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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,
mQSO010 (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.

[£] g slozims ] o8y ity 51 AS s 1 (V- JSi)
(Figure-1): pseudocode of the Imperialist Competitive
Algorithm [6]
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(Figure-2): Generation of initial empires[6]
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03.  find N(229P);

04. ifN(FP) =0
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Cluster°F;
else
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05. Nlpm: = Popbestind,:;

akdl> ‘5)1..;0,.,.55 o¥9) &l p oAl (V- JSCB)
(Figure-10): pseudo-code for the storing memory method

abidl> oL L-Y-Y-Y
sloalidl> aily o (LSS gileaigy slag 0Nl
b2l e 5o 00isS y Gh9) 50 4 ) (3lue i3S
s g2 5l ey Al SleMbl STy el e
9979 5| Sbgis) Su b ploojl gde cn S wed oLk
Sleojge ol e )3 0900 (Rl (Lol Alidl> 5o
Sl (lagog)g widly 3l >l oy Jobo )3 bsL
IS 208 Lhib @loygs Sypets Gl 1) (e
S eals G ebolis kil 5l bk sles el
Lol ol Comez 3l ools sy 0Kl g aladl>
e Jome bbbl 5l 609y (e b3 Gl
Ol & by ddg> o alall> 3 oalion>d (59959
= Sopon badss WS (o 09d anis
i KaS wishe s o @00, ., Gk}
digs ok 0umolis T g ol Coraz )0 ladigs
50 {12 a xS ses ojlel el aliil> o
ayl e vijef12,. KLizj->ng =0
A+@) X2 5 () Jsore jsbay abiil> 33lal &5

PFP 2l ¥ oL VFeF JLlo

oS emed (1,2, KRl # ] - (?OP NTOP = ¢
w55 L5 o best ind ogF yieds LaSls i 45 0
Sty pj Oygo & e |y loades 35 e (9T 000

:\))51

1
Cluster;°" = Z POPy; )

i |<§"0P | jen?op

Oeolee byl ¢ j aligs s ddlse Cluster;;OF a5

3l ools Comdae ey dold il dligs ol ekl s>

O Suxdge oS WIS (e atiie BAdeS ced S e

3 e d Adg> plaS ) Gl AdeS plaS a4 laie ools
wylge Casody 5 g0y g (Cul 1S005

best;,q € .1

OPif fyue
{1,2,.., k}{j}:

D
Z |Clusterj—f;op — POPyeye, |2
q=1

ARD)

D
< Z |C luster{,’;"
a=1

- POPbestind|2>

ool plaisl digs G 4y akdls paic » S]]
(YY) 5l oolaiwl b N dladl> 1o 09290 jolic YW
el yaie Mol 5o a8) wsdiee sanadss

D9l oo osls oyl N((ﬁ—)op

VU € {1,2, ., KNG}

D
POPY _ POP
M) = | Y 16E" = N, 2
q=1
D

POP
<( D icker - w2

q=1

AAD)

Sy 3l oS N(GOP) bl 5l paie o s

alasl> 5l g oo bl o s alols ClusterOF Luys
raie oo N(GFOP) Gegarme jo iyt 00 Bl
Sl pate ()9 pais (npw) Cwlead Ll
OsST ol 1) CasBae (g &S Cewl Adgs
aS o9l o0 (p ol N(<§OP) ! s9ae b POPgest ina,:
cely ol g ol ClusterfOF L |, alols oy iy
gac g akadl> 15 oudio B3 gac Sy 3l ool 09l e
o abdl yaie STadl Cosdse e 5o 993 slne

N(<§0P) =0 Sy oall 4l 0ey Z?OF iigs



Jade b ooswlcwsds b5lp ol dwslie § lasme

Oy iaw 0 ).y.su L u‘yLSA ‘U‘ u.wd SMOPQ
oals Hlas (VW) JSo jo lasme 4o yuuitd dasd aseis
olad (OVF) UKoy golpinn by, oSacd Cawloads

wlodlds osls

Memory Retrieval in the proposed method:

01. cluster M into K clusters;
besting € 3 if f Vu
ef{12, .., K}
D

\{7}: Z |Clusterj1;'

a=1

2
~ Nbestinaq |

D
< Z |C luster{);
q=1
- Nbestmd,q|2
02. find the cluster ZJI:V' with the best memory element
Nbestind,:;
03. find POP(T});
04. if POP(T}) # @,
Irp= Index of the population in POP(ZY) that is
furthest from the cluster center Cluster; ;
else
I-p= Index of the individual that is nearest to the
cluster center Cluster;";
05. POPy,. = Npest;a>
Al 3l by S A 1) JSC)

