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Abstract: A fundamental and difficult problem in cluster analysis is the determination of the “true” number of
clusters in a dataset. The common trail-and-error method generally depends on certain clustering algorithms and is
inefficient when processing large datasets. In this paper, a hierarchical method is proposed to get rid of repeatedly
clustering on large datasets. The method firstly obtains the CF (clustering feature) via scanning the dataset and
agglomerative generates the hierarchical partitions of dataset, then a curve of the clustering quality w.r.t the varying
partitions is incrementally constructed. The partitions corresponding to the extremum of the curve is used to
estimate the number of clusters finally. A new validity index is also presented to quantify the clustering quality,
which is independent of clustering algorithm and emphasis on the geometric features of clusters, handling
efficiently the noisy data and arbitrary shaped clusters. Experimental results on both real world and synthesis
datasets demonstrate that the new method outperforms the recently published approaches, while the efficiency is
significantly improved.
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For different parameters (e.9., k=Knin, - ..,Kmax)

Fig.1 Atypical process for determining the number of clusters in a dataset
Bl 1 SR A s Hod A de A SR 2R o ST R
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fabruHE Gap statistic®. £ &A1 1IGP(in-group proportion) 45 Fi e 1GP J&— i #iim 42 H (R 3 b5, A8 FH %
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1 COPS A%

ZrE d R DB={Xy,Xa, .. Xoh X={X0,Xa, .. Xa} 0 — D HLHE 0 B B0 — AN 4 SR 2 Akt
¥ DB KI5 H k(> TS C*={C1,Cy,...,C}, HVj1,1<],I<k,C;nCi=@,C; #x hy DB [I#%. % HI () trail-and-
error J7 15 3 72 5 C(K=Knmin, -, Kmax) 5 B0 BHR HE AT Kiax—Knint 1 UCER 2 IS0 T S04 2808, 0L 4 808 F ok
N5 55— D5 T AN 2 1 Kemin P Kiax 15010 23 56 00 T 55 285 L 1R M 19 2 DRT b, 5 e A 0 00t 2 1) JL AT 5 g — IR 3
A BT A BRI R 43 TRD B VA AT 1) 2R 28 o 3 vy AR AR KRR B 4R vk s gl ALk vk .COPS 1
SRR I AR S BX AN H i H U Se s AN Bl R OB 1R R 5 AR S AR B R R B R R S
3k P r A BT AT A B AR R T B T R AT SR o i, R AT AT B R R R R kI A CT R AR CTIY
A7 FRGE TS JERAT T 3R 250 K3 HLAT BT 110 28 A7 AR b s bR 5 Q)R VP A Rl 43 C 11 2R 28 i i, L g /s
{ELX N S5 A1 1 5 12t COPS 53 A (¥ B 0k R vs dn F

G=Wmmumﬂuﬁwww=“§f _____

COPS [1J 4k FH X G /2 ] R B 75 Wi 75 R A2 2% TR (AR o™ TE ) A0 14 300 B2 3R 1) 0008 7 553 o I P oot o LT,
2% 1) 50 R — 4 4 0 A 3oL R O3 R g 75 1 S, U3 C e R SUI AR S H
11 BHRE

NI B2 4 B B R 4 B 4 S (dimension voting) ™S EAE R HH i a5 1) ATALLIE D 5 SC, LA Iy JE R 2 Y A
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X (SRR EDT. 2 — B 420, 1<i<d, 35 X—y;[<t, IUBR A5 X Y JE96F 4 5 j 4EAI A

AR 52 SC 1,77 BAE SCAHALL AR 40 mit.

EX 2M1L ). 4 — B R T={tyt, ...t} 47 8 X Y FEPTAHHR4E R EAOE KT 4(=1,2,...,d)M
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1 EAHVBL R K A AL DB [IFR.ZT T 4% 20 A5, | TIIAR 224 35 T 8 3 SR kS ep 2 py A 4%
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(1) t=2t,j=1,2,....0;
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While k>1
T=T° k=n T=T+4 Computing Q(C") "
Computing Q(C") Generafiinew @ C=argminQ(C) | —L»| K=4C)

Fig.2 Flowchar of the COPS
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Fig.3 An example of the working flow of the COPS
B3 COPS -4 it Fit 7

1.2 HESEMSHEE

COPS () et i A DL T Tk 28 700 J 2 R 3R I A0 vl )2 U S 2 Ty by e s 48 T, — A 200 2 SR 2 B
PHAT O IR 5552 2 B Tk R (OB S0UZE T BN B8 #5 X 2 4R 55 JUAHABL A5 9 45 & Neighbors(X), i /2 range
queries i 1181 30 4 T i B b7 4 HE 4, — LU G VA T B L SCR[L8).

