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Data Stream Clustering Based on Grid Coupling

ZHANG Dong-Yue', ZHOU Li-Hua', WU Xiang-Yun?, ZHAO Li-Hong'

'(School of Information Science and Engineering, Yunnan University, Kunming 650000, China)
*(Lijiang Teachers College, Lijiang 674199, China)

Abstract: As more and more applications generate data streams, the research on data stream clustering analysis has received extensive
attention. Grid-based clustering maps data streams into grid structures to form data summaries, and then clusters data summaries. This
method usually has high efficiency, but each grid is processed independently, and the interaction between the grids is not considered, so
the clustering quality needs to be improved. In this study, the coupling relationship between grids is considered rather than processed
independently in the clustering process, and an algorithm for clustering data stream based on grid coupling is proposed. The proposed
approach improves the quality of clusters as the coupling of the grid more accurately captures the correlation amongst the data.
Experimental evaluations on synthetic and real data streams illustrate the superiority of the proposed approach compared with the
state-of-the-arts approaches.
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B A% o I A 1) 85 4 SR SIS T 52 2% JBE o AT 18— i 21 D g 1) 3 R 1D UG XA A n %0 A 26 LD 1)
KANK Nog. 19 6 AT EIE 2 028 3 2D~28 5 20 AR BB 2T TR 4G T 4 W 5 23 FIC 40 A% o U A BT 75 2 [ B ) 52 2% J8E
9 0(0.5xNg(N—Neg) )38 J5 AT 535 2 I35 6 Ho~50 10 25,45 JF00 A0 I A0 11 Isf A, 75 S22 2k 73 A P9 s 1) 408 Jes A1
BEREAN S AT Nng 7> 48 J Wk, 0 2 B B ) 5222 22 249 O(Negx). T LA A% 400 190 4% 1Y) 15 2k SR 2R 50K 1 I ) 52 %
J& H O(Ngg(N—Neg)+Npgxn).

&% 1. GCStream HILELEHEL.

BN e= S Disnlen,k,N_, (#% 0 Mk S LD HIK/M);

N1-47%)" s
i A B K
S
1. t=0
2. WA AR B
3. while (BB A 45 K)
4. NERE T SRR S X=(X10Xa, o Xa);
5. HUELBIEXNZ X PR g;
6. if (BIA% g NAEAET A% 511K
7. B IS g I T A N 21 P 51 25
8. else
9. F B 5 X i 2 A g

10. UpdateGrid(W(g,t),C(9,tc).tp);

11. UpdateAffectedGrid(W(g'.t.));

12. LW(g,t.)=CalculateLocalWeight(g);
13. UpdateCoreGride(LW(g.t.));

14, if t; mod t,==0

15. R0 2 0I5 e 75 o

16. te=tet1;

17. end while

&% 2. GCStream [ B 26 B
BN 5 RAF
vt ZR S A

IR
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1. B MIES LD KA A,

2. WIRIIRSE G

3. for (FZ.0 A% ES DI IT A 0 % g)

4 TEMAS B b F 4R g B85 AH T 19 R A UK
5. end for;

6. for U %),

7 if 7L PN R FEAH

8 G IIEHAE;

9 end if

10. end for

4 SREEITAE

AT GCStream V215 N A HE B ML I BE ) B B R ) RS D R R R R
177 SER VP4l
41 KWHEE

ASLSEIG AR R G0 64 A Windows 7 HEMLAR, i 4E 2R 1% 24 Intel(R) Core(TM) 13-3240(3.40GHz),RAM 4
4GB.

o IR KA

A2y AL F] 5 ASH AN T HE £ (MTD 1 MOAD)AI 3 A UCK £ 52 ¥4 4 (KDDCUP99!' T,
CoverType!"*/f1 PAMAP2!"") I ep A 4418 4 MTD 4 il MATLAB Az fft, £ 57 19 A 1™ 28 A R0 4 A e 0 A 7
A 10%345 43 A7 fI M 75 %0 4 LA GCStream $7 7538 I AU $E A% 1528 1) 8 7 LA B 2 st s S0 R e .
MOAD {4 il MOA(massive online analysis)L H A= %21 3% 12— b B3 AR B v (O HE 28,732 F T30
A2 A LAE MOAD H4ls 4 th 12 072 AN E s R4, 73 )& 10 A B 2l xF R A5 1 000 AN & 1tk H BL
FAEAER R YRR 12 % KDDCUPY9 $ i 4 /& R4 B T 54 [t bR 1 52 56 = M0 10 X 48 N ARG M i 4, 0 45
494 020 4% TCP 3L, 208 T 23 Fh AN 7109190 £ 3% 4 26 1. CoverType KUt 42 1 36 [H b R 45 1 S R Ge it
BE S, 08 581 012 44l 3, 40 F il — I 30x30 Py s R _ETR 54 ASHUBE SR 41 B PAMAP2 B4 2
Reiss Fl Strickere Wi 4 {75 4435 50 W5 B9, 1 9 44 (R 3 AN D501 00 2 o v R0 28 W 0 4 A 3230 4 1EA T 18 TR
[0S BB AP AT . W BAT TR B BREE) AR (W O 21 e A SCE K 3 53 42 e B0 1 i N4
HCHT O 0 A5 A L 10 T A R B T RN B AR I KN 4R R AR DL AR TR e /N 8 LR 1

