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Abstract

This paper proposes a novel selection mechanism for differential evolution
(DE) termed the adjacent matrix-based probabilistic (AMP) selection
mechanism. When DE enters the selection phase, the proposed method
merges the parent and offspring populations and constructs an adjacency
matrix using the Manhattan distance. The concept of competition is
then introduced, with the probability of being selected as a competitor
determined based on the adjacency matrix. According to the proximate
optimality principle (POP), closer individuals have a higher probabil-
ity of being competitors, as neighbors tend to share similar genome
and fitness information. This allows a cluster to be represented by a
superior individual, reducing redundant fitness evaluations. For each
individual, k competitors are chosen, and fitness comparisons are con-
ducted. The winner counts are ranked to determine which individuals
survive. To evaluate the performance of the proposed AMP selection
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mechanism, we integrated it with eight variants of DE and conducted
numerical experiments on CEC2017 and CEC2022 benchmark functions.
The experimental results and statistical analysis confirm the effectiveness
and robustness of the AMP selection mechanism, demonstrating its great
potential for integration with population-based optimization techniques
to address various optimization tasks. The source code of this research

can be downloaded from https://github.com/RuiZhong961230/AMP.

Keywords: Differential Evolution (DE), Adjacent Matrix-based Probabilistic
(AMP) Selection, Proximate Optimality Principle (POP), Numerical
Optimization

1 Introduction

In the rapid development of optimization algorithms, differential evolution
(DE) has emerged as a powerful tool for solving complex optimization problems
due to its simplicity and effectiveness [1-4]. Inspired by Darwin’s theory of
evolution, DE relies on the mechanism of mutation, crossover, and selection to
evolve solutions over successive generations [5]. In the past decades, numerous
variants of DE have been proposed to address various complex optimization
problems. However, most of them focus on improving the performance of DE
by adjusting the hyperparameters (i.e., scaling factor F', crossover rate C'r,
and population size N) [6-14] and introducing efficient search operators [15—
21]. At the same time, only a few publications paid attention to the selection
mechanism in DE [22-24].

As an important component of DE, the selection mechanism provides the
principle to survive individuals to the subsequent generation [25, 26]. Moti-
vated by the 7survival of the fittest”, it should ensure the survival of elite
individuals while maintaining the diversity of the population for exploring the
solution space. As one of the simplest and most common selection schemes of
DE, the one-to-one greedy selection for the minimization problem is formulated
in Eq. (1).

S {u if flul) < f(=l) Q

‘ x!, otherwise

'R
where u! and x! denote the constructed offspring individual and parent
individual, respectively. This selection mechanism compares each offspring
individual with its corresponding parent to survive the individual with better
fitness [27, 28]. The benefits of this scheme include (1) simplicity and compu-
tational efficiency, (2) steady convergence, and (3) scalability and robustness.
However, this conventional approach also faces challenges such as (1) prema-
ture optimization, (2) loss of population diversity, and (3) limited ability to
escape local optima. Therefore, developing an efficient and effective selection
mechanism is necessary and promising to enhance the performance of DE in
various optimization domains.
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This paper proposes a novel adjacency matrix-based probabilistic (AMP)
selection mechanism and integrates it with variants of DE to further investi-
gate its adaptability and scalability. Specifically, after generating the offspring
population, AMP merges it with the parent population. The Manhattan dis-
tance between each pair of individuals is calculated and stored in the adjacency
matrix. For the current individual !, AMP then randomly selects k competitor
individuals based on the Manhattan distance, with closer individuals having a
higher probability of being selected. The fitness of the current individual @} is
compared with the competitors in sequence, and the counts where x! outper-
forms a competitor are recorded. Finally, AMP survives the individuals based
on the number of counts. To evaluate the performance of our proposed AMP
selection mechanism, we integrate it with conventional DE with DE/rand/1,
DE/cur/1, and DE/cur-to-best/1 mutation strategies, JADE, and competitive
DE (CDE). The numerical experiments are conducted on IEEE-CEC2017 and
CEC2022 benchmark functions to confirm the effectiveness and adaptability
of our proposed AMP selection mechanism.

The remainder of this paper is organized as follows: Section 2 presents the
related works including the basic framework of DE and the progress on selec-
tion mechanisms in DE. Section 3 presents the details of our proposed AMP
selection mechanism. The detailed numerical experiments and performance
analysis are presented in Section 4. Finally, Section 6 concludes this paper.

2 Related works
2.1 Basic framework of DE

DE is a population-based stochastic optimization algorithm proposed by Storn
and Price in 1995 [5], which belongs to the family of evolutionary algorithms
(EAs) and mainly consists of population initialization, mutation, crossover,
and selection.

Population initialization: Similar to most population-based EAs, the
first phase of DE is population initialization, as formulated in Eq. (2).

1 Ti1 212 - T1D

T2 T21 X22 -+ T2D

X =|[%3| = |31 T32 "' T3D
(2)

TN TN1 TN2 *** TND

Tij =T - (ubj — lb]) + lbj

where X represents the population, x; is the i*" individual, and 245 represents
the value in the j** dimension of the x;. lb; and ub; are the lower and the
upper bound of the j** dimension, respectively, and r is a random number
following a uniform distribution in U(0,1).
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Mutation schemes: Subsequently, DE utilizes the mutation scheme to
construct mutant vectors. Eq. (3) summarizes some popular and representative
mutation schemes in DE.

