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Density peak clustering algorithm based on bidirectional representative
points and mutual K-nearest neighbors

REN Chun-hua', LI Chao-rong't, YU Yang?

(1. School of Computer Science and Technology, Yibin University, Yibin 644000, China; 2. School of Computer
and Software, Southwest Petroleum University, Chengdu 610500, China)

Abstract: The density peak clustering (DPC) algorithm is capable of identifying clusters of any shape, but there are two
obvious shortcomings. First, it struggles to accurately identify the cluster centers of sparse clusters in datasets with
uneven density distribution. Second, its remaining points assignment strategy can easily lead to a chain reaction,
resulting in incorrect data point classification. Therefore, this paper introduces a density peak clustering algorithm
called BRPMK-DPC based on bidirectional representative points (BRP) and mutual K -nearest neighbors (MKNN).
The algorithm initially develop a method to calculate local density using forward K -nearest neighbor representative
points and backward inverse K -nearest neighbor representative points. This method efficiently identifies the correct
cluster centers in datasets with uneven density distribution. Additionally, a method for assigning remaining points based
on mutual K -nearest neighbors is proposed. This method offers adaptability in the assignment process, avoiding the
drawback of using fixed K -values in derivative DPC algorithms. Finally, the BRPMK-DPC algorithm is tested on
artificially synthesized datasets and real datasets. The experimental results demonstrate that the proposed algorithm not
only efficiently identifies cluster centers with uneven density but also outperform the other seven compared algorithms
on most datasets.

Keywords: bidirectional representative points; K -nearest neighbors; inverse K -nearest neighbors; mutual K-
nearest neighbors; remaining points assignment; density peak clustering
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Pl RO B A IE KA. p(ay, ¢,) BITHE T2
N

S(xi, ;) = (14)

p(zi,c,) = avg( Z

x; EMKNN(z;) ,lasz =cy

S(:r:i,:rj)).

(15)
Hot: lab,, = ¢, F B Ha, KAE T, ; ave(:)
B AT RS R T o S, (M I KR A A
R T R A I T SRR,
BB 1 4047 52 BRI A I 4 K D, o
SYHE, WU KSR B 2 47 S B 1 5
7R S TV

xR F40%

10. while flag # 0 do

1. wEIF Lz, MR MaxP[z,][2];

12, Ere, KSR PAIMaxP;

13.  foreach z, € MKNN(z,) do

14. Hp(z,,c,) = p(a,, c,) + S(z,, z,) B H PFI
MaxP;

15. end

16, kB MaxP[f][1] ik FE B IRER S,
17. if P[:Up][cy] == () then

18. flag = 0;
19. end
20. end

21. while z; € D, and lab,, == ( do
22 FIHKEABJR BB It o) BISEARAE,
23. end

B2 MUH KGR AR S R 7 B i,

A FIRRSEAED,, MKNN(z,), C;

vt Bl R AERRAE

1. for each x; € D, do

2 WEREASNREE (2, c,):

3. FEFLR FISRBERHRE P[] [|C] = {p(xiy ¢,)|x: €
D,};

40 K A A B K B R A FE MaxP[t])[2) =

{max(p(xiv cy))’ maxc(p(xi, Cy))};
5. end

6. M\MaxP[t][1] Hhife £ i KRB L i, ;
7.if Plz,][c,] # O then

8. flag=1;
9. end

NTHE B U SE 2 IR R T, DK 3
R AR B B AN SRR, 7 R Gk (3
Drey) MR Rt L e,), %R 4 24 1T ST 5%
BRAR0 1, AR IE TR A FEA 1 9 R0 T, FEA 5T 9 /Y
M KITATE A N{7,8,10, 11}, A S 9 SHEK
T AT B S 23 50 0.2+ 0.34 0.4 0.5, 35 TR R
V2 2 PR R AT SRR B AL, R EC (14) FTRATHE
H S(9,7) = 0.92, S(9,8) = 0.96, S(9,10) = 0.86,
S(9,11) = 0.8; FIAH (15) tFEFEA S 9 RIS
Hp(9,¢,) = 0.94, p(9,c,) = 0.83. Kk, M5 FH %
2 SRR R JE B, FPRFEA 19 GRS L
N g,

o ©
0609 ©
0.3 0.5 @

B3 EX2HEEBEHEREE
3.3 BRPMK-DPC &%
AKF % BRPMK-DPC i3 1) 52 #m F2, BEAk
g0 WAL 3.

y£3 BRPMK-DPC.

