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Hybrid algorithm for classification of unbalanced datasets

HAN Min, ZHU Xin-rong

(Faculty of Electronic Information and Electrical Engineering, Dalian University of Technology, Dalian Liaoning 116024, China)

Abstract: A novel hybrid algorithm of radial basis function neural network(RBFNN) integrated with the random forest
algorithm is proposed to improve the poor classification result produced by traditional algorithm in classifying minor class
of unbalanced datasets. Firstly, random interpolations are inserted between adjacent data in the minor dataset to balance
the data distribution. Receiver operator characteristics(ROC) with degree of confidence less than 95% are considered the
redundant characteristic and are deleted. The input data are perturbed by the Bagging technique. Radial Basis Function
Neural Network is employed to be the basic classifier in the random forest. The fusion of decisions and the outputs are
determined by the vast majority of votes. This method is applied to UCI dataset. The precision of G-mean and the area
under the ROC demonstrate the improvement of the accuracy in the classifications of medium-size unbalanced and large-
size unbalance class data sets.

Key words: imbalanced data; random forest; radial basis function neural network(RBFNN); receiver operator charac-

teristics(ROC)

1 5|5 (Introduction)

AP 43 28 ) 02 HR R R A v i eSS I B
T8 378 /D T HA I (1) 4 5. BEARIAT 1) 40 25 00F
FUR] U 4 10 23 R, AR e AT B B e T
8 152 I 5 1) BB B 2 P 1887 1), X R R AR AR S AN K
SE). AR B N A R A AR A A R 4R ) A
BLREUH LR LR BEI7 2 W 5 BT R SCA S
J& L A IR U 3148 T AR O ) A EE R v /b %
SR PR R B Ol T AL SR I0 93 205 1 RAIE
Or IS RVRORS FEE, T8 K /N 2T i SR D) 3 iR
3 B R R LR AIE A 1 7 SR Al 14 T 3 30
/> B 1) R PRI 5 R0 At e 38 3] R o A e

YT AP oy FE I T B, IR Ah A
1T T REMBFF, EEAG LN J7TH: D) X e m
O3 A8 I AR 43 2 B A AT A S et 5 0 SR
R JIL T 6 4 A P 2R i BV AR e SRR S 0 ) 1)

eAe H #: 2010—06—25; & ek H 3#3: 2010—11-02.

16 SO Bl R A A% G 10 23 2 SV Ak B 5 I N AR
JE PR 1 HEAT SO OV 2) BT IR 38 AN T A E
(15328 735, 490 Gn >R B 16 1) bR i 1) |
6] N 45 A5 IR R 7 10 A0 SR B 1 ab #EL7Y; 3) et
BB S A Ik e VR VR U, G A 5 | N TR R
B, PLag b i B 4R, PAHZERIEATE 4) S8 %
a1 oA, B LA BEATL ) SRR, BEAL IR TR EK
e SN RIS v, L B ORI R
FH/DRFEAR A R A+ AR (synthetic minority over-
sampling technique, SMOTE) ¥ A~ i 5 45 1 i 4 {5
Ok S0 HA R 1 43 A 55 DT 5 ) 4 R RRL.

A SC R T BE HL A AR (random forest,
RF)!OVR1 4% ) 35 R $50 1 VR & B9 B 1 A 1~ #ig 5L
i, A JHSMOTEXS /b H5 34T 4 78, M il 4y
TEIh R T AT R IE TR B L BR 2 G T
FKEAE, VLGFIIME, A H Rk th 4 T Rk PR

FEETH: B A ARRE RS I H (61074096); B ZBHESCHETHRI 8 W51 H (2006BAB14B05); [ 5 s BEAIIF 7T 7% W 15 H (2006CB

403405).



1486 E T I o

YoM A o528 4
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VAT A TR bR T FRS R S v, ORI B 2
2 /NRIT A —4b AL B (Minor data ex-

pansion and uniformization)

h TR PCE F 0 28050 AN O ORI 1)
F, 75 e N AT s R AT 1) _ESRAE TV, X
B NE A P RN REAT YA

=[5 AV NE ST N Sl [ N o I
(imbalanced level, IL), 1 i %} /N RFEA AT BE AL 46
R 5E R oRAE, BISMOTE . b T4 A~/
FEAR 2, 0 B AZAE A I A 5 1 2 [ SRR AR, R
Pt ) FRFE IS RN, WZEA BT A8 A A L%
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¢; =x+rand(0,1) * (y; —x), j=1,2,--- ,N,

(D
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N = round(IL) — 1, (2)

Horhround(IL) R 7R X TLPY 5 T AN 75 31 1) A0

HK, 3% F 52 8 F R AE 11 (receiver operator char-
acteristic, ROC) 1 4 X4 78 i 1) ~F- iy B4fs kAT 4k 2,
3R AR 3 280 FH IAH DGR A, e 25 B i U7 5K
AR AR B, L E AR U s Tk ) W i ()
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brid algorithm of random forest and RBFNN)
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Fig. 1 Hybrid of RF and RBFNN algorithm
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Fig. 2 The schematic diagram of unit ¢
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HOE 1k — B0E G o EE3RIE L SR 4K
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4 PiE 25 K43 Hr(Simulation and analysis)

