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Imbalance Data Stream
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Abstract: Data stream is an important form of big data, and data stream classification is one of the most important
tasks in data mining. This task finds wide application in our life, so it has been attracting great attention of researchers. Con-
cept drift and class imbalance are two main issues that affect the performance of data stream classification algorithms. How-
ever, most solutions only address one of these two issues. Even worse, most algorithms can only achieve good performance
on data streams under manual settings and cannot be applied to real complex data streams. To solve this problem, an ensem-
ble algorithm of weighted online sequential extreme learning machine with adaptive forgetting factor is proposed to deal
with both conceptual drift and imbalance on complex data streams. The proposed algorithm is a weighted online sequential
limit learning machine that integrates a weighting mechanism and a forgetting mechanism. In order to adapt to complex data
streams, an online integration strategy including adaptive forgetting factor and concept drift detection mechanism was de-
signed as a classifier. Extensive simulation experiments show that the proposed algorithm achieves the best Gmean value on
all data sets, has the ability to deal with concept drift and class imbalance, and presents stable, balanced and accurate classi-
fication effects.
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5324w FWOSELM F5UI 1 55 (% B[R] 48 7, InA 4R 5%
FA) B TE] T T, DA B T 4 A 40 25 4 A e ] 485 7,
I, EAFWOSELM 5532 (1) 5 A5} (8] FF 85 R O ((MXT + T+
TOXN) , Tl 1 T4 — 5 1 2k 2 3T i) T, 4T, 3% /N T MxT,,
BT LA EAFWOSELM 5332 g i5f 6] 52 2% 224 O (MXT xNV).
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BOSEPEUE IS [H] 52 2% B2 56 LA S PR REXT L
4.1 SKIGHIEE

KRBT T HHLIAEE, Ir A o KB T py-
thon 223 . 2 T 5:3F EAFWOSELM F1 FWOSELM %%
HIPERE , SCISRCHR AR R 1245 A T4 e 45 A 2 A4~
FLALERAE O TR L S R R T =
S IR] L, S KA A T AR B SR 1. L h BT A
BRI SRS B ECH 500, FETT S0 C M 0.1.
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Sea_s_2 20 k 3 2 RAZHY
Sea_s_4 20k 3 4 FASHY
Sea_s_9 20 k 3 9 RALH
Sea_g 2 20 k 3 2 WAzl
Sea_g 4 20 k 3 4 WAz A
Sea_g 9 20 k 3 9 Azl
Elec 45312 6 FLHURAE
Weather 18159 8 FLH S
Sine_100k 100 k 4 4 L 57
Sine_IM M 4 4 JL 57
Sine_10M 10M 4 4 J ¥ 5
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F19 =l . SEA A= iR #E A SEA B3k 2 rhople B 4 | 5 2o i
AR E, AT ABUE SRS . B A 3N E T,
Horp A AN J@ PSR AR SCAY . @ i i SEA 2 B 2§ 4=
BT =SB AE R EOE AR A 5 20000 S SEAA IR
JNT 3% By L 534, = A KOS A 2 A
B , HL#R & A A8 S0 2 5S4 5000 15000 (47 & . H:
W, Sea_s_IR BUHE 56 75 P Uk 58 A8 HUME A5 .

(3)Sea_g_ IR EHELE : Hp IR HAEAR AL 52 4
Ao =, [F] L, Sea_g_IR H4k 4 41 7 15 Ui A8 AUME &%

o

(4)Elec Bi 8 )72 b F T80 i % > i &
SEERAE . IR EHE SR [ RO S R JER R E
17114 1995 4F- 28 1998 4 (1 &R 4 B4 , £ 7 45312 43¢
Bl . B R E— I 6 AN A E M, i TAR LA s i
A2 [ 1Y), TR AR IS R O R AR 1k, Btk H A 2
TN AR K L S A B9 AR 1R (1 = BT 0 = FFF).

(5) Weather H5 4 « 1075 1949 4F 2 1999 4E 1 N #i
F 100 Bellevue W 4 1 R A5 B, 7% 18159 4~ 3K
Bl . BndE— I & 8 AN E M, H AR T 45 2 H
WA T,

(6)Sine_ N B 4E . i N BREARS &, I T
20 k (Sine_4),100 k, 1 M, 10 M B 538 56 1E I 8] 5 2%
DS EGREI I €/ T ESS
4.2 fLbE*

SEG T O TE R T AL OSELM B350 MR i 7
B AR 222 2] B0 AR SCHE B EAFWOSELM Al
FWOSELM P #5535 A 6 Fp o8l 4l o 78 28 0 2R 8 1k
AT R LA . B A4 9 & VWOSELM . WOSELM
FROSELM ,OSELM . LPP I SRP, EARA- 410 F