¥

\

BN BED = {21, ..., 24, ..

it B SR 2R AR A

L X EE AR DT FR AL B, - TH A H 7 s 5 R] Y
B [ 29 4

2. M E(6) ~ (AD)TH S EUHE 5o, 1 1E 17 KO B4R A
RPKV (z;) flifi 1 K 4BRRMERPRKV (z;);

T, ), WIS Hk;



%84

A4 . g F e REEAAE KIEARG B %A R LE & 2497

3. BB RO ER & o, R I p(2,):

4. FIFIRGYRIA) H 5B 2, AR BE RS 0 (2

5. RS IR s, IR G IR

6. B0 R 4% A AT R A

7. FEBVE ISR L, S B AR A BRI KT
FRAL;

8. 1 R

2 F Sk 14 BRPMK-DPC 35 (1) I ] 4 2% i .
B T DR A A B R B Sy, ¥ B AN Bl R
BT Al B O k. B R A BVE AR W] &N, BRPMK-
DPC OR8] & 4% £ B E T LA R LA 1) iFEER
I BE B9 JE B B B[R] 52 9% B2 o8 O(n?); 2) T 5 IE )
K AR AR BRI [ 33 30 AT AR AL R B 1) B A% P
BN O (kn); 3) V5 R % BE 1IN (8] FE 3% 9 O (n?+
2kn); 4) T EAR % BE I [R) 28 B O (n); 5) 14
E R E R R AN O(n); 6) FHik 1 kG2
SEE T ERGHRE:, HEGIMER 1 NS,
TE s YR 0 R BT A BHE A AT N AR AR,
1 (AR 24 FE N O(n); 7) FERLE 2, —RiHECR
o3 T SRR IR B TR B2 2% FE N O (), — S0 5k
J& FEAE B, 1E B RS L R BRI & 2 BE N O (n?). 45
L fTi&, BRPMK-DPC 5y ¥ B [A] ¥ 9% 5 J5i 4f DPC
B8 MR 2 E N O(n?).
4 S5

A7 M BRPMK-DPC 1 5 25 M R Flig AT
i8], A% BRPMK-DPC 524 | /» R B K -
means' i 7 2% i 58 2 5 7% DBSCAN, J§ 4
DPC!"? B K 742K DPC % (DPC-KNN!"", FKNN-
DPC!"™, DPCSA"" #I LF-DPC"™) #47 EL 4.
4.1 LA

AR SR FH IR S R S 10 M LA
FAHR AN 11 D E SR L s 1 AN
PEEE). MR AL ) RS B LR 1 FIE 2.

®1 ALEHEESE

e/ S CREE @tk KA
Jain 373 2 2
Flame 240 2 2
Spiral 312 2 3
Pathbased 300 2 3
Compound 399 2 6
D31 3100 2 31
Twomoons 1502 2 2
ThreeCircle 299 2 3
Lineblob 266 2 3
Ring 1000 2 2

w2 HILAMBEE

EVEITE S TeRE R @tk RIEEE
Seeds 210 7 3
Libras 360 91 15
Wine 178 13 3
Parkinsons 195 23 2
SCADI 70 206 7
Ecoli 336 8 8
Dermatology 366 33 6
Banknote 1372 4 2
Dim1000 800 1000 16
BinaryAlphadigs 1404 320 36
Olivetti Faces 400 92x112 40

RICIERE 3 A RRVPAL TR E N EIE 1 B AR
e, 23 U B L R B (ARDY, B HLE R
(AMD™ #1 Fowlkes-Mallows Index 5%t (FMD)™"". &
NP FEARE RS 1, Fon BRI RE LT
4.2 BRPMK-DPC 7E A TARBEHEE LKL

