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Abstract: The efficiency of data mining algorithms is strongly needed with data becoming larger and larger.
Density-Based clustering analysis is one kind of clustering analysis methods that can discover clusters with
arbitrary shape and is insensitive to noise data. In this paper, a new kind of clustering algorithm that is called CURD
(clustering using references and density) is presented. The creativity of CURD is capturing the shape and extent of a
cluster by references, and then analyzes the data based on the references. CURD keeps the ability of density based
clustering method’s good features, and it can reach high efficiency because of its linear time complexity, so it can be
used in mining very large databases. Both theory analysis and experimental results confirm that CURD can discover
clusters with arbitrary shape and is insensitive to noise data. In the meanwhile, its executing efficiency is much
higher than traditional DBSCAN algorithm based on R*-tree.
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CURE &%l A n E 12 R L, B e NI s B — DRI ARG S RIS 28, H B R
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JEARI RS, K CURE KA T 3 1 0 12, B A 1 5 4 B R om — AR N & T SR AT BB
FEM e J1.CURE SUVERII T S 2210 O(n-n) (IR AEEH) TN O(n-n-logn) (= 4 i), 5705 7 b PR S 5 4 1) o4
TIETHRE. RIS AR
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R TS B T IR I g s — AN R 1l L AT — MO X ST 2 . DBSCAN  £73%: AT US4 T =
TR 1) 20 288 6 B i N U AN R sk o B A AR B S B0 (W 20 I B8 0 A SR I I RV B 28PN O(nen); 8
2R 51 a1 R*-B ) SCRE T HE NN O(n-logn). 75 224 (1) 72, DBSCAN 532 3 A 2% S8 4 37 2% 5| (1 8] [R), 7 4 37
%5 [ T B RO R ().
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L1 # &

EX V(EHEE). AP AER S p IS Radius, LA p 540,242 Radius 1R X380 1) 31094 Bobx
K5 p JETHE B Radius 1% % (density),1ICAF Density(p,Radius).

EX 2B%E). WAL S py 525 Radius A ¢, 01 R /2 Density(p,Radius)>=t,FK p 5% 5,
(reference), [\l M AR ¢ 24 % FE 18 {E (density threshold).

23 B AN 2 ST B i N BB v T T R UL R EORR h fBAR A

EX 3REREXE). FNMSH SRR T LOZ AR R84 Radius B X, ALK A S 5
11482 X 18 (representing region).

EX 4(BESE R). 4 EEE Radius FIEME , WK S 7% 5 p,q WL Dist(p,q)<=2-Radius,H! p Fl g Z ][]
FEES/NTBUAET 2 %5 T Radius, UFK p,q 948%:27% ri(neighboring references).

LB b RN 2 AR XA D) A AL B A (B0 B B /N T B TR 2 ), 43X AN 5% 1

1.2 CURDE:%

LEARS A IRATE PR A 44 CURD S35, Sk 4 AAME LR 4n B 1 Fr7n .CURD S35 1 2 53k 7T DAl S ol i
NEHE 2 10] JUTRRAE 1 2 2% 5, 68 1L 5 2% 1 5 AR R XS 0T BT AR JE 6 525 AT 9 2 0 — K%
FAE T — NREMEARE BJE T —2K 0S5 f R XA 1 s A I AR T — MR 2R

Mapping points to
corresponding references

JL

Classifying the references

Data T Finding references

Clustering <\: Mapping points to corresponding
result

Fig.1 CURD algorithm
K1 CURD %k

121 Hdln gty

BT 2% SNETE BN E RN BSH SNBSS . FAS% B 4 B0 ERS% RN X Bir X,
MY AABR Y, 22 RARGR XS N B I A i (0 X ARAR 2 0 X R Y AR 2 R Y2 2% i (A8 T (2 25 U ARR XA
RIREON; S % SRR KN I SRS P
122 F#ESH N

X2 TR WL 1 D SRR S P iR 2 00 K AN AR R B A AR s 2 2% R e
JEIL RN MR 2% RS R AR 22 fU 97 208 R & 187 R, DR B AT] 32 A R T R AR 1 S % S i R
(i 2 Fro). AE 2 FTRLE AR ik ik 2% i)l BE 2 bR B2 X Single_Scan i FE(WIE 3 i) Al
Regenerate_Candidate_References i 72 (1) [z 52 8 F, IR Fo AT 1K 15 56 I DA A 4.

