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Abstract

DE/rand/1/bin model of DE Algorithm has good global performance, but its convergence speed is slow.
A modified differential evolution optimization algorithm named IWOMDE was presented in this paper

based on Invasive Weed Optimization algorithm. The IWOMDE algorithm incorporated IWQ’s design

philosophy into Differential Evolution (DE) algorithm. The IWOMDE algorithm divided the evolution

population into elite individuals and poor individuals based on the average fitness of population. The

elite individuals can be evolutionary many times, but the poor individuals are less evolved or “stagnate”
in order to maintain the diversity of population. The simulation results showed the hybrid optimiza-

tion algorithm has the advantage of searching effectively and being fairly robust to initial conditions.
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1. 515

AL AT VA AR BT BRI T, A — R RIBERLICI 7%, e 2 B TR
BAAUEI . DE SR[1EHNF AOREHAT A, @ f R S XRG4 7 SRR IE 875 A
FIBENLIE %R . DE BVEEIE G, 5 TSI, EiF2 2 @S2 7R A2] (3] [4] [5] [6]
DE AR e SRR, E P RER R R 8 ) 5 HU SR R . XA AT LU 15 AR
EHISHORIIL, ARAEAEERISHIRITHCRAIR7] 8], X+ DE 5k, 20 3CRRNSoREHR, (Ait4
AR REESI VR, BN REERA, AMAERER SIS E R, Bk, Y258 WARIZER SRR
K, it DE FRERI 2 RVE R — L8 R AL SR R AR R A8 0, BTttt T A RITR & UL SRNE9] [10].
XEEXF DE SRS WA F R SR AR RE RS 2 1 3271, (E#RX DE SRR ig - A A Bk
MIAE . DE SARIEMR AR B WA R BEALIEEEA FME, @ 2this 4, 2R R EREINH
FIEPTAFENARIEN G, FENLIESR, AR T ORI 2R, (H R A SRR A SR R

NIR A HH 1 F (Invasive Weed Optimization, IWO) [11]F 2006 FEH, A ELE HR AP KT
FER)— BT AL S, 2 BE R RN A S AL i, I A AR S Y B BTEAISE Srdt AT
F, EEHAESHEMENR. 5T ISR R IWO BRI R, Je R o IRk I B R E kAT S5
RN AR A AR Z AT, B AL Ao DUIE S 0 A A28 1 J Bl XM AR 4545
WA G BRI S, HARW T R R A SCRK Tz B RO U5 ) — P ook i) 2 7 AL SR (A
Modified Differential Evolution Algorithm based on Invasive Weed Optimization, IWOMDE).

2. IWOMDE 3%
2.1. ESHUWEE
DE SRR MR S Bt AT i, SRS 0 A KIBENL B0 A e . 2 x, (g) &S ¢
REGE  AAME, xE <x,(g) <2, U]
x,(g)=(xi(g). %2 (g)- 5%, (g)), i=12 NPig =12, T, (1)

Ay X xR MER B RBR, NP ORRREERAN, T ORI
DE S22 H1IX NP ANAMAK R R AR AR 3R 2 (A ANt (R AT SR . DE S i A i
AIRZ FSRNE[1], Forh DE/rand/1/bin SEME N HEON 2, HEA 2RI R GRS, ISR R R,
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P, ASCEFAZA WA T G o BLR A/ IMEL IR B 535 W 22 7 AL B A I AR U T

1) FIhaterhiE
5 n e S2HU A 1% 30 Q) BEHL 2L NP M AME

x; (0) = x} +rand (0,1)(x; - x;) ()
X, rand (0,1) 72 [0,1] LRI 517041 HIBEHLEL .
2) ZRET
HSERENARRE RS 3 DAFEAME x x5, x50 H o pl# p2= p3#i WAZRH T
hi(g)=x,, +F(xp2j _xpsf) &
Kb, F ORI T .
3) ZXHT
AR UL A A 2 B, L e AR (4 PR .
b, (g),rand (0,1) < CRj = j,.,
P A @
x;(g),rand (0,1)> CREKj # /..,
X, CRAZEXE, CRe[01]s Jyy 2 [Ln] ERIBEHLEERL, XA XA R v, (¢ +1) P EDA A2
kH hl.j (g) o
4) ERHET