A # R BRPMK-DPC 5 HiAth 7 #h&EA7E
THYEA AR E R RRACR, LI A R 3
(R PAL T AR E S,

{E Jain. Flame. Spiral. Twomoons. ThreeCircle.
Lineblob PA /& Ring 55 % 45 & Wl i &1, BRPMK-
DPC HyEI L F R SRR 7y, 8 7 2 £ E
FKHIBR, o ARIERE#EIA 2] 1. RI{E7E Pathbased
F1 Compound % % 22 ] i ', BRPMK-DPC k B 5K
PLTE TR, SRIM A SEBR TR kA, R MR
WRIH KIS T HAy 7 Mhxt bk, AR E. 45
F OB BUT &, RN LA REE S 5256 v, A S fr
P EIELE 9 N BRI A 2 5T 3R B R 2R
fE. XAEHDG D31 £ #i 4£ 1, BRPMK-DPC 53 1)
PR T LE-DPC F1 FKNN-DPC, E{Enitt, & 1) 3K
FIBMARMTS . IRk, AR SCN N EE T R AR 2R 55 1)
Jey i B T v DA SR L K AT I 8 4% 05 o B
%, N BRPMK-DPC 5y53% N T 25 77, A 3 IE i
43 BRPMK-DPC 7EELHiE4E LR

A5 £ F BRPMK-DPC 78 2S8R 4 F 1
RRVERE. H BRIk B AN R AT 7T A0, B A
I RSE dEFEFEERF AL H , BB B8 4 M P4l BT 42 5
G HYE. 4 FIH T 8 NRRFIELE 10 MESL
Bl s FRIRRGE R

M 4 A1 & H, BTt A% BRPMK-DPC 7£ 8 4
A2 (Seeds. Libras. Parkinsons. SCADI. Ecoli.
Dermatology. Dim1000 F1 BinaryAlphadigs) ] % Tl
PG FERR LR SR T oAl 7 NS, R4 2 AN



2498 #= % 5 Xk K %40%
3 ARIEEEATIERBIESE LWREARER
A€/ S Hik ARI AMI FMI e e/ Rk ARI AMI FMI ZH
K -means 05767 04916  0.8200 2 K-means 05117 04693 0.7643 2
DBSCAN 0.9887 09691  0.9956  0.05/8 DBSCAN 09081 0.7570 0.9561 0.065/4
DPC 0.6183 0.5396  0.8386 2% DPC 1 1 1 5%
Jain DPC-KNN 07146  0.6183  0.8819 2% Flame DPC-KNN 1 1 1 0.50%
FKNN-DPC  0.8224  0.7092  0.9359 43 FKNN-DPC  0.9666 0.9267 0.9845 5
DPCSA 0.0442 02167  0.5924 — DPCSA 1 1 1 —
LE-DPC 0.4059 02936  0.8270 40 LF-DPC 1 1 1 2
BRPMK-DPC 1 1 1 11 BRPMK-DPC 1 1 1 3
K-means  —0.0061 —0.0056 03274 3 K-means 04613  0.5098 0.6617 3
DBSCAN 1 1 1 0.04/3 DBSCAN 05890 0.6884 0.7317  0.065/4
DPC 1 1 1 2% DPC 0.4530 04997  0.6585 2%
