BHSRE

Control and Decision

ETZipfoMn i PAR % FE(E R R E vk
HHEIR, B, ML, 5Kkis K

FIHIARSL:
T BB W WL SR . T Zip oA 14 o A% 6 B RIS I, Pl 5 PR3, 2024, 39(2): 577-587.

TEZRIR]IE View online: https://doi.org/10.13195/j kzyjc.2022.0365

BT BRSO HAB S EE

Articles you may be interested in

BETHH AT E Y P W (R R S
Density peaks clustering based on mutual neighbor degree

PR 5P, 2021, 36(3): 543552 https://doi.org/10.13195/j.kzyjc.2019.0795

HE TR S B eI R SRS L A A K -means RSHIE
Improved K—means clustering algorithm for selecting initial clustering centers based on dissimilarity measure

P 53, 2021, 36(12): 3083-3090  https://doi.org/10.13195/j.kzyjc.2020.0554
BT RKTELHAFFVER B 1E 25 A RAFEETE AR b (4 ]

Toward intrusion detection via cluster structure—based adaptive synthetic sampling approach

P 5P, 2021, 36(8): 1920-1928  https://doi.org/10.13195/j.kzyjc.2019.1672

FETHALDBSCANZR I 1 1 it [54 FE] Foi4ck 2
Wafer map preprocessing based on optimized DBSCAN clustering algorithm
P 53R, 2021, 36(11): 2713-2721  hitps://doi.org/10.13195/j.kzyjc.2020.0738

— TR X AR 1R ) SRS
A novel clustering algorithm based on relative density and decision graph

PRl 5P 2018, 33(11): 1921-1930  https:/doi.ore/10.13195/).kzyjc.2017.0822


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2022.0365
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0795
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0554
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.1672
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0738
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2017.0822

393 52 W % 5 2 K Vol.39 No.2
20244 2 H Control  and  Decision Feb. 2024

ET Zipf o R M8 2 EISERKE X

LR, w 4L A W, KRBT
(I FROMZ K% (58 R0, Fa 210023; 2. FEACHBHIK S EEIbe . A LRRES0, RIRt 210023)

W OE IR R U TR S O 2 R W TR S B T AR R TR SR A S L, ST O A 01 B AL AL
SR, A BT 52 S 1 T TV KU, T T 3 — 25 X 4 5 5 A P, o 0 B
(B KR 2 5 SR 5 TR P2 A O MR v« PR e TS . 25 £ LA TR 5 5 728 i O M6 5 FE 43 A
UK Zipf 4 A R £, 3t — PR T Zipf 4040 1 I b 5 R U6 (8 SRS B0 R 2 T A% I A 1 9
549 Zipf 43 A1, KA IS 1) Zipf 43 7 L B2 v 0 R RIURR R0 2 P e SR X R 2 o X R AT FE W1
SR, P 308 LB T T H e 0 R 0K . 1 150, U 0 0 2 3 5 8 e X A 2 B b
HE, B A PO A R ORE FE. \ T A AR UCT S A 1 S0 45 S W1, U Hh B ot o, %
FAE KO 1 B LA T SR 5, B 7 AT S S 3 0 e ARG A ) 52
S WA WEIEE, PR Zipf i WA "
FE 5 %S TPIS CHRFRRRD: A

s s s _. Lglh
DOI: 10.13195/j.kzyjc.2022.0365 FFAE (EIRBRS) #RIRAD (OSID): ™ B

SIAE: DR, 51, M, 5. JET Zipf 70 A5 (ks T LA R A [1]. 15 5 1R 3R, 2024, 39(2): 577-587.

Grid density peak clustering algorithm based on Zipf distribution

MA Fu-min*t, GONG Ting', YANG Fan', ZHANG Teng-fei®

(1. College of Information Engineering, Nanjing University of Finance and Economics, Nanjing 210023, China;
2. College of Automation & College of Artificial Intelligence, Nanjing University of Posts and Telecommunications,
Nanjing 210023, China)

