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Abstract: The density peak clustering (DPC) algorithm is a simple and effective clustering analysis algorithm. However, in real-world
practical applications, it is difficult for DPC to select the correct cluster centers for datasets with large differences of density among
clusters or multi-density peaks in clusters. Furthermore, the allocation method of points in DPC has a domino effect. To address these
issues, a density peak clustering algorithm based on the K-nearest neighbors (KNN) and the optimized allocation strategy was proposed.
First, the candidate cluster centers using the KNN, densities of points, and boundary points were determined. The path distance was

defined to reflect the similarity between the candidate cluster centers, based on which, the density factor and distance factor were
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proposed to quantify the possibility of candidate cluster centers as cluster centers, and then the cluster centers were determined. Second,
to improve the allocation precision of points, according to the shared nearest neighbors, high density nearest neighbor, density difference,
and distance between KNN, the similarity measures were constructed, and then some concepts of the neighborhood, similarity set, and
similarity domain were proposed to assist in the allocation of points. The initial clustering results were determined according to the
similarity domains and boundary points, and then the intermediate clustering results were achieved based on the cluster centers. Finally,
according to the intermediate clustering results and similarity set, the clusters were divided into multiple layers from the cluster centers to
the cluster boundaries, for which the allocation strategies of points were designed, respectively. To determine the allocation order of points
in the specific layer, the positive value was presented based on the similarity domain and positive domain. The point was allocated to the
dominant cluster in its positive domain. Thus, the final clustering results were obtained. The experimental results on 11 synthetic datasets
and 27 real datasets demonstrate that the proposed algorithm has sound clustering performance in metrics of the purity, F-measure,
accuracy, Rand index, adjusted Rand index, and normalized mutual information when compared with the state-of-the-art DPC algorithms.

Key words: density peak clustering; K-nearest neighbors (KNN); cluster center; positive value; allocation strategy
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REMER, e E SLARAR 28 JERIRR IR 32 2.
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TR, TR G AR I mi BT, R B AR R R A

IR FRERD). RS T R AR 2 D AR R, B e=0.5, W S th Rl e AR AR

©  EX S TR A X, WEILBMAE VR AR KA AE R R R, B VRy AT Xy, FF

VRp>e, BRSO, BN, 4 s,
@ 4 lab(x,) =label(dR)), H:, label(dR)) %7~ dR/ 1152800, A S HIMER . #5|S[>0, HELSBHQO;
T, S50 ST,

4 S'=S, Mk S FFTA A PRQ)-PITRG)S Bk s il FRL. F i Skt AR SRR ik S
TS i R, VRN R AR

BE L SIS e

A RIS Sy BURIZE M S 5

vt ass, rmn, mid, lab(X)#1 S'.

Step 1. While |S|>0 do

Step 2. THEL S T RO BUNRAE, B R R IR A S HRT IR s, R t D X

Step 3. If t>cthen % 1) 2 X BRI (1K) 32 525000, 4 lab(Xm)=l1. A S T MM X, 53T ass, rmn, mid

F lab(X)

Step 4. Else Break /*HIAFRALEE S el 1) i, B HH While IR */

Step 5. End If

Step 6. End While

Step 7. & S'=S, Mk S A A

Step 8. Return ass, rmn, mid, lab(X)f! S

(2) XFF ass PR AT X, A sW R EEFRABE LI A, IR S . 4 S=Sus!, B ST I S .
WS T SRR R 200 D AR A W, e=0.5. TR B 1 43D S R BEOCI AT SR 1, #f SR (e
S RIS R AR A (R ST, Tk, RSO TR

(3) XKUY, S AE SR A L. T ARG SR A B A A, B2 e=0, AR S b si4il 4 Il 5,
BESWILAMR . A S=S, WE S T HTH ARARRIE N 250 0 AR W, HEE 1408 S i ax.

(4) XFT ass AR & xi, ANy AR AR B0 AL, FEAN S A S=SuS'. i S T ITE SRR AR
P R R W, 4 e=0.5. TSR 1408 S .

(5) BRI —Se i Sgin i b, 5 ass M SEERANEE, REBNMAREE . T24 S=rmn, ik S
WA R IR ) S0 AR AR W, 4 e=0.5. 9% 1 400 S H i AL

(6) RS, KA e=0.5 FE— L SR 3 FL AT, BT DART BEIE A R 7 .

ELLD IR, ¥ rmn FTE 0 AL SEEE. KT rmn H AT R A x, SO B BL R AR,
W R BRI B — AR BRI — A A, B e=0.5 BUh e=0; B — AN Mo BUARHR, A5 AR
W SO AR AR N R TE s A O A SRR IR rmn ) S FE R RE, PRA AP BRI T

BN FE T RS rmn;

iy mid A lab(X).

Step 1. While [rmn|>0 do

Step 2. BT rmn AR RS xi, TEERRAE vWi, A R R R ARAE B T IR R, B VWi BT X,
Step 3. If VWW,,=0.5 then 4 lab(x,,)=label(dW, ), M rmn F IR xq,

Step 4. Else If 0<vW;,<0.5 then 4 lab(x,,) =label(dN/,), A rmn "R x;,

Step 5. Else XJ T rmn AR AL xg, VFELILRIURAG UN;, A $R R KB A LR B 5, 3R vNG AT X,
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Step 6. If VN, > 0 then 4 lab(x,) =label (dN;), A rmn iR X,
Step 7. Else M rmn w7 £ 5y 53 BE e K KL Xo, BA o M — BT, A rmn A ER X,
Step 8. End If

Step 9. End If

Step 10. T3 ass, mid 1 lab(X)

Step 11. End While

Step 12. Return mid £ lab(X)

(7) X+ mid PR RR i, Fpl<11, W p A RE R, pi R0 S T8 AL P RE R IR B mid
BT 0 e 0 BB g AT — AN, e FE o BL S, AT Sy 43 3 AN dW; AT dN; Hp st S sk )i
IHELr. #7]S1/>0, 4 lab(x)=label(S,); #|S|=0, |S,[>0, 4 lab(xj)=label(S,); #7|Si|=0, [S2|=0, WIASFF 73 At ;.

PLEDIRSEN T M, B P ARER— ANl skng, &nb)2 20, RiEf R4 S 25wk
ML S BTERIRE. o, IR, STQ). SB@RLE6) R EEL T, AT M X BIAET 255 B %
AT 5 BEAKHEAS ] LA B s LA PR ] ey 3 AN R AT D BOs B iE (K 4y B sems, 553 (2)M
BV IEAME. Sk, BRun &R R R
2.4 DPCKSE Lt

%% 3. DPCKS $134.

BN BlRgE XORAR K K

it lab(X).

