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Abstract—Surrogate-assisted memetic algorithm 
(SAMA) has been recognized to be an effective tool for 
computationally expensive optimization. The 
termination criterion of the local search in SAMA 
determines the allocation of limited computational 
resources between global and local search, and has a 
tremendous impact on the optimization performance. 
The commonly used termination criterion based on 
setting a limit to the local search depth can lead to 
premature termination or excessive stagnation iterations 
of the local search. This paper proposes a SAMA with 
adaptive patience criterion (SAMA/APC) to improve the 
efficiency of traditional SAMA. The SAMA/APC 
consists of three main subprocedures, which are carried 
out iteratively. First, the operators of differential 
evolution (DE) are employed for global exploration. 
Then, the proposed Kriging-based patience allocation 
strategy (KPAS) is performed, which adaptively 
allocates a patience value to each individual of the 
population according to two basic principles. Third, the 
trust-region search (TRS) is carried out on each 
individual for local exploitation. The TRS is a process of 
consuming the patience, and it terminates when the 
patience value is reduced to zero. The local optimum 
obtained by the TRS is returned back to the population 
of DE in the spirit of Lamarckian learning. 
Experimental studies on the CEC’ 14 expensive 
optimization test suite demonstrate the efficiency of the 
proposed SAMA/APC. 

Keywords—Surrogate-assisted memetic algorithm, 
differential evolution, trust-region search, adaptive patience 
criterion, Kriging model 

I. INTRODUCTION 

Solving the computationally expensive optimization 
problems is a fundamental task in practical engineering 
applications, which, however, is also extremely challenging, 
since usually only a limited number of function evaluations 
(FEs) are affordable. Evolutionary algorithms (EAs) have 
achieved significant progress in applying to different fields 

[1]–[4]. However, they generally require excessive FEs for 
convergence and therefore cannot be directly utilized in 
computationally expensive optimization. 

There are mainly two reasons for the poor convergence 
speed of the canonical EAs: 1) the information gained during 
optimization, i.e., the samples obtained by solving the time-
consuming fitness functions, is wasted, which can actually be 
used to guide and accelerate the evolution; 2) the typical 
variation operators of EA, like crossover and mutation, are in 
nature good at exploring the whole search space but slow in 
exploiting a local region. Surrogate model and local search 
methods can be incorporated with EAs to address the above 
two issues, respectively. The resulting hybrid method, 
usually termed surrogate-assisted memetic algorithm 
(SAMA) [5], [6], can effectively improve the optimization 
efficiency. 

SAMA has attracted increasing attention in recent years. 
Ong et al. [7] presented a parallel EA coupled with local 
radial basis function (RBF) network-assisted feasible 
sequential quadratic programming solver in the spirit of 
Lamarckian learning. Zhou et al. [8] proposed a novel 
SAMA framework, in which a global Kriging model is used 
to select promising individuals, and several local RBF 
networks are used to assist a trust-region search strategy. A 
surrogate-assisted cooperative swarm optimization algorithm 
is proposed in [9], in which two different forms of PSO 
optimizers focus respectively on global exploration and local 
exploitation. 

Despite the extensive research on SAMA, few papers have 
been published investigating the termination criterion of the 
local search in SAMA, which determines the amount of 
computational resources assigned to the local search. When 
the total computational budget is limited, the termination 
criterion of local search controls the allocation of the 
computational resources between global and local search, 
hence affecting the balance between global exploration and 
local exploitation. 

The commonly used termination criterion of local search 
in SAMA is to set a limit to the number of iterations of the 
local search, i.e., the local search depth (LSD) [10]. Sudholt 
[11] presented a rigorous theoretical analysis of the 
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parameterization in memetic algorithms and stressed that the 
choice of the LSD has a tremendous impact on the 
optimization performance. 