DE/rand/1: v} = x!, + F - (xly — z'3)

DE/cur/1:v! =2+ F - (x; — z.,)

DE/best/1: vf = @peqy + F - (71 — %75) (3)
DE/cur-to-best/1 : v! = x! + F - (x},,, — x!) + F - (z'; — z%y)
DE/cur-to-pbest/1 : v} = @} + F - (2}, — @}) + F - () — xy)

where ! is the constructed mutant vector, r1, 72, and 73 are three mutually
different integers selected from {1,2,3,..., N} randomly, and F is the scaling
factor in the range of (0, 2] [29].

Crossover: The crossover operator in DE combines the mutant vector
with the target vector to generate a trial vector, which is responsible for the
exploitative search in the DE framework. The mathematical model of the most
common binomial crossover is presented in Eq. (4).

t _{u’?i,j’ if r<Crorj=jrand (4)

Ui ot
i3

otherwise
where Cr in (0, 1) is the crossover rate to control the probability of inheritance
between the mutant vector uf j and the target vector wf i Jrand is a random
integer in {1,2,3,..., D}.

Selection: The one-to-one greedy selection mechanism in DE is formulated
in Eq. (5).

()

In summary, the pseudocode of the basic DE is presented in Algorithm 1.

S {u if flul) < f(a)

! x!, otherwise

2.2 Progress on selection mechanisms in DE

The selection mechanism in DE plays a crucial role in determining which indi-
viduals survive to form the next generation. This section presents an overview
of the progress in selection mechanisms in DE.

Padhye et al. [30] and Vinh et al. [31] introduced the elitist selection mech-
anism to DE. After constructing the offspring population, it is merged with
the current population, and only the top-k individuals survive, where k equals
the population size. This high-level greedy selection mechanism accelerates
optimization for problems with a simple fitness landscape but may trap the
algorithm in local optima and lead to rapid stagnation in complex optimization
problems.
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Algorithm 1 Basic DE
Require: Population size: N, Dimension: D, Maximum iteration:T’
Ensure: Optimum: z}_,

1: Population and parameters initialization
2. t=0

3 ) ., + best(X)

4: while t < T do

5: for : =0to N do

6: Construct the mutant vector using Eq. (3)
7 Crossover using Eq. (4)

8: end for

9: Selection using Eq. (5)

10: x!, ., < best(X)

11: t—t+1

12: end while

=
w

) t
: return x;,_,

Tagawa et al. [32] developed five criteria for the selection mechanism:
Family Survival Selection (CF): The worse target vector is immedi-
ately replaced by the corresponding trial vector. Worst Survival Selection
(CW): The trial vector is always compared with the worst individual in the
population. Absolute Survival Selection (CA): The worst individual in
the population is replaced by the trial vector without any comparison. Clos-
est Survival Selection (CC): The trial vector is always compared with the
closest individual to it in the population. Hybrid Survival Selection (CH):
This method combines the closest survival selection and the worst survival
selection. These selection mechanisms were integrated into DE, and numer-
ical experiments with statistical analysis confirmed that CW can accelerate
optimization, while CC enhances the robustness of DE.

Arka et al. [33] focused on the optimization problems in noisy environments
and proposed a distance-based selection mechanism formulated in Eq. (6).

ul. if ful) < f(a}) N

t+1 . _ar
o = ul, if f(ul) > f(xf) and p, < em D (6)
x!, otherwise
where p; is a random number following a uniform distribution U(0,1), Af =
|f(ul) — f(z!*h)|, and Dist = Zf:o luj ; — x} ;|. Considering that the fit-
ness landscape is corrupted by noise, the one-to-one greedy selection method
suffers from uncertainty, making it nearly impossible to determine whether
the offspring individual is definitively better or worse than the parent. To
address this, the proposed distance-based selection mechanism incorporates a

probability that even an inferior offspring can survive occasionally.
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Tian et al. [34] proposed a novel diversity-based selection strategy as
formulated in Eq. (7).

ul, if f(ul) < f(ah)
QBEJrl = uﬁv ’Lf fw(uf) < fw(wﬁ) and $f 7é :Biest (7)

t
x;,

otherwise
where fy, () is the corrected fitness function and defined in Eq. (8).

Distynay — Dist(x, ., ')
Distyay + Dist(x} ., xt)

fmaw - fmin

fulat) = +(1-a)

(8)

« is a weight factor to balance the proportion between the fitness and distance
as suggested in [0.8, 1] [34]. fimaz and fmn, are the maximum and the mini-
mum fitness values in the current and the offspring population, respectively.
Dist, e 1s the maximum Euclidean distance between the best individual a:é est
and other individuals in both the current and the offspring population, and
Dist(x},,,x!) calculates the Euclidean distance between the best individual
x! ., and the current individual .