(1) OSELM 573 - 78 £ 4 BR 2 2T LS, ph 3
PR B TR AF Tk 2 A A T 2006 4R L %
PR R Z R A BR A 2T AL ELM 1 7E 2k 2% 2
ik,

(2)FROSELM 5.7 « H A 15t AL il 19 1E I 28 15
FERBR2ESTHLS i Du % AT 2015 4R . i ks
19t 15 R F FF (Forgetting Factor) J7 ¥ FLE WAL ARSI A
OSELM , H 45 S 1] (19 s [ M2 F 53+ 591 Ay A B AR 73 B AS
] AR .t sl S U, S B T AR AR P 4 v A AN T
117 A TH A RR AR 2 B B AR AR, DR B TI0 2 2T A
R AR STk

(3) WOSELM 3% « IR L it e 4% B 27 ST L
i Mirza 25 AN F 2013 4R 48 . 3% 80 2 3k T filU ¢
7 AR AR R IR X B EAT AL, T (43
AN LA FORTA A 1V, R

(4) VWOSELM 52 « 3 T 5 S 9 I AUAE 2R I3 4
BRI B Mirza % AT 2015 4R 1 . 3030k LU
WOSELM 535 Ry 343 2845 , R AT AR F £ 45 25 1)
L, S FEHA AR LB BG 1Y WOSELM 85540 KM RE T 47 .

(5)LPP%4 ) . Learn++. NSE & 7121 Learn++ & 5|
Bk R T NE L2 — . B EH Elwell 5 AT
201 1 AR HELA URR B 2240 JE R4 2L, J—Fh
AT LA MCIE SRR BR 855 (NSE) Hh gk 47 36 1 2 = A9 42 1l o

(6)SRP 4k : W BEHLAN T (SRP) 4 i 7 3612 B 41
THEASFIBEHL T2 ), BT Gomes %5 AT 2019 4F 42 13 .
- BRI FE 0 25 88 Hoeffding B, 1H & AT LA FH
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AEART A 73 2, AN BRI R T ADWIN Jy v i
AL SR A
4.3 Mg

BLAS 27 2T 1 2 H AR a2 2] B P RE S 4F A A
DAL I FH R PP A AR TR M B B T AN 8 R AE ML AR 2 2T ok A
N 2 OCHE M . X T ZME 55, 53 a5
(Accuracy)%{iﬁﬁﬂ%ﬁfi P RETEM R FR , & T DA
SRR X REARFEAS (1) 43 25 MR L A0 Y B0 TR A AR A
s ] LR, 23 S UMER 2R TT AN 2 S A T 845 . Ku-
bat 2 A4 H 9 JUAT 3 {8 Gmean 2 35 b5 R e T 4325 5%
Y SRR R, S B SNV R A D 53 2 M R e
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FERE IR

R2 ZHERMRBER

T 072 T k112
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SPRR 1S FN TP

AR ST FH LA 5 Fhd s e A 2 AN 1 A A His
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(1) /2 HEW % (Accuracy, 184 Ace) :
TN+ TP

ACC= TN FP+FN+ TP (33)
(2) B \# (Recall, il Rec) :
TP
Rec= m (34)
(3) 7 (Specificity,, 1 Spe) :
TN
Spe= TN EP (35)
(4) JLT (A Gmean '
Gmean = +/Rec x Spe (36)
(5) KR B8 4n D(Rec,Spe) :
D(Rec, Spe) =abs(Rec - Spe) (37)
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FROSELM 1 WOSELM — Ff 51 2 75 fiE [ i 3 1 M 2
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ENAEST .
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4.5 SEEEXE
4.5.1 EFELH

FEPRSE T (HE B S0 o, FRATIE I T Bk Sine_N #)
B HE B PEA T S50 5 ¢ SOR K A MR A B 1 (L, DU
VR TR PR IE A 04 « (B 0T AT SA A SR 4 L nT LA
T G M IS A AT AL, B R BN Gmean Y 43 AR AL T
RFE ARSI R T IS B AR A Gmean (175 25
FIVBRIE 22 R I « % .

W 5 7R 7 75 90% ZE A7 B | 25 R fi 25408
AARARECN RAF I B, WG TR AR © BE N 90% I
AT LA G- b WA AL A B . Hh AR S8R 4
PRAR R 55 T AR 0 I AT 2, EARSRIRAE oo
90% i 76 T A3 SR FH BB 48 #0330, BT
TZIEAE X T A RS i At A HAG T 1
4.5.2 IG5 Ep EIEFEXE

J T IR AT AT A A TR e AEAE
Ry B 75 K A AN T AR AL B I B, - 7E Sine_IR
R R A A TR AT w (H BRI 5250, SE 0 B
JEFEIN[0,0.2].