Step 1. VA6, A FH QPR 85 7500 S B 2, MR 4 z 2 KNIN

Step 2. VHELITA A SRR ES BE, IR A 4R R AR 4R

Step 3. AR z A KNN #fi @ i 5 o5, AL 2 3 (4) il e i JE % vh

Step 4. A FRAREEARE, FEIRIUME 7 Lo 22 ) 19 J I s 442

Step 5. HHARO)-ARA2) M HBA S, #EHF. HERTFETE

Step 6. HARA3)-ARK(16)7 BT 5T 4 AR, ARG S8N, MIEADE S AIARIR . AR IS FI AR LUK

Step 7. FREUHIUHR I 45 A per

Step 8. HHJE &SR por HEBR — AR AR H O, R — IR0 C.o o per RO E HP R SRS g5

mid

Step 9. HHISHE 1 FEE 2, 40 BC T AR 8 FRAR 21 21, BT lab(X)

Step 10. Return lab(X)

BRI ST 1200 S A vy AN, VR 03 2 2200 rmn T v, AN, SRR ¢, per A v MR,
VUV 3 I IR A 2% A BTl

e Step 1 KIE N O(n);

o Step 2 T Jay A E R AT 4K 1o 5 B AR I A 2 BE /N T O(n)+O(n);

o Step 3 i 1 5 R A% 0 (R B 2% BE 43 53l D 20(n) AT 0.80(n);

o Step 4 i i Jot JLEK 42 19 5 2% iy 30(n)+0%0(n?);

e Step 5 MK ZLJE /T 30(0%);

o Step 6 TFET 4 B 55 A RS 2 AU R 24 /N T (K +k+3)0(n)+O(n*)+0(0), AR AT A48k, AR

SRR S 2415 9 O(n), FrLh Step 6 js 198 22 /N T (K*+k+4)0(n)+0(n?)+0(0);

o Step 7 SRIMIU KA L KM E K 20(n);

e Step 8 MK A4 & O(vs)+0(c);

o Step 9 HIT AU VEH I S UL 1A 1 IREEVE 2, W Step 1-Step 6 (KI5 2B /N T 50(v)) + 20(V;) ;
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RBEIEAT vy D 5, N BC SR S 2R O(vy), W Step 9 I ZRIE 2 SO(V]) +20(v3) +O(V,) .
25 Bk, $0k 3 B I A 2R N T (3+0%)0(n?)+H(k*+k+12.8)O(n)+ 20(V2) + 50(v2) +30(0%)+0(0)+O (V3 )+
O(Vy)+0(C), MK O(n®), 43K T SCHR[11,20] 70 S35 (1 B i) A2 2R 3, 23T T SCHR[12-16,21-26] 7 5135 (1 i
)52 % .

3 XWBEREHM

3.1 KfEHE
AR A [RIRRE . AN ) 46 1) B0 4R B DPCKS B3k A etk LS B L% 1. SCB SR Bl &

Windows 7, 32GB RAM, Intel Core i7-8700@3.20GHz CPU LA A2 Matlab R2020a. PFH 4545 0 45 41 B (purity) 2%
F Ji 5 (F-measure, FM)?7 . ¥ /& (accuracy, Acc)!'?. 2% {8 2 % (Rand index, RI)1?®, iff % > 4 % %\ (adjusted Rand
index, ARD)SHN#5HE 145 Kl (normalized mutual information, NMI)®. $ 4/ T kb BEALHE B A4 —fb Bk, 38
3o A A3 2 O B B E STIR 2 (LA R o) KT — & E 4 LU IRAE. STBR[L11H Re Bk 90%. fH7E Hdi 4
Sonar fll Mfeat £, 4% R=90%, IEH M Tk B b, T, X T Sonar £i4i4E, ¥ E R=93.0286%, X5
SRR DT AR T 1% 1 R I FE 1T 13 D TR W T Mfeat HidlnE, B Re=99.2023%, & X J5i4h28 &
HRFE KT 0. 1% LMy #0711 ALy, ok, 78 Yale $dlife b, R=90%INREM R ZE, T2 WE
Re=85%. & 2 JE7R FELEI AN R B 82 11 Re. W H0Hs SR BEAT I — A AR BRAT T i 24 2004

, X;j — min(X;)

x; = —mines) 31)

max(X;) — min(X;)
e, g 75 AR |G, min() AT max ()4 B £ SO A X155 §AVERAE IR A
WA SCHR[11], BEE 3<k<25, T2, #0023 F{E. 47 DPCKS HIZRRMCRK 2, W k EAZL, EF R
22 gL S, 4T Waveform, Waveform(noise)fll Wifilocalizatition iX 3 MG 4E, 3<<k<<30 I SR
By
® 13 AMHIAE NG B IR

Frs o 4k SR RAEEC BEC | RS EIEES S RREEC REK
1 Dim128 1024 128 16 20 WDBC 569 30 2
2 Dim512 1024 512 16 21 Seeds 210 7 3
3 Zelnik3 266 2 3 22 Diabetes 768 8 2
4 Compound 399 2 6 23 Breast 699 9 2
5 Four-lines 512 2 4 24 Pima 768 8 2
6 Spiral 312 2 3 25 Mfeat 2 000 649 10
7 Jain 373 2 2 26 Control 600 60 6
8 Flame 240 2 2 27 Waveform 5000 21 3
9 Pathbased 300 2 3 28 Waveform(noise) 5000 40 3
10 Aggregation 788 2 7 29 Banknotes 1372 4 2
11 R15 600 2 15 30 Parkinsons 197 23 2
12 Olivetti faces 400 92x112 40 31 Dermatology 366 33 6
13 USPS 9298 256 10 32 Wifilocalization 2 000 7 4
14 Yale 165 64x64 15 33 Libras movement 360 90 15
15 Coil20 1440 1024 20 34 Vehicle 846 18 4
16 Wine 178 13 3 35 Ionosphere 351 34 2
17 Ecoil 336 8 8 36 Wholesale 440 6 3
18 Glass 214 10 6 37 Thyroid 215 5 3
19 Sonar 208 60 2 38 Iris 150 4 3
®2 8Kl AR A B 2y

LS Re (%) o Re (%) | BdhifE R (%) | B R (%)

Tonosphere 90 USPS 90 Coil20 90 Sonar 93.0286

Control 90 Libras movement 90 Yale 85 Mfeat 99.2023




1400 AR 2022 45 33 A% 48

32 AHBESE LKL

AFIHE 6 A7 AR 4 A DPCKS BRI MERE. (EVFH ks Ace, NMI AT RI I, #§ DPCKS 5 6 4%
RS EL A M2 3 6 L, f13E G-KNN-DPC (adaptive DPC based on KNN and Gini coefficient)!'?, DPC!",
FCM (fuzzy c-means clustering)®'), K-Means™, KDPC(DPC based on kernel)?f1 DBSCAN (density-based
algorithm for discovering clusters in large spatial databases with noise)*?). 7 Four-lines, Jain, Spiral, Aggregation,
Zelnik3 I R153X 6 N ¥cda 4k |-, DPCKS [ L 24k 705 BLE 4 10, 10, 6, 14, 11 A1 22. G-KNN-DPC #1 KDPC
) 525 2400 SCHR[12]. FCM R K-Means FR%i N 25034 o0 508 4 Hh 7% (11 80 DPC #1 DBSCAN (1Bt 240
XK 3. 3R 3, ts KRR ST T ZE B E S B SRR I H 4 b, MinPts R AN, eps R R AR
FAE KA BT IR, B 1-E 6 BRILT 6 ANMEIATE 6 NG s AR BN RBOR.

