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Differentia Evolution Without the Scae Factor F
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Abstract: A fit setting of the scale factor F can usualy improve greatly the performance o differential evolution, however ,
how to set is nuisance. Two differential evolutions without scale factor F are presented in the pgper. The agorithms look upon each
individuals as a charged particle and utilize the attractionrepulsion mechanism of the particles to decide on the step length o the
motion of the individua in the direction of the difference for the purpose of avoiding the setting of the scale factor F. The compar-
isons of numerical experiments among the proposed a gorithms ,two PSO algorithms and four other a gorithms with the different set-
ting strategies are done, which show that the performance of the proposed algorithms outperf orm other compared a gorithms.

Key words:  eectromagnetism-like mechanism; global optimization;particle swarm optimization; differential evolutionl

1 DE DE , Zaharie
DE (41
(Differentiad Bwlution ,.DE) 1995 ,Fonkkonen  Lanpinen Gauss F
Sorn  Rice DE 51 2007 Kim
, F F=a+ b-rand(0,1) , DE
! " DE , rand(0,1)
, [0,1] ,a,b )
, “ ” a+ b<19, F
DE , ,F , ) )
DE , .[0.4 1] F
) ,0.5 )
E (1
DE Birbil Fang 2003
, [0.4,1]
Abbass?  F 0 1 DE (.
, F N(0,1).Qn Suganmr
than 2005 B F ,
F N(0.5,0.3). F

:2008-04-22; :2009-02-23
: (No. 60674108 ,60705004) ; (No. 19N02080003)



6 F 1319
, ) |¢J(|:1, ,FOF),Xi Xj
1 € Fi,j .
8l 00
' (X - X) 5 0f F(X) < F(X)
F . _ " X - X " 2
(1) F 1 (2) Fii= 50 0 2100 (
DE “ I P !
X (j#i) Xi
2 Fi,j B (3) Xi Fi.
FOP
— ( ), Fi= .=Z¢.F"j (3
Sep5 Sep2.
( ) X; Fi (4)
] ) ) F
Xi = X +rand(0,1)-_'—|| F " R (4)
, 4 ,R ,
I U L o
: / . ) u- X< if FE>0 -
R‘= 5
XE- Lif Fi<0
: X1 FCOR k , F
Xz, Xl X3:
X X, Bl RTFXBMAHF, Bl Farg e '
Fi2, X3 X1
Fi3, X1 3 F
Fi=Fi2+ Fi3, 1. DE , DE Rand/ 1.
1 (Bv) DE a b, a ( )
Sepl XK Xi K ‘b _ :
L, U]l X , DE Rand/1 V= X1+ F (Xo- Xa)
; DERaNd/2 V=X1+ F (Xp- Xg+ Xu- Xs)
Xi:|+l'and(0,1)-(U- L),kzl, , N DE/BeSI/Z V:Xbest+F'(Xr2' Xr3+xr4' er)
Sep2 ( ) ? #ER2# @£ 5, [1,POP]
Sep3
' (n 3 , (
), FOP- 1
. BM
Seps . Xi Q [9] (6) .
[ 01 J .
Q=exp - N wrr 1 ,
S0 - (%) R
» Xpest , ABMV .
ij= @ juA - A= Xi- X
| LSTER Fi= QX XD =05 ~ (X)X
, (6)
X, F,( R)P' 1 XV\DrSI