BT S0 2 ) LT A FRARBL A ) R B SR B A B A G T S8 P (K /N AT P (RN RS
A —ANHEF 0750 A)ARYE LSRR A T LA R ITE S e X § EAEARL R Y RS LR BRAE AT
BrIXi—yjl<t; £ A BB DX 8] P92 ¢ 38 0 4 1, R 7 78 J5U Y0 B R AR At B SR TR < |x—yjI< e+ R RT T
Ak 779 (1 COPS D ARIE Wi & 4 Jr. Hrf MergePartitions f D g 7E CK LR 14 JEPTAAI LS X AT Y
JITAE 1452 OB (KR4 CXUpdateQ 75 Q(C'Y) M Lat EMYAE X A1 Y Fife 145 M G5 Bt 545 2008 04
Q(CY.58 2 ¥ MR T CF T4 S I Q)5 )7 ik

HESHANMERS T M— B8 A O %806 X 2, T v DUG 1F & B 80 42 1) 4 7% % (clustering
resolution) ™), ifif 43 3 25 T LA AR G2 b — AN 15 B0 S 15 ) J A8 A B . e R T 60, T ) 4% 40 D I8 o — 2
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4 g R A R R B SR A X L A9 O R
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_ %~ min ;3 S
v Ir:qax{x,j}—Ir:Tl1inn{xu.} Yn

Algorithm. COPS (DB, 4).
begin
k=n,T=T °,C"={{X:}.{Xz},.... {X}},Q"=Q(C")
For each dimension je[1,d] do
Aj=Points sorted on the values of jth-attributes
{1. Generating Q-sequence}
Repeat
For each dimension je[1,d] do
For each point XeA;j do
For each point Y eNeighbors(X,A; tj,tj+4;)
begin
Flag X and Y are jth-similar
If X and Y are full-dimensional similar
begin
k=k-1
C*=MergePartitions(C*"* X,Y)
Q"=UpdateQ(Q""*,X,Y)
end;
end; {for YeNeighbors()}
T=T+4
Until k=1
{2. Computing k'}
C"=Partitions having the minimum of Q-sequence
Return k'=¢(C")
end;

Fig.4 The pseudocodes of the COPS
Kl 4 COPS [fithfth5
A SEbr LREARAESE | ARG A (AR UE 2 A o A RO 1 B IR PO e T R DU v i 2 by R e 4
JEE 55 3% 2 V) AT SRR B Ay (AR 3 W 565 § 4 Joms P A1 2 A 4B L, 5 AT D% RO A% AR 7T RE AL 22 . COPS R ] i £
Y J5E L R A AR A SR8 7R B A A PR A 4 4 BT T T AR 2 5k 8 Rk S 8 A
4, = o MO T T}

o e(e>0) 2 45w I — AN R R/ EUE M VLS50 M T3 5005 Q IR A S 2. 8 4R, el /1N ,COPS 7 54~ 4
J5E IR A8 2R 5 B (R AN 4 5 2 51 BRI T 0 5 1 X D) 0 sl R 22, BRI Tt e ™ K 77 v 8 i A st Rl
(4 2R 2 ), L AL AT nT Re R B 1 &5 TR 50— 5 T, el /I 40 A 45 A0 005 (4 e I 4 K, BRI 7 3K
B R AN AL 0 SR BRI I B BRI, FRAT1 1 e=0.01.
13 WHEK HE

|C 2 0% 1 2R S KB 18 75 FR) S0, K =|CT| 3 AN 58 42 T AE COPS H I 7 i sl C™ 1 4Ll i
B, U R R T A AL TR B S8 B /b IO % |CT > 2, i 1 0K T R T MDL(minimal description length) )
SR PG CT o B SO T 4 MDL R A JBAEU o N 1K) B0 80 33 A T G B, 8 T 32 35 LA B o e
K g AT 7 %246 COPS i LA AN B4R 2 %5 A S5 A & 10 8508 i 350 B A 1 1 e oy A 25 504 i 1 3 H

