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Abstract

In the real world, we face some complex and important problems that should be optimized, most of the
real-world problems are dynamic. Solving dynamic optimization problems are very difficult due to
possible changes in the location of the optimal solution. In dynamic environments, we are faced
challenges when the environment changes. To respond to these changes in the environment, any change
can be considered as the input of a new optimization problem that should be solved from the beginning,
which is not suitable because it is time consuming. One technique for improving optimization and
learning in dynamic environments is by using information from the past. By using solutions from
previous environments, it is often easier to find promising solutions in a new environment. A common
way to maintain and exploit information from the past is the use of memory, where solutions are stored
periodically and can be retrieved and refined at the time that the environment changes. Memory can
help search respond quickly and efficiently to change in a dynamic problem. Given that a memory has a
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finite size, if one wishes to store new information in the memory, one of the existing entries must be
discarded. The mechanism used to decide whether the candidate entry should be included in the
memory or not, and if so, which of the old entries should be replaced it, is called the replacement
strategy. This paper explores ways to improve memory for optimization and learning in dynamic
environments. In this paper, a memory with clustering and new replacement strategy for storing and
restoring memory solutions has been used to enhance memory performance. The evolutionary
algorithms that have been presented so far have the problem of rebuilding populations when multiple
populations converge to an optimum. For this reason, we proposed algorithm with exclution mechanism
that have the ability to explore the environment (Exploration) and extraction (Explitation). Thus, an
optimization algorithm is required to solve the problems in dynamic environments well. In this paper, a
novel collective optimization algorithm, namely the Clustering and Memory-based Parent-Child Swarm
Algorithm (CMPCS), is presented. This method relies on both individual and group behavior. The
proposed CMPCS method has been tested on the moving peaks benchmark (MPB). The MPB is a good
Benchmark to evaluate the efficiency of the optimization algorithms in dynamic environments. The
experimental results on the MPB reveal the appropriate efficiency of the proposed CMPCS method
compared to the other state-of-the-art methods in solving the dynamic optimization problems.

Keywords: Dynamic Optimization, Dynamic Environments, Memory, Moving Peaks Benchmark.

> il oo 470285 a0 0 wax (il o) g dodilo —)

Iy 5y el islo 5 o nmlin g, ol 45 09
L) 2. 1o 9 Ea o O i e 9 om ‘éijlm L! ng)j-l"‘b @9‘5 LSL""") e

(S seba sl gy Cenlioe &5 s 554,
1gd o0 ol (gl 09,5 98 4 (siludige Jilas
3 be Sileange Plas 5 Ll iluage Jls
S 5 ooy Sl Al angy il (g5luaigy Ples
s Sy ol 50 Alice aing gy Jilas 53 .08 oo
B sl sl age 2bo) &5 gyebar S o
Blae b 0gie el ul g og walys (g)lsdo
OBL pogdle a5 widly (giluaigy slapi ;o8] waesls
3 Geizmen ST Jlis |y it slaaige sl i
i gpdg) (owlel Gl 4w b Ly slalao
ool e Ol by plolis (Gl s
O & b by mBgear Wlgh o y5SIl aS (s jsboay
Sty loj (nyeS )3 g wed (LS 093 5l Dl
odbguie abible (lly (egs g Culas aige
Seead a2 G e dasee eni L el )3
A Sl (S w095 Sy (e w25 (n e 9 0y
Yegd polocewsl e rages LS e 5 e
ORL slp 0 dlSen 098 Sy (ilugsiie 1n) el
A0 e 4 ol 2l Ser G 5 S e gy
o5y cplply s g0 ralS 1) 0,65l oS casa
Wl S Cadgazme b diged «Bam 0 o (S

3 eolainl ddasre Dl s 5l e (g lwaigs Gl S0
2 Soria Sl 8 somer slad 4 by e DL
aladl> )l oolaw! b u—“)-‘L*-’ el Jovey )| UM §Ten
Wgd oo 0,5 Sloy90 & jg0h allis slad sla ool
WWgdgo bl o)lgs dhae i bl Dyse y0 g
Sloo gy soznr @ Gllp S5 gy ol &
Flo ilotinrr o0 eied S0 ilodige
oy (380 (6 jlwdigs s hg, 5l ool oamy
O 5 gleag Bl o 50 cwl SIS W86
T R T e e T i
O Soop gl S G lp (Bolal s
[1, 2] s oo ool i
olai gz slaghy,  ole 5o
Al s b 5 48, F LSS sl S
slyp s Glopi ol oSt aiis (slodsg
S a4 dlie cpl jo Ll ouls wl)l g3loag
Silwtinr oyl Soad Cel &5 mpbpes
oSl o g ull,
oz a8 b ilgy (sl (g5lwainge slops )5S0 )
Syl g (some it g Wsd S e dige Saon @
Siled J3 0 Lol ples o1y £9i5 g asS JLis |, ] »
N ‘ " Sl 3 > ) "
o) abibls Sols Sg5le 5 abibls 5l oolil Y et b Ol e soel (Ko 00 £ silotige
Slpati 4 iSly 5 b cnl b podgyg; sl a8