Finding_Candidate_References (PointSet, dRadius, Iterate){
//Input: data set: PointSet, distance: dRadius, number of iterate times: Iterate
//Output: candidate reference set: CandidateReferenceSet

Begin

Step 1. CandidateReferenceSet=0,/=1

Step 2. While (I<Iterate) {

Step 3. Single_Scan (PointSet, dRadius, CandidateReferenceSet)
Step 4. Regenerate_Candidate_References (CandidateReferenceSet)
Step 5. [++}

Step 6. Single Scan (PointSet, dRadius, CandidateReferenceSet)
End

Fig.2 Finding Candidate References procedure
K] 2 Finding_Candidate References if 2
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XM Single_Scan R FEAS 2™ AUB I 1L S 2% mi 8, L B BEHRAE A 5 p IOAR B AR B IMA B IE 2 %
MR S p 5T EE S % W EE B KT Radius, W) A2 J— AN 8 (I 16 2 2% 215 DR 0 p IR AR AR A
RIMABIAE 5 1 p BN T55 T Radius FIRIES % 5,018 3 s,

Single_Scan (PointSet, dRadius, CandidateReferenceSet)

//Input: data set: PointSet, distance: dRadius, candidate reference set: CandidateReferenceSet

//Output: candidate reference set: CandidateReferenceSet

Begin

Step 1. I=1

Step 2. While (/<=PointSet.Size) {

Step 3. For each point P;:
Adding P;’s information to every candidate reference R, whose distance with p is equal to
or less than the distance dRadius: R X~R.X;+P;. X, R.Y~=R.Y+P.Y, R N~R.Ns+1
If the distances between P; and all candidate references are larger than the distance
dRadius, a new candidate reference R is generated: R.X,=P.X, R.Y,=P.Y, RX~=P;.X,
R.Y=P..Y, RN~1, which is added to CandidateReferenceSet

Step 4. [++}

End

Fig.3 Single Scan procedure
3 Single Scan & FE

I Regenerate_Candidate References 2 BT (L S 2% ri W 053k 525 AR DX I P 19 501 0P g o
[R5k 2% i AE Single_Scan MR & ORAF TRIE S % AR RN T sl X AR AL, Y ARBRATEL R 2
xR T IR AR S % S RABIRILES % S R LT R X,=RX/RN.R.Y,=R.Y/RN,R' X=0,
R'.Y,=0,R".N,=0.

AR IE S5 A FR T 2 £ R Single_Scan i 2 Fll Regenerate_Candidate_References i #2, 45 01 H
HIS o) T 7 AR T B M 2 i N B 2 1)U AIE TR 1k 23 2% RO FE, 2 0 — R A AR AL 45 7 AR 11 %
1627 K5 nT LURELIG 1 S5 I i N 5 4 1) 25 8] JUART R AR R 5 T A5 25 2% 5 0 3 B /N T B ¢ MRk &
7 U IR, TR bR AR R B 1K L 2 2 O R L X PR AT B0 27 r AR e T LAV A S e N B
)% (8] JUART A
123 LS i 500 N A (1 A

FEHE 1. 75 CURD 53, i p HAKR SN 22 s 2 IR L WS AN 2 0 SRS 1R 46 A 7= A s e, Uil /2 5 p
5%2% R IR A/ DT 45T Radius.

IS5 5 Ry Ry 505 p MR #/NT 96T Radius, = ATEAKE AT E — A il KT H A&

) TR RN ) B 2 B 1R 3 A SO NP1 B e T PR = A T g R AT R . 24 55 p, Ry R R, 11 [F)
— BRI Ry Z B HIBE B 25T 2 151 Radius,R, B Ry /E48 12 2% 1 .CURD HyLT 482 2% i Jd 1A — 4
FRMFEARME B, p LI H S 5 R G2 Ry JE WSS, i p IR )8 TR — /N e B 1 4300F. O