Methods in the literature for determining the LSD of 
SAMA can be divided into two categories: fixed LSD and 
variable LSD, as listed in Table I. In the work of [6]–[8], 
[12], the LSD is simply treated as a constant during the entire 
optimization, which is usually set to a relatively large value 
to achieve high local-search accuracy. However, it is often 
difficult to pre-specify the depth manually without prior 
knowledge. Moreover, a fixed LSD will lead to a fixed 
allocation ratio of computational resources between global 
and local search, which cannot be universally suitable for 
different search stages and problems with various degrees of 
nonlinearity. Variable LSD methods, including the 
increasing and adaptive LSD strategies, have been proposed 
to alleviate the above problems. Bambha et al. [13] 
compared the LSD to “temperature” and proposed the so-
called simulated heating algorithm, which starts with a small 
LSD to focus on global search at the beginning and then 
gradually increases the LSD to put more effort on local 
exploitation and accelerate the convergence. Liu and Li [14] 
proposed a memetic algorithm with adaptive LSD, in which 
the LSD is adjusted dynamically during the optimization 
process according to the comparison of Average Fitness 
Increment (AFI) between local and global search. Molina et 
al. [15] divided all individuals of the population into three 
categories according to their fitness values, and assigned 
different LSDs to individuals in different categories. In the 
field of multi-objective optimization, Xu et al. [16] designed 
a Pareto-based variable depth search method, in which the 
search depth is dynamically adjusted during the search 
process to strike a balance between exploration and 
exploitation. 

However, these termination criteria based on the LSD, 
regardless of the fixed or the variable LSD methods, 
immediately terminate the local search as long as its number 
of iterations reaches the maximum allowable LSD without 
considering the state of the local search, which can lead to 
two unexpected results: 

1) The local search may be in a state of rapid decline, and 
better solutions are continuously being found. The 
sudden termination can cause it to lose the opportunity 
to find better or even the global optimal solution;  

2) On the contrary, the local search procedure might also 
be trapped in a local optimum, and excessive stagnation 
iterations will waste the computational resources. 

In this paper, we propose a SAMA with adaptive patience 
criterion (SAMA/APC) to address the abovementioned 
issues. The proposed SAMA/APC consists of three main 
subprocedures, which are carried out sequentially in a loop. 

First, the basic operators of differential evolution (DE) is 
performed for global exploration. Then, the proposed 
Kriging-based patience allocation strategy (KPAS) is carried 
out, which can allocate a patience value to each individual of 
the population of DE.  Finally, the patience values of the 
individuals are utilized in the third subprocedure. The trust 
region search (TRS) is carried out on each individual for 
local exploitation, which is a patience-consuming process. 
The patience value is updated in each iteration of the TRS, 
and when it is reduced to zero, the TRS will be terminated. 
This termination criterion takes into account the state of the 
local search before terminating it so as to reduce the 
computational cost. 

The rest of this paper is organized as follows. Section II 
describes the proposed SAMA/APC, and introduces the 
KPAS in detail, which is the main contribution of this paper. 
Experimental studies of the proposed method are presented 
in Section III. Finally, conclusions are summarized in 
Section IV. 

II. SURROGATE-ASSISTED MEMETIC ALGORITHM WITH 
ADAPTIVE PATIENCE CRITERION 

The three main subprocedures of the SAMA/APC are 
described in the following three subsections in detail, 
respectively, and the last subsection summarizes the 
complete procedure of the proposed SAMA/APC. 

A. Differential evolution 

The DE [17] is a population-based metaheuristic algorithm 

like other EAs. Denote by 
P

( ) ( ) ( ) ( )
1 2{ , ,..., }i i i i

N=P x x x  the 

population of the ith generation, where PN  is the population 

size. First, the initial population (0)P  is generated by a 
space-filling design of experiment method. Then, the 
following three operators are used to generate the next 
population ( 1)i+P  based on ( )iP . 

First, the mutation operator [18] generates a mutant vector 
( )i
jv  for each individual ( )i

jx  in ( )iP : 
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is a positive mutation scaling factor.  

