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ITPEAT'OBOP

VY caBpeMeHOM JIpyIITBY, [10jaM WHOBAIlMja 1 MHOBHPAama IOCTA0 j€ BEOMa 3HayajaH, y TO] MEpPH,
na je y BehuHM MuCHja 1 BU3Hja CaBPEeMEHUX KOMIIaHH]ja KopuIIheme 0OBe peur mocTano odasesa.
Mebhytum, mocMarpaHo W IIMpE, CYIITHHA CBUX Pa3BOjHUX IPOMEHA, YIJIaBHOM, OrJiela ce y
MHOBaTUBHOCTH. VHOBamuje cy cByna OKo Hac. To IITO Cy WHOBALMje TOJIMKO IMPHCYTHE Y
[EJIOKYITHOM TO/IPYY]jY JbYJICKE aKTUBHOCTH, HaMehe moTpedy /1a ”THOBATUBHOCT MOCTaHE YBOHA
Tayka MPUJIMKOM aHaJIH3€e KOMILJIEKCHOCTH HOBE €KOHOMHM]E, JPYIITBA M KYATYpe Yy HACTajamy,
yKJpydyjyhu n uaauBunyy. OBaj mpolec Jajbe UMILTHUIIMPAa HEMUHOBHO pa3MaTpame MOBpaTHE
crpere MHOBAaIMja U pa3Boja. YIPaBoO OTyJa MPOMCTUYE NMOKPETauyKu MOTHUB J1a ce PakynTer 3a
PUMEHCHH MCHAIMEHT, eKOHOMHjY u (uHaHcHje u3 beorpaaa 3ajemHo ca cyopraHuzaTopuma
06aBu oBe roxumHe Ha YerBpTOj MelyHApOAHO] HAYYHO-CTPYYHO] KOH(PEPEHIHjH TEMOM
,,/IHOBallMje Kao MoKpeTay pa3Boja‘.

TpaauumoHanHO OpraHU30Bamke OBOT Mel)yHapOIHOT HAyYHOT CKyIlla MMa 3a LWJb J1a TIOKaXe Ja
MHOBAIlMja HHUjEe caMoO Jeo TMOCIoBHEe cTparteruje mnpenyseha, Beh ma mokpehe exkoHOMCKY
TOOPOOUT U yTUYE HA MTPOTPEC IENIE jeTHE 3EMIBE.

[TpuMepeHo TeMu U IMJbY HAYYHOT CKyIla YCTaHOBJbCHE Cy nBe cecuje: | cecuja: MHoBanmje —
temelb pa3Boja (Temarckm 300opHmMK) m Il cecwja: MHOBaTMBHA JENATHOCT — HANpEAaK M
oyanyhnoct (36opHuk pamoBa ca mehyHapomgHor ckyma). M360p Teme ckyrna U CBEOPUCYTHOCT
WHOBaIIWja, Kao U nmoHyhenu Behu 6poj TeMaTcKux 00JIACTH YTULIAO je Aa Cy Y OBO] IyOJIMKaluju
paJloBM MHOTHX YIJICIHUX YHUBEP3UTETCKUX mpodecopa, UCTAKHYTHUX MCTPaKWBaya, eKcrepara
Y Hay4HUX pajHuKa, kako u3 CpOuje, Tako U U3 MHOCTPAHCTBA.

300pHUK pajzioBa ca Mel)yHapoaHOT cKyma, Kao pe3ysTaT KoHpepeHuuje, myoaukoBad je Ha CD-y
u Ouhe moCTynaH muUpoj HAYyYHO) jaBHOCTH. PajioBM y OBOj IMyONMMKAIMjH 3HAYAjHO JIOTIPHHOCE
yTBphuBamy HepackuauBe Beze u3Mely MHoBauuja U pa3Boja. MIcTOBpeMEHO CMO MOKa3ajiH Ja
noApydvje MHOBaIja Me)UHUTUBHO BHIIE HH]jE BE3aHO CaMO 3a TEXHHUYKO — TEXHOJIOIIKH
nporpec. Y ckiiaay ca TUM, PaJJOBU MOTY OMTH KOPUCHM KaKO HAY4HO], TAKO U CTPYYHO) JaBHOCTH
Y CBUM 3aWHTEPECOBAHUM 3a YTHIIQ] HHOBAIM]a HA Pa3Bo].