Abstract: Grid density peak clustering, taking advantage of the strong ability that the density peak clustering algorithm
can identify arbitrary shape clusters, greatly reduces the computational cost by gridding the data set. It has become a
popular clustering method nowadays. However, for large-scale data, how to further distinguish the dense and sparse grids
and reduce the number of non-empty grids involved in the calculation of the grid density peak clustering is the key to
solve the ”grid disaster”. In view of the probability density distribution with grid density as variable shows a Zipf-like
distribution, a grid density peak clustering algorithm based on Zipf distribution is proposed. Firstly, the density of all
non-empty grids is calculated and mapped to Zipf distribution, so the dense center grids and sparse edge grids are filtered
according to the Zipf distribution. And then, only the dense center grids are clustered with peak density, and the calculation
of Euclidean distance is reduced while the cluster centers are determined heuristically, which reduces the complexity of
the algorithm. Finally, the sparse edge grids are processed to further optimize the cluster boundary and improve the
clustering accuracy. Experimental results on the synthetic datasets and UCI datasets show that the proposed algorithm
has obvious advantages for the clustering of large-scale and cross-cluster data, and can reduce the time complexity while
ensuring the clustering accuracy.

Keywords: clustering; density peaks; grid; Zipf distribution; density threshold
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252 BVERHA S REST

7 5O B B S AN ECAn, B R d, Ry S
[ 3B 25 R & R m, H G RS B89 w, T 2 i 4 33
AT WA Kl 23 I B 3T XA SRR AIE ) 2 I VR B AR E N
O(nd). VI 5% FE AR 0 18 H o0 A% IS, 68 Hhts I
M b AT % BEVEAE SR Ay AR 40 B ST S AR O
& AE OGS PR IR (] 52 24 BE O (w?), I U H R
Ja, B AE RIS O I O RS BEAT IF S R I [8) B2 44 B
O (w?); 1% MK 1 VA S Ab B 75 48 2 P G 1L 2
& 20 WA, LI ) B 4% B2 O (2d(m — w)). TR,
ZGDPC B BRI [ B - N

T = O(nd) + 2 x O(w?) + O(2d(m — w)).  (16)
FHRFTT &, DPC S92 [ I 1) 3 46 32 S H] b B B
(T B, FLB [R) 52 44 2R O (n?); SDPC By it g 7

S b, BAR YR d,
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“RRE” R AL DO S B AR B R ER B AR R,
IR TE] S AL E A O ((n — ma)?) (Ferom 9 “Higie ™ M08
RN, ny < n); GDPC L B 5 AT A WA (8]
R D R, N IR) 2 2% B2 9 O(m?). 2 n 2 % K,
w<m<Kn—n; <nH2dm—w) < n? LI
O(nd) + 2 x O(w?) + O(2d(m — w)) < O(m?) <
O((n —n1)?) < O(n?). AT W, BT s it i) ZGDPC 5.2
SR RV 44 /T GDPC vk, Haize /T DPC 5.k
A SDPC 532

3 SERRERSM

S BRI B 1) SRS R, B AR SO VR AE N AR
U0 H 4 45 A UCT $dis 45 k47 R, I 55 % 5 g
RBEEDIDPC) F: T WS 075 4 1 25 5 U SR S
IEUTN(SDPC). FET- W Kl 43 10 2% i e i 5 2R By o)
(GDPC) 7£ 3 2K K B A & &% b 3k 47 XF b 4 #r.
T4 S 7E Intel (R) Core (TM)i7 AL FE 2% . 8 G N £%-
Windows 10 #:4E 555 #1 Matlab 2018b F IR R 34T
31 AITHUBESE S
3.1 HBBiTER AT

EH T IR Kl 73 4 B DR A7 100 2 s o3 A B 35 2
HAEZS WK B 22 (40 Birch 1120V 50408 45 19 40 A5 15 100,
A 2H 5256 ) FH B ATL 3% 46 oR £ A Birch 1 £i4s 4 A Bl Bl
R T AR B A 4N THERAETL T R
DPC. SDPC. GDPC LA & ZGDPC HiE BT830 N
B R 4 SIE (F) RT B, DA SRS I TE RS &Il 4 244
A= 1. KFEHK = 10W %1 F 247, DPC. SDPC
I GDPC %5 d. N2 %. A FhHIELE 2k ~ 30k %L
PEFBL T (32 AT (A a6 1 AR,