Second, the crossover operator is applied to ( )i
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component of ( )i
ju , ( )i

jv  and ( )i
jx , respectively. D is the 

dimension of the search space, rand (0,1)j  is a random 

number generated from [0,1], [0,1]CR∈  is the crossover 

control parameter, and randj  is a random integer chosen 

from {1, 2,..., }D .  

TABLE I 
DIFFERENT METHODS FOR DETERMINING THE LSD. 

Method for determining LSD Ref. 
Fixed LSD [6]–[8], [12]  

Variable LSD 
Increasing LSD [13] 
Adaptive LSD [14], [15], [16] 

 



Finally, the selection operator determines whether or not 
( )i
ju  can replace ( )i

jx  in the next generation ( 1)i+P : 
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where f  is the expensive fitness function. It should be noted 

that all samples obtained by evaluating the fitness function 
are archived into a global database for constructing the 
Kriging model in the next subsection. 

The inherent randomness of the mutation and crossover 
operators brings the global-exploration capability to DE, and 
the selection operator can effectively guide the population to 
the promising regions of the search space. 

B. Kriging-based patience allocation strategy 

This subsection introduces the proposed KPAS, which can 
adaptively assign a patience value to each individual of the 
population. The patience values are employed in the 
termination criterion of the local search in SAMA/APC, 
which is described in the following subsection. 

Two basic principles are taken into account when 
allocating patience to the individuals:  

1) From the population level, the total patience of all 
individuals in the population should gradually increase, 
similar to the idea of [13]. In the early stage, a 
relatively small patience value is adopted to focus on 
global search. As the optimization proceeds, the start 
points are approaching the global optimum, and a larger 
patience value can make computational resources 
gradually shifts from global search to local search so as 
to accelerate the convergence. 

2) From the individual level, different individuals have 
different potentialities to find the global optimum 
through local search. Those individuals with small 
fitness values (for minimization problems) or large 
uncertainties are more likely to lead to better solutions. 
Therefore, a relatively larger patience value should be 
allocated to these more promising individuals. 

The Kriging model [19], [20] is employed to determine 
the potentiality of each individual, because it can output not 
only the predictions, but also the standard deviation of the 
predictions [19]. This property can be utilized to calculate 
the probability of each individual to improve the current best 
solution. 

The proposed KPAS consists of four subprocedures.  
First, a Kriging model is constructed or updated for the 

objective function using all samples in the global database. 
One can refer to [19] and [20] for the detailed formulation 
and construction method of Kriging model. 

Second, the Probability of Improvement (PoI) [8], [21] of 
each individual ( )i

jx in ( )iP  can be calculated by: 
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where  ( )( )i
jf x  are the predicted fitness of the Kriging model 

for ( )i
jx , and ( )( )i

jσ x  is the standard deviation of the 

prediction. *f  represents the current best fitness in the 

global database. ( )Φ   is the normal cumulative distribution 

function. The POI of ( )i
jx  indicates the probability of ( )i

jx  to 
improve the current best solution. 

Third, the PoI values of all individuals in ( )iP  are scaled to 

make their sum equal to one. The scaled PoI (SPOI) of ( )i
jx  

is calculated by 
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Finally, the patience value ( )i
jγ  allocated to ( )i

jx  is 

calculated by 
( ) ( )

P* *SPoI( )i i
j ji Nγ = x  (6)

Since P ( )

1
PoI( ) 1

N i
qq=

= x , the total patience of all 

individuals is expressed as 
 P P( ) ( )

P P1 1
* * SPoI( ) *

N Ni i
j jj j

i N i Nγ
= =

= =  x  (7)

Therefore, on one hand, as the iteration counter i grows, 

the total patience of all individuals in 
( )iP  increases 

accordingly, which satisfies the first principle mentioned 
above. On the other hand, ( )SPoI( )i

jx  can be considered as 

the share of ( )i
jγ  in the total patience of the current 

population, and the more promising individual, indicated by 
( )SPoI( )i
jx , has larger patience value, which satisfies the 

second principle. 

