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Abstract: A cluster is a collection of data objects that are similar to one another within the same cluster and are
dissimilar to the objects in other clusters. Moreover, there will exist more or less similarities among these large
amounts of initial cluster results in real life data set. Accordingly, analyzer may have difficulty to implement further
analysis if they know nothing about these similarities. Therefore, it is very valuable to analyze these similarities and
construct the hierarchy structures of the initial clusters. The traditional cluster methods are unfit for this cluster
post-processing problem for their favor of finding the convex cluster result, impractical hypothesis and multiple
scans of the data set. Based on multifractal theory, this paper proposes the FCHO (fractal-based cluster hierarchy
optimization) algorithm, which integrates the cluster similarity with cluster shape and cluster distribution to
construct the cluster hierarchy tree from the disjoint initial clusters. The elementary time-space complexity of the
FCHO algorithm is presented. Several comparative experiments using synthetic and real life data set show the
performance and the effectivity of FCHO.

Key words:  data mining; clustering; multifractal; post-processing; optimization
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Fig.1 Initial cluster results
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Fig.2 Data sets and the q—D plots
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Table 1 Symbols
x1 HIFERNTS

No. Symbol Signification
1 S Data space
2 A Bounded interval
3 X Data set
4 Current_cluster Cluster number
5 Cluster; Cluster;
6 Diq Qi fractal dimension of Cluster;
7 Cluster;; Merge of Cluster; and Cluster;
8 Dijq i fractal dimension of Cluster;;
9 G; Cluster set for merging
10 & Threshold value of g, fractal dimension for grouping
11 Sq Threshold value of g, fractal dimension for merging
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Table 2 D2-20K data set clusters and their fractal dimension
Fc 2 D2-20K Hdhi 5 2R I8 S HR R o T 4 £

Cluster ID Cio C, Cio Cluster description
C, 146157 127407 1.1590 Centre cross square, |C;|=4000
C, 1.4019 12986 1.2153 Low left cross square, |C,/=2000
C; 14117 12978 1.2102 Low right cross square, |C5/=2000
Cy 14462 12970 1.1980  Upper left cross square, |C4/=2000
Cs 14201 1.2926 1.1648 Upper right cross square, |Cs|=2000
Cs 2.6774 1.8365 1.6522  Low left quarter cirque, |C4[=2000
C, 2.6536 1.8281 1.6586 Low right quarter cirque, |C7|=2000
Cs 2.7270 1.8276 1.6217 Upper left quarter cirque, |Cs|=2000
Cy 2.6975 1.8222 1.643 6 Upper right quarter cirque, |Co[=2000
q-D?

2.8

267

24

22

o 20

1.8

1.6

14

12

1.0

I
|

-10 =5 0 5 10
q

Fig.4 q-Dq plots of the initial cluster results
Kl 4 WIIREEISE RN Y q-Dg 12k
FCHO $E 257 AR SR FIUAL S W i L v W0 4 5 S0 1wl DU ) 24 AT A — e SR 2R SV,
AT 5 A SRS R S T Bt 45 4, BATTBE T 1 T W A% L R ) 4 SRS R i U SRR A 1 Ak
LR
HARKE B R4 T
ARG (@) E BRI K B IF I BES B s, M1 6, -
‘max( D, ) — min(D; )‘
o | Current _cluster /2 |
6,=2"¢, “)
$eofr, min(D, ) B max(D, ) 48 BUAH: 4T T4 24119 Q VA A SR K £
v S5 PR T Y B 2 A8, 3 IR R (5) AR BT BE 5 0T SRR AR 5 o0 = DA S TN R R A R B
ZEAE S/ B A B AT T BE 9 2R 265 01 845 M T 3Q(0) A AR O 1) 5 F AR, OF MR & P IR & JF RO 2R 2K,
HEL FBREFEETRAIFRREG N,

3

D, D, I€£,.0=-10,2,10 )
D, ~D, <6, and |D, ~D, [<5,,q=210 (6)
L, Dy, D, Al Dy 73 J%] NS Cluster; , Cluster; 1 Cluster; ] q IR TELERL, &, Fil 5, 218 KX(2) 5 3)E X

