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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]

&

'Tmperialist Competitive Algorithm
2 Imperialist
3 Colony

Pf 2l ¥ okl 1FF Jlo

s Al lad ol b s Gl e L
Dflas o

Sl Sad a8ly slis Pluw 5l (S ad
4@ QL.fI Goga b olyss cpl obo,y g aijls S
355 eV Slisd S Plae s Lol sy oo ki
Sls Gtz ool WU Sl Gl
Dyelasls

2B G ) Pl (B 50 D s R S
JE sk a4 Slhess (Ko (Fp S e o
U s S8 alie glad o ol 5 il Bola
Ol pss ST Ll S o ion 1y Pl ol wilgts o o]
Sy Plae (nl (gt il 4l 5929 (o0l oo
[V flog aalss ISt o o5

B VI RO
psl crlple ol antss QB ool b
03ld Cawld Wlpiz j0 puss Slojy ax ..\sle@ R
b iy Job Soe ol (e K58 Sy 5o e
o Jo b5 p ook il Wlgoe lame 0 s
LVelast acsls altus

Ly sluxo gladly-Y-Y

bome ;0 i BB 8 Ol by sladass 5o
w5 0 ol (gilwaie slopi oS Gl 1) pbb il
SRCICH I

Comex oLdl Jlols polie od,cael cel
S8 dosr (Sl i 5l Gy Cansl Y g oo
S S sl osd gya g awbre o)lgd
LTS i) oegs |y 38 e (Kol oy
s Glre @ g Oglate pien babcld lade
el lame

ol Sy 4 Comex Sl &5 S igei Lis
ol dbos ol Camex )3 g9l Wishioe | See
Slom b s dog Bl e (2bs) g9 pals
L pi)ssdl @l Sep ce i g 005 lels lame s
D20 oo halS Sadbay

bli) aige sboald oslass 51 :ibgy yeuw ldald
bald 2 @il i Cosex o8l slawy 5l (e
a3l Galidl adgid eols nde cewl Ses
) Slowlre dua 55 bbald don Adgy Slp Corex
s ool e o GralS ) 0,63l S g Siul8
ot sazme e b D8] 50 eud sleriy ol See
S e Bk |y il ol calis gl o ats
Sloe 4 BlazS| 16590 e 9 BLUSS| yw axlao
e rgter lad 3 waxr LW sezyces


https://www.researchgate.net/publication/235950623_Imperialist_Competitive_Algorithm_for_Dynamic_Optimization_of_Economic_Dispatch_in_Power_Systems
http://jsdp.rcisp.ac.ir/article-1-1394-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-14 |

L21 Loy anles

N.C. =round{p,.(N,,)} *

)9 0Ty s}""':"'“ﬁ LSLD)}‘“S JS sl )"" Nwl 9
ol b s round ool adgl o ,giS Conex
L slasl sae & a4 moro dae (S S00y &S
olai Ojgods adgl berine sloyeiS 5l olass
N[ u.....u‘b L| (RO (0 r:‘l’l 6)341)...‘9‘ g oo; ul.‘}b.“
G oas o)ls 8 adls O 0 oSS Wy, 09d se
Al oo delol By byl S Oyned 5l
L ady) slecs,giledd @RS Ss (S (1) U0
Caloads ool ylid IS oyl o oS 4 lod s o Ll
C}i‘ » .Ai)b 0 ypoXinn (G yin olaws ),5)).; LSL“LS)BI‘)::-“
sbnl 1) (gygilymel (nieed S bjleds el el S

Syl 1y Sl perine slaxi (5 s g Cawlod S

L0 ® ® © ) ® ® @ ®
o 00 ® @
0. ® - ®eogle ) Imperialist 1
LT S LIS X I
L ) A
e, &, @ ® 0 ——

@ [ ]

- ) (43} -

® P¢ =l @@ | L imperialist2
H® O g =S

.. ® ®p o u-”.. <o

{  Imperialist 3

: (] @ Ny
e X, L e ®le :
20 g e ® @ o9 )
°o® e @ = e ® @ o @ * Imperialist N
o ‘. <l ©® ¢ . ® @ O [ ] Colony 1
® e @® ® @ @ & @ @ < Colony 2
el 2 T ® ¢
[ ] °® e o9 @« ¢ Colony 3
J o ® o -

- soeeB%sdlel s coinn
[Pladsl sl yoi yol (6 5 S (K98 1(Y— JSb)

(Figure-2): Generation of initial empires[6]

Sy ods Cabw (gileJuae-Y-F-Y
6)9”)'&‘" Cooow 4 LboM
g S Jlow Bae b (0d2) TsilegSpe calew
Pl 635 p0 Cungior Sip B 50 Dl pasts (eloizl S
o 095 Soi Sl gly T el (gloysiS 285 o
ol JBg Jo slaclan obul) e ol 4
ol e yeaS e slp wis)S (Olge Koo g oKadls
2 Gilensen ol cudis b oawlp g LS
20 Vg Al g Te dSil ol S8 s 05 Ol et
O N B
Cagke iy sty Uies Jo > 5538
o yasions j535 b Sl s i Sl Jlosl b 535 50
Soop 09 4y (gl sloiz] Gl ol bl o )

2 Assimilation
3 New England
4 New France

o 5598 yuol 4y a8 Blod 5l ol ot ¢ loy cisdS L
3> 09 pedly> 2l Tee (o5 dall 5 ul walys 5 Ss3
2 0ly (g5lel So oS el o g lenin B, 2l
395 &y (omdge Ll jlaS lesiic b cpuiil azils Lo
ool oo ddlsl o WilSGop Lo gahale jguS
gl oo g 25 (5 loninl B

adgl 5,57 paol RO ISL-V-F-Y

G g A Slex S L Bae (gileagy o
|, altne slo it 3 41T o Lo ol aline (slo uite
S5 p.u”f.ﬂ N f““"SLS" oboul (g ags Wb a5
)T ool 8 eyl 50 05 g0 000l Ypg5009)S” Lyl
Nygr 6 3lwdigy dlivse $ 50 YW odual HaiS S
all ol TX Ny &)1 S 58 SO gow
[#logi oo o5 5 dlal, & j0n
country=[p,, Pys D3> Py ] )

‘) 4““[9‘ )5’“‘“§ Ncmmtry slass ‘I’"“’)?i'” &3)’“" ks‘)"
Olsedr | (aupe &b jlade (o 5eS Slils sla,905)
doygiS 516 N, sailedl oS Ll (5,550 el
S plaSie a5 wes o S 1 Slesies
aS |y Ol pestinn 31 (g0lani o5 ,95] ol 12 a4y a5, q51
Jby duse dacadl yuel dos a0 mils b 5 oyl
L8] 55 oo S5 o (F) Ay & jg0 s 1) o]