beorpan, Ypeauunu
Heuembap, 2019. Hp Hapjan KapaGamesuh

[p Csetnana Bykotuh



FOREWORD

In contemporary society, the notions of “innovation” and “innovating” have become very
significant, that being so to an extent that, in the majority of the missions and visions of
contemporary companies, the use of this word has become mandatory. From a broader
perspective, too, however, the essence of all developmental changes mainly reflects in
innovativeness. Innovations are all around us. The fact that innovations are, to such an extent,
present in the overall field of the human activity imposes the need for innovativeness to become
the introductory point in carrying out the analysis of the complexity of the newly-emerging
economy, society and culture, also including an individual. This process is further implicative of
the unavoidable consideration of the innovation-development feedback. Thence exactly arises the
driving motive for the Faculty of Applied Management, Economics and Finance in Belgrade to
deal with the foregoing, together with the co-organizers, at the Fifth International Scientific-
Professional Conference, entitled “Innovation as an initiator of the development”.

This international scientific conference is traditionally organized with the aim of demonstrating
that innovation is not only a part of an enterprise’s business strategy, but also drives economic
wellbeing and influences the progress of one whole country.

Suitably to the theme and the goal of the scientific conference, the two sessions are established:
Session 1 — Innovations — development prospects (Thematic Proceedings), and Session 2 —
Innovative activities — contemporary challenges and solutions (International Conference
Proceedings). The choice of the conference theme and the omnipresence of innovations, as well
as the offered larger number of the thematic fields, have influenced the inclusion of the papers by
many distinguished university professors, eminent researchers, experts and scientific workers
both from Serbia and from abroad in this publication.

As a result of the Conference, the Conference Proceedings are published on CD and the same
will be available to a wider scientific audience. The papers in this publication significantly
contribute to the establishment of an inextricable liaison between innovations and development.
Simultaneously, we have demonstrated that the field of innovations is definitely no longer only
related to technical-technological progress. In accordance with that, the papers may also be
beneficial to both the scientific and the professional public and to all those interested in the
impact of innovations on development.

Belgrade, Editors
December, 2019 Darjan Karabasevi¢, PhD

Svetlana Vukoti¢, PhD
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MODIFIED ACCELERATED PARTICLE SWARM
OPTIMIZATION ALGORITHM FOR CONSTRAINED
OPTIMIZATION

Dusan Rajcevié', Aleksandar Sijan?, Ivona Brajevié®

'Faculty of Applied Management, Economics and Finance, Business Academy University
Jevrejska 24, 11000 Belgrade, Serbia, dusan@mef.edu.rs
2Faculty of Applied Management, Economics and Finance, Business Academy University
Jevrejska 24, 11000 Belgrade, Serbia, aleksandar@mef.edu.rs
*Faculty of Applied Management, Economics and Finance, Business Academy University
Jevrejska 24, 11000 Belgrade, Serbia, ivona.brajevic@mef.edu.rs

Abstract: Particle swarm optimization algorithm represents one of the most widely used
swarm intelligence algorithms in solving hard optimization problems. This paper presents
a modified accelerated particle swarm optimization algorithm for constrained
optimization problems. The main modification of the original algorithm is the
incorporation of a mutation operator in order to provide useful diversity in the population.
For constraint handling, the proposed approach uses certain feasibility-based rules in
order to guide the search to the feasible region. The developed modified accelerated
particle swarm optimization algorithm is tested on nine frequently used benchmark
functions. Obtained results are compared to those of the state-of-the-art metaheuristic
algorithms.

