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Abstract

Optimization issues are often defined statically, assuming constant environmental conditions. However,
in many real-world scenarios, problem environments are dynamic and continuously changing. Thus we
need optimization algorithms that could solves those issues in dynamic environments as well. Dynamic
optimization problems are change(s) that may occur through the time. Such environments are
characterized by uncertainty, temporal changes, and structural complexities, which makes the
optimization process a significant challenge. In addressing these challenges, evolutionary algorithms
have emerged as one of the most effective approaches for solving dynamic optimization problems
(DOPs). Among these algorithms, the Imperialist Competitive Algorithm (ICA), designed based on
swarm intelligence and competition among imperialist countries, has garnered considerable attention
due to its capability in solving static optimization issues. In this research, Imperialist Competitive
Algorithms, inspired by the historical and political processes of colonization and assimilation, have been
known as one of the efficient evolutionary algorithms. These algorithms face numerous challenges when
dealing with dynamic problems , including reduced population diversity, performance degradation in
conditions of rapid environmental changes, and limitations in optimal convergence. These cases indicate
the need to develop improved and more adaptable versions of these algorithms. Using concepts such as
memory, population clustering, and repulsion mechanisms, this algorithm has been able to maintain
population diversity at all stages while increasing the speed of convergence in the face of environmental
changes. The key feature of the proposed algorithm is the use of memory to store previous optimal
solutions, a clustering mechanism to manage population diversity, and repulsion to prevent unnecessary
accumulation of solutions in specific regions. Nevertheless, ICA exhibits poor performance in dynamic
environments because it lacks mechanisms to maintain diversity, quick adaptation to environmental
changes, and new optima track. This study presents an improved version of ICA aimed at overcoming
these limitations. The proposed algorithm incorporates a combination of a memory mechanism and a
clustering strategy to enhance its adaptability to environmental changes and preserve diversity within
the population. The memory mechanism stores information about previous optima and utilizes it under
appropriate conditions to accelerate the optimization process.for clustering method is used for
clustering. Clustering in the proposed method ensures that diversity is maintained for the population
during the execution of the algorithm. In this study, our goal is to solve problems that change the
environment in a global way. That means, the fitness of all points in the environment changes. By testing
just one point in the environment and comparing the fitness obtained with its previously stored value,
we can detect a change in the environment. On the other hand, the clustering strategy, particularly the
k-means technique, to maintain maintain population diversity and prevents the convergence of solutions
to specific regions. Together, these two components create a balance between exploration and
exploitation, thereby improving the algorithm's performance in dynamic environments. To evaluate the
performance of the proposed algorithm, the Moving Peaks Benchmark (MPB) was used as a standard
metric. Due to its capability to simulate complex and diverse changes in dynamic environments—
particularly in Branke's second scenario—MPB is one of the most recognized tools for assessing the
performance of dynamic optimization algorithms. The proposed algorithm was evaluated alongside
advanced algorithms such as FTmPSO (TMO), RAmQSO-s4, RmNAFSA-s4, TFTmPSO, RFTmPSO,
mQS010 (5+5q), FMSO, CellularPSO, Multi-SwarmPSO, mCPSO, AmQSO*, FTMPSO, almPSO, and
CDEPSA. Experimental results demonstrated that the proposed algorithm outperformed other methods
in areas such as convergence speed, adaptability to environmental changes, and population diversity
preservation. A key feature of the proposed algorithm is its ability to retain identified optima even after
environmental changes. Additionally, the use of the k-means clustering technique has ensured that the
algorithm effectively avoids excessive focus on specific regions and maintains population diversity while
facing complex environmental changes. Another advantage of this algorithm is its scalability in handling
dynamic optimization issues with high dimensions and complexities. These findings indicate that the
proposed algorithm is not only effective in laboratory settings but also suitable for real-world
applications with fast and dynamic changes.

Keywords: Dynamic Optimization, Dynamic Environments, Memory, Imperialist Competition
Algorithm, Clustering, Moving Peaks Benchmark.
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Step 1: Initialization. Define the optimization
problem; Select some random points as new position
of colonies; Initialize the empires.

Step 2: Colonies Movement. Move the colonies
toward their relevant imperialist.