Cn =m.aX {Ci} _cn (f)

mMax{c;; b g5l i c, ol o o8
sas oy dnpe G 5 b, gilimal Gl 3o n it
A ghls &5 gl a6yl Gl
s bl (il s )5l BBl (gt
w0l duje xils b ooy aaler (6568 by
©) dal) ©jygon «6y5lel o 85dley (oond )08
O 0 oo (_.;Laﬁ.wf ‘U] (5LA.».A ¥ 9 o..\.wml?:o
L8]98 oo s s 5951 ael

P ®)

! chromosome

¥ 2l ¥V o,lbVFeF Jlo


http://jsdp.rcisp.ac.ir/article-1-1394-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-14 |

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

&

0

S ol e sl Gilead Fable jeaS
S oo oy GBlyoul Bolas &gly SO L Salale jguS
Ot SSPSG @ b (Bolal g 4 agly al oS
Do oo lid | Salall (0uS Coms 4y Ol joxiinse
O0~U(=r7) (S
o Uil a8 ol olgz o b ¥y (A) daly o
5edlS g o (5,951l BlLbl samgins 38l cels

S8 ol 9 0 porins Cuxdgo (o1l sl Y-F-Y
@ ojertowe 3l (Fp el (See Sl wnlp o
5l s el 35 2 via  lncpei
LTy 093 Cusdge Salalu 1945 5 0peninns b ()l
2958 (lalr ol Gl e aS e Bl KuS
Bl 5 090 o0 b wam Fahle 4 o jexius
b ol ol S e el Ol joxis plo
5 ol Cews aig blE 4 b amse oS 4k eS
il sl gileangy wuld o i g pdlaal
Condg 5 0dd ral> glacuadse (7) 5 (0) sl

|) u_:J.>

A oo ialed acuadsn ysd 5l 1) (698 el (SloS

[5] 6 yomino g 5 slonsiw! (glo yuud :(B— JSi)
(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://jsdp.rcisp.ac.ir/article-1-1394-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-14 |

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 ygilmal JS dnje o T.C, (Vo) dal) po
ol o] sadeslloy JS duse g NT.C,
aisb asl xS T.C, a5 o5l o ol
TC., cis> o il sl gpin NT.C,
Jobe NT.C. 5 90l SO JS aue Jolao
Gl aze (%S b ygilmal ol T S 008
oadoplley JS duje (il bl &j08 o iy
s lwg (ol besiine colal (0)08) Jlus!
DVE] 095 o drnlone (1)) dasly &y g0 (55551 el

NT.C.
P, =i QR))

n imp

Y. NT.C,

i=1

e (Spll o colar Jlusl il b

b ool 5l 0550 S e sl o ') A5y wiilen

Oy b celiie Jlatzl b1y culs) 090 6 yente

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

o) Slae dagygled (e Ay & ojesie
e bl & 55 290 5] el

s (56 951 ol bgiw—F-F-Y

e sl yool (slaolB,y b > 0wl Lo 4 aieS les
500,5 bghus g0 & cind (slas, 58] el colgs U elg>
IRCE IR PN BT YT Y 100 RRCONPRY VR F YN B JURPL WO
2 Gl S b Gl Olgiee 1) (Soliie b0
S5l o sleninal Sl i yoSl s 285 ks
1) 0e Dljesivnge a5 04l o AL alBi> e
ol s |y alies (! (A) S ol ools s
cleay ¥ o5iled (gygilymel (JSS cpl o amo e
Coldy gl (55,98 500 095 Ol perinss ALS yolocns
5 B3> s, gilol 50 ol J sl 53,05

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 syhie 455 L s o
Al GieleS (g5l el S S A 5e oS 05l e sl
5 09 (szabals ;545) ol (635 ,0 CugS> duie L
Ol posians &30 e 3l Gl el 5 € il
o 50 agdige ol JS dnje end )0 (6l al S
ool 4 giluosly e o §=005 ey
Cowlodds e osllac
& boriiaol ol B-F-Y
8 Sl o b Gl 35 Foie 45 655 les
31 e Culd; ©j08 g wlian g a8 wiles
Bi> Gl Sl Gl 3 weny s
Dpdyse DHge Fuud Al ol el salgs
exs s glel Oly e 4 &S e
F6sd s,silal g ools Cawssl 1) g5 Ol pertinns
G D8 p g 008 celal 1) Sl )
S S o0 28 Sesly Gl 9,5 Joe sl anlBl e
39290 §r8lel (ppderd (Sd> b 0 6,90l
BUNCIICE S PRE VPR PSS | I K C R RO S SR VLo
g 4Bl | (69l sl Fbend Sl parins (n il
S gl ) (BB, et Gl colal
b 4 eSde Slpextus oS o0 Sbml Lags 5] sl
WS aseles cobal 658l G2 ss8 Ay 4 >
Srim wola Jlisl e lag gl ash
Sl o)l s cnl (IS sleds (V) JS sl
a3 e Lt 1) (o lanin

Ths Weakest
. Emplre

Weakest Colony in Elnpire/1 ‘@,
Weakest Empire ‘a® @
. #
°
@0
N

i
|
\
\

Emplrez i s

> OO@ 0o T,
Se o e, /00 o\
/ OO\n%e%lsHQo‘ Emp\ras . ) By | Ooimp%ria%(t)N O\“
\ @ ! ‘ . o0 1 @
\\goc ACE OrJ { ..Imne?ahslz . o .\\g o OO O
o © oQ/ ‘\. ® . .F ™ O //

R ‘e® @ ¢ - A O o

- [ ] v
O

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

(Figure-7): Imperialistic competition[6]

¥ 2l ¥V o,lbVFeF Jlo


http://jsdp.rcisp.ac.ir/article-1-1394-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-14 |

