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Density-Based Statistical Merging Algorithm for Large Data Sets
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Abstract: To tackle the failure of traditional clustering algorithms in dealing with large-scale data, the paper proposes a density-based
statistical merging algorithm for large data sets (DSML). The algorithm takes each feature of data points as a set of independent random
variable, and gets statistical merger criteria from the independent bounded difference inequality. To begin with, DSML improves Leaders
algorithm by using the statistical merger criteria, and makes the improved algorithm as the sampling algorithm to obtain representative
points. Secondly, combined with the density and the neighborhood information of representative points, the algorithm uses statistical
merger criteria again to complete the clustering of the whole data set. Theoretical analysis and experimental results show that, DSML
algorithm has nearly linear time complexity, can handle arbitrary data sets, and is insensitive to noise data. This fully proves the validity
of DSML algorithm for large data sets.
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Table 1 Time and space complexity of classic traditional clustering approaches
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Fig.2 Bad clustering situation of Leaders algorithm
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|(C, = C) [ b(C,,Cy), W] LA I R ¥ Statistical Leaders $7.30: 1058 v I vE 2 XA
A«qﬁw_fm@ﬁudfdn<mqu
false, otherwise
Rz AE N e ) B A 2 MRS BB 4k b B U T
A«CPCQ:{HUQ if Va e {4,8,..1| (€, - C) S B(C,Cy)
false, otherwise
B2 BIALE (CL ORI IE R R A5 2| (C,, - C,0) IS (G, Cy) I F O T Cos [ Z AR,
2.2.3 Statistical Leaders 5% 1) SZ T
RIS G 1T A 1 2 HE W J5 , Statistical Leaders 55 7E{RIIE Leaders 552 28 JSHE S ANAR (1) 4% B0 K BE 25 1 1
FHGe vk 40 5 HE AR, [7] I 1 %5 Rough-DBSCAN $73% th (# e ik,  leader 7 A2 1R I 5 249 28 2R I5UFe, AL
A E AR LR 2 A5 B S O A A A B R AT S, B 1 S8 B AR P AR IR — A Bl R A R R
leader, 2R Ji , 1K VK T 4% 30308 s 4 R 28N 5 O 10 leader BEAT G014 F 340 5 205 395 AL 40 o o4 U, DU 5090 55 15
2% leader 183 (K12 P, BB 122000 A0 25 (O H0 30 04 followers B HANEL count 5 AT AL, JUDKE $ 40 w45 4 8
1) leader, 5T leader N80 B & b B, B B0 /N HoHs 42 56 BI04 28 3RS AR A A4 R 4 1 L4300 2.
B % 2. Statistical Leaders.
BRGSO,
1. ¥ leader EEA L WIUG4L 25 4E leader WIS 1 HIUEIL A O;
2. for H¥udE X p R — N EdE A x do
3 T3> leader 3 i :leadere L AR RIS C)y HVae {4,B,...},|(leader,~x,)| < b(Cj4,X);
4 if (BT A2 25 1F 1) leader 5% L=0) then
5. L=Lu{x}; I=1+1;
6 followers(x)={x}; count(x)=1;
7 else
8 H A Z AN 2 AT 1) 1eader, #4 5 S MUF 88 56— /N AL 45 1H 1) Teader;
9. followers(leader)=followers(leader) {x}; count(leader)=count(leader)+1;
10.  endif
11. end for
%t leader R 4E& L;leader AN EL I;5E4 leader [¥] followers F1 count.
5 Leaders 57y:3% B[] 52 i) BF 25 190 {5 A [7), Statistical Leaders 55y 38 HR IR 48 V16 3 ) s o ) 1 A 3 B0 4
b(C1,Co) 5 J 5 A0, s ;AN B O, 25 BB 280 P 25030 A 00 8 i g/, R G A A3 R HX leader I %CH
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E T 5 DX 33 1 K B ke, 0 i it DX R M K B 1, T R S B DR G B A T B R R v TR AR AR R AL R
Statistical Leaders 57 72 3% [#] 52 (19 28 S8 W 3 326 B0l 42 £ 111 Teader 75 51,43 A8 G 7 1 2 H B 2R SIS I it A 3k
AR S5 B B B T H B 92 B b — 25 ki, 1 T 4o & 1 410 s e U 1 - S0 b kT i
L K 5 Leaders H L AH L, Statistical Leaders 512375 iz 47 B 1) _F 55 HLAG 3.

