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Abstract: A new evolutionary programming technique E Agtgd 7 RAGEL ztr) thE = sl
using multiple subpopulations with completely different Fedog AztE 4 dsta AR A THisolatien time)
evolution mechanisms is proposed to solve the optimization Foliz A o] F(migration) & FalA PG el 4
problems. Three subpopulations, each has different evolution BE uggcl B =fodMe A2 FHE A5 TR
characteristics and uses different EP algorithms such as SAEP, W (ASEP), Accelerated Z 3} T 2 3 ")(AEP). Fast 7
AEP, and FEFP, are cooperating with synergy effect in which it 3 T2 IAWFEP)S HHVog & dynddor
increases the possibility to quickly find the global optimum of Z ded gy BT HAE  F(benchmark test
continuous optimization problems. Subpopulations evolve in function)oll thalA] Aoty duajEe) $5442 A&
different manner and the interaction among these leads to =3
global minimum quickly.
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Hg dAie A H(planning), HAl(design), FAF B odads e oE dy darke Al A
{(simulation and identification), # °](conwrol), E# AFS ol&s o Jd JE ZE2YUMuliiple
(classification} T THFEr H ) Fopel F1P ¥ Population Evolutionary Programming: MPEP) 7} 4 & =9t
g wglEte gaeFe AgE A FEE ASEHY o}, MPEP off A}8-8 Rl o gt g
gteh] AE drelsEsE A5 whgd vl v 1. Sclf-Adaptive Evolutionary Programming (SAEP)
Mg Holn nEoe] BrlsitAY P59, 22 S3E 2. Accelerated Evolutionary Programming(AEP)
HA 3= FAe] Az Hgtz g Aoy £ 9l 3. Fast Evelutionary Programming(FEP)

o pE #HE BEao] Anmor Hed £ ) SAEP oA 7l# a=(x,o)E 2 (ol met T W

a2y s dnadse 27 £49 59 FHAE A o TH2).

o ek o} iEel o dmFE A4 duge '

24 245 E ) syrergismy® 710 @ 4 Qe sholng ¥, =x +N0,q) 0
I (hybridy 92 B A i8] S(search algorithm) ¥ 7 O',, =, -exp(r- N0, 1)+ r'- N (0,1))

ohlat 8 okl &A sdo F& Yol €
B =Rois A2 ciE A JHS sRe ¢ A el roe(y2n) T e (W2n) e ey
129 dolEdsg e WY §A gmas HHz 53 g9 54 o & ¢ A 5
(Parallel Genetic Algorithm; PGA)<] % 3 B (subpopulation) sl
Ade SUF 2GS olgF A2 stojpo|= W gAE FAAZIR G FH £5F A7
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#s) AAAlo] ®Hak(direction) SAHAIS} Uel(age) W E
ALg-gt AEP 22| Tol AMtERATH3) AEP oA 7R A
B4 2% gol EdEY.

X' = [x{,--- JxLLdir(x]), - ,dir(x,'),age']r (2)
AEP A4 2] B Wolt SAEP = T E Wyow
A SAEP7F BE S| WE] U wyoE
9 Holak: Wi, AEP & A2 veld me}t &4
#o] wbg delgu}, AEP 9] wWHeF d4bae) el A
F2l Wake a9 (e we FREHL, E9 dHels
2y (9] wale] uel FH )

It f(x)< fix'[k-1]).

then: dir(x)[k]) = sgn(x,[k] - x [k - 1);

age'lhl=1

else: age'lk]=age'{k-1]+1;
vie{l2, N}, 9 el n)

ST AEP o B9 @A ol Wae] Wa
Fig 1. Change of directions and ages for the AEP.

