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Abstract

Clustering is one of the fundamental tools in data analysis and data mining, enabling the extraction of
hidden and meaningful structures from large datasets by grouping data based on intrinsic similarities.
However, selecting optimal clusters in conventional clustering algorithms poses challenges, especially
when clusters are dense or heterogeneous. In this study, a novel genetic algorithm-based method is
proposed to identify the most stable clusters in ensemble clustering. By leveraging cluster stability
criteria and a correlation matrix, the proposed approach improves the accuracy and stability of the final
clustering results. The proposed method involves generating initial partitions of the data using six
different clustering algorithms. Next, the Fisher criterion is applied to identify more stable clusters.
These selected clusters are then evaluated and optimized using a genetic algorithm to construct an
optimized correlation matrix. This matrix is subsequently fed into a hierarchical clustering algorithm,
which produces the final consensus clustering. The proposed method was tested on standard datasets.
Results demonstrated improvements of 12% and 5% in NMI and ARI metrics, respectively, compared
to previous methods. The use of a genetic algorithm enabled the identification of clusters with higher
stability and diversity, reducing the impact of noise and increasing the accuracy of the final clustering.
Moreover, the method outperformed individual base clustering algorithms in providing more precise
clustering results. Due to its ability to enhance the accuracy and stability of clustering, the proposed
method holds potential for applications in domains such as big data analysis, machine learning, and
information retrieval. The use of the Fisher criterion for selecting stable clusters and genetic algorithms
for optimization are among the strengths of this research. This method not only preserves diversity
among clusters but also significantly enhances clustering accuracy. Future studies could explore the
combination of this approach with more advanced algorithms to assess its applicability to more complex
datasets.

Keywords: Ensemble clustering, Cluster Stability, Fisher Criterion, Correlation matrix, Genetic
Algorithm.
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Input:
D — adataset {x1,x2, ..., xn}
K — maximum number of Ensemble Clusters

IRSI

— numbers of clusters in new partition (Refrence ¢

C; — clusterifrom Esemble

RSj- cluster j from RefrenceSet clusterig
Output:

Stability(C;) — Stability of C;

Require:

Resample D to obtain the perturbed data set D’;
Run K

— Means or other clustering algorithms (cluster(D,

over D to obtain P'(D);
Re — labeling P’'(D) to P(D);

stability(C)=0; .
Forj=1toRSdo .Y
stability(C;)=Fmeasure(ci, RS)+ .V
stability (Cy);
endfor .¥
1 N = stability (C;) . D
stability(C;) T
Olgreds Ci &bigs (55l Al pia 931 :(1- JS&)
Swjlp &b

(Figure-1): Algorithm for calculating the stability of Ci
cluster as a fitness function
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1 Exploration
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(Table-2): Experimental results obtained from the clusters of basic clauses for 3 types of Fisher's evaluation criteria

b ool
Iris Wine Halfring Nglass
b o 551

K-means 31.93 35.15 11.02 44.98

Single Linkage 39.25 46.07 41.18 44.21

. Average Linkage 29.06 42.49 42.76 40.06
Simple F-measure ™ lete Linkage 30.03 40.25 29.47 42.11
FCM 26.73 33.26 11.02 41.74

EAC 45.52 45.94 43.24 39.27

K-means 30.8 31.22 114 445

Single Linkage 39.34 46.28 4211 46.76

Max F-measure Average Linkage 28.42 42.26 44.18 48.19
Complete Linkage 28.63 39.08 31.86 47.99

FCM 26.81 31.76 11.14 43.87

EAC 45.6 46.17 44.25 48.29

K-means 29.63 27.6 11.64 33.35

Single Linkage 22.96 46.3 42.24 42.31

Improved F-measure Average Li_nkage 28.71 27.9 15.55 15.42
Complete Linkage 27.87 31.23 26.07 26.8

FCM 28.85 26.91 11.62 11.44

EAC 45.58 46.17 44.37 44.34

Golsdiny (995 09 9lin duylio (5l p ouls coliuwl glodls glaac gozxo Wlasine (V- Jguz)

(Table-3): Characteristics of data sets used to compare the robustness of the proposed method

The number of
. The number of the
The size of .
Dataset d features in CoNnsensus
ataset .
dataset clusters in
given dataset
Artificial dataset Ring3 (R3) 1500 2 3
Artificial dataset Banana2 (B2) 2000 2 2
e Aggregation7
Artificial dataset (A7) 788 2 7
UCI dataset Imbalance2 (12) 2250 2 2
UCI dataset Iris (1) 150 4 3
UCI dataset Wine (W) 178 13 3
UCI dataset Breast (B) 569 10 2
UCI dataset Digits (D) 5620 63 10
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http://dx.doi.org/10.61186/jsdp.21.3.111
https://jsdp.rcisp.ac.ir/article-1-1217-fa.html

