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1 FLsIC

BHTHECREZHEBES. BEMNAIVHOTHNIE, HHNZLSADRLOFETRERE
RODZENHEKD, L LAaNSsKERMEMIIH L TIIREZATHENZRENFERIN TN S,
CDANTHEER2BEE LT, Bill. EEORBERHL Z3ERE L TEENTIVT) XAREEENT
W5, ZOELHTIVTY XLDPITITREM T VTV XL (Genetic Algorithm,GA) RELN T TS 5 3
> % (Evolutionary Programming,EP) 78 E23% %, EP iZALABEICN T 2BHDTY 7O0—F &L T, L.J.
Forgel IC & DIRF SN, #&IZ, D.B. Forgel[2] IZ &k > THENZ S NCTHAROERBELFEE L THRS
NbDTH S, UK. EP iTEBUEREKORHEL [4) PTOMOBREMENRELZICLBRAINBICES
T, GABZREEMIRT 50 EMBMIC EP TRERERBENEELHOTH D, EHEN EP
TIR&ME KT Gaussian BRERICED FHREERL, BETFROBEROHN S REDOEGNBIRENT
REROB LD, D Gaussian DA Z A LIZRRER DS % CEP LRI D CEP DR AT
RNBNEWS ZETHD. ZOPRMMEEZHET 572901 Yao 5 [7] 13 1996 4E I Cauchy i 2 H L
FRAZTRICLVERER EP FEEREL. % FEP LMATWS, Cauchy 2713 Gaussian 776 &
BIZVERKDOZRE—AD FEFDD Gaussian AL D BEVRBEF O TS, ZD®, BRER
DHRELTAERTSFRIZHE SR EBERETHIEKRD, ZOZEMNCEP &0 FEP OF
PEYNTHBESNTWS, TDR CEP OLWEAGRICK > T FEP X 0 BWRHERD Z L2
EN. CEP L FEP DR A ZHHEIGTHALLEEHAREDREIN TS, EEMITIE Gaussian 5
i Cauchy 3ICE BB DMNEP DEREVAD, ZHUNDFHEFERALZHDE LT Lee & Song|5)
1% 1999 T Levy # i Z W/ EP 22R L TWAM, ZOBMHII/NTA—FOWMDFANHE M THESR
EZBIBREMRIRITIZEND D, ZORMDBH /8T A—F A Gaussian 77 & Cauchy 277 I/t
T2HDOTHD, HRNICTHASMOREUIRELART I EAHKD,

Narihisa 5 [9] i 2002 £ I S HEHAHIC & 2 RAZREFM /- EP 288 L. “h#% EEP LA T
W3, ZNRIEAEESMICHIELEEEATEHOT Gaussian MLV EVWEZEDL, LhbEigE:
FLELBRTORMHERORE<BND &S AHETEERITFEP LD HZOMHERH KE R
NEEIBDELTERENTWS, LNLARMNS, EEP KBIFB/NNTA—F A DREEIIDOVTIES
DEZHRBRAUNETIUNMIBRET BHERIEELRN,

AL EEP BT B/ A—% A DPRFHICEZADHRICDERFNLAZHDTCEP ® FEP & &b
BTCXLKHONIARDFR—IBBEICHEALEBRIIDZZLDEDHBDOTH D, IOERERE S ITEG
HREBIZ K > TIHBMHIZRZ DD A—F A OEHRMED E D H T2 & BREKD CEP ® FEP
VR ZTOENEEHBLEZBDTHDHEEZ D,
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2 EER(MIOYS5I2Y (CEP)
Forgel[1] ® Back 5 [3] IESHIZZAZ R % MW CEP RENZMA LIZVEE L 0 bE% B LIRS
HERTZLE2MELTRAHDOT, FRX TRESNBALRERD CEP LD RT3,

2.1 EGRR
EP X &1J @R (Population) Z e 2@k E LT, @& X;(i = 1,2, -, p) & n RKITEREX
7 RIVE n RTINS A—5 n ZRNT, UFOLS 2T 5.

X = [z, m74] (1)

i = (2i(1),- - - 2:(d), - - 2i(n) (2)
i = (1(1); - 5 m:(3), - - - mi(n)) ©)