Mapping_References_and_Points i 72 i 1.2 % i 5 HACK X380 4 i AN H00 8 i o) W 06 RGBT
mop ¥ 5 22% m bR B R K 2% fUR LU LU S B e B 1 AT A p RAR S TEA 2% g2 [h] 4
MRS EBRME R EFW, NEN p 5% H A WEE DT ST Radius. B I, 7
Mapping_References_and_Points I F&# W, 5 p T #5522 s8R v (W 5 2% fSdEAT LA 0 SR P 38 Z IR) (R BE 85 /N T
85T Radius, WIAE 1227 ORI p Z (AR ST AR SR (0 A0 B AT DASR o 005 R 803, ) 4 oms.
124 W55 ki

TE45 € BE B Radius FBE ¢ 77 E NS % REP WRNAZ2% 5 R H Ry MERE /N T2T 2 510 Radius,
W Ry ARy AEBHESH m X FETRAT A0 T LA TG 1) W SR AR A2 i i) 2 2% s 8 I I T s it 2 2% AR S % i
[ — 453,40 T il — /NI 1 v 5 2% A — 2 R R ) B S 48 28 S0 (BFS) 3t 1T LA K Ak T[] — 3%
T PRI O 4R R ke, R FRATT 0 2 2% sl AT 23 S IK I AR P T 4t o DA 3R Ak T R — AN 2Brh i 2 % A
BT AN TSR AT B AT DATHEAf) M 2 75 12 58 2R 1) 2 ) JL AT RFALE.
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Mapping_References_and_Points (PointSet, ReferenceSet, ¢, dRadius)

//nput: data set: PointSet, reference set: ReferenceSet, density threshold: ¢, distance: dRadius

//Output: reference set: ReferenceSet

Begin

Step 1. Each reference, R.P~=J, I=1

Step 2. While (/<=PointSet.Size) {

Step 3. For each point P;:
If the distance between P; and some reference R is equal to or less than dRadius,
R.P=R.PyU{P;}.
Otherwise, the distances between P; and all the references are larger than dRadius, P;
is considered as noise and is discarded.

Step 4. I++}

End

Fig.4 Mapping References_and Points procedure
4 Mapping_References_and_Points i 72
1.2.5  HE7 IR 5 00 N B i) st

H1 T2 2% s 2 10 B QL T WU A2 225 b AT 0 R FE I RN Sk e B C i 1 RS 2%
R AN J T R — A 23 28 1 2 2% n AR X s g AR i N 508l ) e Al A SR, DR B SR AN s 2 )
FT R S5 A 1 B
1.2.6  SEIIN S S A= 017

AVECE B B N AL iRk 2 2% r R RE b ik 228 B H B KA KRR IRECA 1,57 R
B H o MR N C.

2% % Jni8,Single Scan XL FE I 0] 2 2% 43 O(K-N),Regenerate_Candidate References it B2 (1] I [B] &2 24V 4
O(K),PF M - #0458 16 2 2% i I FR (W B IR) 52 2% 620 O(1-K-N+(I-1)-K), 0] g 366 2 25 i (W i 6 3 8 T LTE O(K) A
TE L IXFE A 4Kk 22 SR R R A N R) B2 24 1 A O K-N+(I-1)-K)+O(K). FEA™ £10] LAE O(M) IR ] P F 216 B
(K127 1, TR ST 2 2% 5 000 1 5040 PR ISR (R IR 8] S22 Pl O(M-N) SR B ) BEAR S Sk 0 2 2% AT oy
RIS 1) 52 28 M 0 O(M-M). ZE S FIEIE 2 1) (RS A 52 B _L A1 222 s b AT 20 R it D e 57 7 AN L 10 45 A
o LLE H,CURD S E I 1) B 22k O(-K-N+(I-1)-K)+O(K)+O(M-N)y+O(M-M), 18 & K, I, M<<N, A
I, CURD 5828 S92 1y I [ 52 2% Pk T LA ALY O(1-K -N+M-N), B A7 1 K-MEANS S A1 1] () 2 I [1] 52 2 1 55
FHIPATBE R .

BT FIE HIE N B MR 28 O(N)+O(K)+0(C).