R1 TRIMEALBIRE IRVIEITRIEIELER  #fl:s

HHE R DPC SDPC GDPC ZGDPC
2000 4.097 0.594 0.228 0.242
4000 31.863 1.418 0.514 0.317
6000 105.584 2.505 0.815 0.443
8000 249.478 4.528 1.180 0.580
10000 493.564 6.379 1.770 0.737
20000 Tkt 198.337 6.625 1.023

30000 Tkt

Kl 4 B UL 25 T 4 B A5 1) 38 47 I8 (8] X B
gL B 1 A E 4(a) BT, BOHE MU E 10k LR R,
SDPC. GDPC VL } ZGDPC % i [ iz 47 I 8] % 4,
DPC B I Ia AT I [A] 245 808 BTt 4 0 M 2

T 214.536 1.754

15 20 k 130 k i, DPC A1 SDPC 323 AH 4k 41 7% N 17
H G T GDPC Fl ZGDPC 8035 U A 52 821 |56
5 B LI 1 OK, X k% £ B 1 22, DPC. - SDPC Al
GDPC 5.3k 13 47 I [P b T, i i t ZGDPC
SRV A At 3 o B2 %) TR T L R SR kK
4(b) VE4HHL £ 7R T SDPC. GDPC LA J2 ZGDPC i3
(RIS [ 38 K3 %, T UG HY, SDPC 5092 bl 5 s & 11
WD, Bk B as AT I (] S48 H Y 3G K T AR S
I [ 3 K R 5 5 B 2kt o R, HAR T GDPC 5
.

600 -
r —
L " —— 7GDPC
100 - T AeD
» -~ a- SDPC
% ......... GDPC
ﬁ - a---

HiEE/10°
(a) HIKBATIN [ EL
—— ZGDPC S

~ L2} -4 sppc L
X | e GDPC L
k=) K
ﬁ_ A.;"’”;Ax
A\ o A
0.4} -

e/ 10°
(b) H R AR
B4 AREEZESITHEXTEE

3.1.2 HRHERHRST

AT SIS A Y 4 H A AR 73 A R AR BN LK
I T, A3 2H B9 2 1 6 25 2 000 /S Bl o5, R 35 3
AR . H P GaussData B0 4E 77 & = W 40 A,
H AR RN 228 X H FFER/NA S5, TData HH £
3ANEHESBIN L 24 30T A0 Bl £, B
P 5k vy, 2500 4 HH B BB 12 ; ChiData 24 4675 &
R J7 oA, WA 1 H R B RSN, A% Sy O B i B
{2; UnifData #0408 F6 65 3 M5 G 823 &) 40 A 4L
5 AR S 40 N S RN 55, 3 AN R B AR
R A 58 X

4 AN ) 3 A N LA 2R a0 18 5 B, SR
I 4k 2H 40 4 AN [R] S R B 70 ) R AN TR
Foow, Kol 5 fR A NS %K. DPC. SDPC. GDPC
1 ZGDPC DY FP S VETE 4 ZHAS R o A7 H s 4 i R 2K
BN L 6 ~ B9 DL K 3R 2 .
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+

(b) TData (c) ChiData (d) UnifData
Es5 TRSHALBEENS

(d) ZGDPC

(a) DPC (b) SDPC (c) GDPC
&7 TData#iE&E FFRRIEAEIHR

(a) DPC (b) SDPC (c) GDPC
E 8 ChiData#i#EE L ARIEERLYR

o lepasmesitens e, . L e gt
L EAR RO L Y o X
R AR _ R
. s £ a:‘%-.- TR ‘%: N A

(a) DPC (b) SDPC (¢) GDPC (d) ZGDPC
B9 UnifData 175 EAEREARIHR

T2 TESHATIHIBEN FRELBRLERELE i B2k 45 nl LA S, DPC vk B8 45 1 b i 3R
. BRI AT T T4 58 28, (H 2 R A a8 SCIX 38 1) B 90 o 3 R
DPC SDPC GDPC  ZGDPC 1o B AN () I AE ] PO RH X B 28 B B, B T i A1

GaussData 0.9860 0.9750 09165 0.990 0 B2 B AR I D A R, B0 2 SRR R
s omas osms  osion  0om0o V1A ] — A, 1P 6(a) oK R S, 1

UnifData 09800 09695 09800  0.9945 I 4y I 7 5 SDPC &35 75 DPC 803 (i 35l |-, S ik
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LA R 5. AT Zipf oA 69 A 5 B R X H ok 585