If age'[k]=1
o' =, f(x'[k]).
then:) x [k} = x [k —1} 3)

+dir(x: (k= 1)) |N(0,5");
{o‘ =B, S [k]D) - age,
else:
X[kl =x [k =11+ N(0.0");
Yie{l, 2, N}, Vje{l2, -, n}

4)

whete f3,, i=1,2.: positive constants
I% 2. AEP 9] =9 ®oj 173
Fig 2. Mutation rule for the AEP
FEP % AEP & =ha7bR| 2 A2l violeh whap A4t
A5 ALgevd] 2y AP 8 W QAT -1 F
£ 19 guEk iREd v, FEP = T diudate] g
o= 2 (3 ol A5E4 7HHTLFEP o A B¥
e o s Fdstt oeln B9 ¥l W 43
£ ~AYY (scaling) A HFE HAE THGE RE
Aglda= FAsch FEP 2 B3 #o] W E I
(H¥ Zrh
E =goAE 7] tie B4% AiAe A dneF
2 Agsd = FAd d&M g deE e
e dugse AQgcd Akky dnHsve I
Hdeo] =Yooz AHRE 4 F AN olF
(migratiomy8 Bl AE7HY) ARE BT 4§
Aol Hne F AMER Ha Ad(best pool)E
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B4 a3, Ao FHAPelM H u(bestof-the-bestst - N
Ao RE BAGM AHFES B FE F AAE
waAlgto g AN olF 7 ojFolzlet ol ha el

If age' =1,
o' =8, -sca!e(f(x’)l
then:q .. ) (5
7 =x e dir(x ) N(0,0);
{cr‘ = 3, -scale(f(x')) age'
eisery .. r . (6
7 =x + N, o),
dir(x'*" )= b ox) )

age™™ =1, age' =age +1;
Vie {2, N}, Vie{l, . n
where f,.i=1, 2.: positive constants
T13 3 FEP o B4 ®el A
Fig 3. Mutation rule for the FEP.
Gl 12 shal o1FAAY @& meEel s
FAE AA g oz A} o] FAA 7] wE
of 7 TN AL ANGZ A BT F= 9
Foob4de) #4AE 24T 4 o Add dads
o +9 BHE 1Y @S B

Initialization

F Evaluate Initial Population ‘

b
Mutate using | Mutate using |: Mutate using
ASEP | AEP ) FEP

1 Evaluate New Population ‘

k.

Make Bast Pool with New
Population

Migration with the Best 1
of the Best Pool }

a9 4 Aotd FadEe #a oA
Fig 4. Evolution procedures of the proposed technique,
Aoty grnEGel ALRE Ty 542 E 19
aerabgich.



o7 FAHS o] 8 A Rg 3} =y dy )y

E 1 R¥Pve) 24 Wa

el A= ulak oAbz} De Jong Function 1 {Sphare)
w71 L B et
Sull-Adaptie EF !
gy | 2A99 dir(x') v e |
= . Waghtply Populsnon EF
SAEP | (u+w |- x o e
AFP |+ 1) [ x dir(x\) e {-1,1} R !
FEP  [(n+w |0 dir(x\) e R R JI
m. a9 gz g oF
i) 00 ml; BOG 1000
Aore Fmelse 45 e Bl Ad @ LA carscse
iz B HAE @45 HRd HUTHs) 1% 5. Problem | o e Hat Ha HEgEe g
Fig 5. Evolution of the averaged minimum cost for Problem 1.
Probiem 1. De Jong Function 1 (Sphere) D Jong Function 2 (Rosenbrock)
- -
flx,x,x)=3) x,-60<x <60 e TR
1D —— FagEp
Problem 2. De Jong Function 2 (Rusenbmck) - :\\ T Misle Pegnlen €9
1 T ———
%x) =100 - x,F +(1-x,-60<x <60 sl A ——]
Problem 3. De Jong Function 4 [ PN
O tn
Flxx)= T x4 N0, -1.28 s x <128 e M
Problem 4. De Jong Function 5 (Foxheles) ] \k
v .
f(xl , xl ) = 1 - 0.998, o 200 mGg"Na}mEl] 0n 10m
1"500+zﬁ_(—F 2% 6.Problem2 o} gt B HA Heg=zo A
l 1

65536 < 1, <65536 Fig. 6. Evolution of the averaged minimum cost for Problem 2.