Spiral DPC-KNN 1 1 1 2% Pathbased DPC-KNN  0.4602 0.5080 0.6617 2%
FKNN-DPC 1 1 1 6 FKNN-DPC  0.7323 0.7744  0.8226 8
DPCSA 1 1 1 — DPCSA 0.6133  0.7073  0.7511 —
LF-DPC 1 1 1 5 LF-DPC 0.9699  0.9525 0.9799 8
BRPMK-DPC 1 1 1 9 BRPMK-DPC 0.9794 0.9693  0.9863 10
K -means 0.5595 0.6753  0.6595 6 K-means  0.8646 0.9306 0.8693 31
DBSCAN 0.8402  0.7839  0.8850 0.08/14 DBSCAN  0.8078 0.8895 0.8186  0.04/40
DPC 0.5989  0.7798  0.6963 2% DPC 0.9332 09539 09354 2%
Compound DPC-KNN  0.8087  0.7913  0.8661  0.50% D311 DPC-KNN 09357 0.9549 0.9378 2%
FKNN-DPC ~ 0.8479  0.8341  0.8941 8 FKNN-DPC  0.9516 0.9653 0.9531 23
DPCSA 0.8284  0.8392  0.8707 — DPCSA 0.9353  0.9552 09374 —
LF-DPC 0.8409  0.8231  0.8891 10 LF-DPC 0.9473  0.9620  0.9490 20
BRPMK-DPC  0.9044  0.8922  0.9295 14 BRPMK-DPC 0.9400 0.9576  0.9419 28
K -means 0.4374 0.3324 0.7387 2 K -means 0.0533 0.1560 0.4031 3
DBSCAN 1 1 1 0.1/10 DBSCAN  0.8528 0.7599 0.9057  0.08/4
DPC 0.5896  0.5524  0.8075 2% DPC 0.5625 0.6042 0.7632 5%
Twomoons DPC-KNN  0.4921 0.4881  0.7604 2% ThreeCircle DPC-KNN  0.0338 0.0727 0.5809 1%
FKNN-DPC ~ 0.3862 04254  0.7103 6 FKNN-DPC 1 1 1 6
DPCSA 02746 03647  0.6607 — DPCSA 1 1 1 —
LE-DPC 02746 03647  0.6607 8 DPCSA 1 1 1 8
BRPMK-DPC 1 1 1 16 BRPMK-DPC 1 1 1 5
K -means 0.4875 0.5828  0.6650 3 K-means  0.0011 0.0008 0.5001 2
DBSCAN 1 1 1 0.08/5 DBSCAN 1 1 1 0.08/8
DPC 0.4875 0.5828  0.6650 2% DPC 0.1248 02041 0.6473 2%
Lincblob DPC-KNN 03577  0.4784  0.5949 1% Ring DPC-KNN 03595 0.3954 0.7051 2%
FKNN-DPC 1 1 1 6 FKNN-DPC 1 1 1 8
DPCSA 1 1 1 — DPCSA 1 1 1 —
LE-DPC 07179  0.7794  0.8148 8 LF-DPC 1 1 1 10
BRPMK-DPC 1 1 1 6 BRPMK-DPC 1 1 1 8
LR WG TR R, R RS B

