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Abstract: Concept drift is a common problem in dynamic streaming data mining, but the false concept drift generated by the mixed
noise data or too small scale size training data will cause similar results to the concept drift, that is, the instability fluctuation of model
online testing performance, which leads to confusion between them, and the false alarm of concept drift. To address the problem which is

easy to confuse the authenticity of concept drift, concept drift detection method based on online performance test, namely CDPT, is
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presented. With CDPT, the latest acquired data are evenly divided into groups, and online learning is performed on each group sub sets.
At the same time, the classification accuracy vectors obtained by training and testing of each group sub sets are recorded, and the accuracy
difference between adjacent learning time units is calculated. The effective fluctuation points are obtained according to the testing
accuracy decline threshold. Then, the effective fluctuation points in different groups are integrated by cross checking to eliminate the
detection interference caused by the instability of the model due to the small training samples in the online learning process of streaming
data, and the consistent fluctuation points are obtained according to the consistency of accuracy fluctuation. Finally, by tracking the
classification accuracy of online learning, the change of testing accuracy can be achieved of neighborhood reference points of consistent
fluctuation points, and the decline and convergence of model testing accuracy can be compared of neighborhood reference points of
consistent fluctuation points, so as to effectively detect the true concept drift points of the consistent fluctuation points. The experimental
results demonstrate that the proposed CDPT method can effectively identify the true concept drift occurring in the online learning process
of streaming data, effectively avoid the negative impact of too small training samples or noise on the detection results, and improve the
generalization performance of the model.

Key words: streaming data; concept drift; cross checking; effective fluctuation point; consistent fluctuation point; concept drift point
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Fig.1 Schematic of concept drift in streaming data
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Fig.2 Comparison of model prediction accuracy
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Fig.4 Comparison of model accuracy drop
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Step 7. k4R
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T IR M DL R A TR S IR 85), R 504 BIAE 7 PR EBAB AN 3 A Hac BB B BIE AT T IR S 50
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Table 1 UCI datasets used in experiment

®"LOEHMAIN UCT B4R

Datasets Features Categories Size of data
Banana 2 2 9 800
Breast _cancer 9 2 2770
Diabetis 8 2 7 680
German 20 2 5000
Image 18 2 11 550
Spambase 57 2 4000
Thyroid 2 2 4300

2) FUSEHOR L SL I e B T B SO B MITface $HE 4. Usps B4 £ Ll K KDDCup99!*> 4 4% 4. 5 o,
MITface & H MIT I A E04E 2, Usps >k B 36 [E E BT 5 2098 42, KDDCup99 4 52 52 X 48 N\ AR o il 5% 28 1)
TREHE X R AR T T 0L s 0 T R VS B8 Bk ) A, S w1 B s B R AT R TR A R S
FANBE LGS FEEIREMF R 2 AT 3 A ESTEURE N B AE BRI,

Table 2 Realistic datasets used in experiment

T2 R A E LB E

Datasets Features Categories Size of data
KDDCup99 41 5 24 000
MITface 361 2 6977
USPS 256 2 2930
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Fig.5 Trend charts of FDR and MDR under different n values
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Fig.6 Average decision value of nearest neighbor reference points for concept drift
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Fig.7 Miss detection rate (MDR) of CDPT algorithm
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Table 3 Comparison of MDR of different algorithms
3 ANFEIERR AR

Algorithm

Dataset CDPT SWCDS CDOL

Banana 0 0.67 0

Breast_cancer 0 0.67 0

Diabetis 0 0.67 0

German 0 0.67 1

Image 0 0.67 0

Spambase 0 0.67 1

Thyroid 0 0.67 0

KDDCup 0 1 1

MITface 0 0.67 1

USPS 0 0.67 1
M 3 T LT 55 4510 SWCDS I CDOL. 745 E& 0 5 K0 S0 A1 L A 0 4 P T A% SO 028 2

LR PERE M) CDPT 5vE e B8 Ak )t kor U BEEAE 1) R AR AL i, FLUR AR TR A (1 J L3R B8,
R A S G 6 MR U AL TN SRV o VR A A I PR A A, ROV T A R D0 B A M R AR A R IR SR
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Fig.8 Comparison of FDR of different algorithms
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S o 7N R RE 2 A 7 s AR EU R ST 859 SE I, DL 20 Wi 55030 A S AR V5 6 T ) S I AR 4 R 2 U A U A I £
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FE A AR AGL I ) B MR & R A7 8 A — IS I 1 L R AR A T B AL N B N Oy 2, T R A R — A B 2 3R
AN 3 RS AL R A I B, HLI P A U SE Ny 245 3 AR VAL AL 5 38 RS I B AN AL I E I R
=7, U, 3 AN LS S A AL A A SE I 22 g +oo,
Table 4 Concept drift average detection delay of CDPT
4 CDPT 5Lk ML AL 1 PAG I SE i)
b Algorithm CDPT+ CDPT+5 CDPT+10 CDPT+20
ataset
Banana 0(c0/o0) 0.33 1(o0) 1
Breast_cancer - 0 0 1.33
Diabetis - 2 0.33 0
German - 2(o0/o0) 1(0) 0
Image 1(c0/o0) 0 0.67 1.67
Spambase - - 0.67 0
Thyroid 1(0) 0 2.33 1.33
KDDCup - 1(o0/o0) 0(0/o0) 1.67
MITface 1(o0/o0) 0.33 0.67 2.67
USPS 0.33 1 1.33 1