DE SLVA RSN TR 9087 S0, BT B0 R v, (g +1) MR x, (¢) LB, (REIBEME

A, AP

x_(gﬂ):{v[(gﬂ),f(v,.(gﬂ))<f(xl,(g))
| x, (). /(v (g+1)2 /(% (g))

REPITREG)RNS), BHIA B SRS &b %44
2.2. IWOMDE 3%

®)

DE 501078 5 SKM& A7 2 7, Hirf DE/rand/1/bin 28 53 5E0g B AT 4 JR 14 R 8 /9« WO SIoH B2 18 R Re 1k
H1Z0(3) AT %1, DE/rand/1/bin A8 5 R, HARE AR A7 A2 R R T B0 A BE LR FE AT 3 SASFEAMA,
WL AMEB SRR %A SRR IR BB PR MR RE N FEE R, BEALIESR, AR T IR R

R, LRI O {8 B3k A A L A 1

DE SOEMIRENIR RIS, ARAR R R A, (oRER, XEER i, Jolt
FEAEAFIEAR AR AR R MA G LS, PRI, 5 IWO SRR EAE, RRE RS BRI
(RSO RS, SRR MRS A MM, BRI MA B D IMBIEAR B DR PR SEIRS o
RAEAMERES SR LA SRHADGRIS,  TH B TAMERETUEHILE, e R R IA I 2 R

1) PEFHARHIE R
VRIS N P
1

favg =ﬁ§f:

Ay N AR RIE R
I f; < fo DR, HARMENEZA .

(6)
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2) BIEMARET

FTBLEAMARE S B ZE I R R T, AR A A AT AN R (3 R BT
XFTRFAE, A CABORME R A, ERT,  Wk S AT BEA I R DO AR SR W ST B % -
BEME, DVBUNMER ST TR, 0 REE ORAUE R A 2 FE 1

R FEATFRU T -

Stepl: ZRHT

if (rand(0,1)<R)

hy (2)=[1+0(0.1) ]x; + F (X = X;) ™

else

hy(g)=x,, +F(xp2j _xp3j)

Step2: AT (412 XHF

Step3: HUT(S)MIEREH T

Stepa: if [ f(x,(g+1))<f(x(g))], ¥ Stepl 4kSEHEAL.

BRI FE I R

if (rand(0,1)<1-R)

hy(g)=x,, +F(xp2j _xp3j)

AT (@) 22 AT 5 NG Rk E T .

else

153 o

b B NIFH MR, o (0,1) WIRMEIE N 0, T5 2 1 FIIES 7 A FEHLEL

WE B BORAEM 0.9) M F5 MR 2 IZMZRPAT RIS R, %R EEN REmERR ) s
MBS A1 - P, XA B JE R R R Z AR TER . 5 B R O, TR FBAMAI A RE P o (7)
AEWPAT, BFE IRy DE kMR R, RRERS MAE T, F5ad i, Wgksagit;
MRS, X FRZEAME, 2% DE Syl R IE sk, AoBIsmig. & pREN 1, WXt
TS MEMERE TR RAT)RE, T TEZEAENA T 58 25 HRAS, BIEA R G R A M
B, HARMAFAZRPRAS . IWOMDE SHykIF 25T DL AT 1, HBlb BT,

Stepl: WEMBFHE NP, ZXME CR. 46MH T F, THERE ¢ XRFHMEEUME B, 1£35
2 BENLI I — AR, BE R KRB T, £=1.

Step2: T2 BT A A e PG ML bestfitness KR IE A x,,,, o

Step3: A AIERIFE bestfitness 1k FIkE B E R B EACREUL B R, U4 H 24 07 S id B BE A
B B, ¥ Stepd.

Stepd: A T0(6) T 5214 HHF AR RO~ S50 58 1 5

StepS: X HEAH I BT A MAAT

S < o TRTFDMBEATHA; BN, AR

Step6 t=t+1, ¥ Step2.

