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Abstract :

gence. In order to improve the global exploration ability and convergence precision, this paper proposes a novel elite local learning

DE algorithm is simple and efficient, but for complex problems also exist the problem of low efficiency of conver-

dynamic differential evolution algorithm. Firstly the history elites are preserved in the elite pool, and then the elites in the pool con-
duct local learning by sine functions, finally dynamic DE model is used to effectively improve the speed of convergence, and the
convergence of the algorithm is proved in theory . Algorithm has been tested on 20 benchmark functions including unimodal functions
and multimodal functions and shift functions, experiments result verified the effectiveness and applicability, and the new algorithm

can maintain higher convergence speed while maintaining better convergence accuracy. Comparison with the state-of-the-art DE in

statistical analysis proves that the algorithm is a kind of new competitive algorithm.
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ELDDE Z32: 19 PR fE , % Wilcoxon Bk Fl A 36 J7 12 % 512
WL RHAT G AT A, BE MK 0,05, 7E R IR
LA =T =R RS T TR Y T
ELDDE f) 4% 5. % 3 & ELDDE 5 %1 4 ) DE 5 %
CoDE'*!, SADE', JADE'”', jDE'™ 1ty 52 56 F1 55 1145 5.

3 T AL R WSS £ i [ P R S 4% A Al
SLIBAT 25 YA 15 YO AR 2R R BRI, DO
WA pRKIC L 22 WA bR TBOR i 7% R KRR A5 B 1 1 2 A AR
A BREL.

