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Abstract—In this paper, we present a novel Differential Evo-
lution (DE) algorithm to solve high-dimensional global opti-
mization problems effectively. The proposed approach, called
DEVP, employs a variable population size mechanism, which
adjusts population size adaptively. Experiments are conducted
to verify the performance of DEVP on 19 high-dimensional
global optimization problems with dimensions 50, 100, 200,
500 and 1000. The simulation results show that DEVP out-
performs classical DE, CHC (Crossgenerational elitist selection,
Heterogeneous recombination, and Cataclysmic mutation), G-
CMA-ES (Restart Covariant Matrix Evolutionary Strategy) and
GODE (Generalized Opposition-Based DE) on the majority of
test problems.

Index Terms—Differential Evolution (DE), variable population
size, global optimization, large-scale, high-dimensional.

I. INTRODUCTION

Many real world problems can be converted into optimiza-
tion problems. Therefore, optimization has been an active area
of research for several decades. As the complexity of problems
increase (such as high dimensions), traditional optimization
algorithms struggle to achieve satisfactory solutions, and better
algorithms are always required. An unconstrained optimization
problem can be formulated as a minimization problem as
follows:

Min f(x)v

where © = [z1,22,...,zp] and D is the dimension size of
the problem.

In the past decades, different kinds of nature-inspired al-
gorithms have been designed and applied to solve optimiza-
tion problems. Simulated Annealing (SA) [1], Evolutionary
Algorithms (EAs) [2], Differential Evolution (DE) [3], Par-
ticle Swarm Optimization (PSO) [4], Ant Colony Optimiza-
tion (ACO) [5], and Estimation of Distribution Algorithms
(EDA) [6] are some examples among many others. However,
these algorithms suffer from the curse of dimensionality. Tt
implies that their performance deteriorates quickly as the
dimension of the problem increases. The main reason is that in
general the complexity of the problem increases exponentially
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with its dimension. The majority of evolutionary algorithms
lose the power of searching the optima solution when the
dimension increases. So, more efficient search strategies are
required to explore all the promising regions in a given time
budget [7].

The DE algorithm, proposed by Storn and Price [3], is an
effective, robust, and simple global optimization algorithm.
According to frequently reported experimental studies, DE
has shown better performance than many other evolutionary
algorithms in terms of convergence speed and robustness over
several benchmark functions and real-world problems [8].
Therefore, some researchers applied DE and its variants to
solve some challenging problems, such as large-scale global
optimization problems [9]. Yang et al. proposed a multi-
level cooperative co-evolution algorithm (MLCC) based on
self-adaptive neighborhood search DE to solve large-scale
problems [10]. The presented results showed that MLCC
could achieve promising solutions. Brest et al. introduced a
population size reduction mechanism into self-adaptive DE,
where the population size decreases during the evolutionary
process [11]. Recently, Brest and Maucec proposed another
version of jDEdynNP-F by employing three new mutation
schemes [12]. Rahnamayan and Wang presented a experimen-
tal study of opposition-based DE (ODE) [13] on large-scale
problems [14]. The reported results show that ODE signifi-
cantly improves the performance of standard DE. Muelas et
al. [15] used a local search mechanism to improve the solutions
obtained by DE. Wang et al. [16], [17] used an enhanced ODE
based on generalized opposition-based learning (GODE) to
solve scalable benchmark functions. Zhao et al. [18] combined
self-adaptive DE and multiple trajectory search (MTS) for
large-scale optimization, which incorporates DE/current-to-
pbest [19] mutation strategy and hybridized with modified
MTS. Wang et al. [20] proposed a sequential DE enhanced
by neighborhood search (SDENS), which is based on global
and local mutation [21].

In this paper, we present a novel DE algorithm to solve
high-dimensional global optimization problems. The proposed
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approach, called DEVP, employs a variable population size
mechanism, in which the population size is variable in terms
of the search status of current population. In order to verify
the performance of DEVP, we test it on 19 large-scale global
optimization problems with D = 50, 100, 200, 500 and 1000.
Experimental results show that DEVP outperforms DE, CHC,
G-CMA-ES, and GODE on the majority of test problems.

The rest of the paper is organized as follows. In Section II,,
the DE algorithm is briefly introduced. Section III describes
our proposed approach, DEVP. In Section IV, the test suite,
parameter settings, results and discussions are presented. Fi-
nally, the work is concluded in Section V.