#% 3 DPC il DBSCAN #£ 6 ™5 e $odhi 4k L il 24

B e Four-lines Jain Spiral Aggregation  Zelnik3 R15
t (%) 14 03 17 3.1 42 03
MinPts/eps  12/0.0558  2/0.0744  2/0.0387 6/0.0411 6/0.0819  12/0.0378

R4 T MEEAE 6 Ao AE g EIRRE R

ik Four-lines Jain Spiral
i Acc NMI RI Acc NMI RI Acc NMI RI
G-KNN-DPC 1 1 1 1 1 1 0.994 0.971 0.991
DPC 0.8418 08441 09015 | 09249 06531 0.8608 1 1 1
FCM 06602 0.6164 0.7945 | 0.7748 03571 0.6501 | 0.3397 0.0002 0.5541
K-Means 0.7188 0.6735 0.7965 | 0.7855 03706 0.6621 | 03462 0.0005 0.554
KDPC 0.699 0.635 0.743 1 0.994 0.999 1 1 1
DBSCAN 1 1 1 09759 09305 09885 1 1 1
DPCKS 1 1 1 1 1 1 1 1 1
Average 08457 0.8241 0.8908 0.923 0.7579 0.8801 | 0.8114 0.7102 0.8713
g Zelnik3 RI15 Aggregation
i Acc NMI RI Acc NMI RI Acc NMI RI
G-KNN-DPC 1 1 0.837 1 1 1 1 1 1
DPC 09398 0.8458 0.9206 1 1 1 09987 09957 0.9993
FCM 0.7519 0.5441 0.7341 0.995 09934 09987 | 0.7957 0.857 09221
K-Means 0.7444 0.5372 0.729 0.895 09546 09859 | 0.7538 0.8454 0.9082
KDPC 0.711 0.507 0.707 0.997 0.989 0.986 0.741 0.874 0.901
DBSCAN 1 1 1 0.99 09876 09982 | 09886 09749 09946
DPCKS 1 1 1 09967 09951 09991 | 09987 0.9958 0.999
Average 0.8782 0.7763  0.846 8 0.982 09885 09954 | 0.8966 09347 0.9606
R T e, e L e, e N
o8 fvﬁw'hw 06 5[,\%""90“ L] :’f:""‘*’\ﬁ‘w
o ey ° iy o
(a) G- KNN DPC (b) DPC (c) FCM

. e e . PP R
05| e N e - P SV Wi it L B W )

(d) K-Means (e) DBSCAN (f) DPCKS

K1 6 Fh&¥AE Four-lines Zid 4 LK B84t 1
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(d) K-Means (e) DBSCAN (f) DPCKS

Kl 2 6 FAVETLE Jain a4E LI 45 R

09 o8 0% PR

o3 08 . 08 ._"' .

o7 o7 ..~' orf e,

LI L o8 .'.

04 04 H 04

o3f, o3l .'-_ 03

Dz. UZ' 0.2

o1 01 ..~' 01 AN
3 - L " TP L . o

<] o 0.1 ©2z 03 04 05 08 07 03 0% 1 o 0s 1
« «

(d) K-Means (¢) DBSCAN (f) DPCKS

3 6 FhALVEAE Spiral B4 FINER KL R

1 . 1
08 ’. o8 "
ot .. CEL N
o7 “. o7 3 -
osf [ s o8 s

=05 : =05
04 o4
03 a3
0z oz
o DA o1 -

o o - - - - -
[ 01 07 03 09 1 0 o1 @2 03 04 05 06 0OF 0B 08 1

(a) G-KNN-DPC (b) DPC (c) FCM

4 6 MEVEAE Zelnik3 Bl &£ LT K45 R
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(d) K-Means (e) DBSCAN (f) DPCKS
4 6 PPELVRAE Zelnik3 BUi4E R4 R (4h)

05
»0s r@ =05 =05 *{;
car 0e 04

o1 . 01 .. 01 ..
g e %
. . 3% . 4 5 o
o o1 o0z 03 04 Gs ©0s 07 03 08 1 o o1 o0z 03 04 03 06 o7 08 03 1 © o1 oz 03 ©4 05 05 07 0o 08 1
« x x
(a) G-KNN-DPC (b) DPC
1 - 1 . 1 . ——
os ol P os * 7S of
L X 08 - 08
07'..'. 07 3 07 1
4 bl
06 05 os
=05 .g; =05 =05 X
04 04 0s
04 o L. 01
i
o — P ol O - o . . N
o 01 o0z 03 04 s 06 o7 08 08 1 c o1 oz 03 04 ©s 08 o7 03 o8 1 o o1 oz 05 06 o7 o o8 1
« < x

(d) K-Means (e) DBSCAN (f) DPCKS

K5 6 MhEVETE RIS Hidln gk EgsRAK LR

. D

(a) G-KNN-DPC

(d) K-Means (¢) DBSCAN (f) DPCKS
Kl 6 6 RhiELE7E Aggregation Hi 4 b ISR L5 B
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M 4 TTLAFE H: 7E Four-lines, Jain, Spiral 1 Zelnik3 iX 4 M #E4E |, DPCKS S8 T 58 4 IEH 1 R 5 45
3, 7E R15 Fil Aggregation iX 2 NEE4E I, DPCKS FIE 45 %L T 58 & 1E#. G-KNN-DPC R EMERE S
DPCKS AL, HAh 5 ARG ZM LT DPCKS FIl G-KNN-DPC #3522 # Jain S04 4 7% 17 % B
ZEK, DPC A3 =y 30 % AR S e/ i g by, 18 3 1) Spiral FEL 4 1) Zelnik3 2 TR AR XS & 2411 2 M 44
PEAE. S 11 R1S i 42 7% 1B I & I 177 B 25 N I AA . 1] 6 1, Ageregation 20030 #E A% (R A7 6 7 5 5 TP s (1) 43
Al % Rk 4 DMAEZEB SR 4L, DPCKS # 2L T RAFMIIREL R, H ARSI 2.
3.3 UCIHEE LrKIass