THEAGHAE 555 A RO I RR IR IE 55, i 2%
Kl 25U 5 LR B R 1 TR R L TR 2R AR, 4
EN YAV SSE TN E DRSNS Pk A€/ K
WRIAA /NS, G0 6(b) HH 2R AR 1IN ZR I f b At R 1
NI 2 FIZEHE 3, 8] 9(b) Hr A 275 1 RIS 7% 2 rh AR
FEE RO A SR 2 T GDPC B0 25 IS T4 75 )
BT P 25 S5 A 7, SRR G A
H IR EH R T R, i 6(c) FIE 8(c) H 3 RAE
H0 o B 55 ER T BT AR XA 25 P AT, o U R M s
FEOE#Z TR A ST H I ZGDPC Hif i 4
DA U1 g FL 408 J R BT 7E 2875, 0 A AE SR 4311
WA s o P Bl AR — AT AR B, BB A R X 3

TData %4 45 b, DR 85500 S £ 48 5520 A7 B i L1 2%
R B2 A DR A 028 , 2 A 6 120 5 P A A U1 g e 7
A

254k E, ZGDPC HALTEAS [F) 4y A (LB 4 1
BIA 0 R 3 R, % SV A B AR R g
R T I SR A8, 2 U DL R BEE IE #f kb
X 73 M 7 pki, 79 380 A I R 28 4 RN s T R 5K
JE, ATE D U 0 K 5 40 J T s I 5 A Sk ¢ 3 1Y)
5 5 D e U SR g 75 R A, R 2R FEE ARG T A 3 o
. XTH 2R, SDPC S To ik AR il gk 75 a0, B i 1k
BHIK; DPC FI GDPC 5592 52 11 25 WA 3 i S i i
[T A %o P 58 S A K, A T V2% AE A X e 7 i A

L 1 2 BB S B2 A BRI SRR UE I R, AU AE

®3 BHIEERFERSMBLEEAE UCIHIESR LRIIEREXTEL

EAE/TES CiT A 7344 R accuracy NMI time/s
ZGDPC 0.9533 0.8572 0.123
DPC 0.9067 0.8057 0.387
Iris 150 4 3 SDPC 0.9133 0.8138 0.080
GDPC 0.8533 0.7277 0.115
OP-DBSCAN 0.6800 0.4222 0.157
ZGDPC 0.9143 0.7381 0.199
DPC 0.8857 0.6982 0.370
Seeds 210 7 3 SDPC 0.8952 0.6742 0.085
GDPC 0.8190 0.5785 0.120
OP-DBSCAN 0.5952 0.5136 0.145
ZGDPC 0.7580 0.3574 0.458
DPC 0.7413 0.346 4 1.618
Banknote 1372 4 2 SDPC 0.7405 0.3405 0.578
GDPC 0.7070 0.3032 0.388
OP-DBSCAN 0.4133 0.5304 0.317
ZGDPC 0.826 4 0.3444 1.220
DPC 0.7970 0.3628 6.679
Waveform 5000 21 3 SDPC 0.7972 0.3658 3.165
GDPC 0.6290 0.2856 1314
OP-DBSCAN 0.6420 0.0310 1.699
ZGDPC 0.6227 0.6251 0.500
DPC P/ ReR A Tt Tkt
Pen Digits 10992 16 10 SDPC 0.4602 0.6558 55.944
GDPC 0.2959 0.3286 1.663
OP-DBSCAN 03313 0.3733 19.700
ZGDPC 0.5569 0.1869 0.160
DPC Tkt R Tkt R Tt
Skin 51444 3 2 SDPC Tkt Tt Tt
GDPC 0.2929 0.1735 0.419
OP-DBSCAN T T T
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xR ¥39%

3.2 UCIHUBESI S

A ZH 250 R FH UCT 240 4 Hh 4 A s 3 1)
Iris+ Seeds. Banknote. Waveform. Pen Digits I Skin
IN A e YR HHE AR U0 I AR SRR I SR R M e,
Waveform £l Pen Digits /& 4 B 45 5 1 KB P 4. %24
PEAAE B S S P IR ERAE UCTE R 48 B M ekt
b w155 3 Bt (A8 T 06 Bl X6 1ok A Hidis S 3 it
AT 10 IRSE S, B 45 R 10 PS5 (1P 2 1H). % &
3| DPC FVEAIE H T R i 4R, AL 77 — 20 48 n %
T RO T B R B 4R P DBSCAN R EH
#£2U(a fast DBSCAN algorithm for big data based on
operational dataset, OP-DBSCAN) i 47 X} Lt 52 56 &
1073 25 7 5 AN [R] 55925 5 SR0KG 2 AN I8 47 I T8 1)
ELAATEL.