Step 3: Imperialist Updating. If the new colony
has lower cost than that of imperialist, exchange the
positions of that colony and the imperialist.

Step 4: Imperialistic Competition. Pick the
weakest colony from the weakest empire and give it to
the empire that has the most likelihood to possess it.
Step 5: Implementation. Eliminate the powerless
empires.

Step 6: Terminating Criterion Control. Repeat

Steps 2-5 until a terminating criterion is satisfied.

[5] 6y Lo culdy s o531 A5 aucls : (V- )
(Figure-1): pseudocode of the Imperialist Competitive
Algorithm [6]
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(Figure-5): Exchanging the positions of a colony and the
imperialist[6]

Q

O
O o Imperialist
e °®° OOO ®

O
O CCU}IonyQ 0 o

o O
° 7o 9,090

O o0 g o

(] egadge yuuds 31 g 6951yl JS :(F— i)
(Figure-6): The entire empire, after position change of [6]

Pf 2l ¥ okl 1FF Jlo

(Silwdinte pipssl o Slesind alid ) fSe cal S
Joe 65lmel )9l Cuans @y Sliasitne S > O jg0y
o ol ) o8 o ) S5 sled () JS& canlons
S 1y oyerivs joiS gralale ;55 (V) S0 il
Dix 093 Cew @ (b g Smd slejee b,
wewloals ools Hlas UKo cpl o a5 @568 les 1S 0
Jeoly bas cgm 0wzl x 55l 4 Mo jemiase guiS
Coxdge & g 00,8 CS > IS leatul 4 o perinn

gd se 0aileS Tapax

Language
Imperialist

New Position

Culture

(7] 55971l s &y ol positano 8 2 (SIS glons (- JS2)
(Figure-3): Movement of colonies toward their relevant
.imperialist [6]

o g 5 Lol (Lo dlald (V) JSo 5o
i b o Bolas sose 8 X cwlead eols olas
X Glp s el (50 cslio 555 50 L g) 39S
.[?]M)lo
x~U(0,8 X d) )

sem&,of5& ‘).’J))."_gb..\.cﬂu 4o &S

d L”OI o

UQ)OOM)}MSwaGcULLﬂ>1w)«a
4 @l gz 5l 5 laxinl j5i5 Coas 4 &S >

Dgd ooy ]

A Language

Imperialist

~ New Position
~® o1 Colony

5
Colony /
olony

Culture

(7] gor alalos o s &l yoiannn 28lg 5 4o :(F— JSi0)
(Figure-4): Movement of colonies toward their relevant
imperialist in a randomly deviated direction[6]
aS e oo Hlis ol s wods canlw o
e Slesal slaptS Ay il atees b
5o sl vgzg Lal aigy o Sl g s sed
s oo, Saslal b Bl ol s loxinl Culd) o o5

! Colony
2 Imperialist
3 New Position of Colony


http://dx.doi.org/10.61882/jsdp.22.2.3
https://jsdp.rcisp.ac.ir/article-1-1394-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-23 ]

[ DOI: 10.61882/jsdp.22.2.3 ]

Gidees ) bled gyl (V) JSA o
5 ol Slyasias 5l (S5 0ad 8,5 S5 55 (g 58l el
5 oS E e sl cily o
by wo b ol colal Gl N B Y lag,sil el
6y s sl oo ol oilo e (gly LS
o cola ol ol s ol cola
L 1) (el 5593l pal )] 2,08 b canlizie 45) (5,51 sl
dmbre nj oS 4l el S dise 58,5 k0
5 duse wooglnel U duge g, Sl oS oo
M@uﬁsx‘) QT 500 judle 3

NT.C., =mlax{T.C.l.}—T.C.n )

5 el Gyglpel 5 dze o T.C, (Ve) A, o
Gl ol tadordlay JS duje o NT.C.,
wil ail geS T.C, o gl o ool
T.C., cis> o il sl gpin NT.C.
Jobe NT.C., 5 yplpel o JS ausp Jolae
Ghls anie S b gglimel ol o] S a8
oadoplle s JS duje (il bl &j08 o iy
s lwg (ol besiine colal (0)08) Jlus!
D] g oo alone (V)) dlaly & 00 (55950 sl