To a pair of the offspring individual w! and the current individual x!,
the diversity-based selection mechanism allows u! to survive with a certain
probability, even if it has a worse fitness value but is far from the current
best individual @}, ,. This strategy simultaneously considers the fitness value
and the distance factor and can maintain the population diversity during
optimization.

Zeng et al. [35] proposed a hybrid selection mechanism in DE. Specifically,
when an individual is not in a state of stagnation, the proposed hybrid selection
functions as same as the classical selection operator that chooses the best
vector between the trial vector and the parent vector to survive. However,
when the individual is in a state of stagnation, three other candidate vectors
may be selected for the next generation:

® The best individual from all the discarded trial vectors of the parent vector.

® The second-best individual from all the discarded trial vectors of the parent
vector.

e A randomly chosen individual from all the successfully updated solutions.

Several DE variants were equipped with the proposed hybrid selection mech-
anism, and the numerical experiments confirmed that it can significantly
accelerate optimization.

Although previous works have considered distance information between
parent and offspring individuals, as well as probabilistic survival, these selec-
tion mechanisms rely on limited information sources, which restrict decision-
making diversity and further reduce the population diversity. In this paper, we
propose an AMP selection mechanism that considers the distance information
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of the entire population and introduces a competitive mechanism into the selec-
tion process. Elite individuals are preserved through competition with other
individuals, while inferior individuals still have a chance of being accepted.
This strategy effectively captures both natural selection and random chance,
reflecting the balance of survival of the fittest with occasional opportunities
for weaker individuals in nature.

3 Our proposal: AMP selection mechanism

This section introduces our proposed AMP selection mechanism in detail.
Section 3.1 presents the overview of the AMP selection mechanism, Section
3.2 introduces the AMP selection mechanism in detail, and the computational
complexity of the AMP selection mechanism is analyzed in Section 3.3.

3.1 Overview of the AMP selection mechanism

The flowchart of the AMP selection mechanism is presented in Fig. 1. We first
define the input parameters including the population size NN, the dimension
size D, the number of competitors k, the offspring population X,, and the
current population X.. At the beginning of the selection phase, the offspring
population and the current population are merged to form X,.. Next, the
Manhattan distance between every pair of individuals is calculated and stored
in the adjacent matrix. A 2N-dimensional array A is initialized to save the
winner counts for the corresponding individuals.

When the AMP selection enters the main loop, it calculates the selected
probabilities of other individuals concerning the current individual x; based
on the Manhattan distance saved in the adjacent matrix. Subsequently, k£ com-
petitor individuals are chosen based on the probabilities and compared with
the current individual «;, and the winner counts are saved in the correspond-
ing dimension of the array A. After all individuals are compared, AMP exits
the loop, sorts the array A in descending order, and the top-N individuals
survive to the next generation. In the following context, we will introduce the
details of the proposed AMP selection mechanism.

3.2 Details of the AMP selection mechanism

This section introduces the details of the AMP selection mechanism. Section
3.2.1 presents the adjacent matrix construction, Section 3.2.2 describes the
selective probability definition, and the survival individual determination is
introduced in Section 3.2.3.

3.2.1 Adjacent matrix construction

The initial step of the adjacent matrix construction is to merge the offspring
population X, and the current population X.. A demonstration is presented
in Fig. 2. We simply merge these two population and their fitness in order.
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Start

!

Merge the offspring population X,
and the current population X, as X,

End l
I Calculate the adjacent matrix of X,
Survive corresponding that save the Manhattan distance

top-N individuals i = Construct a 2N-dimensional empty
I - array A to save the winner counts

No
Sort the array A in descending order <«—— Ifi < 2N t——————

1
1
l Yes i
Calculate the selected probabilities of other
individuals for x; based on the Manhattan distance

| !
Select k competitors based on the probabilities
j=0 I

=] i=i H
[ Parameters \ |-i:-1-+-1--> Ifj <K =———— L

Population size: N

Compare the fitness between x; and x;

!

Dimension size: D

Number of competitor: k

i
1
1
:‘; If f(x;) is better
Offspring population: X, i l v
€S
\Current population: X, j i Array A= A, 41
i — A

Fig. 1 The flowchart of the AMP selection mechanism.

Then, the Manhattan distance between every pair of individuals is calculated
and saved in the adjacent matrix, which is demonstrated in Eq. (9).

NaN DiStLQ L DZ‘StLQN

.D’L.St211 NaN L Dist272N
AM = .D’L.St311 Di8t372 L DistQ,’QN

Diston,1 Distoyg -+ NalN
D
- _ t t
Dist; ; = E |mi,k - mj,k|
k=1

Here, Dist; ; in the adjacent matrix AM denotes the Manhattan distance
between individuals } and x}. Since the element in diagonal means the Man-
hattan distance between the specific individual and itself, which is meaningless,
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(

The current
population X,

The offspring <
population X,

The Merged population X,

Fig. 2 A demonstration of the population merge.

we manually fill them with not a number NaN. Additionally, Dist; ; = Dist;;
since the representation is the same.

3.2.2 Selective probability definition

We first present the relationship between the probability function and Man-
hattan distance in Eq. (10).