(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&, vf
pbest;_x
endfor
gbest = argmin,,., f(pbest;)
repeat
Update memory with (01 to 05);
01.  cluster POP into K clusters;
best,q € (PO iff Vu
€{1,2,..,K}
D
\J%: Z|Clusterjzop

a=1

2
- POPbEStind‘ql

D
< Z|Clusterlfq0”
q=1

2
- POPbEStlTLd!q |

02.  find the cluster (})Op with the best source Poppest,, ;.5
03.  find N(2P9P);
04. ifN(ZP) =@
Iry= Index of the memory element in N(¢?9) that is
furthest from the cluster center Cluster;;°";
else

Izy= Index of the memory element that is nearest to the

b
cluster center Cluster; o,

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;

ol g S A (0P~ JSi)
(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 € 3 if f Vu
€e{12,..,K}

D
\ {7} Z |Clusterj2’
q=1

2
~ Nbestinaq |

D

< Z |Cluster[,‘;

q=1
2
- NbeSfind.lZ|

b.  find the cluster {%" with the best memory element
N, besting,:>
c.  find POP(T});
if POP(T)) # 0
Irp=Index of the population in POP(Z}V ) that is
furthest from the cluster center Cluster;";
else
I-p=Index of the individual that is nearest to the
cluster center Cluster;";
e. POP,,. = Npest, 05

!“ ).; M. ;l. J “. .s..:(‘r_ ls )

(Figure-13): Detecting the moment of change in the
environment
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Proposed Algorithm
Input:
a,D,CS,1,LB,, UB,, LB,, UB,, ..., LB,, 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 [
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-3): Average offline error for different algorithms on MPB problem with different numbers of peaks and frequency 500
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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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Figure (12): Offline error of the proposed method for dimensions of sizes 5, 20 and 30
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(Figure-13): Offline error of the proposed method with standard memory and clustered memory
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(Figure-14): Offline error of the proposed method with shift severity=1 and shift severity=4

slojlrs 51 (S plpiedr ol <o roled <o
J=ely (5903 Olie 4 s 5loaige Jluw jo sulS
obas s oyls oLl a8ly A Jlade 4 ol
30 YL Cds solprinn ou,eXl A5 e e
s DPSABC alozjl o by, plo L awlas
Ll asls FTMPSO

SelS 5o ol bl 4 el gl isolaly
o)Ll (daromo Dl o e g (a9 slallas
Ly b oan sl (S solening w5803l
blss boiS Ly a5 cuslosls (lis oz b oles jo
el gy gladases Ol pess b gaday o YL

PFP 2l ¥ oL VFeF JLlo

©olgainn pi 651 o Slas duslie gl (VO) S
Ol il slaghy) plo boawlie o )
PBd Oyae 4 dell o a8 clad § a0
tgd oo Jelov

Shoolainl b golpiny o,oSl 1 o150 Ce
el (Shy ool WS s ) gy anld
blas 4y 6,50665 loy e j0 w03 a5 cwloads
Multi-asle S0 slo g, a5 > 5o taws n aie
Alasslsy 6,500 5 Slee mQSO10 sSwarmPSO



Converggnce‘Speed (quer ils Better) ‘ ) ‘ Final Accuracy (Higher is Bettef)

g 35
o (=}
Accuracy (%)

Time (Evaluations)
[~
=]
=]

-
[=]
S

3
(%
f

&Q&”b ‘gﬁif&i ,&‘@0 o&v‘é’ 6&‘9 £ & &i @;,&\5 s &,b 515‘9_‘,, s Qa,o ‘g,oé‘#, d@o <{_,o &OQ@‘,Q. S

& P 3 o &
o \!‘64' ’ég" v.~1’<° "& @ 4& 'o"é\

Stability ;Lower Offline Error is Better) ‘

Execution Time (Lower is Better}

Offline Error
Time (Seconds)

ilio (5l lomo 5 5515 SBHS) & Uy 2 951 3 Kb Bl (18- JS5)

(Figure-15): Performance comparison of the proposed algorithm with other methods across different metrics
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(Figure 18): Comparison of the Scalability of the Proposed
Algorithm with Other Methods Based on the GMPB
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