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Clustering Algorithm Based on Attribute Similarity and Distributed Structure Connectivity

SUN Haowen, DING Jiaman, LI Bowen and JIA Lianyin
Faculty of Information Engineering and Automation, Kunming University of Science and Technology, Kunming 650500, China

Artificial Intelligence Key Laboratory of Yunnan Province, Kunming University of Science and Technology, Kunming 650500, China

Abstract According to different data characteristics, clustering analysis adopts different similarity measures. However, the data
distribution is complex in the real world,and there are various phenomena such as irregular distribution and uneven density. Con-
sidering attribute similarity or distribution structure connectivity alone will reduce clustering performance. Therefore, this paper
proposes a clustering algorithm based on attribute similarity and distributed structure connectivity(ASDSC). Firstly,a completely
undirected graph is constructed using all data instances, and a novel similarity measurement method is defined to calculate the
node similarity by the topology structure and the attributes similarity,and the adjacency matrix are constructed to update the
weights of edges. Secondly.based on the adjacency matrix.random walk with increasing step is performed. Subsequently . the clus-
ter centers and their numbers are obtained according to the connected centrality of nodes,and the connectivity of other nodes is al-
so acquired. Then, the connectivity is used to calculate the dependencies among nodes,and the propagation process of cluster num-
ber is carried out accordingly until the clustering process is completed. Finally,comparative experiments with 5 advanced cluste-
ring algorithms are conducted on 16 synthetic datasets and 10 real datasets,and the result show that the ASDSC algorithm has
achieved excellent performance.

Keywords Clustering, Similarity measure, Attribute similarity, Distributed structure connectivity,Cluster number propagation
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ZAEAALE WG BA TS 09 % 8 b oM HE A ranking TR
SUE R IR B PR 5] L L RS rankin B TS o 1Y 3%
DA (o0

TEN 5 (fy ¥ M U 48D 4 MO G Y 3% R o R HE A
ranking., i Jj BT A7 &l Gt B BT A TR AL v, €V, 0T LU 3 1 24 5
T0 5 o, W38 PO M S B Br A S S A Higher Al (0) SV,
FRHigher A' Co) a6 g BT A T A B T AV, /Y = 3% 58 45
JE. MM o, €C N, Him sz MES YT AV,
JEH O Higher _A' (u) = ¢, 55— J7 1 % T AE 7% 0
v € V\C. H i i i 48 -

Higher A'(v;) = {v; |v; €V and i#j A' (v; ,v;) >

A Cu v ) (6)

AR SO TR AT B —FE 4 5 A5 35, B T KR 9
H e W AR T A — N s . (Rt 7E B 0 R Pl 45 TR
B 342 3 R0 T R % T A, g 3 O AR R R L 6 T R — AN R

NS

{ranking,i,A' Cv; yv;)}

PO o €VC, T LR B 5 A 0 & % 48 5 1 A7 X i
[R5

B GCHABIIH) AT A o € V\C B 1 i
4R v, € Higher A' (o) 45 BT MR

:

RT’(‘U,,'UJ):% )

Wl AR T A o, € VNC 5 H T A R i T 4R A
T P o AT LR A5 F o A 119 408 8 T AR 0 e » MR RE SCH

Unearess = {0, | v; € Higher_A' Cv; 0,) yRT (v, yv;) =

max || RT' (v; 50,0 || } (8

M v, € VNC s il 7] T~ 2 52 FAR 8 THAL 0 neares 205, TR A K
#iE RN Label(v;) = Label (v e ) o

$i2 B8 DCC! A B TR S, T DA 3R AT 07 G 3R ot s 22 8]
PIRHSE F2 . foeJa » AR IO I AR 106 R L B R R 0 2 5
THAAE P LTSRS, LA RENE K., HATHE

WA SETDES Co b SR 4 Al

it O AR 2 Label

1. DCCl<=sort(Diag(A")) 5 / » 4 ¥ Fy HE 51 TR 1 32 38 oo 1k
2. for ranking,i in DCC!

3. ifiin C

4, Higher_A'(v;) =é3

5. continue

6. end if

7. Higher_A'(v;)<-DCC![ ; ranking];

/s J L TR 8 1 B 4/
8. Vnearest < vj | max(sort(RT (v, vi)));

[ * FHRARBIE = /
9. Label(v)) =Label (Vaerest) 5
10, LD<[Label(Vaeare) I3 / * 3KFF T AARHBIE A = /
11.  end for
3.5 HESERENH

