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Designing Optimization Algorithms based on CLA-EC for
Dynamic Environment

Mojdeh khaksar manshad; mohammadreza meybodi

ABSTRACT

Most research in evolutionary computation focuses on optimization of static, non-
changing problems. Many real-world optimization problems, however, are dynamic, and
optimization methods are needed that are capable of continuously adapting the solution to a
changing environment. Cellular Learning Automata based Evolutionary Computing (CLA-EC) is
an evolutionary computing model obtained by combining cellular learning automata (CLA) model
and evolutionary computing (EC) model. This paper uses four version of CLA-EC model for a
kind of dynamic optimization problem that called moving peaks problem. Then we proposed two
new approaches, the first approach is based on memorization the CLA-EC model, the other one
that called memory-search CLA-EC is uses a novel multi-population structure. In order to show
the effectiveness of the proposed CLA-EC extensive computer experimentation were conduced. It
has been shown that the proposed CLA-EC outperforms existing approaches reported for dynamic
environments in terms of accuracy.

KEYWORDS
Evolutionary Computation, Dynamic Environments, Cellular Learning Automata, CLA-
EC, Moving Peaks Problem, Memory-Search CLA-EC.

1S STl Cannny ledbl 5,51 8 g Al (3 0aSils (pg58 aly oMol Sl3T olKils iyl ol IS (g gomitils '
khaksar_mojdeh@yahoo.com
mmeybodi@aut.ac.ir : Sy xS Coms « 3 gunalS” 00KL3NS S el oKiilo sode cuiin guae "



4doddo.l
O i ol San ¢ 983 & (3o dingp Alias 1 Cudgazme Sl pdn b altens iged o (sl e B8 0 55 S ol o
Jo 5o @l ssb & (elSs sla 0,581 4 L 51 el (55950 (oaaB o o, L o ol ols 335 e &) cllo cpl S1asS i alts
S sl o oSl (Lol IS sl e S 4y ceslin (Sl S s (ols 389 b )0 gy jsb 4 B gt JolSS
o 3 S Sy a0 ST ol VT e cnlpliy 5 diad oo T Ren | g 4 udle a )] o o ol ol
@le (o) w3 (oo Caws Sl Lane SIS b 600 399 ln O (2Ll ¢ 08 [Ken (LalSS 0 o8l ez oS (i (nl pliains
055,k Wl oad asliiul 03 S &g 4 45 Sl bg, 5l S 0,0 3579 Ligy (sl damee (sl (olS5 (sl o ,oS 5l canlie 5
bl VFABNFAVAANAY e | BLol alasls g[AQN - NVAYATNF Y | sy g VY XFDEY To)lgs g9, slo ogy5)
s olite sbgy sle Laws 5 aitas eSS Lgy (sle Laws ase [YYYANA]Y stazais slo oo, LYV YYYYYEYOYS] T >
Iy OBl cnl sl o3l el @jlie ¢ ol ol Some alsnns G a5 ol aseid 6l p3Y slo,lrs.aiylo glase (65l age slo by, 4
0l b Tasl anils Sezg dini> polie 5 5 ,ub 05l 6l ols Some wub Lolgieans s 1) Lawmes (sl puiio 51 (6 b b 5L ails
ot d e iy 09,5 iz il LIS Sleslre Bl 1 agleaiil ssle ayl ol gl b el ool Garogi 5 5k o0l sl
a8 ws (Jilea! plogi Jlo 53 slo a5 (63 4l Bl T e sla alB T ke ey b iy S alis NS i
il oas i led colis Some Jilaws lgie
o 5en sy o, lilinl CLA-EC  w¥ISl 5l s ol o0l a8 515 &y Sbiwl 5ke aige Jilews 510 CLA-EC (551
s ) 1y Ly sl daoma Sl 00,5 JUis U155 CLASEC b can sl (sl atoge Bloo | sams (sl o 80 5 ol
£55 532, Sl blgs pae ol Y 5l Sesl anils |y &lss 08,8 Jlis bl b ogs sbu|CLA-EC s sl b ool 5L
Ly slo e 51y CLA-EC ) i (o3lo any slo o, >k Lol Gan allie ol j0.cl s i cuidS 5l o Comex
aaly> 3 dnslie 3,50 alibl> (e (LelST sl o558 5 (g i sl o s b llie nl o 00l (b sl o oSl ol
ol 0 &5 (Some Pl Cl ABF 15 a2 g5 0,90 € (a9 sl €S G900 2L (G (St slexe 90 Ll en p0 285
Al dples sl MATLAB L.~ o b g5le eoly pleiog dales S ymie gl A aliie 0,5 o 18 Sbj5 Lo 00 Alas
poaSle laie 4 Sl il piiz a5 ol gom N aas> lade cal)ly olad O o aB M olss 5 poein (slo ald S alins
9b (oo dgad nj Djgo dr g 09d (oo iy (sl A sl i den (59,
f(X,t) = mex( B(X), max P(X, hy, (t), w; (1) ﬁi ®)
i=L.m (L