PRI g5 CL(p).CL(p) 2 Xy
CL(P) =109, (45, () + 2- 10051 C; [, () D +100, (s, )+ 2 109, (I1C; 1 =t25, )

1<j<p p+1<j<k

P, 153y =[ T | 3 1P| iy =] 2 el s /K = P | LA 1 50ASS 3 35053 540 LA p o4y 51 P4
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J3 51 B~ 340 g B KK R 3G Ak T 0 A e |Gy 5 1 B B e B ) ) 2 S S B v SR L | C = s () B
|C; |= ss,, () TIAEFT log BRHAAT R S, B RN 1214, B BEE BEIN )22 57 24 0 bit.

A ISR CL(p)X MR RIGE p B E VE S5 21 M B AL 4> 3 AU Yl MDL(minimal description
length) B % J5 32 (1) AR, BRI Sy (p) T4 5 A K0 1T LLIA R AR T %) DB [ 2512178 COPS 1, Sg(p) T U 75 (1)
e ARk UL W P A e BN 1 B T R B R B SR K =p.

14 HEERE

IR UL ,COPS 1745 [0 5 4% 1% g O(n%), 5 b F S T LA IS S5 g A ARG 50925 10 24 1) 8 4 6 AT 3 A AN S AR
PIEE £ X A0 X8 X AL X BADAE—ANEBE FJR AR, OB T — A hash s BB S — A2t R b i) H
HASH(i,j),HASH(i,j)ic 3 X Rl X; B4 FEARBME Bl S TF LR B R I BT A B 0 o X R ) BB T 193K,

-G 0 AR 15 A AL IS, L SR 7 06 2 2 P I B T IR AR R, AN T A BRI T B I S s 2 () oy o i

K FA P HE 7 (quicksort) J5 v E i sk AT HEJF K 18] 52 2% 4 2k O(dnlogin). A2 B Q 35 41308 43 B34 1) i 1) &2
&%k O(kdnN) JErh, kAR ZAE IR AT B S — AN n BRI B bk <<n X R BEE T 134
R R 22 [ AR A ARABL K 76 P 408 B v o TS D, HE B 35 00 51 A R el B A OG5 N2 Bl i
TEASRIR Y B°F AR5 2 H A SUE b N <<n, BB 1 5500 9 A F e 2 A VTG E QICY IR 2 RE N
O(dn)(Z: L4 2.3 F43HT),MDL B A% 77 1 i 52 24 4 O(k?). %% _1,COPS #INH 7] 52 24 5 2 O(dnlogn).

2 COPS BB BEMIEIBIR

COPS Az MFa4r Q(C)VFl DB #i X 4r>h C IR . A B M Fabr Q(C) T % B In4En )L
v &8 K, BT 3 1 1 P S o A )R R B LA B A ) 1 020 B8 O e 3 2 R 1 487 QC) AN A g 1 R Ak 1y
P e
2.1 B MR

BENIX=Y| |27 s XY 2 18] [/ BR FG B 85,45 5 DB 1) — NIl 4y C*={C4,Cy,...,C}, Scat(CH) i it C* [l Py K ik
J, Sep(CX)Xi ¥ C* [ 1] 43 15 B LAk,

k
Scat(Ck)=Z Z_IIX—YII2 1)
Sep(C*) = V(S ! X =Y |? 2

BLE P 3R SCCER 1T Scat J2 % P9 AT WU/ U0 s 2 1) BE 25 7 J5 A1 Sepp 1) Js B2 1 A AR B AR 2 —
AN KB 7 DR B TR 1 0 A ) 0T F 1~ 240 B 2 R i B IXRE Scat AT Sep PRFF TR 5
PE.53—J7 1, Scat FI Sep T+ U0 V- 1 BE 13 i€ ST T B2 B AR O A% S5 R ) SR TR AR e B T LA &
AT SR AT AR AR B (B0 Ve 1) 300 3 5 % J L (centroidls) i FHT A7 P 1 249 2 42 1 0 22 W] P 5 5K 5 X Scatt Al
Sep, JX BF b A AR U0 R GIERR) TE 11 % 45 .
AR PR 5 2 23t 5 () 28 6t Scat(CY) AT Sep(CY) rJ 43 5 o 4y
Scat(C*) = 2ii(| Ci1SS; —LS;%),

j=1i=1

d K SS, (& LS ) & LS,
Sep(C*)=2%"| (k-1) U —( "J 1.
Z{ &ic,| el +i1|ci|J

i=1

P, 88, =3 LSy =X o xg LWL Scat R/ R IR S v Sep 0K, LRI 5 B PEAS
U A F A ML £ P %, B0) o AL 4 B8 T F 7 Scat A Sep B A 18 L1 %2 5