&6 1T LA g (B3 /N 25 L0 H s B s 6 L A7)
B S AL, BBl K 5 o {E A R 25 S AR i, o i b
S e T IR E A 9 L AR Ak 5 7E e fER 0.1 B B TT
LA 1S D (Rec, Spe) (H 75 45 £ 4l 4 LRI R 47, SO 1
fH70.1.



% 03 M i v < TR D] R A VRS AR AN S A 5080 3 A 4 03 S ARk 593
R\—“W —— Acc s ol N —e— Sine_CI_2
801 70| = Rec ;'F TR AN 25 Sine_C1 4 L
" —== Spe wol ¥ <o Sine C1 0 f-
70 X rwes (Gmean 41 QE —= Seas Cl2 /
‘\ 60 el 2 201 - senscr s
=60 5, & = —== Sen s CI 9 /
= ~ 3 I — Sea p C12 i
1) p— i £ a1 Sea_g C14 /
3 T N e s 2 = Sea g C1 9
40 L"h.__ i _cé 10{ — elec
----- OSELM L § | — weather
~=- FROSELM 4.4 x “ kel i
30| —a- woskLm e, T 5l ¥ ‘_',7._..._.....:._._._5
20 —— FWOSELM T e B
1 3 5 7 9 1113151719 I 3.5 F 9 11:13 15:17 19 90 80 70 60 50
IR IR /%
(a) 7ESine_IR LRy PERE (a) 7 Sine_IR _FAYPERE (a) 4B} Gmean brifi2:
94 —— Sine CI 2
% W 9 7 Sine CI_4
ss] —— e 6 Sine_CI_9 &
'-.‘\ 90 —= Sea s Cl 2
W . 5] —- SeasCL4
6\980 & Sy S 88 g —= - Sea s Cl 9
= - . = é 4| —— seagci2 |
E o 2 86 ‘E Sea g CI 4
1G] ‘.‘\-u\ & =3 Sea_g C1 9 |
70 'r‘,“\k T 84 - elec )
sowe OSELM I““"".{,’_.\\_'4 82 2 — weather /
65{ -=- FROSELM Sraeealy i
—=- WOSELM L 80 / /
60| —— FwOSELM N o| == y - (R [
1 3§ 7 911 1315 1719

I 357 9 1113151719
IR

TF Sea_s_IR L [/PERE

K3 R[A IR T POFRE:AE Sine_IR
HlSea_s_IR | f) Gmean

) (b)

1 —+— Sine_CI 2
10 .‘I —= = Sine CI_4
] =+= Sine_CI_%
gl Ve Sca_s C12
= ; Sea s C1 4
= Sea s C1.9
& 6 Sea_g CI 2
=3 Sea g CI 4 -
D — Z
o4 Sea_g CI 9 /7
5 elec -“:":
w —— weather &= i
2 R
0
01 0.06 0.1 0.16
u

6 AR ufH T D(Rec,Spe) T4 AR P4 L R0

4.6 BHEIEZEWIE
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&) . MeAh, LE Sine_IR ¥ #E4E I, EAFWOSELM 53 %
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WOSELM F1 A 3C 4] 20 42 i 9 FWOSELM 55 v 1 g AH
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DS B ISR B R 2 AN 4 N BB A B
1) FWOSELM 5312 T 2 HA B & IR A T AT
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R4 MNHEERETRHIEE ENESEERT (2)