Gl all ABM Sy 0 4 S o feed | Al S8 45 ol b P 5w1)~u|mwuﬁgsou}p,@uB(x) Ry
B o e 5 ESNAS go e A8 o e 5 3l ) B o Sl el P ISl W i) el e L e
o3l S jall plplus S walss e8> S oli Job LVl aliwg & ald 1o (lKesiS o unid (B0lal (psS aiiie (50,5 8Ll Al
@)Imoabu&,mﬁwsawk %J?P‘)Qv&.AS@M‘)MwJS}AesMO@UMSjﬁQA&J}J
a5 oo Jgey8 05 anlys o > (s gz 0 dden alB A=) 5l gl @ol..a;)LolSJP).a sl A=e Slojls ol (LS eS8 >«
W 25 O jgo b Ngd (o0 AlB S i el
o eN(0])
h, ® = h, (t-1) + height _ severity.c (2)
W, () = (t=1) + width _ severity.c

P.®=p E-D+V,0

Sokw mSob ‘SUL"UT 2 o (holST s 5951 .2

a0 Ll oo olgids _alite i gyt (6L 1o 0 |, gz oSl llio cpl 55 o koo oy yoS)l ale 51 LolST (gl 551
p8 4 63l At s Gl w5990 (Lo (slad Sy a5 550 Sy (Sl S (oo 558 oIl W) (53,5 ol sl
ol b BB



max{f (X)|X B"} 3)

ol 5 S 390 935 8 S 58 ol S 300 (939 sy slad BT ={0" 5 i ol F() sk o
Sl St (gagiy Joe aidly (oo S5 090 dlae Sls slo > of) plod (gagi) 4y Bl (sogi) Joo g (sagi 4 adlga g3 (Il 5K
ol (o 4 JolSS a8 ol 5 i g i (o0 el s Slessiy 9 995 aLB3S )l Gulul p oS Bk (oo 550l SBlegsl (solass
Sl 4T 4y so9ih ALl Sl @ sogf oo oS0l Lablegil Cluilogon by dgute (b)) @b (bl 2 (o093 Ay (5, B 09d (o
A3 550l (SBlogil Sy s po il 4 9 03,5 el (S 90 sla s 4 ]) (oag) ALD ) el (o0 Jle sl Sl 25l B il
L plas ;e Soly sBlogsl NIY olass (099 95 2 AW N s 4 (oosi) 4 5 st SLad (1032 (229990 (28 b e () & e
e s ¥ g ) ey a5 sl T glime 4y aiS il 1) ¥ o oS0l sblegil 5 51l ol o Sl sl oy manlss ae oz
G opereS o o 1) oo Jae UK (25 o0l llns sloyeiie (09 Jias (28 L sl (Ll ol o ipdy o l) Vg ) ol o
Lol 4 b oasS oo uetd |y Con ] oo a5 iy bl sogi) Jow jo 180l Ulogil SO sogih iy 10 Con ;o sl 4 Koo o)le
e ks 550l gblogil 1o Jsho )il aiile Sl ol ol AT a5 slailan ool 5 1y oy )80 5o 5l 090 Lo

i 55 el 5ol Gblogi N &y sezme Jshos 52 o5 Jobo K L CLA(L e Ly )« Jsho 150l sblogl S eoms aslsl (s JU>
Al oo (0955 ALd; (o aid) (ol Lo Sai 5550 02 oS0l 50 a5 il oo sk o] o cazes Las N Job a4zt S5 sl o 50 00 0K
olos o sk 5Tk Gblogil (352 (39,50 (B L a3l (o0 2 5o j2 S (glid &5 el mily sl 258 1) o] i Cead o S
e a1y (ol ams sl oo 51 ooyl @l ol 2 g 031 )18 sy 0 90 1) 395 olaes 5 093 (agij slo i, o sk 1o
Se ST R Sl il (oed 485k 90 Sl 05l cul Bl (o0 Sl )3 o5 S Jalas sl l ST (e DL el leasss
ol cudls aalyss o929 Jlie pgif Syl 5l i S (sl (el iled USRIl 955 Sla S 5| (S plgie 4y 6% p555 e
w g ale |y cooll JUSew Hlo 5 sl oogas Dbl a5 Sleess (wlol 2 pg35 S (reb Sl G 50 (S Jolee b, )
o2l bl 4200 azrgs T a4y agly 4 (o] IS5 Bl oo LA 3,90 g3} (0 peS i Jolao dly 10 peenilSia sl B3 o 55 S0l (labilogi
2l (oo w95l s sl Sl el jleans (oo (LA ) ok S0l (SBlegil (158 &S (gl 10 w5 5 leegsy DSl 092 oS e