Keywords: constrained optimization, particle swarm optimization, metaheuristics,
nature-inspired algorithms

1. INTRODUCTION

A general constrained minimization problem may be written as follows:

minf(x) , 1)

Xe S

g;(x) = 0, j=1,...q
hj(x)=0,j] = g+1,..,m, @

where X represents a solution to the problem with D parameters, xi is a parameter or variable, f(x) is the
objective function to be minimized, gj(x) are the inequality constraints, hj(x) are the equality
constraints, g is the number of inequality constraints, and m-q is the number of equality constraints for
a given problem. Each parameter xi, i= 1,2, . . .,D is limited by its lower and upper bounds li<xi<u; ,
which define the search space. A solution is feasible if it satisfies all constraints, while an infeasible
solution does not satisfy at least one constraint. Feasible solutions can be hard to find because
constraints shrink the feasible search space.

Solving constrained optimization problems (COPs) is challenging task since the optimum solution
must be feasible (De Mello & Carosio, 2012). Finding optimal solutions to COPs requires efficient
optimization algorithms. Sincedeterministic methods use a variety of assumptions about the search
space before they start the search process, their applicability is limited (Yeniay, 2005). During last
decades, there has been an increasing interest to employ the methauristic algorithms for solving hard
optimization problems. These methods have ability to search very large spaces of candidate solutions
and require little information about the problem being optimized (Liu et al., 2010). Some notable
metaheuristics applied to solve COPs are genetic algorithms (Holland 1992), particle swarm
optimization (Kennedy & Eberhart, 1995), differential evolution (Storn & Price, 1997) and artificial
bee colony (Karaboga, 2005).In general, more and more metaheuristic algorithms are being developed
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and applied to solve problems from different research fields (Fister et al., 2013). After their invention,
these algorithms have been modified in order to make their performances more successful (Liu et al.,
2010, Brajevic, 2015; Mohamed, 2018; Brajevi¢ & Ignjatovi¢, 2019).

A simplified version of the PSO called accelerated particle swam optimization (APSO) algorithm for
solving numerical optimization problems is proposed by Yang (Yang, 2008). The major modification
is the removal of the particles velocities vectors from the original PSO. Also, the APSO uses only the
global best positions to update the position of particles and randomness is employed to replace the
contribution of particle personal best positions. Although the APSO has shown good performance in
solving unconstrained numerical optimization, its disadvantage is weak diversity when solving highly
nonlinear optimization problems (Guedria, 2016).

Motivated with these reasons, this paper presents a modified accelerated particle swarm optimization
algorithm (MAPSO) to improve its capabilities to solve COPs. In the MAPSO algorithm, in order to
increase diversity in the population, apart from the APSO search strategy, a mutation operator is
employed. Also, the MAPSO incorporates three feasibility rules in order to guide the search in the
feasible region of the search space and uses improved boundary constraint handling scheme.

The rest of the paper is organized as follows.The Section 2 presents an overview of the PSO and
APSO algorithms.The proposed MAPSO algorithm is described in the Section 3.In the Section 4
benchmark problems, parameter settings and analysis of the obtained results are presented.Concluding
remarks are provided in Section 5.

2. PARTICLE SWARM OPTIMIZATION

Particle swarm optimization (PSO) is a population metaheuristic algorithm inspired by the swarming
behavior of animals such as bird flocking (Kennedy & Eberhart, 1995). PSO algorithm has been
studied by many researchers and new PSO variants have been described to solve different classes of
optimization problems.

A basic variant of the PSO algorithm works by having a population of candidate solutions, called
particles. Each particle is a moving object and it is attracted to previously visited locations with high
fitness. The standard particle swarm optimization employs both the current global best and the
individual best solution. The reason for using the individual best solution is mainly to increase the
diversity in the quality solutions.

Let x; and vi be the position vector and velocity for particle i, respectively. The movement of each
particle i, i =1, 2, ... SP, is guided by their own best-known position in the search-space p;as well as
the entire swarm's best-known position pg. At each iteration step t, the particle velocity and position
are updated using following equations:

p 1=V :+ﬂ'f1'(P :-.’I :)+,3rj(P ;—.‘I :)! €))

L

x tHlz g :+1+ x

i i (4)

wherer; and rzare uniformly distributed random numbers between (0,1), parameters a and g are the
learning parameters or acceleration constants, which can typically be taken as o = 3 = 2. It is important
to mention that parameters 7, and 73 are generated for each component of the velocity vector.

