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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]
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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

algorithm
oo Al
y- 5,55 pal Slows
v S5 olass
Y sl g 5
Y i g
Voo and slaws
o 230,51
Y gls
Voo omb oS
o bl olaw iSlas ISP L P e

Matlab ;| colawl b b ;o3 sles imgh (ol o
sjloy b satd &Ll g9, 9 ilwosly 2021
payedl a1l colRS s 6, ¢ Core 7
RAmMQSO-s4 FTmPSO(TMO) L  golpris
RFTmPSO TJFTmPSO RmMNAFSA-s4
Multi- «CellularPSO FMSO mQSO10 (5+5q)
s {DEPSO FTMPSO AmQSO SwarmPSO

Cwwloads auglie DPSABC

oobie ales olal o (M) alisls olic olass | las
(OM X D) Sauzs) ded o0

ol 50 1Oyt yamasi jb 9 (6 ylexiwl ColB
L.S)?")"‘“‘ L 9 o0y B> QJM UJJJW c\.l:>).n
Jolss ol 3 cpl gl oo ooy plaisl 5iged
caraZSil g i p Sl e ln Slewbre
O edldivd A L «O(N X log (N)) (Souzen) ol
(s lie (gl s 3l o

Vb Jolye plod ilayl )50 ploxil g a7 jlro J s
Db oo plonl w3, LSS T sl 5,5 59ba
O(T X )5 @ axg L P L XV v}
Lomin J>150))

5 Slelxe Sozme 3988 J>le S5 L

el 25 D)5 a4 soleiing o5l
O(T X [N X (D +Cs+KxD)+MxD
+ N X log (N)])

Coi oas yb 4 (S YU olal b Jlas 4o
35 I N comes 5 D oolal slaw 506
Slg oo K oasgs YL olasi b ofgdy (samadys
Jo ol sl ansls Som s o b
@S ) exSelr 5 g L ln anlp
4 baye sla)lig)le 5 abiblo ol (59,0 pllinsy;
oo M ald ool Lol )l 5T (Sauzmn 55 0]
Syl dase Dl s Sy pae o

Soemr s sy b sliin s
Lk Jdoa omex g ol 4wty Sleslxe
ol aily asdls 5 anadys kil cleailze
ol S slmgl oyl 5 BLEIST oy eoslin ol
w290 sshanmne Ol pts b Ll SullB L ol pon ( Shg
S8kee by (ilwainge Sluws )3 o)l &5 enlond
sl 2l Slosls &350 5 LIS L 5l oslis

2 s g bghlesl -¥
dolio 5 (goloiiy lapi oSl 2Lyl sk &
Sowe gy slass (o S0 slaesy 6L oyl
loalds Soe [V V] caslonss ool S xie laals
Sy ol Gl e S plyear S
wdS ki o calise glaen sl QLI Gilesl
balys )0 et ;o8 (g5, 2 kbl pled Casloas
dglie 9,50 Slapm sl 5 Cunlatd S O jg0 i
S (535 p O9zrge slaglwosly wlul » (Se

¥ 2l ¥V o,lbVFeF Jlo

¥


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

A8 Sgae (5 losianl ) @k )98l 5 b Ligy s iwding Jibmo Ja

aS aes oo lis (VY) USS aes las S5 ol
o 5 (S g) S8 slal )0 o atudlys 55l
BB sl () Syp s 4 sl o
93 50 1 oleiy by, 9Skee (VY) IS

3 eslaiwl boojlasbinl abadl> 5l eolazw! L >
Il joams oo lias golpiinn ladgs aladls
sl lasgs dldl> by, a5 g oo odnlin
Sjlalinl Al 4y G (55Tl gy
Sl dae sl el 51 SO Oless Sal ols
Sad b S e gbeald ol,b cpl olidl boas
Slr Lol oho, amiiys 5 WS oo il (5550
8 wwsie ol (VF) JS5 555 o JSie o2,
s Sl bl Gl L soleidny 05!
Sree 8o S A lagly; 4 e

el @il

b osn slas (:Sile (7) 5 O) «F) (1) Jlox
Lolagss, ple boawlie o 1) olein b,
5 Olpes 5 Llean Ol waly s WGBS
ple s ol iz gload olow yiomes
9> Tk Gk oA sba s loyially
2 b 5l gt nle @bl Wed oo pelas SSln
Oy a5 ausl allly azgi Cawlodls 03,9l by,
Cawloalds ools (lis Ky & g0ty mlis
Wilgi oo ez 45 amS e olis (V) S
imd e |, dliee glab o Sezee sladld plos
Badl 5l oolinl b piy,sSIl 45 ams e bt ol
slool aliuse (glad o 1) g5 iy (golpriog
Wgdee [en Vb S b Copmax Salidys g 00,8
S )58l 6l gz gt slad bl Gl L
Silwdinge w08 axi)s 5 S9d oo 2SIl
b (Somls o)lais yo 1) (Jod BB LI wilgt b

daily ils 8 g alizo (gvald dluxi U MPB dlcuw 50 Giliro sy (gl s 9 9 slas (Sl (Y- Jgo)
(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

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-09 ]

[ DOI: 10.61882/jsdp.22.2.3 ]

¢: 6::; M"hifi‘:p““r m(gfgl;o FMSO Cerfls“(l)ar CPSO  AmQSO Svl\v/lalgrtxiPS mCPSO
\ -.08(+.A) VA-(-N ) WAF-(VF) VREY(-A)  SVY(-YA) AAY()  YXYYY)  YA- (LOA) £.a7(0)
o 8 (-N) VAY(-AY) S5 ¥A)  V-08(-.F)  OX-(-FY)  ASY(D)  YA(-FY)  FXD(-)A) YY)
V. cA(.9) VYAG-AY) BYV-YY) Ve ¥e(oF)  000(-11)  V.FAG)  FOF(-.Fe)  TAF(--A) Y.-0(-)
Yoo eas(-0e) V.Y#(-.9) BAB(-AB)  VeXT(Y)  BYY(AA) FA-() OYFCLEY)  EXY(-AY) Y.30(-)
Yoo YY) Y.oN(-F) BMGAB) Ve 5(-F)  BFY(-NF) OFFE)  AY-(-.YA)  EF) (oY) ¥.YAC)
e NN (oY) YYY(-N5) BY-(-F)  AAB(-F)  BFV(-NF) B.OV()  BYO(-YY) ROV (-.-9) .
B- VAY(-Y) Y.O5(-N ) BAY(-NY) QDY) B.80(-F)  BAV(E)  FoF(-NF) ROV (--A) YA
Veo o V.0+(-0) YEY(-¥) BAYG-AY)  AVY(-.F)  B.OV(-AY)  EYS() O EVY(-ED)  FVV (- A) ¥.AY(E)
VAY(-N0) YX-(-1Y) BOF(- Y)Y AeF(-.8)  B.0-(-NY)  FYEC)  ONO(-.YE)  ENF (oY) e

Pf 2l ¥ okl 1FF Jlo



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

[ Downloaded from jsdp.rcisp.ac.ir on 2025-12-09 ]

[ DOI: 10.61882/jsdp.22.2.3 ]

32 gy il 8 g caliko (gvald Slusxi U MPB alw ;o Cilizo sbapss sl gl o s 9 0 s (Sl (D J9u2)
(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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