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Abstract—In the greedy selection operator of differential
evolution (DE), the trial solution will be selected into the new
population only if it is better than the original target solution.
Otherwise, the generated solution is simply eliminated.
However, in most cases, these eliminated solutions may still be
promising, and it will waste the computing resources to
directly ignore them. Especially for the large-scale global
optimization (LSGO) problems, it is important to make full use
of all generated solutions and to enhance the population
diversity in the limited fitness evaluation budget. To address
this issue, an adaptive population DE, termed as APDE, is
proposed with dual control strategy. Firstly, a population
increasing (pop_inc) strategy is proposed for giving the
opportunity to the generated trial solutions to survive in the
population even though they are not good enough. Secondly, to
avoid the gradual expansion of the population due to the
pop_inc strategy, a population decreasing (pop_dec) strategy is
proposed based on the “degradation value” designed for
solutions. In the end of every iteration, if the degradation value
of a solution is large, it represents the solution has a worse
fitness value or has no improvement for a long time, and this
solution will be deleted. In this way, the population size can be
kept within a certain range. The test functions in CEC’2013 on
LSGO are used to verify the performance of APDE. The
experiment shows that APDE generally outperforms the
original DE and two state-of-the-art LSGO algorithms.
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1. INTRODUCTION

Differential evolution (DE) is an efficient heuristic
algorithm for the global optimization problems. DE was
proposed by Storn and Price in 1997 [1], and since then,
there have been a series of researches to improve this
algorithm [2]-[4].
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The optimization process of DE is driven by the
evolutionary operators including mutation, crossover, and
selection, and is controlled by parameters like the scale
factor F’ and the crossover rate CR. As the mutation operator
and the related parameters are significant to the performance
of the algorithm, the adaptive strategies of mutation and
parameter settings have been most frequently researched to
improve the performance of DE. For example, some adaptive
DE algorithms put these mutation strategies with different
characteristics into a pool, and choose one from the pool with
the preference information, such as SaDE [5] and SaMDE
[6]. As for the parameter settings, the two important
parameters ' and CR can be updated adaptively by the
historical information of the population, such as SHADE [7].
Liu et al [8] combined the historical and heuristic
information to adaptively control the parameters. Another
parameter, the population size NP, is usually updated
according to the evolutionary state, such as DE-APTS [9]. In
a recent adaptive distributed DE (ADDE) proposed by Zhan
et al. [10], all the parameters F, CR, and NP are adaptively
controlled. Besides, new mutation operators and parameter
settings are proposed to improve the performance of the DE
algorithm. For example, Li ef al. [11] proposed a DE with
the evolution path (DEEP) which used the centralized model
of evolution strategy to design the new mutation operator and
to generate new solutions. Yu et al. [12] proposed an
adaptive DE (ADE) and updated the parameters in two levels
including the population-level parameters and the individual-
level parameters.

Although many works have been conducted on the
mutation operator, there are still less concerns on the
selection operator. Moreover, the researches in adaptive
control of NP are still much fewer than those in the
parameters /' and CR. In the classical DE, after the mutation
and crossover operators, a trial vector u is generated. The
trial solution will be selected into the new population only if
it has a better fitness value than its original target solution x.
Otherwise, the generated trial solution u will be simply
eliminated and directly ignored. However, such a greedy
selection scheme actually does not fully utilize the effort of
the mutation and crossover operators in obtaining the trial
vector u because it is eliminated and contributes nothing to
the evolution. In fact, these generated solutions may be
promising to have some effects in the later evolution even
though they are not better than their parents in the current
time. Especially in the large-scale global optimization
(LSGO) problems, the satisfactory solutions need to be
obtained in the limited fitness evaluation budget, and
therefore it is important to make full use of the evolutionary
information of solutions and to improve the population
diversity [13][14].