Cel Wl oo (adidl> yo o ool SLsL g 0,33 )
e SO 69959 Olyeas 1) 5 2 Gl oo e

298 (g lwaige o sl L bl

1 Diversity

fFA ol Vo, Ve JLlu

&


http://dx.doi.org/10.52547/jsdp.18.3.127
http://jsdp.rcisp.ac.ir/article-1-1025-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-26 ]

[ DOI: 10.52547/jsdp.18.3.127 ]

Los S)lwdisg i Sigmdiligh 9 Aladly jo (iine 33) 8- lg A GBS @ia )9Sl

2310 o0 (e (97 293 4 gy je aligS 5
oyl Lol oal slpaioy CellularPSO pb a4 Jsbos
3 dome Ol 5l 6 So e 0, 0g, ol yo el
50 Ohd Cumenr 50, eemds 9 (CA) ¥ Jolos sbilegs]
Slp 0s el Jslo Gblogl slo sl S5l
@S cely )5 pl a5 S s I v dig 8L
b @ o8 S 10] 0 sdice sl At
AmQSO 2,631 jo .cwl 0uls 41,1 Adaptive mQSO
5 b oo Giol38l laaiws slass (o glaald o Slau,
ST AR TV AN CH TR
S5 a5 (5 sk S e oolaul leaiws sled ol S e
a0l A AT WS e ol was ol atws
mQSO slat oSl [11] ;o .S oo SaS waz oo
ool 5l cols gg a5 il ouls @l )l FMSO
‘rv-:-.!)jﬂ‘ O.a“‘ ) e l.:y 6L&>Ja.:,7m ‘51).3 Qlj»') 'nl>.>)"
el pgiileS” D) g S OIS alus g0 a4 Olyd
098 Mz & Cumex 5 eiysfl ol o Nebioe
Ol ol b ga 5 Joe dw Jolds g g oo ol
oi,ol [12] o sl ol Sep ws 5 a8 (pglileS
el 0ol 41,1 (MPSO) ¥ glawsais &3 (g 5loaig
by o Jbd aiws sloss ancios o080 ol o
oolp lade glylo 4 glaiws L o 0 g oud dguse
sloldes slyls o 68l cpl g oo Jlad sl g
felr RSol esras yeds G9S sleane
sbowo ABC Jow G oS el o0 alyl (CLABC)
CLABC Lol o351 cwl (wlee) ol
oo 50 (Bgian e 935 (9l sla)ls) (09,8 Kl
Gr G bl Cexex adgl oS5 L ABC
5 S 2 Ik ol e gy el
el oals @)l glaiwosis> ABC 40,0501 SO ([14]
Lis 1) g9 S Conl chmezaiz o, SO ABC
ABC 10,68l 0 el IFolusl 50w

S ooy Gloy K35 50 baaws slawy glaiwonis

3 Cellular Automata

4 Multiswarm Particle Swarm Optimization algorithm
5 Comprehensive Learning Avrtificial Bee Colony
Optimizer

A 2l Vo kel 1Fer Lo

@5k @)l Sezg Ay piz &5 gladae o Y
IR P L SEPESRVESNY IV S UV ARty
A JLss 1y age
dizx gaslSee ol jo Jlassl JSg5le 5l colazul F
3 S il b s ) Aty Sy 4 4
Do o mals 1) 0,6l oS (T sasme (g5lailel
Silwdinge pl,esl S allie ol o cplpls
aS ool wlyl aip,d-ally aiws wlal 5 desois
I, S0uSs batws a5 (5 9bas cuwl dndls ISg5Le gl)ls
o)kigd sslilely 5l 6Tl el (nl 9 WS oo &8s
Gly abls 5l oSl ol o piomes 2900
5 ond ooliinsl L3 (gominr slid ledlbl (,lugS
S5k S5l eges haas g akadls SIS oli8l cpe
Alae pl jo ol oal ad T o was 0K
ooy oolitwl S i slaall Soxe 1 o yioley] g
S e gloall S (g9, » bagiles] @b 5wl
Pl Jo o olpiy wpu)sNl &5 aas o lis
Sygbr il (Jod B LI slo by (siluaie
55 Jelots 5 25000 1T em dine Caos 2 Jigo e &5
IR Gibe 9y5e bange Fite oS sba b
pssl Sy Gl el andls vg2g 5 S o
Slwainge by, 51 (Fnoa bl e
Joe &3]y wgde asby
slelose sl (FTMPSOY) &l )3 ploojl  ciresais

