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BEEFOMATE DI EREENR T = 75 27 (Exponential Evolutionary Programming : EEP)®)
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1. £{L¥WTRT 352 Y (Evolutionary Programming:EP)
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Stepl. FHEAD AR
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Step2. TFRDARK
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T= (\/27) 1,7'—(2n - (5)
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FEP i3, EHAMICHE D CEP OHELPBEN &V ) REEZHE L7z Cauchy FADEEIZ K-> TFHREAE
1% EP Thb. FH%FER LTS 1R Cauchy BEBH f,(z) IZUTITRT.
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L0 S1(6=1,2...,n) (6)
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1 1 T
Fi(z) = 3 + ;arctan(?) 9)

Cauchy &% % C(z,t) £+ 5 & &, FEP TfEH SN 3 Cauchy ELEIIF Lz =0, AT —NARTA—F t=1
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C(0,t) = t-tan{ﬂ'(a - %)} (10)
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L729, C0,1) KK E RS,

0(0,1) = tan{r(a - %)}o <a<1 (11)

FEP O7 V3 Y XLk CEP TOFRERFEE (4) Rvd (12) RICEE L b D LT 5. C;(0,1) 1%
N;(0,1) L RHRICMEAE X; D j ZEICEEERETS.

zi(§) = :(5) + n:(5)C;(0,1) (12)

L3EHAE(M T 1 7 F I F (Exponential Evolutionary Programming : EEP)
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7(z) = Jeap(~Alal), ~c0 <z < 00, >0 (13)
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L EP THERAINIEKEOSHEZK 1, EEP THEASNBEBDNRT A —F N\ DEE2ELIEEL XD
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EEP DffEFRIGMIZ FEP & CEP 0L V2 5.
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LD RRFRRENFREL 220, A DEER /NI THERBELSEDEN C(0,1) D & 5 2oL iDL,
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K1 % EP QOIEHH K2 XNOEICLZESEREESH

AR T, MBEL L TV D RF THARBEIEED T A —F N\ DEEBLEEEI AL vF LT L5
FHEIZOVWTREIT 5.
2.1 XA

HBEMBEE L TRLICH DN Fv—7 OBEE/MEEIT). fL 225 fo ZE—DRFfE b o2 =F—
FNBEK, fr 25 fr2 FERORFMHEE L OVAFE—FNEEE 2> TS, R Fv— 2 REIZ CEP,
FEP, A v F 7 EEP 2R L, A1 v F U 7 DHRIZONVTRETS. RS A—FEFLUTOL 512725,
£, EP D7 NVT Y XAAMIBRARBEREITO TNLITY XLADD, HFEP 2R Fw—BE 1 okt
LTI00 EEA L, BNz ERE2 FH L TR LR 5.
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" AAyFU/EEP:  EEPI:0.1(1000)0.5(2000)1.0(3000)5.0(4000)10.0

)1
EEP?2 :0.3(1000)1.0(2000)5.0(3000)10.0(4000)20.0
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T TRETRRIRRA~ LN EZ TS,

3. RERIER

RBEERER 30K 1417, % EP ORKHRTOEGEEZR 2 ITTRT. fi OEBRER (K 3) 1 b AL v
F 7 EEP ONRNBAMTHD. ELOTHTIZ, FEP OLFBENTWEYR, BHIDRAL v F L 7 Thsb
1000 HARLAEIEZR A v F 2 7 T L IMROBMEDEEREA TS, fo, f3(K 4, B 5) 2B NTiL f, DX
D RBERNAERZ R LTIV RWE, AL v F U 7HRICEY BOEERE2-TWS. L, £,(K6)
WCBWTIREDEEP IZb RS vy F U IHRRR N7, f(B 7)) ICELTIERA v F U IHRITA
HIIRAS, 5000 HAEERFIZ W T HESEDHRT 2 RE T 3. fo(X 8) Tix CEP, FEP, 2 EEP 8
BB~ L PR LT, D& & DE(LDR & LXK DIEE L FEP, EEP1, EEP3, EEP2, EEP4, CEP &>
SNEFIZ/2 Y, ZIELBNKE Do IEIC (EEP (2B L TIZAIH A A/ Ehso D) B~ L i LT-.
R2DEIIZAAL v F VT EEP I 3—EHO2=F—ZNVEKERNTED TH R LW Z L Rlbnd, iz
EEP3, EEP4 D & 5 [Z¥1# (H&#)N K& < L7 EEP i1, AHERAITDOEP THBE LD Z Lz 3.