%3 CoDE,SaDE, JADE, jDE, ELDDE & kK F91E AR Z 0 Wilcoxon BN LER

CoDE “F-¥IMH + J7 2 SaDE “F-YIH + 72 JADE “F-¥{H + 52 JDE FYMH + 52 ELDDE “F-¥{E + 752
f 6.42E-43 + 1.90E-42 — 1.79E-96 + 8.76E-96 — 5.79E-97 + 2.83E-96 — 9.80E-130 +3.25E-129 - | 0.00E + 00 + 0.00E + 00
fo | 4.44E-23+5.44E-23 - 5.41E-71 + 1.81E-70 — 7.89E-53 +2.60E-52 — 9.60E-81 +4.25E-80— | 0.00E + 00 + 0.00E + 00
£ 8.15E-10 = 1.00E-09 — 4.80E-03 +7.22E-03 — 4.29E-37 + 1.22E-36 — 5.12E-07+7.70E-07= | 0.00E + 00 + 0.00E + 00
fio | 3.24E-10 £2.53E-10 - 4.77E-02 + 1.60E-01 — 2.26E-11 + 4.80E-11 — 1.74E+01+5.62E+ 00— | 0.00E + 00 % 0.00E + 00
fs 5.33E-02 +7.97E-02 + 3.18E+01+2.72E+01~ | 4.15E+00+£1.71E+01 + | 1.50E+00+1.83E+00+ | 2.23E +01 = 3.88E-01
fo | 0.00E+00+0.00E+00~ | 0.00E+00+0.00E+00~ | 3.20E-01 +8.35E-01 — 8.00E-02+2.71E-01= | 0.00E + 00 +0.00E + 00
fr | 4.02E-03 +1.52E-03 - 7.07E-03 +3.72E-03 — 2.44E-03 + 1.19E-03 — 3.44E-03 +2.12E-03 - 1.51E-04 + 1.10E-04
fo | -1.26E+04+1.82E-12+ | -1.25E+04+9.48E+01~ | -1.22E+04+1.94E+ 02— | -1.25E+04£6.77E+ 0l ~ |-1.25E+ 04 +9.98E + 01
fo | 3.98E-02%1.95E-01~ 9.15E-01 + 8.40E-01 = | 0.00E+00+0.00E+00~ | 7.96E-02+2.70E-01~ | 0.00E + 00 % 0.00E + 00
fio | 3.55E-15+0.00E + 00 — 9.77E-01 + 7.96E-01 — 1.44E-01 + 3.97E-01 — 6.11E-15+ 1.60E-15— | 0.00E + 00 + 0.00E + 00
fi | 7.89E-04 £2.67E-03~ 2.20E-02 + 1.76E-02 — 2.27E-03 + 4.40E-03 — 1.97E-03 +4.06E-03— | 0.00E + 00 + 0.00E + 00
S | 1.57E-32+5.475-48~ 1.38E-01 +3.51E-01 — 4.56E-02 + 1.41E-01 ~ 8.29F-03 +2.81E-02 — 1.57E-32 + 5.47E-48
fis | 1.35E-32+5.47E-48~ 1.28E-01 + 4.33E-01 — 4.39E-04 +2.15E-03 ~ 4.39E-03 + 1.94E-02 — 1.35E-32 + 5.47E-48
fia | 0.00E+00+0.00E+00~ | 2.96E-32+6.39E-32— | 0.00E+00+0.00E+00~ | 2.96E-32+5.92E-32— | 0.00E + 00 + 0.00E + 00
fis | 6.72E-10+ 1.37E-09 + 2.40E-03 + 3.74E-03 + 1.21E-30 + 6.59E-31 + 1.74E-07 + 2. 70E-07 + 4.32E-01 +3.19E-01
fis | 2.82E-08+4.68E-08+ | 4.12E+01+6.94E+01- | 1.52E+02+2.89E+02— | 2.75E+01+1.09E+02~ | 4.53E-01+2.86E-01
fi7 | 0.00E +00+0.00E + 00~ 1.18E-02 +2.36E-02 — 5.61E-03 + 8.65E-03 — 2.76E-03 +4.64E-03— | 0.00E + 00 % 0.00E + 00
fis | 5.55E-15+0.00E + 00 — 7.57E-01 +7.09E-01 — 8.35E-02 + 2.85E-01 ~ 7.25E-15 +3.09E-15 — 4.97E-15 + 1.74E-15
fio | 1.57E-32+5.47E-48~ 4.15E-03 +2.03E-02~ 1.57E-32 +5.47TE-48 ~ 3.32E-02 + 1.05E-01 — 1.57E-32 + 6.32E-35
Sfo | 1.35E-32+5.47E-48~ 1.61E-01 +7.08E-01 — 8.79E-04 + 2. 98E-03 ~ 7.41E-32 +2.09E-31 — 1.35E-32 + 5.47E-48
- 7 15 11 14
+ 4 1 2
~ 9 4
42 TREBILBS SR Jo L B3R, (LK F 5 BB £, o s S AT

XF 26 2 F1E% 3 434 a] & B, ELDDE 8% Y SRE
ﬁg& ’Y:E fl ’f2’f3 ’f4’f6’f9 7f10’f11 ’f14’f17;j\: 10 /l\lglﬁi
FIPE A 5, AT DAAR BRI A i i 8k 3 B A A% 0. EL-
DDE 53 76 IS SSORS B IR SRE ) T, 5 4% S ik AH L
RN

TE% 2 HFRUE DE BIETE £, fas for fis frotB BL T 45
¥, M ELDDE JUTE f5, foMRSE T 5t £, fis s freM 32
AR X T — M A i & a1 48 & 575 GODE, ELDDE
HiE T PE R, BARSURRS BE T BR fs o fo, fu Z OB
KF ZAEE G, U A 2 20 38 B 1) X34 K 2]
LXMW R L.