£ Dim1000 H, SR 8 P SR RE 1) TR 45 A 2=
ANK, 12 BRPMK-DPC M 3 ANEFRSRE IR T
il 7 AR, 7E 55— 4 4E 24 4 BinaryAlphadigs
RGO B E R R R R R A TR, H
BRPMK-DPC 1) 5245 B A1 451 5 H A0 b .

£ Wine $#5 £ % EE i v] BA &K L, LF-DPC
T R A RS T AR R, B
J& i1/ FKNN-DPC #1 BRPMK-DPC $.%. A i
BRI SR AR TR, (B e T HoAh 5 Fh

[A] ¥, & Banknote £ #5 & ik 4, WA S H 1
DPCSA FIESRIE e A 10 TR AR, Hoph 5y 4
DPCSA 4T Wt . A SCH H M EIE N B ME 5 T
DPCSA, Frfaxf b g B HE44 58 2, TTRg I X Fl gl
R R R 2 DPCSA [ 4R s 4 B SRS JEH & H T
ZEIRE.

g% b, %3 4 @47 45 ] LRI, BRPMK-DPC
£ 8/10 H %4 4 ARI. AMI A1 FMI #& b5 | #B 3%
BT R AER R MERE, BARFTA X LA R B4R



% 8 AR S AT RGRE AL K ARG BB SR LT & 2499
R4 TRIBZFEEIHEELHRAELER
HlmsE ik ARI AMI FMI ZH EAEITE (=878 ARI AMI FMI ZH
K-means  0.7049 0.6705 0.8026 3 K-means 03032 05230 0.3528 15
DBSCAN  0.5291 0.5302 0.6711 0.24/16 DBSCAN  0.2348 0.3598 0.2799  0.9/1
DPC 0.7341 0.7172  0.8231 2% DPC 02984 05138 0.3682 0.40%
Seads DPC-KNN  0.7448 0.7144 0.8297 1% Libras DPC-KNN 03051 05471 03666 1%
FKNN-DPC  0.8024 0.7684 0.8680 4 FKNN-DPC 03211 0.5367 0.3943 10
DPCSA 0.6873  0.6609 0.7918 — DPCSA 0.2683  0.4939 0.3572 —
LE-DPC 0.7777 0.7381 0.8516 8 LF-DPC 03437 0.5406 0.3996 5
BRPMK-DPC 0.8493 0.8042 0.8991 8 BRPMK-DPC 0.3814 0.5593  0.4483 12
K-means 08471 08301 0.8984 3 K-means  0.0520 02129 0.5957 2
DBSCAN  0.5292 0.5484 0.7121  0.5/21 DBSCAN  0.0252 0.0071 0.5775 0.5/17
DPC 0.6724 0.7065 0.7835 2% DPC 02686 0.1772 0.8140  0.20%
Wine DPC-KNN  0.6990 0.7228  0.8006 8% Parkinsons DPC-KNN 02686 0.1772 0.8140 2%
FKNN-DPC  0.8819 0.8566 0.9215 8 FKNN-DPC  0.2686 0.1772 0.8140 5
DPCSA 0.7414  0.7480  0.8283 — DPCSA 02686 0.1772 0.8140  —
LE-DPC 0.9150 0.8800 0.9436 7 LF-DPC 02686 0.1772 0.8140 6
BRPMK-DPC 0.8685 0.8473 0.9126 8 BRPMK-DPC 03632 0.2151 0.8190 5
K-means 04583 04910 0.5805 7 K-means 04957 05192 0.6174 8
DBSCAN — — — — DBSCAN  0.0947 0.0696 0.5203  0.2/6
DPC 0.5618 0.4966 0.6684 2% DPC 0.7054 0.5816 0.7983 1%
SCADI DPC-KNN  0.5627 0.4759 0.6690 2% Eeoli DPC-KNN  0.6913 0.5817 0.7939 5%
FKNN-DPC  0.6191 05319 0.7122 6 FKNN-DPC  0.5914 0.5596 0.7071 7
DPCSA 0.5939  0.4988  0.6932 — DPCSA 0.4883  0.4229 0.6787 —
LE-DPC 0.6953 0.5872  0.7736 6 LF-DPC 0.7060 0.5877 0.8014 6
BRPMK-DPC 0.7484 0.6510 0.8105 6 BRPMK-DPC 0.7357 0.6306 0.8158 8
K-means 07312 08741 0.7856 6 K-means  0.0223 0.0168 0.5139 2
DBSCAN 04161 05176 0.5293  0.98/2 DBSCAN  0.8260 0.7542 09099  0.1/5
DPC 0.6622 0.7167 0.7487  0.40% DPC 0.8008 0.7751 0.8968 1%
Dermatology DPC-KNN  0.6349 0.7731 0.7089 1% Banknote DPC-KNN 03955 03575 0.6524  0.8%
FKNN-DPC  0.8654 0.8741 0.8994 6 FKNN-DPC  0.7702 0.7576 0.8793 20
DPCSA 0.6062 0.7451 0.6896 — DPCSA 09653 0.9359 0.9828 —
LE-DPC 0.8288  0.8345  0.8704 8 LF-DPC 0.7702  0.7576  0.8793 10
BRPMK-DPC 0.9506 0.9386 0.9605 9 BRPMK-DPC 09368 0.8806 0.9688 14
K-means 05407 0.7413 05774 16 K-means 02824 05151 03026 36
DBSCAN — — — — DBSCAN — — — —
DPC 0.5920 0.7170  0.6221 3% DPC 0.1123 03006 0.1829 2%
Dim1000 DPC-KNN  0.5858 0.7628 0.6166 2% BinaryAlphadis DPC-KNN  0.0483 02398 0.1805 2%
FKNN-DPC  0.6011 0.7481 0.6277 10 FKNN-DPC  0.1664 03812 0.2545 8
DPCSA 0.5980 0.7437  0.6247 — DPCSA 0.1098 03448 02178 —
LE-DPC 0.5510 0.7475 0.5810 9 LF-DPC 0.1500 0.3429 0.2261 8
BRPMK-DPC 0.6189 0.7639  0.6430 12 BRPMK-DPC 0.3044 0.5335 0.3320 6