Accelerated particle swarm optimization (APSO) algorithm is a simplified version the PSO proposed

by Yang (Yang, 2008). In the APSO the update of the location of a particle can be written by the
equation:
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where € is a random vector uniformly distributed in the range [0, 1], the parameter o = 0.1L~ 0.5L,
where L is the scale of each variable, while the parameter gis from [0.1, 0.7]. It is worth noting that
velocity does not appear in the equation (3), and there is no need to deal with initialization of velocity
vectors. Hence, the APSO algorithm is much simpler. Compared to many PSO variants, APSO uses
only two parameters, and the mechanism is simple to understand.

It was found that the performance of the APSO can be enhanced by reducing the randomization
parameter as iterations proceed. The reducing of the parameter a can be described by following
equation:

a=ag - ¥’ (6)

where a, is the initial value of the randomness parameter from [0.5, 1] and 0 <y < 1 is a control
parameter.

3. THE PROPOSED APPROACH: MAPSO

In order to solve constrained optimization problems, the proposed modified APSO algorithm
introduces three modifications in the APSO algorithm. The main modification is the incorporation of
the mutation search strategy originally proposed for differential evolution (DE) algorithm. The
remaining modifications are the usage of the three feasibility-based rules in order to guide the search
to the feasible region of the search and the improved boundary constraint handling method.

With the aim to create a new promising solution, the mutation operator, called rand/1 is used in the

MAPSO (Liu et al. 2010).The update of a particle can be described by the following equation:
_(A=B)x [t p ;,k + a- e ,if rand, < 0.5

H: - (7)
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In the Eq. (7), F is the scaling factor. In DE, the scaling factor F is a positive control parameter from
[0,2] which controls the amplification degree of the differential variable. Also, a new control
parameter called modification rate MR is introduced. For each parameter x;x a uniformly distributed
random real number, (0 <Ri< 1), is produced. If the produced real number is less than the MR value,
the parameter xixis modified according to Eq. (7). Otherwise, the parameter x;x remains unchanged.

The constraint handling mechanism incorporated along with a metaheuristic algorithm has influence
on its performance (Mezura-Montes & Coello, 2011). The MAPSO uses a set of three feasibility
criteria proposed by Deb in order to provide the selection process between the old solution xi, and the
new created solution gi. These rules are as follows (Deb, 2000): (1) any feasible solution is preferred
to any infeasible solution, (2) between two feasible solutions, the one having better objective function
value is preferred, and (3) if both solutions are infeasible, the one with the lowest sum of constraint
violations is preferred.

The MAPSO uses the boundary constraint handling method which ensures that if variables of a

created solution go outside of boundaries, a diverse set of values is generated. This method is
described by the following equation:
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The proposed MAPSO algorithm uses five specific control parameters to manage the search process:
the initial randomness parameter oo, the parameter the parameter S, the parameter y, the parameter
modification rate MR and the scaling factor F. The MAPSO also employs the size of
population SP and maximum cycle number MCN, which are common control parameters for all
population-based metaheuristics. The pseudo code of the propose MAPSO is given as Algorithm 1.

Algorithm 1. Pseudo code of the MAPSO algorithm

Initialize algorithm's parameters SP, MCN, oo, B, y, MR, F;
Generate initial population of particlesx;, i=1, 2, ..., SP randomly in the search
space;
Evaluate each x; i=1, 2, ..., SP;
t=0;
while (t <Maximum Cycle Number (MCN))do

for i=1do SP do

for k=1 do Ddo

if (R«<MR) then
if (randk< 0.5) then
Gie=(1—B)x L+8-p E, + at- e
else
gix =X ;Lk+ F-(x 5, —x L)
end if