WIGEAC T B WL 1, — 3l SRS IR A A L AR 2, L v Mg v g 5 O SRR AR & IO R WL S5 3,28
KA THRAE WAL 4.
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% 1. Initialization step. &% 2. Optimization step.
Input: normalized data set Input: grid structure of the initial clusters
Output: initial cluster results Output: grid structure of the merged result
Begin Begin
construct the bottom grid structure optimize the initial clusters
set cluster number as 1 calculate D, and ascending sort
for all the grids unlabelled initialize & and &,
set true label generate the possibly merge cluster sets
recursively check the neighbors call merge operation
increase the cluster number by 1 End
End

H % 3. Generate the possibly merge cluster sets.
Input: ascending sequence of clusters G, g and &
Output: sets of possibly merge clusters
Begin
ADijq = (qu - Diq ),i=1,2,...,Current _cluster —1, j=i+1,q=-10,2,10

1st step

for the maximal AD; =satisfied with AD; ~>&.,,, groupGinto two sets G; and G,

10

repeat the group operation on Gi‘ and Gi2 , get the cluster groups which satisfied with D; |

2nd step
for the result groups of the first step, execute the same operation according to  D; ,and get the
cluster groups which satisfied with D;  and D, |

3rd step
for the result groups of the second step, execute the same operation according to D, ,and get the

cluster groups which satisfied with D, D, and D,

1o i
End
B % 4. Merge operation.
Input: groups of clusters for merging G;
Output: merging result of G;
Begin
G/ = ,flag=false;
while |G, 22 and not flag
flag=true;
for all {(Di,Dj)| D, €G;,D; eGi}
Cluster; = Cluster, U Cluster;
ify | Dijq -D, <o, and | Dijq - qu <o,

flag=false;
4D, - qzz;10|Dijq - Diq|-;|Dijq - qu|

if AD; is minimum
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Cluster; = Cluster;;, D; = D;
G =G -D,,G=G-D;,G =G/ +D,
if G0 G =G/UG,
End
LIS 2 T LA SRR IR G I SRR 2l I i) gk RIS I 93 TR E ST 3 AR X T & IF St e

Max _ group Max _ group
WEIE Y CI B4R I T ¢ =|G|. i Y, ¢ =Current_cluster , Max _group J 4§ 55 K i 7] fiE
i-1

i=1

B IR A A H T SE B Y T 5 WA A 15 B SR 5 B s OF By T 4 vk S FR L = A% SR R
TR M2 2 Mk G50, R B2 IR G TAE S &5+ B4 T AN AR B B B 2 G, P AT & G R
SRR BB AEIAT SRS 532, 1 24 1] AR B4R FER I A IR KW, A R T F P R0 40 SR kAT 5 82 b 2
TAE.

3 KB5S

FET I 1 XN D2-20K K 5215 2R A4 1 20 5 A P B0 b o 2l A 18-8 K K t7- 10K MBI A ME AN B4
PAT BN J7 THHEAT T A DG B SE 56 AR, SRR F H Delphi 25, #:/E R 4828 Windows Server 2003, fli {4 21
5% PIII 1.7G,512MB RAM.

3.1 EAMAHMEMR

D2-20K H4E S SR B0 B 1 T (00 46 SRR S5 R BEAT J AL A LA L rp A 00 8 0T 1V 14 23 T 2 5 L
x2S e,,~033,08,,~0.66;¢ ~0.14,5,~028;,~0.12, 5, ~024 SILH 1 #4715 254
AREA HERES 2N G={C,,C,,C;5,Cs,Cs} 1 Gg={C,C7,Cq,Co} R ELIFLI R N:C 5 C;H5I.C, 5 C &
HH.Ce 5 Cs 5 I1,C7 5 Co A I HA LS W, FATHEAL PN SRR B I 2 TG 20 TR AE S LR 3 B

Table 3 Fractal dimensions and their differences of the clusters and the merged clusters of D2-20K data set
F 3 D2-20K Hls B 46 58 IS B (1 73 T i 20 3 1 5 9 LUG 2 2%