3. TIR&GRR 5 th
3.1 (HEMARE
1T IWOMDE S35 DE Sty sty I HAIA TR AMR s B, Fik, & 2exi%
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SINSHOS FE IR AT 5 AT, SRJ5 % IWOMDE $i%i 5 Ho e Sy AT LU o

KH 5 ANAL K%L, 5 DE 59%(DE/rand/1/bin #2307 LW . f; A Schaffer R, 1%k E07E
A JRAROR sV N A TEBR 2 AR IROR s, AR R AL . £, 9 Ackley B3, 1ZBREUH A TREON, A7
FEREJRERIM. f,79 Rosenbrock BR¥L, ZEREUE —MNEMHARE, RAELHLRERL. fH
Rastrigin B%, ZREE — N ZWERE, 1EE N KRLAAFAE 10n MREH/N . f; )9 Griewank BRI,
PR — 2R, AR RE R R A

(sin2 X +x —0.5)

f=05- L —100<x,x, <100,
(1 +0.001(x +x7))
1 10 1 10
f, =—20-exp| 0.2 EZx,Z —exp(EZcos(Zrcxi )j+20+e, -32.768 < x, <32.768
i=1 i=1
29 2
fi= z(loo(x —x,ﬂ) +(x,—1) ) ~2.048 < x, <2.048,
1

i

30
fi =2 (x —10cos(2mx,)+10) —5.12<x, <5.12,

i=1

fi= 114000 i1

( j-i—l —-600 < x; <600,
o TSI AF, SRR EOE OOV L R . SRS SRR | BT,

Table 1. Experimental parameter setting of algorithm

F 1. BAETESHRE

BRI % PEEES F CR PR R EL
A 20 0.5 0.1 le3
£ 50 0.5 0.1 Sed
£ 100 0.5 0.1 Sed
fi 50 05 0.1 Se4
1 50 05 0.1 Se4

3.2. MRER K4

ik bl B R BN, TWOMDE SHkxf AN s B3 S iz 47 30 IR 1] 1~14] 3 J IWOMDE #.
FAEBUR T AR P, SRAAE 3 4> Benchmarks BRI 30 YIS AT I35 B JE Je A A0 38 7 5
ML . HA AR bR P IOEUE, ARG FE . MR LA B, RIS RBEE PR K, 7
o) tpe e 38 7 AR SR AT , T S P00 3 L PEE A7 AR B AL, 3K = i PR B AR 1 3 A 3 2 o 25 ) e 1) ol
K%, BeE BRI MARBRRER D, B ZEAMARTE R A b 1 P B bt 2, AN 508 T A S Ak
HERE, AL BHUEN | I, SRAFMTIIE RN B R, R RIE N A AR i, DR, 7RSI g
WHE B ONEBAER 1.0 ME, ASCE TS BUZ 240N 0.9,

%2 45H 7 IWOMDE Hi%5 SMDE HiE[9] MLtk R b, MR diE vl LUE H, IWOMDE #3%:
F% Ronsenbrock PRAZLIILALLE B2 % T SMDE SR1GHISE R 2 4b, H A4 RAEA T SMDE b4
SMDE 5% F ) ] e A RBC 2 B 56, RBOTPAN IBOR R A1, 1T IWOMDE 53K [# 5 1)
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Figure 1. Comparison of mean fitness and optimal fitness of 30 runs at different P; of f}(x)
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Figure 2. Comparison of mean fitness and optimal fitness of 30 runs at different P, of f5(x)
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Figure 3. Comparison of mean fitness and optimal fitness of 30 runs at different P of f3(x)
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PR BN IRBON 25 1R 551, L, TWOMDE 5L A AR A R BOF O 8T, PERERL T SMDE 5%

PERE -

Table 2. Comparison of the optimization results of functions by IWOMDE and SMDE

%% 2. IWOMDE 5 SMDE & ¥t 1v 45 R ELE

PR AL Jrik: L e WiiE
IWOMDE 1 0.9991 0.0021
/ SMDE 1 0.9987 0.0034
IWOMDE 8.1747e¢—7 6.2791e—6 9.4309¢—6
s SMDE 2.0971e—6 2.9977e-5 2.5258e—5
IWOMDE 27.2336 26.9906 0.1719
g SMDE 2.5940e—4 0.0029 0.0019
IWOMDE 0 4.7294e—6 3.5937¢-6
s SMDE 6.9514e-7 2.0512¢-5 2.5862e¢—5
IWOMDE 0 0 0
g SMDE 2.0122¢-9 1.7481e—7 2.4493e-7

