0.20 £0.03 o 0.22 £0.02 o 0.21 £0.02 o 0.23 +0.02
6 0.72 £0.04 o 0.73 £0.04 o 0.72 £0.04 o 0.73 £0.04 0.74 £0.04 o 0.75 £0.04
7 0.57 £0.05 o 0.56 £0.05 0.61 £0.06 0.57 £0.05 o 0.57 £0.05 o 0.63 +0.06
8 0.54 £0.03 e 0.59 £0.03 o 0.51 £0.05 0.60 £0.05 o 0.62 +0.03 o 0.64 +0.03
9 0.66 £0.02 o 0.81 £0.02 o 0.59 £0.04 o 0.75 £0.04 o 0.82 £0.02 o 0.88 +0.00
10 0.81 £0.01 o 0.82 £0.01 0.74 £0.02 o 0.76 £0.01 e 0.82 +£0.01 0.82 £0.02
11 0.83 £0.01 o 0.84 £0.01 o 0.75 £0.01 o 0.80 £0.02 o 0.85 £0.01 o 0.87 +0.01
12 0.61 £0.01 o 0.62 £0.01 o 0.52 £0.02 o 0.54 £0.01 o 0.63 £0.01 o 0.64 +0.02
Ave. Rank | 4.67 3.33 5.00 3.92 2.83 1.25
Pure Accuracy
1D Gini AIR PIMP Age AGini SGini
1 0.80 £0.04 o 0.79 £0.04 o 0.80 £0.04 o 0.79 £0.05 0.79 £0.04 o 0.82 +0.04
2 0.34 £0.05 o 0.34 £0.05 0.32 £0.04 o 0.34 £0.05 o 0.33 £0.05 o 0.35 +0.05
3 0.36 £0.13 o 0.37 £0.15 o 0.36 £0.15 » 0.38 £0.14 o 0.38 £0.13 o 0.45 +0.13
4 0.20 £0.09 0.20 £0.07 0.20 £0.08 o 0.21 £0.09 0.21 £0.08 0.22 +0.08
5 0.14 £0.02 o 0.15 +0.02 o 0.14 £0.03 0.16 £0.02 0.15 +0.02 e 0.16 +0.02
6 0.42 +0.08 o 0.44 £0.07 o 0.43 £0.08 o 0.46 £0.08 o 0.46 £0.08 o 0.50 +0.08
7 0.43 £0.03 o 0.43 £0.03 o 0.45 £0.05 0.43 £0.04 o 0.43 £0.04 o 0.46 +0.04
8 0.38 £0.04 o 0.45 £0.04 0.34 £0.08 o 0.47 £0.07 o 0.49 £0.04 o 0.51 +0.04
9 0.60 £0.02 o 0.78 £0.02 o 0.51 £0.05 o 0.70 £0.04 o 0.79 £0.02 o 0.86 +0.00
10 0.78 £0.02 o 0.79 +0.01 0.70 £0.02 0.72 £0.02 o 0.79 £0.01 0.79 +0.02
11 0.64 £0.02 o 0.65 £0.02 0.48 £0.03 o 0.58 £0.04 o 0.68 £0.02 o 0.73 +0.02
12 0.41 £0.02 o 0.43 £0.02 0.28 £0.03 o 0.31 £0.02 o 0.45 £0.02 0.46 +0.02
Ave. Rank 4.42 3.42 5.17 3.92 2.92 1.17
Average Number of Nodes in Each Layer
ID Gini AIR PIMP ANge AGini SGini
1 13.57 £2.86 14.02 £2.52 16.47 £2.37 15.66 £1.81 11.39 £2.26 10.02 +£1.76
2 32.37 £6.68 32.06 +7.88 31.42 +£6.72 32.25 £6.79 32.06 +6.89 25.10 +£4.66
3 4.97 +£0.90 4.73 £0.90 5.61 £1.01 4.46 £0.77 4.45 £0.79 3.65 +0.53
4 21.00 +£2.48 19.60 £3.24 19.65 £2.29 19.16 £2.29 18.13 £1.68 15.30 +1.71
5 40.34 £2.13 28.14 +£2.73 29.91 +3.88 28.98 +3.59 25.99 +£3.63 18.59 +2.35
6 28.69 +3.14 20.22 +£3.07 14.27 £3.10 16.25 £2.79 15.54 £2.40 11.73 +1.67
7 4.04 £0.40 3.98 +0.48 3.01 £+0.36 3.94 £0.44 3.95 +0.47 2.16 +0.26
8 57.50 +£6.73 37.57 +£4.47 45.81 £7.00 36.22 £5.63 29.66 +3.12 27.75 £2.95
9 48.70 £5.81 10.12 £3.05 33.25 +6.58 19.50 £2.07 7.67 £1.06 1.81 +0.05
10 56.80 +£7.17 50.57 +6.41 65.55 +8.40 65.39 £7.99 43.22 £5.49 47.96 £5.17
11 84.90 +14.44 58.05 +14.15 19.41 +3.84 28.96 +11.55 20.66 +4.24 46.97 £6.20
12 237.80 £31.04 174.85 +8.62 122.74 +£14.17 125.84 +12.12 114.65 +9.48 145.67 +14.83
Ave. Rank | 5.50 4.08 3.92 3.75 2.17 1.58
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Figure 7 Comparison of decision tree algorithm accuracy under different parameters at the synthetic noise level of 30%
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Table 7 Performance comparison of decision tree algorithm at the synthetic noise level of 30%