D9 s
coMrﬁL?!j‘

E9i5 Ay ey BB (g ol el eal @l Ly
pbay o oSl SO 4] o cwl ey Ao
6‘,3 Cozez g0 )‘ U’ZS) Q"‘ sl 00 QLQM CESO2
o a5 S o oolaiul ags oo,5 JLs 5 olels
dor O35 Jotee 6N 5 95 L ot
(s Sre iz wi el SO [B] o ] (gl s
)‘ u"ﬁ) Q"‘ 3o R PR 4_1‘)‘ ul.:w fa; [V'*-’)ﬁﬂ‘ »
ooy eolauwl 4.J9| Cozo> du.]y 6‘)" uy«j KL+
olyd Bolar olals 1 o, 68 ol jo aS wad )
myesl SO [T7] 5o el ool oolaiul gai5 Laas> (gl
)‘ 005) U”‘ )o ‘w‘ W) 4)‘)‘ ubo lﬂl}b)‘ » G......A
by lp abdl Slesea g5l o e aladl>
f""“’)?’iﬂ kS.: 5[8] 5o Cewl o oolaul gy &y
U”‘ )Q ‘w‘ AW 4.5‘)‘ LS"‘""M? x» Gu.uo ‘-")‘5 ‘Dl.‘>b)‘
05 2 g Nebios pradl plaadss 4 D13 oy 68l

! Finder—tracker multi-swarm PSO
2 Collaborative Evolutionary-Swarm Optimization


https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=9&ved=0ahUKEwjQ6NC_kaPcAhVQalAKHRauB0AQFghXMAg&url=https%3A%2F%2Fhomepages.cwi.nl%2F~bosman%2Fevodop2007%2Fpresentations%2Flung_dumitrescu.pdf&usg=AOvVaw0HlPRTn8n7CB7HicbwpAHC
http://dx.doi.org/10.52547/jsdp.18.3.127
http://jsdp.rcisp.ac.ir/article-1-1025-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-26 ]

[ DOI: 10.52547/jsdp.18.3.127 ]

S 22] o wies e plxil 1) cabcdl Condse
Cls n S glsssr ileang el
J?—?\M AJ|3 Awd Sl odld J.._i“u JJ))ﬁ Awd
A ol g glad o ool >l9 oo,S e
55l Gl pose Cu Wi anws Sy ol ol
5ot pi)ssll sl e bl idnanel o
p.u)ﬁfﬂ o RGO IPR W 4..3;}.) UUP GvLM) u‘j}
e Femine S Gleredy w8 aws o (golpiin
by e ool o a8 (Glej B g 0gi o0 a8 S ks
5,8 dwd WS o 1) g Joel, G wilgs ST
Sl Gl @y ans plpls S oo alad 1) 595 codled
dolol (il wde oylgs a5 JSloj b > ol 5 09, o0
Sl o Jad o wnd ol a5 w0l cols Lasid
prlSe SO by, el 0wl culds )] ddasais
Olasl & g5l ol oo solatwl Tl o pdy
el L] 0ygkai00i> Plae gl dul)lS o 6501 SO
‘5‘).: o..\..uwj.c.» alssl> )| Ly oj.wksa L,;)L.JLuw
Ll oo oolazul 51.,_9 sl >l Q.))ji.)l.l 4 g Gukas
ol &5 el sals 4l )l DPSABC ooy ,65l ([24] o
Silwange slap, s 5l (S5 Jae S0 )
(ABC) Juus j5.55 9IS piu 68l 5 (PSO) @lyd plos !
shede gilwaigs sl PSO 5l o ol ol jo il
U"‘ ) .)9.,..:‘54 oslawl ABC W“")ﬁi” )0 Cauroe> U")‘)"
Ohgsy den (Biln dvslone 5| Gy (JSom 52 3 s
(_g).w‘).w o)é R 9 .\49..»‘540 oslo u.....:‘).‘a‘ PSO l.'
b}.wu;o w.».u o.\.mwfo uu)‘).b )Jolﬁ.a u,ul.m‘ PR P g
Sz o0y (oS Gaddss 3l eolaiwl b [25] o
J S T NN NI Qe
iz ol o as cwl ouds wl)l alize slaslow