ANAE Ace, NMIAll RT_EVFH DPCKS R IEMLRE. 1 6 A~ UCI Hifii 4k I, ¥ DPCKS 5 G-KNN-DPC!'?,
DPC!, FCMPY, K-Means®®, KDPCP® il DBSCANPH {52 % Lt % . 7F Iris, Seeds, Breast, Banknotes,
Wifilocalization 1 Wholesale iX 6 ™% #fi 4 I, DPCKS 1A 2% k 73 W& 4 11, 14, 10, 18,29 F1 10, HAl:
HEM LSS MOCER[12]. 385 B/ 71X 7By UCTEE 4 SRR ah . ISR S W BUGE H: X T Irds,
Seeds, Breast Il Banknotes 1 [{)4F i 45 55, DPCKS [ 3 MNMEIMEAS 2 B LI, 5T 2 45 Wifilocalization
Wholesale, DPCKS X {E#B 43 i Ax L 1R RE I L. ST &, DPCKS MR B R I lf, HRFkxe.

F5 T RVEVELE 6 > UCT g FRRSEEE R

ik Iris Seeds Breast
Acc NMI RI Acc NMI RI Acc NMI RI
G-KNN-DPC 0.727 0.467 0.82 0.866 0.443 0.767 0.711 0.355 0.589
DPC 0.64 0.443 0.783 0.227 0.125 0.559 0.424 0.292 0.599
FCM 0.527 0.369 0.78 0.539 0.075 0.502 0.609 0.303 0.524
K-Means 0.547 0.401 0.717 0.6 0.441 0.519 0.612 0.157 0.525
KDPC 0.567 0.316 0.78 0.746 0.151 0.697 0.414 0.027 0.503

DBSCAN 0.333 0.292 0.329 0.314 0.132 0.72 0.491 0.036 0.732
DPCKS 09733 09144 09656 | 09143 0.7242 0.8956 0.97 08177 09416
Average 0.6163 04575 0.7392 | 0.6009 0.2987 0.6657 | 0.604 4 0.284 0.630 5

g Banknotes Wifilocalization Wholesale
§ Acc NMI RI Acc NMI RI Acc NMI RI
G-KNN-DPC | 0.732 0.214 0.607 0.97 0.003 3 0.96 0.561 0.021 0.553
DPC 0.674 0.108 0.559 0.761  0.0032  0.905 0.514 0.014 0.489
FCM 0.677 0.206 0.562 0.962  0.0033  0.489 0.545 0.001 0.498
K-Means 0.671 0.255 0.557 0.957  0.0032  0.498 0.532 0.002 0.538
KDPC 0.626 0.24 0.53 0.747 NaN 0.837 0.382 0.004 0.439

DBSCAN 0.555 0.056 0.511 0.25 NaN 0.282 0.532 0.017 0.507
DPCKS 09905 0.9279 0.9812 0.749 08402 0.8717 | 0.6818 0.0306 0.5283
Average 07036 02867 0.6153 | 0.7709 0.2822 0.6918 | 0.5354 0.0128 0.5075

3.4 EBBIEELMTRER

A5 7 Purity, NMI, RI £ ART [-JIlik DPCKS 52K ERE. 7 4 NS EHE S Coil20!'), Olivetti faces!''),
Yalel?F1 USPS!'™ I, # DPCKS 5~ 5 B4y 406t te: DPC-KNNP?, IDPCE*, FKNN-DPC (robust clustering
by detecting density peaks and assigning points based on fuzzy weighted KNN)??'1, DPC-DBEN(DPC based on
density backbone and fuzzy neighborhood)?” I DPC-DBFN-E (DPC based on density backbone and fuzzy
neighborhood hybridized with soft exponential kernel)?®). DPCKS 7E_Ei& 4 AN B4 5d 45 _E 1AL S50 k 20 7 ¥
BN T, 4,6 M12, HABSEILH S CHR[20]. 3K 6 IR T 6 FhEIETE 4 M EGEE S LR REIR. WK 6
AT KB, DPCKS 5245 JL It SR ).

H6 ORI 4 BB 1R

ik Coil20 Olivetti faces
! Purity ARI RI NMI Purity ARI RI NMI
DPC-KNN | 0.8083 0.1921 0.8547 04795 0.54 0.2865 0.9629 0.6784
IDPC 0.6229 0.1721 0.8475 04379 | 04225 0.1409 09429 0.5586

FKNN-DPC | 0.7993 03718 09281 0.6641 | 0.6325 03753 09683 0.7369
DPC-DBFN | 0.9236 0.2374 0.868 0.5732 | 0.7425 03138 09647 0.697 1
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%6 6 FHERAE 4 A BEEE BRI EE R (4

o Coil20 Olivetti faces
= Purity ARI RI NMI Purity ARI RI NMI
DPC-DBFN-E | 0.7833 05361 09472 0.7616 | 0.6175 04153 09711 0.7588
DPCKS 0.878 5 0.8 0.9803 09164 | 0.805 0.6729 0.9845 0.893
Average 08027 03849 09043 0.6388 | 06267 03675 09657 0.7205
v Yale USPS
= Purity ARI RI NMI Purity ARI RI NMI
DPC-KNN 0.4545 0.1419 08932 04229 | 06957 04253 0.8753 0.5066
IDPC 0.4424 0.0729 08214 02976 | 05659 02434 08435 03542
FKNN-DPC 0.6303 0.1817 0.884 04388 0.809 0.4286 08872 0.5682
DPC-DBFN 0.5576 0.1921 08807 04619 | 09471 03688 0.8541 0.5692
DPC-DBFN-E | 0.7212 0.2541 09051 05143 | 09715 04189 0.8417 0.5887
DPCKS 0.5758 03277 09081 06062 | 0.8214 07852 09552 0.8312
Average 0.5636 0.1951 0.8821 0.457 0.801 8 0.445 0.8762  0.569 7