M B4, (A54 W BRPMK-DPC #i%, iIX F
T2 a8 T B X e AR AU S i % P v B
HURH B K 4T ) 98 4% 053 L 77 % . BRPMK-DPC 5
TEALREE A RO B2 FE A3 A AN I B H 4R, I R
BEAT i R TR 4R i
4.4 BRPMK-DPC 7E N\ e ¥iE4E E stk

N T #E— 14 BRPMK-DPC 3% B8, 78
Olivetti Face ##54E L k17 5:5%, Jf 5 DPC. FKNN-
DPC Al DPCSA #47 % Lt.. Olivetti Face & — M)
2 FH T HLE 2 o) AR SRR 1) B0 48, AR A

40 ZH4L 400 M@ N\ K BR, BB T F N
WEEARFDELE. R AT T K6 AL
N BRI EAE S, MR kSRR 10 LA
J: B AT, SRR 25 R an 1] 4 frow, B B3
T s 1~ 10, AR LA R 5 5 4
N, HA RO SR AR B AR BE. Bk,
R0 J5 T, DPC R g5 R 313 6 4 A%
PRI R0, Hi'5 A 24 84 94 10 4L AJG A 1K A1
F| % 2ty ; FKNN-DPC 11 DPCSA G815 15 51 5] 7
HNGEHRE R0, B4508 8. 9. 10 A AR



*x R £40%

2500 = % 5
AR R B R Aty AT E LR 4 5B ) 2
10 20 N JGE i ) SR8 rpols, FLUR, 7RI 4% 5 40 d 5 T,

DPC. FKNN-DPC #1 DPCSA & & )5 3 ANt -
HA B B RS 2> B, 1T BRPMK-DPC 7R f¢ o 3 41
NI 2RI R &5, W3R 5 BRIV R IR
K, DPC W) 3 H £ 2, FKNN-DPC Il DPCSA
AHEE 5 4G DPC 78 R RE T TH A /N T, FE 2
a1 R R AN 4 R A S T, AR SC
$#2 ) BRPMK-DPC 7E %30 SR 2848 br o B 240 T 1
T DY SR D
bbb
1"3@0:: & niﬂ—‘\ IR D B8 NB—‘\ DS ﬂa’\
T e EIII
CIECCACATC ==-sz = EE‘!&&:’.!:
-TJ'-‘-'E: 3:: TTEETESS 3:: T TETESS 3::
A A T
szez&asss ekl *3%@@3 elekadded k] B ssss

(a) DPC (b) FKNN-DPC (¢) DPCSA (d) BRPMK-

DPC
E4 4 MEXFEANEBEE LNRELERRR

®S 4 MEEREARBIES LRRATIAER

fl 3 Fh BT
4.5 BRPMK-DPC ZATH A 43471

T K -means il DBSCAN 5 DPC Hy% FLH A
—3, A3 £ E 4 Bt DPC. DPC-KNN., FKNN-DPC.
DPCSA. LF-DPC Fl BRPMK-DPC #.% [ iz 47 I} ],
IEAT I (R R AR S BIEAT 5 IKHCEE IR
4 RN 3R 6 FISR T BlE R T 6 MEEIEN T &
JSCE I SR B SR 4R B RIS AT I R TR BN,
W N LA A S0 2 B S8R 4, J54R DPC 1)
B AT I [A] B A, X 2 B R DPC ) =) 30 % B v 5
FNT 42 i oy T D R 7 5, R AL )= 0 2% B 1E S
DPC-KNN 1217 I [A{ X T DPC; A3 H.i% BRPMK-
DPC 5 FKNN-DPC. LF-DPC iZ /T [ 34 —%, ¥
BRIX 3 P EEAN SO T R T, I8

Pl T 4% 55 43 BC SRS, [RIE 3 7k 132 A7 I (1]
=T DPC F1 DPC-KNN.
TE JR 3 3 B T H S R vh R A A ) KT A1 RT3 )

AR A, PR AR SO iZ 4R AR BEAT 38 47 I 1)