o Aol slabls )l jasis jshaiedy ganade> Jow

8 Memory-Based Method
4 Stable Adoption Mechanism

J> lp Comer G5l )b S Jold 02,650
oi,e8dl S f15] ol Lg gileaige Pl
oy slgit MNAFSA ol 4y egice alo e
@l loan T8 5 ool daylis ) oy oS el 5o el
(AFSA) s ulial egias alo o bl a2y s3]
) a8 oz Wlgy golening )98l B wilos S s
116] 5o a5 JLis | gl cdamn jorid S g 5 i3S
St Sl Jo sl il (e By, S0
L oabbdls SO g, ol 5o el oald olpaiy Ly
298] (1) 0SG55 o 9801 (V) i poSU s 51 (oS 5
6,545 e oz (V) 5 o3 anws (g5loainqe
chaw Lis gl olpriy akdl> 5l as oul colaiul
0,8l SO J17] o sl ool oolatul cuslie g4
@ g wdss L) 5l T o as sl al)l 45 e
w85 oy Jrs 95 S5 3 Sl (g 1SSl
il b Sy omysS) Sy 18] o el o
3l oS 7 sl (nl &S ool 4l )l (MEGA) aid iy
ol gy o L19] 5 sl S5 wi s L aladls
6 Ol bsy ol 4o 45wl a4yl CPSOZ
S b e g Wadoe el (plaalss
o8l SGf20] 50 0 pdoe Bjge (e S92
alloanl 5 Sy » e O3 plogl glawsnis
3 lbaws JuS Gl Ghey ol po a5 Lol ead
el ool ookl (Gbs) easS JLss g sanl g5l
Sloy diws (paiz g odnl alws S old a5 5,9k
A Camd (6 i Oy olaws lyls sl atws !
Sl (ald) lbaigs 8L Jotww 9 Lo, atwo
s S 05 o0 S ed dnge S 4y oanly 45 K
Peb (Sl oail Sosdge 3 B asS e JL3 1) b,
Dby dwd iy ;0 GBS B 5 sile b Gl
o At Crl S e g w3 (oe g |) A
55 G)er Joo S5 [21] o el ey
e T I S N
b Camen G gy ol 5o sl ool slpiy ol)d
S Syt plosyl Lol LS5 1 eslicd
2 &5 Lad g i gl I iduonel 4l uoir
3eoliwl LU Ko glcires il glzl ok
Ot ShblL e e D glhaine

1 Multi-Artificial Fish-Based Algorithm
2 Clustering Particle Swarm Optimizer

fFA ol Vo, Ve JLlu

&


http://dx.doi.org/10.52547/jsdp.18.3.127
http://jsdp.rcisp.ac.ir/article-1-1025-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-26 ]

[ DOI: 10.52547/jsdp.18.3.127 ]

Los S)lwdisg i Sigmdiligh 9 Aladly jo (iine 33) 8- lg A GBS @ia )9Sl

g2 s3lwainte 50 oabplnil sy 51 (& 2 :(-Jgu)
(Table-1): Some of dynamic environments
optimization methods

o lxo L5 e
PA.: ‘Lsaélj aﬁ)lf ‘m.\c aald é,)_\.“,a...f
5 &S0l 3l eolazul Ay o5 oo FTMPSO
5 loogs gl 595l e 5l o
Slass! 5l el
T EAPERUNES
bl 4 b At (210 E95
S8 g5k 51 eslaul e sl 9 (6 sl o CESO
Jlazs! Sl mSslr
o009 S e
) £9i5 lad>
oolaiwl el (590 2 o i £S5
sl S35k 5 G T L s
N
L5755k 51 eolauwl caladl> 5l oolazwl
5 S o )laxil i @y 2O, REXS
s gjle Bolas Lo ol)S 58l ol
o J>ol, Eo5
o8l Hglls 9 Ol yetd LS
w0l oolaw! sS...u) él.asdlé 631%5)
.o c . EA-
m.:.la.u Jryu e u;"‘“""" ‘J)z.m KDTree
slm proowes ‘Lm):.al)l.; (_ngUaé ‘pf
e oS o
g olal olaxs o sl 5L Eo5 Lass
Sheolaul b sloald 58S 5l CellularPSO
sbazsl Sg5le o095 @S e
pas oS (g pduSlasl | s barws slass
33 6y ks NEY-ES- ¥ -1 Y Adaptive
S 550 51 eolaul S o (555 mQSO
Slaxl Yo oS e
Slaws » wos\_\m
3 oolatul catws ooglS slawonis
MPSO
el 55l &
anlio
S5l 5] oolia P
S92 ¢5,90 542 CLABC
L 92 4S)9 'ﬁ’f
slesst o,
PRCPIRE SRSt
‘AAS ‘(5*3‘9 b).'))ls ‘6|M¢w
le.:n;.wbb )| oolawl oS ol 641/5@.@ mMNAFSA
(ol 5 ko | ey il
o ol & ol
L;me).lo )| oolaw! pae caladl> )‘ oolawl
PR
50 cawlio aladl> &5l 5l eslal
SaX) B0 nadlP) ile
(g S S poe | g 2z b, CPSO