Ci C, Cs Cy Cs Ce C; Cs Cy
1.461 6 0.069 9 0.054 7 0.083 8 0.063 4 0.527 8 0.526 8 0.508 1 0.516 4
Ci 1.274 0 0.028 2 0.026 4 0.0313 0.028 6 0.2812 0.2770 0.276 8 0.274 1
1.1590 0.0417 0.028 3 0.052 4 0.034 8 0.246 6 0.249 8 0.2314 0.2423
1.653 9 1.4019 0.059 1 0.078 5 0.092 0 0.487 4 0.486 4 0.467 7 0.548 6
C, 1.314 5 1.298 6 0.0316 0.031 4 0.043 8 0.268 9 0.264 7 0.264 5 0.261 8
1.228 8 1.2153 0.027 4 0.047 1 0.048 1 0.218 5 0.2217 0.203 2 0.286
1.616 4 1.590 2 1.4117 0.077 5 0.066 8 0.490 4 0.489 3 0.5572 0.478 9
Cs 1.3123 1.3299 1.297 8 0.040 8 0.0320 0.269 3 0.265 1 0.264 9 0.2622
1.2129 1.240 2 1.2102 0.036 6 0.034 8 0.2210 0.224 2 0.2923 0.216 7
1.6817 1.608 1 1.553 0 1.446 2 0.079 6 0.496 9 0.548 5 0.4772 0.485 4

Cy 1.316 9 1.3292 1.256 6 1.297 0 0.033 8 0.269 8 0.2655 0.2653 0.262 6
1.2309 1.2537 1.167 4 1.198 0 0.045 8 0.227 1 0.283 0 0.2119 0.222 8
1.644 1 1.558 7 1.600 5 1.600 7 1.420 1 0.590 5 0.514 6 0.4959 0.504 2
Cs 1.3119 1.2517 1.3272 1.328 6 1.292 6 0.272 0 0.267 7 0.267 5 0.264 8
1.196 7 1.1419 1.2223 1.2272 1.164 8 03185 0.246 9 0.228 4 0.2394

2.154 1 2.442 2.286 5 22126 2.086 4 2.6774 0.161 8 0.143 1 0.599 8
Cs 1.473 6 1.629 4 1.4411 1.4417 1.3271 1.836 5 0.080 0 0.079 7 0.314 4
1.3827 1.398 3 1.222 1 1.2191 1.090 0 1.6522 0.0818 0.063 4 0.2854

2.1711 22754 24238 2.099 1 22235 24928 2.653 6 0.569 0 0.1152
C; 1.4733 1.440 6 1.6309 1.3325 1.436 8 1.7523 1.8281 0.306 3 0.078 1

1.3817 1.224 4 1.3991 1.1453 1.1817 1.573 6 1.658 6 0.262 7 0.0371
2.158 2.2854 2.1027 25146 2.267 1 25196 2.624 4 2.7270 0.096 8
Cs 14718 1.440 0 1.3306 1.629 0 1.4327 1.753 4 1.5215 1.827 6 0.074 5
1.380 1 1.2358 1.123 6 1.400 5 1.18112 1.605 5 1.377 5 1.6217 0.022 3

2.1652 2.0900 2.180 7 2.1859 2.3829 2.6712 2.5148 24844 2.6975
Coy 1.466 5 1.3298 14346 1.436 5 1.622 6 1.5150 1.747 0 1.750 4 1.8222
1.3709 1.142 6 1.218 5 1.226 5 1.359 8 1.3625 1.614 0 1.610 4 1.643 6

B3 BN ST A TG BN N RS A 2 TE RO P 5T LR IS TEAERLCER 1 AT
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D10, 2 AT Do, 56 3 AT XSV Do), A7 _E A L IT X B N3 IF 2 Ja 5 5 9F 2 W (0 2 TR e B 2= A (LR 2R
2 AT JCHNAHN Y Dy ZE{E BIME, R 3 AT 0 AR Do ZE(E I ME, M5 1 AT0EA 5 2 fre R 525 347
JGER AN 5 gy T ARG I IA (19 q-Da I IS EEE DL, 3.3 I 1240 D AN IR S 56 25 2R