WHAG LT, B AP EAE[L.5, 3.5)Z A FRZ
A BE A 3 Bl 7E[3.5, 9.5) 2 [ IR 2 kv g
ANV L £E[9.5, +00) Z AN IIFR 2 v BEAN V- fiy
YO . B EUCTUS 4 e (1 1220 B0, 42 AN~ 1l i
KNHED, iR TR, X T 2 AR i 4, Sk H
5 A SCHR AL J5 v e (0 — 284 S /2R,
FLAb A — N AR R K. BAGlass 32441, BIIA
35 GlassE 5 1 1) 55 325 b5 (ve-window-float) 1 4 7)»
R, HASEFRAE R — AN HEARE L — A KK, &)
AP 41039, TURFFIE R i R on &t
SMOTEY™ 7t J&, & F¢ 1k AH 5 R & A8 5 AH G 7 58,
H i3 PAii(asymptotic P value)/) T°0.5, 7 & 15 &
95%3 il N, T 17 25 Bk, 6 N V4, V5% 3R IR W 2

2 18 2 BRI R AR 2 1% A B v SR AFNSRE AR AR A
LA Ecoli4 $dfs o4 6], 5 %2 25 Br BRF AL V4, Wi PAE
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Ada+B 5 % UL SRUSBoost /7 ¥4 5 T $& ik dt AT b P b e AR B L A BE RN &y BEAS - i 9 [l 4k F T,
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HEATX L. AR3I &5 ] DL Y, A2 X 74 UCTHE H22% 75 47 . AUCTHIAE R =y, $6HH XS M [FTROC Hh £
1, B T VehicleO$ i 4 fEFH+GBMLALTR 1 IAUC SR PN, X6 W2 2K 28 H 5 R A0 st e, 1% 90 S 38 1)
=1, Segment1 fERUSBoost /7 74 1 AUCHEUE %% =1 A1, A PERE A

A1 A7 AT KRR 691240UCIEHE &
Table 1 The 12 UCI datasets used in the experiment comparation

G5 JREEEER Fbr/NIE: b ANRLLRE): RELEHE AT EE(IL) TUARRHIE
1 Diabetes tested-positive: tested-negative 34.84: 66.16 1.90 —
2 Credit-G bad: good 30.00: 70.00 2.33 V4,V10, V11, V15, V18
3 VehicleO opel: remainder 25.06: 74.94 2.99 —
4 Hepatitis Diel: Live 20.64: 79.36 3.84 V9, V10, V16
5 New-thyroid2 hyper: remainder 16.28: 83.72 5.14 —
6 Ecoli3 pp: remainder 15.48: 84.52 5.46 V1, V4,V5,V7
7 Segment1 brickface: remainder 14.26: 85.74 6.01 V3
8 Ecoli4 Imu: remainder 10.88: 89.12 8.19 V4, V5
9 Glass3 ve-window-float: remainder 8.78: 91.22 10.39 —
10 Glass5 containers: remainder 6.07: 93.93 15.47 —
11 Abalone9-18 18: 9 5.65: 94.25 16.68 —
12 Abalonel19 19: remainder 0.77: 99.23 128.87 —

%2 KRB EFA9AUCIEIE &1 T GHL M HE E ik

Table 2 The comparation of G-means among 9 UCI datasets used in different algorithms

SR A AEHGEE Ada+B™ Chi3+AIS™!  FH+GBML+LTR!®  CO2RBEN!'71  RF+RBFNN+ROC

Diabetes 1.90 59.32 68.34 74.57 — 72.6834
Credit-G 2.33 53.75 — — — 79.0769
VehicleO 2.99 5541 71.60 73.09 — 74.4094
Hepatitis 3.84 62.86 — — — 89.243
New-thyroid2 5.14 — 93.40 94.01 98.01 98.5915
Ecoli3 5.46 — 89.42 88.26 93.14 93.75
Glass5 15.47 — 86.09 86.33 — 97.9798
Abalone9~18 16.68 — 59.18 74.28 75.34 73.913
Abalonel9 128.87 — 55.15 67.64 70.18 77.1788
PR — 57.853 80.8393 84.7100 84.1657 88.5033

& 3 TLAUCIHEIE 44 R ) JE ik 448 T AUCH) ik
Table 3 The comparation of AUC among 7 UCI datasets used in different algorithms

ds  JREURE  ATHEJAL)  Ada+BU'Y FH+GBML+LTR!'®  RUSBoost!'®!  RF+RBFNN+ROC

1 Diabetes 1.90 77.66 74.5 — 79.1
2 Credit-G 2.33 75.67 — — 83.2
3 VehicleO 2.99 86.13 92.88 83.59 90.7
4 Hepatitis 3.84 83.46 — — 94.1
5 Segment1 6.01 — 99.04 99.64 99.1
6 Ecoli4 8.19 — 90.90 93.20 94.9
7 Glass3 10.39 — 59.65 76.20 82.6

T — — 81.23 83.394 88.1575 92.2875
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