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Multi-modal optimization using persistence-based
clustering in riemannian manifolds
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We introduce a novel strategy, the iterative optimization strategy.
With each iteration, previously undiscovered peaks are revealed.
This incremental process prevents inadvertent omission of local
extrema within the search space.

We introduce a new algorithm called Chaotic Evolutionary
Clustering (CECA). CECA combines the ergodicity of chaotic
dynamics with the inherent global search capabilities of the chaotic
evolutionary algorithm, thereby enhancing the effectiveness of
clustering in solving multi-modal optimization problems.

To evaluate the performance of the proposed algorithm, we
conducted experiments using 9 multimodal benchmark functions
from the CEC competition. A comparative analysis of new
algorithms, chaotic evolutionary algorithms and classic genetic
algorithms was conducted. A series of evaluation indicators from
CEC2021 is used to comprehensively evaluate the performance of
the model.
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the smaller the radius selection.

point of each peak.

»>The size of the radius controls the classification results. The greater the distance
between peaks, the larger the radius selection; the smaller the distance between peaks,

> After each algorithm is completed, a Gaussian distribution is performed on the optimal
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Initialization Parameters:

100 & 250
1,2&3,5

Initial Population:

Function Dimensions:

Comparison algorithm:

1. Genetic Algorithm

2. Chaotic Evolution with Deterministic
Crowding Algorithm (CEDC)

optimization process.

Number of peaks: multiple peaks L
= Generations: 10 Eva'luatlon indicators:
1. Fitness
g -5 Neighborhood Radius:  range/20 2. Peak Ratio
: . No. Name Fep Faa Fopca | wn
L bog- F1| Five-Uneven-Peak Trap |199.9971 | 199.9234 | 199.9717 | wn
e ! .J-: ) .";' F2 Equal Maxima 0.9999 | 0.9999 | 0.9999 g
e s N | F3 |Uneven Decreasing Maxima| 1.000 1.000 1.000 |
F4 Himmelblau 199.9985 | 199.9681 | 199.9996 | -
»Traditional evolutionary computation (EC) algorithms CANNOT F5| Six-hump-camel-back 0.975 0971 1.000 5 0 T e
or CANNOT effectively solve multi-modal optimization problems.} |F0 Shubert 2D 186.729 | 186.601 | 186.7308 ' e ’
F7 Vincent_2D 0.9999 | 0.9995 | 0.9999 20 7=
How to solve the above problem ? F8 Shubert_3D 2709.0359|2673.8931|2709.0902 **
F9 Vincent 3D 0.9999 | 0.9962 | 09999 |,
@ + ‘ + ;23}11 = l’ersé?:f;::i'l'l‘é'sed The Fable and figures ir.1dica.te that the CECA algorithm ) :::
consistently achieves high fitness values throughout the Vincent 3D | &

—— CLUSTER

1. Build distance matrix

Persistence-Based
Clustering

2. Sort current population (P)
3. Find neighborhood of each point
4. Clustering based on distance matrix

and neighborhood

The best point in each peak is distributed using a Gaussian
distribution.
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" Egim The table and figures illustrate the superior
0 performance of the CECA concerning PR when
,5::: compared to other benchmark algorithms.
o No. Narme B | P P
:j: Vincent 3D F1| Five-Uneven-Peak Trap [1.00/0.95| 1.00
. : T . — | F2 Equal Maxima 1.00(1.00| 1.00
B} F3 |Uneven Decreasing Maxima|1.00|1.00| 1.00
. F4 Himmelblau 0.98]1.00| 1.00
- F5 Six-hump-camel-back 0.95(0.97| 1.00
F6 Shubert_2D 0.91]0.87| 0.99
. F7 Vincent_2D 0.96]0.83| 0.99
} Shubert3D  — = | [F8 Shubert_3D 0.94]0.88] 0.98
: Y e : ° F9 Vincent_3D 0.96(0.80| 0.96

overall search ability.
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Developing the Chaotic Evolutionary Clustering Algorithm (CECA).
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‘We propose a novel theoretical framework designed to enhance evolutionary algorithms.

CECA shows superior performance, and its special feature is faster speed and stronger
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