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

&

Ol s WS (o8 et Jaume &5 (Sl g Ngd( oo 03d
B S99t & Wlgi g0 il 08 ik ) bay)]
Elgl il el Ly Plae Olpss jo 5 0S5 SeS
sl i SG a5 oo 09z alibl> 5l soaxie
ol 5o calessl Wy by (ilwaige slp o laikl
0y ool (gogamme slass o laibiu] Aladl> i
35 555050 B 09,00 54 g2 genr ;0 o8] 5 00l
e sbadel) a9 gl wnlp s b
b Jxd Cdl Ly Bl 5l gk jo 08 colon
3 eolawl Ll iy Badaasy Y 4 alld i
Ll oS S8 plcs 4 ol (oo 4238 Sledlbs|
Job 50 9 oS g Gl e Jame )0 S5 Sl
3l po e g Laas gl ol SO gl Lal g e
oS doe ol aladls 5l oeolaiul aids Sledb
2 g dgbioe 0pd ol 40 sloyes g0 la >l
il L Lol plgiee WS oo ok fame 57 o
San iy 5ty sl o By slats,
Awd g0 a4 abadl> gilwod NS> 4 ax g b ol
0pd gae Sl pidu Gl 1) alids Sl
oo 3l e |y Oledbl o dladl> Lol oS o
e sbadzely Sl ates o Oygoa Jyeresba
50355 ol g yo Al By, S (e S iy
alasl> ws) A Comds Sy Q)S.Lo.c 9 Cewloals @ or
oalite olaws 5 aladl> [V V]s o Loy blaws jo siod
oadddgs Sledlsl ggl> oS WS o 003 I, kools 5
G S8 slp ogd fal.?d‘ b o Sluss oS u,»‘
Qlj.;.c@ alssl> é"?” o).f )|)§ solaul )90 92 gl
sl Jzol, a5 siien o_i\)fm BURYVE R I ¥}
sz 9 3l Jolo @l 5l Sl Bro Cumex )3 0>
a5 ol ol ol b3lail SO aladls oS o Lass
35S 8 oolial 390 Lz (e S9glen b
S8 Curex IS 3jlal & s (S jbay ojlasl o]
3> e o 0 Wb ol Bl den gy dliie SO 0 Ll
OBl 5l atws ol a5 wigdh ol gz acens ail)d
ledbsl o9l o Jols 5 1) aladls o oalie,d
10,5 e Al 90 4y Glgi o |y abadls yo culio S
b Skl L Jus Gledbl g e Sled
Gl Son aumee Sledbl calins s & yg0 50 ]
S Ol osd eolaiwl Cusloals 0,58 aladl>

Pf 2l ¥ okl 1FF Jlo

Emplreﬁ//"_"“\\ Empira,N/,—“»\
s
/ e @ |

/ X ]
! Imperialist 6 i Imperialist N L
j p {@'mp

‘\ * .rI I\. *. .;

~

\ L} ® !
. e / N /
\\?‘,-”/ \\! ///
Empire 5.~~~ "~ Empire 1. -~ 7~ Empire 2 ~~ 27~
# ~ s

/o9 @

/ ® 5 ,’P 0@ @
'® g)nperiahst (2) [

/ @ /
i ! enalist 1 il
+  Imperialist ® b I,. mpenalis ® 1

1
a® 0 ,° o8 | |
. @ i @/ Y @
\\. Q@ ; ‘\. ) i \\O @ /

4 7 O 7 . @ ® >

S~___-- Empirewith ~~_" __~ b -

o colonie:
TR =PRI
Empire/!/ ® -

/ @
r Imperialist 3. \1
I
o
[ ]
Y
LIS
S i

= >

[5] s (6 5951yl Dogiiaw :(A— JS)
(Figure-8): The fall of a weak empire [6]

PENRR

bys o gadesygly U gylextul ol o651
Wboe aelsl ol ss IS slaws plasl B L g 0l T2
o LS g 00,8 bghe bags gl il dan o Soe )
RS o o525 alo g ke 2615 3l 551
Jloaal s cnl )0 88 (oo )3 02ly 6)95l el
o,lol axlg (6,85 ol SO dligdy (Il jortinn dod Wy
boply colenins gloanse 5 lacaadse 5 Yol oo
bos gl po cwl gzalale 028 duje g CuaBos
e U I N AT
Syl 4 0005 092y el el 585 g Ol pariins
2 9 opertas w0 o Jl (e )3 e ysiS ples S
4 Sl sl ol SsBge iz 5o 1S Leniu
sl B Loyt Gl (So plyed 5 eoem; LG
gl g0 Bdge

absl>-H-Y
il S o (ws sla o)) auss ol 3l Lais sa,]
e N T AN APIRT I P
G 3 Silwainge 3 eadgrhe Blee 165l
Flas 8,L,0 Sledbl L bosls watns Lyl coias
Pl Juin 4z S el g JB g oud aslis
5 Blawe ol 8,L,0 Sledbl ss Ly 28l slos
Sl (8o paziiali slayg) 9 WS 0 et oy Jsbo
e Slogile ol Sow oy CbdS b o 5las!
5 Silwdntr St Sl SHESS oS s
ol 4538 Sledol 5l oolainl by slalasme 5,500
aS ogd oolainl iy bl slo ool I oS
bome o 53 el slaeol) oSl 5l Fesls
aodS Sledb| baax Cpz Jyemo of ) SO Ll W
Gloygd Oygods o Jzol, a5 cuwl aladl> 5l oolat!


http://jsdp.rcisp.ac.ir/article-1-1394-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-14 |

5 Sgzge S8 1SS e 4y glal Gl o iF Wl
oly8l 09l o 0ols olais! s ol 4y (glaastin alail>
O 9 ).3‘).3 O 6‘)“) aladl> 4 99,9 Cnss 4U>JA B
dasin 4 o>l SO s 2 40 g Sl Lio byl e
OBl lp |y e O yiin ST 040 0 a8lS] oy s
o S Syge nl 33 S S50 sl alidl>
VPRI Jt- IR SOV - N IO PP R WAVER VSR VR o
abdl> 514 conl Ogocmas a5 000 b0l 5 wilaladl>
o sk ansls (oSl 5 Sleysesa 45l g 09t »
ol 3l g Wigds oo Bdo aladls 5l ol 3l 5 le> & g0 ]
abbfl> ulnS aSgyshy wisdoe Rl wox

Iva g VAT sgis gy

alidl> 51 oL L-Y-0-Y

ey & wlgioe Ghg) 99 @ Silwe S (slaalidl>
IR sin Sy Sumex p e b Sz siens
St e e by bl b S
S50 Slpets by 5l e adidls Sledbl 4SS50 )0
SO b Comez oolom 3l ke cp ey 0,5 18 bk
Wb weles 5Kl Lol dlhdls s solo ml Clbglg,
wpdy Syge L2l by @il ST Sseinl e
2l co o ojb o o Lol dadl> slaesls o5
T by je Coma Jud 5 0 0005 )18 b5k 090
W (5 SO b s Jud gy codadgs o ol
odd oS 5 ol dadl> o ed saiass J> o, m
Wild Cora> g (g a5 (6, 50L slap )6
olagg, S aS wiS o Jool, S bl 4 pladl Sl
s Sy Wl o Sy, ol il dngn £939 4 oy
IS b sl b VL el by alsls
6y U::’ﬁ) J){.’>J.:) d.ml; alasl> )0 Og>ge LngooL)
pldl laool, (Qbjk 4 Cos o5 o 50 ()
S Sy a5 Sjge pl @ b IS
oabddlsl slaosls jsd & S gz gl sl 5 Jos
S O¢>90 GLQ:OQ‘O LS‘ULO u.\.a.aSu;a ‘nL.\S‘ u’.la_‘! Coro>
slabadl> oy (o clls wilggs s ol dladls
Jol5 aladl> 5l ouls oLl 084 pasie polie wo>ge
@L@c\)w )...s u}.s‘w.ﬁ) RHIRW 6)LAJOJ—OQ )aQLM ))‘)J
Cnnd 46‘00‘\) 6L®u...:.4..‘> ‘5»14)L| )l u as ..b')‘é S9>9
(3isS oo a8l Ty (g polie o ,Sadlsl 4