T HE S XE RN ARBFE OB kL BELIEE 1925
Kl DBt 58 b8 8, A SCHRE A0 5 3k A0 B TR 42 4 B 2 A4
VLR #8453 - 1) 3155 07 A6 508 % G2 22 [ () B 5, A4 32 B 8 R
DB E 2L OCN?) s2) 35 i A TS (9 K BE B % i
0Cu) IR TE AR M A FERT OCK « N*), Hip K R e ifn 46
JEEL ;30 F T A5 K Y BE DL L o R R T AR A A B
e 1 PRI IR R BE A 52 B, PRI It 3 aek A o g B R A2 A
2 OUlog N) K TH5 B A7 Tt 79 2 38 Hh 0 M IR 3R 00 A ol
) MR 2 0 0 3 0 T P R T A D A A B G R 0 R 2R

e I IHE S EUETS P Se e

25 ST AR AR 0 G T M AR A R A2 2R B S OCN®)
4 KBS

ARTE AT T K 0 250 AT G A SO Bk i R R L B
S TRANA 8T AR SO0 1 S0 0 R L AL T L 0 B 4 X E
BN F AL RS E A A . G A T &%
SRR LR RIFIAT TINE . A5, - Hr AL
WS HUR LB K ARG T2, )5 i 7
BHEBMWE R E ., AT A Y 555 # 2 2k Python 3.8
SR IBITHE — A 8 AR 17 A BEAR 16 GB RAM
Y HL I b 2 4E R 488 Windows 10,
4.1 XWiIEE

TEFEAT S Z 00, A SO e e T A C S B AL EE L
g N AR R\ D2 R a2 S I T I 1= 7 [ 2
N T IR AR 3B B R b AR SR BT AR O vk 5 AR
BTN .
4.1.1 ZBHERE

T VTAG T B A3k A SR SR R L R AT T AR OR [ 2 A
BRI SR 04T S 80, B 2L S HOHE AR R A RUBOHE B . AR SOl
e K 26 A RV HLRE FI A [5] 4E JE p A0 45, & 16 A
AR 10 MEL IR B, R 1AK 2 3515 T
A CECE AL A B S AR A R TR AN SR TR B A B SR 2R A
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BE AR RRAE 4 B LK LS 2 A
1P 1—12 SHEIRE NN TFRBEHMBED . K,
Tain 46 42 6045 W4~ 3F = W7 40 A 19 7% - Aggregation $UHE 4R 2
7 ZEOR[R] 09 7 AL A A o T AR A AR s i L R15 B 15
KPR 2 RO AFE. 4—7 SEIEE R BA R M
BRI IE R [R) 4 BE 1) — R P B P 45 . MR #, AL, A2 I
A3 R FLA A [R) 4 AR AN 2 )OS [ ) — R A SR 4 . ST
M S2 e 53 [ B0y i B A R [ W 42 2 b 77 A K [ A B 1) o
Bk, BRILZAMA 13—16 5 J& FCPS B4H 4™, Hepta il &
T T AN S B R H I — AR R L MR R R 2
Chainlink J& AN AJ 43 e ~F- [ 9 B 35 £ 45 48 - TwoDiamonds Y
PIAZEIEFE R B M A, Atom 2 & 200 T BT M A
HhSEIN 3 AR 4E .
*1 A BEdESE

Table 1  Synthetic datasets

F5 A% A 34 %5
1 Jain 373 2 2
2 Aggregation 788 2 7
3 R15 600 2 15
4 Dim032 1024 32 16
5 Dim064 1024 64 16
6 Dim128 1024 128 16
7 Dim256 1024 256 16
8 Al 3000 2 20
9 A2 5250 2 35
10 A3 7500 2 50
11 S1 5000 2 15
12 S2 5000 2 15
13 Hepta 212 3 7
14 Chainlink 1000 3 2
15 TwoDiamonds 800 2 2
16 Atom 800 3 2

2% 2 #1,Colon_Cance 1 Prostate_Cancer ${ 4% 4 & 3 A
ST PIAS s AR B S S 2 0 R s LI 9 T ) AR
ML . B T R A AR A A 10 A S R 4
HART UCT L& 2 BR e . 31X S0 80 4 B R [8) 19 1B T
Hop g & 3 AN B 85 5 Seeds, Iris, Wine 4351 FH 3R 41 51
ANZ R RN REAE ), Thyroid & M1 7 A~ 04 LAY FIR AR
BAEE 4  Penbased & — P EUFEE S .

