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ABSTRACT: Alpha Male Genetic Algorithms are sexist and population based
optimization tools that mimic the swarm behavior of animals. The algorithm consists on a
socially partitioned population of individuals where the partitions are formed by sexual
selection of females. In this paper, we suggest to use Linear Crossover and Hooke-Jeeves
method for crossover and hybridization operators of Alpha Male Genetic Algorithms,
respectively. We perform a simulation study using a set of well-known test functions to
reveal performance differences between the specialized algorithm and some other well-
known optimization techniques including Genetic Algorithms, Differential Evolution,
Particle Swarm Optimization, and Artificial Bee Colony Optimization. Simulation results
show that the specialized algorithm outperforms its counterparts in most of the cases.
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OZ: Alfa erkek genetik algoritmalar cinsiyet farki gdzeten ve hayvan gruplarinin
hareketlerini taklit eden topluluk tabanli bir optimizasyon aracidir. Algoritma, disilerin es
secimi ile olusturdugu sosyal olarak bolinmiis birey topluluklarina dayanmaktadir.
Calismada, Alfa Erkek Genetik Algoritma’nin ¢aprazlama ve hibritlesme operatorii olarak
strastyla Dogrusal Caprazlama ve Hooke-Jeeves yontemi kullanilmasi 6nerilmistir. Calisma
kapsaminda oOzellestirilmis algoritma ile Genetik Algoritmalar, Diferansiyel Evrim,
Parcacik Siiri Optimizasyonu ve Yapay Ari Kolonisi Optimizasyonu gibi iyi bilinen
algoritmalar arasindaki performans farkliliklarin1 ortaya ¢ikarabilmek igin bilinen test
fonksiyonlart ile bir simiilasyon caligmast gergeklestirilmistir. Simiilasyon sonuglari,
ozellestirilmis algoritmanin ¢ogu durumda daha iyi performans sergiledigini gostermistir.

Anahtar Kelimeler: Optimizasyon, Evrimsel algoritmalar, Simiilasyon.

1. INTRODUCTION

Genetic Algorithms (GAs) are search and optimization tools that mimic the
natural selection and principals of genetics. Since GAs are problem independent,
the goal function under optimization may not be either continuous or differentiable.
As a result of this, the function parameters can be in type of binary, integer,
ordinal, categorical, or real. The simple GA, first developed by Holland (1975) and
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extended by Goldberg (1989), is defined for the optimization problems with binary
variables and the algorithm is based on the main genetic operators including
selection, crossover, mutation, and elitism. Since any member of the integer set Z
can be decoded using bits, the simple GA is also applied and well-performed on the
integer variable optimization problems. By mapping the integer values onto the set
of R, real-parameter optimization is also possible with the simple GA by means of
discretization.

Floating-point GAs (FPGAs), are another family of GAs in which the
function parameters can take floating-point numbers as values and the algorithm
does not require an encoding/decoding strategy for discretization mapping. Since
the phenotype/genotype distinction does no longer exist, chromosomes in FPGAS
are real values. However the crossover and mutation operations in simple GA are
mainly based on bits, new algorithms and operators are devised for combining
parent solutions to produce offspring. These operators are mainly based on linear
or non-linear combination of numbers.

Some other members of the evolutionary optimization methods do not
follow the same evolution process as in the GAs. For example, Particle Swarm
Optimization (PSO) mimics the swarm intelligence of fish and birds (Eberhart &
Kennedy, 1995). In PSOs, each candidate solution is a vector of real numbers. This
property replaces the encoding/decoding strategy needed by classical GAs. The
candidate solutions, or individuals, are modified directly by knowledge sharing
during the searching process of right migration path or food sources.

Differential Evolution (DE), another member of the evolutionary algorithms,
is similar with the FPGAs in terms of crossover, mutation, and selection operators
(Storn & Price, 1997). However the method applies the operators in a different
order. Although FPGAs apply crossover and mutation operators on the selected
individuals, DE first applies crossover and mutation on the randomly selected
solutions and the winner is selected at the last stage of the procedure. As in PSO,
the individuals of population are real vectors and an endoding/decoding strategy is
not needed.

Artificial Bee Colony (ABC) Algorithm (Karaboga & Basturk, 2007) is
another population based optimization method that mimics the behavior of honey
bee swarms. The initial population consists on the candidate solutions that
represent locations of good food sources analogously. Socially partitioned honey
bees visit and modify the locations. Quality of food sources is proportional to
nectar amount which corresponds to fitness or cost in the other population based
algorithms. The algorithm carries out the tasks of exploring new areas of the
solution space, local search, and random search using the socially partitioned bees.
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The Alpha Male Genetic Algorithm (a-MGA) (Drezner & Drezner, 2018) is
a sexist, hybrid, and population based optimization method. As it is described in
Section 3, the algorithm is defined with general principals. In this paper, we
suggest to use Linear Crossover as the crossover operator and Hooke-Jeeves
algorithm as the hybridization operator in the a-MGA. We propose a simulation
study to reveal performance differences of a-MGA with some other evolutionary
optimization methods.

In Section 2, we give a brief review of gender-specific genetic algorithms. In
Section 3, the a-MGA and our suggestions are mentioned. In Section 4, we perform
a simulation study and the results are presented. Finally in Section 5, we conclude.

2. GENDER-SPESIFIC GENETIC ALGORITHMS

The classical GA and its extensions do not take the sex or the gender into
consideration. In other words, individuals in GAs are selected only by considering
their fitness or cost values depending on the selection strategy. However, some
GAs are developed with sexist properties in the literature.

Wagner & Affenzeller (2005) stated that the process of choosing mating
partners in natural populations is different for male and female individuals as the
male individuals try to spread their genes in a rather broad whereas the female
individuals normally choose their partners depending on much harder criterion.
Allenson (1992) developed, Lis &Eiben (1997) developed and Esquivel,
Leiva,&Gallard (1999) extended a multisexual genetic algorithm in which the
objective functions are mapped to genders of individuals. Ansotegui,
Sellmann,&Tierney (2009) developed a GA in which the individuals assigned to a
gender and the crossover operation is only permitted between the individuals with
opposed genders. Rejeb &AbuElhaij (2000) applied a similar gender based GA on
the graph partitioning problems. Sanchez-Velazco &Bullinaria (2003) introduced
the sexual selection mechanism in GA. In their work, individuals not only have a
gender property but selection, crossover, and mutation operators behave different
depending on the gender of the individuals. Drezner &Drezner (2006) stated that
the gender-specific algorithm more closely and more accurately simulates natural
evolutionary processes. They also calculated Hamming distances of solutions at
runtime and they concluded that the gender-specific approach promotes diversity of
populations. Vrajitoru (2002) examined the effects of gender separation on the
genetic diversity by simulations.

Ansotegui, Sellmann,&Tierney (2009) devised a different sexual strategy.
They proposed to partition the population into two groups. The first group defines a
single gender. Individuals in the first group compete for the right of mating
whereas individuals in the second group are randomly selected. The fittest
individual in the first group plays the role of forming the new generation.
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Drezner (2008) performed a simulation study and showed that assigning
gender to individuals and permitting recombination only between opposite genders
provide better results. They suggest to introduce the gender strategy as follows:

1. Randomly assign genders to individuals of initial population with equal
probability.

2. In mating process, select the first individual using the selecting scheme by not
considering the gender. The second individual must be selected from the pool of
opposite gender.