oolaul gzgcans wld o Al Sledbl el
54 15 Gl e 5 Sl Jio sl 055
5 o)lgs Wi go a5 wll L3, oalio B3 ool
Joe o sl Cl (Sen b oogd ()l Cner
oS ol (LSS 68 bl Cases 3 Sl
ol am Camex &gl 20 lade o)lgs (gl Wilgs o

gl oolazwl s

bl o 203l b, el )-V-0-Y
O 3 S il 5o 00ls (6K 5 (55lwe oS
ELCH FUIWET LI S DI PR OU U - - L SRR { B0
Gosls WS> 4 Wb o ABS preal Sl
Sl Gaeni g igd (Sluyresar abiSl> )0 39290
plo a4 Cudly o (69g,9 B0l G lgieay ool plas
lbaladl> 4yl @ azgi b ogh a8lsl dg>g0 slrools
Se S SHgeyd W)l ggame (gilwo S (glad
aol asls 1) Sdlbl gilue,>d Conlgs o aseds
Rl 392 g0 sboodls 51 (o L wa Bols (el o
kol dbdl> o Wb 4 lools bl JSg5Le 0l
2Rl Sl (et sWodls plee 5 W3S s
SlugSa Sg>ge agplml i 0ed oo oausls
|, alibls 5 oty ol anlszy a5 whad >Ib
slagplinl 5l (S dge Gln S IS
zo Slnl) o 4 Seop sladiae 516 9o (0Kl
99wl Hlade 50 ol 51w WS o ol aladls
) e 5 0o o0 51,8 anlie 5)50 SuSG L 1) 5o
SFoml il Jlade a5 9,5 0 Sl )3 795 Sl
Aok acsls

whadl> 0 Camez 013 G».:)i:l} &l
5 St o]y g0 a5 Wlouds &l alizee slo sl !
wloael [14 P VAl >0 40 pgd
alols 505 b adadl> ;0 0,8 g0 S0l ol jo:),0l,
@b a5 6,8 5 ead Ll (cald i)
Jio sl wadioe il 250l bl andls (¢S
Iy fit() 5 pHi 03 oL oleeas |, fit(D) S
FIt@) < 1 unSe A5 3 b 53 oS olyea,
9 dgiee fIE(D) iRle Comex 858 (p e SfiE())
Sl
ohe asl fit() xd%s fit(new) 31 =¥ ,Sol,
S g oo (Sl b 38 e b el 98 &9
o Aol dyj g pbj 03 S, fit () akaly ol yo
910,293 G OSoe Aol yiln dimax d 5708 99

¥ 2l ¥V o,lbVFeF Jlo


http://jsdp.rcisp.ac.ir/article-1-1394-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-14 |

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

Cgbl & hi-V-¥
adgl lys a4 a5 pladilele sby j8, Cabl (590
PSS Sl WS (e o) p | Wlsles jlew
Sl ;o 49,508 slallaz wsle) adgl slacb!
OSee pf Daa Vb lacmiin Ssba
& Jgene jobay oesl Bble O ks, IVi]cl
& Gt dolar S 4 g canl gadad S jsbay
&g Sl (Gt JB S ek 4 (318, dives
IS i ) G518, ol oo a2 seday 45 )
Wb oo low oy e a2 & Solay sleonsyy
Blols Sy Wgd o0 4 098 (6985 Aiwgas (95T
el sl GFEE smoin Wi dSossl
Invasl awsls solws alble o L anlic
be cpor ool taiiwn 5L slaple o5ol sladilolw
Jo o b L oa5 sie pbabls o5 el
Jobss 5ol Laze b pa g W5l 995 ooy s
S IVV o3 Lme b pa g oS o )8,
3 aS g ol dawly Jobss (Jolss g0 oy “5»9.:31
3y90 5 gl &,k s e 00 Jol 4 Jols SO
5 A oo Con Jolw pae Laylid (o 1) (Sl
3 098 0 Oylg wax Joled 4y aigSs b gzl Jolws
4 Old g el sogasme 3l ogu, A i Ol
KC W g.i: Q}w@ s_i)é).» ug.w] Sogm
S5l ams lid 03 5l ogbl s Wl e satine
9 Sgdome 3)‘.\4‘ 4 .\.:‘9)641 L)—‘ u.:l.:st.w 9 W k51>‘é
L ol 4 88 a5 sl s e ol
ples Codled a5 ol slabais Cail A 0355 o Yog]
3 e 5 Seyge 9> (pylier A e Gl
e il 5 855 om 3 055 U5 5 ol Ax
so7ee o LB Jolss jo adl o tauS &S > Wl Can plaS
L Jolss a5 05 (g5lme b 0 Cudgzge o Jola
S silre boopme Cudgzge (nl 05 oo Lai
oge O g WS (o iz 395 L @ ) s
peslise foanly ) O gyl 20sd o0 ol Jobs csly
oanl, G dawly 4 aS Jolw I pieamw cogd] &J 4o
S sanl, G dawy 4 a5 Jol 4y g 00l ol

Sl O g0 Oy aladls sl g_;.’lijlf sl il )l L_;»
ool g 03,5 Lasin |, absl> 5l 88 pyg A
DA g VAl aiss Lol cuman 51058 oo el

Swdlgs—F-Y

S Sl HBU g 6ol sleazll I (S gunadys
g oo 1Al e (e Sy 4 badised ol (b o
S abe: e )5 dese laaises A slagSa
S0 50 dezge sladisel b g WKLoy o2 4 bl
Sl lp ol slo,lae iloglaie badg>
Alols Wlgh oo b Lo ol 51 SO aS o)l 092y calils
30 9 Nyl ee 4 Sl (55 wa.,lél dols wila s
(SIuabsS g9 (nl @ WS IF ades S
gy 5l (S wusS oo Talold n Sie anady>
o lmosls (s S5 3l lyicen |y 4855 o 5550
ToSile p (Fe by onl 0 ol Glaled ddgs
by Glo adss o 4 adss Sre 4 e glaeols
035 alabl> codigs sla by, glgl dalsl jo .08 o
[Y‘]J.:‘od.m

PRRCPRATICRE R

dlre laadgs SThe L O oualil ganatss )
6)50)‘.\4‘ LQMP O Gw.\.».ls‘ alols 9 A.’}.wu;o
o5 kSl el ganadss g, osdiee
Joe 3l casu gleedas cwalBl ganales jo o)l
LYo 5 ailons | abisls o bl p,Siles Cansl oo
7‘:»5@ 6&.2.3:\.&95—7—7—"

gl onadss daabiblo gl ganatss jlped g5
o2l akhdls solaiul glp g5 8 o a5 il
)l ‘5»;5[5 JM & alasl> sols R ‘L)’“"s) L)"‘ o "\"SGA
LY v]ass o ale o o bl