Therefore, this paper focuses on the selection operator of
DE to make the best use of the solutions that have been
generated by mutation and crossover. Firstly, even though
the generated solution # is not better than x, it will be added
into the population as a new solution if the best solution of
the population has not updated in continuously several
iterations. This operation is termed as population increasing
(pop_inc) strategy. The pop_inc strategy helps the new
generated solutions to obtain more opportunity to survive in
the population, which can also increase the population
diversity. Due to the pop_inc strategy, the population size NP
will gradually become large, which may on the other hand
slow down the evolution. Therefore, a population decreasing
(pop_dec) strategy is also proposed as the complementation
of the pop inc strategy. The pop dec strategy is to delete
some hopeless solutions in the end of every iteration during
the evolution. In this strategy, a new factor is designed for
each solution, named as “degradation value” (termed as the
dg value). If a solution has a worse fitness value in the
population or not changed in several iterations, its dg value
will be high and this solution will be regarded as hopeless
and will be deleted from the current population. Therefore,
both the pop inc strategy and the pop dec strategy work
cooperatively to form a dual control strategy (DCS). Due to

the DCS, the value of NP can be controlled in a certain range.

Moreover, the population size can be adaptively controlled,
and an adaptive population DE (APDE) is proposed.

The contributions of this paper lie in that we focus on a
less concerned evolutionary operator (the selection operator)
and a less concerned parameter (the population size NP) to
enhance the performance of DE via a novel DCS way. This
makes our research different from most of the existing
researches. Specially, DCS is proposed with both the
pop_inc and pop_dec strategies, which can make full and
best use of all the generated solutions to increase the
population diversity, being much helpful for solving the
LSGO problems. The experiments are conducted on the
LSGO test suites of CEC’2013 and the results show that our
proposed APDE algorithm is generally superior to the
classical DE and two state-of-the-art LSGO algorithms.

The rest of this paper is organized as follows. Section II
describes the classical DE algorithm. Section III shows the
details of the proposed APDE algorithm. Then, Section IV
presents the exhaustive experiments on the benchmark
functions from CEC’2013 on the LSGO problems. Finally,
Section V gives a conclusion.

II. THE DE ALGORITHM
DE is a population-based algorithm, and the first step is

the initialization of the population pop with NP solutions x as:

pop' ={x{,x},....,xX\p} (D
X, ={x 1, X5 X g )51 = 1,2, NP (2)
where ¢ is the iteration index, and dim is the dimension of the

problems. The solution x in the current iteration is also
named as the target vector.

After the initialization, the iterative evolution process is
executed. This process mainly includes three steps, such as
mutation, crossover, and selection [1].

A. Mutation

The solution generated by mutation is called as the donor
vector v. There are five common mutation strategies as (3) to
(7) with different difference vectors [4].

DE/rand/1: v; = x!, + F - (x!, — x!;) )
- Xx;,) (4)

DE/current-to-best/1: v! = x! + F - (xt, —x )+ F - (x!, —x',) (5)

DE/best/1: v; = Xy + F - (x};

DE/best/2: v = x!  +F-(x/, - x',))+F-(x'y—x',)  (6)

DE/rand/2: v! = x', + F - (x!, = x' )+ F - (x, —x's) ()
where rl1, 2, r3, r4, and r5 are chosen from [1, NP]
randomly, and xpest’ is the best solution in the #" generation.
The convention of mutation can be denoted as DE/a/b,
where ‘a’ represents which vector to be perturbed, and ‘b’
represents the number of difference vectors to perturb the
vector ‘a’.

B. Crossover

The vector generated by crossover is called as the trial
vector u, and there are two common crossover operators to
generate u, including the binomial crossover and the
exponential crossover [4].

In the binomial crossover, the decision variables of the
donor vector v and the target vector x are randomly chosen
with the probability CR. For its simplicity, the binomial
crossover is used in this paper.

ui,j t

e otherwise

. {vf_j, ifj =jrand or rd < CR (8)
X

where jrand is randomly chosen from [1, dim] to ensure that
there is at least a variable from v, and rd is a random number
from [0,1].

In the exponential crossover, a consecutive variables of
the donor vector v are randomly chosen.

ij

oy = Vs 7= 4 (0 + 1) e (i + L=1), and rd SCR - (9)
X otherwise
where n and L are randomly chosen from [1, dim], and (a),

is a modular operation and equal to @ modulo b.

C. Selection

The selection operator determines whether the trial vector

u or the target vector x can be added into the population
t+1

pop" of the next iteration.
RIS VACHRNACH) (10)
' x;, otherwise

where f(-) represents the objective function in the

minimization problems.