3.5 S5DPCEAE LRI LLLR

AFITE Ace, ARL, FM, NMI I RI E3#F4 DPCKS HIZEKEPERE. A 3.2 T F15S 3.3 {51 3K EX Jain, Spiral,
Aggregation, R15, Iris, Seeds 1 Breast iX 7 MR L WS4, HREIREN RS ENE 7. 7EIX L5 T
KHyi4E -, % DPCKS 5 F I AEXIk: DPCRD (DPC based on relative density)!'¥), K-Means!™,
DBSCANP? NCut (normalized cuts)i??, AP (affinity propagation)™, DSet (dominant sets and pairwise clustering)™*"},
SPRG (robust affinity graphs for spectral clustering)®”, SNN-DPC (shared-nearest-neighbor-based DPC)!'!,
CFSFDP-HD (clustering by fast search and find of density peaks via heat diffusion)**], ADPC-KNN (adaptive DPC
based on KNN with aggregating strategy)!'®, McDPC (multi-center DPC)!'*), DPC!), DPC-DLP (dynamic
graph-based label propagation for DPC)!'>, DPC-KNN (DPC based on KNN and principal component analysis)?**!,
IDPC (improved DPC)P*, FCME ' DLORE-DP (dense members of local cores-based density peaks clustering)™®.
F 8- 11 4 BRI TR LE A LI 45 K. R 8K 11 PR SEI S M i S OCHR[13-15,36]. % 8 1, «=”
oo BTV SEALIG Py A2 BRI AS e SRR SR S 45 1.

%7 DPCKS 7F 22 M Edi4E Lt =5

Bande k| B k Bl gk k | HoE%E kK SRS k B £ k
WDBC 4 || Vehicle 5 Pathbased 11 | Dim512 3 Diabetes 9 || Tonosphere 16
Mfeat 9 || Coil20 7 Libras movement 5 Wine 14 | Parkinsons 9 Waveform 24
Control 7 Flame 7 Dermatology 16 USPS 12 Sonar 7
Thyroid 6 Ecoil 11 | Wavefrom(noise) 25 Pima 9 | Compound 10
811 RBLALE 20 MHURAE LIRS R
gk Jain RI15 Pathbased Spiral Dim512
i NMI Acc NMI Acc NMI Acc NMI Acc NMI Acc
K-Means 0.36 0.66 0.9 0.97 0.55 0.75 0 0.56 0.9 0.93
DBSCAN 0.85 0.97 0.88 0.91 0.71 0.85 1 1 0.7 0.86
NCut 0.22 0.52 0.99 0.99 0.88 0.95 0.23 0.64 0.99 0.99
AP 0.51 0.5 0.99 0.99 0.6 0.72 0.53 0.7 1 1
DSet 0.52 0.54 0.97 0.99 0.76 0.89 0.56 0.7 1 1
SPRG 0.41 0.74 0.96 0.99 0.24 0.65 0 0.56 1 1
ADPC-KNN 0.56 0.55 0.99 0.99 0.7 0.83 1 1 1 1
CFSFDP-HD 0.6 0.83 0.99 0.99 0.52 0.73 1 1 1 1
SNN-DPC 1 1 0.99 0.99 0.9 0.97 1 1 1 1
DPCRD 1 1 0.99 0.99 0.71 0.8 1 1 1 1
DPCKS 1 1 0.9951 | 0.9967 | 0.9119 0.98 1 1 1 1
Average 0.6391 ] 0.7555 | 09677 | 09815 | 0.6802 | 0.8291 | 0.6655 | 0.8327 0.962 7 0.98
gk Wine Dim128 Waveform Seeds Wavefrom (noise)
i NMI Acc NMI Acc NMI Acc NMI Acc NMI Acc
K-Means 0.84 0.94 0.92 0.96 0.36 0.67 0.67 0.87 0.36 0.67
DBSCAN 0.51 0.72 1 1 0.09 0.42 0.56 0.78 0.07 0.4
NCut 0.46 0.77 0.99 0.99 0.01 0.56 0.64 0.83 0.01 0.56
AP 0.75 0.87 1 1 0.43 0.72 0.69 0.87 0.36 0.71
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73 Wine Dim128 Waveform Seeds Wavefrom (noise)
! NMI Acc NMI Acc NMI Acc NMI Acc NMI Acc
DSet 0.77 0.91 1 1 0.38 0.7 0.6 0.79 0.34 0.69
SPRG 0.9 0.97 1 1 - - 0.66 0.87 - -
ADPC-KNN 0.73 0.88 1 1 0.38 0.69 0.69 0.88 0.2 0.61
CFSFDP-HD 0.6 0.75 1 1 - - 0.56 0.76 - -
SNN-DPC 0.88 0.95 1 1 0.4 0.74 0.75 0.91 0.38 0.69
DPCRD 0.74 0.88 1 1 0.38 0.7 0.74 0.9 0.33 0.66
DPCKS 0.902 0.9775 1 1 0.460 8 0.599 0.7242 0.9143 | 0.3953 0.527
Average 0.7347 08743 | 09918 09955 | 03212 0.6443 | 0.6622 0.8522 | 0.2717 0.613
gk WDBC Glass Breast Aggregation Dermatology
i NMI Acc NMI Acc NMI Acc NMI Acc NMI Acc
K-Means 0.62 0.87 0.33 0.67 0.74 0.92 0.85 0.92 0.8 0.88
DBSCAN 0.07 0.57 0.43 0.61 0.71 0.88 0.95 0.97 0.56 0.73
NCut 0.38 0.75 0.23 0.6 0.19 0.52 0.98 0.99 0.1 0.69
AP 0.67 0.89 0.44 0.75 0.72 0.92 0.87 0.93 0.83 0.92
DSet 0.48 0.72 0.44 0.75 0.7 0.89 0.92 0.98 0.77 0.91
SPRG 0.56 0.84 0.37 0.74 0.77 0.93 0.69 0.84 0.88 0.91
ADPC-KNN 0.54 0.82 0.36 0.53 0.64 0.87 1 1 0.84 0.91
CFSFDP-HD 0.05 0.52 0.23 0.67 0.51 0.81 0.87 0.9 0.57 0.78
SNN-DPC 0.76 0.93 0.4 0.6 0.84 0.95 0.96 0.99 0.92 0.95
DPCRD 0.75 0.92 0.46 0.63 0.78 0.94 1 1 0.94 0.98