AT ARI AMI FMI ZH .
DpC 396 oes  oelle M, MRS R ank 8 pros. WAL Rk E, BAR
FKNN-DPC 0.6034 07524 0.6425 3 1E [a) K3 AR AN ) K3 48 22 34 il BRPMK-DPC 5
DPCSA 03610 06845 06002 — R IR IR 8, B (38 AT IR TRTE 1% ~ 6.5%,
BRPMK-DPC 0.8109 0.8304 0.8291 2 AT S RN 1 132 AT I .
*x6 6 MAEEXEATLEREIEE LHIZITHTIE Hfi: s
AE/TE S DPC DPC-KNN FKNN-DPC DPCSA LE-DPC BRPMK-DPC

Jain 0.1163 0.1383 0.1954 0.1287 0.2577 0.2780

Flame 0.1108 0.1133 0.1975 0.1204 0.2719 0.2007

Spiral 0.1204 0.1145 0.2169 0.1297 0.2243 0.1443

Pathbased 0.1178 0.1181 0.2094 0.1235 0.2202 0.2134

Compound 0.1231 0.1260 0.2016 0.1438 0.2077 0.2642

D31 0.9486 1.1827 5.8327 1.0205 6.2774 6.0564

Twomoons 0.2371 0.2417 3.5474 0.2630 2.5862 2.6286

ThreeCircle 0.0710 0.0767 0.2247 0.0837 0.1743 0.2547

Lineblob 0.0750 0.0789 0.2086 0.0878 0.2604 0.2792

Ring 0.1180 0.1510 1.4004 0.1613 1.7398 1.8228

KT 6 MAEEREAELHIESE EREITRE i s
it DPC DPC-KNN FKNN-DPC DPCSA LF-DPC BRPMK-DPC

Seeds 0.1116 0.1137 0.2255 0.1255 0.1759 0.1790

Libras 0.1287 0.1303 0.2108 0.1445 0.3529 0.3722

Wine 0.1180 0.1193 0.1603 0.1247 0.1734 0.1614

Parkinsons 0.1072 0.1138 0.2303 0.1182 0.2123 0.2220

SCADI 0.1147 0.1155 0.1408 0.1252 0.1511 0.1322

Ecoli 0.1180 0.1270 0.2078 0.1388 0.2747 0.2145

Dermatology 0.1209 0.1298 0.2349 0.1320 0.2465 0.2956

Banknote 0.2598 0.3066 41260 0.3005 4.6558 43243

Dim1000 0.1283 0.1284 0.6115 0.1680 0.6943 0.6855

BinaryAlphadigs 0.2228 0.2904 1.2954 0.2447 1.3643 1.2808

Olivetti Faces 0.0936 0.1156 0.2244 0.1754 0.2287 0.2305




A4 . g F e REEAAE KIEARG B %A R LE &

2501

%84
*=8 IEmESiE KB =R EAIZ T
BEEES BRPMK-DPC I WA AE /%
Jain 0.2780 0.0092 3.31
Flame 0.2007 0.0099 4.93
Spiral 0.1443 0.0082 5.68
Pathbased 0.2134 0.0083 3.89
Compound 0.2642 0.0109 4.13
D31 6.0564 0.3809 6.29
Twomoons 2.6286 0.0676 2.57
ThreeCircle 0.2547 0.0096 3.77
Lineblob 0.2792 0.0087 3.12
Ring 1.8228 0.0388 2.13
Seeds 0.1790 0.0093 5.20
Libras 0.3722 0.0112 3.01
Wine 0.1614 0.009 5.58
Parkinsons 0.2220 0.0099 4.46
SCADI 0.1322 0.0063 4.77
Ecoli 0.2145 0.0127 5.92
Dermatology 0.2956 0.0140 4.74
Banknote 4.3243 0.0700 1.62
Dim1000 0.6855 0.0249 3.63
BinaryAlphadigs 1.2808 0.0813 6.35
Olivetti Faces 0.2305 0.0091 3.95

5 & #
ARSCHR T — T B AR N B K40

{1 2 55 W {1 5 2K 5770 BRPMK-DPC. % 57 32 B %
T T MR R AR R SR B R RV, Re g AE
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