M 4 TR AR () CDPT SE3AAE 22 2] BT 1IN R B A8 T SR DI S I /s (H AT AR AR 2
A I A 2 2SI A2 AL R R D, B Ul AR /IS B 27 30 8056 (19 73 A A2 A AN A2 DLAEAR R 7 SR o i 3 A A I 3 X
A2, o3 s HETH 2 T PR A8, Jo A D) 21 L & B A% S (EL R Bl 6 26 27 = F T IO 0 R RS B SR RS A I A1 22 2
I s A 8 o (LG 00 A AL 2 TR A (1 175 0 RE 6 Wi AT 28R g i 3t , 254 7 4 2 >0 Ml TR B 20 I R
Bl B ARSI ORI I S RO S TR R AL R REA. CDPT J5 i ROAs il 2138 5 %1 T 4%
i .78 20 I ,CDPT S35 -5 HAth i Aons bE 5535 B 1 P AG I I 4.

Table 5 Comparison of MDD in different algorithms
R5 AFEGIE T ER T RN GE IR HE
Algorith
Dataset gonthm CDPT SWCDS CDOL
Banana 1 3(c0/o0) 1
Breast_cancer 1.33 2(o0/o0) 0.67
Diabetis 0 1(o0/0) 1
German 0 2(o0/o0) -
Image 1.67 1(0) 1.33
Spambase 0 2(o0/0) -
Thyroid 1.33 1.5() 1
KDDCup 1.67 - -
MITface 2.67 3(o0/o0) -
USPS 1 1 —

MR 5 e it HOME SRR A I T R IR RS~ 4G I A I 0 b 45 SR T LU H 55 SWCDS SVE A LE, A SCHR H
CDPT 5321 ¥y kar i 4 i 2 85 55 50 /), B B 1% SWCDS S 7E 2 H5U1 0 3 A Ko I B E 21X 2 |l T AR 3
FE S Bl ARSI (R a5 5 82 5 A I AT RS ) 1 A AR i g L A A ) I 4G M, W0 SWCDS SR AR I 44
I 27 33 0 v IR ST E ST 2 A DM N SE AR A F) 20~30 ALk PR AE R YIRS S A E SR AR 1 2 B LT
BOA R DN RIS IR L CDOL 1 70 B 4 b -1 R 0 S I AR (E PR AR 2 a4 B i A7 O &8

8 AW B, 3 8 B 2% 5 19 ok A A A e PR OR3P L e e T DL, G A B O B O VR AR L AR SR
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{109 T 7 e 0 0 MR 2 VR A T 77 2 R 1% B R I e A N0 81 G B e AN TR L R A N VR R A R FT B
J R 3N AN TR 93 A R £

23 B AT DU AR SR U 0 25 1 20 P 0 ) A e A A 0 7y i B e R P 2R A8 SRS B B B — B0 B
s 77 R B T A A N T 5] ) D B 2 A e 2 A — B Bl s I A8 2 D R AR K
WS L 25 Bk 1 Eh TR 7 A ) D A R AR A 5 R R AT B A 1 R A A AN A R R B MR L TS 2 RN
TRBCHE bR A A SRR [0 A SELASE S PR 552 /0, T DA S I et A 00 MG 2 VR A% 0 A A AT TR 27 2T v v i
R EER 4

5 ZXRiE

B 0F B0 25 U B A AE 1 D R RS TRV 1 R B SR R TR A U0 IR X S ) A, AR SCHR Y — e AR
RE WU T PR ABE 2V G U 025 3 e o YA 0 2 > v SRS B0 24 B 0 21, R R A R AT £ 4 2 S K AR A A
G ZHRR &I I 5N B2 2 1] FROHS 52 9 22 S W A 80 3 oz i SR R 28 SRS 56 T 3 K U8 80 ) — S0 i B — gk
BN At e 3 R R — B B A I AR S 2 RS L P TS o R AT UAT S5 S R — 2 il /N IR 51 (1
D AR 2 TR o SRR 8 T A N ) 7 T S5 W, T8 [ MR & A 110 B D P AR SC i 488 1) 7 ¥ E 0 1 I 40
PSP RE R HER . 8 2 MR DN R VAR 1 R A B A I AR A R R R A 3, LT 22 G S R A ) 5 SR
FA L T 18] 28 RE . R IR, 228 T8 2 1k e I Bk i 7 vk T e vh A7 4 1 D8 M & SR A R RO R0 BE 0 7E
Dy RS TR RS (R I A7 A2 HOR R0 B0 3850 BE 05 A7 RO ARG TURE & 242 O IX 7 T SO 1 B/ e 7 R I AR L /N T
S B PEEE 78 265 5T M AR A I PR M [ .
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