DPCKS 0.7251 0.9525 | 0.4883 0.514 0.8177 0.97 09958 0.9987 | 09352 0.9617
Average 0.5096 0.7984 | 03798 0.6422 | 0.6743 0.8727 | 09169 0.9562 | 0.7405 0.8747

ik Iris Thyroid Compound Libras movement Flame
- NMI Acc NMI Acc NMI Acc NMI Acc NMI Acc
K-Means 0.72 0.86 0.6 0.82 0.7 0.83 0.58 0.91 0.43 0.73
DBSCAN 0.76 0.78 0.47 0.8 0.93 0.98 0.42 0.53 0.9 0.98
NCut 0.61 0.81 0.36 0.63 0.76 0.83 0.43 0.87 0.93 0.98
AP 0.78 0.89 0.51 0.59 0.81 0.89 0.64 0.93 0.58 0.71
DSet 0.76 0.78 0.6 0.82 0.82 0.91 0.68 0.94 0.6 0.72
SPRG 0.75 0.89 0.81 0.94 0.61 0.82 0.63 0.92 0.03 0.51
ADPC-KNN 0.78 0.87 0.46 0.77 0.87 0.91 0.68 0.92 1 1
CFSFDP-HD 0.78 0.87 0.02 0.5 0.76 0.83 0.5 0.85 1 1
SNN-DPC 0.91 0.97 0.68 0.89 0.85 0.94 0.66 0.91 0.9 0.98
DPCRD 0.95 0.98 0.45 0.74 0.87 0.92 0.65 0.89 1 1
DPCKS 09144 09733 | 06982 09302 | 0.8994 09148 | 0.6561 0.4556 1 1
Average 07922 0.8794 | 0.5144 0.7664 | 0.8072 0.8886 | 0.5933 0.8296 0.76 0.87

M 8 T LLF Hi: 7E Jain, R15, Pathbased, Spiral, Dim512, Wine 1 Dim128 iX 7 4> ¥4 4 |, DPCKS 7£ i
13 ¥ar LR &K, 4T Waveform, Seeds, Wavefrom (noise), WDBC, Glass fil Breast iX 6 M ##i 4, DPCKS H
16 1 NMEbs EBUS A, *F T Aggregation, Dermatology Fl Iris iX 3 N #E 4, 7E Acc F1 NMI _E, DPCKS %
WT BB, (HAL T HoAb S, %) T Thyroid, Compound F Libras movement iX 3 4> %#i4%, DPCKS KJ
NMI 1 Acc 55 DPCRD AAH L F; 7F Flame $#54E L, £ NMI Al Acc I, DPCKS FI &AL, Lo nthk o-F
11 T4 76K HR 2> Bt 42 -, DPCKS ¥ 5 BRI i SR M R
K9 AP 6 MU EIRAEL R

§ Pima Ecoil Sonar
o
FM ARI RI NMI FM ARI RI NMI FM ARI RI NMI
DBSCAN 0.74 0 0.55 0 0.56 0.41 0.81 0.51 0.71 0 0.5 0
DPC 0.74 0 0.55 0 0.79 0.68 0.86 0.64 0.66 0 0.5 0
McDPC 0.74 0 0.55 0 0.83 0.75 0.9 0.71 0.71 0 0.5 0

DPCKS | 0.6162 0.1754 0.5895 0.0809 |0.7879 0.7041 0.8796 0.6489 | 0.6064 0.1751 0.5875 0.14
Average | 0.7091 0.0439 0.5599 0.0202 | 0.742 0.636  0.8624 0.6272 | 0.6716 0.0438 0.5219  0.035

g Iris Seeds Wine
3 FM ARI RI NMI FM ARI RI NMI FM ARI RI NMI
DBSCAN | 0.77 0.57 0.78 0.73 0.57 0 0.33 0 0.58 0 0.34 0
DPC 0.67 0.43 0.43 0.63 0.8 0.7 0.87 0.7 0.6 0.39 0.72 0.43
McDPC 0.92 0.89 0.95 0.87 0.8 0.7 0.87 0.7 0.6 0.39 0.72 0.43

DPCKS | 09479 0.9222 09656 09144 08421 0.7641 08956 0.7242|0.9553 0.9324 09698 0.902
Average 0.827 0.7031 0.7814 0.7861 | 0.753 0.541 0.7414 0.5311 ) 0.6838 0.4281 0.6875 0.4405
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73 Coil20 Sonar Mfeat Vehicle Parkinsons
! RI ARI RI ARI RI ARI RI ARI RI ARI
DPC-DLP | 0.8507 0.2303 | 0.5647 0.1293 | 0.7867 0.3507 | 0.6807 0.1804 | 0.7039 0.276 6
DPC-KNN | 0.8547 0.1921 | 0.5222 0.0443 | 0.8377  0.286 | 0.6579  0.116 | 0.5929 0.1713
IDPC 0.8475 0.1721 0.534 0.068 0.7507 0.2517 | 0.6573 0.1226 | 0.6487 0.2248
FCM 0.6465 0.0908 | 0.5032 0.0064 | 0.8877 04181 | 0.6532 0.0762 | 0.6269 0
DPCKS 0.980 3 0.8 05875 0.1751 | 09719 0.8433 | 0.6809 0.2533 | 0.7509 0.4315
Average 08359 02971 | 05423 0.0846 | 0.8469 0.43 0.666 0.1497 | 0.6647 0.2208
i WDBC Thyroid USPS Ecoil Diabetes
§ RI ARI RI ARI RI ARI RI ARI RI ARI
DPC-DLP | 0.8279 0.6526 | 0.701 1 0.38 0.835 0.4287 | 0877 0.7144 | 05963 0.1844
DPC-KNN | 0.6507 0.3003 | 0.6064 02077 | 0.8737 04253 | 0.8681 0.6925 0.583 0.1659
IDPC 0.6526  0.283 0.6064 02077 | 0.8435 02434 | 0.8681 0.6925 | 0.583 0.1659
FCM 0.7478 04862 | 0.7907  0.579 | 0.5585 0.1183 | 0.8199 0.5059 | 0.5498 0.080 4
DPCKS 09094 08178 | 0.8842 0.7655 | 09552 0.7852 | 0.8796 0.7041 | 0.5847 0.1625
Average 0.7577  0.508 | 0.7178  0.428 0.808 1 0.383 0.8625 0.6619 | 0.5794 0.1518

RN 4 FEELE 6 MRS LIRS R

ik Iris Wine Seeds
! ACC NMI ACC NMI ACC NMI
DPC 0.91 0.81 0.98 0.91 0.89 0.7
SNN-DPC 0.95 0.84 0.71 0.63 0.78 0.63
DLORE-DP 0.91 0.81 0.97 0.88 0.84 0.63

DPCKS 09733 0.9144 | 09775 0.902 09143 0.7242
Average 09358 0.8436 | 09094 0.8305 | 0.8561 0.6711

g Tonosphere WDBC Control
& ACC___NMI_| ACC___NMI | ACC___ NMI
DPC 0.68 0.09 0.8 0.35 0.56 0.75
SNN-DPC 0.56 0.07 0.94 0.68 0.44 0.67
DLORE-DP 0.71 0.28 0.86 0.48 0.58 0.81

DPCKS 0.8575 04157 | 09525 0.7251 | 0.9333 0.9654
Average 0.7019 0.2139 | 0.8881 0.5588 | 0.6283 0.798 9