= 7GDPC DPC I SDPC
100} C_JOP-DBSCAN

80t
60t
40t
20t

accuracy/%

(a) IR LL ]

—— ZGDPC Vs
[ --e-- DPC /
| -a- SDPC

wn N 3

--------- GDPC
L —* OP-DBSCAN

t/'s

S = N W A

Iris Seeds Banklnote Wavleform
(b) BATHS AN L
E 10 UCIHESE EAREARNBLEIER

HH & 10(a) F15€ 3 7] 00, BT tH ZGDPC ik T
X ARSI R v (1) m0B — AT A 3, SRR T
FKim T HAh 4 R 5% DPC 53 F1 SDPC &k R Xt Bt
B R FUE— VA2, R R R 5 A S CRE
ZEANK; M GDPC By AT 0 % 33k AT A 2, 24 P4 4% )
IR B R R AR w0 A B M R N, 23 R
W /N3 B AR VA R e 7 e, 5 BRI PR A OP-
DBSCAN kA 48 % FE 3 m i D3R s i) 12 240
A R R A B, JF 45 1 %4 52 3E 4T DBSCAN 2§
8, 0 B 5 R BB, R U TE O 4R N R 2R
B UG, A s & ORI, DPC. SDPC & OP-
DBSCAN Sk AH SR 7 A A H T J6 ik 1 5, GDPC
M ZGDPC HiEMIA Sz 5200, H ZGDPC HiE R R
JE W 5 T GDPC 5.1

HH & 10(b) 7T 0, FEAIR4E N Edm 4R B, 5 R RV
1B 47 20 M 2 (E B 5 HE R ) 38 K, ZGDPC 5
15 GDPC 575 8] &AL T DPC 5.i%. SDPC &.i% K
OP-DBSCAN % 3. [K] GDPC 5 % %f W A% 33k 47 11 5,
ZGDPC FyFAN A0 W A% EAT T, 2 R 2 K
T LI, A s D TR A BB H IR R 2R
K % AIK; OP-DBSCAN %32 A F 45 4 45 45 OP A1l
TE E i 5 NE A RS B B8 = A) I gk b T AR
A0 JE (T AR S HE B ORI, OP X 48 5Lk i3
A7 8 B S A B /N, 3 AT B[R] 2RI T 7 DPC Sy A
SDPC HyE X G H s s 347 vF 5, B (8] 52 2% FE 4%
151, ZGDPC 5Ly AL BRIA S WA I, 75 B R — A
120 25 WX (1 408 Jaa I A, R O o 5 VW) 4 52 PR 38 m, 5%
PR NEAL T GDPC 5y, (HAE R IHE B LA A
BRI, LREE R E RIS AT ], ZGDPC Hi%
TE R I RIRAE R4 AR5 B .
4 & ®

Bt of 5 5 U A SRR RV TE R IE T KA 4
LRI, A SCHEH T —FPEE T Zipf 43 A 19 X 25 5
U R R B, I % R B N 2 5 % B R T
1) WA AR SR 4T 075, 51N Zipf 20 AT 58 i BRIAE 1 7 1 42
PRI 5 SR ek 2D 0N A s P U R A% v R K P R 1)
THE, B RUBEAR T BEAE KRR 5 T 1) B R) 52
Z4E. AN, TGRS AL B — D 4R v T SR v
B, N B S5 R UCT s 5 1 19 5256 40 B 36 4F
TR REAE O AR R A Pk
P AR SRR AR HEAT A% I I, U 28 I A R /N [ 45
HISENNIR & S IUAT 20 56 B, arqeT AR 4t S a4
AIE 1 38 S i 2 B A A R o 24 g — P A
1B R SRR 2 N — P L AR E AL
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