Clal,af) = 5o—, J € {1,2..N,N +1,.,2N} and j #1
7,]
10)
C(xt, xt (
Plat, ) = o0 %3)

- 2N
k=1 C(iBf, CC};)

where x! and :1:§ are the current and competitor individuals, respectively.
C(z}, ) denotes the corrected function to measure the fitness based on the
distance between ] and zf, and P(x},z’) defines the probability of the
current @ to select ! as the competitor.

The corrected fitness function C(z},x}) is defined based on a hypothesis
that the closer individuals have a higher similarity in genome and fitness infor-
mation as suggested in the proximate optimality principle (POP) [36, 37]. This
redundant information may waste the fitness evaluation and further decelerate
optimization convergence. Therefore, the corrected fitness function C(z}, x})
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is defined as the inverse function of the Manhattan distance, demonstrating
that the closer individuals of @} have a higher probability of being selected as
competitors. In this situation, the neighbors of ! are preferred to be selected
as competitors, and the superior individuals will survive and represent this
region. Relatively, the individual who has a worse fitness value but is far away
from the @! also has a survival probability.

3.2.3 Survival individual determination

After the selective probabilities of other individuals for the current individ-
ual x! are determined, the AMP selection mechanism selects k competitors
based on the probabilities. Subsequently, the fitness comparison between !
and competitors is conducted using Algorithm 2. The winner counts between

Algorithm 2 Fitness comparison

Require: Current individual: x!, Array: A, k-Competitors: C"*
1: for j=0to k do
2 if 2 has a better fitness than C! then
3: Az = Ai +1
4 end if
5: end for

x! and competitors are saved in the corresponding dimension of the array A;.
After all the individuals are compared and the main loop is finished, the AMP
selection mechanism sorts the array A and survives the top-N individuals, as
demonstrated in Fig. 3.

Top-N individuals survive

A

Sorted 2N-dimensional array A

Fig. 3 A demonstration of the top-N selection based on the sorted array A.

In summary, the pseudocode of the proposed AMP selection mechanism is
presented in Algorithm 3.
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Algorithm 3 AMP selection
Require: Population size: N, Dimension: D, Number of competitor: k,
Offspring population: X,, Current population: X,
Ensure: Survival individuals: X
1. Merge X, and X, to form X,
2. Calculate the adjacent matrix using Eq. (9)
3: Construct a 2N-dimensional empty array A
4: for : =0 to 2N do
5: Calculate the selective probabilities for ! using Eq. (10)
6
7
8
9

Select k competitors for ! based on the probabilities
Compare x! with competitors and update A; using Algorithm 2
: end for
: Sort the array A in descending order
10: Survive top-N individuals as X
11: return X,

3.3 Computational complexity of the AMP selection
mechanism

This section analyzes the computational complexity of the AMP selection
mechanism following Algorithm 3 theoretically. In Algorithm 3 Line 2, the
adjacent matrix based on the Manhattan distance is constructed, and the com-
putational complexity is O(2N - 2N - D) := O(N? - D). In Algorithm 3 from
Line 5 to 7, the computational complexity of the selective probability calcu-
lation for ! in Line 5 is O(2N), and the fitness comparison between x! and
competitors in Line 7 is O(k). Given that these operators are in the loop, and
the complete computational complexity is O(2N - (2N + k)). Since k must be
smaller than 2N, and O(2N - (2N + k)) can be further simplified to O(N?).
Additionally, the computational complexity of the sort operator in Line 9 is
O(N log N). Therefore, the computational complexity of the AMP selection
mechanism is presented in Eq. (11).

O(N?-D+ N? + NlogN) := O(N?- D) (11)

where the computational complexity of the conventional selection mechanism
is O(N). Considering the significant performance improvement of DE by inte-
grating the AMP selection mechanism and this research mainly focuses on
small- and middle-scale optimization problems, the additional computational
consumption is affordable.

4 Numerical experiments

This section presents numerical experiments to evaluate our proposed AMP
selection mechanism. We integrate DE and its well-known variants with our
proposed AMP selection mechanism and conduct optimization experiments on
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low- and median-scale IEEE-CEC2017 and CEC2022 benchmark functions.
Section 4.1 summarizes the experimental settings including experimental envi-
ronments, benchmark functions, and algorithm parameter settings. Section 4.2
presents the experimental results and performance analysis.

4.1 Experimental settings
4.1.1 Experimental environments and implementation

We conduct numerical experiments using Python 3.11, executed on a Lenovo
Legion R9000P running Windows 11. The configuration of system hardware
includes an AMD Ryzen 7 5800H processor with Radeon Graphics, clocked at
3.20 GHz, and 16GB of RAM.

4.1.2 Benchmark functions

We adopt 10- and 30-dimensional IEEE-CEC2017! and 10- and 20-dimensional
CEC2022? as benchmarks to evaluate the performance of our proposed AMP
selection mechanism. These benchmarks are provided by the Opfunu library
[38]. Tables 1 and 2 summarize the basic information of these two benchmarks.
Since fo in CEC2017 is disabled, f3y serves as a compensation.