2.3 Statistical Leaders& % BISTI8 447

LEATT %) Statistical Leaders 5LVAREAT T 7 B S50 5250 H9°20:1) 4347 Statistical Leaders $iA S M
J51;2) WIEH] Statistical Leaders SVERIFE 14T 20PE. S50 % S B — 4E 7% 1) E 3 NARIZEI N CHARE L 2 45
T HAR SR B ARG BB 3 G TR R EE AR 0 LART TR, B AT 38 a8 i AN [ 2 45 104 5 397 49 A1 B AL AR A Data
Set 1 Hi 3 4™ circle #H ik, 54> circle £ 5 A1 R Z H fI 53 &8 TRk 2 42, Data Set 2 H— > ring F1 A circle
2, LR A circle (M3 & 2 LU 2 R 1:5, 88454 1 000 ASBEALEE A 5,02 — B IR S 36 R s 4L 7R
#;Data Set 3 1 10 AN K/NIRLE AR AR 3,5 S IR B0 (K1 K- B 0 9, [N A0 24 55 P9 34 (1 Bt 2 L
52 4 3: 1,465 1 000 ANFEHLIE A 5 JE T~ A5 ™ok B %o 88 S 90 1 T A F27 R Al MATLAB 4 5, JF7EIC &
4 Intel(R) Core(TM) i3~2130 CPU @ 3.40Hz,3.4GB 7% (K31 SEHL_Fig4T.

Table 2 Basic information of artificial data sets

F2 ANTHIRGEWEARER

Data Set 1 120 000 0 Circles of equal sizes 3
Data Set 2 85 000 1 000 Rings and circles 3
Data Set 3 200 000 1 000 Big and small rings 10

(a) Data set 1 (b) Data set 2

(c) Data set 3

Fig.3 Artificial data sets
3 NLHEdE%

2.3.1 Statistical Leaders 5% ) S %09 Hr

Statistical Leaders 5172 /192 50k BT B ATLAR 5 1N 50 0.8 AN AT A il 550925 1 e B RS 3 T DA e A 4%
E‘Jéﬁﬁgﬁf#.

4 4 BOR T Bl AR AR [ Hs IS BT BEE S 40 O 3G K A leader ARG L. T LUE HL G 3
ANAFRIZER I EARE, S50 0 MEUE BRI I leader 1 EEBR 2 X A2 R N M R AR T B 22 (R 8k 7 B AL AR 5t
T IR AR 22 S o 8 AR 1) S 0 A B8, S B 4R ) 2R A B0 22 T AN v S I A s R DU AR B R UE, O
K, B A 1) BRAE b(Cy, Co) 227N, R b Sl A A B W1 B3 2 K 240 O I EUE A /N R K, AT BAAS 2 leader B
WEIEANIIE-J5 9

M 4 BT LUE B AR R B O (BT 3 ANAS A I B SE ) leader AN E0AN A ﬁ%ﬁ%%ﬁ"]ﬁd‘ﬁ?é,i{\%
L5 50 £ (0 73 (B) 43 A A DG 244 3 AN H5cds £ 10 HHs 70 [ o oo 90 0 A A Bl b 55 B 10 22 R I e 1 S 0 3
(RSN [Fi) P 5 B AT R W B R AN B ) 284k 1 L. A B 5(K=10 )B’];’:Eﬁ%%ﬂuﬁﬂj,ﬁﬂ: 3 AAEE
Hdi A AR EL leader A2/ T 4 000 I, [ 52 1) O 1B 04 12 128 W 48 o 1) 1) 28 S04 AR S B 1eader AN 20+ 40 2
;T e 3 i B Btk A AT AN A B 4 A R O (B BT Sl A & AN AH A X B3 W, 2 Statistical
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Leaders 57 HIAH [R] (9 O B AN 5] 1A 504 4R AT AL B 4 I Leader (94N 25052 B304 S5 AR 1) 52 A /1, 32 B 5 40
P 5 10 25 0] 43 A1 25 VAR 2, B 6 43 A 58 0y ' = B 305 4E.(0 Data Set 1 Fl Data Set 2)3hHX leader 582 % 43 A i
B LA B s 2 (L Data Set 3)HEY leader /Db

14000
12000
10000
8000
6000

Number of leaders

20001

7000
6000
5000
4000
3000
2000
1000

Number of leaders

—a— Data Set 1
—e— Data Set 2
—&— Data Set 3

OB/V‘/M‘A

0.8

3.2

44

5.6

Parameter of Q (x10°)

Fig.4

Influence of parameter Q on leader’s number

4 ZH O WHIFE leader LIS

4000

——0=10K
—0—0=50K
—— (0=200K
0=500K
—&—0=1000K

2.4 4.8 7.2 9.6 12

Number of patterns (x10%)

(a) Data Set 1

Number of leaders

14000
12000
10000

8000

6000
4000
2000

0

——0=10K

F ——(0=50K
—a—(0=200K

[ 0=500K

| —8—0=1000K

3.1 4.9 6.7

Number of patterns (x10%)