II. A BRIEF REVIEW OF DIFFERENTIAL EVOLUTION

There are several variants of DE [3]. According to
suggestions of [22], the rand/l/exp strategy shows a better
performance to solve some high-dimensional problems. Our
proposed algorithm is also based on this DE scheme. Let
us assume that X;(¢)(¢ = 1,2,...,N,) is the ith individual
in population P(t), where N, is the population size, ¢ is
the generation index, and P(t) is the population in the
tth generation. The main idea of DE is to generate trial
vectors. Mutation and crossover are used to produce new trial
vectors, and selection determines which of the vectors will
be successfully selected into the next generation.

Mutation—For each vector X;(¢) in Generation ¢, a mutant
vector V' is generated by

Vi(t) = Xi, () + F (X3, (t) —

i # i1 F U F U3,
where ¢ = 1,2,..., N, and 4, i, and ¢3 are mutually different
random integer indices within [1, N,]. The population size
N, satisfies N, > 4 because 14, i1, i3, and i3 are different.

F € (0,2] is a real number that controls the amplification of
the difference vector (X, (t) — X;,(t)).

Xiy (1), 6]

Crossover—-Like genetic algorithms, DE also employs
a crossover operator to build trial vectors (U;(t) =
{U;1(t),Ui2(t),...,Ui,p(t)}) by recombining two different
vectors. In this paper, we use the rand/l/exp strategy to
generate the trial vectors.

Selection—A greedy selection mechanism is used as follows:

! X;(t), otherwise
Without loss of generality, this paper only considers min-
imization problem. If, and only if, the trial vector U;(t) is

better than X, (¢), then X;(t) is set to U,(t); otherwise, the
X;(t) remains unchanged.

2

III. DE WITH VARIABLE POPULATION SIZE (DEVP)

The population size, N, as well as other two control param-
eters, Cr and F' greatly affect the performance of DE [23].
Choosing an appropriate population size highly affects the
quality of the obtained solution and the efficiency of the

search process. The value of IV, should not be too small in
order to avoid stagnation and to provide sufficient exploration.
Larger N, increases the chance of searching better candidate
solutions, but a larger population implies a larger number of
function evaluations which retards the convergence rate.

According to newly reported results [24], a reasonable
choice of the population size is between N, = 3 x D and
N, =8 x D, where N, must be at least 4 for DE/rand/I and
5 for DE/best/2, to ensure that DE will have enough mutually
different vectors. However, these empirical parameter studies
were conducted on several simple (low dimensions, D < 20)
benchmark functions. As dimension increases, these empirical
settings may not work.

In this paper, we propose an adaptive DE algorithm (DEVP)
by employing a variable population size (VP) mechanism, in
which the population size is variable, because the VP method
can increase or decrease the number of individuals according
to the search status of current population. If the fitness value
of the best individual Best does not improve in m generations
(m is a predefined number), we consider that the population
maybe trapped in local minima. So, that is a right time to
add new individuals to the current population and break the
stagnation. If the fitness value of the best individual Best
improves more than once in m generations, we consider that
the current population is large enough to find better candidate
solutions. To accelerate the convergence speed, we can reduce
the population size by deleting the worst individual from the
current population. The implementation of the VP mechanism
is described as follows.

o If the fitness value of the Best does not improve in m
generations, then a new individual X* is generated by:

X*:B€$t+F(Xi4 7X1',), (3)

5

where Best is the best individual found so far, X;,
and X, are two different individuals, 74 and ¢5 are two
different random integers within {1,2,...,N,}, and F
is the same used as in equation (1).
If the current population size is less than max_N,
(the maximum value of population size), then the new
individual X™* will be added into the current population,
and NN, = N, + 1. If the current population size is up to
the maximum value (IN,==max_N)), then select a fitter
individual between X* and the worst individual X, in
current population as the new X,,.

o If the fitness value of the Best improves more than
once in m generation, and if IV, is more than min_N,
(the minimum value of population size), then the worst
individual X,, in current population will be deleted, and
N, =N, - 1.