Fr(X9) IZBNTiZ2 EEP A RVIRFHEAZRL TS, R 1LIZFRTE I fr o Fv—2 L
EEARTREDRFEIIROED 75, 11 A 22K &\ EEP3, EEP4 B3R B VERE R LTS, f3(H
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Test function S Smin
30
filz)= ¥ a? [~ 100, 100] 0
o 30
fa(z) = M _HL + ﬁ_“u. _.ss_ Hlu_.ov U_.O_wo 0
i=1 i=
30 i
fa(@) = (X =;)° [-100, 100]% 0
=1 j=1
fa(z) = maz|z;|,1<i<30 [—100,100] 0
29
fs(z) = 3 [100(zp41 — 22)2 + (75 — 1)?] [—30, 30]%° 0
i=1
30
fe(z) = X (lz; +0.5])2 [-100, 100]%° 0
=1
30
fr(z) = ¥ iz} + random|0,1) [—1.28,1.28]%° 0
=1
30
fam)=-% ? sin A,\_ﬁ_v [-500,500]%  —12569.5
=1
30
fo(z) = Y [z2 — 10 cos(2mz;) + 10 [-5.12,5.12]30 0
=1
30
fro(z) = —exp(z5 > cos2mz?) + 20 + e [-32,32)% 0
=1
30 30
f11(2) = @55 > 2?2 — [] cos Aw.wv +1 [—600, 600]3° 0
=1 =1 29
Jr2(x) = £{10sin®(ry;) + 3 (yi — 1)2[1 + 10sin®(myi41)] + (ys0 — 1)2}
=1
30
+ s.m u(z;, 10,100, 4) [-50, 50]3° 0
k(zi—a)™ z;>a
yi=1+3(zi+1), :?:@.FSVHA 0 —-alz;Za
k(-zi—a)™ z; < —a

RN, REEP OFTLVERER L. fio(K 12) T fs DL ERBIZEIIORA v F 2 7 DRITE
EEP DH#EBMELEL TS, ZOHBETYH fi & FERIZ EEP1 2 EEP O CIIEBROBERES R LTS,
fi1, f12(X 13, ® 14) TiZ, 20200 EEP1 BFI#IOELE B AR E TIZFEP L F%0E(LERLTNS
B, fr1 BRAIDRA v F 2 7%, fia (IS LTI fs, fo, fio PEBRBERD X D ICEFD AL v F v FHiC,
ERBEIZELS R DD, ERFELELTLESTWS, AV FE—FABKICR L Cldz = —F L DR
BERRERIIB/ONRD o1, ZHUTRK 9 DAL v F VS RITELOBEN —BFOIZEIE LT LEo 2 b,
10 DEHIZAL vF o FTRNCEALDMEIE LT LE o7 2 Db ELOMBITIIER HER LA LD
INEREIZTHIERWERSHIFETE S, TDOZLIZEEP1 2 RThh 3 L 5 IH# ) 23/ &V ¥ FEP
WZIERIERNS DD EEP1 OF TIREBWEREZ LEZLLENE NI Z ML b 20 L 5 RN TEX 5.

4, ER

fs DEITHR (K 10) DX IZRPIDAAL v F 2 NP L7-Z &, EEP1 ® X 512818 ) /b &
WH DRI EDN U F=— 7 BBEDEAE COMERBENBE o7 Z LD, A DfE%E EEP1 &Y b/
E LERREITD. /37 A—FREIZEEP1 OKFID A % 0.1 25 0.01, 0.001, 0.0001, 0.00001 & /& <
L72 EEP1 2 Zh%£h, EEP5, EEP6, EEP7, EEP8 L9 % (X 15). D%, EEP5 75 EEPS I¥ EEP1
225 EEP4, FEP LY b EBN-ERERLTEY, 72 EEP7, EEPS I35 #AE~ L X3 L7-. EEP1 75
EEP4 IZR OGN D 272 R A v F v IR EEP6, EEP7 (284, EEP6 122V CIIARER M2 L &
¥, EEP7 32 DOPRIZ L BB~ EPIR LTz, £72, fo 120 L TRV R L= EEPS 2%z
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BAEEER (#3), 2TOYNFE—FNVEHIZK LTEEPL 225 EEP4 K W bENZRERBE LN
B, 2=F—FVEEIZH LTI ZEDHDORER L 2o 72,