AN FAEARHE DE B 3G T ELL SR ) ELDE, 43
Hral & B ELDE % 45 I3 R B0 A 58 A W SR
EFEAH ) R BOPE A B 1 0T, & 1 WSSO i 22
55T ELDDE, i) DDE X #2551 WS Sy s B . 6 F4E
ELDDE I 2 50K 9% 3t 5% #% 1) ELDDE-NEP, ] & 31L& 1

FENCSIPS i 1 B4, U B AN 224 i RS 9 2E 4 7 2 2] %t
T2 ) AN AL () RS 5 B N T Jm SR A AL, 3% iF B
TORG S X PR R RE 22 R T 0 TR, 6 DT R
YLK > A7 Bl T 5800k B Bk R R A (. ELDDE-
NEP 7E £, f15s B AW SRCR 47 T ELDDE, By £, /2 5
W [ F3T , £ B0 fY i % [ 181, ELDDE-NEP % 24 Fip g 3
W72 20 S — Rl S0 K 14 2% > S m , X 0 2 I AT £ i
SGEE H ELDDE 2Lk

MFE 3 RFB A Wilcoxon Bk FIKS 56 A &8 1145 SR ml L)
A, ELDDE 835 A0 F 35 JLAR H 300 75 [ Bs A1 44
() DE 395 5A7 B8 A9 A 38, 4 F B0 s 5L £, ~ f5, EL-
DDE B f5F1 fMEBUR S B S AL ff 0, {6 pR 3K £ ELDDE
55T CoDE, JADE, jDE. %} F 2 6 s L fy ~ f15, ELDDE
HRE MY, (H ELDDE X F fi, fo, froELE] T e dl
it 0.5 T 5% R &L 14 ~ fo, ELDDE 15 £, F1 £, 0843
T MM, fis fros foBBE TS Y T8 55, s 25T
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2
&

%’%(f’fmg%ﬂ: CoDE.

M3 AT LA H ELDDE Al T HE B EAES
BORHPCSHHRETT AE /1, frs fo B REPGE B USRS Al it
0,7E fy» fio0 oo EHHEFEMSN LY & . K 4 25

24 UL ES92se oA ] LIS ELDDE 5503k HoA ALtk
WS SIGHR J3E At ) WA SORS 3 R o 11 o B I,
R 1R S 2 (e WS
F4 FEEW Friedman BIHER

T ELDDE Fl14% 83 1 Friedman #5565 HE 4% , ELDDE HEZE #ik | SaDE | GODE | jDE JADE | CoDE FELDDE
A Sl B A 3 S 4 4.90 4.55 3.68 3.60 2.30 1.98
Hi—, \Geit2 LU T ELDDE Bk % i
Schwefel2.22
T Sphere(f,) 0% chwefe )
104 109 AEUALA
o 10% o 10%°r t
5 g —+— SaDE
< . [ 100 |-
: 10100 : 10 GODE
8 - S 8 10-1%0 |- —— JDE
E 10% —=— SaDE :E —o—JADE
00l 0 .GODE 102001 —&— CoDE
10 —— jDE —— ELDDE
—e— JADE 10250
10201 —— CoDE
— ELDDE g0k
10-300 £ L 1 1 1 L 1 1 1 1 1
0 1000 2000 3000 4000 5000 6000 0 1000 2000 3000 4000 5000 6000
Iterations Iterations
e Schwefel2.26(f,) . Rastrigin(f))
Q o
3 3
s Kl
> B
g o}
£ —+— SaDE £ —+— SaDE
= ——GODE | ™ —— GODE
. 104 +— iDE
— _]DE J
—e— JADE —e— JADE
—4— CoDE 106+ —— CoDE
—  ELDDE —— ELDDE
-108 ! 1 L 1 1 L ! 1 !
0 1000 2000 3000 4000 5000 6000 0 200 400 600 800 1000
Iterations Iterations
100 Shift Penalized1(f, ) 1o Shift Penalized2(f,)
—+— SaDE —=— SaDE
—— GODE —— GODE
100 100+ —h— JDE
—e— JADE
—a— CoDE
E 10-10 g 10-10k — ELDDE
«< <
> >
] a
g 1020 g 1020k
= =
—— jDE
10%}—e— JADE 10 —t—s +
—a— CoDE
— ELDDE
40 h . . . . 0 . . . . .
e 0 1000 2000 3000 4000 5000 6000 e 0 1000 2000 3000 4000 5000 6000
Iterations Iterations

B3 REBEERBY, Lo fi S for foo LRSI

4.3 BEREIJWAITES
35 4 THEIX S24 ) 9 DDE B 3L HESE T Xk 9
AT S AR 53 B AT 24 2 SR 25 5, O T A
B EL R B PERE, 2 B0 SR T BRBOTE N I BGA ) 20
JTRFN 10 T3 R B9 21 . X 32 5 /0 il & B, K iy
> PSS B RO B A T 2 ) R R AR
A% [ .