In addition, a boundary constraint is set on ( )i
jγ . The lower 

bound is one so as to let all individuals have an opportunity 
to serve as the start points of local searches and make the 
start points more diverse. The upper bound is set to 10 to 
avoid wasting computational resources due to too large 
patience value. 

C. Trust region search with patience-based termination 
criterion 

The KPAS outputs all individuals of the population and 
their corresponding patience values to the TRS [22], [23] 
solver. Each individual is locally refined through the TRS. 

 
Fig. 1.  Flowchart of the trust region search in the proposed SAMA/APC. 

 



The TRS itself is an iterative process of solving a 
sequence of optimization subproblems with trust region 
constraints. This paper focuses on the application of the TRS. 
One can refer to [22] and [23] for the detailed formulation of 
the TRS, which is beyond the scope of this paper. 
Considering the disadvantages of the LSD-based termination 
criterion mentioned in Section I, we employ the patience-
based criterion to determine when to terminate the TRS.  

Fig. 1 presents the flowchart of the TRS in the proposed 

SAMA/APC. Given a start point ( )i
jx  and its patience ( )i

jγ , 

the TRS can be seen as a patience-consuming process. First, 

the patience ( )i
jγ  of ( )i

jx  is stored in a variable 0γ . Then, the 

iterative procedure of the TRS is carried out. After each step 

of the TRS, the patience ( )i
jγ  is updated as follows: if the 

current best solution stays unchanged in the last step, the 

patience ( )i
jγ  is decreased by one; if a better solution is found, 

( )i
jγ  is reset to 0γ . When ( )i

jγ  is reduced to zero, the TRS 

will be terminated. Therefore, the initial patience ( )i
jγ  of ( )i

jx  

assigned by the proposed KPAS indirectly controls the LSD 
of the TRS and the amount of computational resources 
allocated for local exploitation. This patience-based 
termination criterion takes into account the state of the local 
search before terminating it so as to avoid both premature 
termination and excessive stagnation.  

Finally, the obtained local optimum is then returned back 
to the population to replace the original individual in the 
spirit of Lamarckian learning [24].  

D. Complete procedure 

The schematic diagram of the proposed SAMA/APC is 
shown in Fig. 2, and the complete procedure of the proposed 
SAMA/APC is summarized as follows: 

Pseudocode of the proposed SAMA/APC 

1: 
2: 

 
3: 
4: 

 
 

5: 
6: 

 
7: 

 
8: 

 

9: 
 

10: 
 

 
11: 
12: 

 
 

13: 
 

14: 
15: 
16: 

Set the global iteration counter i=0; 
While the computational budget is not exhausted 

// global exploration 
If i==0 

Generate the initial population (0)P  by the 
LHD, and evaluate the individuals in (0)P  with 
the real objective functions1; 

Else 
Run DE operators to generate new population 

( )iP  based on the last population ( 1)i−P ; 
End if 

// Kriging-based patience allocation strategy 
Construct or update the Kriging model using all 
samples in the global database; 

Calculate the PoI of each individual in ( )iP  using 
(4); 
Allocate the patience to each individual in ( )iP  
according to (6); 

// local search 
For each individual P( 1, 2,..., )k Nk =x  in ( )iP  

Perform trust-region search with the start point 

kx  until its patience is reduced to zero, and 
denote the obtained optimum as *

kx ; 

Replace kx  with *
kx  in ( )iP  in the spirit of 

Lamarckian learning; 
End for 

End while 
Return the best sample in the global database; 

                                                           
1 All inputs and the corresponding responses obtained by solving the 

original expensive objective functions are archived into the global database. 

 
Fig. 2.  Flowchart of the proposed SAMA/APC. 