20 (,].(._,(,I+(,-_ 20 (,I.(,J.(,H(,JL_I 2'0| CL.C4.C1+C4 : 20 LI.(.:«.(.H(.SC!
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’ [ —e—(2 ' | —a—(2
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0% 0 0 2o 0 10
F G
S, C3C5.C3+Cs 5o, CHC5.CHCS 10, C6CTCECT 1o, C6CBC6+CS
0. . - _ _ , 30, £5.00C
+(€§-ral ! ——(t 4 ‘.'Lm'“'w"""-:. T - M&; :tgg,('a!
‘5M ]SM 2'0% T e, 207 T TR
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I J K L
1o, C6.9.CECO 30, CTCBCTHC8 . CTCOCTHCI . CBCOCEACI
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Fig.5 Post-Processing results of the clusters of D2-20K data set
5 D2-20K s 225 B ab B 45 3

Pt S AR50 A T AR FRATTIE HE 8-8K A t7-10K HEAT. L Hp t7- 10K Ziedi 424075 10 000 AN $dhs £, 40 5l % 9
AR S+ B R AR/ I SR b — Sl 7 55040 0 68-8K i dln A L 75 8 000 4% il s, 70 73 %) 1 8 AN
TEAR AN RN - S[R3 B R BRI SR 28 T Rt (W e 75 s A AR ATT 10 =22 H IR X W)U SR a8 Rk — 22 1)
SUSE SIS Rl 83 ST S 3t e

Kl 6A 2 t7-10K Hdls 82 2 R4 00 45 AL, & 6B X N1 o—Da M2k 58 ISAH RV 3 TR 4E B 45 IF 2 5 (A2 4L
IR 4 BBMALT I N S5 e, ~0.18,6, ~0.08,£,~0.08,5 ,~0.36,58,~0.16, 5, ~0.16 FHikH 1
AT G BT B 5 T MR B 20N : G1={C},C4,C7,Co},G,={C1,C5,Cs},G5={Cs,Cs} s X MMM A IG5 R A Cy 5
C,&I1.Ci 5 Co & IfF.Cs 5 Cs & IF.Co 5 Co G T o ARG v B 15 RSPV 5 I )5 43 TE e B A 1 U
W 6C~ Kl 6K FT . die 28 sE g g J LA 3.3 I 13A Jios.

Kl 7A Dy 8-8K Hidls £ (WA 46 SR IS 45 AL & TB Dy 0J Y (1) g—Dg M2k SR ISHH LIV 73 TE 4E BN 5 I 2 T (AR AL
BT3RS BT SH £ ,,~0.16,6,~0.07 ,6,~0.07,5,,~0.32,5, ~0.14, 5, = 0.14 S5 1 @HATH
REST AN G, ={C,,C,,C,,C}, G, = {C,,Cy}, Gy ={C,}, G, = {C,} JGRIMBRKGHERNC HC,HH,C 5
Co B AT R, N 71 B 0T LUG H C, L5 C % N[ 22 5 43 T 4 2 th 2 3R 36 Bz, i RAAN 25 L8 iX —
FLBRAVEA 5138 C, 5 C W R & I 4518 A0 5 IF I BRI B (1 73 TE e B0 5 5 0 T 0 23 T e B AL
JEE AR Z PR, FATT R BAIK 2 AR 2R 1l SR AT R AN Z A HE C, 5 Cp I AT RS20 45 Fan 38 3.3 11
14A iR,
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q-D, plots C2,C3.C2+C3

0 Initial cluster results (t7-10K)
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Fig.6 Post-Processing results of the clusters of t7-10K data set

K6

t7-10K Hdi 42 58 2 m sl Ab Fi 45 I

Table 4 Fractal dimensions and their differences of the clusters and the merged clusters of t7-10K data set