III. THE PROPOSED APDE ALGORITHM

To avoid directly eliminating and ignoring the worse trial
vectors in the selection of DE, a DCS strategy is designed,
including pop_inc and pop dec. The pop inc strategy is
proposed to give the worse trial vectors the chance to be
added into the new population. On the other hand, the
pop_dec strategy is designed to delete some hopeless
solutions to avoid the gradual expansion of the population
and to ensure the population size within a certain range



Algorithm 1: APDE

Algorithm 2: pop_inc(ui, pop)

Begin

1: Initialize pop and best;

2: best_notChange = 0;

3: Fori=1:NPDo

4: LnotChange,— =0;

5: While the terminal condition is not satisfied Do
6: NPtmp = NP;

7: For i=1: NPtmp Do

8: Generate v; by the mutation operator as (4);
9: Generate u; by the crossover operator as (8);
10: Evaluate ui;

11: If f{ui) < fixi) Then /I selection

12: Xi «—ui, notChange; = 0;

13: Else

14: notChange; = notChange; + 1;

15: If best_notChange > T and NP < NPmax Then
16: L pop_inc(ui, pop);

17: Update xpest in the current iteration;

18: Update xworst in the current iteration;

19: If f(xi) < f(best) Then // update best found so far
20: best «—xi, f(best) = f(xi);

21: best notChange = 0;

22: Else

23: L best_notChange = best_notChange + 1;
24: | pop_dec(pop);

End

[NPmin, NPmax], where NPmin and NPmax are the lower
and upper bound of the population size, respectively.

This section describes the APDE algorithm detailedly.
Firstly, the framework of APDE algorithm is presented.
Then, the two population control strategies, including
pop_inc and pop_dec, are introduced.

A. The Framework of APDE

The details of APDE are shown in Algorithm 1. Firstly,
the population pop, best, best notChange, and notChange
are initialized in lines 1 to 4, where best is the best solution
found so far, and best notChange records how many
iterations best has not changed, and notChange; records how
many iterations the solution x; has not changed. In every
iteration, NP needs to be saved in NPtmp before the For loop
because the NP will change in the loop (pop_inc in line 16).
The new solution u; is generated and evaluated after
mutation (in line 8) and crossover (in line 9). If u; is better
than the target vector xi, u; will replace the old xi, and
notChange; will be reset to zero in line 12; otherwise,
notChange; will increase by one because no better solution is
found, and we still give chance for the u; entering the
population. Therefore, if the best solution during the iteration
has not been updated for a long time (best notChange > T),
and the current population size NP is smaller than NPmax,
then the pop_inc strategy will be used. After this, the best
solution Xpes in the current generation (in line 17), the worst
solution in the current generation Xwerst (in line 18), and the
best solution found so far best, and best notChange (in lines
19 to 23) are updated, respectively. After the generation of
the whole population, the pop_dec strategy is used to delete
some hopeless solutions in line 24. Then, the process iterates
until the terminal condition is satisfied. pop_inc and pop_dec
are introduced in the following sections.

Begin

1: Add ui into pop;
2: NP=NP+1;

3: notChangenp = 0;
End

/] popnp+1 < ui

Algorithm 3: pop_dec(pop)

Begin

1: If NP> NPmin Then

2: NPtmp = NP;

3: For i=1: NPtmp Do

4 Calculate dg(xi);

5: If dg(xi) > T and xi is not equal to Xsesr Then
6: Delete xi from pop;
7: NP=NP-1;

8: If NP < NPmin Then
9: |_Break;

End

B. The pop_inc Strategy

The classical selection operator in DE directly eliminates
and ignores the trial vector u if it is not better than the target
vector x. However, these ignored vectors u, generated by the
mutation and crossover operations, will be helpful to increase
the population diversity and may become the promising
solutions in the later evolution. Therefore, pop inc is
designed to give these worse vectors u the opportunity to be
added into the population, shown as Algorithm 2. For a
minimization problem, if the solution best has been not
changed for T iterations and NP is smaller than NPmax in
line 15 of Algorithm 1, the trial vector u; will be added to
pop in line 1 of Algorithm 2, and NP and notChangeyp are
updated.