4.1.3 Parameters of algorithms

In this study, we integrate the proposed AMP selection mechanism into the
variants of DE, as summarized in Table 3.

The parameter settings of optimizers follow the optimal configuration in
the corresponding publications. We integrate these DE-based algorithms with
our proposed AMP selection mechanism to form DE,..,,4-AMP, DE.,,.-AMP,
DEpest-AMP, DE yropest-AMP, DEcyroppest-AMP, JADE-AMP, GTDE-AMP,
and CDE-AMP. The only difference is that we replace the one-to-one greedy
selection mechanism in the basic version of these algorithms with the AMP
selection mechanism. Besides, the population size of all algorithms is fixed at
100, maximum fitness evaluation (FE,,,.) is set to 1000 x dimension size,
and the number of competitors is set to 10. Each algorithm is independently
repeated 30 times to alleviate the effect of randomness.

4.2 Experimental results and performance analysis

This section summarizes the experimental results and statistical analysis of
DE-based optimizers on IEEE-CEC2017 and CEC2022 benchmark functions.
To identify the significance of differences between DE,,,q and DE,,,4q-AMP,
DE.y, and DE_,,.~AMP, and other combinations, we employ the Wilcoxon test,
and symbols +, ~, and — represent that our proposal is significantly better,
without significance, and significantly worse than the basic DE variants, and
the best fitness in each comparison is in bold.

L https://github.com/P-N-Suganthan/CEC2017- BoundContrained
2https://github.com/P-N-Suganthan/2022-SO-BO
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Table 1 Summary of the CEC2017 benchmark functions: Uni.=Unimodal function,
Multi.=Simple multimodal function, Hybrid.=Hybrid function, Comp.=Composition

function
No. Func. Feature  Optimum
it Shifted and Rotated Bent Cigar function Uni. 100
f3 Shifted and Rotated Rosenbrock’s function 300
fa Shifted and Rotated Rastrigin’s function 400
f5 Shifted and Rotated Expanded Scaffer’s F6 function 500
fe Shifted and Rotated Lunacek Bi_Rastrigin function Multi. 600
f7  Shifted and Rotated Non-Continuous Rastrigin’s function 700
f3 Shifted and Rotated Levy function 800
fo Shifted and Rotated Schwefel’s function 900
fio0 Hybrid function 1 (N = 3) 1000
fin Hybrid function 2 (N = 3) 1100
f12 Hybrid function 3 (N = 3) 1200
fi3 Hybrid function 4 (N = 4) 1300
fia Hybrid function 5 (N = 4) . 1400
fis Hybrid function 6 (N = 4) Hybrid. 1500
f6 Hybrid function 6 (N = 5) 1600
fir Hybrid function 6 (N = 5) 1700
fis Hybrid function 6 (N = 5) 1800
f19 Hybrid function (N = 6) 1900
f20 Composition function 1 (N = 3) 2000
f21 Composition function 2 (N = 3) 2100
fo2 Composition function 3 (N = 4) 2200
fo3 Composition function 4 (N = 4) 2300
foa Composition function 5 (N = 5) 2400
fos Composition function 6 (N = 5) Comp. 2500
fo6 Composition function 7 (N = 6) 2600
for Composition function 8 (N = 6) 2700
fos Composition function 9 (N = 3) 2800
fa9 Composition function 10 (N = 3) 2900
f30 Composition function 11 (N = 3) 3000

Search range: [-100, 100]”

Table 2 Summary of the CEC2022 benchmark functions: Uni.=Unimodal function,

Basic.=Basic function, Hybrid.=Hybrid function, Comp.=Composition function

Func. Description Feature  Optimum
fi Shifted and full Rotated Zakharov Uni. 300
f2 Shifted and full Rotated Rosenbrock 400
f3 Shifted and full Rotated Expanded Schaffer fg Basic 600
fa Shifted and full Rotated Non-Continuous Rastrigin ’ 800
f5 Shifted and full Rotated Levy 900
fe Hybrid function 1 (N = 3) 1800
f7 Hybrid function 2 (N = 6) Hybrid. 2000
fs Hybrid function 3 (N = 5) 2200
fo Composition function 1 (N = 5) 2300
f10 Composition function 2 (N = 4) 2400

. . Comp.
fi1 Composition function 3 (N = 5) 2600
fi2 Composition function 3 (N = 6) 2700

Search range: [-100, 100]”

13
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Table 3 The parameters of the variants of DE.