R4 7-10K Hdn S IS N7 HE R e W £ 0 s 2 22
C C, Cs Cy Cs Cs C; Cs Cy
2.1577 0.3923 0.087 1 0.115 4 0.5421 0.281 8 0.089 3 0.547 7 0.090 4
Ci 1.7197 0.223 8 0.027 6 0.069 4 0.289 5 0.180 6 0.024 7 0.288 9 0.047 4
1.662 5 0.168 5 0.059 5 0.046 1 0.252 6 0.1012 0.064 7 0.258 8 0.043 0
1.939 4 2.8171 0.696 0 0.083 7 0.742 1 0.216 3 0.645 5 0.599 0 0.751 1
C, 1.5301 1.788 1 0.381 4 0.047 1 0.403 9 0.145 6 0.363 0 0.323 9 0.408 1
1.470 2 1.614 8 0.314 6 0.036 7 0.338 2 0.070 7 0.282 5 0.275 1 0.343 0
1.846 6 1.903 8 2.7778 0.111 4 0.759 7 0.596 4 0.2770 0.677 1 0.505 7
C; 1.7557 1.380 8 1.736 4 0.085 2 0.426 1 0.322 4 0.174 1 0.368 1 0.2817
1.661 4 1.264 6 1.543°5 0.026 2 0.333 6 0.274 0 0.102 9 0.308 9 0.224 0
20111 23281 24480 2.2899 03381 0.097 0 0.174 5 02413 0.1915
C, 1.6375 1.734 6 1.629 9 1.722 6 0.193 0 0.074 4 0.098 4 0.1333 0.102 8
1.5832 1.642 0 1.544 8 1.5959 0.145 1 0.022 6 0.076 0 0.108 0 0.088 6
2.008 1 1.8399 1.657 6 2.268 0 2.32d 0.789 4 0.4302 0.066 0 0.3512
Cs 1.5382 1.458 0 1.409 9 1.6218 1.9356 0.4475 0.2570 0.043 5 0.186 4
1.482 1 1.372 6 1.341 6 1.556 2 1.806 8 0.341 8 0.173 2 0.022 5 0.164 8
2.162 6 24110 23528 23616 2.1324 2.6720 0.4593 0.658 7 0.4911
Cs 1.600 6 1.669 8 1.467 1 1.7333 1.4417 1.8427 0.263 6 0.369 8 0.2770
1.544 2 1.550 8 3301 9 1.634 6 1.3757 1.628 2 0.1957 0.288 9 0.214 1
24016 1.769 3 1.704 3 2.000 9 2.1129 1.793 9 2.294 3 0.310 4 0.047 3
C; 1.719 8 1.366 3 1.5293 1.583 8 1.546 1 1.493 0 1.670 6 0.171 0 0.014 8
1.623 1 1.2915 1.4354 1.488 6 1.496 8 1.3850 1.5332 0.1394 0.032'5
2.0 7 1.958 7 1.694 9 24267 2.7354 2.1112 2.1478 23761 03129
Cg 1.532 4 1.5316 1.4615 1.675 1 1.8858 1.5130 1.6257 1.9228 0.180 1
1.478 5 1.4383 1.368 8 1.603 4 1.786 9 14311 1.544 2 1.8120 0.132 8
2.3602 2.0511 1.9813 2.0810 1.9249 2.1159 2.6440 2.196 6 2.3200
Co 1.659 8 1.3333 1.4338 1.5915 1.628 7 1.4917 1.697 4 1.628 7 1.694 7
1.583 0 1.252 6 1.336 1 1.497 6 1.526 9 1.3883 1.587 4 1.5615 1.576 6
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Fig.7 Post-Processing results of the clusters of t8-8K data set
t8-8K K4l 4R IR R L Ab B 45 R

& 7

1295

Table 5 Fractal dimensions and their differences of the clusters and the merged clusters of t8-8K data set