XL £ ~ £ 2R fy ~ fiz, W 022 2]
FU S 2 2 (ORGSR AR — B, 78 fFD f, BRS A 22 5% 78

S EREERE o) B OR i T  i 2 2T EXE G el B0
URGREN 10 T3 U B 252, Al A BURS 9% 2 > iy Wi S0
JEZEG PR, REAE R0 1 B BT AN U B 31 5 2 RS
RETFAFRES AU fr4 ~ foo, KB 2 FEMCSIGH JEE FIVRS
JRE TR 5 T AT e 3 2 > U IR D b SR S T i b
SRV, X R4 27 ) X R ) Z AR L7 1h A% T
SR, RELESAIE St B R AR AL, SE B A5 RIEW] T
K27 ] LA RORS &t SR 1) T A7 1k A 5t
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x5 RBRFEISFLEFINIRER
FES Wi S S3 Ja fs Jo S Js Jo Jio
FEDE| 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.23E+01 | 0.00E+00 | 1.51E-04 |-1.25E+04 | 0.00E + 00 0.00E + 00
2 H3E | 0.00E+00 | 0.00E+00 | 0.00E+00 | 0.00E+00 | 2.24E+01 | 0.00E+00 | 7.92E-05 |-1.25E+04 | 0.00E + 00 0.00E + 00
FEJ%| 0.00E+00 | 4.41E-180 | 0.00E + 00 | 9.94E-181 | 2.47E+01 | 0.00E+00 | 3.44E-04 | -1.25E+04| 0.00E + 00 0.00E + 00
= W@ | 1.98E-235 | 3.71E-122 | 4.07E-174 | 1.30E-102 | 2.58E+01 | 0.00E+00 | 3.32E-04 |-1.08E+04| 0.00E + 00 0.00E + 00
FES Sfu S Sis S Jis fi6 S Sis Sio S0
FEUL| 0.00E+00 | 1.57E-32 1.35E-32 | 0.00E+00 | 4.32E-01 4.53E-01 | 0.00E+00 | 4.97E-15 1.57E-32 1.35E-32
2 | 0.00E+00 | 1.57E-32 4.39E-04 7.89E-33 | 1.58E+01 | 2.43E+01 | 1.78E-03 5.26E-15 1.57E-32 1.35E-32
FEYE| 0.00E+00 | 1.57E-32 1.35E-32 | 0.00E+00 | 1.28E+01 | 1.37E+01 | 0.00E+00 | 6.25E-15 1.57E-32 1.35E-32
e i@ | 0.00E+00 | 1.25E-30 4.39E-04 4.38E-28 | 2.32E+02 | 2.84E+02 | 1.78E-03 2.19E-14 8.99E-31 3.00E-28
4.4 DDE WEXIES SIMTAT % B, ELDDE il ELDE X B0 R 550147 35 3% 1R Ik

29 1 I DDE A3 O 335 W SAO3 E Y520, 7246 7

Hi25 T ELDE F1 ELDDE 35 2] U036 6 A 7 ARG 2 Air
[ 25 YA 37 S0 T A5 7 2 A YR BRSO G 3k
2 i, i ELDDE 9 USCSSORS B Eb ELDE =5, 3% 6 Jir A
HAS EE DL ELDE BEIA 2 ARG B2 SR ME AT 8 . X 7

BEAAH R, {5 7 22 1 R 500 i #% R ER 70 o i L Al
Eﬁi’ #%%U%/T’f f12’f13 ’f14’f17’f18’f19’f20%|3ﬁﬂT [El
%, 878 T DDE #307E ELL S HE 20 T 2 i 1 0 42 2
IR RELSK A WSS B2 L IERA T DDE 7E ELDDE 3532 P iy
T PR A