NT.C,
Py = N

S NTC,

i=l1

e (gl o colar Jlusl ils b

b ol L5 5550 S5 0,080l po ' ds; 45 2 ailen

Oy b cesliie Jlatzl b1y culs) 090 8 yentes

ol b aso 15 ol 5 o ki) o lags, gl

ol Oldes dag il el 5l (SO diwy 4 0 yexias
e yso L @ 5 i, 5 Al e

s 56 951 ol bgiw—F-F-Y

(gl el Sl sz jo b Gl &S A5 len
5 00,5 b gu,05 & cind (slas, 58] el colgs U elg>
IRCE IR N BT YT 100 RRCONPRY R F YN B JURPL WO
3 leel So ki sy Olgiee ) (Ssline byl
So5lrel o sleninl Sl i yoSl s 285 ks
STy 093 Oljastine a5 05d 0 Al cadBd> Jloj
ol g |y alies (! (A) S ol ools s
cleay ¥ o5iled (gygilymel (JSS pl o amo e
ColB) sl (5,08 K0 095 Dl pastine AL polocws|
5 B3> Lol 1520 ol sl 5,05

I Roulette Wheel

Sl el So U5 @ yus-F-F-¥
TR VN ICH JURCOWOY CRCIIRT I P RVSSR t I W

L8] wo)ls 55T el S S a0 sl o
T.C,
= Cost(imperialist,) Q)
+ & mean{Cost(colonies of empire,)}

oo & g phn 5,950l JS A T.C, o] jo oS
4 Se 9 So g e G Jere by &5 Sl Sote
S SasS sy @5 B s e
2l GieleS (g)glipel S S A e oS 29 o0 sl
5 09 (szabals ;545) ol (635 ,0 CugS> duie L
Ol posians &30 e 3l Gl el 5 € il
o 50 3gh g0 ol JS dnje s )0 (65l al SO
Gloclr 4 @ilwesly i 3 £=005 e
Cewloads yoxie ogllas
&bl sy~ FY
8 Sl o b Gl 35 Foie 45 655 les
31 e Culd; ©j08 g wlian g a8 wiles
i el GBElE, Gl 0 way s
Dpdyse DHge Fuud Gabdds pl al el
s lag,glel Gl e &5 S e
F6sd s,silal g ools Cawssl 1) g5 Ol pertinns
G D8 p g 008 celal 1) Sl )
S S o0 2 ey (ul 09,5 Joe sl ol Bl
39290 §r8lel (ppderd (Sd> b 0 6,90l
BUNCIICE S PRE VPR PSS | I K C R RO S SR VLo
5 a8l 1y 6 95l al (2 dend Ol paxins (p Fipnd
S gl ) (BB, et Gl colal
b 4 GSie Oliesiie 0uiS oo Sl lags 53l
b alps colas 658l el (n 5598 Ay 4 o>
Srim wola Jlisl e lag gl ash
<oy w5l Al IS sled (V) JSCs sl
ams o bt |y (g laxiad

The Weakest

- Empire 1 -~ " g7~
Weakest Colony in 7 0. Empire
Weakest Empire - o e ‘-. 1.\‘ é
\

PECY S %5
S B g3 o /o o 5
f O@\ﬂ%e%us(l; QO mp" . T ’ O*mrgna%g‘l O
. /0% C
e gOO ° 000 Oy ..Impe?algz:. . \‘8 0 ) OOO O/IJ
e ® ot leoMEe® T NP0 %9

\\k »91 2 \\.. ® ° . .’p <9 9/('}/,

o
% o®

[£] 6 ylomiw! colBy A slowts 1 (V- JSi)

(Figure-7): Imperialistic competition[6]
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Memory Update in the proposed method:

01. cluster POP into K clusters;
besting € CFOF iff Vu
€{1.2,..,K}

D
\J3: <Z |Cluster0F

a=1

2
- POPbe“ind.Ql )

D
< Z |Cluster,P?
=1

2
- POPbesrindﬂl )

02. find the cluster Z?OP with the best food source

Popbestind,;;
03. find N(2t9P);
04. ifN(ZOP) =0
Iry= Index of the memory element in
N(POP) that is furthest from the cluster center
Cluster,°F;
else