2 BIRRIMEESAR

AT A E A &K 2 CURE 5Lk (1)
data set 1(DS1). DBSCAN 7% [f] database
3(DS2)H1% H Dr. Jorg Sander $2#L{) DBSCAN
2517 DBSCAN H database 2 2 i i B 45 4
(DS3), F i 54 5 A 100000,203,306(U1E 5 fr
7). FATT 52 B i A AR BR85S 2 IBM Netfinity

(b) DS2 (c) DS3
5500: 1~ X86 Family 6 Model 10 Stepping 1 Fig.5 Data sets
Genuinelntel~700Mhz fj CPU. E47 J 512M. CIRICLES

THAL A 20G: KA S 2 45 /E 2454 Microsoft Windows 2000 Server, 5575 % FH Java 45 .
2.1 BEYRBILER

CURD £ 3 Radius M ¢ 55 DBSCAN L3 18) Eps FI MinPts 4545 AL 45 55, 4 DBSCAN Si 4l
JE— MR B A SR R, IR M $R %579 5 CURD SvEAF ./ 64 & 7 73 52 DBSCAN 47351 CURD
S BE S DS1,DS2 F1 DS3 (U455 & 8. 1K 9 /& CURD Sk R ILEIE S % NS 5.
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(a) DS1 (b) DS2 (c) DS3
Fig.6 Clustering results of DBSCAN
Kl 6 DBSCAN HyEZHLR

&
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(a) Radius=0.5, =60 (b) Radius=2, t=2 (¢) Radius=2, t=2
Fig.7 Clustering results of CURD
Kl 7 CURD HikZRAK4,

.;&%

St
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(a) DS1 (b) DS2 (c) DS3
Fig.8 Candidate references

K8 fkiks%

(a) DS1 (b) DS2 (c) DS3
Fig.9 References
Ko %M

] LA HH,CURD 035 0] LAAR G iy Ak AT G2 R 1 500 402, TR0 Bk A e 1t B Wiz 17 S 5 5 1) S L LE B 16T 6
FE 7 0] UK IL,CURD 5092 DBSCAN ByE R 45 AR Bl B 8 v LUF H ik 225 s AR B Rt
T NBR IR LR 7 )RR (EL 2 A7) 3R 52 30 2 B0 1 5 i AL 9 mp DU 28 T A 1B 2 2% A i ok i i 75
FIF 22 pa A S B T 5 B0 1) 23 18] J L AT dREAIE.

2.2 MIABHBNEE

CURD #3514 3 N T BB HCME Radius. BB IEBIE ¢ G IIREL Iterate ZH0E 2 5 W SLVE I SR 2K &5
FPAT 0%

LE S R FAT R DL, 10 R B B Radius, %5 5 MY t 5 DBSCAN 535 (135 Eps,MinPts HUEAH 7], I 5 AN 5595
Zepa 2R 45 5L 7 DBSCAN S35t B30 Eps,MinPts HEC{E 38 % ¥ LA 58 (H L 7E CURD 423k BH 5
Radius FV% FE B ¢ (03E T UGBS 285 2 Radius 75 E12%5 FE I 2 BN J00R 10 25 18], BE B8 Radius /), 2R 200
g AT H R 225 5 0 H gl 2 B0E I AT BRI S R AR BT SR 50 I8 R I Y Radius HUREAN B4
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DBSCAN #i%, Fl il CURD B2 — iR JE 8 @ i 2R 281 Fig.10 Performance comparison
L AN, 1T 3T R*-F ) DBSCAN Hk i B v & 5], M 10 MEfReLiR
SR G I T A AR R i SR AT SR 5 | 1IN ) 2% ik 25, 0] CURD $i44 25 KR T- DBSCAN $3:.

3 4t it

FEA SR FATHR T — Bl 2 25 fOR A B 23 (0] J UL RF AR ) 5 325, R 38 i T — Pk - 52 R &
(KPR 5Tk CURD,CURD SHIE R KR T T3 82 (¥ SR SR 0 ) DU A BT R TR 1) SR SN0 1 8 B s AN
PR IREF T K-MEANS S35 () i A, BAT B e VR 1R I 18] 52 2% 385 5 0 KR 504 16 422 3. AT D PO 2L v
I WAL 45 AR W] T R S i
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el FATE — 2D B AR ZNAK CURD SEEAE 4B D01 A9 VE BE. AR A SCHO S5 3R 21 10 2 25 i m] LLHER 3t S
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Biff  IBM {5 SRR Bt OR 4IRS 5« ORTE A BRI A RS S8 s T T ARK#HE ), DBSCAN
HVEMIE# 2 — Dr.Jorg Sander Je A 42 4L T DBSCAN F& /7 FIAH B )47 &L, 75 1 — - 3R 7 sk i
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