A 2l Vo kel 1Fer Lo

L s sk o i 5 e oo Lol L Lo Jsko
ol Glae SOl eolawl b adgs o j0 baedl
5 Sgbes dmlne SIS (Sojdag Sl (e
2 Ldl b ladske e slacaled avcie 5l caledyo
oolatwl g low o albls )l aisS ly dbs> o
ol )] (oS 5 ganade> g, o [26] 5o 058 e
Olpsar sl ganadys by, 5l &5 ol
ovgy ool a8l ead eolatll 4l sasdlies
sleades is ol pae dax 5l cdee slocars
S Alie il 5 )5 |y SISt 5 555 i
Lo lolooxe (gilwaigs daiw) o a.).,i}raLer.J‘ sb,ls
3P il oo S Baslss Lol cals ooy 78
S wer Gl gileane Gl X
e (pl ooguzme 40 5 Cowl ol wl)l Zlglpuen o
s, 5l B e S o [26-29] o waes
A g0 g slalaowe (o5luaigy ;o calplxl
S Cowl 4>5.v J.:lﬁ Sl 00 uaM (\) J9~.\> 3o
5leanans S el laiwsnis slap oSl 5 e
)o@]¢5w5mww6ﬂ&)ﬁjluﬁb
s ol ol Ll g pSereai 5 S gy
Lol sl (L8 sl ;oS! dncds sl Sae (g0lganiin
0,05l cnl 30 gl Sglite JolS jgbas o] conle
G Wy sa,lop ojlail oSl 5l (6 S pmonas S
oateie Sl cpl a5 el oald oolawl uilais s
9 KH IR U’“”U .\.”9 J‘)Ja‘ )A.O.> L)‘\.\.:))B as .\..SGA
558 CoaBsa (p g g CuaBge  Bolai oS > 51 ]
D5 00 Awd [0 Xj,8 CuxBge (p Sy g dlwd O
‘OML)L"’ R 9 6[9)5 9O e NG PRV
o2 LS laaius Cga sase (gslailely 51 ey oSl
axdly g5k 5l golpain g, 0 aS Wlos,S eolaiul
)'| wolpion g, o u.:‘ 5 oogdle T PV
ool oolatwl aldl> gly gmas Lol sl
@bl g a8 (oo a1 2985 (950 (b9, (nl 9 Sl
s isu ol ool yioldl L3 sla gy a4 cond
@ 9d Ghu ) b wale all nj e dlie sun
sloald oo aw idu 10 0980 g0 sl gl
5J-‘-L7U4J)LQ-'>Q-7’-')° .wloMooloCr’bJ)m
Loz Oide 50 5 dgd o0 aloy bl o)l con
e Coul (g3loiin B9y (o) 2 Jol> &5 (6 S

[27, 28, 29, 30] &b o LG


http://dx.doi.org/10.52547/jsdp.18.3.127
http://jsdp.rcisp.ac.ir/article-1-1025-en.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-05-26 ]

[ DOI: 10.52547/jsdp.18.3.127 ]

alS5 5loypi 5351 )Y
3l g 03gaze 3 Bge jsbar (LSS slap )5Sl
JjL..wo J:> LS‘J" 9 Sloads solazwl 60).3)[5 &l&ML)J
sbis Glaol,y Jis e cwlin (gjloaigys
J.‘> st.‘ oolazw! S99 LsLibp.u)gﬂ‘ g Mlwd laa.v 6’3‘5
ol @l Wgs ke sae lyls b aslen b Ll
Mg Wb Sre (Lol o)Xl Sy sileane g9
Jio 1) Olpess Cejusay 5 oS Lol 1) Ol
b 1) e LSS Glagi )55 (Jgonssboay 1S
3 gousie polic a5 (5 5bds il cunlie [l aladl>
2 dgp 54 gmiue anlb (50 adly e aliil>
O ygody ‘_gl.bJ>o|) )'| 6“"‘9"’*’.” ‘L,;Lol.i'; ‘_ngw:;{)?fJ‘
oolaiwl b b olel sla Jool ) cigd co slxy! Bolas
Wi Carexr Ko g AS oo oy 5SS e 5 es
L Corax o s Culpd e S oo ades 1) 05,8
ol @pSee JSE Ol s pilly Cures oSS
Jio lyisa cpols @iy Lyl o5 Sy b anl
WA wgh e LSS Wl ot Jus olaws
oals Hlas (V) S8y JlSS o638l aily slaclles