Alg. Parameters Value
DE 5] F and Cr 0.8 and 0.7
rand Mutation scheme DE/rand/1
DEcur [5] F and Cr 0.8 and 0.7
o Mutation scheme DE/cur/1
DE 5] F and Cr 0.8 and 0.7
best Mutation scheme DE/best/1

F and Cr 0.8 and 0.7

DE 5
cur2vest 7] Mutation scheme DE/cur-to-best/1

F and Cr 0.8 and 0.7

DE 39
curzppest [39] Mutation scheme DE/cur-to-pbest /1

pp and poy 0.5 and 0.5

JADE [39] op and oc, 0.1 and 0.1
Mutation scheme DE/cur-to-pbest/1

GTDE [40] pr and o 0.7 and 0.5

por and ooy 0.5 and 0.5

Scaling factor F N(0.5,0.3)

CDE [41] Crossover rate Cr N(0.5,0.3)

Mutation scheme  DE/winner-to-best/1

4.2.1 Experimental results on CEC2017

Tables 4, 5, 6, and 7 summarize the experimental results and statistical analysis
on CEC2017. Figures 4 and 5 present the convergence curves of optimizers on
representative functions of CEC2017 (i.e., f1: Unimodal function; fs, f4 and
f7: Simple multimodal functions; f1o, fi2, f15, and fig: Hybrid functions; fos,
f25, f26, and f3o: Composite functions.).

The summarized experimental results and statistical analysis confirm the
effectiveness and robustness of our proposed AMP selection mechanism in var-
ious DE-based optimizers. Significant deterioration occurs only several times.
Additionally, the statistical significance summary between DEp.s; and DEpe -
AMP is 15/11/3 in 10-D, where DEp.s:-AMP is significantly better than DEps;
in fifteen instances, shows no significant difference in eleven instances and is sig-
nificantly worse than DEj.s; in three instances. Compared to other DE-based
optimization algorithms, the proposed AMP selection mechanism is relatively
less well-adapted with DEpcg;.

Additionally, as the dimension of the problem increases to the 30 dimen-
sions, the degeneration situations are observed when the proposed AMP
selection mechanism is integrated with DEycst, DEcyrovest; DEcuroppest; JADE,
and CDE. This phenomenon indicates that our proposed AMP selection
mechanism may not perform well in high-dimensional search space. We infer
that due to the existence of the curse of dimensionality, the search domain
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Fig. 4 Convergence curves of DE-based optimizers on representative functions of 10-
dimensional CEC2017.

increases exponentially as the dimension size increases linearly, which affects
the efficiency of the AMP selection mechanism and further decelerates the
optimization convergence.

In summary, the significance, robustness, and overall superiority of the
AMP selection mechanism cannot be neglected, and we believe that this com-
petitive selection mechanism can be extended and integrated with various
optimization algorithms.

4.2.2 Experimental results on CEC2022

Tables 8 and 9 summarize the experimental results and statistical analysis on
CEC2022. Figure 6 presents the convergence curves of optimizers on repre-
sentative functions of CEC2022 (i.e., f1: Unimodal function; fy and f5: Basic
functions; fs: Hybrid function; fi; and fi2: Composition functions.).

The experimental results and statistical analysis in Tables 8 and 9 demon-
strate the competitive performance of the AMP selection mechanism when
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Fig. 5 Convergence curves of DE-based optimizers on representative functions of 30-
dimensional CEC2017.

integrated into various DE-based optimizers. This remarkable performance
showcases the excellent scalability of our proposal when used with different
DE variants across distinct optimization problems. Additionally, the negative
effects of the curse of dimensionality do not appear as the problem dimen-
sion increases from 10 to 20, suggesting that the proposed AMP selection
mechanism remains effective and scalable in this range.

4.2.3 Sensitivity experiments on CEC2022

Considering the parameter k in the AMP selection mechanism plays an impor-
tant role in choosing the number of competitors, this section presents the
sensitivity experiments on CEC2022. As a well-known variant of DE, JADE-
AMP (k=10) is employed as the base optimizer and k € {4,6,8,10,12,14} are
selected as candidates. Tables 10 and 11 summarize the results on CEC2022
benchmark functions.
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Fig. 6 Convergence curves of DE-based optimizers on representative functions of CEC2022.

The experimental results and statistical analysis in Tables 10 and 11 reveal
that the statistical significance only exists in fo and f12 between JADE-AMP
(k =4) and JADE-AMP (k = 10) and f; and fs between JADE-AMP (k = 8)
and JADE-AMP (k = 10) in 10-dimensional CEC2022 and f5 between JADE-
AMP (k = 10) with others in 20-dimensional CEC2022. In general, we can
conclude that there are no statistically significant differences across different
k settings for JADE-AMP. This consistency highlights the robustness and
flexibility of the proposed AMP selection mechanism. Its ability to maintain
stable performance regardless of parameter variation suggests that it adapts
well to different optimization conditions, demonstrating exceptional scalability.

5 Discussion

This section discusses the advantages and disadvantages of the proposed AMP
selection mechanism, and the potential topics for further developing the AMP
selection mechanism are listed subsequently.
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Table 10 Results of sensitivity experiments on 10-dimensional CEC2022 benchmark
functions.