Q1(C)=Scat(C)+/-Sep(C).
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X HUS B AR R C B AN A e SO {CCE, L CIY AR E B 1 AT DA E A1

TEIR 1. 45 Hi 4 DB, Scat(C) A1 Sep(C)E AT AH [l [ 1t [

IE U AERIE IR k=n,C"={{X},{Xo} ... X33 HA K (D) AT 401 Scat(C™=0; 45 A () FH
Sep(cn)ZZZ?:1(n'erDBX12_(ZXEDBXJ)Z)):M ()

WAEFEA LI C, M Cy(u,ve[l,K] usv,k>1) & 3

d LS LS, C, >SS, +|C, > SS,; <& SS.
Sep(ckfl)_sep(ck):_zz uj vj _Z (k—2)| v| uj | u| vj +z ij
=lC G| = (G, I+IC,DIC,IIC, | =FIC]

(4)
i (1C, P LS, +|C, [P LS, & LS.-]
2 v uj u vj ]
,Z;((I C.I+ICDIC,IIC, Iizl,iz‘u,vlci I
Scat(C*™) — Scat(C*) = 2i(| C,18S,+IC,|SS, +2LS,LS,) >0 (5)
j=1
I, Scat(C) 2 B 1 i 3 b 4, 1 Sep(C) J B U a6 9ok bR 4. 24 k=1 I, CT={{X1, Xz, ... Xn}}, 25 5 2K Sep(Ch)=0
HI Scat(CH=M. O
A & B 1,COPS i 1] i1 5 28 A At F b e 2 Q(C)I B I
1
Q(C) =M(Scat(C) +5ep(C)) (6)

2.2 IBEROH

o0 1A SR 288 Bt I T A 1K 02 R M A ) 4 5 (1~ A 20D M B RO SRR R A Q(C) B A R/
B2 B 2 R 0T K 2 50 (— PR B A0, I e B4 1) 5040 4. Q(C) A7 (0,1) IX i) 1) e /ML

EE 2. 4 i DB={Xy,Xp,... Xo}, & n>2 HAEMDLEE—A ie[2,n=11E1FHXi_1—Xill#| [ Xi=Xial|, ] Q(C)
AN T 1 IR/ IMA.

Wk IEAE COPS IR k=n,C"={{X.},{X2},... {Xa}}- 2 ti=miny o a{X—Xaenihi=1.2,.. .0 750 AL
B BRAAE AR 8 3 1,3u,vel1,n] usy f£ 15 X, F0 Xy A2 AR, BL(Xio, X)) FH (K X)) 1 22D 1R A AL, JG &
RS A AL S AL FRS k>1.2%6 18 R X B X, & 3E)E Q MR { RAE A X (3)~A X (6)H

Q(C"’l)—l:—%i(ssuj +ssvj)—,\;i([ > ssijj+(Lsuj is,) Y Lsijj<o.
=1

j=1 i=Li=u,v i=Li=u,v
SEHL 1 CIE] Q(CY=Q(C™)=1,iX F W45 45 A 5 B4, ) Q(C)FFAE/N T 1 I /M. O
SEF 2 4T Q(C)TCILHNAE (0, 1) IX AU AR /NI A — Folvth ok 8 A 1) 00t 4, T WS T 2 T A B0 o 34 2 3th
A3 TE S AV A543 W K B 1 b 0 SR B Bl 4, COPS Kt K =n. 33k S & B A0, DL B I, BB KCBUA S 1 B
n, 117 SRR A0 o 2SRk K> 1.
23 EIFITE
W AR (B)~ AR (6) 7T LT Q(CY)IMMY i 57 (UpdateQ i 7).