Ow Jong Function 4

a, ={-32,-16,0, 16,32, -32, ..., 0, 16, 32} — g
., =(-32,-32,-32,-32, -32, -16, ..., 32,32, 32} e oot
Problem 5. Coiville Function
S ) =10004 ~ 0 +(1-xY +90(x, ~ 5 : [ S
#(1=x +101{x, —17 + (x, =1 )+19.8(x, = 1)(x, = 1) 3
-10<x <10 _ T e
Problem 6. Griewangk Function e
Fltx) =30 (x! 7 4000)- T, cos(x, /i) +1 am | TR e e
—600 < x, <600 Gensraion
21 7. Problem3 o] Wid HF HA HYme g
A G 27120 FIE DASDm dmaSe H: Fig. 7. Evolution of the averaged minimum cost for Problem 3.
& #ssl #8 so “191 g o X Hagd v Do Jong Function & (Foxhotas)
#AGch RE BAE gaol daA esid e ] — e
ZHes 4d9& WA e 29 2435 Ul .- A= = sk anente
8= 2 TR -
 AAFE 4578 RE 4ngEd 59 9, :; I P‘;
MPEP 9= ZF R @S 152 53t " ¥
7 z7] B3 Habe 0~1 Alole] @& Ad, i 1
1) A 27 el 1. .
4)  AEP: B,=50. B,=0.005 FEP: B =0.5, 3,=0.005 Generatien
5)  AEP: 27| Wi 4] B2 1 3% 8 Problem 4 o] g HF HA Hegxo) zg
FEP: &7] Wk oAbz} o1 ~ 1 Alajg] Ald=gzh Fig. 8. Evolution of the averaged minimum cost for Problem 4.
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Fig. 9. Evolution of the averaged minimum cost for Problem 5.
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Fig 10. Evolution of the averaged minimum cost for Problem 6.

7t B39Ee) B4 Fo & ¢4 dE5E R
AF5E I8 54 2¥ 109 Z3 aU T 44
gole 4 v} F, SAEP £ HPE @59 mofel F
A 71 &7 5 olF 1l glowA shte] Ad#E 7R
= oy A9 HAse golof wlE] Amides
A" HAHHE R el 49 4L R
9th AEP = EHFE el it w3, Aol g
Fhpo A 95 %L HolF FEP = HF T 49
A5t g3 AYo] & FAFo F5E HEE B
g}

MPEP = 2@ Atgg ZE o g &
AR EHRT $4T 45 299 o)+ MPEP 7t 2t
Backel ZHg FA&HA 2 BAGeR olFF &
g5k JjAge) 47 e gxneEes APz
s chekAel B4 WE S £2F 42 £ U
uj £ ojc}.

o r

v, &

RE A3% A AYE dAET A
Be A7/ URAY oW YndEE 2T BAG

#HlasA s FYUriNo Free Lunch(NFL) theorem)[1]. 2
HA B =FAs B i A& $58 458
Boly dugged F3ges Algq Mg 2o
YUES Mddozsy Pst qitel 45 g Adstgdn
MEHG & BE EH 2 YJ5dts dudse g
ARE A MPEP & 3 mRolA] Algd o2 ox
BERce 84 $59 v 2o ol & 2y
woll ] 713 Holgk AASe] sjeiA o|F7t UsltA
Hez 4% AA0 2tr) o 548 A gn
2 5ol o sy s &e) YA S FANTL B
ehfel 71 Held JAH FHE AT gAEA Bo
BEowE £ &8 A8 5 Qvh

o3 At MPEP 9] AFE #4717 A9 4
Aol AA o)F WS Ay, Ha4o RiARL FHs
71 fg AFst daAol # FHelok gy ¥ #&
A el deMz dde] elFojel © Aol
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HAE @504 2B 452 Jved = deax &
Aajop & Hel},
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