Basic operations of the evolutionary algorithm

init(POP) initialize the Population
eval(POP)
WHILE (termination criteria not fulfilled)
POP = POP U Memory
Spop = select(POP)
S’ pop = crossover(Sppp)
S" pop = mutation(S'pop)
Pop = S"pop  update population
eval(POP) evaluate individuals in the
population

ST v oS sy wlidoe (V- JSCi)

(Figure-1): Basic operations of the evolutionary algorithm
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(Figure-2): Convergence of the CMPCS algorithm
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Basic operations of the CMPCS algorithm

POP, = rand(|POP|,D)
gs = lch] \\Group size, gs, should be a positive integer

|POP|-|ch|
F(PoR,)

For j =1to (|POP| — |ch|)
Best_ind =

Swap(P01)j+|ch|,:'POPBest_ind,:)
Vi €{1,..,|ch|}:ch;, = POP;,
Vi € {|ch| + 1, ...,|POP|}: Hi_jcn), = POP;,
Vi € {1,...,IM|}: M; = CreateRecord(POP;y cn).) &&EXP; = 0
Vi € {1,2,..,|POP| — |ch|}: B; = 0&&Counter; = 0&&Trial;

=0
Fori=1tol
For j=1to (|[POP| — |ch|)
if (ChangeFlag)
Worst_ind = min F(POPr_:)
r={|ch|+1,..,|POP|}

W = POPWorst,ind,:
Iz, =Index of the most similar memory record to W,
POPWorst,ind,: = Retrieve(MIFM)
if (F(W) = F(POPWorst,ind,:))

POPWorst,ind,: =W

EXP,,, = EXPy, +1

if (EXP,,, > 6;)

Best_ind =

EXP,, =0
MIFM = SaUE(MIFM. POPBest_ind.:)

r=(|ch|rllf.)f,|pop|) F(POP”)
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etseif (F(H;) < F(POPyorst ina) )
EXP,,, =0
Hj,: = P0Pj+|ch|,:
ChangeFlag = 0
Trial; = 0; B; = 0; Counter; = 0;
Continue;
if(Counterj > Hﬁ)
Counter; = 0
ﬁj =1
Continue;
if (Trial; > 6;) \\ 6, is a threshold
Trial]- =0; ﬁj =0; Counterj =0;
Ien= POPyycny,
My = Save(MIFM'POPJ'HCh\.:)
Restart POPj, o). and Vq € {(j — 1) x gs +
1,...,min(j X gs, |ch|)}:POPq,,;
Continue;
Vge{(j—1)x gs+1,..,min( X gs, |ch|)}:Fq_: =
POP,, — POP,y

min(jxgs,|ch|) |2
b= Eq:((j—l)xgﬁl)lr‘?“

\\ 4 is a threshold

gs
if(v < 0,&&B;) \\6, is athreshold
\\ Save the best position and wander
Ipn= POPj,:
M,,, = Save(M,,,,,POP;.)
vre{(j—1)xgs+1,..,min(j X gs, [ch])}:
RandVy
POP,, = POPigyjsy, + e
VisualCH&&RandV, = rand(1,D)
elseif(v < 6,&&! ﬁj)
\\child becomes near to the hen & near to the best & far from the
worst and also have some freedom
Forp = (j—1) x gs+1to min(j x gs, |ch|)
RandV = rand(1,D)
POP,, =
(chp,~W)r1+(POP 4 cpy,—Chp, )12 +(Hj,—chp . )r3+RandV
|(chp,~W.)r1+(POPj 4 ch);—Chp, )12 +(Hj,~chp ) rs+RandV |

X VisualCH +

chy,
elseif (B;)
\\ child becomes near to the hen & near to the best
Forp = (j—1) x gs+1to min(j x gs, |ch|)
POP,, = LOPsens=chp ot Hy=chy Jrs vy gy 4
P |(POP 4 ich),—chp)r2+(Hj:—chp,)Ts|
chy,
else

Forp=(j—1) x gs+1to min(j X gs, |ch|)
POP,, = ch,:
= (Chp.: - W)rl + (POPJ'HCM.: - Chp,:)rZ + (H/l: — Chl"=)r3
|(Chp.: - W)rl + (POPJ'HCM.: - Chp,:)rZ + (H/l: - Chl"=)r3|
X VisualCH + ch,,,

check if a chiken is outside of VisualH; if so,return it

Best_ind = max F(Pop,,)
r={(j—1)xgs+1,..min(jxgs,|ch|)} "

X, = POPBest_ind,:

if (F(x) > F(POP ;)
P0P|Ch\+j,: =X,
Trial; = 0; B; = 0; Counter; = 0;

if (F(H;) < F(POPy..))