(b) Data Set 2

6000

5000

4000

3000

2000

Number of leaders

——0=10K
——0=50K
—A— 0=200K
0=500K
—8—0=1000K

B/E/E/E“B—‘H—_H_ﬂ,

1000

0

0.41

1.21

1.61 2.01

Number of patterns (x10°)

(c) Data Set 3

Fig.5 Characteristic description of real data sets

K5 BT [l AN [ 2 (1 Ao 42 1) il B

TR T 250 0 WEEAVYER, T2 4T O FIEUE X Statistical Leaders &y fl R i it 2 AR5 .
6 LA Data Set 1 241,25 HH T 34K O I, Statistical Leaders 5.4 leader 3 2 1) AR . AT LLE H,24 O
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(K AL A /NI il leadeer (19> 202 ELAM i 3420 B4 O 9388 K, Fli X leader A0 22 AQ3R sl A 0T st o ot 4R
25 PR S i A A BE TN HE A

(a) 0=20000, /=441 (b) 0=140000, [=2254 (c) 0=320000, [=4337

Fig.6 Concrete condition of leader with increased Q

K6 Bt O 1K leader 3 2 11y LA L

74 T 240 O 8 K, Statistical Leaders 535 T 75 B 18] (1 LA Bl 7T LA HY BB O 138 K, 4l X leader
A B0z T 18 % | Statistical Leaders 35123 BT 75 132 4T B R T SR K

300

2500 Data Set 1
—6— Data Set 2
2001 —&— Data Set 3

150
100
50

Executing time (s)

0
02 08 14 20 26 32
Parameter of Q (x10%)

Fig.7 Changes of running time with increased Q

7 BEE O MUHE R SERIBAT IR A (AR A 1 L

ZEA I 6 R 7 IMSREh &5 BT 402 O IMIRME B /NI, Statistical Leaders 5095 BT 75 IS 47 I [A) 45 b (H AT Rg
HHER 1) leader 23 A ik T390 AN i LA s B 5 2k 5 4t 4 TR0 0 2 47 s 24 O I HR(E %8¢ KT, Statistical Leaders 5154l
B leader BB I Hb S Wi J5 4ty 50 4 1 85 B A5 5L (H SRR B AT 4 2l I I TR) e A R it 7R B 2 40 O I, B[]
SHE ALV PR B B 200 SR B AT I 1) Statistical Leaders S35 — MR IN O MIWILR(E R 10 000,76 H A4 N A A F 4 44
It B 1) 2 T AT R0 R ) 25 e R R R AT T 8.

2.3.2 Statistical Leaders 5745 Leaders 5% Lh 43471

24 T UEPH Statistical Leaders 5y 3 A% (A 20, A58 Statistical Leaders 57755 Leaders Sy A0 LE 4347,
ot EE B B A R B A A AR 2R R RLVE I AT I TR) X FE SRR S B M 7 S AN B AR A B AN
1) EEABLAE A RE AR SR AR T I PEIN FEAR, IEAE PP (B8R K, 1 B S0k il SDORT: A 432 (1) A3 1 A vy A S o Bk e 52
I X % TE PR FF Data Set 2 1wy 97 70 A1 A AR R Db B Hicdi £ BRI F 30 000 K751 B 4, 2 1000 A Bifi LIk 75

FEIT P2 13 2016 leader AU 1T A8 MU BT, i SR EX leader I 19 38 65 R 1) P AR RD IS [, BL R L3R 3.

M 3 ] LU H U PR RE S EY leader D E0H210 I Statistical Leaders Hi% 1) P {H 2 =i T Leaders
VAN P E, TR INIEAT R LA Leaders HVEM 1/2 AcAq . Ui B PR SVEAE FEBURIE K/ AR 3R AR R,
Statistical Leaders $.9%% 1A a8 0T B 46 20040 55 11 04 45 15 JEL S e S 4 b B ) AT I FE TR X e 40 R T
Statistical Leaders 5y it i) 2501k
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Table 3 Comparison of the sampling performance between Leaders and Statistical Leaders algorithm

% 3 Leaders /155 Statistical Leaders 5.y fh £ 1k BE %) Hb

Leaders Statistical Leaders

T / P £ (s) 0x10° / P £ (s)
0.17 395 0.650 6 10.75 11 384 0.656 3 4.11
0.095 1142 0.602 5 23.48 40 1139 0.611 1 11.10
0.065 2128 0.5912 43.40 90 2 095 0.6153 20.70
005 3210 0.589 1 65.62 165 3199 0.616 8 32.64
0.042 4150 0.5957 87.07 240 4108 0.620 0 41.63
0.035 5264 0.607 9 116.24 360 5246 0.629 2 55.37
0.0315 6 009 0.616 6 139.19 450 6 007 0.633 6 64.70
0.027 5 7 049 0.627 6 164.28 620 7 093 0.646 3 75.79
0.024 5 8018 0.640 8 194.14 800 8097 0.654 4 87.72