3. Assign a gender to generated offspring with equal probability.

Drezner &Drezner (2018) proposed the Alpha Male Genetic Algorithm (a-
MGA) which is based on a similar sexist approach. Differently, assignment of sex
is not basically labelling individuals but the method also mimics the mating process
of animals which includes social dominance. The next section discuss the method
in more detail.

3. ALPHA-MALE GENETIC ALGORITHMS

The Alpha Male Genetic Algorithm (a-MGA) (Drezner & Drezner, 2018) is
a genetic algorithm in which the individuals in a population are partitioned into
social groups. A social group is formed by productive females which select the
same alpha male. In each social group, an individual is labeled as alpha male and
the remainder are productive females. Offspring are generated by mating the alpha
male and each productive females in encapsulated groups. Each productive female
is permitted to generate only one offspring in a generation. The generated offspring
form new groups in which a member is alpha male and the remainder are
productive females again. After sorting the population, the best popSize individuals
form the new population in the next generation where popSize is the population
size parameter of algorithm. Generated offspring are not permitted to mate in the
generation they are created.

Algorithm randomly selects P and K parameters before a generation is
started where K is the number of alpha males, P — K is the number of reproductive
females, P is the population size and K < P. Process of initial population creation
is similar with the standard GA except the algorithm labels the individuals with a
gender property.

In each generation, the productive females select an alpha male to produce
an offspring. The generated offspring is added to another population and does not
play role on generating new offspring in the current generation. After generating
2P — K individuals in total, the best P individuals form the new population for the
next generation. The hybrid version of the algorithm has four general steps:
selection, crossover, improvement, and replacement.

By the replacement strategy, if the generated offspring is better than the
worst population member and is not identical to any existing member then the
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offspring is added to the population and the worst member is removed. Otherwise,
the population is not changed.

Since it is not defined in the original study, the authors suggest to merge
individuals as the crossover operator does. Addition to this, improving an
individual is not defined explicitly.

Referring the previous studies, we suggest to use the Linear Crossover as the
crossover operator (Satman & Akadal, 2017). The Linear Crossover operator
produces three offspring

—1A+1B

_3A 1B
]2—2 >

= 1A+3B
I3 = > >

where A and B are parents, and J;, J,, J3 are produced offspring (Herrera, Lozano
& Sanchez, 2003). An additional selection mechanism can be performed to obtain
single offspring using this operator.

The improvement step basically stands for the mutation operator but it is
known that the mutation operator in GAs is totally blind. Instead, a local search
algorithm can improve the success of a solution by means of a higher fitness value.
Satman (2015) suggested to use Hooke-Jeeves algorithm to obtain better solutions
after recombination as its success is proven by the simulations in many cases.
Hooke-Jeeves (Moser, 2009) algorithm is a direct search method in which the goal
function can be either continuous or discrete. It is shown that a good starting point
results good solutions and it can be used as a local fine-tuning algorithm to improve
solutions found by a GA.

Finally, we suggest to specialize the optional parts of the Alpha Male GA as
follows:

1. Select the parents as defined in the original algorithm.
2. Use the Linear Crossover operator to generate three offspring, select the
best one depending on its fitness value.
3. Improve the selected offspring using the Hooke-Jeeves algorithm.
4. Apply replacement as defined in the original algorithm.
4. SIMULATION STUDY
We performed a simulation study to reveal performance differences with

some well-known evolutionary algorithms using a set of test functions. In the
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simulation study, performance of the a-MGA is compared with the GA with
floating-point encoding scheme, Differential Evolution, Particle Swarm
Optimization, and Artificial Bee Colony algorithms.

Since the curvature of functions, number of parameters or the dimension of
the space that the function is defined have significant effects on the optimization,
the simulation study consists on many different scenarios. Algorithms are
performed on the test functions for p = 2, p = 10, and p = 25 where p is the
number of function parameters. For each dimension selection, algorithms are
performed for N = 20, N = 50,and N = 100, where N is the population size.
Since the a-MGA is sexists, population is partitioned into two groups. The sexist
population division is formed for

e 2 malesand 10 females
e 5 malesand 25 females
e 10 males and 50 females.

The parameter number of generations is limited as maxiter = 10 and
maxiter = 50. This parameter is also used as the stopping rule. In the cases
maxiter = 10 is used, the earlier convergence speed is compared. For a larger
selection, for example maxiter = 50, it is tested that the algorithm either
converges or not. Each single configuration is iterated 1000 times.

Besides the configuration, algorithms are performed on a rich set of test
functions including Test Tube Holder, Holder Table, Carrom Table, Cross in Tray,
Crowned Cross, Cross, Cross Leg Table, Pen Holder, Bird, Modified Schaffer 1-4,
Egg Holder, Chichinadze, Mc Cormick, Three Humps Camel Back, Zettle,
Styblinski-Tang, Bukin, Leon, Giunta, Schaffer, Schwefel, Ackley, Bohachevsky,
Griwank, Holzman, Hyperellipsoid, Levy, Maxmod, Multimod, Rastrigin,
Rosenbrock, Sine Envelope, Sphere, and Sumsquares (Mishra, 2006). Some of the
functions are defined with 2 parameters and a list and definitions of these functions
are given in Appendix 1. The rest of the functions are defined for m parameters
and a list and definitions of these functions are given in Appendix 2.

Table 1, Table 2, and Table 3 summarize the reports for 2-variables cases. In
Table 1, the first line indicates that the GA yields —10.343 in average for
maximum number of iterations is 10 and the population size is 20. The values in
parenthesis indicate the standard deviations of obtained optimum. Since the global
optimum of the Test Tube Holder function is 10.8723, it can be said that the
algorithms except PSO obtain results precisely. ABC and a-MGA obtains closer
solutions with lower standard deviations. These interpretations are current for the
whole cases in Table 1, Table 2, and, Table 3.
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Tablel: Simulation results for 2-vars