H;. = POPjyen;
else
if (B))
Trial; = Trial; + 1;
else

Counterj = Counterj +1;
Forp=(j—1) x gs+ 1to min(j X gs, |ch|)
ch,. = POB,,

CMPCS (solpsuiny o 981 S Al (Y- JSCl)
(Figure-3): The pseudo-code of the CMPCS algorithm
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(Figure-4): The diagram of the offline error and the current
error of the proposed algorithm in a dynamic environment
with 10 peaks and frequency=100
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(Table-2): Standard Setting for moving peaks benchmark
bl Sl
number of peaks(P) 10
Change Frequency (f) 5000
Height severity(h,,) 7.0
Width severity (wq,,) 1.0
Peak shape (Psh) Con
Basic function No
Shift length S, 1.0
Number of dimensions (D) 5
Correlation coefficient (1) 0
D, [100 ,01
Ry [30.0,70.0]
w, [1,12]
I 50.0
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(Table-3): Standard Setting for the proposed algorithm

Ay Jlade
VisualH 5
VisualCH 1
|M| 10
|POP| 100
G 5
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Table-4): A comparison between the offline error and the standard error of the proposed method with other methods for f = 500

Slasy Multi
" | cMPCS | AmQsO | DPSABC | FTMPSO | swarm | CElMIar | pysq | MQSOI0
Wals PSO PSO (5+50q)
1 3.25#0.25 | 3.02+0.32 | 2.77+0.00 | 1.76+0.09 | 5.46+0.30 | 13.4+0.74 | 5.58+0.19 | 33.67+0.34
5 2.54+0.27 | 5.77£0.56 - 2.93£0.18 | 5.48+0.19 | 9.63+0.49 | 9.45x0.4 11.91+0.7
10 [3.34+0.42 | 5.37+0.42 | 3.42+0.00 | 3.91+0.19 | 5.95+0.19 | 9.42+0.21 | 8.26+0.3 9.62+0.32
20 |3.11+0.15 | 6.82+0.34 | 3.12+0.00 | 4.83+0.19 | 6.45+0.16 | 8.84+0.28 | 17.34+0.3 9.07+0.25
30 |3.35+0.18 | 7.10+0.39 | 3.69+0.00 | 5.05+0.21 | 6.60+0.14 | 8.81+0.24 | 16.39+0.4 8.80+0.21
40 |3.08+0.19 | 7.57+0.32 - - 6.85+0.13 | 8394+0.24 | 15.34+0.4 8.55+0.21
50 |3.09+0.24 | 7.55+0.32 | 3.22+0.00 | 4.98+0.15 | 7.04+0.10 | 8.62+0.23 | 5.54+0.2 8.72+0.20
100 | 3.10+018 | 7.34+0.31 | 3.01+0.00 | 5.31+0.11 | 7.39+0.13 | 8.54+0.21 | 2.87+0.6 8.54+0.16
200 |3.05+0.16 | 7.48+0.19 | 3.16+0.00 | 5.52+0.21 | 7.52+0.12 | 8.28+0.18 | 11.52+0.6 8.19+0.17
Vorr W53 (5l oleition (09 O)lilinwl g (o (49 » las dmslio :(B-Jgu)
(Table-5): A comparison between the offline error and the standard error of the proposed method
with other methods for f = 1000
shass Multi | olar MQS010
.| CMPCS AmQSO | DPSABC | FTMPSO| Swarm FMSO
Lals PSO PSO (5+5q)
1 2.50+0.24 | 2.33+0.31 | 1.68+0.00 |0.89+0.05 | 2.90+0.18 | 6.77+0.38 4.42+0.4 18.6+0.16
5 2.37+0.26 | 2.90+0.32 - 1.70+0.10 | 3.35+0.18 5.30+0.32 10.59+0.2 6.56+0.38
10 2.12+0.15 4.56+0.40 | 3.23+.0.00 |2.36+0.09 | 3.94+0.08 5.15+0.13 10.40+0.1 5.71+0.22
20 2.10+0.14 | 5.36+0.47 | 3.40%0.00 |3.01+0.12 | 4.33+0.12 5.23+0.18 10.33+0.1 5.85+0.15
30 2.05+0.21 | 5.20+0.38 | 3.28+0.00 |3.06+0.10 | 4.41+0.11 5.33+0.16 10.06+0.1 5.81+0.15