end if

end for

Apply control of the boundary conditions on the created solution g;, by

Eq.8 and evaluate it;
Apply selection process based on Deb’s method,

end for
Update the c “value by Eq. 6;
t=t+1,
end while

4. EXPERIMENTAL STUDY

To test the performance of the proposed algorithm MAPSO, nine constrained benchmark problems are
used. Mathematical formulations of these problems can be found in (Karaboga & Akay, 2011). This
set of nine benchmark problems includes various forms of objective functions such as linear, nonlinear
and quadratic. Type of objective function, the optimal or best-known solution, the number of linear
equalities (LE), nonlinear equalities (NE), linear inequalities (LI), nonlinear inequalities (NI) and the
number of optimization parameters (D) are given in Table 1. Also, in Table 1, p is an estimate of the
ratio between the feasible region and the entire search space computed by p=F / S where F is the
number of feasible solutions and S is the total number of solutions randomly generated.
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Tablel. Summary of main properties of the benchmark functions

Optimal/Best Type of LI NI | LE | NE
Prob. pknown fu)rlgtion D p (%)
g01 -15.000 Quadratic 13 0.0003 9 0 0 0
g02 -0.8036191 Nonlinear | 20 99.9962 1 1 0 0
g03 -1.000 Nonlinear 10 0.0002 0 0 0 1
g04 -30,665.539 Quadratic 5 26.9089 0 6 0 0
g06 -6,961.814 Nonlinear 2 0.0065 0 2 0 0
g07 24.306 Quadratic 10 0.0001 3 5 0 0
g08 -0.095825 Nonlinear 2 0.8488 0 2 0 0
gll 0.7499 Quadratic 2 0.0099 0 0 0 1
gl2 -1.000 Quadratic 3 4.7452 0 9 0 0

The proposed MAPSO was implemented in Java programming language on a PC with Intel(R)
Core(TM) i5-4460 3.2GHz processor with 16GB of RAM and Windows OS. The performance of the
MAPSO is compared with the performance of genetic algorithm (GA), particle swarm optimization
(PSO) and differential evolution (DE) and artificial bee colony (ABC) algorithm. The results obtained
by the GA, DE, ABC and PSO four algorithms were taken from (Karaboga & Akay, 2011).

4.1. Parameter Settings

In the GA the population size is 200, maximum number of iterations is 1200, crossover rate is 0.8,
mutation rate is 0.6 and the number of objective function evaluations is 240000. All equality
constraints have been converted into inequality constraints, with € varying dynamically.

In the DE algorithm, population size is 40, maximum number of iterations 6000, the parameter F
which affects the differential variation between two solutions and set to 0.5 and the crossover rate is
0.99.

In the ABC algorithm, the colony size is 40 and the maximum cycle number is 6000. Therefore, ABC
performs 240000 objective function evaluations. The value of modification rate (MR) is 0.8, the value
of limit and SPP is equal to SN*D*0.5, where D is the dimension of the problem and SN is the number
of solutions in the population.

In the PSO algorithm the population size is 50 and the maximum cycle number is 7000.
Therefore, the PSO performs 350000 objective function evaluations. Inertia weight is uniform
random real number in the range [0.5,1], while cognitive and social components are both set to 1.

In the MAPSO algorithm, the population size is 80, maximum number of iterations is 3000. Hence,
ABC performs 240000 objective function evaluations.The value of MR parameter is 0.5, the value of
parameter F is 0.8, the value of aois 0.7, the value of f is 0.5 andthe value of y is 0.9.

The GA, DE, ABC, PSO and MAPSO uses Deb’s rules for constraint handling. In DE, ABC, PSO and
MAPSO all equality constraints have been converted into inequality constraints, |n|= £, with

z = 0.001.

4.2. Results and Discussion

In Table 2 the statistical results of the MAPSO when it was applied to 9 benchmark problems are
presented. Comparative results of the best and mean solutions of the GA, DE, ABC, PSO and MAPSO
are presented in Table 3 and Table 4.

From Table 2 it can be seen that our approach was able to find the global optimum or best known

result in 8 out of 9 benchmarks (g01, g02, g03, g04, g06, g08, gl11, g12). The only exception is
problem g07, where the MAPSO reached solution which is close to the global optimum.
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If we compare the performance of MAPSO algorithm with the performance of the GA it can be
noticed that the MAPSO algorithmperforms better, since it reached better best results for 6 out of 9

benchmark problems and better mean results for 7 out of 9 results.