61

Function

netic lter  Pop GA DE PSO ABC  M-F  a-MGA
Test Tube " 710,343 10559 7521 078 .o 1087
Holder (0,413) 0241)  (2156) (0,108) (0,001)
(-10.8723) 210,612 10704 -8,681 -10,814
10 50 (0,192) (0,114)  (L513) 0047y B 108700
-10,718 10766 -9,229 -10,827
100 (0,105) (0,068)  (L148) (0,035 1050 -1087(0)
10,786 1081 10,86
20 0008 Oomy  BEBED o0 210 -10870)
-10,816 10838 -10269  -10,867
5 %0 (0,055) 0,024)  (1,109) 0002y % -1087(0)
-10,839 10851 -10527  -10868
100 (0,029) 0013)  (0,711) (0002) 1050 -1087(0)
Holder Table " 225,624 255 7,011 26635 26924
(-26.92) (0,965) @116)  (6,827) (0,411) ©)
-26,182 26495 15739 26,9 26,924
10 50 (0,762) (0519)  (8521) ©00) B ©)
26733 -2013 26,913 26,924
100 26650442 orom  (ro00) ooy 1050 o
226,022 7,68 -26,024 26,024
20 26856032  ore (000 ) 2.10 o
-26,921 26023 -17166 26924 -26,024
50 50 (0,058) (0,002)  (8.:351) ©) 525 ©)
26923 22257 -26,924 26,924
100 2692400 Goon  (ooes) o 10-50 o
Carrom " 21,862 21848 -3015 N NV
Table (1,681) 2.884)  (5,576) (0,644) ©)
(-24.157) o 5 222,979 23433 -10464 2012 oo 24157
(1,316) (0.885)  (8,816) (0,032) ©)
-23739 23817 -15126 24,14 24,157
100 (0,751) (0.377) (8,12) (©018)  0-50 )
" 24,084 24,153 337 24157 o 24157
(0,438) (0015)  (5924) ©) ©)
24,156 24156 -12309  -24,157 24,157
50 50 (0,015) (0,002)  (9,066) ©) 5-25 ©)
24156 17,764 24,157 24157
100 2415700 oo (7een o 10-50 5
Cross in -2,06 -1,822 -2,062
Sy 20 20000 A0 ooy 210 20830)
(2.063) 10 50 -2061(000) 00N 195012 2062(0) 525 -2063(0)
100 -2,062(0,001) -2,062(0) (028%’) 2,063(0) 1050  -2,063 (0)
2,063 1,845
20 -2,063(0) 0 Ol 20630 210 2063()
50 50  -2,063(0) '2(*8;53 2(0115) -2063(0) 525 -2,063 (0)
2,063 2,045
100 -2,063 (0) o (ooey  2063(0) 1050  -2063()
Crowned 0,916 1,307 0,035
Cross (0) 1020 0027(0152) 5117y (0197) 00 2100 (0,06)
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0,83 1,17 0,018
50 ) (0108)  (0.171) 00 525 (0033)
0,768 1114 0,021
100 0(0) o ©19) 0@ 1050 0%
0,701 0,844 0,026
20 000800T) (06 (0'29) 0(0) 210 0ao)
0,626 0,783 0,013
5 %0 00 0099)  (0.233) 00 525 (002
0,58 0,745 0,01
100 000 0,083)  (0211) 00) 1050 5500
Cross (0) 20 000) 0(0) 0(0) 000) 210 0(0)
10 50 0(0) 0(0) 0(0) 0(0) 525  0(0)
100 0(0) 0(0) 0(0) 00) 1050  0(0)
20 0(0) 0(0) 0(0) 0(0) 210 0(0)
50 50 0(0) 0(0) 0(0) 0(0) 525  0(0)
100 0(0) 0(0) 0(0) 00) 1050  0(0)
Cross Leg -0,962
Tl (8 20  -0922(0268) 0(0) 0(0) 10 210 @res
-0,001
10 50 -1(0) 0(0) 0(0) 10 5B doon
20,997
100 -1(0) 0(0) 0(0) 10 1050 ol
20 09670178  0(0) 0(0) 10 210 (gggg
50 g -1(0) 0(0) 0(0) 40 525 -1(0)
100 -1(0) 0(0) 0(0) 1(0) 1050  -1(0)
Pen Holder -0,962 -0,766
096354, 20 -0858(0009) 00k Jfed 0963() 210 -0964(0)
0,963 0,801
10 50 0962000) ooty oy 0%4©) 525 -0864()
0,963 0,921
100 08630000 o ok 0940 1050 0964 (0)
20,964 20,779
20 0,963 (0) P Olsn 0940 210 0964 (0)
-0,964 0,92
50 50  -0,964 (0) 0 Ooeny  0%40) 525  -0364(0)
0,964 -0,946
100 -0,964 (0) P 003y  0%4(0) 1050 -0.364(0)
Bird (- " 99945  10L298 27262 105885  , o 106764
106.7645) (9,347) (6,585)  (40196)  (1,463) ©)
o s 103904 104734 -60253 106572 ., 106,764
(4,302) 2,602)  (36042)  (0,259) ©)
oo 105745 105813 70784 106701 oo -106,764
(1,406) (0.995)  (31,887)  (0,079) ©)
" 106721 106761  -33402 106764 o 106,764
(0,683) (0013)  (44721)  (0,001) ©)
0 5 106761 106764 82907 106764 o, -106,764
(0,022) (0,001)  (37,297) ©) ©)
oo 106763 106764  -07235 106764 o .. -106,764
(0,007) (0,001)  (22,866) ©) ©)
Modified 0,095 0,419 0,001
Schaffer 1 10 0 0110082 563 0,11) 00 210 5l006)
©) 50  0051(0,046) 0054 0,341 0(0) 525  0(0)
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(0,034)  (0,145)
100 0,024 (0,025) (8:823) (&ﬂg) 00) 1050  0(0)
20 0,013 (0,015) (81882) (&ig‘f) 0(0) 210 0(0)
50 50 0,006 (0,007) (&ggé) (&ig;) 0(0) 525  0(0)
100 0,002 (0,003) (8:881) (8:122) 00) 1050  0(0)
Modified. 20 0,105 (0,08) (o?6é5) (8:‘1%% 0(0) 20 0(0,005)
(0.002) 10 50 0,051 (0,045) (8:822) (&ij‘f) 0(0) 5.25 0(0)
100 0,022 (0,025) (8:822) (&i%‘) 0(0) 1050  0(0)
20 0012 (0,019) (8:88;) 04(0133)  0(0) 210 0(0)
50 50  0003(0,006)  0(0) (OO’fB‘L) 0(0) 525  0(0)
100 0(0,002) 0(0) (0?114116) 0(0) 1050  0(0)
T o e (5, o D) o meo
(0.0015) 10 50 0,052 (0,038) (0?5353) (81?4213) (o?§247) 525 0,002 (0)
100 0,027 (0,019) (8:823 36,2&3) (gzgig) 1050 0,002 (0)
20 0,014 (0,019) (8:88% (&iii) (gzggg) 210 0,002 (0)
50 50 0,004 (0,003) (8:88% (&igi) (3383% 525 0,002 (0)
100 0,002 (0,001) (8:88% (&ggg) 0002(0) 1050 0,002 (0)
Semfor 20 0,351(0,037) (8:323) (gj‘éﬁ?,) (gjggg) 210 0,293(0)
(0.2925) 10 50  0,325(0,023) (0%3128) (&gg) (g:gig) 525 0,293 (0)
100 0313 (0,014) (8:‘322) (&gég) (83888) 10-50 0,293 (0)
20 0,304 (0,01) (8%3‘2‘) (&ggi) (8:(2)8‘1‘) 210 0,293 (0)
50 50 0.3 (0,006) (8:(2)‘8?) (&g%‘) 0293(0) 525 0293 (0)
100 0296 (0,003) 0293 (0) (81823) 0293(0) 10-50 0,293 (0)
Table2: Simulation Results for 2-vars (Continued)
Function Name Iter Pop GA DE PSO ABC M-F a-MGA
Egg Holder (- oo  B313% 811582 353754 933850, 96512
950.64) 10 (87405  (83336)  (193479) (42,:282) (12,629)
co  B9BTS 872128 494758 92641 o 95052
(50966)  (55929)  (189.417)  (19,28) (1,389)
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o 922728 901721  -5B1453 04806 . -950)641
(39,165  (3502)  (174733) (11,934) ©)
o 906518 915565 3858 953188 058,061
(56547)  (32.578)  (197582) (14.935) (7.69)
0 5o 951301 935645 603564 956638 ., 959,641
(23125  (20026) (187.643)  (6,353) ©)
oo 9BSI7 047413 687331 950215 . 959641
8587)  (11187)  (16477)  (L,448) ©)
Chichinadze (- o 42165 42132 36088 42216 43314
43.3159) (1,047)  (1,036)  (160,402) (1,263 (0,036)
0 sy 4265 42738 32152 42072 o, 43316
(046)  (039%)  (17.5748)  (0,417) ©)
42841 42899 35735  -43187 ] -43316
100 059 0206)  (5.868) (04186) 1090 ©)
o 43212 43315 2608 43316 43305
(0141)  (0033) (155447)  (0) (0,014)
43116 -43316  -42,149  -43316 43,316
050 (0187) (©) @5%8) () 2 ©)
43208 43316 -42794  -43316 -43316
100 (12 (©) ©0477)  (0) 10-50 (0)
Mc Cormick -1,892 -1,906 1,159 -1,91 : )
(0.2926) 20 00  (0017)  (284)  (o0e) 20 -1913(0)
-1,906 1,911 042 1012
1080 ooy (0003) (1533 (oo 0B 191300
1,01 4912 0923 -1913
100 5004y  (0001)  (1366)  (0001)  0-50  -1913(0)
1062 -1013
0 4930) 1930 o0y 9 210 -1913(0)
0806 -1,913
50 50 L9130 -19B0) o o 525 -1,913 (0)
1095 -1913
100 -L9130) L930) o o 1050  -1,913 (0)
Three-Humps 0,044 0,021 19,682
Camel Back (0) 20 oss) (003  @6s79) 0@ 2-10 0(0)
0,017 0,006 0,761
050 go19)  (oo7) o9y 2O 5-25 0(0)
0,006 0,003 0,321
100 ooy ©oo3) 73y 0@ 10-50 0(0)
0,001 2517
20 oo 00 e 00O 2-10 0(0)
0,001 0,656
0 50 o0 00 (g 00O 5-25 0(0)
0,109
100 0(0) 0(0) Gsy 00 10-50 0(0)
Zettle (:0.0038) 0.023 0,007 74722 0,001
20 o) (0013 7725 (0002 20 000400
0,006 3242 -0,003
0 50 ool ooy SEE ooy 5B 00060
20,002 0353 -0,003
100 00005 S9A 338 oey 1050 00040
20,003 60979 -0,004
0o D ooy 00O S %S 210 -0,004 (0)