To illustrate the mechanism of the variable population size,
Fig. 1 presents the changes of population size N, achieved
by DEVP on function F5 (Schwefel’s Problem 2.21) with
D = 500 provided by CEC-2008 [7]. The initial population
size N, = 60, the minimum population size min_N, = 50,
and the maximum population size max_N, = 100. These
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Fig. 1. The changes of population size achieved by DEVP when solving
Schwefel’s Problem 2.21 with D = 500.

parameter settings are based on our empirical studies. From
Fig. 1, it can be seen that the VP mechanism dynamically ad-
justs the population size throughout the evolutionary process.
The parameter m may affect the performance of the algorithm.
According to our empirical studies, m is set to 20 in this paper.
The framework of DEVP is shown in Algorithm 1, where
P(t) is the current population, X; is the ith individual in
current population, Best is the best individual found so far,
X, is the worst individual in current population, X * is a newly
generated individual, NV, is the population size, min_N,
is the minimum population size, max_N,, is the maximum
population size, D is the dimension size, CR € (0,1) is the
predefined crossover probability, rand;() is a random number
within [0,1], FEs is the number of fitness evaluations, and
MAX_FEs is the maximum number of fitness evaluations.

IV. EXPERIMENTAL VERIFICATIONS
A. Benchmark Functions

There are 19 scalable continuous functions used for the
following experiments. Functions F} — Fi were chosen from
the first six functions provided by CEC 2008 Special Session
and Competition on Large Scale Global Optimization [7].
Functions F7 — Fy1 were proposed for ISDA 2009 Work-
shop on Evolutionary Algorithms and other Metaheuristics for
Continuous Optimization Problems—A Scalability Test [25].
The rest eight functions Fjs — Fig are hybrid composition
functions built by combining two functions belonging to the
set functions F} — Fi1. The detailed descriptions of F} — Fig
can be found in [26]. In this paper, we focus on investigating
the optimization performance of DEVP on problems with
D = 50, 100, 200, 500 and 1000.

B. Parameter Settings and Involved Algorithms

Experiments were conducted to compare five algorithms
including DE, CHC, G-CMA-ES, GODE and the proposed
DEVP algorithm on the mentioned test suite. The algorithms
and parameters settings are described as follows.

Algorithm 1: Differential Evolution with Variable Popu-
lation Size (DEVP)

1 Randomly initialize each individual X; in the population P(t);
2 Calculate the fitness value of each X;;

3 FEs = Nyp;
4 while FEs < MAX_FEs do
/x Execute the classical DE %/
5 for i =1t N, do
6 Randomly select 3 parents X;,, X;, and X;, from P, where
i #£d # g # i3]
7 Vi = Xiy, + F(Xiy — Xig);
8 U; = X4
9 for j = 0; rand;() < CR && j < D; j + + do
10 Uij =Vig
11 end
12 Calculate the fitness value of U;;
13 FEs++;
14 if f(U;) < f(X;) then
15 X, =U;
16 end
17 else
18 X = X
19 end
20 end
/* Variable population size mechanism */
21 if The Best does not improve in m generations then
22 Create a new individual X ™ according to equation (3);
23 Calculate the fitness value of X *;
24 FEs++;
/+ Increase the population size */
25 if N < max_N, then
26 N, = Np +1;
27 Xnp = X5
28 end
29 else
30 if f(X*) < f(Xy) then
31 Xy =X7%
32 end
33 end
34 end
35 if The Best improves more than once in m generations then
/+ Decrease the population size */
36 if N, > min_N, then
37 Delete the worst individual X, in current population;
38 N, =N, — 1;
39 end
40 end
41 end

o DE: The classical DE model without parameter adap-
tation, as the parent algorithm, is considered for the
performance comparisons. The crossover operator applied
is rand/1/exp. According to the latest report in [22], the
results obtained on the test suite by using rand/l/exp
scheme are clearly better than the ones obtained by
employing the rand/1/bin scheme. In DE, the F', Cr and
N, were fixed to 0.5, 0.9 and 60, respectively.

o CHC: The main idea of the CHC algorithm (Crossgenera-
tional elitist selection, Heterogeneous recombination, and
Cataclysmic mutation) [27] focuses on the combination of
a high pressure selection strategy and several components
including a strong diversity. The initial threshold is set at
%, where L is the length of the string (L = 20 * D in

the experiments). When no offspring are inserted into the

new population the threshold is reduced by 1. When the
population converges or the search stops making progress

(i.e., the difference threshold has dropped to zero and no

new offspring are being generated which are better than

any members of the parent population), the population is
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re-initialized. The restart population consists of random TABLE I
individuals except for one instance of the best individual =~ RESULTS ACHIEVED BY DE, CHC, G-CMA-ES, GODE AND DEVP ON