1320 2009
X , (7) 0.28698) , X,z = (0.13566, - 0.58573) . V=
(8). (- 0.12891, - 0.54275) , 4.
V = XrO + er,r2' (Xr2 - Xrl) 1T SHCB v ¥ 7
0.7
_ f(Xrl)'f(XrZ) v, °
= Xo* f( X\mrs) - f( Xbes) ' ( Xiz - Xrl) (7) 0.5 ° “or (,1'” 4
VvV = Xrl + er,rZ( Xr2 - Xrl) + er,r3( Xr3 - Xrl) ? S’ r‘ ~ P
f( Xrl) - f( Xr2) o » ] ‘0
=Xp t [ (X - X P
L ) — 1O (X7 %) R |
f( X)) - f(Xg) i| 0.5 0‘,‘)"' r 10 ° ’
F(Kura) -~ F(Xoea) (727 %) ®) . oo 2
x 4
V= Xrl + Frl,r2 y ! u 2’ ° ,2 2
8 " ¢ p
. . 1855 05 o : S~ —3% 03 55 0% 8
1 06 04 0 4 06 1
X+ Qo (X2~ Xe1) B3 W2
= (l - er,rZ) : Xrl + er,r2' Xr2 (9)
(6) Q,; [-1,1], (9) , 1
Xrl sz ’ 2>(rl
- xr2 Xr2 . ’ >
DE . 3
(7 (8 , DE Rand/ 1
DE Rand/ 2 , F, 05
F,
-1
. (8
S o 050402 ¢ 0z 04 0608
DE B4 W3
2 4 SHCB [-1,1]7
SHOB ( fo) | , . ,
(- 0.08984,0.71265) (0.08984, - 0.71265) , X1, 10 Xo  Xa,
- 1.031628. 3 ' Xn Fi,r2 Fi,z
(1) X1 = (- 0.61462,0.081834) , X, = (0.15779, , (8) v,
- 0.30533) , X,3 = (0.0040769, - 0.80874) . (8) ] = ,
, V = (0. 14606, - 0. 68055) , 2. (10) X1 ’
P— - B s F {0.1,0.2,0.3,0.4,0.5,0.6,0.7,
Y ’ 0.8,0.9,1}.
05 1 0 o 1 VvV = Xrl + F[ ( Xr2 - Xrl) + ( Xr3 - Xrl):l
: ‘ F 4 = Xa+ F (Xe- Xa) + F (Xa- Xo) (10)
v t{.\,:ﬂm,;
05 D *.\\é ! 4 V 4
Py ey % (8) DE Rand/ 2 ,
2 L) ¥ o
1 A 1 0 "'~.,‘ 9 X2 - X X - Xu ’
2 1 2 .“w 2
) ‘. “ ‘a , DE Rand/ 1
A A A A A A .A A A
T 0 04 07 0 02 04 05 08 (8) (10) ,
K2 WEl
(2) X1 = (0.15961, 0.48913) , X,» = ( 0.28105, (10 ' ,DE '
0.86676) , Xz = (0.94169, - 0.23207) . V= ) F—.04050607
(- 0.4222,0.97067) , 3. ’ ={0.4.05.06.07

(3) Xa=(-0.39, - 0.91221) , X = ( - 0.15301,

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved.

(10 ,
(8)

http://www.cnki.net



6 F 1321
3 4 (8) [10] [11]
F=0.2 (10) HPO CPS), fl' flO 50
: (10) “ " , [10 12]
F 2 3.
(DEVF DE2P. F ,
2 F (DEVY B DE(DErand/1) F=0.4+0.4-rand (0, 1)
Sepl FOP, MI, DEF® F N(0,1) DE®@? F N(0.5,0.3)
ITER=1¢ , C. DE®. 5% , : FOP =
Sep2 Pirex. 70, F=0.5,C =0.9;DEF DE® DE®.5
Sep3 ITER>MI | F(Xare) - F(Xeea) | < (12
£ 2 DEVF DEXF 6 f1- fs
Sepd X P (7)
v, iZrlZm#m3. V , HPSO 5. 6193E-002 1. 33657E001 121145
CPO 1. 3114E:001 2. 7676 E-001 120000
' DE 5. 120049E-023 7.378043E023 | 119070
Step5 . : o . DEF 1. 369509 E-017 4.832588E018 | 119070
ye X ,if rand(0,1) < G and j # i (11) Y| DE® | 1652111E021 | 4.262198E021 | 119070
T Vode DE®.5 | 1.757227E029 5.993760E029 | 119070
. . DEVF | 3.713906E028 2.096048E028 | 119070
J . ., J ' DEYF | 1 97202E032 1.063446E-032 | 119070
Sep6 FOY) <X, Xi = HPO 1. 546E004 4. 752E-005 122067
Y. ITER=ITER+1, Sep3. CP0 2. 773E003 4.167E003 150000
3 F (DEY P DE 1. 637446 E-012 1.837765E012 | 119070
3 2 Sep4 4 DEF 1. 082795E009 2.716100E010 | 119070
) ® : DE® | 5. 1375145001 7.039830E001 | 119070
DE®.5 | 2. 037179E001 5.122031E001 | 119070
| £(Xuors) - F(Xex) | <€ DEVF | 2 255973E014 2.276306E015 | 119070
, f( Xuorg) = F( Xpeg) DE2/ F 1. 101341E014 2. 647339E 015 119070
HPSO 3. 6245E001 1. 1288001 123342
CPD 6. 4003001 3. 0693E-001 120000
4 DE 7. 319620E003 2.245911E003 | 119070
DEUE DENE  Malab? f DEF 2. 017413E002 5.634481E003 | 119070
DE® 1. 953405E-002 1.088926E-002 | 119070
, POP=70, C = DEQ.5 | 1.184403E002 5.737578E-003 | 119070
0.9& =1E- 100. 1 10 DEVF | 1. 630074E-002 3.586426E003 | 119070
20 | DEY F | 9.271430E003 2.505265E003 | 119070
HPSO 3. 2465001 7. 7820E001 147962
6 1 CPO 2.0810E001 2. 7038E001 150000
10 DE 8.250483E024 | 1.190187E023 | 119070
‘" DEF 4. 116632E019 1.380280E-019 | 119070
1 f1- fp DEQ | 7.168007E+001 | 3.201389E+002 | 119070
DE®.5 | 4. 146740E-002 9.748170E002 | 119070
f1 0 | [-100100" ©._ 0 o DEVF | 4. 807917E030 7.238646E030 | 119070
t 0 [~ 323" ©. .0 0 DEYF | 1 570545E032 2.808012E048 | 118755
s 2 (1.28128]" ©. .0 0 HPSO 5. 6735E001 1. 6146E-001 152548
fo 2 [ - 5050]" 1 . 0 CPO 9. 7155E-001 9. 0252E-001 150000
o 0 [-5050]" ©. .0 0 DE 2.057781E023 1.652255E023 | 119070
o 0 | (- 600600]" ©. .0 0 o DEF 2. 570083018 9.648083E019 | 119070
t 0 |(-512512 © .0 0 DEQ@ | 5.323000E001 | 1.246407E+000 | 119070
o 100 [-510]" a 0 DE®.5 | 6.300113E+002 | 2.820643E+003 | 119070
fo 30 [-1010]" 0. .0 0 DEVF | 5.265687E029 4.608807E029 | 119070
fio 30 | [-1001001" (0, .0 0 DEX F | 1.491530E032 2.049890E033 | 119070