50 -0003  -0004(0) 0723  -0004 525  -0,004(0)
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(0,001) (7,639) ©)
0007 -0,004
100 00040) -0004(0) (oo o 1050 -0,004 (0)
Styblinski-Tang o /6262 7807 495 783 78332
(-78.332) (3394)  (091)  (18417)  (0,001) ©)
77797 18274 62251  -78.324 78332
050 0emy  0077) @128 (0o12) > ©)
78161 -78307  -6642  -78.329 78332
100 554 0029)  (9427) (0,003 090 ©)
o 7838 /8318 5158 /8332 . 783%
©0028)  (0.447)  (17.348)  (0) ©)
78327 78332 66731  -78.332 78332
030 (0008) © 10254 () 52 ©)
78331 78332 -60,884  -78,332 78332
100 (001) ©) (9.05) © 100 (0)
Bukin (-124.75) o 124323 122877 29650 24745 o 2475
2,259)  (1458)  (138,853)  (0,017) ©)
12474 123834 593 -12475 12475
05 003 (0682 (65374) (0001 2O ©)
424749 124213 -90311  -124.75 124,75
100 o004y (038  (50032)  (0) 10-50 ©)
o 275 1275 28055 12475 o 12475
(0) (0) (147,68) 0) (0)
2475 12475 9645 124,75 124,75
50 50 * * ’ ' 5-25 '
(0) (0) (52,503) (0) (0)
2475 12475 121241  -124.75 12475
100 * * ' ' 10-50 '
() () (19,511) ()] ()]
Leon (0) 0,131 0,054 14485 002 -
20 0194y (0075  (31.803) (0022) 210 0(0)
0,043 0,01 1550 0,001
1050 goe1) (0015  (3669) (0001) OB 0()
0,016 0,004 0874 0,002
100 6o  (oos)  (1229) (0001 050 0(0)
0,003 14989 0,004
20 0012 00 (s5826) (003 10 0)
0,001 1107 0,001
50 50 (0002 00 G934 (o001 25 0(0)
00 0(0) 0(0) 0,372 0(0) 10-50 0(0)
(0,659)
Giunta (0.0645) 0,066 0228 0,065 -
20 ooy 00650 T o 20 0,064 (0)
0135 0,064
10 50 00650) 0050 (oom) o 525 0,064 (0)
0102 0,064
100 0065() 00650) (o0 o 1050 0,064 (0)
0213 0,064
20 00640) 00640 (T ) 210 0,064 (0)
0112 0,064
50 50 00640) 006400 ooy o 525 0,064 (0)
0087 0,064
100 0064(0) 0064(0)  (OC o 1050 0,064 (0)
Schaffer (0) 0 20 0107 0,096 0,426 000) 210 00)
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©.079)  (0.063) ©.0)
0,048 0,052 0,348
0 oo, (0o @2 0O 5-25 0(0)
0,022 0,033 0,28
100 goxsy o2 )y 0@ 10-50 0(0)
0,012 0,002 0,397
20 Qo) (oo i34 °O@ 2-10 0(0)
0,003 0,241
50 50 goom 000D ol 00 5-25 0(0)
0,001 0,107 ]
00 0% 00) oy 00 10-50 0(0)
Schwefel oo 698646 771261 303619 814183 837729
(-837.966) (9085)  (62.431)  (178511) (27,664) (7,483)
0 5o 4772 BI36T 458757 B398 .. 837,966
(73514)  (34524)  (162125)  (0,543) ©)
oo 78951 830362 521811 BITSIE . -837.966
(52019)  (12.963)  (148818)  (0,263) ©)
oo BIL898 836803 337601 837963 . 837966
(52733)  (11215)  (189.937)  (0,034) ©)
s 5o BI7007  -B37964 542363 BIT966 ., 837,966
(46394)  (0,008)  (156527) () ©)
oo 834756  -B37966 626766 837966 . -837,966
(15009)  (0,001)  (145336)  (0) ©)
Ackley (0) 2,364 2.715 15,196 -
20 (qsas)y  (a155) sy 0O 2-10 0()
1247 1,046 9,794
050 0903  (09s) ae)y °O 5-25 0(0)
0,597 1,38 7.414
100 oasy @83y @oy 0@ 10-50 0(0)
0,023 13,906
0 o0 0(0) Gonn 00 2-10 0(0)
0,016 4,196
50 50 o0 00) 619 00 5-25 0(0)
0,006 0,867
100 o000 00) oy 00 10-50 0(0)
Bohachevsky 0,662 0,467 71,355
©) 20 oa1) (0283 (4115 °© 2-10 0()
0,507 0,29 10,7
1050 02769  (0195) (@s031) °O 5-25 0(0)
0.358 0.174 3,705
100 5925 (0141) (6588 00O 10-50 0(0)
0,023 56,403
20 005 00 3 00 2-10 0(0)
0,029 2,602
0 50 oot 00 ey 00O 5-25 0(0)
0,011 0,159
wo OO 0(0) oy 00 10-50 0(0)
Griewank (0) 0,122 0,12 1,054 :
20 ooy (o) @735y 0@ 2-10 0(0)
10 0,076 0,074 0,546
0 oay  (©os) 36y °O@ 525 0(0)
100 0,055 0,05 0,389 0(0) 10-50 0(0)
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0031)  (0,027)  (0,244)
0,023 0,017 0,836
©017) (002 (@729 2O 2-10 0(0)
0,016 0,009 0,265
50 ©01) (006 (0208 °0O 525 0(0)
0,01 0,007 0,129
100 6007y (0oos)y (0149 20O 10-50 0(0)
Table3: Simulation Results for 2-vars (Continued)
Function a-
Funct lter Pop  GA DE PSO ABC  MF B
Holzman (0) 0,034 0,002 1144584
20 (0119 (0,007) (2416,603) 0@ 210 000
10 50 ?(50(?27) 0(0001)  59083(360288) 0(0) 525  0(0)
0,001
100 00 0(0) 4381(30,146)  0(0) 1050  0(0)
1011,876
. 20 0(0) 0(0) 2196609 00 210  0()
50 0(0) 0(0) 11,948 (176309) 0(0) 525  0(0)
100 0(0) 0(0) 0,829(26213)  0(0) 1050  0(0)
Hyperellipsoid 0,024 0,01
o 20 Jos oo 7873(9834)  0(0) 210 0(0)
0,011 0,003
105 goin 0000 1401(3745)  0(0) 525  0(0)
0,005 0,002
w00 SO0 0002 0401 (0855)  0(0) 1050  0(0)
20 0(0) 0(0) 6627 8947)  0(0) 210 0(0)
50 50  0(0) 0(0) 0275(1529)  0(0) 525  0(0)
100 0(0) 0(0) 0032(0675)  0(0) 1050  0(0)
Levy (0) 0,033 0,01 0,001
20 om 0018) 3786212 g0 210 00
0,016 0,003
I 0000 0917 (1566)  0(0) 525  0(0)
0,007 0,001
100 SO0 0002 0366 (0652  0(0) 1050  0(0)
20 0(0) 0(0) 3528(,123)  0(0) 210 0(0)
50 50  0(0) 0(0) 0599 (135%)  0(0) 525  0(0)
100 0(0) 0(0) 0096 (0511)  0(0) 1050  0(0)
Maxmod (0) 1,302 1551
20 oty o) 33015(22,938) 0(0)  2-10  0(0)
10 50 087053 %852‘; 11,662(10909) 0(0) 525  0(0)
0,582 0,612
w00 5% 0% 6,849(5327)  0(0) 1050  0(0)
20 (8:8% 0(0) 28639 (22.637)  0(0) 210  0(0)
50 50 (8:822) 0(0) 2604 (7021)  0(0) 525  0(0)
100 (8'8%) 0(0) 0,19 (0,746) 00) 1050 0(0)
Multimod (0) 10 20 0014 0,001 28851 (11077) _0(0) 210 0(0)
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0,033) (0,003)
50 (8'83‘7‘) 0(0,001) 1650 (4464)  0(0) 525  0(0)
100 (8'883) 0(0) 0775(2752)  0(0) 1050  0(0)
20000 00) 2135 (104755)  0(0) 210 00
50 50  0(0) 0(0) 0056 (1,435  0(0) 525  0(0)
100 0(0) 0(0) 0002(0022)  0(0) 1050  0(0)
Rastrigin (0) 20 (11'93?5?3 (ﬁgf) 15261 (9574)  0(0) 2-10  0(0)
1,232 1,077
0 s o2 004t 9,118 (6,156)  0(0) 525  0(0)
100 (g'ggg) (OOZ;Z) 6,588 (4,38) 0(0) 1050 0(0)
0,178 0,149
20 03 0263 12461(9,686) 0(0) 2-10  0(0)
0,08 0,025
0 50 ho 0069 4221(4673) 00 525  0(0)
100 (8'82% (8'8(1)% 2,243 (2,734) 0(0) 1050  0(0)
Rosenbrock 1,703 1,034 17720,27 0,212
©) 20 Q307 (1.251) (66454.04) o208 210 00
0,752 0,316 217,524 0,049
10050 gl906) (0.406) (195588)  (0osg) 22 00
0,332 0,122 0,02
100 0% Oiay 32155067565  JOR 1050 0(0)
0,087 0,01 19664,01 0,046
20 (0157) (0,047) (8192265)  (0046) 210 00
0,076 0,009
0 so 0% oo sosez@eron SO0 52 00
0,032 0,003
100 o0e 0(0) 9086 (118357)  0(0% 1050 0(0)
Sine Envelope 0,14 0,103 0,003
) 20 Do 0000 041011 0@ 210 o8
0,084 0,058 0
O A 00 03460143  0(0) 52 0
0,045 0,037
100 000 oo 0274(0,146)  0(0) 1050  0(0)
0,03 0,01 0,001
20 o 000) 0390120) 0 210 0O
0,032 0,009
0 50 0% 0002 0,255 (0,18) 00 52  0(0)
100 (8'8(1)3) (8'883) 0124(0153)  0(0) 1050  0(0)
Sphere (0) 20 ?(50012‘; 2)60817) 5,333 (6,202) 00 210  0(0)
0,007 0,002
0 50 S0 0003 0848(1975)  0(0) 525  0(0)
100 (g*ggj) (8'381) 0,244 (0,629) 0(0) 1050 0(0)
50 20 000 00) 4707(5929) 00 210 00
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50 0(0) 0(0) 0,18 (0,983) 0(0) 525  0(0)
100 0 (0) 0 (0) 0,005 (0,121) 000) 1050 0(0)
Sumsquares 0,081 0,038
0) 20 o) 0,053) 29,539 (37,683)  0(0) 2-10  0(0)
0,045 0,013
1050 osy 0,015) 4,693 (11,137) 00) 525  0(0)
0,019 0,006
100 (02 0,006) 1,27 (2,747) 00) 1050  0(0)
0,001
20 goon 0(0) 26,949 (36,544)  0(0) 210 0(0)
50 5 (8881) 0(0) 1,354 (8,694) 00) 525 0(0)
100 0(0,001) 0 (0) 0,047 (0,761) 000) 1050 0(0)