 

TABLE II 
SUMMARY OF THE BENCHMARK FUNCTIONS 

No. Functions Dimension Search space

13-15
Shifted Ackley’s 

function 
10,20,30 [-32, 32] 

16-18
Shifted Griewank’s 

function 
10,20,30 [-600, 600]

19-21
Shifted Rotated 

Rosenbrock’s function 10,20,30 [-20,20] 

22-24
Shifted Rotated 

Rastrigin’s function 10,20,30 [-20,20] 

 



III. EXPERIMENTAL STUDIES 

A. Test problems and settings 

The CEC’ 14 expensive optimization test suite [25] is 
employed to testify the performance of the proposed 
SAMA/APC. There are 24 test functions in the test suite, and 
only the 12 multimodal ones, i.e., F13 to F24, are used in the 
numerical experiments. The main features of the adopted 12 
functions are summarized in Table II, and the detailed 
definition of those problems can be referred to the original 
paper [25]. 

The population size of the DE in the proposed 
SAMA/APC was set to 40. The mutation scaling factor F 
and the crossover control parameter CR were set to 0.8 and 
0.4, respectively. The proposed method was implemented in 
MATLAB, and carried out on a personal computer with an 
Intel Core i5, 2.5GHz CPU. In order to reduce random 
variation in the numerical results and validate the robustness 
of the proposed method, 25 independent trials were 
performed for each test problem. The maximum number of 
function evaluations (MaxFE) for each test function was 
50*D, where D is the dimension of the function. 

The SAMAs with fixed, increasing, and adaptive LSD are 
employed as the compared methods. Four SAMAs with fixed 
LSD, denoted as SAMA/FLSD/10, SAMA/FLSD/20, 
SAMA/FLSD/30, SAMA/FLSD/40, respectively, are 
adopted, where the last number represents the maximum 
allowable depth of the local search in the SAMA. The 
SAMA with increasing LSD is denoted as SAMA/ILSD in 
the following discussions, in which the LSD starts from one 

and increases by one per generation. The SAMA with 
adaptive LSD is denoted as SAMA/ALSD, in which the LSD 
is dynamically adjusted according to the AFI method 
proposed in [14]. 

B. Result discussion 

The convergence curves of the mean objective values over 
the 25 independent trials through the proposed SAMA/APC 
and the compared methods are plotted in Fig. 3. The mean 
and standard deviation of the optimal fitness values obtained 
by the SAMA/APC and the compared methods within the 
maximum number of FEs are listed in Table III and Table IV. 

1)  Comparison with fixed LSD methods 

First, consider the comparison of the four SAMAs with 
fixed LSD. It can be observed from Fig. 3, Table III, and 
Table IV that:  
 For problems F13, F14, F15, F19, F20, and F21, the 

SAMAs with different LSDs presents similar 
convergence trends; 

 For problems F16, F22, F23, and F24, the convergence 
speed gradually improves as the adopted LSD increases; 

 On the contrary, for problems F17 and F18, the 
increase of the LSD leads to the decrease of the 
convergence speed. 

The above observations verify that the setting of the LSD 
has a significant impact on the optimization performance of 
SAMA. However, no consistent conclusion can be drawn 
from the above results of the four SAMAs with fixed LSD. 
Hence, in practice, it is difficult to provide an effective 
guideline on how to specify the fixed LSD to achieve better 

 
Fig. 3.  Convergence curves of the mean objective values of the proposed SAMA/APC and the compared methods. 
 



optimization performance, which demonstrates the 
disadvantage of the fixed LSD method. 

Second, compare the results of the proposed SAMA/APC 
with those of the four SAMAs with fixed LSD. It can be seen 
from Fig. 3, Table III and Table IV that, for all test problems 
except F19, F20, and F21, SAMA/APC converges 
significantly faster than the four SAMA/FLSD methods. For 
F20 and F21, SAMA/APC presents similar convergence 
speed to the four SAMA/FLSD methods. Specially, for 
problem F19, SAMA/FLSD/10 and SAMA/FLSD/30 
slightly outperform SAMA/APC. 