Iry= Index of the memory element that is
nearest to the cluster center C lusten-POp;
05. NIFM: = Popbestind,:;

abdls> gilwo s d o9 &l oS al (Ve JSS0)
(Figure-10): pseudo-code for the storing memory method
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Memory Retrieval in the proposed method:

01. cluster M into K clusters;
besting €Y if f Vu
ef{12, .., K}
D

\{}: Z |Cluster]—1;'

q=1

2
~ Nbestinaq |

D
< Z |C luster{};
=1

2
= Npestinaq |

02. find the cluster (?’ with the best memory element
Nbestind,;;
03. find POP(T});
04. if POP(T)) + 0,
Irp= Index of the population in POP(ZY) that is
furthest from the cluster center C lustenf:" ;
else
Irp=Index of the individual that is nearest to the
cluster center C lusteqf:v ;
05. POPy,,. = Npestyais
A (31 by AT ands 101 JSCE)

(Figure-11): pseudo-code of memory retrieval method
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(Figure-12): The problem space with the cluster centers
for the particle swarm and memory
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Calculating shift severity and fitness variance;
Introducing diversity;

initialize x{, v

phest;_x}
endfor
gbest = argmin,,,.s,, f(pbest;)
repeat
Update memory with (01 to 05);
01.  cluster POP into K clusters;

best;nq € TTOF iff Vu
ef{12,..,K}

\(: Z |Cluster;°?

D
< Z|Clusterfqop
a=1

2
- POPbeSfmdﬂl

02.  find the cluster (})OP with the best source Popjese, 5
03.  find N(2POF);
04. ifN(TPP) =0
Iry= Index of the memory element in N(¢P°F) that is
furthest from the cluster center Cluster;,°F;
else
Irzy= Index of the memory element that is nearest to the
cluster center C lustegpoz’;
05. NIFM: = Popbestind,:;
Recall Modified PSO algorithm procedure;
if an environmental change happens then:
Recall Memory Update in the proposed method;
Recall Memory Retrieval in the proposed
method;
endif
Execute exclusion mechanism for PCPMC;
Update excel if the number of trackers is changed;
Execute an iteration of PSO for PCPMC;
until stopping criterion is met;

SOl gy 0 A :(VF- JS)
(Figure-14): Pseudo code of the proposed method
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Chang detection method:
if an environmental change happens then (a to e)
a. cluster M into K clusters;
bestinq € OV if f Vu
{12, ..,K}
D

\{}: Z |Cluster]—1;’

q=1

2
= Npestinaq |

D

< Z |Cluster{}2

q=1

2
- Nbestind,q |

b.  find the cluster Z%vl with the best memory element
N bestind,:;
find POP(T});
if POP(T)) =
Irp=Index of the population in POP(Z;—V ) that is
furthest from the cluster center C luster]—l:V ;
else
Irp=Index of the individual that is nearest to the
cluster center C luster]—’:V ;
e.  POP,,. = Npest, 5

Lo 53 s Aind (s 0= JS0)

(Figure-13): Detecting the moment of change in the
environment
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Proposed Algorithm
Input:
a,D,CS,1,LB,, UBy, LB,, UB,, ..., LBy, UB,,
Output:
BEST-Solution, BEST-Fitness
1. Initialize POP by equations (14 and 15) and set
fP(i) = F(Pop;) % initialization %
2. Initialize M by M;; = LB; + (UB; — LB;) X 7; and
set fm(i) = F(M;,) % initialization %
3.  FlgEnvCh = 0; NUTime = rand(5,10);
% Environment change flag
4.  For Iteration=1to I
5. Return BEST-Solution and BEST-Fitness
Initialize multi — swarm method;
for each Particlei[1...N]
forall sub — swarms do
Update database;
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(Table-1): Standard Setting for moving peaks benchmark [S9]
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(Table-2): The standard setting for the proposed
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(Table-3): Average offline error for different algorithms on MPB problem with different numbers of peaks and frequency 500
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(Table-4): Average offline errors for different algorithms on MPB problem with different numbers of peaks and frequency 1000
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(Table-5): Average offline errors for different algorithms on MPB Problem with different numbers of peaks and frequency 5000
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(Table-6): Average offline errors for different algorithms on MPB Problem with different numbers of peaks and frequency 10000
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(Table-7): The set of Generalized Moving Peaks Benchmark (GMPB) parameters[24]
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