When the number of parameters is increased, the performance distinction is
more revealed. Table 4 summarizes the reports for 10-variables cases. It is shown
in Table 4 that ABC and a-MGA clearly have better performances than GA, DE,
and PSO. a-MGA and ABC have nearly equal performance except three functions.
For Levy and Rosenbrock functions a-MGA performs better than ABC. However,
for Sine Envelope function, ABC performs better. Overall, a-MGA outperforms the

rest except for Sine Envelope function.
Table4: Simulation Results for 10-vars

El;rrltfeﬁon lter ~ Pop GA DE PSO ABC M- o-MGA
Ackley (0) 20 (11%656(;4) (1171165‘?3 19,68(098) 0(0)  2-10 0(0)
10 50 (110,622716) (13,173742) (118 f4836) 0(0) 525 0 (0)
100 (?’,121(1)2) (11%5033 17,82 (148) 0(0)  10-50 0(0)
20 (35655) 6,935 (1,103) (13'132123) 00 210 0(0)
50 50 é;ﬁﬁi) 6,194 (0,776) (127”302661) 0(0) 525 0(0)
100 é;ggg) 5,654 (0,669) (133,’168756) 00) 1050  0(0)
o 0 Gk guen Qs 0O 210 00
10 %0 (ggiigg) (28717,609115; (333523) 00 525 0(0)
100 NG i e 0® %0 00
20 (igjgﬁ) (145,211285 (gﬁgﬁég) 0  2-10 0(0)
00 (14%8597) (121,119787% (232323) 00) 525 0(0)
00 T e (a1 0O 1050 0@
Griewank (0) 15 59 L1569 55060444) 4765(1501) 0(0)  2-10 0(0)