. D = 50.
found so far. Finally, a real-parameter crossover operator,

called BLX-« [28], is considered to substitute the original D =50 DE CHC G-CMAES | GODE DEVP

: Functions Mean Mean Mean Mean Mean
crossover operator. The instance of CHC uses BLX-« i 000200 T TETETT T 0.00E+00 T 0.00E=00 | 0.00E200
with o« = 0.5. 28 3.60E-01 | 6.19E+01 2.75E-11 2.57E-01 1.19E-01
. RS- ; RS : } Fy 2.89E+01 | 1.25E+06 | 7.97E-01 | 3.06E+01 | 3.19E+01
¢ G CMA ES The G-CMA-ES is a restart Covarlant Ma Fy 3.98E-02 | 7.43E+01 | 1.05E+02 | 1.05E-13 | 0.00E+00
trix Evolutionary Strategy (CMA-ES) with Increasing Fs 0.00E+00 | 1.67E-03 | 2.96E-04 | 0.00E+00 | 0.00E+00
: : Fs 143E-13 | 6.15E-07 | 2.09E+01 | 1.24E-14 | 0.00E+00
Population Size [29]. It detects premature convergence iy 0005200 | 266509 | 1010 | 0.00Es00 | 0.00E+00
and launches a restart strategy that doubles the population Fs 3.44E+00 | 2.24E+02 | 0.00E+00 | 1.67E-01 | 4.27E-03
: . : : : : Fy 273E+02 | 3.10E+02 | 1.66E+01 | 7.77E-06 | 0.00E+00
size on each restart., py increasing the population size oy 000E+00 | 7305100 | 681E+00 | 0.00E+00 | 0.00E100
the search characteristic becomes more global after each Fi1 6.23E-05 | 2.16E+00 | 3.01E+01 | 6.44E-06 | 0.00E+00
: : i} Fia 535E-13 | 9.57E-01 | 1.88E+02 | 1.33E-13 | 0.00E+00

resta.rt, which empowers the operation of 'the CMA-ES on Fi >asEs01 | 2085106 | 197E+02 | 235E+01 | 2.88E101
multimodal functions. The parameter settings of G-CMA- Fua 4.16E-08 | 6.17E+01 | 1.09E+02 | 6.24E-09 | 1.64E-13
Fis 0.00E+00 | 3.98E-01 | 9.79E-04 | 0.00E+00 | 0.00E+00
ES were the ones sgggested by Auger and Hansen [29]. Fig 1.56E-09 | 2.95E-09 | 4.27E+02 | 1.57E-10 | 1.62E-14
The initial solution is uniform randomly chosen from the Fir 7.98E-01 | 2.26E+04 | 6.89E+02 1.17E+00 | 3.11E+00
: P TP : : : Fig 1.22E-04 | 1.58E+01 | 131E+02 | 297E-07 | 1.41E-10
domain and the initial distribution size (o) is a third of Fio 0.00E£00 | 3205102 | 4765200 | 0.00E+00 | 0.00E+00

the domain size.

¢ GODE: For GODE [17], we use the following parameter
settings. The F', C'r and N, were fixed to 0.5, 0.9 and TABLE II
60, respectively. The probability of opposition is set to ~ RESULTS ACHIEVED BY DE, CHC, G-CMA-ES, GODE AND DEVP ON