3 DSML &%

S B H 5 1) 2 548 ), Ks Statistical Leaders SL35AE g dhAE 5030, H- 456 leader 1% BEAR BRI S &
) E eI B T R B (W28 B SE i JFEE——DSML Sk % 8k 1 WA (1) v IR ISE =R IR T
RBUHHEAR;(2) X A AT R (K R 5 (3) SRR TR S FE D O(n), SAAT RO B
3.1 DSMLEZRREDIE

DSML 5L HI SR RHERL Q] 8 B .

o 1 BLAhEE

FIH Statistical Leaders 5256 I 4R 504l SR HEAT HFE SRAGARR S8 . B — leader FUERSE M A AL I Hls 5
B H A B AR R S T — AN SR £l B B R AU I A s AR SRR A —— A
leader 5 2 AHXE B B e 2 (8 0 A J8 H 6 Y. leader B4R HUE.

o 2 BUXRR RAEERR

B 56 I 5 leader 2 [R] IR R EE 125 44) S A ARLPE RE R L B 45— leader AHALYE S5z e (R AT & A sU2H 0 & 48
WGARIG S leader 1A% FEAT BMNCK BI/INHERR, LLEAE D 2R 28I (10 & U 3% SRR B — leader [¥] & AR3rP g
leader 3870 P9 A0 2 Hds m 1) S AN B D L5 FE A 5L, B0 AR B0 22 4 R TR 4 RO B IR U AR K
leader 15 3L & AR3I3P I sSREAT GevhA I 240 T8 45 99 AL 340 58 VR DU, DK % 53 5 leader A 9F 30 77 JIT 46 (1) leader, 35 24 5¢
JEOR AR AR SR I AR X — B B 2 T8 BE I & IR R AE T AR B I ANAR W 2R AT & IR A e m B &
S5 T BT A T RE R A T

o 3 B BCARIE B O R 5 BON AN BE 2 1K 2R 2R

HH TR U8R 5 AR Hd B8 TR ST T A, 76 58 o AR RV I 93 285 K leader R0 8 K B H
BTN DG FR B E s SR AT A [R] U 28 B S T R A B AR I SR 2

Data :> [ Sampling leaders ] %
Clustering <:| [ Mapping points to ] ?

result corresponding leaders

[ Classifying the leader set ]

Fig.8 Frame of the DSML algorithm
Kl 8 DSML S AE4e
DSML  SL3EAE R IR b 73 il xk I i Ko B AN AR sl R ST e oh L A T IR G o 5 0 P DL 25 1
RSO STVEIRAFA TR R, 56 2 IRES & leader % FLAR ROR L & &RBRIEAT 2RI, I 1k, DSML 535 (R 38 282K
Rl 3 DS H T A I AL BENLR BN O B AR AR I IS BEHLAZ B AN 0, ABI A KK
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Pt AN ke T AE O 1R /INTT LSO B I 2 Al B B0, 2 O BB/ I B AR 4 A A 2 O ROR I Bl
LKL T AR Rk 24 0, HEUENIZE KT 24 0,.
3.2 DSMLE XK
Shy T L b A B SE P 0 DSMIL BV TE R AR s SR AT SRS, 2N & I U HT oLt 4 (1) leader JE4T 4214 I
I FE (A SCER 0=0.9), T 4 1) leader AR 153 Ji W EAT U 28T 1 HoAA 35t ) DSML S i) SEBL A0 5.
% 3. DSML.
N B AR XA BERLAR AN O AT Oy 488k P B RN H k.
4 Statistical Leaders .75, 3K 18403 s 4E L leader ¥ [ followers(leader),count(leader);
W Bf— leader T L AAH [F] I 8 b5 5 N AR R 7R AN [F] 2500 Cyy;
AR S L PATE WA leader 2 18] [ BK B B 29 1 52 55— leader ) k Al 3;
V84— leader [ & 4B 42 leader I count(leader) S 8, 1% 5 7 HED ) 3R1T leader (M6 FENIT d;
for XK 4E L H 90%[¥) leader do
Y5 IF MUY d 330 407 leader, B B 2H5 5 A N;
for 47T leader ) k A8+ H— 5 y do
if (NN, Hili & Vae {4,B,...},|(leader,~y,)| < b(Cy, — CNJ, )) then
¥ Cy, 5 Cy BN N, AT 55—
end if

end for

¥ ® =N kW

e e
o= S

. end for

. for RE S LT FIRH 10%1) leader do

& FIT d $630 1 77 leader, i 2 K H5 54 N

11 5E 24T leader [ k AR IRE— 5Ly FEA5 T

if (FFPESNRS N, W : C, B WEPIA R H leader 1) k B BEARIC N, I 21 £) then
szy =Cy, {leader} ,N=N,;