(0,278)



70 Trakya UniversityJournal of SocialScience
June 2019 Volume 21 Issue 1 (55-82)
DOI: 10.26468/trakyasobed.452095

50 (éﬁg% 2145(0341)  346(1088) 0(0) 525 0(0)
100 (01,61:1) 1052 (0268) 2,749 (0,827) 0(0)  10-50 0(0)
20 (8*’%% 0975(0,094) 4616 (1475) 0(0)  2-10 0(0)
50 50 (81*;‘1'2) 0905(0,104)  241(0974) 0(0) 525 0(0)
100 (8*‘?(1)2) 0848 (0,108) 1513(0509) 0(0)  10-50 0(0)
ol 2 8%?%% P N T B ETRY
P (S%gjggi) (1%1531;'61165) (ﬁgg;:ig) 00 52 0(0)
100 oloasy)  (masy  (mose OO 1050 00
20 21553?9% 4,973 (5,741) égg;g"g) 0(0)  2-10 0(0)
50 50 &g:ggg) 2,076 (1,636) (85??32‘123861) 00) 525 0(0)
100 (‘g;ggﬁ) 1,188 (0,808) ééﬁgégg) 0(0) 10-50 0(0)
d”{g)ere'"psc’i 20 (ig:ggg) (274%931) 215(90,073) 0(0)  2-10 0(0)
o ow EEOSE BE o s oo
100 (140,5?92) (iglggi) (?1?1:%%) 0(0) 1050 0(0)
20 ?4,7799% 1,945 (0,956) (2907%632;) 0(0)  2-10 0(0)
50 50 ((1)*’%8) 1,286 (0,483) (231322) 00) 525 0(0)
100 (8*’53’?% 0,992 (0,329) (3573:613;2) 0(0) 10-50 0(0)

Levy (0) 0,46
2 Gem e @ome  ow 20 00

6)

10 %0 (2“:'(?:1) (131,?(?63) (1247,68;9) 2 ?oo) 5-25 0(0)

0,03
100 (igg% 9,431 (2,947) (igzigg) (0’200 10-50 0(0)

5)

0,02
. 20 (1’,38&1)) 0,7 (0,318) (3286,348153 (0;?2 2-10 0(0)
so 4% 04760149 498 000 g 0(0)

(0,293) (10,226) 1(0)
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0,00
100 (8”%;) 0,377 (0,09) 7,352 (5,294) (of‘oo 10-50 0(0)
2)

R N . B AT AT
10 50 (147,6851% ?6%937?3 (i‘l‘ézg) 000) 525 0(0)

100 (1;602996) 5’5?*797415) (‘1“13:833) 0(0) 10-50 0(0)

20 (167"6‘;88) 21,968 (4,55) (221223) 00) 2-10 0(0)

50 50 (gzggg) 18,527 (3,31) (g:g% 00) 525 0(0)

w @B Em A% 0 ww oo

Multimod () 20 (slagiggg) éﬁ%;ﬁ; (28117231333) 00 210 000
1050 (élggg) (295,117989) (421?19&,37) 00 52 000

100 (81322) 1,783 (3,985) égggfig) 0(0) 10-50 0(0)

20 (8*’%) 0(0) (‘Z‘éggé’gz) 0(0)  2-10 0(0)

5 50 (g%g) 0(0) (171(3;{2,6;51) 0(0) 525 0(0)

100 (818(2’3) 0(0) (1?)6?238) 0(0) 10-50 0(0)

Rastrigin (0) 20 ( 1615,62736) (Eslli,2526(3) (12137,%371153) 0(0) 210 0(0)
10 50 ?9?'32114‘; 59%556853) (ig?’dgg) 00) 525 0(0)

100 ?;3;‘1267) ?8?’787642) (?2:%) 0(0) 1050 0(0)

20 (283,"37??33 (35?’76533) (égﬁégg) 0@ 210 0(0)

0050 G0V aas  goae 0O 53 00

w S H2 m e o

R LN T RS
L, 0 Gme @EELOME a0 sm oo

355
o ez U @HE L oww oo
50 20 1402844 243277 3940718 8,29)7 2710 000)
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192582 (114312)  (3188237) 7
4) (0,18
7,75)0
o g mm o ome ©o o
)04
100 (i?gégi) (14202,57099§ (232323) (0,177 1050 00
4)
;”\felope o) 20 (g:ggi) 3707 (0229) 4159 (0235) 0(0)  2-10 (8&52)
10 50 (5'25[?5) 3559 (0,203) 4031 (0235) 0(0)  5-25 (8:8‘;‘7")
100 (g‘,‘z‘?ﬁ) 345(0,19)  3951(0218) 0(0) 10-50 (8:8391’)
20 (814712?1) 2716 (0269) 4,021 (0294) 0(0)  2-10 (8:83;)
50 50 (S*‘igﬁ) 2522(0.243) 3743(0313) 0(0) 525 (8:8(1’?)
100 (g*‘ﬁg) 2382(0232) 3576 (0302) 0(0)  10-50 (8:88}1)
sphere (0 20 (glgii) (155,665732) (ielsfgé) 00 210 0(0)
0w g HEOEE o s oo
100 (glgié) 9,975 (2,796) (18?'12562) 00 1050  0(0)
20 ((1)1%3) 0,417 (0,194) (3185',13937) 00 210 0(0)
5 50 (8*&53_)%) 0,268 (0,101) (194,’028793) 00 525 0(0)
100 (ggé) 0,206 (0,069) 5,808 (5383) 0(0)  10-50 0(0)
R B TR
1o 50 (ggjﬁé) (2612%12367) (gig:jgg) 00 525 0(0)
100 (136?’11796) (15716,662065) 523;322) 0 1050 0O
20 (iéﬁgi) 7473 (3,429) (37667Tf‘172) 00 210 0(0)
50 50 (‘2‘1383) 4,956 (1,832) (i;;gsg) 0(0) 525 0(0)
100 éﬁgg) 3,735 (1,212) (ﬁg:gg% 0(0) 10-50 0(0)

Table 5 presents some additional information. It is shown in Table 5 that
performances of GA, DE, and PSO are slightly decreased as the number of
parameters is increased. The performances of these algorithms drastically
decreased for some functions. However, success of ABC and a-MGA still remains
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same. As in shown in 4, ABC has the same failure for Levy and Rosenbrock.
Similarly, a-MGA failures for Sine Envelope for p = 25 as same in case of p =
10.