If there has been no improvement on best for a long time,
it shows that the algorithm may have trapped into stagnation
and fallen into the local optima. Then, the addition of some
worse vectors may be helpful to disturb the population and
jump from the local optima, which can also increase the
population diversity.

C. The pop_dec Strategy

Due to the pop inc strategy, the population size will
increase gradually in the evolution. The evolution of the
whole population will cost larger computational burden, and
it will slow down the convergence speed of the APDE
algorithm. Therefore, pop dec is proposed to delete some
inefficient solutions from the current population and ensure
that NP is smaller than NPmax. As shown in line 24 of
Algorithm 1, the pop dec procedure is executed after an
iteration of the evolution.

To decide which solutions to be deleted, a factor named
“degradation value” (the dg value) of solutions is designed as

S(x;)— f(best)+1.0 (11
(X))~ f (best) +1.0
The addition of the constant “1.0” is to avoid the divisor of
zero. If dg(xi) is large, it represents that f{x;) is worse and
close to flxworsr), or the solution x; has not changed for a long
time. Then, this solution x; may be hopeless and will be
deleted from the population.

dg(x;) = xnotChange,



TABLE I. COMPARISON RESULTS OF APDE AND ALL COMPARED ALGORITHMS

Function Statistics APDE DEnpso DExpi00 DECC-DG CCPSO2
Median 2.80E-20 5.05E-20 3.22E-14 1.51E+06 2.21E+02
Mean 1.42E-19 1.25E-19 3.37E-14 3.63E+06 2.38E+02
fi Stdev 3.52E-19 2.26E-19 1.32E-14 3.88E+06 1.40E+02
p-value - 9.14E-02~ 1.42E-09" 1.41E-09" 1.41E-09"
Median 2.64E+03 2.33E+03 5.90E+03 1.27E+04 7.74E+01
Mean 2.56E+03 2.34E+03 5.96E+03 1.30E+04 7.92E+01
f2 Stdev 2.76E+02 3.15E+02 2.55E+02 1.96E+03 1.63E+01
p-value - 4.46E-03~ 1.41E-09" 1.41E-09" 1.41E-09-
Median 2.00E+01 2.13E+01 2.13E+01 2.07E+01 2.00E+01
Mean 2.00E+01 2.13E+01 2.13E+01 2.07E+01 2.00E+01
3 Stdev 3.04E-02 5.91E-03 5.25E-03 6.67E-03 4.12E-04
p-value - 9.67E-12° 9.67E-12° 9.67E-12° 8.10E-02"
Median 1.11E+11 3.25E+11 3.43E+11 9.33E+10 6.29E+10
Mean 1.26E+11 3.40E+11 3.32E+11 1.05E+11 6.80E+10
fa Stdev 1.03E+11 6.13E+10 5.99E+10 7.04E+10 2.80E+10
p-value - 5.54E-08" 6.46E-07" 2.37E-01 1.65E-01"
Median 2.75E+06 6.43E+06 6.87E+06 3.00E+06 1.50E+07
Mean 2.94E+06 6.34E+06 6.95E+06 2.85E+06 1.52E+07
f5 Stdev 5.14E+05 7.24E+05 6.58E+05 9.39E+05 2.38E+06
p-value - 1.41E-09" 1.41E-09" 1.43E-01" 1.41E-09"
Median 1.03E+06 1.06E+06 1.06E+06 1.06E+06 1.05E+06
Mean 1.03E+06 1.06E+06 1.06E+06 1.06E+06 1.05E+06