40 1.77+0.26 - - - 4.52+0.09 5.61+0.16 9.85+0.11 5.70£0.14
50 1.46+0.17 | 6.06+0.14 | 2.67+0.00 |3.29+0.10 | 4.57+0.08 5.55+0.14 9.54+0.11 5.87+0.13
100 1.17+0.19 | 4.77+0.45 | 3.08+0.00 |3.63+0.09 | 4.77+0.08 5.57+0.12 8.77+0.09 5.83+0.13
200 1.06+0.14 | 5.75+0.26 | 3.01+0.00 |3.74+0.09 | 4.76x0.07 5.50£0.12 8.06+0.07 5.54+0.11
Beer i858 gl (soleiiion gy O lailiwl g (s (39 2 glas dumslio :(F-Jgu)
(Table-6): A comparison between the offline error and the standard error of the proposed method
with other methods for f = 5000
shass Multi = s oytar MQS010
. | CMPCS | AmQSO DPSABC | FTMPSO Swarm FMSO
Lals PSO PSO (5+5q)
1 1.08+0.14 2.62+0.10 2.25+0.00 0.18+0.01 0.56+0.04 2.55+0.12 3.44+0.11 3.82+0.35
5 0.76+0.19 1.01+0.09 - 0.47+0.05 1.06+0.06 1.68+0.11 2.94+0.07 1.90+.0.8
10 0.65+.10 1.51+0.1 2.13+0.00 0.67+£0.04 1.51+0.04 1.78+0.05 3.11+0.06 | 1.91+.0.08
0.61+0.23 2.00+0.15 2.07+0.00 0.93+0.04 1.89+0.04 2.61+0.07 3.36+0.06 2.56+0.10
0.55+0.15 2.19+0.17 1.88+0.00 1.14+0.04 2.03+0.06 2.93+0.08 3.28+0.05 2.68+0.10
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40 0.51+0.25 - - - 2.04+0.06 3.14+0.08 3.26+0.04 2.65+0.08
50 0.46+0.08 2.43+0.13 1.91+0.00 1.32+0.04 2.08+0.02 3.26+0.08 3.22+0.05 2.63+0.08
100 0.35%0.15 2.68+0.12 1.89+0.00 1.61+0.03 2.14+0.02 3.41+0.07 3.06+£0.04 2.52+0.06
200 0.31+0.15 2.62+0.10 1.87+0.00 1.67+0.03 2.11+0.03 3.40%0.06 2.84+0.03 2.36%0.05
Verre il 18 (gl ol 95 9liliwl 9 (ad (g9 0 las duunlio (V- Jgu)
(Table-7): A comparison between the offline error and the standard error of the proposed method
with other methods for f = 10000
sl Multi | onlar mQS010
. | CMPCS | AmQSO | DPSABC | FTMPSO | Swarm FMSO
wals PSO PSO (5+5q)
1 0.17+0.14 | 0.19+0.02 | 2.67+0.00 | 0.09+0.00 | 0.27+0.02 | 1.53+0.12 | 1.90+0.06 | 1.90+0.18
5 0.12+0.13 | 0.45+0.04 - 0.31+0.04 | 0.70+0.10 | 0.92+0.10 | 1.75+0.06 | 1.03+0.06
10 0.0940.12 | 0.76+0.06 | 9.01+0.01 | 0.43+0.03 | 0.97+0.04 | 1.19+0.07 | 1.91+0.04 | 1.100.07
20 0.09+0.01 | 1.28+0.12 | 6.60+0.01 | 0.56+0.01 | 1.34+0.08 | 2.20+0.10 | 2.16+0.04 | 1.84+0.08
30 0.0540.12 | 1.78+0.09 | 7.70+0.01 | 0.69+0.09 | 1.43+0.05 | 2.60+0.13 | 2.18+0.04 | 2.00+0.09
40 0.04+0.15 - - - 1.47+0.06 | 2.73+£0.11 | 2.21+0.03 | 1.99+0.07
50 0.07+0.24 | 1.55+0.08 | 8.10+0.01 | 0.86+0.02 | 1.47+0.04 | 2.84+0.12 | 2.60+0.08 | 1.99+0.07
100 | 0.08+0.27 | 1.89+0.14 | 8.34+0.01 | 1.08+0.01 | 1.50+0.03 | 2.9340.09 | 2.20+0.03 | 1.85+0.05
40 —
==+ Current Error for memoryless
35 =&~ Offline Error for memoryless
-#-— Current Error for memory-enriched
30~ = = Offline Error for memory-enriched
25-
20
15
5
10
os
S
0

2 1.80 (0.19)
5 1.09 (0.28)
10 1.29 (0.24)
20 1.71(0.12)
30 2.76 (0.28)
50 2.67 (0.22)
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Offline_err + Std_err

Initial Visual Parent (VisualH)

1 2.75 (0.15)
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