Table5: Simulation results for 25-vars

Function

Namme lter  Pop GA DE PSO ABC M-E  oMGA
Ackley (0) 20 (115?,151961) (200’,21;41) (20%152:) 00 10 0
1o =0 (112,67?}92) 1(8:31? (é?égé) 0(0) 5-25 0(0)
100 (10%8815% ((%,931(7)2) (10?625516) 0(0) 10-50 0(0)
20 (113,'325 (10%8515 (10?582772) 00 2-10 0(0)
0050 05 ey oke 0@ 55 00
100 (g:ggg) (105,579987) (117,’1789;) 0(0) 10-50 0(0)
I(?(,)c))hacheVSky 20 (?3?13‘5‘% (2356505,’29;38) z(giﬁjggf 00 10 00
10 50 (3947%%767) (2229677,568895) (250277?’233247) 0(0) 5-25 0(0)
100 ©O0n  esesn  (sessmy 0@ 1050 0()
20 533182% %5'25?471)5 (2653936?’21687‘; 0(0) 210 0(0)
0% (13271.210555 (59752,;506942) (1458363:’208537) 00 5-25 0(0)
10 (‘23%3) ?707(?'88183 (gigjgii) 0O 10-50 0(0)
Griewank (0) 20 (gzggi) (110,,3899653 (1211,423358; 00) 210 00
10 50 ((2)12(7)3) 9,8 (1,082) (g:ggg) 0(0) 5-25 0(0)
100 ($j§§3> (19,’00288) (71’?702&; 0(0) 10-50 0(0)
20 Cum 0%  @ey 0O 20 00
0% 9 owe  amy 0@ 5B 00
100 00 et (4 0@ 1050 00
roteman © 20 (égg?ég;) (312323%‘3) (ggigggeg) 0@ 2-10 0 (0)
10 %0 ?3908%,152;; éigigosg) (7%)21612?3%3) 0(0) 5-25 0(0)
100 (1255470?'183:42) ééggg?éi) 9(%%%3%)5 0(0) 10-50 0 (0)
o 019200 14524 18771782 oo 1o 00

50 (2961,206)  (6130,233)  (91848,68)
50 926,4 984223  82009,01 0 (0) 5-25 0 (0)
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(683,06)  (3588,24)  (56733,65)
373321 7540364  36054,46

100 og3503)  (o524816) (283418 0O 10-50 0(0)
T N TR T
1050 o (e @oriem 0@ 5B 00

100 5% (sren (s 0O 1050 0@

20 (15%5,'7‘265 (36055,'2%25 (13362é 538581) 00 2-10 0(0)

0w gm EmE EE G oo
e

o 20 (ii:igg) (12117,513131) (13388,11173935 (ol,flgz) 2-10 00)
10 50 (272 63;77) (11061"347312) (13%?’200326) 0005(0) 525 0(0)

100 Swn  qana)  (eos) oo 0% 00

20 2;53??2(5) (360,;1;93) (13296,217;45) (0?15332) 2-10 0(0)

50 %0 (gjicl)g) (245,’72456?3 (22182% (gjggi) 5-25 0(0)

100 0% @i (esn)  ©og 0% 00

Memed © 2 Gom Gy @eny 0@ 210 00
o w 3 OEE AR 4 o oo

o SE BE U e o

B R TR T

50 50 (13ng‘$ ?4?'710057) ?146?331‘; 0(0) 5.25 0(0)

100 (121 62454‘; (546 '123999) (5’;*750617) 0(0) 105  0(0)
R N R S T R T
10 50 (ggggﬁzlt) (iégg) (77.92;:&) 00 525 00

100 Frew s (omn 0O 105 0@

20 (411(277’?98822) (61,%;1359) ?82% 00 2-10 0(0)

50 50 (8367éf594375) (81222) (ﬂggg) 00 5-25 0)

10 Gow 00 oseony OO 1080 00

Rastrigin (0) 10 20 213 306,379 323,735 0(0) 2-10 0 (0)
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The simulation results show that ABC and a-MGA outperform other methods
in many cases. We applied a 2-samples Wilcoxon Test (Mann-Whitney) for
independent samples to test equality of location parameters of two populations
formed by results obtained by algorithms. Small p-values obtained by the test
indicate that we can safely reject the null-hypothesis of Hy: p; = u, in contrast to
H,:pq # uy Where py and u, are location parameters of distributions related to the
corresponding objective values. Table 6 reports the test results which have p-values
are greater than 0.01.

Table 6: Cases of have that p-value greater than 0.01

Algorithm  Test Function Variable Iteration Population M-F p-value
Count Size
ABC Carrom Table 2 50 100 10/50 0.1574
DE Cross in Tray 2 50 100 10/50 0.02523
GA Cross Leg Table 2 10 100 10/50 0.08321
ABC Cross Leg Table 2 10 100 10/50 0.08321
ABC Cross Leg Table 2 50 20 2/10 0.04539
DE Pen Holder 2 50 100 10/50 0.31779
ABC Modified Schaffer 1 2 10 50 5/25 0.04539
ABC Chichinadze 2 50 50 5/25 0.31779
ABC Mc Cormick 2 50 20 2/10 0.31779
ABC Zettle 2 50 100 10/50 0.31779
DE Styblinski-Tang 2 50 20 2/10 0.31779
DE Bukin 2 50 50 5/25 0.08321
GA Bukin 2 50 100 10/50 0.31779
DE Leon 2 50 100 10/50 0.31779
GA Giunta 2 50 100 10/50 0.0142

DE Multimod 10 50 20 2/10 0.02523

It is shown in Table 6 that performance equality of ABC and a-MGA can not
be rejected for Carrom Table, Cross Leg Table, Modified Schaffer 1, Chichinadze,
Mc Cormick, and Zettle functions in the case of 2 parameters. Performance
difference of DE and a-MGA is insignificant for 2-parameters versions of Cross In
Tray, Pen Holder, Styblinski-Tang, Bukin, and Leon functions. Similarly, GA has
nearly equal performance with a-MGA for 2-parameters versions of Cross Leg
Table, Bukin, and Giunta. Performance of PSO is almost always different than the
performance of a-MGA. Note that these comparisons include only the successfully
calculated test cases that report the p-value larger than 0.01. In some cases, mostly
as seen between ABC and a-MGA, algorithms reported the optimum precisely and
the corresponding p-values are reported as NAs. These cases are not reported.
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5. CONCLUSION

a-MGA is a modern, efficient, sexist, and population based evolutionary
algorithm that mimic the sexual selection of animal swarms. Since only the general
principals are given in the original paper (Drezner & Drezner, 2018), we specialize
some steps of the algorithm for floating-point optimization of functions. We
suggest to use the Linear Crossover and Hooke-Jeeves method for recombination
and local fine-tuning operators, respectively. According to the previous simulation
studies, It is proven that the Linear Crossover operator outperforms its
counterparts. Hooke-Jeeves algorithm is a successful method for local search and it
is very useful when it is coupled with an evolutionary algorithm as a hybridization
tool. We perform a simulation study on a rich set of test functions to reveal the
performance differences of the specialized o-MGA and the some set of
evolutionary optimization methods. The simulation study involves comparisons
with Genetic Algorithms (GAs) with floating-point encoding scheme, Differential

Evolution (DE), Particle Swarm Optimization (PSO), and Artificial Bee Colony

algorithm (ABC). Simulation results show that ABC and the specialized a-MGA

have superior performance by means of obtaining global optimum of test functions.