ZZT3i=1,2,--,nTHO. z;(j),m(j) ZBENENRY ML z;,m; DE jRDPTH 5,

2.2 CEP ICLBRETRICDINT

B (2, ) ITDOWT, ERSACR o LRRERICL B TR (2, 7) DERRIZ
£(5) = z:(5) + m:(5)N;(0,1) (4)

7:(7) = n:(5) exp(#N(0,1) + 7N;(0, 1)) (5)
ZTT i(4), %(5), m(), h(G) 1. BNEN XY MV OE j B EERT,
LU, j=1,2,ne
N(0,1) 13¥39 0. HH¥ERE 1 OERELKZ, 38 CECREIEEEREKETRT,
T =(V2/n) %= (2n)"1 £T B,
REEREE N(0,1) DREF KL, —RICn BO—BEK z1, 20, -, 20 KL T

3=

N =

n .

N(0,1) = ’=1—1 (6)
12n

ZORZFHETHIEX n BKREFVEE, N(0,1) IFLMEREEL DEEREICR O REEREART I LM

TES. nVREVIFLEERDIMADOEUEIRLL 25D, VER—BILKOBEENEL D, TORE

B E< B, Eiin=12 0FA. EUERETODTH RO EHROFEE LBVTETD, AHET

Eon=12&L. UTOLD Il L TREEREKERE I W,

12
N(0,1) =) z; — 6.0 (7)

Jj=1

U, 2;130<2; <1(j =1,2,---,12) D—4REEKET 3,
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2.3 CEPOAET7IITUXA

Stepl. p fEDEEN S5 MMRADER. FEEII n RITDELRY MV X; = [z, 74
Step2. &H (z;,m) TE—DF (%, 7;) & ERK.
2i(j) = 2:(5) + m(G)N;(0,1) 8

di(5) = mi(4)exp(#N(0,1) + 7N;(0, 1)) 9)

U, 5=1,2, fto
Step3. £ TOEFICOVTOBEGEBBERFE. f(x:), f(£i),i=1,2,-- - p
Stepd. ETOHREFHEMN S q EHEI

Step5. BWINEEHEL, & 2uBOBEEN qEIDI BEDOELIIH L TELRTHNT1EICDOE 1 OBE R
21585,

Step6. 2u EDEEICD XL RDLWIEIC u EER,
Step7. fEIERHZEMHE T S E T Step2 M 5 Stepb Z#E DK T,

3 BE#{LMHIOYS53 Y (FEP)
EP iZ81} % Cauchy RRAERARL —F DHRERFT D DICRABERF XV —F 2[R\ T CEP ®
NEBFEIZTOEEHEATHI LTS, FPEFERET S 1 KT Cauchy BEBBIIRDOLSITEX
5*‘-60
1 t
1o =z mre

EEUt>0RBAT—IINTA—F LT 5, ZHIIHET 52MEKIEROEBD,

,—oo<z< 00 (10)

1 1
Fy(z) = 5 + —arctan (%) (11)

fi(z) DI Gaussian FBEREK ELUTWS A z BHTAED < OAEH TELS ZO/FEREFEL 2V, HR
& LT, Cauchy AHOFBIIEBEKR L7255, FEP OB 7 )V I X LIZKERS A CEP DZNEFUTH
MR (8) DEDLDITKDOR (12) ZHEAT 2 RAMHRL TS,

2i(7) = 2:(7) + m(4)C;(0,1) (12)

L. Cj(0,1) BHLMRz =0 TRAT—INXTA—=F t ¥t =1 2FD Cauchy ELEET 5. Cauchy &L
BOREIZDWTIE[0,1] RKEIO—#EEZE y £T5& (11) RITHBL T

m=t-tan{7r<y—%>} (13)
c(0,1) = {tan <7r (y - %))} (14)

D, ZhE C0) TR
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4 HEEESHERVEERNTIOS SIS (EEP)