P (owgls (uiabes—Y-F-¥
oS bl kil 4y by e oiolidl cunadgs s jo
s blai (wibs) glgied Wgd oo adlol aligs 4
@ ahi o a5 Sl gdoe opd abibl> s oS
Bl wos Abgs SO A dgzge AbgS L S 55l
pleal o L og>ge dlgd g0 il glaie sgi 3l
SbobeSe slades golad nlply gl

Iyvlaste

&

7 The Edge of Chaos
8 Attractor

Pf 2l ¥ okl 1FF Jlo

! Cluster

2 Euclidean distance

3 Distance-based Clustering
4 K-means

5 Euclidean clustering

% Gaussian clustering


http://jsdp.rcisp.ac.ir/article-1-1394-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-14 |

e Feds lae Tlas bwgie Jlae S 53l
o)l Va5 5 T sy e sy
b op sl e 5l oS Gtagy i [VFls s
b bg) e b amlie g 095 (Bg) 2L (o s

OF) b, Golol 5 (a5, 2Ll oS solizd

.[Y\‘]aj.;bgsa Al
Y
Offlin Error(Popl,Popz, o, PopTE, fit(. ))

1 FE

=— min | fit(x;!

FEZM( ; (fiee
. t,(n

—flt(POpj: ))
s b, olaws cp iy FE (VYY) doles jo a5
Lol 5l aw Gl Ao X7 908 2 sl (Sl
as Cowl M L)’“‘ t )o AMA) )‘o).g POpt 9 b.i».m.:Lw
oz ke lanl I (Siwls gla ol o5l o

D9 g0 (Slwyig,4

S oo ald Sowo jLzo-4-Y
2 bl oSl o Shes oy sl Soe Pl
il oo Koo Jlas 395 g0 s3liil Lgy (slalais
g @los o by ol ol o5 slojluans
Slodls Jlno lne Blas (58500 51 (S il
38,5 s [Nl Sl a5 el AMPB) S e
Job jo a5 oo 0ezg (aie) al colaws alive oyl
Coexdse 9 20 )] Il Al pa oS e s (e
S5 MPB 0gd oo sy Slee ol aalol ol
Ol 2 &5 Cwl amaiz g wzgnz by
Bly G5yl b gam o glad Gy a8 m oyl
o P als culs lailpis MPB o Lcalons JSis
Olyedr (Kol ahais o 50wl gam Dlad
h Fomls ) dgdoe s moal @y Al
DN als )5 dga s 15 050 Gl

F(X,t) 0

= max;—y_p P (%, hy(), w;(£), 5 (1))
aS Sl o2l P (%, hi(0), wi(0), 5 (1)) o)) jo a5
L oddchog A8 SO glp |y X e dai SO o5,
IS o irog P A Cebge 5 (W) (oye (h) gl
9 M oo s Al 2 lp g w b de L)l e
@yﬁpwjh.&awﬁl)wwj

Syl b g aiS oo judd wglS Solal sla pate

2 Fitness Overall

3 Average Error

4 Accuracy

3 Adaptability

¢ Online

7 Offline

8 Moving Peaks Benchmark

B Ko Oile 4 g 0sd o Jaine Cewloads sl
Ol 50 a8 cl losgame wgil &) 0gh o pll V516
S 4 Al g 5 025 (o0 D)9 JB Lo
50 sdee P o 8l L) 95d e i S0
Loanl, 51 G plaS 0ol po Latein a5 Cusl gl
Syge oy ol 4wl g WS 18 jeme pleiear b
Gos 3 9y o0 Dyg0 grbay Al S il g 0,
WS o (pailojl 1) 095 w25 0 ey sl
R padai by (S 5l 6V gl o g
S gl e cwl 5B has e ol 08 e
S &S o w09l oo plxl ] o j380g5 slaslas
b iy g (Kbl cle 4 9ol slgy piaw
5 Olin s b oanl; S GU @ @
dhd (o g QLS o 99 Ceow 4 |y plcn OS>
1) 095 oansl) 5 a8 (oo g Sl s 318 Jros
ol 5 plas Caaw 4y udly gl el ol s g0 s
Seder i by e auilejle S n wa
L g wine ot Soogas (e 3l (250] Glapias
sl S kw0 Ol A weanl, Sl sola
ol &8l 95l e pug DL g 5 Ik el
o2 5lg G Sl phee @Bl valit 0 & 4z
w53l s STy Sl WS oo Lis adeaaly
Lilys bosgs pologdy) (palolesss 4 pleioe
Sz o) pbleogs 5 Ly ok o (e
g (ol ol alie g 009 JS Sy sl alele
osil sl 0,5 o lal atsl Lylos 4y coslis
silize glgil wlgs o [VV] jo a5 5l 892y alise
o setee Biged oS samlice |y Cgil slacoslss |

IV ] 098 oo dslone (Vo) & 90 o S sl

Tpi1 = AT (1 —75,) AayY)

[ o] o5l jo s sae G Ty OY) bl jo

ool SByyre St oo a4 a5 A el 5 cul
Dedge a0 08 4 pamie slo Sy obnl 4 e
g oo oolaiwl Sz gdl cllS ) Alie opl o

Cwslods M;)Ja))& )LPLJ)J‘).:A ).uol)l.: )‘\.\M

oo J° prﬂ)Sﬂ‘ @')l: )Lg.u—/\—"

o

Ly

! Phase Transition

¥ 2l ¥V o,lbVFeF Jlo


http://jsdp.rcisp.ac.ir/article-1-1394-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-14 |

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

.