Accuracy

ID Gini AIR Age AGini SGini

1 0.92 £0.02 o 0.92 £0.02 o 0.90 £0.02 ¢  0.93 £0.02 0.93 £0.02
2 0.57 £0.03 o 0.61 £0.04 o 0.62 £0.04 0.63 +£0.05 0.63 £0.04
3 0.65 +0.07 e 0.71 £0.07 e 0.71 £0.08 ¢  0.72 £0.07 0.74 +£0.06
4 0.57 £0.05 o 0.59 £0.05 o 0.62 £0.05 0.62 £0.05 0.62 +0.05
5 0.16 £0.01 o 0.22 £0.03 o 0.20 £0.02 ¢  0.21 £0.03 o 0.23 +£0.03
6 0.65 £0.03 o 0.72 £0.05 o 0.73 £0.03 ¢  0.73 £0.03 0.75 £0.04
7 0.47 £0.07 o 0.52 £0.07 o 0.55 £0.07 ¢ 0.56 £0.06 e 0.60 +£0.06
8 0.40 £0.04 o 0.59 +0.03 e 0.57 £0.05 ¢  0.62 £0.02 o 0.64 +0.03
9 0.55 £0.06 o 0.80 £0.04 o 0.73 £0.03 o 0.84 £0.01 o 0.88 +0.00
10 0.81 £0.01 o 0.81 £0.01 o 0.78 £0.02 ¢  0.81 £0.01 o 0.84 +0.01
11 0.66 £0.07 o 0.81 £0.01 o 0.78 £0.01 ¢  0.81 £0.01 e 0.82 +£0.01
12 0.60 £0.01 o 0.58 £0.01 o 0.48 £0.01 ¢  0.58 £0.01 e 0.65 +£0.02
Ave. Rank | 4.5833 3.2500 3.6667 2.4167 1.0833