1322 2009
3 DEVF DEJF 6 fo- fio fa , , ,DE
PO f,,DEUF DEYF )
HPSO 1. 849E-002 1. 237E002 144149 fs,DE DE DEYF
CPO 4. 0065E-001 2. 260E001 150000 fo fe 7
DE 3. 698020004 1.653805E-003 | 119070
DE® DE ,
. DEF 3.053113E-016 4.804032E016 | 119070
® | DE® | 1132178E002 | 1.724979E002 | 119070 DE2/ F DEV F : DE,
DEQ.5 | 6.154975E003 1.069657E-002 | 119070 DEF. Gauss DE® DEQ®.5
DEUF | 6.692625E006 1.246370E005 | 119070
DE2 F | 4.789816E006 1. 920384E-005 99827 e f
HPO 2.185E003 3.0375E002 236695
CPD 4. 3753E001 3.2068E00L | 250000 Giewank Radrign :
DE 1.524641E+002 | 1.612246E+001 | 119070 , ,DEF ,
) DEF 3. 280431 E007 3. 299214E007 119070 DEL F DE F. 2 fg Banana
DEQ | 2.004842E+001 | 6.656986E+000 | 119070 PO , DENF HPD,
DEQ.5 | 1.910320E+001 | 5.160876E+000 | 119070
DEV F 4. 974795E-002 2. 224796 E-001 119070 o fao
DEX F | 9.949501E002 3.062419E-001 | 119070 fo ,DE2 F ,
HPO | 9.762345E+ 001 9. 7896 E-001 178792 f10,DE2 F , DEI/F,CPD  HPD,
CPO 6. 9072E-001 2.8421E001 200000 DE DEFDE® DE®.5
DE 2.498767E+002 | 7.443217E+001 | 119070
o DEF | 6.475810E+002 | 7.401500E+001 | 119070 2 3 '
DEQ 5.958584E+002 | 2 339653E+002 | 119070 DEV/F DEYF, DE2 F,
DEQ.5 | 2 847018E+002 | 7.975838E+001 | 119070
DEVF | 2.649782E+002 | 7.378302E+001 | 119070
DEYF | 1.006276E+001 | 2 115634E+001 | 119070 5
HPO 1. 8091E001 7. 5567E-001 120316
CPO 8. 4745001 4. 9846001 120000
DE 1. 039846 E-011 7.578122E012 | 119070 F ,
o DEF 6. 210984E011 1.245983E011 | 119070
DEQ 1. 081246 E-014 1.778142E014 | 119070
DEQ.5 | 1.089285E019 5.935102E-020 | 119070
DEVF | 2 455501E017 6.197960E-018 | 119070
DEY F | 5.222028E020 1.568907E-020 | 119070 '
HPO 7. 6024E-001 7. 2903E-001 121378 , DE2/ F. (1) DEF
CPO 5. 9038E-001 1.372E003 120000 fo,fr , -(2)
DE 3.670133E+000 | 2.401217E+000 | 119070
o DEF | 1.594262E+000 | 2 004368E001 | 119070 '
DEQ® | 2.365727E+001 | 5.599349E+000 | 119070
DE®.5 | 2.021148E+001 | 6.861107E+000 | 119070
DEV/F | 5.189996E001 9.866108E002 | 119070 fo(X) =4x2 - 2.1 + 1 W+ X% - A2 + 45
DE2 F | 5.916996E002 1.818585E:002 | 119070 ) 3
] Vif rand(0,1) < G or j =irand ) f1(%) :iZX?
[ H n
X . de fo(x) = - 20eqp| - 0.2 Fn Zx?
irand 1 FOP 3o -
HPD CPO , - exp[ n. cos(AT x;)| +20+exp(l)
DE MI = 1700, n
119070. PO f3(x) = Z i+ x{ +random[0,1)
120000 : n _ " ) 5
f ’ fa() =" {108 Ty) + 3 (v - 1) [1+ 1080t y;.0)]
.DE : 2 .
DEXE 1, +(y,- D7} +‘Zu(xi,10,100,4)