The above results indicate that, in general, the proposed 
SAMA/APC significantly outperforms the SAMAs with 
fixed LSD. Besides, it is also possible that, if the LSD is 
carefully set to an appropriate value, the termination criterion 
based on fixed LSD can achieve better results than the 
proposed SAMA/APC. However, if no prior knowledge is 
available, it is computationally prohibitive or even 
impossible to run a trial-and-error procedure to select an 
appropriate LSD, especially for the computationally 
expensive optimization problems. 

2)  Comparison with variable LSD method 

As shown in Fig. 3, Table III and Table IV, the following 
observations and conclusions can be made: 
 The two SAMAs with variable LSD, SAMA/ILSD and 

SAMA/ALSD, are obviously superior to the four 
SAMA/FLSD methods in convergence speed for 
problems F13, F14, F15, F16, F23, and F24, which 
demonstrates the advantages of the variable LSD 
methods over the fixed LSD method. 

 The SAMA/ILSD tends to converge slowly in the early 
stage of the optimization, and gradually accelerates the 
convergence later. This phenomenon can be found in 
the results of multiple test problems, including F13, 
F16, F19, and F22. This is because SAMA/ILSD starts 
with a small LSD and the local searches are 
prematurely terminated in a state of rapid decline, even 
without finding the local optima. Therefore, the 
individuals cannot be rapidly improved through local 
search. As the search proceeds, the increase of the LSD 
speeds up the convergence of SAMA/ILSD. 

TABLE III 
EXPERIMENTAL RESULTS OF THE PROPOSED SAMA/APC AND THE COMPARED METHODS ON PROBLEMS F13 TO F18. 

F13 F14 F15 F16 F17 F18 

SAMA/FLSD/10 
Mean 7.330E+00 1.756E+01 1.976E+01 2.505E-01 5.333E-03 1.233E-03 

STD 4.743E+00 2.927E+00 5.761E-01 2.154E-01 8.298E-03 3.019E-03 

SAMA/FLSD/20 
Mean 1.155E+01 1.716E+01 1.964E+01 2.561E-01 7.597E-03 3.696E-03 

STD 7.696E-01 3.150E+00 1.894E-01 1.575E-01 7.652E-03 5.778E-03 

SAMA/FLSD/30 
Mean 1.308E+01 1.734E+01 1.981E+01 2.370E-01 3.459E-02 5.375E-03 

STD 3.930E+00 1.517E+00 1.444E-01 1.375E-01 5.064E-02 6.342E-03 

SAMA/FLSD/40 
Mean 1.177E+01 1.551E+01 1.958E+01 1.738E-01 8.765E-02 7.128E-03 

STD 3.406E+00 4.715E+00 2.126E-01 1.248E-01 1.602E-01 9.666E-03 

SAMA/ILSD 
Mean 1.040E+00 2.220E+00 3.033E+00 6.374E-02 2.734E-03 4.791E-03 

STD 9.272E-01 9.921E-01 7.369E-01 8.517E-02 7.676E-03 7.233E-03 

SAMA/ALSD 
Mean 2.199E+00 3.658E+00 2.658E+00 2.409E-02 7.802E-03 7.753E-09 

STD 5.300E-01 8.973E-01 6.087E-01 2.311E-02 1.015E-02 1.323E-09 

SAMA/APC 
Mean 7.876E-01 2.369E+00 2.715E+00 2.154E-02 1.479E-03 1.479E-03 

STD 9.775E-01 3.999E-01 1.523E+00 1.970E-02 3.308E-03 3.308E-03 

TABLE IV 
EXPERIMENTAL RESULTS OF THE PROPOSED SAMA/APC AND THE COMPARED METHODS ON PROBLEMS F19 TO F24. 