Pure Accuracy

1D Gini AIR Age AGini SGini

1 0.81 £0.05 o 0.82 £0.04 o 0.78 £0.04 ¢  0.83 £0.04 o 0.84 +0.03
2 0.26 £0.05 o 0.31 £0.05 o 0.33 £0.04 ¢  0.33 £0.05 @ 0.35 £0.05
3 0.30 £0.14 o 0.42 £0.15 o 0.42 £0.14 ¢  0.43 £0.12 @ 0.49 +0.12
4 0.13 £0.09 o 0.17 £0.10 o 0.21 £0.10 0.22 £0.09 o 0.23 +£0.10
5 0.10 £0.01 e 0.15 +0.02 e 0.15 +£0.02 ¢  0.15 £0.02 0.16 +0.02
6 0.27 £0.07 o 0.42 £0.10 o 0.47 £0.06 0.47 £0.06 0.49 £0.08
7 0.33 £0.05 o 0.39 £0.05 o 0.42 £0.05 ¢  0.42 £0.04 o 0.47 £0.04
8 0.20 £0.04 o 0.45 £0.05 o 0.42 £0.06 ¢  0.49 £0.03 o 0.52 £0.04
9 0.47 £0.07 o 0.76 £0.05 o 0.69 £0.04 ¢  0.81 £0.02 @ 0.86 £0.00
10 0.77 £0.02 o 0.78 £0.02 e 0.74 £0.02 ¢  0.77 £0.02 @ 0.81 +0.01
11 0.18 £0.18 o 0.60 £0.02 o 0.53 £0.03 o 0.59 £0.02 o 0.63 +0.02
12 0.40 £0.02 o 0.37 £0.02 o 0.23 £0.02 ¢  0.37 £0.02 o 0.48 £0.02
Ave. Rank | 4.5833 3.3333 3.7500 2.3333 1.0000

Average Number of Nodes in Each Layer

ID Gini AIR Age AGini SGini

1 17.68 £4.92 15.98 £3.88 15.28 £1.39 12.07 £2.44 10.54 +2.05
2 42.43 £5.53 32.76 +£5.48 31.72 £6.05 27.84 +3.82 26.50 +£3.73
3 8.24 £2.04 5.30 £1.07 4.57 £0.87 4.49 £0.78 3.55 +0.70
4 28.49 +2.64 19.16 £2.86 15.85 £1.88 13.75 £1.56 13.36 +2.44
5 48.74 £6.11 28.83 +£3.68 29.91 £3.21 26.20 +4.08 18.93 +2.53
6 41.88 £6.57 22.07 +£3.46 17.44 £3.16 16.10 £2.70 11.31 +1.90
7 7.53 £1.29 4.36 +£1.18 3.69 +0.72 3.65 £0.72 1.93 £0.25
8 72.09 +4.31 39.64 +4.62 39.15 £5.69 27.80 £4.04 27.96 +£3.05
9 59.76 £13.86  10.07 £3.70 24.70 £3.41 5.40 £0.61 1.80 £0.00
10 64.05 +8.72 47.59 £8.02 50.88 +£7.73 41.92 £9.93 18.94 +3.83
11 6.07 £3.00 48.66 £13.07  22.82 £5.24 89.23 £18.09  21.04 £4.55
12 189.96 £7.56  59.89 £11.40  42.19 £5.84 20.14 +5.40 20.29 +3.61
Ave. Rank | 4.6667 3.7500 3.2500 2.0833 1.2500
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Table 8 Noise attribute selection ratio of decision tree algorithm at the synthetic noise level of 30%