3.6 HREARW

b T Bk I E A S TR PN BT S AT 2P, DA DPCH+CS 2271 DPC 55 75 S0 % v Do a7 B 55 I 25 1) BB 2%
ik, UL DPC+AS #on DPC 5 AR SC 40 Bl SRS il (M 3R 28 000k, s st Lh g5 S LK 12: %FF WDBC,
Ionosphere, Compound, Pathbased, Wine, Breast, Libras movement 1 Ecoil 1X 8 P44, DPC 87l W & H
0.49, 0.22, 3.73, 3.63, 1.99, 0.01, 0.23 i1 0.19. DPCKS SN 3.3 WHIE 7 Pin. WE 12 aTLE H: xF
WDBC, Libras movement 1 Ecoil iX 3 NM#4E, 76 6 NP fats b, DPC+CS HIEREM AT DPC; 7&
Compound $(#54E I, %FT Acc, ARIFI FM, DPC+CS {1 2B K3 AL T DPC; %t T Ionosphere, Pathbased ! Wine
X3 AL, fE 6 MITMM RS [, DPC+CS IR KRR S DPC —#f; T Breast £ 45, DPC 1R L8R
T DPC+CS; %%} Breast £(#i £5, DPC+CS A& —AMEILFE— ML, 1 DPC ¥4, {H DPC+CS ¥R 21 G
KT DPC, XY Breast i 2 M 0 A 45 W13 96, 48 LTIR, DPC+CS IR M REL T DPC, X IUEW] T A%
PR R T IERIA % L. %) T- Tonosphere, Compound, Pathbased, Wine, Breast, Libras movement f1 Ecoil iX 7 4>
HyEgE, AEPTA bR, DPC+AS ¥ T DPC; %1 WDBC #E4E, £ KZHMiEtr L, DPC+AS LT
DPC. i LTk, DPC+AS MR KR T DPC, IXUF I A 3C 254 B S w2 A 201, AR 12 W 40: ¥ WDBC,
Ionosphere, Compound, Pathbased, Wine il Breast iX 6 N 4(#i4E 1, DPCKS (1) 6 N5 Fr{EIG L, {E Libras
movement Z{#E4 _I, DPCKS & T Acc Z /MW 5 AN e (E Y& L i; 76 Ecoil 244 L, BT NMI 241 5
AN¥EHR, DPCKS BRI EAL. B4Rk, DPCKS 11T DPC+CS, DPC+AS Fll DPC, % il 525 76 43 Wik 7 AL
SR IAT R
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# 12 DPCKS 7 8 > Hicdfa (1037 it 5 46 45 2R

e Sk Acc ARI FM NMI Purity RI

DPC 06239 —-0.0028 0.6916 00132 06274 05299

WDBC DPC+CS 0.8471 04705 0.7816 04652 0.8471 0.7405
DPC+AS  0.6608  0.0959 05856 0.1751 0.6608 0.5509
DPCKS  0.9525 0.8178 0.9162 0.7251 0.9525 0.9094
DPC 0.7464 02357 06491 0.1529 0.7464 0.6204
Jonosphere DPC+CS 0.7464 02357 06491 0.1529 0.7464 0.620 4
DPC+AS 0.8575 05005 07891 04157 08575 0.755

DPCKS 0.8575 05005 0.7891 04157 0.8575  0.755

DPC 0.6967  0.591 0.6866 0.7975 08446 08531
Compound DPC+CS 0.7068 0.5946 0.6922 0.7898 0.8421 0.8517
DPC+AS 0.8697 0.7972 0.8532 08464 08697 09178
DPCKS 0.9148 0.8803 0.9115 0.8994 0.9148 0.9536
DPC 0.7533 04717 06636 05552 0.7533 0.7536
Pathbased | PPCTCS 07533 04717  0.6636 0.5552 07533  0.7536
DPC+AS  0.98 0.94 096 09119 098 09734
DPCKS 0.98 0.94 096 09119 098  0.9734
DPC 0.882  0.6724 07834 07104 0.882 0.8532
Wine DPC+CS 0882  0.6724 0.7834 0.7104 0.882  0.8532
DPC+AS 09719 0915 09436 08828 09719  0.962
DPCKS  0.9775 09324 0.9553 0.902 0.9775 0.9698

DPC 0.7597 02252 07276 02285 0.7597 0.6343
Breast DPC+CS  0.681 0.0494 07083 0.0849  0.681  0.5649
DPC+AS 09571 0.8338 09252 0.7289 09571 0.9177
DPCKS 0.97 0.8826 09459 0.8177 097 0.9416

DPC 04417 03425 03939 06256 05056 0.9005
Libras DPC+CS 04694 03659 04133 0.6368 0.5056 0.909 7
movement | DPC+AS 04528 03578 04028  0.648 0.5278 09155
DPCKS 04556 03751 0.4186 0.6561 0.5306 0.918 4
DPC 0.5446 04365 05559 05893 0.7798 0.8026

Ecoil DPC+CS 0.5923 04608 0.5843 0.6006 0.8065  0.805
DPC+AS 0.7619 0.6807 0.7765 0.6559 0.7619 0.8642
DPCKS 0.8095 07041 0.7879 0.6489 0.8095 0.8796

3.7 it i

T A A ST B AN 0T 0 (— L BGEE DPC R D IR B IG, e 4k DPC #43 Fi SR ) HEAT I i

(1) A TR0 A ST DPC R O IR IS I 25k, E R OB 45 ) |, %} DPCKS #1 DPC
MO LT, XL, B B EE R A R R B E AR 0. PSS H 2 MR O YL 7E
DPCKS ', %W'& 3<k<25, PL 1 N KGHE L. 7E DPC o, K4 SCRR[7IRIEE 3.2 FiHERE t5 e, WE
0<ts<<5, LA 0.01 AP TR0, R o A% U B 30 85 155 L5 sy 2 38 e 30 400 25 TR AR R K IR T an A i A
Jofgrey, b, an RREIRAE PRI EGE. £ 13 230 T DPCKS M DPC g Lk B st th g o, Hor: #45
ERETE S AR EAREEM AR L, WIRCE N 1, WITEME. MR 13 A4 DPCKS b 26 N i fiik £ 7 1E
fifi R Agh0y, DPC AR 18 MR SRS T IEMI R 0. FL Ui HT, DPCKS 3B FEA% 0 I S 2 201