Jo Stdev 1.11E+04 1.25E+03 1.13E+03 1.40E+03 3.54E+03
p-value - 9.11E-10° 9.11E-10° 9.11E-10° 1.16E-07"
Median 5.03E+08 1.90E+09 2.09E+09 1.59E+08 8.15E+08
Mean 6.44E+08 1.94E+09 2.15E+09 1.67E+08 1.34E+09
fi Stdev 4.73E+08 4 40E+08 6.64E+08 6.82E+07 1.07E+09
p-value - 4.21E-08" 9.28E-09" 2.90E-09- 3.39E-03"
Median 4.76E+14 6.05E+15 8.92E+15 1.28E+15 2.45E+15
Mean 5.18E+14 6.14E+15 8.50E+15 1.38E+15 2.76E+15
ﬁ Stdev 2.40E+14 2.62E+15 2.58E+15 9.84E+14 1.56E+15
p-value - 1.41E-09" 1.41E-09" 3.84E-03" 5.20E-09"
Median 2.44E+08 4.70E+08 5.12E+08 3.20E+08 1.10E+09
Mean 2.47E+08 4.70E+08 5.16E+08 3.27E+08 1.08E+09
fo Stdev 4.27E+07 4.39E+07 4.51E+07 9.51E+07 2.61E+08
p-value - 1.41E-09° 1.41E-09° 1.27E-02° 1.41E-09°
Median 9.13E+07 9.32E+07 9.33E+07 9.45E+07 9.33E+07
Mean 9.14E+07 9.32E+07 9.33E+07 9.44E+07 9.32E+07
Jio Stdev 4.79E+05 2.73E+05 2.77E+05 2.53E+05 5.62E+05
p-value - 3.24E-09" 1.99E-09" 1.25E-09" 3.92E-09"
Median 2.24E+09 3.83E+10 433E+10 3.61E+09 1.48E+11
Mean 1.09E+10 4.80E+10 6.83E+10 4.70E+10 1.86E+11
fll Stdev 3.37E+10 2.11E+10 4.84E+10 9.19E+10 1.42E+11
p-value - 2.87E-08" 2.57E-08" 4.45E-04" 8.28E-09"
Median 1.96E+03 2.07E+03 2.06E+03 1.38E+11 3.20E+03
Mean 1.99E+03 2.08E+03 2.02E+03 1.33E+11 3.19E+03
fi2 Stdev 1.55E+02 1.88E+02 1.74E+02 1.27E+10 3.17E+02
p-value - 4.35E-02° 6.00E-03" 1.41E-09° 1.41E-09°
Median 6.92E+09 3.28E+10 4.54E+10 8.02E+09 8.88E+09
Mean 8.02E+09 3.40E+10 445E+10 7.07E+09 9.01E+09
Jis Stdev 4.21E+09 5.66E+09 6.51E+09 1.91E+09 2.74E+09
p-value - 1.41E-09" 1.42E-09" 9.77E-01~ 1.51E-01°
Median 8.79E+10 3.35E+11 4.42E+11 2.78E+11 1.57E+11
Mean 9.72E+10 3.42E+11 4.68E+11 3.55E+11 2.29E+11
fl4 Stdev 5.54E+10 9.35E+10 1.51E+11 3.05E+11 1.77E+11
p-value - 4.63E-09" 1.80E-09" 3.20E-08" 9.61E-05"
Median 1.09E+07 6.10E+07 8.23E+07 4.93E+06 2.10E+07
Mean 1.11E+07 6.07E+07 8.19E+07 5.51E+06 2.11E+07
fis Stdev 1.48E+06 6.73E+06 5.76E+06 2.13E+06 4.13E+06
p-value - 1.41E-09° 1.40E-09° 8.23E-09 2.89E-09°
+/—/= - 13/1/1 15/0/0 10/2/3 11/1/3

The details of pop_dec are shown in Algorithm 3. If NP deleted in line 6 of Algorithm 3, and NP will reduce by one.
is bigger than NPmin, some inefficient solutions should be  After deletion, if NP reduces to NPmin, the For loop among
deleted from the population. For each solution xi, the lines 3 to 9 will end. Therefore, the population size NP can
degradation value dg(xi) is calculated as (11). If dg(xi) is  be clamped in a certain range between NPmin and NPmax.
bigger than 7 which is the same as that in line 15 of
Algorithm 1, and x; is not equal to Xuesr, this solution will be