Table 1 Dataset feature summary

R 1 BRERILILE

Data set Instances Dim Clusters  MinDIS
MTD 115 240 2 4 70
MOAD 12072 1000 10 12.4
KDDCUP99 494 021 34 23 100
CoverType 581012 54 7 250
PAMAP2 447 000 51 13 5

o XFLLEVE

A A D-Stream!™ DenStream!'®,. DBSTREAM!' 2, GCStream-UC 1E b 4% 3¢ [ %] bt &35 H v . GCStream-
UC M ALELEH BERH FE MK R 4 1) GCStream 075, Il GCStream-UC 535 FL 2 58 WL SR T 5040 6 5 1 8 4% FA L
R R U At B AN 52 0T LS T B0 X 5 1) TR s A AR AR ) RE T

o RAEUEIEAL L

AR SR B B 2R R VT 515 Purity AT CMMP2 Purity 5 X K-
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U0 AT S K P 3 3 S BB A K R BT 1) 55 ) R, g PO A% J o SIS P (14 11 15 R 7. 0<k<] R 2
o PR R B P S B k> 1 3R % B AT TR A 5 (R S BN k=1 ARZRAN G 18 I A% J5 00 52 B e BT AR 343 S 3 %/
T 1L ST T RARRT 1 K AAEREAT 0T LS g 52 3 25 R W] 4 772 KDDCUP99 H#i vt b k=1 I 280 5 s If,
FRARSCAE IR 33— 45 /NS K TR R0 B I 2 52 T k=0.96;7F CoverType 34 i L k=0.8 F1 k=1 F
S FLR T AR SCAE DR PN 4RS00 2 5 K I 2808 T k=0.97;7F PAMAP2 S04 it b, R B AN AR, T R—A
SR AIERE T k=0.87.

purity = x100% (18)

CMM(C,CL)=1- (19)

GRIEREZN(E
VP bR
AR GLINEEN
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Fig.4 CMM and Purity comparison of GCStream algorithm under different k
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#£ KDDCUP99 %t # ¥ I, "4 Dislen=70 i}, 5245 B i) CMM W B 47+ 5 48B4, 9 H. Purity {6112 g
15 [, T AAS SCIE$E A Dislen=70 (134l dt — 25 S 40 7E CoverType £#5 i I, Dislen=80 F/I Dislen=140 5§
4 R 1 CMM {f & T Dislen=300 [f) CMM 8.1 — WL 5 & W, Dislen=140 I 28 & 45 2L 1) Purity {8 5 T Dislen=
80 I 1) Purity {H, Bt LA SCIEFE A Dislen=140 Bt 4% 22 5 i 0 H. 72 PAMAP2 B i b3 S S HUE M R 2R 45
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S 45 R 6 /s AF KDDCUP99 H4 it 11,Neg=6,8 I JESE 45 5 (1) CMM {148 e 38E— 20 o FEIX A ARTA] Neg
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Fig.6. CMM and Purity comparison of GCStream algorithm under different Ny
Kl 6 GCStream HVETEA A Nog N ) CMM i Purity Xf bt

LF LA SOR SR A 3 4> UCT JUSCE 4 1, 5t I 15 2 80 k 23 53 BEE A 0.96,0.97,0.87; W A% 5L B 24 B
{H Dislen 7} 5 BEEH N 64,1445 8% LMK S G LD K/ Neg 20 E N 6,12,12.
424 HAntEAbH

5 SR BEAT W7, A7 I T 0] B 4 BEAT b v A Ak B D] DAy I 6 5 10 AN [ e AR AN ) 28 S AT I B i
JEE 22 G0 A 5 ORI A i 0T B AT v A Ak B A3 o3k A [) 4 52 1) PR 200 2 S, 1 i LA vl Bl B SR 4
B 5 S AN K ) 500t 0 A7 b P D RT 2 25 R 0 SR IR B SR U AR 1. A e, A SCAE 3 A4S UCT IS el A (B
AEAC R bR AEAL) LD T GCStream SAR 3 FlotS EE SV IO JE 6 Purity B KPR E 2 1506 B s R AT b vfE AL A
SR S R IR 2,07 A 3 & HRAE 3 AN Ein SR AR MEAC AR AR AEAL T I ZRR Purity {22 4R/ B LA SCE
PR Bt AR AT bR AE AL AL BE.

Table 2 Purity comparison under standardized and non-standardized data sets

R 2 ArAEACAARARAEAL B S B 1 Purity X HE

A brHELL JEbr AL
KDDCUP99  CoverType PAMAP2 | KDDCUP99 CoverType PAMAP2
GCStream 0.975 0.899 0.957 0.970 0.980 0.952
D-Stream 0910 - - 0.916 - -
DenStream - 0.720 - - 0.749 -
DBSTREAM - - 0.689 - — 0.692 9
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Fig.7 Purity comparison on UCI datasets
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Fig.10 Cluster quality comparison under different stream rate
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Fig.13 Data distribution of MTD data set changes with time
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