I - - X, .
A (Frge o S oo pdlel pgis )0 095 Jblite Cun (sl 1) 295 Sl 050 jlake ;T Glalilegil I plaS’ e T wdgs 6l o5l e

n eWti +1

B 1) (S (o095 axdy Jolo Sjgo ool 28 0 098 (o0 O (13l ABL LBlo (LS pgif & Cannd (5 e )« 92 pyi)

A e
X\ :{x: 1> T(new) @
neV\Lrl f (Xt ) < f (ne\/\4+l)

Jolbe (255 2 055 oo |y 380 nl il (oo sm sl o Ll B 5 535 (L5 )l ) oSk Jolae o900 e 0
OF DUSE) (g S5 aSed Sy 5 o580 Jobos S 51 (led) DS ) USEp0 cannils a9l (6555 ol8aus 51 JalSS 1 (5 S0l 536

D9l (oo 0330

String | ! String Genome
i Genome | l
i Determiner | - N :
1 "7y 0 Signal | 2

—;  Generator

New String Genome

1:String Genome of Left Neighborhood
2: String Genome of Right Neighborhood

Sl 5L SGLUT 1 otme JolSS v 59591 50 Jolw SO 5 (2o (1) S




Neighbors of cell 1

f_)\ﬁ

Cell 1 | Cell2 Celli-1 Celli | Cellitl Cellg-! | Cellg

ok 553 SELET 2 (Sitn (ol o )55l 00y o0listan! S 4y . 51 2les (2) S

Gl Jgl izl oo JuSis isu 90 51 eolgiias w.:.i)9i” 59 oolaiwl 3,50 qul.w 50k sblegsl gl y ous R, Qy'l.'é
@loos agis M Lo 5l ogiy axs, IS SE KM Se aseie slows bl ogzs ol Jbo bl (551l 51 jslare aily oo il
ool o Pog ) 0Ty oS (on ol |y P (glosis e 51 55 S€ coslisial 50 5351l o aiily o o P
B 55Us5 slecd; 4 st JUSems Jlop 0l oo Pop asgaze jloslil b (s JUSems a5 350l (156 g0 i
. R _ (il i,n L ' .
A S55e lop :Bt = (:Bt e :Bt ) S5 28 il oo b Ll gl yo eoliiul 500 (g, 28 4 i (nl 5o el dlxe
A e il plyie 4 v g as > Glaie ) ke daie iz 0 sl (o P gl baae Bti <{0.3}" o5 &jgo (nl jo il
Solai oy S ggi sl lama yo g [O,l]n alold ;o dgaze gl ls sl s 1y G dinnS b 4 Wilgy o Bti Q Lo 0095 o aid S
el Lza 390 P le 5,8 5 aalsl s sl [0,1]" alols s
K=01 ,olie il ey 1< j<no X! e o gl sl U pley o pll Jobo sogsy 4, X = (X7, X{) 50
w5 oo diloee 5 o0 a1y N (K)
Ni,j (k) :Z,5| (xti'j =k Psie)
()
s ol o iy Sso cal e s0s O (X = K|PL) =L sl ansls 1) K e Jobos el o XM piie 5150 5l
sl oo ooy [y B Jaia Ny 5 (K) 5l oslinal

B =u(N,;()—N,;(0) If X/I=0
BTN, 0)- N,y @) 1 X[ =1 ©

ol oy 48] o3 165 (6 5lome W) W)U 0 il o S cyuileB o8 A sl b ) T YL o &S il el al s U(L) a5

Initialize.
While not done do
For each cell i in CLA do in parallel
Generate a new string genome
Evaluate the new string genome
If f(new string genome)> f(old string genome) then
Accept the new string genome
End if
Select Se cells from neighbors of cell i
Generate the reinforcement signal vector
Update LAs of cell i
End parallel for
End while
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Parameter Value
number of peaks m Ve
every o- - -
Frequency of change f evaluations
height severity V..
width severity V..
peak shape cone
shift length s Ve
number of dimensions D 0 . . .
cone height range H [re,ve] P
cone width range W [V, 7]
cone standard height | 0.
Search space range A [oote-]
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Initialize

While not done do

For each cell i in both cLa-Ec, and cLA-EC, doin
parallel

Generate a new string genome

Evaluate the new string genome
If f(new string genome)> f(old string genome) then

Accept the new string genome
End if

Select Se cells from neighbors of cell i

Generate the reinforcement signal vector

Update LAs of cell i

If cell i is the fittest cell of generation &
If memory_counter < max_memory_size
Store cell i in memory

Else if memory_counter>max_memory_size

Store cell i with replacement strategy

End if

End parallel for

If environment change
Insert memory_population into ¢ a—gc,
Randomly reinitial action of Las of cra-Ec,

End if
End while
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