[ —
A~ W

—_—
AN W

-
® 3

end if
. end for
. AR leader # & IR T ¥ followers(leader) )3 NAH N5 ;

21. WA FEZE bR A4 nbeluster;

i SRR AR R RN nbeluster.
3.3 H=EERESHT

IR v B 4 A S B s AN BOR n R I leader ANER 12T ) B0d s AN R k. DSML SR K
AR AL AR T LU 3 AP

1)  Statistical Leaders 57255 J5U U H5 408 45 100 4 B

2)  KJEE leader [P FE B & B A0 M, 3R 1945 — leader 1] & 4735

3) Gk AIER X leader S H: kAR I S HEAT IEAR.

T 3R 1),Statistical Leaders 5.7 5 Leaders 59247 [A], SOt Hodfs SR 49— i, H AU & XY leader BEAT 47
it e, 3 A B S n A S EIE S, R B [ A leader RIS TRIE IS N O(n), FIMIE I O3 T8 2),
EEXEE AT 1A leader AR st B2, TS0 000 88 8 0 0 R (0 B ) B2 2% P 0 O(2%), 2 Jia Xt 3K 453 1) eader (1) & AR 383k 4T 17
i, 25 IR R4 FE b Ol); Xt T35 3% 3), 46 2477 leader 5 3L & AR 1) s MEAT B V145 R0 52 I e S35 Py o5 11 3 K 02k
RIRE A kR, 20 58 3)i [ 5e AR S T leader (I A1 24 FEANB I O(K). 56 1 1H 9 43 477 7T 401, DSML
S (R B 1) 82204 BE Ky O (n+IP+1k), 25 1) B2 2% FE by O()+O(Tk) AR ] Teader )55 147 037 F 5008 SEAN SO 43 A1 1)

N =
[=J\e)

© PERREERSMROT  httpy/ www. jos. org. cn



2832 Journal of Software #4334k Vol.26, No.11, November 2015

BRET, L Ak 3K B4 S 6 R e P EUAE 308 328 /1N n, PR 0l DSMIL B8 325 P F 110 2 2% 36 T3 DA b % L9 1) I 1) 52
ZRIE O(n), H AT BRI AT 0%
3.4 DSMLEZRILI S 7 51FM
FEAT T4 T SN EDW M B W) DSML S50 060 K AR 080 2R 2 1A 0k e OO A AR DU SR HE S Y Rough-
DBSCAN SRR AT %0 Lo 23 S B PR 58 55 58 2.3 19 AR [R], SE 00 o0k GO AR 2.3 5 A 3 A N K 46 S i 23 ISk
B 3.4.1 SRR N T HCHE AR ¥ 2R S 5 T LU 3 3.4.2 71 JR 0] S0 S AU AR 1 SR S A BN LG 56 3.4.3 1
DSML 532 ZE S 7 8T5 28 3.4.4 19 &5 B R L IEBAT BRI 5T L.
S LR, T SRS I S IR IR T SR 0 B v AR A ) 2 SN D0, DAL SR SR SR VAN 4R
s Sk AR P A o R UERf 2,0 FU5 4 BT Rough-DBSCAN $3% 5 DSML SE R A TAAR [ 1 2 4L,
XSG T 2 B 16 A LT 5 -
e Rough-DBSCAN 535306 3 AN S8, 730 i L lRE IR R 2 B A T BHXRRER AR SRER I (AR A2 - K
ABIEN K AN A m 0 KBEEEE, 250 m — B 100 245,280 T A0 r WIAR 3k Bt 4 1) AR A
HRIE.
o DSML S0 3AT 3 AN K0, 70 o wlAE AR 7 BEALAZ 5 (K Oy AR A SR BRSSO B AL AR
BN 0y AR EUE AN AL SR, 2 H kIO 10 A BN TR SER A 2
O F Oy, E AR T S5 (R HIRE RS F2 R0 2R S 40 B 0 B HHE , 280 0 B IE R 10 000, H AL 45
Hth A 1) 22 0] A S s 0 28 e AL L AT 48 2 8 0, B /T O IETE A 100~5 000, H A4 AR
I B AR ) 73 R SR BEAT 4.
341  NTHRSEMZIRIPOERN
XA R TR B0 SR AT R e SR R R I SR A R by 5 e 1y SR R R ZE AR 15 b K Rough-DBSCAN #
%5 DSML S3L IR I BT 3 ANASTRI Y (RN 080 4, 76 08 T B0 iR R ORI T3 T 00 PR S0k 1 2R 2
SR HEAT R EE 3T
M 4 (52560 45 7] LU HH DSML SALE AR P MPIR K Data Set 1 AR 5 4R 75 W 75 1) Data Set 2 I, 28K
R A Rough-DBSCAN $5.9%; [AI I 7E AR Bl R () Data Set 3 I, 282550 1 5 Rough-DBSCAN #y:Kf . 1X
FTRWT DSML SEAUTT UL BAT SRR A0 B £, 0 HAR SR 25 1 78 ) ol 48t HL AT R A AR SRR
HOR.
Table 4 Comparison of clustering results between Rough-DBSCAN and DSML algorithm
#* 4 Rough-DBSCAN ik DSML Hi% IR AR xt L