Noise Ratio

ID Gini AIR Age AGini SGini
1 0.33 £0.17 0.23 £0.17 0.03 £0.06 0.06 £0.10 0.06 +0.10
2 0.71 £0.16 0.24 £0.17 0.09 £0.12 0.09 £0.14 0.08 £0.13
3 0.39 £0.21 0.23 £0.15 0.06 £0.11 0.03 £0.08 0.02 +£0.08
4 0.81 £+0.22 0.54 +0.15 0.47 £0.17 0.49 £0.17 0.46 +£0.17
5 0.53 £+0.39 0.07 +0.18 0.03 £0.09 ¢  0.05 +0.09 0.06 +0.11
6 0.50 £0.28 0.22 £0.13 0.18 £0.13 0.13 £0.10 0.09 £0.09
7 0.40 £0.15 0.14 £0.15 0.10 £0.16 0.07 £0.13 ¢ 0.11 +0.13
8 0.86 £0.26 0.27 £0.11 0.23 £0.08 0.18 £0.10 0.18 £0.12
9 0.40 £+0.16 0.04 +0.06 0.06 £0.03 0.00 £0.01 0.00 +£0.00
10 0.16 £0.05 0.19 +£0.07 ¢  0.14 +0.05 ¢  0.22 £0.08 0.31 +0.13
11 0.75 £0.12 0.40 +£0.20 @ 0.60 £0.11 0.37 £0.18 ¢  0.55 +0.21
12 0.92 £0.08 o 0.67 £0.20 ¢  0.66 £0.22 @ 0.88 +0.14 0.35 £0.04
Ave. Rank | 4.7500 3.5833 2.4167 2.2500 2.0000
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Figure 8 Diagram of image data set feature extractor
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Figure 9 Display of the image data sets
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Table 9 Performance comparison of decision tree algorithms on image data sets

STL-10

Measure Gini AIR AGini SGini

Accuracy
Pure Accuracy
Average Node
Tree Depth

0.8638 +0.0044
0.8486 +0.0049
844.4381 £3.7992
8.9333 +0.1263

0.8673 £0.0070
0.8525 £0.0078
768.9238 £6.9872
9.1238 +0.1582

0.8776 £0.0056
0.8639 £0.0062
719.6857 £3.1441
9.4952 £0.2142

0.9106 +0.0017
0.9006 +0.0019
509.7619 +5.8037
15.9905 +0.3594

Tree Time(s) 223.0507 £28.3694  241.3341 £28.4778 223.7008 £27.8236 345.3840 £28.4345

ImageNet-10

AGini SGini

0.9200 £0.0082 0.9427 £0.0055
0.9111 £0.0091 0.9364 +0.0061
739.8667 £19.0862 517.5905 +8.4759
9.5714 £0.2793 15.2095 £0.1822
1027.6510 +£51.4554  1359.8604 £88.0581

Measure Gini AIR

0.9173 £0.0102 0.9227 £0.0062
0.9081 £+0.0113 0.9142 £0.0068
886.2762 +21.5499 784.7905 £18.5932
9.2476 £+0.2029 9.4857 +0.1457
1120.6451 +£41.7773  1163.2559 +67.0833

Accuracy
Pure Accuracy
Average Node
Tree Depth
Tree Time(s)
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MBI ET 23 (5), (6), (7)%E SCHIANAEEE bR EAF £ 2248 (i [7) (7).
MEBUBGERR HR4E 2 3(6), (7), FFHEAL A" 2 18] Z 2 9:

AIm(A) — AIm(A") (35)
= —p(a,)Im(a,) + p(a,)Im(a;) + plag1)Im(ag,,)
= —plar)o(p(cilar), plealar), ... plcklar)) (36)
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Abstract Decision tree model has strong interpretability and is the basis of machine learning methods such
as random forest and deep forest. How to select the segmentation attribute and segmentation value of nodes
is the core problem of decision tree method, which has an impact on the generalization ability, depth, balance
degree and other important performance of tree. Most of the traditional node selection attribute criteria are
defined based on the sum of concave functions, which makes the decision tree algorithm have the problem of
multi-value bias, that is, it tends to select the attribute with many values as the node segmentation attribute.
In the classification task, the performance evaluation method from the perspective of random consistency is
verified to have low classification bias. The evaluation criterion that alleviates random consistency can reduce
classification bias and cluster number bias. In this paper, the random consistency of Gini index is alleviated based
on the standard framework to alleviate its multi-value bias. It is verified by artificial data sets that standard Gini
index can alleviate the multi-value bias problem of Gini index and select the attributes with decision information.
Experimental results on twelve benchmark datasets and two image data sets show that the decision tree based
on pure Gini index has higher generalization performance than the existing decision tree algorithms to mitigate

multi-value bias.
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