*2 HITBRSE

Table 2 Real-world datasets

F5 AR AL E3:4 % 7l
1 Colon_Cancer 62 2000 2
2 Prostate_Cancer 102 6033 2
3 Seeds 210 7 3
4 Thyroid 215 5 3
5 Wine 178 13 3
6 Iris 150 4 3
7 Dermatology 366 33 6
8 Libras 360 90 15
9 Tonosphere 351 34 2
10 Penbased 10992 16 10

D http://cs. uef. fi/sipu/datasets/

4.1.2 M A4S &

T84 FITAR RS RS . RIS T
ST R PN RSG5 0L, PR 48 b T LA B 4 b 1 2 AN T
46 B 0P PEAR FE A o A0S PR A R o R T A A 4 1 A
SRR A 1 B AR o A 1) AR 25 ) RV L BB S 3
P S AR SRRV H (0 B TR R R 4 R S R
BB (W T SE SCA5 S DE L, ) FH A0 3 5008 ok 038 55 vk 1 A kb
B SR PP 1 AR AL B i % CAccuracy s ACC) Vi it HoA5
4 (Normalized Mutual Information, NMD %, H v, ACC [
FH TR 20 T A 2 55 BN B 1L A S bR 4 L HL IR 9
HFL0 1] AHM RN 1, R R IE R R M. i NMI )
AT ERKE R G LIRSS —8E., 5 ACCH
A B9S2 NMI R R 45 32 B0 28 5 b 25 HE S i 52 el . P9 38 1 4
o v DU % 3 ek 2R 28 B 0k Rl A0 U 4 U T R N B s PR AN AR 1) 43
BRI 0 RO . R, 3 T P9 T AL 5 AR B
SV T M 8 A 6T IOE 14 1B S AH 45, AN Rl 45 X 5] Dy W6 Ak B2 vk T
U o PR AR SCEEBE AR ATAN 485 b5 b 19 P AN B 4R AR ACC AN
NMI S P4k 3R 2 245 ) T ik

35— 7O TR EAR SO B bR AT AR UL 4y
B ILF A Bk AT T K, 8 LLKM, CBKM, DB-
SCAN,SPRG,DenMune, H:H ,CBKM Fl SPRG 8 7 & i
A BB AR R S 808 R 26 AR SCm e TR BE R B Y 2L
SE . LLKM AN ZF 845 8 78 0 Bt T J& 8 33 LastLeap
I AR B M 2 K-Means J5 ¥, DBSCAN % % i i
Ja & 20 O 1 0 A TR R Bk B W I T A S 80 MinPs Fl
Eps. DenMune B8N B2 45 78 £ 1 B (EL43 75 45 8 A 1
Tl 4B B K A S 8050 iR 2 TR AT o BT A 08 48 i 4%
T—AWEM K 8. B K=37,

4.2 ZWHERRITFMIER

9T B UE ASDSC 5 i M fE , AR SCE 5B XS [ T ASDSC
Bk E LLKM.CNKM % 5 F X} L 878 16 45 L8046
ERT ACC Al NMI I 45258 IR XA SO s 1 BA feff
B 5 SN Y R AR R B K4 Bk, n gk 3 R,
Hor B R 2R 4% B A X BEVEA FE bR N B SR A4 L9
Wk 3 IR T AR SCHR H i ASDSC VR TE Jain S804
TR AL R,

R IR T ASDSC ik fE A BB 4 L iE A
PEo AT — 20 M A BT B R R FATHE 10 4
B SBR A L AT TR il 2 t B 7E ACC AT NMIT J7 T8 9
RET, TS TR R ERER I, Hoh, ASDSC 51k
TEAFARAE 1 ACC Al NMI Jr T (1 F- ¥ 3 28 it i 43 1) 3k )
0.82 F1 0. 60, SR T HME LM FETEGE. 34 T LIW
223 A He H A Ak AR CE I FE Colon_Cancer il Prostate_
Cancer X KM E ARG L RBEE . FNEEANEET
F B WBARAFIE , R R T A5 EE . TR A&
PEANTT 43 7R 09 Tris BOH6 45, A SCO8 1 4 & H 45 M 4R AE L 7T
RS- R (5N E I NI 7 O = S NS | Ny R 2 €