&

aLbaS sbayls 2 55901

o s Susy 5 (BA) (JlSS slap )1 I eola
gy 8js> Sy LDOP  (giluwaigs slpy oo
Aslr azg sloaulid jobar 5 Cwd Jlb g Cgme
i Ol elos S e 355 4y |, (BC) LlSs ool
84S WS o byme b DOP (cly 1) alisee sl oo,
S ade DOP sla il f (5 wlgi oo oS
Dgle 5,09 S Jl 50 2l b Ll (S5
WS (oo S yeS i addS poasl el n Lsa
ool (gl B S o S alis sla ol 4 o0 SolSs
modse axlye (oo b a5 Sloy oS (6 S s
S Ol L el s palos,S Az ke &S
G50l g (gilwaiygy jo andS oledbl 5l ST el
Wl oo 39 oolitnl g2 gl (> )3 by Pl J>
las jo Pluw iy 08 SeS gz gluns dul B a
Jo 5o b jsb 4 le 5 W) by (ale (A
95 1) Gless Lanmme (nl )lge piin 5o el s
b wor gl ,5 gl 5l Glgioe 45 Caulos,S
29 b o,S colanwl aladl> yo alidS sla ol 6 pumd
LDOP o [YF § V1] atugs sladae o calis
i lalase 1 saslcwssas @ledbl 1 solaiw
@l s lamme o agy iS4 paisuce e sl
Sl Jgore job 4y aledbl (pl eDOP o .ol
5 (E)ald i salince slad (slo)ab (o) olSe
Glabims e Sl ) el (Sls jlaileis
Soo b o Job 5o ) S 5 09d o0 e Aty
Slp hel 22 aw 5l Jyeno b 4 DOP 355 o
sy S e oolitul Syl oledbl ) ool
s V] oo dlibls 5 teds Aadl> 0o lgasl dilate
A5 iz S o e cemlin by (sladilga [YY
A loansS el (eloailaie LI e |,
sl ipgy S laas wiload (alS i ol
She sebas abitl> a5 culos S el [Y2 Y0 WYY WYY ]
OISRy S S ] by sileane Ples
Sl Jo o alidl> 35 sl GBS ool
Gys A plaS p as Wileo,S &l) Lgy (gilwaige
wS e s it Al Gies bl wlals
WS oo SeS gy iledintr & S v )l il
So7atem S oo hai> 1) S 0o ool
Sepe ghee St Gl G 1) alie slad>l,
@ ool v boaldle glaggyy 5 S
@ bl WS S8 Gl e Gzt

gf 9 AS 0 SIS gl B 4 Gonisugsd

Pf 2l ¥ okl 1FF Jlo

LS"\'“’Q*'L"M (Wsev) u")-c IR W 9 (hsev) &LE’J)‘ IRV
S5 Oliee Cded s 0gdige lralr A (Snpe
Ot (Nwpd Jolo a5 Jloys S o J S ) A8
Sasl ol juix ali Sy oS, 45 S e
g anlys Solas Ll jsbay ali Sy oS ,> A=0.0
b i o S o gz o 40 ddepas als A=1.0 5T Lo

Ol e 85wy Slaizee sLab Sl (55,0 4 &5 e
2 S by )0 Selee Saie 8 sPn wibe
2 Dogen Ol |) oy A Sy s age

Nals s oy

r € N(0,1)P

hl(t) = hl(t - 1) + hsey.r
wi(t) =wi(t — 1) + Wepp. T
pi(t) = pi(t — 1) + v;(¢t)

()

CSgiSs py b (Bolad 1oy S o S § Ti(E = 1)
Jsb 4 )0 (6 N8 ke (s 5 9 2 sl [ )] 5
VAT o camsts 1 & 90t Ti(t) 095 o ol s

oS |
O =Gy G (%)
+ Av;(t — 1))

Oygod Olgiee [y Al ;o p s W b sl Sy &b
:[\‘\]o; d..:.mL?m )
Pop (%, hi (0, w; (), §; (D))

= h;(t) — Wi(t)'\/ z (x - ﬁi(t)]‘)z v

j=1.D

g ) 09>y alad o alols (Jol) 5l sisy
clad (V) U Dalegs o olo aB o cosbye
D oo i am 9o )3 MPB (¢l p |, Sols

Fitness Landscape with 5 peak (b)

Fitness Landscape wit 3 peak (a)

[14] MPB ;5 Calizko gboall b cuwlid jluilpiaz (- JSi)
(Figure-9): Fitness Landscape with the different peaks in
MPB [19]


http://jsdp.rcisp.ac.ir/article-1-1394-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-14 |

LS‘)’ 9 ao; o).._‘>\.\ ‘) FUVALY m Sl WL».A
g abdl> o ganadgs WS bl sosee solalll
o5 b s (sl s 55 1y 555 ool Comar
ez b @bbalsS) by sloades o Slb
slgaiy el o gwlol &5 L 5l au> 50 o IS
9 (51"6‘ Coroz> g0 4B 6&..44...49} wﬁ) fCawloads
Sl LS'P J.'>o|) (_Sji-“) ‘JJGA GMC\M?} ‘) alasls>
u...uLa)] 61).7 05..»‘54 ool alasl> g 6‘).' as
50 bgy Blue alie 5,L3, a5 048 oo oslaiwl (MPB)
Lo bty Plae o 0 1) oleitny oy, calie
ABC 2,080 wlol 5 63,5, [YY] &l o
3 g oo 00l CMCABC allas ol jo (golgsiey
o> slad>el) 8,55 6l g pe Al 510505,
Lis caloads solatnl wijlai glais Cwad oS iy
I 55 bl lagille (S by slolame o 55
e e pade Gln el by sloange Sl
3 eolainl wleads  eoliiwl  gumdadies g,
g5 o a Slgioe goleiday g, )0 samalss
Dl sl aladls 5 e 8,555, S [YAL o
S5 e u;‘ E I 4.‘:‘)‘ 43_\.%» ‘_gby & il
ool 1y adaanier LalSS o2 j58) 5 atdlisgg Alasl>
pleal (Caslonds ools Lis AMOEA/D-M | aS) a4y 500
STM) Jluly Gedas g5l S5l og,y pl o Cawlos )5
(398 o0 Laseie AMOEA/D-STM L 45) 550 g oolw
S o ool
Gomasss ol alojl gjlwangs YAl s
8okt by il Plee J> sl (CPSOR)
2090 L3 5 Wsdee ganadsS S ) cnl 5o
Goiddes A8 o 92 gl gslau g0y 1) dles
Ganade> g8 5l by cnl o eolanal 80
Sll N aS sl O(N3) g, cpl jo omaies
u.j)Luo Cow & o)\') M ...\.Qéu;a ULM ‘) Coro>
aS i)l 5o O3 lawgd cadodsliv Coaxdge (3 yige
&5 lp ane ooy WS o0 25> 0o 48 Ol 5o
o3l o Olhsd ool b Ly sladae jo ald aus
Slp e cansas b3 slojl (oilwags JlSS

oley 2 0 Lgy Blaws 31 Jow oboul 4y aladls> waolysye
el wd 90 4 bLe gllaze o (gjledig
LYY ¥ ] o dlatls 5 s Aladls igd oo
Oledbl aled 8,55 gl (s dlaSl> 1 Swowd dlaSl>
;S.g. 4 Joyj.a uLc)Uo‘ lnl.o.u aQ w J..SGA oolau!
@ladl> Codgaze a4 axgi b e 3L (pgjae9,5) 0,8
cP:) 0)5 R Oyge 40 SleMb| R e 03....4‘59 =
D gld
3O Corex o |y iy Sl blaowe 5ol
S oo Al WS e 0,ud abibls n,l S
Lsy (5)L.ud.~\.ers (5‘).4 6‘001.“.5 )9.’04; 9 S| B e
GLI)LJ 9 c);\.?'-:) LS‘J" uol} 6Lmdﬁc‘) 09‘..4‘54 oolazwl
Sl Ll ccasl aiglaie byl oy aladl> 5l Sledol
absl> Wlie cpl Aol o ol alie akil IS
Olgredy aladl> (6395 9 g yo Aladl> SSL S lgieas
c_s}U)L’ Sledb!l L cawloas @y alasl> )‘ e
dJoL.o OKA 0P 94 ¢ yudion 6[.%.‘4#2.0 )‘\ omTwod.g
4 HiSuce pw gl Wl g d(aige) 0uiSlaal
3P il e wos b 20 Sboy anlid
b oMbl 6,58 gl e didl> 51 LDOP
Ivy o Y oS o oolia!