T T T 18 70 10‘4
1 —=— APDE 0 ' ' == APDE osx10’f ' " [~=—APDE
107x10° § ‘ *—DENP50 10"k e DENP50 6.6x10 e DENP50
—— DENP100 22x10" —— DENP100 Sax10 0 —— DENP100
© —v— CCPSO2 o 21x10° —+— CCPSO2 » 60x10° | —v— CCPSO2
2 \ “—DECC-DG| 5 3 gyjgi —< DECC-DGF = 58x10%3 —— DECC-DG
> aal = § : ;S
w 1.06x10° || e eeel] 2 2
g g 3
= TV v vy £ Is £
=~ TYVY VY Yy vy i, 9.8x10 i)
1.05x10°2 e E 4.9x10"
1.03x10; 5 — - - - - . : : : - : :
. 5.0x10° 1.0x10" 1.5x10 2.0x10" 2.5x10" 3.0x10 0.0 5.0x10° 1.0x10° 1.5x10° 2.0x10° 2.5x10° 3.0x10° 0.0 5.0x10° 1.0x10° 1.5x10° 2.0x10° 2.5x10° 3.0x10°
FEs FEs FEs
(@) fs () fs . ©)fs
Y REYT T T T - 4.0x10
9.7x10 ; ; T APDE 8.0a10 F APDE x10p ' ' " [« APDE
e\ —e— DENP50 6.0x10"° —*— DENP50 o) —e— DENP50
o\ —a— DENP100 5.0x10°H | —*— DENP100 3.5x107 R —— DENP100
L - \
v osx10 N4 —— CCPSO2 g SO0 H T — v CCPSO2 o i\ —v— CCPSO2
Ele X ., e . <« DECC-DG % 2:0;10]2 3 . —<+— DECC-D(| T':v; 301021 -« DECC-DG
g ; - 1 7 Toxio"f > 50x10"F |\ M
% 9.4x10 2 7 .
£ £ £ 30x10" bRt
g 3. r 0o g o
£ o3u0’ 3410 £ T
27x10° 2.6x10"° . ~
’ ' « L T vy
9.2x10 2.0x10° . . X i : 1.3x10" e - M e s
- 0.0 5 6 6 6 6 6 " o 6
0.0 5.0x10° 1.0x10° 1.5x10° 2.0x10° 2.5x10° 3.0x10° 5.0x10° 1.0x10" 1.5x10 2.0x10" 2.5x10" 3.0x10 0.0 5.0x10° 1.0x10° 1.5x10° 2.0x10° 2.5x10° 3.0x10°
FEs FEs FEs
(@) fio (e) /2 i3

Fig. 1. Convergence curves of all algorithms. (a) fs. (b) fs. (¢) fo. (d) fio- (€) fi2- (D) fi3.

Instead of deleting solutions only by comparing their
fitness values, the design of the degradation value dg(x:)
takes two aspects into consideration, including the fitness
values and the update frequency of solutions. Besides, there
is no need to sort solutions by the fitness values in pop_dec,
and it helps to save time.

IV. EXPERIMENTAL RESULTS AND ANALYSIS

A. Experimental Settings

In the experiment, the test functions with 1000
dimensions in CEC’2013 on the LSGO problems are used to
verify the performance of APDE [15]. The parameters in
APDE are set as F=0.5, CR=0.1, NPmin=50, NPmax=100,
and 7=15, and DE/best/1 and the binomial crossover are used
as the mutaion and crossover operator, respectively. Two
traditional DE algorithms are used only with different values
of NP (50 and 100), named as DExpso and DEnpioo,
respectively. Besides, two LSGO algorithms are compared,
including CCPSO2 [16] and DECC-DG [17]. The terminal
condition of all algorithms is the maximum fitness
evaluations (FEs) of 3x10°. Each algorithm is executed for
25 times independently on each benchmark function.

B. Comparisons of Experimental Results

The comparative results are shown in Table I, where the
data in bold represent the best solutions. The Wilcoxon rank-
sum test at a 5% significance level is used for the
significance test and the statistical comparisons [18]. The last
row of the table (+/—/=) represents the number of functions
where APDE is superior to, inferior to, and equal to the
compared algorithms, respectively. Fig. 1 shows the
convergence curves of all algorithms on some test functions.