#3451 7 IWOMDE #5515 ADE HA[71HR 1045 B, o IWOMDE 532 55 K R B0 X
BT £ 80 £ 0 204, T T £ B N 2¢5. 11T ADE 5032 F HI36 FA[0.5, 1.0], CR HI3EHI9[0.5, 1.0],
(At IWOMDE #{# F 4 0.5, CR % & N[0.5, 1.0] LRI A RIS . =03 08 B 4E 50854 20
4, £ 34 H T IWOMDE 5 ADE SiEPALss BEkds, MEHEHIEPTLIEH, XFT Rosenbrock PR%L,
ADE FIR AL B E AT IWOMDE &35, {HX%f T Rastrigin B35 Griewank i3, IWOMDE HikE L H!
TR RE, GRS TR R B, 1 H R T ADE BB KE 1/10, RIS
HE Sl T ADE Hik.

Table 3. Comparison of the optimization results of functions by IWOMDE and ADE

% 3. IWOMDE 5 ADE SR ihesRELE:

5

fi

S5

Jrik:
IWOMDE
ADE
IWOMDE
ADE
IWOMDE

ADE

Al
11.6386
5.09
0
82.88
0

6.46e-09

FHE
12.2816
9.81
0
1.07¢2
0

9.98e-09

WJi%E
0.3118

7.04

97.72
0

9.15e-09

#4454 7 IWOMDE %55 ONDE Hik[ 121/ fb gl B bbie, DU R B 45 e B o 100 4,
BB IR E R B N 6ed. NRHEHETT LLE 1, IWOMDE %1% 5 ONDE #iEH4 R & E %5, IWOMDE
FIRIE £ 5 £ BRI S BT ONDE $59%, 7E f; Bt _ Lt Z4 T ONDE &k, {H7E f; bfbss

WL ONDE HiEZERZ.
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Table 4. Comparison of the optimization results of functions by IWOMDE and ONDE
# 4. IWOMDE 5 ONDE E# i {b R

PREL Jrik: RIE FEIE WI5%
IWOMDE 2.8753e—6 7.8734e—6 6.5832¢—6
& ONDE 1.8659¢—5 1.8667¢—5 5.39¢-9
IWOMDE 89.8923 93.2786 36.2768
g ONDE 1.7941e-3 1.813e-3 1.592e¢-5
IWOMDE 1.578e—-10 3.76e-9 2.53e9
s ONDE 2.217e-10 2.84e-10 5.0e-10
IWOMDE 8.1416e-10 7.6158e—9 2.794e-9
g ONDE 1.222¢—-8 1.373e—8 1.208e—9

ZrRE VL LMl UKL, TWOMDE S35 7E 22 i bR 85 LA 85 R B T P SR, (B0 T BRI 25
PR A Rosenbrock PRI%L, PLAbAE REGE . R EBF RN T 2WEREL mTRRst e 2, s
FEARRE NS PROE SR BIL i, T NI AL, ERERAERR T RUF R 2 R, TN RS A3k
R iR ARt T B R B

4. 578

DE 53] DE/rand/1/bin #ARE K EA SRR AESH0RFE, 2B T Sebrinl R, (I
WSk FE S, REE R AERIZE . ufE DE SAREW SCELPEE, HEAMRRIIEZREEL, AR
T .5 SEBLA) IWOMDE 5%, i HIERZ N R FEHIRAWO) A K, K BEACTEAR MR8 e 1A N 2 22
EHEAT R NI T AR S B, SR AR AR R AR 22573 57 24 Benchmarks B8 AL 1E
ZiREHW], IWOMDE A WG FER, X T2 U bR B0 R KL AR, (E T B0 2 R B e AL 2o
AEHRE R AT BT A SRR TR .
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