EEP IZBWTH FEP OHA EFMEIC. CEP EDEWVWEZR/NRICIEDZNBEFIEE L, ELEIMITX
SUEEMEOBVWERT 2, NTA—F ANIZBITS 1 RTEOBESERSHOMEREERE f(z) 13

f(z) = %exp{—-)\|w|}, —00 <z <00,A>0 (15)
ELTEHEABNS, ZNICHET 2 HmEAKIE
Fz) = { %emz:[k:c] z<0 (16)
1- gexp[-Az] >0
ERB, LENST, ¥9z=0. Hlvar(z) = & L7285, TOHMIASMIERICH L THHFETSH
D, ZOHEIBZNTA—F AL THIELEZBDTHS, ZOFEROREHEELTIX[0,1]) KfD—
BRELE ¢ ITX L T, . .
_ { Xl:"'(zy) y<s3 (17)
—xin{21-9)} y>3
ELTHEAONS, ZOEEE E@O,)) Li2L. ZHIFEHN0 T, NTA—F ANSRIEKEEKT
5, TOTEMS E0,)) =1E(0,1) &725,

BAEREK E0,)) 1T E0,1) 2RD2Z LK VHBICAHEI NS, EP IKBWTHEAT2EEID.
N(0,1),C(0,1) B E0,\) THBM5., Ch5ONHORTER 11, A\ 2LHI L EO/KT %
2127RT, Yao 5 [8]ICkB & C(0,1) & N(0,1) DHMHRFHEICLDRDZ L EEHL TS,

- FEP T C(0,1) DAFIC BT BEDEL (long flat tails) T EAR LNV BIZSZFREREL D 5.
c CDEERRFBRIIEBAD I EICEDNHEDENEHES 5,
- —%. C(0,1) TIEHRLBEDEDE S AMEN T LT K D BFFREEICH T BER DD DNER ] %

b3 LR E U TREREHICS 5 REZMOERS (fine-tuning ability) ZBHELL TV B,
K1m5bbhdk5IC E(0,1) 13 C(0,1) & N(0,1) OHRMAESM%ELTHE0. EO,\) BK2%23%5
EXNBNEITHEDHICBIZRBOEND ZESTES L, A 2RELLTHERMPEDORHOHES &
RELTBHIEDHTED, §RDSE. E(0,)) = +E(0,1) DBFTHMZEHBETEZ 2HBEF> TV S,
E(0,)),N(0,1) BT C(0,1) KBTI H45MREBLEELDEDONR 1 THS. SHOILNDITDONTIE
lz| > 5 2BV BREEIZ C(0,1) T12.52. E(0,0.3) T22.32 EAEL TESH |z| > 10 T C(0,1) #6.30
THBDIHL. E(0,0.3) Tid 4.98 T C(0,1) IKHNRTSH B2k E L Tid FEP LH DRREEN £ 1
LE%. —F. RINEHMOERENTOVTIE 2| <1IBWT, N(0,1) 1% 68.26 IR LT, E(0,2) i
86.46. E(0,5) IZDWTId 99.32 &72> T EEP ORREH DR LEHFEL S 542> TND,

& 1. 2% (%)
lz| <3 | |zl <2 | |z|<1 ||| >3 | |z|>5 | |z] > 10
N(0,1) 99.70 | 95.44 | 68.26 0.30 0.00 0.00
C(0,1) 79.54 | 70.05 | 50.00 | 20.46 | 12.52 6.30
E(0,1) 95.02 | 86.46 | 63.21 4.98 0.68 0.00
E(0,05) | 77.68 | 6321 | 39.34 | 22.32 8.20 0.67
E(0,0.3) | 59.34 | 45.12 | 25.92 | 40.66 | 22.32 4.98

E(0,2) 99.75 98.16 | 86.46 0.25 0.00 0.00
E(0,5) 99.99 99.99 | 99.32 0.01 0.00 0.00
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5 HERE
5.1 REMKRME

HNREMEELTIRER2KXEABRLICIOHETCLSASNTVNBRVFI—VREI0EELE. WY
h%%mﬁ@ﬁf@ N f1 ns f5 Piﬁ—@%ﬁfﬁ&ﬁr? uni-modal &&T% 0. f6 ms f10 mﬁﬁw)%
Frf % # D multi-modal B & 78> T 3,