. . D = 100.
0.05. Like DE, the rand/I/exp strategy is employed.
e DEVP: For common parameters between DEVP and DE, D =100 DE CHC G-CMA-ES | GODE DEVP
Functions Mean Mean Mean Mean Mean
the same values are used. In DEVP, the rand/1/exp was r 0005700 35651 0.00E700 | 0.00Er00 | 0.00E+00
also employed. The parameters F' and C'r were fixed to Py 445E+00 | 8.58E+01 | 151E-10 | 3.65E+00 | 3.55E+00
. O . . F3 8.01E+01 | 4.19E+06 | 3.88E+00 | 8.14E+01 | 8.33E+01
0.5 and 0.9,.r§:spectlvely. qu the. mmal. population size o TO6E02 | 219E+02 | 250E+02 | 832E.14 | 673E.02
(INp), the minimum population size (min_IN,), and the Fs 0.00E+00 | 3.83E-03 | 1.58E-03 | 0.00E+00 | 0.00E+00
. : . ;s Fs 3.10E-13 | 4.10E-07 | 2.12E+01 | 2.60E-14 | 2.07E-14
maximum populatlon size (max_Np), we us?d empirical Py 0.00E+00 | 140E-02 | 422E-04 | 0.00E+00 | 0.00E+00
settings in this paper, N, = 60, m = 20, min_N,, = 50 Fs 3.69E+02 | 1.69E+03 | 0.00E+00 | 7.53E+01 | 3.71E+01
_ Fy 5.06E+02 | 5.86E+02 | 1.02E+02 | 1.46E-05 | 0.00E+00
and maz_N, = 100. Fio 0.00E+00 | 3.30E+01 | 1.66E+01 | 0.00E+00 | 0.00E+00
In the following experiments, each algorithm is run 25 1 128E-04 | 732E+01 | L.64E+02 | 1.58E-05 | 0.00E+00
. . . Fia 599E-11 | 1.03E+01 | 4.17E+02 | 7.57E-12 | 5.72E-14
times for each test function. The maximum number of fitness Fig 6.17E+01 | 2.70E+06 | 421E+02 | 632E+01 | 6.22E+01
evaluations MAX_FEs is 5000 x D. Each run stops when Fiq 4.79E-02 | 1.66E+02 | 2.55E+02 | 4.13E-08 | 1.23E-12
. . . . Fis 0.00E+00 | 8.13E+00 | 6.30E-01 | 0.00E+00 | 0.00E+00
the maximum number of evaluations is achieved. Throughout Fig 3.58E-09 2.23E+01 8.59E+02 3.75E-10 8.55E-14
the experiments, the average of error of the best individual iz 1.23E+01 | 147E+05 | 1.51E+03 | 1.11E+01 | 1.03E+01
. . Fig 2.98E-04 | 7.00E+01 | 3.07E+02 | L.11E-06 | 5.88E-10
found in the 25 runs was recorded (For a solution x, the Fio 0.00E+00 | 5.45E+02 | 2.02E+01 | 0.00E+00 | 0.00E+00
error measure is defined as F'(z) — F'(op), where op is the
global optimum of the function). According to the suggestions
TABLE III

of [22], all the results below 1E-14 have been approximated RESULTS ACHIEVED BY DE, CHC. G-CMA-ES. GODE AND DEVP 0N

to 0.0. D = 200.

C. Numerical Results D = 200 DE CHC GCMAES | GODE DEVP

. Functions Mean Mean Mean Mean Mean
The comparison results among DE, CHC, G-CMA-ES, Fy 0.00E+00 | 8.34E-01 0.00E+00 | 0.00E+00 | 0.00E+00
GODE and DEVP on problems with D = 50, D = 100, Fy 1.92E+01 1.03E+02 1.16E-09 1.53E+01 2.92E+01
. F. 1.78E+02 | 2.01E+07 | 8.91E+01 | 1.80E+02 | 1.93E+02
D = 200, D = 500 and D = 1000 are presented in Fi 1.27E-01 | 540E+02 | 6.48E+02 | 4.17E-13 | 0.00E+00
Tables I, II, III, IV and V, respectively (we did not include F5 0.00E+00 | 8.76E-03 | 0.00E+00 | 0.00E+00 | 0.00E+00
. F 6.54E-13 | 1.23E+00 | 2.14E+01 | 545E-14 | 4.91E-14
the results of G-CMA-ES for D = 1000 due to the large time Fs 0.00E+00 | 2.59E-01 L17E-01 | 0.00E+00 | 0.00E+00
for runs on some functions). The best results among the five Fy 5.53E+03 | 9.38E+03 | 0.00E+00 | 2.10E+03 | 1.21E+04
four for D — 1000) aleorith h in bold Fo 1.01E+03 | 1.19E+03 | 3.75E+02 | 3.23E-05 | 0.00E+00
(four for D = ) algorithms are shown in bold. Fio 0.00E+00 | 7.13E+01 | 4.43E+01 | 0.00E+00 | 0.00E+00
From the results, it can be seen that DEVP outperforms DE Fiq 2.62E-04 | 3.85E+02 | 8.03E+02 | 3.12E-05 | 0.00E+00

