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Abstract

Data clustering is one of the major tasks in data mining, which is responsible for exploring hidden
patterns in unlabeled data. Due to the complexity of the problem and the weakness of the basic
clustering methods, today most of the studies are directed towards the clustering ensemble methods.
Diversity in the initial results is one of the most important factors that can affect the quality of the final
results. Also, the quality of the primary results is another factor that is effective in the quality of the
results of the ensemble. Both factors have been taken into consideration in the recent researches of
clustering ensemble. Both have been the goal of optimization in various researches. Recently, the
simultaneous optimization of these two has also been investigated. But most of the optimization of these
two is consecutive. Here, a new framework is proposed to improve the efficiency of clustering ensemble
based on the use of a subset of primary clusters. The presented method shows that using a subset of the
primary clustering results can be better than using the whole results. Also, this article suggests a
criterion on how to evaluate the preliminary results. This research provides a criterion by which it can
be determined which subset of the primary results can lead to an improvement in the clustering
ensemble performance. Since evolutionary optimization algorithms have been able to solve complex
engineering problems, in this article these optimization methods have been used to find the optimal
subsets of primary clusters. This selection is done with the help of three optimization methods (genetic
algorithm, simulated simulation and particle swarm algorithm). The main ideas in the proposed
framework for selecting a subset of clusters are the use of stable clusters with the help of optimization
search algorithms (evolutionary algorithms). To evaluate the clusters, the stability criterion based on
mutual information has been used. Finally, we combine the selected clusters with the help of several
final consensus functions. The experimental results are presented in terms of Fisher and accuracy and
normalized mutual information evaluation criteria. The proposed methods are compared to Alizadeh,
Azimi, Berikov, CLWGC, RCESCC, KME, CFSFDP, DBSCAB, NSC and Chen methods on several
standard data sets. The experimental results show that the proposed methods can effectively improve
the state of the art methods. A benchmark of 10 real datasets is used in the experiments. PSO method is
significantly better than other methods. The proposed method opens a wide field of studies on the future
of clustering algorithms. Introducing the concept of fuzzy in clustering ensemble is one of the first ideas
that can be investigated in future studies. Data normalization is one of the necessary measures when
using Euclidean distance. Since there is no guarantee to improve the quality of clustering when using
normalized data, usually the clustering methods present their reports on raw non-normalized data.
Therefore, another idea that can be studied in future studies is to find a dynamic method to assign a
normalization method to each data set.

Keywords: Clustering Ensemble, local optimization, evolutionary algorithm, correlation matrix,
diversity.
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(Figure-1): The prototypes in the k-means algorithm results
for the figures, from left to right, as follows: 1. Spatial
representation of 14 scattered samples in space. 2- Results
obtained with the initial samples 1 and 8. 3- Results obtained
with the initial samples 2 and 3. 4- Results obtained with the
initial samples 1 and 13.
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Table-1): A data set with 13 hypothetical data
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(Figure-2): The proposed framework.
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(Table-3): Implementation of k-means clustering algorithm
on 80% of Figure 2 data
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o3Il A b gloal S o(F-Jgu)
(Table-4): A ensemble of 8 sizes

Ensembleg Ensemble, Ensemble, Ensemblez Ensemble, Ensemble; Ensemble, Ensemble,
1 3 3 1 - 2 2 3
2 1 2 2 1 1 3 1
2 1 2 2 1 - 3 -
- 1 2 2 1 1 3 1
1 3 - 1 - 2 - 3
3 2 - 3 3 3 1 2
3 - 1 3 3 3 - 2
- 2 3 - 3 3 1 -
- - 2 - 2 2 1
2 1 2 - 2 - - 1
1 - 2 1 2 - 2 3
1 3 - 1 2 2 2 -
1 3 3 1 3 2 2 3

(F) Jgue gloz! gl 2 (Ensemble;) Jol gloz! :(0- Jgu)
(Table-5): The first Ensemble (Ensemble _1) for consensus Table (4)