Rough-DBSCAN DSML
Atk T r m / F 0,x10* [ k / F
Data Set 1 0.25 650 0.8 1163 0.994 2 6 500 10 1121 0.998 0
Data Set 2 0.09 300 025 1106 0.941 0 5 200 10 1121 0.988 1
Data Set 3 0.3 100 0.4 1149 0.995 0 40 5000 10 1137 0.995 0

342 EIHURERIREBRXT L

FETF N THHE A BT I 3R 2RI AR K 4 452 N ) DSML B30k 35 4 B s S Hm A2 HEAT T S s 38 o4 2R
Hgh I 5 Rough-DBSCAN Sk i bb 4. 5256 % % 3%k H USPS %3/ (the United States Postal Service, i 16x16 4
IR MG 1 BN REAR R IR g 256 #E ) & L& 7 291 ANINZRFEA. 2 007 IR FEA) i Il e A £E A
UCT #4 J% (http://archive.ics.uci.edu/ml/, il P K22 Bk SC o0 14 0 0L 22 ST 80 e, H A e & 223 ANk
P B2 letter -5 - REPU E P 42 . 5L A I T S50 4 19 3 AR AIE L3 5.

MR 6 AT LA Y DSML ST 7 0 S B 4R 1) SRR AR AR 24T Rough-DBSCAN S92, B W] 3k T3
B 1) DSML S0t B S 4R B B A BRI SRR AR X i — I T DSML FE7E SRR A 2.
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Table 5 Characteristic description of real data set

RS5O HSHARE MR LA

EISIES FEA L8 FREAN S 8
usps(1,7) 1650 256 2
usps(0,6) 1858 256 2

usps(0,1,5) 2755 256 3
usps(0,1,2,3) 3588 256 4
letter(A,H) 1523 16 2
letter(P,R) 1561 16 2
letter(A,B,C) 2291 16 3

Table 6 Comparison of clustering results between Rough-DBSCAN and DSML algorithm
% 6 Rough-DBSCAN #ik5 DSML 5k R HS L

. Rough-DBSCAN DSML
Ao T r m / F [o)) [} k / F
usps(1,7) 4 6.3 5 636 0.900 6 30 1 6 579 0.990 3
usps(0,6) 7.5 8.75 45 613 0.748 7 15 1 16 539 0.958 6
usps(0,1,5) 7.7 8.61 10 784 0.722 0 18 1 7 728 0.909 3
usps(0,1,2,3) 8.5 9.21 3 1056 0.716 6 16 1 6 983 0.8105
letter(A,H) 2.5 4 3 648 0.698 0 1 000 10 7 471 0.940 2
letter(P,R) 2.6 4.2 33 729 0.668 8 2500 10 8 614 0.923 1
letter(A,B,C) 2.7 4.3 3 792 0.865 6 2500 20 10 795 0.928 4

3.4.3 DSML 83 S5t 581

DSML H BRI A H 3 A S H & AR B s BEHLAS B AN O)y SRR 54 B8 28I B L
A A Oy AR B SIS k.

O TE B RIE IS5, O30 2.3.1 T T 140 0 HE A8 A1 5256 o, 15 56 R Statistical Leaders 575
(01=80000)5%F £ # A AT A, 2R )5 FEFFE 1S B AR SR BT S 40 0 FH K WP JBUEAT S 36 404

ZH O WIBAE I T B335 B 4 (1 e X 2R AN 80 1 9 LA Data Set 2 g i, 25 7 76 [ 52 k=10 5L R,
b O, 721K, DSML ByE%HRFR M AR MRG0l v LLG HL B S35 0, B KRB B Hih 2.4 0,
B 300 A A I, T 3R A6 25 1R 2R 2R AR

(a) 0=1 (1~110) (b) 0,=300 (237~303) (¢) 0,=1000 (304 L I)

Fig.9 Influence of O, on clustering result when k=10
B9 k=10 BF,0; FIUE XS SRS R R M

10 g5t THER E k=10 IGO0 T BEE O, (74 DSML Sy % AR 3 f0 A S S Ik o 75 I 1] 1) A2 A 175 5.
LU L BEE O, K44 K DSML 532 3R R PT 75 i I 0] JF Be A R K224 R, 2 50 O, BN SR8 AT I 1)
BEATHRE I (K 5.