Datasets Evaluation AR v YW v ' OSELM Lpp SRP
OSELM OSELM OSELM OSELM OSELM

Acc 95.07 84.93 48.05 47.89 91.78 67.59 90.14 78.99

Rec 94.89 84.37 44.28 42.95 97.38 90.92 92.08 92.49

Sine_2 Spe 95.42 86.07 55.58 57.75 80.59 20.96 86.25 52.00

Gmean 95.15 85.22 49.61 49.80 88.59 43.65 89.12 69.35

D(Rec, Spe) 0.53 1.70 11.30 14.80 16.79 69.96 5.83 40.49

Acc 94.38 84.85 44.89 44.14 92.44 80.72 92.05 84.55

Rec 94.08 84.62 41.49 39.99 98.97 96.76 94.69 97.41

Sine_4 Spe 95.59 85.76 58.48 60.76 66.26 16.47 81.45 33.05

Gmean 94.83 85.19 49.26 49.29 80.98 39.92 87.82 56.74

D(Rec,Spe) 1.51 1.14 16.99 20.77 32.71 80.29 13.24 64.36

Acc 94.08 83.53 40.82 39.45 94.32 90.28 94.49 91.23

Rec 93.98 83.19 38.24 36.49 99.79 99.22 96.91 99.48

Sine_9 Spe 94.96 86.56 63.82 65.80 45.50 10.43 72.88 17.61

Gmean 94.47 84.86 49.40 49.00 67.38 32.17 84.04 41.86

D(Rec,Spe) 0.98 3.37 25.58 29.31 54.29 88.79 24.03 81.87

Acc 92.25 91.64 90.16 90.53 90.28 88.71 90.15 90.76

Rec 92.3 92.57 93.66 93.59 97.51 98.03 93.24 95.67

Sea_s_2 Spe 92.13 89.76 83.11 84.36 75.70 69.92 83.93 80.88

Gmean 92.21 91.15 88.23 88.86 85.92 82.79 88.46 87.96

D(Rec, Spe) 0.17 2.81 10.55 9.23 21.81 28.11 9.31 14.79

Acc 92.5 91.54 91.28 90.82 91.69 91.24 91.56 90.15

Rec 92.77 91.86 93.02 91.95 98.57 98.74 95.15 97.68

Sea_s_4 Spe 91.41 90.28 84.31 86.29 64.06 61.10 77.13 59.89

Gmean 92.09 91.07 88.56 89.08 79.46 77.67 85.67 76.49

D(Rec, Spe) 1.36 1.58 8.71 5.66 34.51 37.64 18.02 37.79

Acc 93.68 90.62 90.34 87.68 94.30 94.08 93.47 92.18

Rec 93.97 90.68 90.86 87.63 98.91 98.95 96.77 99.44

Sea_s_9 Spe 91.12 89.99 85.68 88.19 52.72 50.21 63.71 26.85

Gmean 92.53 90.33 88.23 87.91 72.21 70.49 78.52 51.67

D(Rec, Spe) 2.85 0.69 5.18 0.56 46.19 48.74 33.06 72.59

Acc 91.59 90.82 89.77 90.07 89.84 88.63 89.34 83.64

Rec 91.55 91.62 93.36 92.66 97.17 97.94 92.49 93.14

Sea_g_2 Spe 91.66 89.22 82.63 84.90 75.24 70.09 83.09 64.73

Gmean 91.6 90.41 87.83 88.70 85.50 82.85 87.66 77.65

D(Rec, Spe) 0.11 2.40 10.73 7.76 21.93 27.85 9.40 28.41

Acc 91.54 90.68 90.68 90.02 91.48 90.97 90.89 86.64

Rec 91.59 91.02 92.40 90.93 98.48 98.76 94.80 98.09

Sea_g 4 Spe 91.53 89.26 83.56 86.24 62.62 58.89 74.78 39.43

Gmean 91.46 90.14 87.87 88.55 78.53 76.26 84.20 62.19

D(Rec,Spe) 0.26 1.76 8.84 4.69 35.86 39.87 20.02 58.66

Acc 91.44 89.49 89.01 87.38 94.01 93.81 92.65 91.83

Rec 91.53 89.64 89.56 87.40 98.76 98.95 96.23 99.51

Sea_g 9 Spe 90.63 88.15 84.10 87.24 51.80 48.15 60.91 23.59

Gmean 91.08 88.89 86.79 87.32 71.52 69.02 76.56 48.45

D(Rec, Spe) 0.9 1.49 5.46 0.16 46.96 50.80 35.32 75.92
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Datasets Evaluation EAFW v VW N R OSELM LPP SRP
OSELM OSELM OSELM OSELM OSELM
Acc 87.9 77.78 75.84 75.17 84.63 75.01 75.08 84.29
Rec 88.24 74.64 62.43 63.54 78.03 54.26 69.49 78.02
Elec Spe 87.66 80.09 85.71 83.74 89.50 90.30 79.19 88.91
Gmean 87.95 77.32 73.15 72.94 83.57 70.00 74.18 83.29
D(Rec,Spe) 0.58 5.45 23.28 20.20 11.47 36.04 9.70 10.89
Ace 80.12 73.10 72.20 70.94 78.81 76.76 69.43 75.38
Rec 80.11 84.57 85.43 86.53 59.72 62.19 54.33 54.99
Weather Spe 80.12 67.83 66.11 63.77 87.59 83.46 76.38 84.75
Gmean 80.11 75.74 75.15 74.28 72.32 72.04 64.42 68.27
D(Rec,Spe) 0.01 16.74 19.32 22.76 27.87 21.27 22.05 29.76
5 ,IEI\QE imbalance data with concept drift using ensemble based
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