From Table I, it can be concluded that APDE performs
better than other four compared algorithms statistically,
either on the fully-separable functions (fi and f;) or the
separable functions (fs, fs to fi2, and fi4). Detailedly,

compared with DEnpso and DEnpigo with the traditional
selection, APDE gives the worse trial vectors the chance to
be involved in the new generation, which may help to jump
from the local optima. Besides, the APDE deletes the
solutions with higher degradation values to assign the limited
computing resources to more promising solutions. Compared
with the two LSGO algorithms, APDE has a faster
convergence speed, as shown in Fig. 1. It may be because the
dynamic population size of APDE helps to increase the
population diversity and find better solutions.

C. Parameter Investigation

This section studies the parameter 7' of the proposed
algorithm. Five different values are tested (3, 6, 9, 12, and
15), recorded as APDET3, APDETG, APDETL), APDEle, and
APDE (with the default value 15), respectively. The
experimental results are shown as Table II.

It can be concluded from Table II that APDE with the
higher value of T (7=15) gets general better results than the
algorithms with other parameter settings statistically. The
reason is that if the value of 7'is smaller, the pop_inc strategy
and the pop_dec strategy will be executed more frequently as
shown in Algorithm 1 and Algorithm 3, which costs much
time and slows down the evolution.

V. CONCLUSIONS

In this paper, APDE with DCS is proposed to make full
use of the information of the new generated solutions. The
DCS strategy includes pop inc and pop_dec. Firstly, the
pop_inc strategy is designed to give the new generated
solutions more chance to join in the new population, which
can help the DE algorithm increase the population diversity.
If the best solution has not be updated for many times,
pop_inc will add the trial vectors (after the crossover
operator) even though it is worse than the target vectors
(before the mutation operator) into the next generation.
Secondly, the pop dec strategy is designed to delete some
inefficient solutions with higher degradation values from the
current population, since the population size will increase



TABLE II. COMPARISON RESULTS OF APDE (7= 15) WITH DIFFERENT VALUES OF THE PARAMETER T'

Function Statistics APDE APDE; APDEqs APDEq APDEr,
Median 2.80E-20 2.03E-15 2.52E-19 3.57E-20 1.73E-20

Mean 1.42E-19 1.52E-12 5.38E-17 3.69E-19 5.91E-20

fi Stdev 3.52E-19 5.04E-12 1.90E-16 7.50E-19 1.25E-19
p-value - 1.42E-09" 5.88E-06" 1.71E-01~ 1.94E-01"

Median 2.64E+03 5.55E+03 3.39E+03 2.88E+03 2.63E+03

Mean 2.56E+03 5.55E+03 3.40E+03 2.88E+03 2.64E+03

/2 Stdev 2.76E+02 5.71E+02 4.42E+02 2.43E+02 3.19E+02
p-value - 1.41E-09° 2.85E-08' 3.30E-04" 5.41E-01°

Median 2.00E+01 2.00E+01 2.00E+01 2.00E+01 2.00E+01

Mean 2.00E+01 2.00E+01 2.00E+01 2.00E+01 2.00E+01

S Stdev 3.04E-02 2.52E-03 2.88E-03 4.42E-03 5.48E-03
p-value - 8.10E-02 8.10E-02 8.10E-02 8.10E-02

Median 1.11E+11 3.02E+10 1.85E+10 4.08E+10 3.76E+10

Mean 1.26E+11 3.48E+10 3.86E+10 7.64E+10 7.62E+10

i Stdev 1.03E+11 2.75E+10 5.91E+10 8.90E+10 8.60E+10
p-value - 1.37E-03~ 5.14E-04" 7.11E-027 7.91E-027

Median 2.75E+06 3.49E+06 3.94E+06 3.49E+06 3.24E+06

Mean 2.94E+06 3.40E+06 4.09E+06 3.67E+06 3.31E+06

5 Stdev 5.14E+05 5.37E+05 1.24E+06 7.91E+05 7.55E+05
p-value - 1.72E-03" 5.52E-04" 7.60E-04" 6.25E-027

Median 1.03E+06 1.06E+06 1.02E+06 1.06E+06 1.06E+06

Mean 1.03E+06 1.06E+06 1.03E+06 1.0SE+06 1.0SE+06

o Stdev 1.11E+04 1.22E+04 1.90E+04 1.58E+04 1.44E+04
p-value - 2.68E-07" 5.69E-01~ 9.24E-04" 2.90E-05°