ABC i, 5 e 63,50, (Y] dlie
sl amse Wl by g Sles Jo
sbadoly o ye 8555 Sy g yo AL Sl ooleiiny
oolaul o> &_...: Lo 6‘)4 6@@9} 9 (5““)‘9
Lis g aiids glafool, e 5l oolaiul oS o
Fopd Qs Glaw 6Lmeo|) Curoz 50 o
Sy ol bl e SaS oS e
ovgy 5l eolatul b S e sloddd Sl a4 led oo
L oaliis slad g Olposs Sol jo o) (ganadiys
2,5 o, YL olsl

2 e Aol L at, e S V] dlie
sanl 5l (6558 (S WS ognl Llle
3 @l Sep a0 5 o)l Solar dlle S 4 cd
SleMbl Jgone Hob 4 om0 al38l 1) 06X
e o 5l e U ass oo ol o oSl 4 aldS
Olpls 05l S5l wae ae bl b ce s
Crlpwl SO L il oo g dadl> Sl ool

¥ 2l ¥V o,lbVFeF Jlo


http://jsdp.rcisp.ac.ir/article-1-1394-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-14 |

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

2 Fe ez 93 by, S (Y01 o 15 ags,
Corez ) g0 5l g,y ol Kles,S slgris 1) aladl>
RIS )'?L}*’ﬁL{ Coroz 1) awloads J».iu)
alasl> s.iv &)b )| LQW).’) ‘wj) U"‘ ) ~)‘°)-.‘°)-éd
Son SslS S olin WS e 5 00 b yo
aladl> Le |) 05.‘> IR LA.».) u...:ﬁ}n u-’)-*-éf ‘Q}M’LS‘Q
e 3l SlEee Slop oxe Cumezn g Wi b o
S oolatwl aladl> )5 0udio 3 Cuslge

Sy e Grex axz Gy, So {FF]
0’35) L)"‘ ) ool L;)M LSN‘AS A.».O.A Sledb!
O Corex ) o ALy 4 eadbldl Cusbae (p
Sltamer 0sd o Jlojl e 2 bl o SKL
Coraz iy o 08 o )5 o2 b by )T 5k 5l 08
G J.J‘so o),.>\) ‘) alasl> ) Og>g0 MJ.SBA L}"’)’“‘é«)
Ao @ VL Cepe bl bluner s plo
Nigh 1w Sl

o Sl 5,53 bl 5 ke gbes S,
o Cawloads 45‘)| aliso L)‘)fu*"'mB)" ‘L:r.wj.: alasl>
Comaz s o Ay 4y 00508l Cuxdse oy FV]
559 ol webioe Jlol abdl 4 ol Ses S
osliiul b g &S oo 0,53 1) 2838 olis sl ol
WS e Gl il L bl nl enlSe |
S eanl i @lp eabobil slad>el,
“FAL asle s BT 51 (S 50 0,50, onl il
oS oyue dOY] o culons a3 5 5y [0)
sheme i 5o 5l e laes 5 ALy 4 abdl
High oo S

@l o) Ken g Gloj lawgs [0Y] FTMPSO i,
¢cTMO 5 oTMO PSDR-hPSO  3g, 4w .05
o yig, cpl ,o auiiwas FTMPSO suiosls slaases
Jeine Sls> Golam g Jlopoye oS Glapeil
TMO g, 5l ol Se 5 Slojp [oV]wilallae Jae
Oirte 4 1y b soly a5 55 eolaswl FTMPSO o
) 055 by, gl amspo yodd Lo jo 50 CuaBse
ROOT  &eus (pizmen thiswsl [0Y] TFTMPSO
Olssds ()Kan ¢ glogy lawsi cabolgaiyy, FTmPSO
[6¥] RFTMPSO § 595 o solizwl ROOT 3, G
Sobal was wi,oS S dor] o sei o 0asel
(5“’5) L U‘“"j) w‘ Cloalds 43‘)| (ASC) ‘59.“.]4.‘ J:>o|)
SC o] o a5 WS o Joe TMO (sl oS! alice
SC a5 by ROOT (slagiy s ale 5 sl SoS
Slg oo ASC oi,sSl [O¥]asS o e wcenl YU
polie ulal 1) 58 Gla ol LT aS o 1K puouas

Pf 2l ¥ okl 1FF Jlo

oolaul (gilwdiss 5 s Jow Gl LIS ol el
bals 2bs) G55 sl @3l S Joe (al oS o
5 Ol pezs 5l aS Jb o ol glaBois ailss o
A5 e S5l 5 Lol

J> @lr il slaghs, oLl 5 Gy [V¥] s
olidl el la ybg, 3l (S sles ST @dl)) DOP
sl iy, dlie pl 1o uzen sl LDOP (gl aladl>
LY) U‘yLSA l.@u,uj) U"‘ :\.Lo? )‘ (o Ajl)l Ls)in)
g9 &5 alagby; g (ereraiz pmeddiss lajby,
s ] u.....?u uJ‘ Q; o)l.w‘ “.\..5(59 Lo Cuxoz yo
23lop g0 dlie ol 0 00883 slagbs, cn Bl 5l (B

5 eolitwl wi ol [¥e] i o a5 ,eblen
sloloswe b i e 4 o A oojb o] yo &S
Oz b ablie sl 09d oo ol lojgs sl 4 iy
Sgud oo cel oublhas c_s}u)b Sl (WDOP
Bz ke ;0 gyl dlgy 4 Aol WDOP
b >l <S> ol 551 ol pogdle ¥V wigs Lo
Sholgee @ ot ) eaiSlaal slaals
Slp Sojeel Bolsacgeme lgicay oo laa> sla ol
podle [YEYV]o S oslinal  ogie s,
(Slal s, Bi> g JulS kbl oy o
A gud o0 tS""“E JEVE YY) )‘ o owor}o LSLQ’J"")
Cosdgo baipo )lis a5 cddo pd Jooly o sy
Gl po s Sldas b sl canl 00isS lgasl ddlaio S
GF b olvee b @l wnld cnl oed joya
L L:bL’)T Wloyiayd 9 Cumez 4y 0dllo 533 s >,
bl U b dYe] dvol alin co0d sladool, Bis
0udo 3 sl ol jo Jdiuwe W Gz S
B G ro e 90 (e yds 45558 Sl Sl g
f-] ans wis SLDOP P JTIRR Lee—vvlsls
O b @lS IS Coxez g S a5 e
O ygods Coaras ) 050 g0 03 alssl> 5 UT u&o
&le (38, ;90 51U 0gd o0 Bi> b gz g Sola
Sy e el sh pSily Sl
il Gl Rl wls e el (g3l led e
Syt b 1500 lacraznj o] ;0 45 055 mpe
LTer-f laigs oo Jlad e yin Jaiome