52 NSA—4

ERIIBIBNTA—FIRUTOLIITERE L.
(1) ke 1 =100
@) h=F A FHA X ¢=10
(3)EEP ®/%5 A—#% A EEP1.--A=10

EEP2---A =05
EEP3---A =0.1
Z2 NFR—UHE
SRS S Smin
30
filz) =) af [—100, 100]2° 0
5o 30
fo(z) = lul + ][] [-10, 10 0
i=1 i=1 2
30 i
fa(@) =) ; [—100, 100]3° 0
i=1 \j=1
fa(z) = maz;{|z:],1 < i < 30} (100, 100]* 0
29
fs(z) = _[100(zir1 — 7)? + (i — 1)? [—30, 303 0
=1
30
fo(z) = (lz: + 0.5))° [~100, 10030 0
i=1
30
fi@)y == (xisin (\/|a:,-|)) [500,5001%0 | -12569.5
30i=
fa(z) =) _[a? — 10cos(2mz;) + 10] [-5.12,5.12]% 0
=1
1 30 1 30
= — —0. - 2] — — 5 -32,32 30 0
fo(z) 20ezp [ —0.2 30;‘”1 erp <3Oiz=;cos21ra:> +20+e | [-32,32]
1 X 30 .
- 2 _ e - 0]3° 0
£10(z) 4000;x, il;[lcos (ﬁ)“ [—600, 60
5.3 RERREEME

EEP O )\ 2T AU BB D=0 A O 3EOEICK LT 50 EETLZEYICHTH2IR#EEZE
1500 HAE TEHEL., WRIBEESINTWVS CEPFEP &L, 722U, f3 & fu KDOWTIHHREZ
5000 & L7=.
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5.4 REBRER

F2D fi ~ fio FEBC > THEBRLZOTINHREE B LD T %, WHFEKZK 34 ITFT.
fL RBWTIZ EEP3 2 1200 2B A =H/= DM 5 FEP L D bENZINHFEEEZRLTEBD EEP1 ®
EEP3 O X S IZREABPFRAIIESNBND, RAIZFEP LD HBRWREERLTWS, EEP2 ICEL
TIZ CEP X D ENHMZRL TWABNFEP IEETIIAW, f IKEL T3 EEP3 #8300 2B X /=
HOMN5 FEP & D bENLICERHEZRL TH D EEP1 H EEP3 O &L 5 KRBANRRRIZE S iz
WA, RAICFEP KV B RWFHEZEZRL TWS, EEP2 ICBL TIZ CEP K D ENZRKMEERL TEMN
FEP iZETidiz\. f3 IKDWTIE EEP1 A%, 3000 #A2®@A 7=/ 00 5, EEP2IE 4000 #AZBX /-
H7Z0MNS FEP &0 bENRHEERL TVRBMN, fi, fo KBOWTHRDH 7= EEP3 A 5000 A ETT
X CEP & D bHhBMREROTND, fy, fo £ HICFEP BMENZ#E%ERL TH V. EEP1,EEP2,EEP3
3EHITCEP LD BHENTIINZHOD FEP I EDOIEHMMEEZRL TWARW, f5i1d. 900 #RZERA -
& Z 5T EEPL,EEP3 2 FEP &#fa7a<RL TWADIZH LU TEEP2IZ CEP K0 %> TLE-T
W3, f;id. EEP2,EEP1,EEP3 OJEIZIRL TH . FEP £V & EEP B &tiICBNHERER- .,
fs, fio i&. FEP,EEP2,EEP1,EEP3 DJETIUK L TH Y EEP & D FEP OANBNHREE Lo TS,
fold. 600 HRETIZHBNT EEP2 i3 FEP L 0 HIRAMNBW, LML ZFDH 900 HREZBE LT
ATFEP LD bHh2RER O,