1.2

ro BT QCY, e QUM - (I A2 () FI 2 R(5) 53¢
08 SR AT b AR R O AN Cii=1,2,.. K PR AF— A G

" CFi=(Ci1(S811,LSi)(SSi2LSi2) .- (510, LSi0)

02 IXIE A BIRCH SLVL$ HY (128 2845 4iE (clustering feature)™ 3L gt

00, = : 1t5 & I Bod 45 X 2 110 B 1E (MergePartitions i %2 ) 7T BL A% 4k % 4 AR Y 1)
Fig5 An exan.1ple 0fa0(0) Cl'm/e |Cil, SSij H1 LSy HAE - [ 18] B 1) I32as S AR TH BB AR1H M N, 75 3K 19 5
. 5 Q(C)HIZk It — /Ml T B SR CF g5, f 3% A @) vh & L R 2 24 B 25 O(dn).
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I R AR I R A 45 A T e A Rl 20 1 — e S A 15 28 28 i &2 2R B R B X AN A BRI K T 13 =
AT DLk — 4R 5 COPS [ AE. B A&, 4 E¥E 42 B0 R I (Eb I n>1000), #H50d FER 45 Q KT & W B fi /ME,

FlT¥E e=ex2.
3 KB5S

I B VIF A5 VR 2 R AR 1 5 T A AR 22 R SR A A bR L e L T LA 25 A 1) Vel
T Vo VI P9 il A X 2 e SCIRTFR B A o B 52, P Ve 2 11 SR 5 8 55" 43 185 35 MR 45 110 48 L 6
Vs S0 T 28 VR4 A5 05 125 (R R YV, AT LA A A0t b B0, 35 A T 88 10 A R 75 1) 00 SR 1012 R4 s 0 3E T FCM
Bk, SRR E FCM Sk RO I 1 w=2. 76 SoAt 28 % 5 b 3% ] Gap statistic AT IGPMIf: Lt 4. Gap  statistic
B A T8 I A 0 2 23S e A 98 A% (dramatic change)”ffi & B A K A IGP J& il 4% L i — AN 1845 4F ] in-
group B {515 B 2R 24 10 5, LA B O 36 I A T 0T M0 3L A 5 T4 bR UL AR SCRR[2,4] 40 21, 43 ) k-means 1
AT A S IS B R=5;1GP {4 ] f¥) Cutoff B4 %5 4 0.90.48 ] Greedy 4 APk $ FCM/k-means {14
U AR O ok DL B SR R SIGH B SE 36 7 CPU 2.6GHZ,RAM 512MB 315 HL it 4T #:4F R 484 Microsoft
Windows 2000.
3.1 SKIEHEIRE

SER Sy SR T RS AR RN T R LU R IR S 6 NGB L seie g5 B AR R S5
IR LA 14 HR O W R A RT 2 i 4: DS1 I DS2 2 H R AR 5] M B Sz B X30 A1 IRIS %
PRI DS3 I DS4 S AN A A A 1) S B 1 JH % .DS3 kU T Vowel Recognition(deterding data)
(http://www.ics.uci.edu/~mlearn/databases/undocumented/connectionist-bench/vowel/), f1& A 10 il AL 11 4
BEIE IO MR BRSBTS U0 9T; DS4 Sk Y T Wisconsin Breast Cancer Database(http://mlearn.ics.uci.edu/
databases/breast-cancer-wisconsin/), & £ # i & FNA 90032 19 15 R b, T B2 7 2 1.

Table 1 Summarized parameters of datasets

F1 WA SHILEE

DB Description of t : dataset Dimension (d)  Size (n)  True number of clusters
DS1 X30 2 30 3
DS2 IRIS 4 150 3
DS3  Vowel recognition (deterding data) 10 528 11
DS4  Wisconsin breast cancer database 9 699 2
DS5 Synthetic dataset 3 4000 6
DS6 t5.8k 2 8 000 6

Sy R - ol 7 2 Ak R PR B B 1 P R SR [ 704 A0 10 D7 V2 (FE J5 5 v B iy o Sy B ML A% v o0 ) &
BT 2 4 000 ANEE A5 3 YE R B2 DS5.DSS [] I 4 5 /b e g M R Ik g R T A% A I AL L AR AT
R RIS 5 6 AN Eii 4 DS6 £ 8 000 AN Kl 1, & iy 4 4 “t5.8K” ) A I B 4 LS R & K i
[ 7 0 AT R TR B AR (L 6 AN 1% 52 “GEOAGE™ 7 BEJEAR) . B by T B2 (¥ 2, FRA 1l I SE 40 R B 72 1 MM S B &
T,ERFR € T IEA RIS FCM R k-means S7ETT LUR L7 HBIX 4 HUIX 6 ANi%. LA IGAIEIE T FCM 8% k-means
SR A 4 Fh T VELL B2 COPS R 5 5 2R T AR A% (¥ 1 .