Iris Dataset

45.6 45.58

45.52

26.73 |

Simple F-measure

50
45

39.34

39.25

28.71 77.87 28.85

2842 28.63 55 g1 23.63
I I I I 22.96

30.8

29.06 30.03

31.93 |

40
35
30
25
20
15
10

5

0

Jv3

ND4

98eyur] 939)dwo)
93eyur] a8esany
a8eyur 9j8uls
sueaw-y|

Jv3

IND4

93eyur] 919|dwo)
98eyuI] a8esany
98eyur 9j8uls
sueaw-y|

Jv3

IND4

93eyur] 919|dwo)
98eyul] a8esany
a3eyur 9j8uis

sueaw-y|

Improved F-measure

455551 Jlo! 1(Y—

Max F-measure
(Figure-3): Applying different algorithms to the Iris dataset

)

Iris o0loas goxo o alio sl

Wine Dataset

46.17

31.23
27.9 I 26.91

Improved F-measure

5556501 Jlos! :(F-

46.3
(Figure-4): Applying different algorithms to the Wine dataset

46.17

31.76 |

45.94

27.6

39.08

Max F-measure

Jov3

DA

a8eyur7 a19|dwo)
23eyul] a8esany
a3eyulq 9|8uls
sueaw-y|

Jov3

INDA

a3eyul 919|dwo)
23eyul] a8esany
a3eyurq 9|8uls
sueaw-y|

Jov3

IND4

a3eyu 919|dwo)
23eyul] a8esany
a3eyulq 9|3uls

sueaw-y

Simple F-measure

)

Wineosldac goxo p alizko b

Halfring Dataset

44.37
26.07
15.55 I 116
Improved F-measure

42.24

44.25

42.11 44.18

31.86
11.4 I 11.14 11.64

43.24

1.02

29.47
I 1_

41.18 42.76

11.02

%

LNS<FONoNANCN e

[ £0-60-G20z uo Jroe-dspudps| wouy papeojumoq ]

Jvid

ND4

93eyur] 919|dwo)
93eyur] a8esany
a3eyur] 9|3uls
sueaw-y|

Jv43

ND4

238eyur] 919)dwo)
28eyul] a8esany
98eyur 9j3uls
sueaw-y|

Jvid

IND4

93eyur] 919|dwo)
23eyur] a8esany
a3eyur 9j8uis

sueaw-y|

Max F-measure

Simple F-measure

)

Halfring o8ld4c goso p ilicko slapis ;65! Jlos! :(0-

(Figure-5): Applying different algorithms to the Halfring dataset

Y ol ¥ 5,led 1P L

[TTT¢ T2 dpsl/ogTT90T (10a ]


http://dx.doi.org/10.61186/jsdp.21.3.111
https://jsdp.rcisp.ac.ir/article-1-1217-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-03 ]

[ DOI: 10.61186/jsdp.21.3.111 ]

5 )3 aubigh 13313l (0l Ao (5l 53 @98l 2 (S b, &SI

TP

¢

4.

14

60

50

40

30

20

10

60

50

4

o

30

2

o

1

o

Nglass Dataset

46,76 48.19 47.99 48.29
44.98 445 .
44.21 42.11 2174 43.87 4231 4434
40.06 39.27
3335
26.8
15.42
I 11.44
2] [J] (0] [V 2 O ) () () (V) 2 (@] ] (9] [J] () 2 Q
c c c
© %’ ?!P %’ (@] 5 © ?'P «9!9 %’ (@] 5 m© ?19 %’ EIP (@) 5
[J] v X v w [0} v 4 v w (0] s v X .
€ £ £ £ E £ £ £ E £ £ £
1 ) - - 1 - - - 1 - — -
¥ g g o ¥ s g o ¥ g g s
g c 2 g c 2 g & 2
n [ wn (] 172 [
> > >
z § z § z 5
(@] ] (]

Simple F-measure Max F-measure Improved F-measure

Nglass o3104c goxo y iliceo G 5ol Jlos! (P JSi)
(Figure-6): Applying different algorithms to the Nglass dataset

K-means
K-mean
Single Linkag
Average Linkag
omplete Linkag
K-mean
Single Linkag
Average Linkag

o o 0o 95 O 2 0o 0o ¢ s O 2 o o o 5 O
¥ ¥ 3 3 o 3 e &
y vy x @ W T w P W
c © <
QL ¢ Qg
R
= > o
9]
o> E
< o
(@)

Complete Linkag

(&)
Hiris Mwine M Halfring ® Nglass
Simple F-measure Max F-measure

soad b g9 ¥ Clucal b bbosloacgozmo ¥ (59 o ilido (s o1 Jlos! (V- JS&)
(Figure-7): Applying different algorithms on 4 data sets including 3 types of Fisher's criteria

Improved F-measure

YV e Vol VP Lo


http://dx.doi.org/10.61186/jsdp.21.3.111
https://jsdp.rcisp.ac.ir/article-1-1217-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-03 ]

[ DOI: 10.61186/jsdp.21.3.111 ]

ARI

1.0 ~

0.8 1

0.6 1

ARI

0.4

0.2 1

0.0-

GLosldacgazmo 53 (§olpuiny (Gaaadiod pis jsil gl L dunlio )5 (598 (guinadgs aliso (sl g (o2 gl (A= JSCi)

(Figure-8): Experimental results of different robust clustering methods compared to the results of the proposed
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(Figure-9): Experimental results of different robust clustering methods compared to the results of the proposed
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(Figure-10): Experimental results of different robust clustering methods compared to the results of the proposed
consensus clustering algorithm in different datasets in terms of NMI index
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