FEg FE, FE¢ FE; FE, FE,; FE, FE,
1 3 3 1 3 2 2 3
2 1 2 2 1 1 3 1
2 1 2 2 1 1 3 1
2 1 2 2 1 1 3 1
1 3 3 1 2 2 2 3
3 2 3 3 3 3 1 2
3 2 1 3 3 3 1 2
3 2 3 3 3 3 1 2
1 1 2 1 2 2 2 1
2 1 2 2 2 1 3 1
1 3 2 1 2 2 2 3
1 3 2 1 2 2 2 3
1 3 3 1 3 2 2 3

99 > o 5l g Joua gloal :(P-Jgu)

(Table-6): Table ensemble after step two

SE, SE, SE, SE,

1 3 2 2
2 1 1 3
2 1 1 3
2 1 1 3
1 2 2 2
3 3 3 1
3 3 3 1
3 3 3 1
1 2 2 2
2 2 1 3
1 2 2 2
1 2 2 2
1 3 2 2

&y
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(Table-7): Table ensemble after step three

TE, TE, TE,
1 3 2
2 1 3
2 1 3
2 1 3
1 2 2
3 3 1
3 3 1
3 3 1
1 2 2
2 2 3
1 2 2
1 2 2
1 3 2
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(Figure-4): Showing a solution (chromosome)
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(Table-8): The final correlation matrix of table partitions (7)

1 0.67 0.67 0 0.67 0.33 0.33 0.67 0 0 0 1

0 0 0 0.67 0 0 0 0 0 1 1 1 0

0 0 0 0.67 0 0 0 0 0 1 1 1 0

0 0 0 0.67 0 0 0 0 0 1 1 1 0
0.67 1 1 0.33 1 0 0 0 1 0 0 0 0.67
0.33 0 0 0 0 1 1 1 0 0 0 0 0.33
0.33 0 0 0 0 1 1 1 0 0 0 0 0.33
0.33 0 0 0 0 1 1 1 0 0 0 0 0.33
0.67 1 1 0.33 1 0 0 0 1 0 0 0 0.67

0 0.33 0.33 1 0.33 0 0 0 0.33 0.67 0.67 0.67 0
0.67 1 1 0.33 1 0 0 0 1 0 0 0 0.67
0.67 1 1 0.33 1 0 0 0 1 0 0 0 0.67

1 0.67 0.67 0 0.67 0.33 0.3 0.33 0.67 0 0 0 1
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(Figure-6): Showing the best solution (chromosome)
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(Figure-5): Displays a candidate solution (chromosome)

b 5l 9 FitnessFunction([1L011]) =0

(V) Jguz 31,81 (gl dionte (Sowod (o1los et yilo (3= Jgu)
(Table-9): The final optimal correlation matrix for table partitions

1 0.5 0.5 0 0.5 0.5 0.5 0.5 0.5 0 0 0 1
0 0 0 0.5 0 0 0 0 0 1 1 1 0
0 0 0 0.5 0 0 0 0 0 1 1 1 0
0 0 0 0.5 0 0 0 0 0 1 1 1 0
0.5 1 1 0.5 1 0 0 0 1 0 0 0 0.5
0.5 0 0 0 0 1 1 1 0 0 0 0 0.5
0.5 0 0 0 0 1 1 1 0 0 0 0 0.5
0.5 0 0 0 0 1 1 1 0 0 0 0 0.5
0.5 1 1 0.5 1 0 0 0 1 0 0 0 0.5
0 0.5 0.5 1 0.5 0 0 0 0.5 0.5 0.5 0.5 0
0.5 1 1 0.5 1 0 0 0 1 0 0 0 0.5
0.5 1 1 0.5 1 0 0 0 1 0 0 0 0.5
1 0.5 0.5 0 0.5 0.5 0.5 0.5 0.5 0 0 0 1
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(Figure-8): An example of a Confuse matrix
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(Figure-9): The result of matching the results of a
hypothetical clustering algorithm and the actual tags of the
samples in a data set containing 1500 samples and 3 clusters.
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(Figure-10): The degree of instability as a result of matching
the results of a hypothetical clustering algorithm
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(Table-11) Summary of the characteristics of the standard data set used