Dispite having similar results, the specialized algorithm outperforms the ABC

method in a small subset of simulation configuration cases.
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APPENDIX 1
Test tube holder function:
— Al |cos (ﬁ)l

f(x1,x5) = —4|sin (xy)cos (x;)e 200 71|
for —10 < xy,x, < 10and f* = —10.8723 is the global minimum.
Holder table function:

£ (21, %2) = —|cos (x;)cos(x;)el =i/
for —10 < xy,x, < 10and f* = 26.92 is the global minimum.
Carrom table function:

f (1, %5) = —[cos x;cos (x,)el1-CE+x0"*/m2 30

for =10 < x;,x, < 10and f* = —24.1568155 is the global minimum.

Cross in tray function:
F(xy, %) = —0.0001[[sin (x,)sin (x,)e!100-CF+x)*/xl| 4 1701
for =10 < x;,x, < 10and f* = —2.06261218 is the global minimum.

Crowned cross function:
F(x1,x2) = 0.0001[[sin (x,)sin (x,)e!100-Gi+x2)**/xl| 4 1701
for —10 < xy,x, < 10and f* = 0 is the global minimum.

Cross function:
£ (x1,%5) = [Isin (x7)sin (x;)el100-GEH¥D" /| 4 1]-01

for —10 < xy,x, < 10and f* = 0 is the global minimum.

Cross-leg table function:

£ (x1,25) = —[[sin (x;)sin (x,)el 100~ GE+D/m| 4 1]-01
for =10 < x;,x, < 10and f* = —1 is the global minimum.
Pen holder function:

f(x1,%,) = —exp [—|cos (x;)cos (x,)el!~CH+x0)°%/m |1

for—11 < xy,x, < 11and f* = —0.96354 is the global minimum.

Bird function:
f (61, %) = sin (xy)el < 0P + cos (xy)el =m0l + (- x5)?
for —2m < x,x, < 2mand f* = —106.764537 is the global minimum.

Modified Schaffer function #1:
sin? (x? + x2) — 0.5

,x;) = 0.5
f %) T 5000102 + D
for =100 < x;,x, < 100and f* = 0 is the global minimum.

Modified Schaffer function #2:
o5+ sin? (x? —x2) — 0.5
fCex2) = 05+ 0 00162 + 2202
for =100 < x;,x, < 100and f* = 0 is the global minimum.

Modified Schaffer function #3:
sin? [cos [|x? — x2]]] — 0.5
,x;) = 0.5+
f G %) [1+0.001(x> + x2)]?
for =100 < x;,x, < 100and f* = 0.00156685 is the global minimum.
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Modified Schaffer function #4:
cos? [sin [|x? — xZ|]] = 0.5
, =0.5
fCerx2) T T+ 00012 + D
for =100 < x;,x, < 100and f* = 0.292579 is the global minimum.

Chichinadze function:
) 1 2
f(x1,x,) = x? —12x, + 11 + 10cos (mx, /2) + 8sin (5mx;) — Ee‘o‘s("z‘o's)

for =30 < x;,x, < 30and f* = —43.3159is the global minimum.

McCormick function:
Fxy, %) = sin (x; + %) + (% — %)% — 1.5, + 2.5x, + 1
for =100 < x;,x, < 100and f* = 0.292579 is the global minimum.

Three-humps camel back function:
6
f(xy, %) = 2xf — 1.05x¢ +%1 + 212, + x2
for =5 < x;,x, < 5and f* = 0 is the global minimum.

Zettle function:
f(xy,x3) = (x% + x2 — 2x,)% + 0.25x,
for =5 < x;,x, < 5and f* = —0.003791 is the global minimum.
Styblinski-Tang function:
1 : 4 2
Frax) =35 ) (xf = 1637 +5%)
i=1
for -5 < x,,x, < 5and f* = —78.332 is the global minimum.
Bukin function:
100(x, — 0.01 * xZ + 1) + 0.01(x; + 10)?
for—15< x;, < —5,-3< x, < 3,and f* = —124.75 is the global minimum.
Leon function:
f(xy,x2) = 100(x; — x£)* + (1 — x,)?
for—1.2 < x;,x, < 1.2and f* = 0 is the global minimum.
Giunta function:
S 16 16 1 16
f(x1,x,) = 0.6 + Z[sm (Exi —1) +sin (Exi -1+ 5o Sin (4(Exi - 1))]

1
for—1 < x;,x, < land f* = 0.06447 is the global minimum.
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APPENDIX 2
Egg holder function:

m-1
Fx) = Z (= Ctign + 47)sin ([xirs + 2072 + &7))
 sin (/% = Tors FETD (1)

for =512 < x; < 512,i = 2,...,n,and f* = 959.64 is the global minimum.

Ackley function:

n n

1 1
—Z x%) — exp (EZ cos(2mx;)) +20 + e

n
i=1 i=1
for =30 < x; < 30,i = 2,...,n,and f* = 0 is the global minimum.

f(x) = 20exp (—0.2

Bohachevksy function:
n
fx) = Z(xiz + 2x2,, — 0.3cos (3mx;) — 0.4cos (4mx;,1) + 0.7)
i=1
for =50 < x; < 50,i = 2,...,n,and f* = 0 is the global minimum.

Griewank function:

1 = Xi
fx)=1 +m;xi2 —l_[cos(ﬁ

i=1
for —600 < x; < 600,i = 2,...,n,and f* = 0 is the global minimum.

fm=iw

i=1
for—10 < x; < 10,i = 2,...,n,and f* = 0 is the global minimum.

Holzman function:

Hyperellipsoid function:

n

fe) =) ix

i=1
for =5.12 < x; < 5.12,i = 2,...,n,and f* = 0 is the global minimum.
Levy function:
n-1

f(x) = sin? (mwy,) + Z(yi — D?(1+10sin? (my; + D) + (o — D*(1 + sin® 27y,))

i=1

xi—1

where y; =1+ ,—10< x; < 10,i = 2,...,n,and f* = 0 is the global minimum.

4

Maxmaod function:
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f(x) = max(|x;])

for—=10 < x; < 10,i = 2,...,n,and f* = 0 is the global minimum.

f() =i|xi|]l[|xi|

i=1 i=1
for—10 < x; < 10,i = 2,...,n,and f* = 0 is the global minimum.

Multimod function:

Rastrigin function:

n

flx) = Z x? — 10cos (2mx;) + 10
i=1
for—5.12 < x; < 5.12,i = 2,...,n,and f* = 0 is the global minimum.

Rosenbrock function:
n
fG) = Y1000 = ¥E,)? + (14 xi,)?
L

i=2
for—10 < x; < 10,i = 2,...,n,and f* = 0 is the global minimum.

Schaffer function:

Foo = mz_l[ sin? [x%, —x?] — 0.5 +05]
P L0010 + )+ E

for—100 < x; < 100,i = 2,...,n, and f_* = 0 is the global minimum.

Sine Envelope sine wave function:
& sin? [JxZ, + x7] - 0.5
f= ;[(0.001@3+1 FaH)+1)?
for =100 < x; < 100,i = 2,...,n,and f* = 0 is the global minimum.

+0.5]

Schwefel function:
j<i
f@= ) Oy
j=1
i=1
for =500 < x; < 500, i = 2,...,n.f* = —837.966 for n =2, f* = —4189.829 for n = 10, and f* =
—10474.57259 for n = 25 are the global minimums.

Sphere function:

n

Fe) =)

i=1
0 is the global minimum.

fx) = Z ix?

i=1
0 is the global minimum.

for—-10 < x; < 10,i = 2,...,n,and f*

Sumsquares function:

for-10 < x; < 10,i = 2,...,n,and f*