F19 F20 F21 F22 F23 F24 

SAMA/FLSD/10 
Mean 5.822E+00 1.675E+01 7.890E+01 6.487E+01 1.701E+02 3.780E+02 

STD 1.881E+00 1.605E+00 1.078E+01 2.343E+01 1.415E+01 3.507E+01 

SAMA/FLSD/20 
Mean 7.165E+00 2.512E+01 7.505E+01 6.463E+01 1.423E+02 3.791E+02 

STD 2.065E+00 2.295E+01 6.371E+01 1.438E+01 2.205E+01 4.774E+01 

SAMA/FLSD/30 
Mean 6.003E+00 2.602E+01 6.329E+01 6.609E+01 1.658E+02 3.101E+02 

STD 2.949E+00 2.062E+01 2.973E+01 2.941E+01 9.914E+00 3.191E+01 

SAMA/FLSD/40 
Mean 6.783E+00 1.533E+01 6.779E+01 4.731E+01 1.496E+02 3.225E+02 

STD 1.892E+00 5.012E+00 2.609E+01 1.949E+01 4.589E+01 7.633E+01 

SAMA/ILSD 
Mean 8.564E+00 1.635E+01 6.694E+01 4.085E+01 1.047E+02 1.114E+02 

STD 3.132E+00 3.946E+00 2.872E+01 1.588E+01 3.686E+01 4.332E+01 

SAMA/ALSD 
Mean 8.486E+00 1.671E+01 4.655E+01 4.790E+01 1.002E+02 1.249E+02 

STD 9.623E-01 1.304E+00 2.262E+01 2.066E+01 3.326E+01 5.352E+01 

SAMA/APC 
Mean 1.259E+01 1.698E+01 5.839E+01 4.031E+01 7.450E+01 7.894E+01 

STD 1.653E+01 2.983E+00 3.470E+01 2.213E+01 3.939E+01 2.379E+01 
 



 For the extremely multimodal high-dimensional 
functions, F23 and F24, the proposed SAMA/APC, 
SAMA/ILSD, and SAMA/ALSD can continuously 
improve the current best optimum within the maximum 
number of FEs. This is because the three methods 
devote more computational efforts to global exploration 
at the beginning of the search process, and can 
effectively avoid the rapid decline in population 
diversity resulted from the Lamarckian learning. 

 SAMA/APC can find much better solutions than 
SAMA/ILSD for F16, F23, and F24, but there is no test 
problem in the employed test suite, for which 
SAMA/ILSD can find significantly better solutions 
than SAMA/APC. Similarly, SAMA/APC outperforms 
SAMA/ALSD for F13, F14, F17, F23, and F24, but 
there is only one problem, i.e., F18, for which 
SAMA/ALSD find much better solutions than 
SAMA/APC. Therefore, these results demonstrate the 
superiority of the proposed SAMA/APC over the 
variable LSD methods. 

IV. CONCLUSION 

The commonly used termination criterion of the local 
search in SAMA is to set a fixed or variable LSD, which can 
lead to premature termination or excessive stagnation 
iterations of the local search. To address this problem, the 
SAMA/APC is proposed in this paper. In the framework of 
SAMA/APC, the DE is employed for global exploration; the 
proposed KPAS adaptively allocates a patience value to each 
individual of the current population; the TRS is performed 
on each individual for local exploitation, and terminates 
when the patience of the individual is reduced to zero.  

The CEC’ 14 expensive optimization test suite is 
employed to evaluate the performance of the proposed 
method, and the following conclusions can be drawn: 
 When the computational budget is limited, the 

termination criterion of the local search has a 
significant impact on the optimization performance of 
the SAMA. 

 The fixed LSD methods present the worst performance 
among the compared methods. Besides, in practice, it is 
difficult to pre-determine an appropriate setting for the 
fixed LSD, especially for computationally expensive 
optimization problems. 

 The variable LSD method achieves much better results 
than the fixed LSD methods, and the proposed 
SAMA/APC slightly outperforms the variable LSD 
method, which verifies the efficiency of the proposed 
method. 

In future studies, the proposed method will be further 
utilized for solving more industry-relevant problems, such as 
the aerodynamic optimization and structural optimization 
problems, to demonstrate its capability in real-world 
applications. 
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