6 EL&o

EBAAOBRNERASDZ LI, M2 5 bHETEDLIIT. FHOKENWHNREMRDER
EAREnEEDNS, ZoBANSTHE C(0,1),E(0,0.1), E(0,0.5), E(0,1), N(0, 1) EIT IS KEEAS
REEIND T EOHIE S N BNEREERS 513 E(0,0.5) R E(0,1) £DE->TWB I EAHBILT, &Iz
uni-modal BISUITH LTI E(0,0.5) #MNT 2 OBRMAEABMI SN EBDNS, C(0,1) &6
9% FEP i8R EVELKOZRICED 1000 HA < 5 W E TOWRRILIZAARIFAREE > T
%, multi-modal BA¥IZH LT, EEAEDS—ZATFEP OANENNHREEZRL T 5H EEP
DFAH CEP KDIERWHHEEZRE>TVWEZENS A DEE A =0.01 HBWVWE X =0.001 DA —F—T.
multi-modal BIEIZ D W T A Z 2000 22 5 5000 IEME 2B EDPERFEEIC DV T HREIT 240
EXpB5EEDNS, BEFAEOBRSNSTHIE, EERICHN IR HIIMEE (individual) Z2HKRT 5
EBMENRT MV g OFBEOREBEF/LHCEGOA (self-adaptability)[6] & 512id n O FIRMED R EE
BRENEBLTVWRHDEEZSNS, LEMS T, SEDOEER T uni-modal BEIZXH L TIE A =0.1
2% multi-modal BEITH L TiE X = 1.0 WEDRICRFFEZR L. 28 %38 U T FEP 2SR WA R &
10DSE, ¥405@ICDNWTIIEEP OANBHFRERERL TVWS I ENS, EEP FEMNEP O
TRESEORENHFLIBZbDOENZ B,
SHROBELLTRIHREELTO OEDH, BREFROHEICBITIDERADEDFITDOERINTZ4H4
ENHBHLBbNS,



R GRS | iD= A AN 121

L P

[1] L.J.Forgel,A.J.Owens, and M.J.Walsh, ” Artificial Intelligence Through Simulated Evolution,” John
Wiley Sons, New York, NY, 1966.

[2] D.B.Forgel, ” Applying evolutionary programming to selected traveling salesman problems,” Cyber-
netics and Systems, 24:27-36, 1993.

[3] T.Back and H.-P.Schwefel, ” An overview of evolutionary algorithms for parameter optimization,”
Evolutionary Computation, 1(1):1-23, 1993.

[4] K.Chellapilla, ” Combining Mutation Operators in Evolutionary Programming,” IEEE Transactions
on Evolutionary Computation, 2(3), 91-96, 1998

[6] C.-Y.Lee and Y.song, ”Evolutionary Programming using the Levy probability Distribution,” Proc.
of Genetic and Evolutionary Computation Conference (GECCO’99), Morgan Kaufman, 886-893,
1999.

[6] K.-H.Liang, X.Yao, Y.Liu, C.Newton and D.Hoffman, ” An Experimental Investigation of Selfadap-
tation in Evolutionary Programming,” Proc. of the 7 th Annual Conference on Evolutionary Pro-

gramming, Springer-Verlag, 291-300, 1998.

[7] X.Yao, Y.Liu, "Fast Evolutionary Programming,” Proc. of the 5 th Annual Conference on Evolu-
tionary Programming, MIT Press, 451-460, 1996.

[8] X.Yao, Y. Liu, G. Lin, "Evolutionary Programming Made Faster,” IEEE Transcations on Evolu-
tionary Computation, 3(2),82-102, 1999.

[9] H.Narihisa, K.Kohmoto, K.Katayama, ” Evolutionary Programming with Double Exponential Prob-
ability Distribution,” Proc. of the Second IASTED International Conference on Artificial Intelligence
And Applications, September 9-12, Spain, 358-363, 2002.



122 BX B AT RAFELZ

Evolutionary Programming Using
Exponential Mutation

Takashi KuMON, Keiko KOHMOTO and Hiroyuki NARIHISA *

Graduate School of Engineering,
*Department of Information and Computer Engineering,
Faculty of Engineering,

Okayama University of Science,

1 - 1 Ridai-cho, Okayama, 700-0005, Japan.
(Received November 1, 2002)

During the last two decades there has been a growing interest in algorithms which are based on the
principle of evolution(survival of the fittest). These related techniques are called evolutionary algo-
rithms(EA) or evolutionary computation methods(EC).

The best known algorithms in this class include genetic algorithms and evolutonary programming. In
general, solving a complex system can be perceived as a search through a space of potential solutions.
For small spaces, classical exhaustive methods usually suffice. However, special artificial intelligence
techniques must be employed for large spaces. Among of these evolutionary algorithms, evolutionary
programming is originally developed by L.J.Forgel. Later, D.B.Forgel proposed EP algorithms for nu-
merical and combinatorial optimization problems. In order to improve the classical EP(CEP), Yao et
al. proposed fast evolutionary programming(FEP) using Cauchy mutation.

In this paper, we propose a new dpproach, in evolutionary programming(EEP) using the mutation
based on double exponential distribution and present the empirical analysis of its convergence perfor-

mance.