bl copnse lp Jool, cpaas dFF] s
U"‘ Cslodds QLQHM l.sj.v alasl> » LS"H'A LS)L.AA.....QJ
oo kil sl eolall il wilole byl
oly 8,33 L Jowe (5925 Soutn e (g5lailel,


http://jsdp.rcisp.ac.ir/article-1-1394-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-14 |

g 00,5 gluls 1) aig ol sola Wiy oo aldl>
205 Gl o ysSl o 1) @l T ey

2o,laie Wb ol Comer wilen ol o aladl>
) ol Comax a5 Cgil dal, Glon 3do 5 050 aJyl
®)lie Al Comer S oo adsl 20 lade
bl Comex glp Comex 20 l0Ee gl o adl
855 o0 Syge (V) dal) 3.l

,),Vj € (1,2,..,D), Vi€ (1,2,..,N)

oo (Goydbgs—Y-Y
45 Wgd oo (Gady> alidl> g Lol Comex )0 polic
2l (6) 4 wiz b Sy ol lgi e (€) abss o
A3l by 4z b S Jald Wy e s 52 4l
oolaiwl cwa Bl sanades g, 5l (sanalss (sl p
Sgd oo el (golpiing Jhg, ,0 (gumalsSs Cwlond
19d L Coxe sln w2l G 5o 95
s 2 e pes Lads d ()l St &5 sboles
Slao Jo 5o ol bl 51 (S Lo s
Oovgy S S8 L el o el Ly (oleaigy
b dalgS g pi5 iy Hob 4 ganadss
(store) aladl> ;5 o > d-)-Y-Y
Ot 3 (S kbl o walS o Jooly (6l g0 S
oS S5 43 e oyl Ll ey 2o )lS 5 Bleno
Snl g 9 Wi oy AgSy Al ;5 5290 (slaodls
adlsl aladl> 4y (695,9 Jooly laicas g oo 1) aosls plas”
69990 (Gl > (glad loaladl> aS pl 4 azgi b oS
sl azals 1y 9306 Joly Sy 8,053 0 42,650 ST i o
095 3l Sgzge sl Gl (S bl s ol
g Bl gy Al ) syl a5 lmools sl (g5l o
Ol g3 09 ss 0l (o3l B g5l (G S)ls0 (2 3D
O pl & (Fho Al 5 s92ge S I G e 4 Jod,
2 0 aS ol 8l @bl 4y 0g,9 Al o 10 090 oo 03ld s
ol lag)] o 0 92l o s ho b plp e Jus
A0 s aladls ol 8l e Aoy STl (gl w0ed oo
Oyt 98 ol Wy o 4 0 e S w0gdh ad S
abbdl> ST g 0gd g0 a8 3 lai (o aladl> 5 ools oy 5 ce0d
aladlo jl ool 1 e )l (Sluyigrty 4 5Ls g el
Ozt g 95800 (ol Sl ez Bols g 09l 0 S
b aladl> 3 ools 1 s 8,033 (gl Ded o yho ]y
D9 e Ol & gy o BAGgS 5 03ls 0y Cnye

PO = jgoty ladss & oS (08
K o oo wigd a3 8 L o {CTOF, 5P, ..., CROF}
J 80 c{12,..,
Vi,j E &5 oo s pboogl o pl j aldys

by Sl &L wes e (e ool s
2 s TMO 5,63l %, [OYIRFTMPSO-s4

s s58 Umol, a5 Sbey ol 4o a5 cul FTMPSO
Codse Guite (SOl @ el yssl e J58 LB
S oo Sl Gan 58 Jely plsrea 1) ety
B> p5l5e les RMNAFSA-s4 3 RAMQSO-s4
oSy excl S jlade L RFTmPSO-s4 wsle
‘FTmPSO(TMO) iz le.bwj) JJ?'“(SA oolazwl
RAmMQSO-s4 ROOT-TFV ROOT-PV
, ASC § RFTmPSO TFTmPSO RmNAFSA-s4

Lovlewloas @l Slog sl iSs A,

SOy (509, -
'G5 Cgdl (6 lentnl ColBy oS SO dlie cpl o

[_3 OIJA_Q, ‘_;QLQ,_..._,_, B TY) J>l).a Cawloads ools .)Le,w.,.:

Cowlodds o s delsl o LS

Pl (395 (bl 51 gl Cnmozr ol A-¥
adyl Corer 3jlalbial goleniul Wl wyesl e
adgl ooz g, cal )3 gdiee Sl Bolal &)jso
ClSs) Cabl (5,985 Gk sl o ,eS DS
ko )8, Cannile ;5 Ngh oo adyl (23)lude (54l
loalels cadly ooz 5 5 WlisFss] &)50d bailile
Sk, s ) e Sy s, sl o
g5 osdl gyl ol alax 3l eaias co lad A gl
Jb &S bys zee ol oo o JliSws )3 Hlgi oo 1,

3,5 odline 0,4 g 3 T caily

ol (VA) dlaly 8l Coxax ddgl 2000

x(i) = LB; + (UB; — LB;) X At,(1 —
1),Vj € (1,2,...,D),Vi € (1,2, ..., N)

QEY)
Sl 4 0ed oo caalin (VA) dlal, o a5 @S len

ooldiwl Spwad clilS &l 3l Rand  JBolay s
DL?U‘ us.uj 6)93" UA;LM:‘ > 4.«.]9‘ Coro> u;‘;)Lu fCawlools

fe ucd aksls> IO 0> Z-Js‘ ‘sbé)m—\’—\“
Cre 8y Sy o oAbl Sl soloiing by 5o
Loz oot 0 dazme bolaiul Sz wer ozl
Oopsles > Jdod Lgy e S j0 080 oo colai]

).QUOW&M)QASWW‘Q&A&M&‘
S Oygoipl 0 g 0gh el alad Hles 0 Sae ol

! Chaotic artificial bee colony algorithm

¥ 2l ¥V o,lbVFeF Jlo

¥


http://jsdp.rcisp.ac.ir/article-1-1394-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2025-09-14 |

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

<O

adhe> Sy b oalbls pale o 2SGo3 o1 asb
Gilwo 33 hgy 9Sand 0ed oo Sl Clustery P
Cewlods ools Hlas (Vo) JSK& o aladl>

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-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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(Figure-11): Coverage of moving peaks by population
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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-15): Performance comparison of the proposed algorithm with other methods across different metrics
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(Table-7): The set of Generalized Moving Peaks Benchmark (GMPB) parameters[24]
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