32 AMMEIR

COPS 7 6 ™% 5 #1327 IE A I SR S 4k, 52 3 25 R i 8] 6 7= 6 DS1 Fil DS2,COPS il i 7 2R 25 4%
MEAREH 3 48 2 I RT3 R B.DS2 4057 AN T B 10 %112 18] 6(b) & W1,COPS figfis 3 A% X 43 T
B AR W 5L, DSE AT AN SRR 1 7%, P 6(e) S s, R T SRR H 6 AN 5 BRI T AR AEAR AN 2
SRV W, COPS 3 2 56 J T HHEAF IF X 43, 73 1 5 P 2R S 40 6,3 1 1) COPS T LAAT 20kt R ) e 75 JF: X 43 & 1R 1)
B 7E e K DS3~DS6 X 4 AN B AR, COPS ¥ o il 1134 2484k (1) Kk AR, 9 i 72 18] 6(F) kM 18 BkAE
B AR 6.1 &K K COPS KM T 5 HoAth J7 A A IR 1 vk, e AN 2 3l i 12— A K IR X [R) I BB AT ALK
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VSRR LA [ (0 SR 2R 4 SR 2 A J2 R 1 5 DR T 8 b ok AN [ ) e 1 i, 45 O B 8 v o A R A 0 45
B T30 SR A B (0 45 440, 1K 1E S COPS 7 1R 52 2% AR 7% J THT (KA 24

ANTR 5 455 0 S 56 &5 SRSt L L3 2,550 P Ve 1 Vg BB 1 K (E VG ] [2,12], 5% Gap F1 IGP % # 4 [1,11].
SCRR[281EE BB TE Ko < NN MR A SR K08 5 10 /N 2513 BUAR K Ko (8L, IRITTT 7 T DA R 46— (3
F FCM/k-means 5.3 ¥ 58 45 SL25 B B2 M1 i e PO (R 5% ) KR4 Greedly 32 AR TI J5U2, 328 1 ANHIHA R H 0 2
BEATLIZE 6 1, A5 15 & AT 2 2 B 4R b AR AN o 1) 45 A Gap - stattistic A5 1R AL 2% 43 A Bl (AN 2 12 45 44 Al
IGP 8 HI I BEATL B I RE 2 5 — N3R5 2 B T e ATIAE 2 TS 36 v e e 0 S R AN 45 SR AE Dy R L,

COPS il ff) Q(C)FR b A3 T H AR K SR, e A da Bdls 4 J LA 45 44 T 5 1) J2 R R AR R A ik &l

g, R AT S 10 45 R FAT R PR R

Q Q Q
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Fig.6 Experimental results of COPS on the datasets

K6 COPS 1 6 M ¥dlidk i sLi 45 R

Table 2 The optimal number of clusters yielded by different methods
&2 AFTTEAR R R AL

DB Truenum erof clusters COPS Ve Vus Gap statistic IGP
DS1 3 3 3 3 3 3
DS2 3 3 2 3 4 3
DS3 11 11 2 11 2 3
DS4 2 2 2 5 4 2
DS5 6 6 4 5 5 6
DS6 6 6 2 4 3 9

N 2 T L Y0 T 34N 5 W S5 20 5 1) iy SR B a4 DS J5 i 545 8 T 15 1 1 e MG S8 2588 3.5 T+ DS2,
H A COPS Vi Fil IGP 15 3 IFAff 1) 45 53X E— 58 B BE LIOIE T Vi 1 IGP REWS 1F 1 b 2 ¥ 5 % (¥ 8 ) SR T
DS6 |-, L COPS 75 3 I 1) 45 3. 75 B8 t i1 2 ,FCM/k-means 53076 % B k=6 I 7] LX) DS6 ) 6 Mgt 4T
ERUT (R X 43 B 4 Folotst B J7 2548 A 6 TE A L 557, 100 10 3K 6 7 92 VR S Al o7 TR A7 D7 T A7 A8 BB Gap stattistic 1
BEAL A B 2 3 A B A Ry ) Lo LA BR R A AR BRI KB, 7E 2 IR SR 5 FoA T A 459 21 58 4 1) &5 1L 5
Fr_L, Bk DS1 #1Gap statistic #BiR [HI45 R A H X2 T Gap statistic F & F AL #% [ W B 45 25 10 2045
HP % 2 WoR 1IGP HATRAF I B8 (R 7E DS3 il DS6 175 F1 41554 11 45 1 .DS3 A 258U /> (n=528), &1 HL A7
G (R4 3 (d=10) F182 2 1R 7% (K '=11),4> 1GP 41X in-group 55 (O T 7% A IO EEAN B8 5, v 4208 B Rl 1 05,
b ] — A5 P9 1 LA ) R 34
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3.3 BHEMENIN