T HEE MM RO AR, B 7 B T DPCKS 7E 9 AN 2 4ERn AR Bk i, o, RS
RN FRIE, BEILETERRE L. B 7 haf LA t: DPCKS b it G S48 b T A AR R B T 1%
s, B LR 5 A A1 S K%, DPCKSS IE R 3% O il REALE SR i O AL B, T T BA Four-lines £04
LB, PRI RS L. Bl 8 ST DPCKS MEHUR ORI R, S —ANECER N —AME I R L, B
Br AR AN R . K 8(a)JBaR T 24 k=10 I, DPCKS LA I e i by, BRIV IET v 5 56 B (R b
O MRHEEE 2,271, JE ST B D T kT BRI SR A AR A Dy, TR A 8(a) IR 192, 207, 329, 371
1385 1% 5 A s, fHEIE 8(b); 7E per h, HEZAMEERTOIE TR —K, WARE or K EEZE SO,
DEER OB 53 S, B 8(c) . B 8(c)H 56, 166, 263 F1 499 X 4 AN /S K or {H#SEL 148, 228, 403 F1 432 iX
445U er [EK, AT 56, 166, 263 il 499 1% 4 AN ri gk AE R 0. B 8(c)h 263 ATEmALIIAIE, 1Kl 8(b)
W 315 BRI B, K HE A R (12) AT 40, cr(263)>cr(315), B LUIMER T AbF Bt 7 B 1) 315.
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# 13 DPCKS il DPC 3EE- AR 0 5

7 e DPCKS k DPC ts 7y B e DPCKS k  DPC ts
1 Iris 1 11 1 2.8 20 Pathbased 1 11 1 0.01
2 Jain 1 10 - - 21 Parkinsons 1 9 - -
3 Flame 1 7 1 0.01 22 Wifilocalization 1 22 1 0.21
4 WDBC 1 4 - - 23 Vehicle 1 14 - -
5 RI15 1 22 1 0.02 24 Pima 1 7 - -
6 zelnik3 1 11 1 0.01 25 Waveform(noise) 1 7 1 0.01
7 Spiral 1 6 1 0.01 26 Diabetes 1 5 - -
8 Seeds 1 14 1 0.06 27 Libras movement - - - -
9 Wine 1 14 1 1.99 28 Olivetti faces - - - -
10 Sonar 1 7 1 0.3 29 USPS - - - -
11 Breast 1 10 - - 30 Waveform - - 1 0.01
12 Dermatology 1 16 - - 31 Wholesale - - 1 0.01
13 Dim512 1 3 1 0.01 32 Mfeat - - - -
14 Tonosphere 1 16 1 0.01 33 Glass - - - -
15 Aggregation 1 14 1 0.11 34 Ecoil - - - -
16 Banknotes 1 18 1 0.08 35 Dim128 - - 1 0.08
17 Four-lines 1 10 - - 36 Coil20 - - - -
18 Thyroid 1 6 - - 37 Control - - - -
19 Compound 1 10 - - 38 Yale - - - -
1 1
05 0%
ok: ) 08
07 07
08 086
=05 =05 =05
04 04
03 03
0z 02
01 01
0.8 1 DD D“\ D‘Z D‘E D‘A 0‘5 D‘E 07 08 U‘S 1 OQ 02 0.4 0.6 08 1
(b) Jain
1 N M 1 '&. 1
0.9 . . [oX:]
Z: LT L 08| # 08 '
07 _:' to. B 07 ‘{; : . . 07_'..'
ost " .ol . K 06 . osf 4
=05 : =05 n 05 : 2
04 0.4 . 04 - :'
03 v U 031 llen - 03 ..:.. ..'_.
o2t [f S ° . 0.2 02 P L
[ e, . - 01 '.':k o1 TR DA
B . R o . o R
a 02 04 06 08 1 q 02 04 06 08 1 o o1 02 03 04 05 08 07 08 05 1
(d) Pathbased (f) zelnik3
1 1 +
s e :,'.:-_.'.
08 08
0.1 01 R F
¢ 01 02 03 04 05 08 07 08 08 1 1 o 0.2 04 13 08 1
(g) Spiral (h) Compound (i) Four-lines

Kl 7 DPCKS SVELE 2 Ae5di 4R F B U % o
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08 gy 0 B g 8895 112 08T 8 95 112 0o f
08 08 0.8
o7 148 184207 07 148 184 07
06 ;’fﬁ""?&{i‘:\if 06 B it 06
132 186490 228 132 188 7 228
>05 =05 =05
385
04 263 304 329, 388 04 263 388 04 i
LR e g e e g, . e g e, 2,
0.3} ma TR ST e L AL A R 03
D 371 D
o4 292 315 347 251 292 318 347
oz 03432 483 o2 403432 483 02
4
01 414 451499 01 414 5361 499 01 403 432 499
rgiaee G PR T PRRNR TN
o bentot s . iy , e
0 02 04 06 08 i 0 02 04 06 08 ™ 0 0.2 0.4 0.6 0.8 1
X x X
’ N N ut ) M N ) L vt \
(a) JTAT (s ide e oo (b) AR J5 22 AU I 8 43 Ak ik 1 v (c) Hi per MR8 43 fik 32 e v

K 8 DPCKS =7 Four-lines $i#i 42 b 3k B pota 5 72

() A RRHPFAUEFER BT O, SRZ AR BT, HIERIIRAER. X T 2 gk, X
PR OLR, RUAIIE KNINAE AR EAE e 4 b, 8 T W B SR KNIN TS B P ) Sk DAL,
AEH A L ZALA DPC 7 BUHEE, A — > i FE ST AN L8 AR [ — b e tEARBLRE © AR AR R
ESFMES, B0 e 2 Bo s, PR 000 0 2 JURURE o 5 A7 i v, R RAIE R A 20 e 2RI L AH
AU diz e PR T AE (R AE R 43R 11 R IR IR 20 Hedli 46 B, DPCKSS (¥ SRR ACR AR S DL 1, 31X 5 W] s F) 23T
SR A .

4 B 5

A DPC (P -3 () JEAT o0t B8 T — R SE T KO AB RN 40 Bl S e (0 25 B (B R 2BV, %
SRR S8 S O« VI SARBLRE RIS A BRI 3 A EE R W e R R AR SR 0 A, FERI AR, W
T B P DAL R0 2 R R A A R O AR A R O AT, B iR, AR e, T IEIRAL. M iR
AR B ZEE AT KNN 22 6] 1R B B Al AR, 32 AR . MIAUSE A O S M & B, S T MU R 3 7
PORIUHIIR A I, 2 & b O vh IR SRS 45 0L, AR v 1) 3R e 45 AN BUR S v e A SR 2R g L. 7 38
B EINRA SCRAT R, 9256 45 R L W], DPCKS $L54E Purity, Ace, ARL NMIL, RI fll FM Z53F M 4545
IR RPN TERE. BAh, TEARSRGII TR, 4GB0 4RI DPCKS Hik, dE—P T RE
SRR I 25 2R
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