Func. JADE-AMP (k=4) JADE-AMP (k=6) JADEAMP (k=8) JADEAMP (k=12) JADE-AMP (k=14) JADE-AMP (k=10)
mean 3.000e-+02 ~ 3.000e--02 ~ 3.000e-+02 + 3.0000+02 ~ 3.000e-+02 ~ 3.000e-+02
n std 8.075e-08 3.832e-05 4.339e-05 6.789¢-06 5.379e-07 1.386e-07
mean 4.062e+02 + 4.046e4+02 =~ 4.048e+02 ~ 4.025e+02 ~ 4.053e+02 ~ 4.026e+02
& std 2.791e+00 3.979e+00 3.951e+00 3.614e+00 3.277e+00 3.618e+00
mean 6.000e-+02 ~ 6.000¢-+02 ~ 6.000e-+02 ~ 6.000¢-+02 ~ 6.000e-+02 ~ 6.000¢-+02
f std 4.115e-13 9.102e-13 2.795e-12 3.872e-13 3.155e-13 2.127e-13
mean 8.006e+02 ~ 8.006e+02 ~ 8.006e+02 ~ 8.007e+02 =~ 8.007e+02 ~ 8.005e+02
f std 1.918¢-01 2.685¢-01 2.897¢-01 3.916e-01 3.491e-01 3.048¢-01
. mean 9.000e+02 ~ 9.000e+02 =~ 9.000e+02 ~ 9.000e+02 =~ 9.000e+02 ~ 9.000e+02
fs std 5.673e-10 8.087¢-10 8.241e-10 2.246e-07 1.374e-09 1.923e-10
mean 3.690e+03 ~ 3.147e4+03 = 5.380e+03 ~ 3.257e+03 = 2.875e+03 =~ 2.558e+03
fo std 3.310e+03 1.256e+03 5.394e+03 2.855e+03 8.937e+02 7.742e+02
mean 2.0260+03 ~ 2.0260+03 ~ 2.0266-+03 ~ 2.024e+03 ~ 2.0260+03 ~ 2.026e+03
fr std 1.934e+00 3.073e+00 6.192e+00 6.009e4-00 2.474e+00 2.325e+00
P mean 2.218¢+03 ~ 2.224e+03 ~ 2.2160+03 — 2.2200+03 ~ 2.217e+03 ~ 2.218¢+03
¢ std 7.750e-+00 2.785¢-+00 8.7840-+00 4.901e+00 6.773¢-+00 8.692¢-+00
mean 23726403 ~ 2.337e+03 ~ 2.3360+03 ~ 2.3000+03 ~ 2.300e+03 ~ 2.373¢+03
fo std 1.437e+02 1.096e+02 1.077e+02 1.118e-03 4.691e-02 1.451e+02
mean 2.599e+-03 ~ 2.610e+03 ~ 2.611e+03 ~ 2.611e+03 =~ 2.630e+03 ~ 2.611e+03
fro std 3.605¢-01 3.471e-+01 3.583e+01 3.715e+01 9.320e-+01 3.658¢-+01
mean 2.600e+03 ~ 2.600e+03 ~ 2.600e+-03 ~ 2.600e+03 ~ 2.600e+03 ~ 2.600e+03
n std 3.439e-04 1.616e-05 5.903e-05 3.474e-03 5.290e-05 6.224e-05
mean 2.8660-+03 + 2.8660-+03 ~ 2.8666-+03 ~ 2.8650-+03 ~ 2.8650-+03 ~ 2.8650-+03
fiz std 7.471e-01 6.911e-01 7.771e-01 7.539%e-01 7.303e-01 6.803e-01
+/7/— summary: 2/10/0 0/12/0 1/10/1 0/12/0 0/12/0 -

Initially, the AMP selection mechanism introduces the competitive mech-
anism to the selection phase based on the Manhattan distance saved on the
adjacent matrix, this probabilistic selection mechanism introduces random-
ness and allows the individuals who may be inferior but are far away from the
current best solution to have a probability of being survival. This concept in
the AMP selection mechanism design can maintain population diversity and
enhance the explorative search behaviors during optimization. Although the
distance metric is also considered in other selection mechanisms, the global
adjacent matrix constructed by AMP can further capture the knowledge of
the entire population and maintain the population diversity while accelerating
the optimization convergence by ensuring the survival of elite individuals.

The second advantage is the implicit elitism strategy embedded in the pro-
posed AMP selection mechanism. This strategy ensures that the current best
individual will consistently win against all competitors and survive to the next
generation. Conversely, the worst individual inevitably loses the competition
with other competitors and is discarded. This implicit elitism mechanism aligns
with the principle of ”survival of the fittest,” which promotes the protection
of high-quality solutions and accelerates the convergence process.

Additionally, since the AMP selection mechanism is proposed indepen-
dently, it offers flexibility and adaptability, making it a promising candidate
for extension to various evolutionary algorithms (EAs) and swarm intelligence
(SI) approaches. The modular design of the AMP selection mechanism allows
it to be seamlessly integrated into different optimization frameworks. This
novel selection mechanism can strengthen optimization performance through
the unique competitive mechanism and probabilistic selection characteristics.
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Table 11 Results of sensitivity experiments on 20-dimensional CEC2022 benchmark