. . F 9.76E-10 | 7.44E+01 | 9.06E+02 | 1.20E-10 | 1.28E-13

on other four algorithms (three for D = 1000) on 8 functions, Fﬁ 136E4+02 | 5758406 | 943E+02 138E+02 | 137E+02
F,, Fs, Fy, Fy1, Fio, Fi4, Fig and Fis. For Fy, Fs, F; Fis 1.38E-01 | 429E+02 | 6.09E+02 | 8.17E-02 | 3.36E-12
F' 0.00E+00 | 2.14E+01 | 1.75E+00 | 0.00E+00 | 0.00E+00

(except for D = 1000), Fio, Fi5 (except for D = 1000) and Fio 746E-09 | 1.60E+02 | 192E+03 | 9.54E-10 | 1.20E-13
Fi9, DE, GODE and DEVP can search the g]oba] thimum. Fi7 3.70E+01 | 1.75E+05 3.36E+03 3.74E+01 3.94E+01
_ Fis 473E-04 | 2.12E+02 | 6.89E+02 | 1.91E-06 | 1.67E-09

For Fy and Fg (except for D = 1000), only G-CMA-ES Fio 0.00E+00 | 206E+03 | 7.52E+02 | 0.00E+00 | 0.00E+00

can find promising solutions, while other three algorithms
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TABLE IV
RESULTS ACHIEVED BY DE, CHC, G-CMA-ES, GODE AND DEVP ON
D = 500.
D = 500 DE CHC G-CMA-ES GODE DEVP
Functions Mean Mean Mean Mean Mean
j2 0.00E+00 | 2.84E-12 0.00E+00 0.00E+00 | 0.00E+00
Fy 5.35E+01 1.29E+02 3.48E-04 5.81E+01 7.23E+01
F5 4776E+02 | 1.14E+06 3.58E+02 4.76E+02 4.75E+02
Fy 3.20E-01 1.91E+03 2.10E+03 1.62E-03 9.22E-03
F5 0.00E+00 | 6.98E-03 2.96E-04 0.00E+00 | 0.00E+00
Fs 1.65E-12 | 5.16E+00 2.15E+01 1.43E-13 1.37E-13
Fr 0.00E+00 | 1.27E-01 7.21E+153 0.00E+00 | 0.00E+00
Fg 6.09E+04 | 7.22E+04 2.36E-06 3.93E+04 1.11E+05
Fo 2.52E+03 | 3.00E+03 1.74E+03 7.84E-05 0.00E+00
Fio 0.00E+00 | 1.86E+02 1.27E+02 0.00E+00 | 0.00E+00
i1 6.76E-04 1.81E+03 4.16E+03 8.25E-05 0.00E+00
Fia 7.07E-09 | 4.48E+02 2.58E+03 7.39E-10 2.65E-13
Fi3 3.59E+02 | 3.22E+07 2.87E+03 3.59E+02 3.60E+02
Fi4 1.35E-01 1.46E+03 1.95E+03 7.67E-02 4.94E-02
Fis5 0.00E+00 | 6.01E+01 2.82E+262 0.00E+00 | 0.00E+00
Fie 2.04E-08 | 9.55E+02 5.45E+03 2.24E-09 4.68E-13
Fi7 1.11E+02 | 8.40E+05 9.59E+03 1.12E+02 1.29E+02
Fis 1.22E-03 | 7.32E+02 2.05E+03 5.06E-06 4.89E-09
Fig 0.00E+00 | 1.76E+03 2.44E+06 0.00E+00 | 0.00E+00

fail to solve them. For the rest of three functions, F3, F'3
and Fi7, all the five algorithms can hardly search reasonable
results. For F7 and Fi5, DEVP as well as GODE cannot
solve them when the dimension increases to 1000. The main
reason is that the fitness values of these two functions are
larger than the maximum value (103°®) that double precision
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The average convergence curves of DEVP on F4, Fg, Fy and Fig with D = 1000.

TABLE V
RESULTS ACHIEVED BY DE, CHC, GODE AND DEVP oN D = 1000.