5 8-8K M AR IO NI 4K B P & I LA R 2 22
C, C, C3 Cy Cs C6 C, Cs
2.579 4 0.058 3 0.3017 0.398 3 0.049 0 0.250 2 0.734 8 0.300 8
Ci 1.8222 0.0457 0.178 5 0.200 3 0.028 0 0.1437 0.389 8 0.186 2
1.680 2 0.012 6 0.1232 0.198 1 0.021 0 0.106 6 0.3450 0.114 5
2.5010 23735 0.1577 0.635 4 0.0332 0.5799 0.680 2 1.264 9
C, 1.776 9 1.8231 0.086 9 03314 0.0127 03323 03130 0.643 5
1.663 7 1.6551 0.070 8 0.304 0 0.020 4 0.247 6 0.367 1 0.621 4
2.078 6 2.126 0 2.098 7 0.306 7 03421 0.288 9 0.296 0 0.4558
Cs 1.5572 1.6923 1.649 2 0.1551 0.194 7 0.160 5 0.144 4 0.274 9
1.473 7 1.558 7 1.5136 0.1517 0.147 4 0.128 4 0.151 6 0.180 8
23881 2.064 5 22075 2.6623 0.264 3 0.0339 0.384 0 0.2243
Cy 1.6327 1.5020 1.591 4 1.843 8 0.117 3 0.0118 0.1814 0.124 5
1.524 0 1.405 5 1.4870 1.763 9 0.1470 0.022 1 0.202 5 0.099 9
2.364 4 2.3735 24110 2.2323 2.5900 0.1825 0.636 0 0.109 3
Cs 1.8379 1.823 1 1.528 7 1.703 4 1.797 6 0.069 8 0.327 4 0.091 1
1.709 1 1.655 1 1.4573 1.5829 1.696 0 0.1127 0.308 5 0.018 2
23186 2.0316 1.8393 24793 23223 2.741 1 0.586 6 0.167 3
Cs 1.679 7 1.491 4 1.576 3 1.8459 1.7412 1.8245 0.297 5 0.0855
1.596 6 1.443 0 1.4914 1.722 9 1.598 3 1.726 1 0.289 0 0.081 8
2.063 5 22430 2.1756 2.196 8 2.1316 2.2840 2.2856 1.079 1
C; 1.4903 1.5675 1.721'5 1.709 4 1.5404 1.5837 1.9380 0.5216
1.403°5 1.368 8 1.5927 1.587 8 1.447 8 1.482 4 1.816 8 0.557'5
2.0214 1.6221 1.765'1 2.067 0 2.5265 2.2609 23284 23700
Cs 1.650 1 1.1933 1.474 9 1.7227 1.7329 1.752 0 13726 1.8505
1.5554 1.036 0 1.405 8 1.6119 1.676 2 1.6110 1.180 6 1.659 6
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32 EHEMELSH
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FCHO 59k % H A5 T X g FE A S 500 51 73 A1 5 100 1R 001 43 50 28 45 SR JEAT i 49 4k 381, 0 1 A B 45040 4
H AR R ARG Bl IR b, FRATT 25 T 43 W7 28 28 i 492 A Bl R 0 B 1) R 2 B L v 1 AR SR 2K 8 R () 40 TR M UL B i 2R
2 5 AL B FE R 1) SR R 2

R 30 (1) FT S, T 5590 T 4 B B4 B AR [ J2 YR I A T 2 Bl A i G 45 U2, DT T 35 068 AN [ )2 2K 11 4
6 AT H 985 T A 70 T e D A Ko 7 (107 48 A o M5 ) A8 000, A9 RSl 95 L A A ) A0 o 1 D % 9T 60, 8 ) 090 s 3
AR 199 4 A Z1) 35 T AR b A 30 AT DO HE 7, SR HE e A B ) B2 2% B2 2 O(N - Tog N) L JE i N S 2 5 HE 7 1)
P 2B H N FCHO Sk 5 AH N N Sk 458 2 9 A% 1 250 (B K 0 3008 AUE ), 23 TR 4 B0 B TR 52 % P A
O(Level -N -logN) ot Level K2 2 HkE MM 12 REH B HFE T Level << N B, TR AT (K2 A% 25
FtE L 35T Z-ordering BEA V543 TE 4R (MBS [ B2 2% 5 24 O(N -log N) .

Max _ group
510 2 /1 FCHO SARAT — M IR I 0] 32 8848 TR 2o S AR g D CF UGHIN A AT RES IR K
i=1
Max _ group

A VI RS A T W A 1 i TR L 1 2 T 4 3L ¢, =[G L - ¢, =Current_cluster , Current _cluster
LRI

W WIR TR A (S e AT BE A FE 20 21 5 B R T RE A FE 0 AL I BAT TS 00 43 ) e

B0 A o L N Ay s AN B R AN R A LR IO R A AT RE A O A R R AR A IR X
FAE S — A BREN I AN T B 500 T e, 106 00 35 FE AT SR 2B 10 00 21, 00 R i 5 1) - S v Bl

(Current _ cluster —1)- (Current _cluster —2)

2
BEAR A T 1S 2 TT RE G JF 2R 00 41, w5 B VT SRR SN I 18 00 TE 4R 0, /R B0 Current_cluster, BT, 5 1R 47
FE YT SR B
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s
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