Table 2. Statistical results obtained by MAPSO for 9 test functions over 30 independent runs

Prob. Best Mean Worst Std.
go1 -15.000 -15.000 -15.000 1.93E-14
g02 -0.803619 -0.801953 -0.782549 4.59E-03
g03 1.005 1.005 1.005 2.45E-05
g04 -30665.539 -30665.539 -30665.539 7.21E-11
g06 -6961.814 -6961.814 -6961.814 1.46E-09
go7 24.320 24.357 24.419 2.36E-02
g08 0.095825 0.095825 0.095825 1.07E-17
g1l 0.75 0.75 0.75 5.94E-16
g12 1.000 1.000 0.991 1.64E-03

Table 3. The best solutions obtained by GA, PSO, DE, ABC and MAPSO for 9 test functions over 30

independent runs

Prob. GA DE ABC PSO MAPSO
g01 -14.440 -15.000 -15.000 -15.000 -15.000
g02 0.796231 0.472 0.803598 0.669158 -0.803619
g03 0.990 1.000 1.000 0.993930 1.005
g04 -30626.053 | -30665.539 -30665.539 | -30665.539 | -30665.539
g06 -6952.472 -6954.434 -6161.814 -6161.814 -6161.814
g07 31.097 24.306 24.330 24.370153 24.320
g08 0.095825 0.095825 0.095825 0.095825 0.095825
gll 0.75 0.752 0.750 0.749 0.75
gl2 1.000 1.00 1.000 1.000 1.000

Table 4. The mean solutions obtained by GA, PSO, DE, ABC and MAPSO for 9 test functions over 30
independent runs. A result in boldface indicates a better result or that the global optimum (or best-

known solution) was reached. “—"means that no feasible solutions were found.

Prob. GA DE ABC PSO MAPSO
g01 -14.236 -14.555 -15.000 -14.710 -15.000
g02 0.788588 0.665 0.792412 0.419960 -0.801953
903 0.976 1.000 1.000 0.764813 1.005
g04 -30590.455 | -30665.539 -30665.539 | -30665.539 | -30665.539
g06 -6872.204 — -6961.813 -6961.814 -6161.814
g07 34.980 24.310 24.473 32.407 24.357
g08 0.095799 0.095825 0.095825 0.095825 0.095825
gl1 0.75 0.901 0.750 0.749 0.75
g12 1.000 1.000 1.000 0.998875 1.000

When comparing our approach with respect to DE algorithm, we can see that MAPSOalgorithm found
a better best solution for 4 benchmarks (g02, g03, g6 and g011), a worse best result for test function
g07 and the same solutions for problems g01, g04, g08 and g12. From the mean results, MAPSO
algorithm outperforms DE on 5 benchmarks (g01, g02, g03, g06 and g11) and performs the same on
the remaining problems, except for g07 where MAPSO performs worse.

Compared with ABC, our approach found a better best and mean resultsand for 3 benchmarks (g02,
003 and g07) and similar best result for the remaining 6benchmarks. From the mean results, MAPSO
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shows a better performance on 4 problems (902, g03, g06 and g7) and similar performance for the
remaining 5 benchmarks.

When comparing the MAPSO with respect to PSO algorithm, we can see that MAPSO algorithm
found a better best solution for 3 benchmarks (g02, g03 and g07), and similar results for the remaining
6benchmarks. From the mean results, MAPSO algorithm outperforms PSO on 5 benchmarks (g01,
g02, g03, g07and g12) and performs the same on the remaining 4 problems.

CONCLUSION

In this paper, the modified accelerated particle swarm (MAPSO) optimization algorithm for
constrained problems is presented. The proposed approach incorporates a mutation operator in order to
provide useful diversity in the population and constraint handling technique based on three feasibility
rules into the basic firefly algorithm in order to prefer feasible solutions to infeasible ones. The
MAPSO has been tested on nine well-known benchmark functions. Comparisons show that MAPSO
algorithm outperforms or performs similarly to four other state-of-the-art algorithms such as GA, DE,
ABC and PSO.
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