D = 1000 DE CHC GODE DEVP
Functions Mean Mean Mean Mean
Fy 0.00E+00 1.36E-11 0.00E+00 0.00E+00
F> 8.46E+01 1.44E+02 | 9.02E+01 1.02E+02
F3 9.69E+02 | 8.75E+03 9.70E+02 9.70E+02
Fy 1.44E+00 | 4.76E+03 1.03E+00 | 4.52E-01
Fs5 0.00E+00 | 7.02E-03 | 0.00E+00 0.00E+00
Fg 3.29E-12 1.38E+01 2.88E-13 2.86E-13
Fr 0.00E+00 | 3.52E-01 INF INF
Fg 2.46E+05 3.11E+05 1.86E+05 4.18E+05
Fy 5.13E+03 6.11E+03 1.70E-04 0.00E+00
Fio 0.00E+00 | 3.83E+02 | 0.00E+00 0.00E+00
Fiq 1.35E-03 4.82E+03 1.73E-04 0.00E+00
Fio 1.68E-08 1.05E+03 1.87E-09 5.39E-13
Fi3 7.30E+02 | 6.66E+07 | 7.31E+02 7.31E+02
Fia 6.90E-01 3.62E+03 6.06E-01 1.52E-01
Fis5 0.00E+00 | 8.37E+01 INF INF
Fig 4.18E-08 2.32E+03 4.59E-09 9.69E-13
Fir 2.36E+02 | 2.04E+07 2.36E+02 2.43E+02
Fig 2.37E-03 1.72E+03 3.29E-05 1.17E-08
Fig 0.00E+00 | 4.20E+03 | 0.00E+00 0.00E+00

float number can represent. This problem can be solved by
using higher precision data types, such as “long double” in
C/C++. Although we used “long double” to represent the
fitness value, DEVP was implemented in Microsoft Visual
C++ 6.0, which uses the same size of bytes (8 bytes) to
represent “double” and “long double”. So, we did not list the
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TABLE VI
AVERAGE RANKINGS OF THE ALGORITHMS WHEN D = 50.

Algorithms | Ranking
DEVP 4.18
GODE 3.82

DE 3.39

G-CMA-ES 2.24

CHC 1.37

results of these two functions for D = 1000. Compared to
DE, DEVP performs better on the majority of test functions.
It shows that the achieved improvements of DEVP are due
to usage of the proposed variable population size mechanism.
The average converge curves on Fy, Fg, Fy and Fig with
D = 1000 are illustrated in Fig. 2. Due to the page limitations,
we only list four figures. As seen, DEVP converges very fast
during the evolution.

TABLE VII
AVERAGE RANKINGS OF THE ALGORITHMS WHEN D = 100.

Algorithms | Ranking
DEVP 4.29
GODE 3.82

DE 3.29

G-CMA-ES 2.24

CHC 1.37
TABLE VIII

AVERAGE RANKINGS OF THE ALGORITHMS WHEN D = 200.

Algorithms | Ranking
DEVP 3.95
GODE 3.84

DE 3.47
G-CMA-ES 2.32
CHC 1.42
TABLE IX
AVERAGE RANKINGS OF THE ALGORITHMS WHEN D = 500.

Algorithms | Ranking
DEVP 3.97
GODE 3.92

DE 3.45

G-CMA-ES 2.08

CHC 1.58
TABLE X

AVERAGE RANKINGS OF THE ALGORITHMS WHEN D = 1000.

Tables VI-X show the average ranking of DEVP, GODE,
DE, CHC, and G-CMA-ES on D = 50, 100, 200, 500
and 1000, respectively. These results are calculated by the
software MULTIPLETEST package (provided on the website:
http://sci2s.ugr.es/sicidm). For each dimension, the perfor-
mance of the five algorithms (four for D = 1000) can be
sorted by average ranking into the following order: DEVP,
GODE, DE, G-CMA-ES, and CHC. It means that DEVP is
the best one among the five algorithms.

V. CONCLUSIONS

This paper presents a novel DE algorithm to improve
the performance of DE in solving high-dimensional global
optimization problems. The proposed approach used a variable
population size mechanism, in which the population size has
been changed adaptively. If the fitness value of the best
individual found so far does not improve in a predefined
number of generations, then we try to increase the population
size by adding a new individual to the current population;
otherwise we try to decrease the population size by removing
the worst individual from the current population. Experimental
verifications on 19 high-dimensional problems with D = 50,
100, 200, 500 and 1000 show that DEVP outperforms GODE,
DE, CHC and G-CMA-ES on the majority of test problems.

However, the variable population size mechanism is not
always beneficial for improving the performance of DE. For
functions F5, F3, Fg, Fi3 and Fy7, DE performs better
than DEVP in some dimensions. The effects of parameters,
m, min_N, and max_N,, the method of generating new
individuals will be investigated in our future work.
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