F 1323

yi=1+li4+_l,i=l, ., n,
k(x-a™  x<a
u(x,a,k,m ={0, - a<x<a
k(- x-a™, x<-a

n-1

() = 36(SM @ + 3 (x - DL 1vsr@rx. )

2 u( x,5,100,4)

+ (% - DAL 1+srP@x)] } +

2 n

fo(x) = Zﬁ"oo EIOOS?).(LJrl

20 =10n+ 5L - 10005(20x)]

n-1

fa( = FLI00GE - x)®+ (x - DT

fo(x) = nZ|Xi|+ _[_l|Xi|
(0 =mad x| i=12, o

[1] Storn, Price. Differentiad evolutiomA simple and eficient
heuristic for global optimization over continuous spaces[J].
Journa of Global Optimization. 1997,11(4) :341 - 359.

[2] Abbass. The self-adaptive pareto differential evolution agorithm
[A]. Proceedings of the |EEE Congress on Evolutionary Com-
putation[ C] . Honolulu ,USA :| EEE Press,2002. 831 - 836.

[3] Qin, Suganthan. Self-adaptive differentia evolution agorithm
for numerica optimization [ A ]. Proceedings o the I|EEE
Congress on Evolutionary Computation[ C]. Edinburgh,USA :
Institute of Hectrical and Hectronics Engineers Computer Soci-
ety ,2005. 1785 - 1791.

[4] Zaharie. Critical values for the control parameters of differential

evolution algorithms[ A ]. Eghth Internationd MENDH. Corr

ference on Saft Computing[ C]. Brno,Czech Republic:Brno U-

niversity of Technology ,2002. 62 - 67.

Ronkkonen, Lampinen. On using normally distributed mutation

step length for the differentia evolution algorithm[ A ]. Ninth

Internationd MENDH. Conference on Saft Computing[ C].

Brno, Czech Republic :Brno University of Technology ,2003. 11

- 18.

[5

—_

[6] Kim,Chong,Park et d. Differential evolution strategy for con-
strained global optimization and gpplication to practica engi-
neering problems[J] . | EEE Transactions on Magnetics,2007,43
(4) :1565 - 1568.

[7] Birbil , Fang. An electromagnetismr-like mechanism for global
optimization[J].Journal of Global Optimization,2003,25(3) :
263 - 282.

[8] Birhil ,Fang,Sheu. On the convergence of a population based
global optimization[J]. Journal of Globa Optimization, 2004,
30(3) :301 - 318.

[9] Debels,Reyck ,Leus,et a.A hybrid scater search/ el ectromag-
netism meta heuristic for project scheduling[J]. Eurgpean Jour-
na of Operational Research,2006,169(2) :638 - 653.

[10] Ratnaweera, Halgamuge, Watson. Self-organizing hierarchical
particle swarm optimizer with time-varying acceleration coef-
ficients[J] . |EEE Transactions on Evolutionary Computation,
2004 ,8(3) :240 - 255.

[11] Bergh, Engelbrecht. A cooperative gpproach to particle swarm
optimization[J] . | EEE Transactions on Evolutionary Computar
tion,2004,8(3) :225 - 239.

[12] Wang Yuping,Dang Chuangyin. An evolutionary a gorithm for
global optimization based on level-set evolution and latin
squares[J]. |EEE Transactions on Evolutionary Computation,
2007,11(5) :579 - 595.

,1979 11 ,

10 ,

. I El ISTP 8
. Bmail :x.w. zhang @126. com

1959 11 , ) )

Bmail :liusanyang @126. com