SRk I GE T SR U 1 D028 & (B, 45 FF IR 2 A A2 2240, i AAN fig 56 Sl e 2 5 k
b ORGSR IRE R AR AH — BOR UL & BOBE R & B3R W] LU I n 500 22, o i SRR IN 45 21 (0 28801 e
BT T E 0,200 B BEE & A4 DSML SR AR i 48 2R SN T 75 I ) 11 AR A A% 0. 7T LA
B & (AR KSR ISP 75 K I 18] 2 b T34 A8 el T BRI TR AR 2D RO 484> DSMIL T3 s AT I 1) JF 50 H
P 5.
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1.6

2 10 —— Data Set 1 14| ——DataSet 1

2 L —— gata get § % 1.2 —o—Data Set 2

E 08 “— Data Set E 10l ™ DataSet3
g 06 S S = @ 08
2 04 z 06
g S 0.4
=02 A
0.0 0.0

1000 2000 3000 4000 5000 10 20 30 40 50
Parameter of O, Parameter of &

Fig.10 Relationship between O, and time when k=10 Fig.11 Relationship between k and time when 0,=200
10 A=10 I,0, FIHUE L I TR G &R K11 0,=200 I,k FYHUE L I T A5G R

28y Lkt DSML 1952 $0 i 70 47 vl 40,DSML Sk S & 248 Bl 3 AN S B SL R vesE, i
DSML Sk [0I8 47 i 7] 3= 2 i 250 0, MU P .
3.4.4  PATRERBN L
AEAATH K DSML 51755 Rough-DBSCAN S35 (AT 2 2 0 AT %55 L. 52 56 6 52 39 4 b S92 56 G LA A
[FIZE2R4E R Data Set 3.8 I FE A,k 78 43 Y /s W P SV 1) e B0 HHA T 036 78 FRAIE 7245 B B U SR 2R AR 1
[ 5 R b Teader (AN £
35 12 25 T 50 RS DI, 7 A SV AT R IR AR 1K

30| ——7=08 % 3. 3L 7 Rough-DBSCAN kIS % T Wk 08 if, 5
—6— (0,=80K PN w N ¥ >
25| 3 O ook DSML #4725 0, Bk 80 000 1411 leader (4N HUHHE. L

20

BB N AT RO R BLDSML SLiA7E4S 25 Rough-

Executing time (s)

1<5> DBSCAN  SE7L A [ 2R SR () 45 B0 1, Bir i 38 A7 i 1) 3

P Rough-DBSCAN S 1/2 /i47 3% 75 40 iF W] T DSML 473%

Yt 081 121 161 200 FEHT 20K I3 25316 DSML S 105 5 0, #
Number of patterns (x10°) F] 100 000,745 Rough-DBSCAN HyEiEAT % Lk & B, DSML

FVEAE AN leader NG £ o FREIS TR 3K 00 R 4K S
AT A SR . Rough-DBSCAN 490 3 B 1R 223X 1 ¢ 33 )
DSML Sy — e . w8 28k,

Fig.12 Comparison of execution efficiency

12 PATRR IR L

4 B %

B A 1 AR RSB A, R A I 4 2 H A 97, 308 3R S BT IR AT 0% AT T B e SR A SO i B
I T A R N ARk O A L G R AR G U AR SR T R R R S S IR
Ji——DSML SVE VL 15 KR s R B0 25 00— AR A — 4T BE AL AR 5, AR A S A 22 4y
ARG B TR G0 T4 I 4 v A2 SR 2 FE R DSML $73k 1 56 R e vt 4 0 40 5 ME % Leaders $73%
A HH R, K S S 1 SV AR D R SRR AR R ARG A AR R B B A A AR A R, PR ORI
GE vk A3 I UE N 58 O A B AR 1K 2R 28 DSML S AN OREE 17 1285 15 (10 SR B SV (R AR 34, 1 T AR BAT 3
TEAR 0 B4 B Jott W 7 ELAT — 2 (0 s e L 1 30T DL e 1 D) 52 2% 3 A 6 05 5 A 3 K B A i 4. 5
Rough-DBSCAN H2:5% LU ¥ S 25 SR 78 43 i W T DSML S0 10 38 FH 1 A4 2.

References:

[1] Xu R, Wunsch D. Survey of clustering algorithms. IEEE Trans. on Neural Networks, 2005,16(3):645-678. [doi: 10.1109/TNN.
2005.845141]

[2] Everitt BS, Landau S, Leese M, Stahl D. Cluster Analysis. 5th ed., London: John Wiley & Sons, Ltd., 2011.