functions.
Func. JADE-AMP (k=4) JADE-AMP (k=6) JADEAMP (k=8) JADEAMP (k=12) JADE-AMP (k=14) JADE-AMP (k=10)
mean 3.000e-+02 ~ 3.0000+02 ~ 3.000e+02 ~ 3.000e-+02 ~ 3.000e-+02 ~ 3.000e-+02
n std 6.422e-05 6.221e-09 7.778e-09 7.678e-05 9.135e-05 7.009¢-09
mean 4.499e+02 ~ 4.504e+02 =~ 4.504e+02 ~ 4.508e+02 ~ 4.494e+02 = 4.487e+402
& std 2.709e+00 6.597e+00 2.649e+00 4.227e+00 3.878e+00 1.257e+00
; mean 6.000e+02 ~ 6.000e-+02 ~ 6.000e+02 ~ 6.000e-+02 ~ 6.000e+02 ~ 6.000¢-+02
: std 0.000e-+00 0.000€-+00 0.000e-+00 0.000e-+00 0.000e-+00 0.000e-+00
mean 8.023e+02 ~ 8.025e+02 ~ 8.014e+02 =~ 8.025e+02 ~ 8.023e+02 ~ 8.018e+02
h std 1.3236+00 1.309e-+00 1.2256+00 1.217e+00 1.309¢+00 1.557e+00
. mean 9.000e+02 + 9.000e+02 + 9.000e+02 + 9.000e+02 + 9.000e+02 + 9.000e+-02
fs std 3.581e-02 5.733e-02 2.686e-02 1.483e-06 3.581e-02 6.359¢-08
mean 4.401e+04 =~ 4.771le+04 =~ 3.390e+04 ~ 3.791e+04 =~ 4.471le+04 = 3.724e+04
fo std 1.435¢+04 9.729¢-+03 9.6100-+03 1.610e-+04 1.677e+04 9.480e+03
mean 2.030e+03 ~ 2.030e+03 ~ 2.028e+03 ~ 2.028¢+03 ~ 2.029e+03 ~ 2.028¢+03
fr std 3.866e+00 2.959¢4-00 1.754e+00 3.221e400 1.959e+00 4.058e+00
P mean 2.2050+03 ~ 2.268¢+03 ~ 2.2750+03 ~ 2.295¢-03 ~ 2.203¢+03 ~ 2.238¢-+03
¢ std 1.4290+02 14.6426+01 6.090e-+01 1.733¢-+02 1.002+02 8.864e-+00
mean 2.637e-+03 ~ 2.637e+03 ~ 2.6360+03 ~ 2.637e-+03 ~ 2.636e+03 ~ 2.6360-+03
fo std 2.215e-01 2.513e-01 6.536e-01 1.388e-01 2.167e-01 2.568e-01
mean 2.786e+03 ~ 2.785e+03 ~ 2.775e+03 ~ 2.875e+03 ~ 2.798e+03 ~ 2.794e+03
fro std 5.3630-+01 4.838e-+01 4.067e-+01 1.606e+02 5.481e-+01 1972401
mean 2.600e+03 ~ 2.600e+03 ~ 2.600e+03 ~ 2.600e+03 ~ 2.600e+03 ~ 2.600e+03
n std 1.847e-04 5.236e-06 8.701e-06 1.370e-06 1.544e-04 6.748e-06
mean 2.940e+03 ~ 2.9450+03 ~ 2.9426+03 ~ 2.947e+03 ~ 2.941e+03 ~ 2.944e+03
fi2 std 2.071e+00 6.949e4-00 3.292e+00 1.066e+01 3.141e400 7.513e+00
+/~/— summary: 1/11/0 1/11/0 1/11/0 1/11/0 1/11/0 -

However, there are still some shortcomings in the AMP selection mecha-

nism. For instance, the AMP selection mechanism is computationally expen-
sive, limiting its applicability to high-dimensional and large-scale optimization
problems. Therefore, we list some open topics for future research.

The integration with various optimization techniques: The effective-
ness and flexibility of the AMP selection mechanism is clear through the
numerical experiments and analysis, and it is possible to extend this unique
selection mechanism to various population-based optimization algorithms
such as bio-inspired optimization approaches [42—-44].

Reducing the necessary computational complexity: The proposed
AMP selection mechanism has a higher computational complexity and
consumes significantly more computational resources than conventional
selection methods, primarily due to the construction of the adjacency
matrix. A pertinent question is whether we can avoid constructing the adja-
cency matrix and still compute the selection probabilities for competitors.
Alternatively, a random selection approach may perform competitively and
require fewer computational resources.

6 Conclusion

This paper proposes a novel selection scheme for DE named AMP selection
mechanism. The proposed AMP selection mechanism introduces the concept of
competition to the selection phase and constructs the adjacent matrix using the
Manhattan distance between each pair of individuals. The Manhattan distance
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is employed to calculate the probability of being selected as the competitor,
and the winner counts within the competition are adopted as the metric to
rank the survival individuals. To evaluate the performance of our proposal,
we integrate it with eight variants of DE and conduct numerical experiments
on CEC2017 and CEC2022 benchmark functions. The experimental results
and statistical analysis confirm the effectiveness and competitiveness of our
proposal.

At the end of this paper, we discuss the advantages and disadvantages of
the proposed AMP selection mechanism. Finally, we will continue to investi-
gate the performance of the AMP selection mechanism and integrate it into
optimization algorithms to further address various optimization tasks.
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