COPS 5 HiAth 77 v (1935 47 I [A) % bk WL 3% 3.0 T DS1 i DS2 43 W) A5 30 ANF0 150 ANSid & AN it &
I i) f 22 S A /N (B /N T+ 0.5s), 36 3 g J: DS1 M1 DS2 (K] be 4. 2% 3 W7, COPS KR & # ve 1 1 o B ¥n 4 i
FEBRAEL I SRR M RE R T AE K 33 4 1 (DS5 F1 DSB) It 4 W .45 & — AN k {H I, Gap statistic Al IGP 7
BPAT RUEVE S H) IR R BT FRA T, 2 BT T ERRAL T Ve M Vi IGP 45 FH 1) in-group F8 45 153 & 7T
PLAR A LAt 3 b 5 v B8 S MEAf 1 45 R (BF 3.2 7)), fH &0 LLTE 22 (49 1 1) 1 RE g AR AR BE in-group e X5 4R
FRAE I 55 AR 4R A5 B Bl o5 I e AT s IR A L2 B T R — MR

Table 3 Comparison of execution time
#= 3 EBAITHIEX L

Execution time (s) of different methods

DB Size() —Z8PS Ve Vi Gapstatistic  I1GP
DS3 528 03 23 25 28 38
DS4 699 03 28 33 4.0 4.0
DS5 4000 14 126 115 105 31.9
DS6 8000 37 133 144 21.9 97.8

COPS [P RE SRR T e A Tr ik F A5 AR S5 IR AR A X T3 .COPS 38 o 3141 3 4 4R 3R A5 Kdl SR (N 48
VI G 51 2 Bl ) B £ 3 2 rh DR b v SR o3 5 i i D00 ) 20 X I 8 SRS T FL At T v A R H
B2 U S AT B AL It SR 2R 45 SR LA B 5 SR I BAT B SVE AR B (R R DI

4 INERTIEAME

AR SCHR R TR B AR I TR B COPS, A T A3 K2 . B 2% B AR (M e AR SR 54 H .COPS &5
i ) trial-and-error Y7 E IR R 2 ARTE T E AN 75 22 2 IS AT 18 B SR 28 5025, T 2 1 S0 A AR th i 2R 2
JiEEE R Q(C),7E AN EERA KA IR hifi e 15 Q(C)ik B/ IMA R B R A m LRI 7, 7 2 T
MDL B A% JEUE Al 1 g A O 2R 2 85 A e b A5 R o0 A 5T Q(C)E 34 388 i3 Mgt 47, (5 159 S V2 AR 6 00 AT 3 H R
AT S 1 A A ) I T) 2 2% B QUC) = Tt 4 1) U AR &6 4 a7 T B ) 2R 2R S0 70 L S A FH 5 e i
1) S 36 &5 SR W, B T LA AR A 1 AT M 7 L TS IR A 2% TR A T 5 A DR v 55045 381 1 A 1) e A TR S
HILPEREOL T4 1 10 1GP 5 ik, KR FE 4R T T Bk R FRA Tl i @ P12 TEBA T COPS (1935 3 k.

VLSBT HITE R B, ) B 7T e 4 0 v 85 66 R 7 2R S e RV S 30 25 SR (PR T R i R 1 1) 36
Al 0.001~0.1 K} COPS 75 Ml H 4 4 L #BmT LLAS 2 1Eff 1 RS E B AR 5341 o vl 55 45 2R 140 58 Wl R 5 4]
Tl 1 Y AR 2 0 L) XA R AT — 2P TAE R AL

Buft et FRATEG A SCR A I E VRIS A B A4 RN
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