© PERREERSMROT  httpy/ www. jos. org. cn



NN S KH 09 BB it a5t ik 2835

[3] Jain AK, Murty MN, Flynn PJ. Data clustering: A review. ACM Computing Surveys, 1999,31(3):264-323. [doi: 10.1145/331499.
331504]

[4] MacQueen JB. Some methods for classification and analysis of multivariate observations. In: Proc. of the 5th Berkeley Symp. on
Mathematical Statistics and Probability. 1967. 281-297. [doi: 10.2307/1377831]

[5] Park HS, Jun CH. A simple and fast algorithm for K-medoids clustering. Expert Systems with Applications, 2009,36(2):3336-3341.
[doi: 10.1016/j.eswa.2008.01.039]

[6] Kaufman L, Rousseeuw PJ. Finding Groups in Data: An Introduction to Cluster Analysis. New Jersey: John Wiley & Sons, 1990.
[doi: 10.1002/9780470316801]

[7] Alpert CJ, Kahng AB. Recent directions in netlist partitioning: A survey. Integration, the VLSI Journal, 1995,19(1):1-81. [doi: 10.
1016/0167-9260(95)00008-4]

[8] Ester M, Kriegel H, Sander J, Xu X. A density-based algorithm for discovering clusters in large spatial databases with noise. In:
Proc. of the 2nd Int’l Conf. on Knowledge Discovery and Data Mining. Beijing: The AAAI Press, 1996. 226-231.

[91 Ankerst M, Breunig MM, Kriegel HP, Sander J. OPTICS: Ordering points to identify the clustering structure. ACM SIGMOD
Record, 1999,28(2):49-60. [doi: 10.1145/304182.304187]

[10] Zhou S, Zhao Y, Guan J, Huang J. A neighborhood-based clustering algorithm. In: Proc. of the 9th Pacific-Asia Conf. on
Knowledge Discovery and Data Mining (PAKDD 2005). LNAI 3518, Berlin, Heidelberg: Springer-Verlag, 2005. 361-371. [doi: 10.
1007/11430919_43]

[11] Rodriguez A, Laio A. Clustering by fast search and find of density peaks. Science, 2014,344(6191):1492—1496. [doi: 10.1126/
science.1242072]

[12] Shirkhorshidi AS, Aghabozorgi S, Wah TY, Herawan T. Big data clustering: A review. In: Proc. of the Computational Science and
Its Applications (ICCSA 2014). Springer-Verlag, 2014. 707—720. [doi: 10.1007/978-3-319-09156-3 49]

[13] Ng R, Han J. CLARANS: A method for clustering objects for spatial data mining. IEEE Trans. on Knowledge and Data
Engineering, 2002,14(5):1003-1016. [doi: 10.1109/TKDE.2002.1033770]

[14] Zhang T, Ramakrishnan R, Livny M. BIRCH: An efficient data clustering method for very large databases. In: Proc. of the ACM
SIGMOD Conf. on Management of Data. ACM Press, 1996. 103—114. [doi: 10.1145/233269.233324]

[15] Guha S, Rastogi R, Shim K. CURE: An efficient clustering algorithm for large databases. In: Proc. of the ACM SIGMOD. New
York: ACM Press, 1998. 73—84. [doi: 10.1145/276304.276312]

[16] Vijaya PA, Narasimha MM, Subramanian DK. Leaders-Subleaders: An efficient hierarchical clustering algorithm for large data sets.
Pattern Recognition Letters, 2004,25(4):505-513. [doi:10.1016/j.patrec.2003.12.013]

[17] Romero E. Using the leader algorithm with support vector machines for large data sets. Lecture Notes in Computer Science, 2011,
6791:225-232. [doi: 10.1007/978-3-642-21735-7_28]

[18] Viswanath P, Babu VS. Rough-DBSCAN: A fast hybrid density based clustering method for large data sets. Pattern Recognition
Letters, 2009,30(16):1477-1488. [doi: 10.1016/j.patrec.2009.08.008]

[19] Nock R, Nielsen F. Statistical region merging. IEEE Trans. on Pattern Analysis and Machine Intelligence, 2004,26(11):1452—1458.
[doi: 10.1109/TPAMI.2004.110]

X (1990 —), Lo, il 4B 28 A B2k
AT R BRI

T E (1978 =), 2, W+l #4%,CCF =
b1, J5 B T AR O BT, T AL

SR T (1976 —), 5, 1 &, il Hokz, £ 2t
L 7 A2 U T B A B

© PERREERSMROT  httpy/ www. jos. org. cn




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3600 3600]
  /PageSize [612.000 792.000]
>> setpagedevice