EREEBELT, I3 ALORBEICR LT A BN/NID o7 EEP1 ORBRERRONZZ L, ID
IR ERSELLTND & ZIN ERELSEX TREREENEDLZ L, 22— VBB &
HITEANELEHEEEITAR2RELEZDZ LI > THRBERFENIDB ER 2 T2BZ L2 b, f#iF
NHNEBRLENTETHS I BT OFHH -0 T X DEDOELD/NS WG RREY R FFRR D]
BRI B L WOEIENTE S, £7-, EEP5 205 EEP8 DERKEREN O 2 =F—F/VIZE L TEIEFD A &

0.1 25U R, v VFE—F ML TIZ0.001 LAFD/NT A—=F D

RENHFE L.

LRIOEBRTIIERD AL v F L T &2{To1208, SR IIEELDOBRBTOAL vy F U 72 BRFTT 5.

#£2 EHEERTOEGE

f CEP FEP EEP1 EEP2 EEP3 EEP4

fi 1.925049¢~° 1.473935¢~* 4.440836e~" 1.110075e~" 1.104651e~7 7.139321e°
f2 1.887970e~2 5.093474¢~2 2.867935¢ 3 1.428136e~3 1.435613¢~%  1.162933e—3
f3 7.224361e~3 3.588663¢ 2 1.861515¢~* 4.330550e~° 4.723577e=5 3.337712e—°
fa 4.789981e! 6.228893e¢~3 1.248648¢ 1 4.557398e~2 4.711148e~2 2.919063
fs 4.104509¢*! 4.485276¢ 1! 3.636511e*! 3.545317et!  3.396918e*? 3.572557¢t1
fe  0.000000(:556 0.000000(7s3 0.000000(gg2)  0.000000(1113 0.000000(1025% 0.000000(; 582
fr 4.160619¢~ 8.301105e~ 3.650455e~ 2.924329¢~“ 2.783769e— 2.806214e~
fs —7.278017¢t® —1.108609et* —7.817093¢*® —7.380442eT3 —7.362007e™3 —7.336524¢ "3
fo 9.877292¢ ™! 3.615645e~2 5.617537e*! 6.313997e*! 7.403472e 1! 8.608359¢t1
fio 1.754789¢? 9.158581e~2 6.147755 6.403375 6.343575 1.029754¢ !
fu 2.648814e~2 1.937632e2 3.624663¢ 2 4.104509¢~2 2.970047¢~2 1.154182¢*!
fi2 1.690723 1.447893e ¢ 5.483711e"! 5.448380e™? 3.844782¢~! 7.109251e!

% EP O CTRBRE -1 bDEXF, & EEP THRRE-1-b0% T TRYT. £, fo ® () RITT LI BFIIBEREICE L iR
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In this paper, we present the convergence characteristics of Exponential Evolutionary Programming
(EEP) which uses a mutation based on double exponential probability distribution with positive pa-
rameter value. Hitherto, Evolutionary Programmming (EP) mainly used Gaussian mutation or Cauchy
mutation in order to improve some given solutions on adopting to numerical optimization problems. Due
to the characteristics of these probability distribution, Cauchy mutation is superior to Gaussian mutation
in convergence performance at early stage, but Gausian mutation is desirable at mean-optimal stage.

At this point of view, Narihisa at el proposed exponential mutation which was based on double
exponential distribution as EEP. The double exponential distribution can be considered as a middle
distribution between Gaussian and Cauchy distribution. Moreover, double exponential distribution is
contorollable its variance with distribution parameter. Concerning the distribution of random number
which is used in mutation of Evolutionary Programming, it is desirable that the variance of the distri-
bution should be large in first stage of evolution and should be small in mid to final stage of evolution
applying on optimization problems.

In order to realize such distribution of random number, we propose EEP with multi switching of
parameter value of the distribution from initial value to next value at some arbitrary generation so as
to decrease the variance of the distribution. Experimental results show that these switching EEP can
improve convergence performance of EEP and switching effect can be recognized.