Median 5.03E+08 9.93E+07 1.20E+08 1.59E+08 1.63E+08

Mean 6.44E+08 3.13E+08 3.16E+08 3.44E+08 2.14E+08

fi Stdev 4.73E+08 4.38E+08 4.56E+08 3.42E+08 1.37E+08
p-value - 2.85E-04" 1.67E-04~ 1.62E-03~ 9.15E-07"

Median 4.76E+14 4.88E+14 9.71E+14 8.49E+14 6.62E+14

Mean 5.18E+14 8.22E+14 1.03E+15 8.83E+14 8.02E+14

s Stdev 2.40E+14 1.25E+15 6.22E+14 4.95E+14 4.72E+14
p-value - 9.07E-01~ 2.03E-03" 1.78E-03" 1.61E-02°

Median 2.44E+08 2.98E+08 4.37E+08 2.67E+08 2.50E+08

Mean 247E+08 3.19E+08 4.17E+08 2.69E+08 2.53E+08

po Stdev 4.27E+07 5.30E+07 6.92E+07 4.30E+07 4.01E+07
p-value - 1.11E-05 1.63E-08" 1.12E-01~ 5.41E-017

Median 9.13E+07 9.29E+07 9.19E+07 9.17E+07 9.22E+07

Mean 9.14E+07 9.30E+07 9.21E+07 9.19E+07 9.21E+07

Jio Stdev 4.79E+05 9.56E+05 9.02E+05 9.25E+05 6.40E+05
p-value - 3.22E-07" 9.41E-03" 1.17E-01° 1.08E-03"

Median 2.24E+09 2.24E+09 4.11E+09 3.03E+09 2.12E+09

Mean 1.09E+10 6.41E+09 1.17E+10 1.88E+10 5.78E+09

fin Stdev 3.37E+10 9.89E+09 1.83E+10 3.03E+10 1.12E+10
p-value - 8.23E-01° 9.91E-02~ 2.22E-017 4.61E-01°

Median 1.96E+03 2.11E+03 2.06E+03 2.00E+03 1.93E+03

Mean 1.99E+03 2.07E+03 2.04E+03 1.99E+03 1.96E+03

Jiz Stdev 1.55E+02 2.17E+02 1.82E+02 1.20E+02 1.51E+02
p-value - 1.40E-01~ 8.58E-027 7.34E-017 5.60E-01~

Median 6.92E+09 9.50E+09 4.80E+09 4.49E+09 9.48E+09

Mean 8.02E+09 9.92E+09 5.30E+09 4.91E+09 9.57E+09

Jis Stdev 4.21E+09 4.50E+09 1.94E+09 1.69E+09 3.51E+09
p-value - 1.14E-01° 1.79E-02~ 7.85E-03~ 1.28E-01"

Median 8.79E+10 1.24E+11 8.76E+10 7.64E+10 1.05E+11

Mean 9.72E+10 1.44E+11 1.07E+11 1.21E+11 1.05E+11

Jia Stdev 5.54E+10 9.37E+10 8.85E+10 1.05E+11 3.94E+10
p-value - 2.20E-02° 8.23E-01° 9.77E-01~ 3.62E-01°

Median 1.09E+07 1.40E+07 1.03E+07 1.05E+07 1.05E+07

Mean 1.11E+07 1.42E+07 1.O3E+07 1.07E+07 1.06E+07

fis Stdev 1 48E+06 3.20E+06 1.30E+06 1.09E+06 1.40E+06
p-value - 3.01E-05° 7.41E-02 5.80E-01~ 3.08E-01~

+/—/= - 8/2/5 6/3/6 4/2/9 3/1/11
gradually after the pop inc strategy. After the dual We will further improve the DE algorithm to solve the

population control strategies, the population size can be practical problems, such as the supply chain network design
maintained in a certain range. The experimental results show [19][20] and the cloud workflow scheduling [21][22], and
that APDE performs general better and converges general  use the DCS to improve other algorithms, such as particle
faster than the traditional DE algorithms and other competent swarm optimization [23][24].

algorithms on the LSGO problems.
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