2 https://www. stat. cmu. edu/~jiashun/Resear-ch/software/GenomicsData/
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ACC Ft NMI 7 id ¥4 F H AL L . B A 585 5 Wine |
t T e BT A Y JE A R AR S Y X T B AR 0 A 4
LR I m AR L R AR IR,
2o b S R, RS2 BT MR 10 A LS HOE 4 P, ASDSC

B HETE Colon_Cancer %5 7 A Bt 45 ¥ 3K48 T & ACC,
TEH A B A2 b B A B A R . XS
GERIUE T A SCH B TR OR [R) 2 ALY B SR A R
FE 19 10 A

36 FVEIETE SRR Ry RESLS
Table 3 Clustering results of 6 methods on real-world datasets
HAEE i A 38 AF LLKM CNKM  DBSCAN  SPRG  DenMune  ASDSC(K)
ACC 0.35 0.29 0.46 0.63 0. 60 0.69(K=1)
Colon_Cancer
NMI 0.25 0.23 0. 35 0.19 0.48 0.68(K=1)
ACC 0.24 0.25 0.55 0.51 0.57 0.59(K=4)
Prostate_Cancer
NMI 0.08 0.13 0.28 0. 34 0.13 0.34(K=4)
ACC 0.90 0. 89 0.81 0. 88 0. 88 0.89(K=25)
Seeds
NMI 0.72 0.69 0.7 0.68 0.68 0.70(K=25)
ACC 0.54 0.65 0.74 0.8 0. 80 0.82(K=12)
Thyroid
NMI 0.4 0.3 0.46 0.65 0.56 0.53(K=12)
ACC 0.7 0.73 0.67 0.85 0.71 0.81(K=1)
Wine
NMI 0.88 0.5 0.45 0.77 0.57 0.52(K=1)
i ACC 0.81 0. 89 0.75 0.88 0.8 0.91(K=15)
e NMI 0.72 0.78 0.64 0.76 0.79  0.80(K=15)
ACC 0. 86 0.87 0.61 0.82 0.90 0.87(K=21)
Dermatology
NMI 0.76 0.8 0.57 0.78 0.92 0.81(K=21)
Lib ACC 0.35 0. 84 0.33 0.78 0.62 0.86(K=6)
-bras NMI 0.5 0.52 0.27 0.42 0.57 0.56(K=6)
ACC 0.58 0. 65 0.83 0.54 0.51 0.92(K=6)
Tonosphere
NMI 0. 31 0.43 0.58 0.31 0.26 0.59(K=6)
ACC 0. 66 0.63 0.58 0.45 0.67 0.92(K=16)
Penbased
NMI 0. 65 0. 64 0.47 0.28 0.59 0.77(K=16)
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Visualization results of ASDSC on 12 datasets
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4.3 HESHHH
ﬂii%&%&ﬂp\%ﬁ,ﬁﬂ%i&%%&i KRB S22 0 B
ko FLIIZONEL b AE R BT RN — WSS A AR SO T
1o t. n—Jr i, B AR R K o & A TRy % B
HIAE— @ BB LS 1 IO A S5 M AR DL M . AR b, 5 22 A
T 400 3 A Bt 2 A2 B 52 L T 3 3o 48 I ATL 98 R R
TG R 5 A5 1R 10 B IR AE B3R SR 43 A B B 52 B .
W AR A R K R B R G R A O E B,
%JT&M‘TWEAK%IE KX RBLERMZ I, 5 XK 1 &
A B EE 4 s K B 1 2] 50 #EATIK. HH ACC %
ﬁﬁﬁﬂ’ﬂ%?ﬁlﬁl{ﬁ K A UG i R 245 R 4 s,

TEE 4 FpULEEE T SRR K XA OB 4R Dim256
Hepta, Chainlink #1 TwoDiamonds f¥ 58 25 45 5 L % A #
M. Xt FACHE 4 Dim256 . Ho g M) w8 M fE — o B L R AR

TS5 R R AR AR AR R R e, TR B JE A A A
4ii #) Hepta, Chainlink #l TwoDiamonds. FA T DL Z 0% K {8
XA LA, BRI 2 A, 7E Aggregation, Dim032
Dim064 44 b BB ERE S S K H)" A — L2 5/ 1 ik
8, ACC IR AARIFTE 0.8 I L by X T — s e i R 45 . K
fELX RS 25 R 0 B e R 0 5 A% L K NS 4 T B bE‘J
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Fig.4 Clustering quality of ASDSC on synthetic datasets varies with the nearest neighbor parameter K
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