odlods gozxo oS slawy &S P9 Slaxy Aigos dluxi
wine 3 13 178
breast-cancer 2 9 683
bupa 2 6 345
galaxy 7 4 323
glass 6 9 214
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halfring 2 2 400
iris 3 4 150
ionosphere 2 34 351
saheart 2 9 462
yeast 10 8 1484
0 UsS gy Sl 5o b ooldac gozmo plod (595 o s (pKilo: (VY- Jgur)
(Table-12): Average accuracy of all data sets versus different methods
Sl @l el s
JB game 68.35
Single Linkage GA 68.86
SA 68.42
PSO 68.88
JobS oz 68.35
Fuzzy k-means GA 68.86
SA 68.42
PSO 68.88
JobS oz 52.20
HGPA GA 53.12
SA 53.32
PSO 53.38
J o 63.20
MCLA GA 63.21
SA 63.20
PSO 63.25
JobS oz 65.60
CSPA GA 65.60
SA 64.98
PSO 65.54

s5UsS Sl bsy Jilie 53 b oolsasgema plod 53 o Jlo i i oMbl (il 0¥ Jgaz)
(Table-13): Average normalized mutual information on all data sets versus different methods

Slgi algi [PPCRIRNT oads Jlo g Joliiso coleds
JolS oz 43.15
Single Linkage GA 43.18
SA 42.98
PSO 43.15
JolS oz 41.35
Fuzzy k-means GA 44.52
SA 42.89
PSO 44.67
o oz 35.10
HGPA GA 35.17
SA 33.87
PSO 35.38
o oz 38.56
MCLA GA 39.85
SA 39.87
PSO 39.82
Jol5” oo 39.60
CSPA GA 41.25
SA 38.99
PSO 41.31
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(Table-14): Fisher's average criterion for all data sets versus different methods

- Y [EYSIRPAS] yand Hlro
JolS oo 70.10
Single Linkage GA 71.09
SA 70.85
PSO 71.15
S goze 67.78
Fuzzy k-means GA 69.36
SA 69.38
PSO 69.41
o5 oz 58.15
HGPA GA 60.25
SA 56.50
PSO 59.69
o5 oz 68.75
MCLA GA 68.72
SA 68.50
PSO 68.70
S goze 69.87
CSPA GA 70.25
SA 70.08
PSO 70.46
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(Figure-11): Comparison with Strong Clustering Algorithms
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(Table-15): Comparison of the performance of the proposed clustering algorithm with CLWGC in case of using k-means
clustering and fuzzy c-means as the basic clustering algorithm and other competing methods.

cLWGC C'-vaifh Chen | Berikov
Dataset with fuzz o TGND RCESCC PROPOSED

k-means y

means

Semeion 66.81 66.43 68.59 67.43 69.22 56.30 70.40
MF 68.89 69.13 69.28 70.15 71.32 58.04 73.10
IS 67.05 67.26 62.71 67.22 69.11 54.05 68.59
FCT 23.31 23.38 26.19 30.23 33.35 22.21 34.89
MNIST 65.26 64.16 66.16 67.02 69.44 55.43 68.23
ODR 83.12 82.57 85.50 84.04 86.21 64.23 85.76
LS 63.28 61.42 65.60 63.15 64.45 55.54 63.89
ISOLET 76.38 75.51 77.71 77.19 76.92 72.18 78.90
USPS 65.68 65.56 67.12 67.20 68.28 62.17 69.50
LR 41.47 41.69 47.07 43.42 48.11 38.17 47.85
Average 62.12 61.71 63.59 63.70 65.64 53.83 65.90
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