F6 HIHIEBE
PREK fi S 3 Ja fs fs S fs So Sio
i1 0 0 0 0 1E +2 0 1E-3 -1IE+4 0 0
lglﬁ( fll f12 fl3 f14 flS flﬁ f17 flS f19 fZ()
(i1 0 1E-20 1E-2 1E-20 1E+1 1E+1 1E-3 1E-10 1E-20 1E-3
%7 ELDDE 5 ELDE i B i 48 B B9 T 293k ROR SR n iz bk
S /2 /3 fa f5 fs fi fs fo fio
ELDDE 2665.96 5420.4 2741 .64 5498.56 17.2 22.68 1477.92 102488 131.84 286.52
ELDE 2749.24 5449.96 2803. 84 5481.64 17.96 23.88 1773.04 2298.76 152.68 292.68
T 1.03 1.01 1.02 1.00 1.04 1.05 1.20 2.24 1.16 1.02
Ju S S Jia Sis Ji6 S Sis Jio S
ELDDE 151.32 134564 230.92 1508.36 3529.84 3513.96 338.52 1471.88 1349.92 346.12
ELDE 165.76 5511.04 961.8 6183.48 4893.04 5296.72 1484 .64 6131 5456.44 1439.8
T 1.10 4.10 4.17 4.10 1.39 1.51 4.39 4.17 4.04 4.16
5 %Kit 5% 30k

ARSCHR M T T B4 AT [ R S AT X 85~ 1Y B

A2y LA ¥ ELDDE, 7€ ELDDE &35+, DDE # 0 A
PR TSI R Dt SR A BB EE T E I X4
B 2R 3 2o 1F 5% pR B D7 S A Bk 47 X d 2 o) 1
ST AL URCBIORS B, SRS B MG T AR T EL-
DDE B9 5538 i W SLRE J1 A B 4% B 80 00 5 Tk . ) 4
TAERH ELL SR 2L E i e Bk bt T
fiff R T2 A S5 S ] 31

[1] Storn R, Price K. Differential evolution a simple and efficient
heuristic for global optimization over continuous spaces[J].
Journal of Global Optimization, 1997,11(4) :341-359.

[2] Das S, Suganthan P N. Differential evolution: A survey of the
state-of-the-art[ J] . IEEE Transactions on Evolutionary Compu-
tation,2011,15(1) :4-31.

[3] Mezura-Montes E, Velazquez-Reyes J, et al. A comparative
study of differential evolution variants for global optimization
[A].Proc of the 8th Annual Conference on Genetic and Evo-



1530 H +

2 2014 4§

lutionary Computation[ C] . Seattle : ACM, 2006.485 — 492.

[4] Wang Y, Cai Z, et al. Differential evolution with composite trial

vector generation strategies and control parameters [ J]. IEEE

Transactions on Evolutionary Computation, 2011, 15(1):55 -

66.

Qin A K, Huang V L, et al. Differential evolution algorithm

with strategy adaptation for global numerical optimization[ J].

IEEE Transactions on Evolutionary Computation,2009,13(2):

398 —417.

akBEfs, X = FH . e LB F F 22 ek [T] . T

241 ,2009,36(6) : 1318 - 1323.

Zhang Xiao-wei, Liu San-yang. Differentialevolution without

the scale factor F[J]. Acta Electronica Sinica. 2009, 36(6):

1318 — 1323. (in Chinese)

[7] Zhang J, Sanderson A C.JADE: adaptive differential evolution
with optional external archive[ J] .IEEE Transactions on Evolu-
tionary Computation,2009,13(5) :945 - 958.

[8] Brest J,Greiner S, et al. Self- adapting control parameters in dif-

—
n
(o)

(6

—

ferential evolution: A comparative study on numerical bench-
mark problems| J] . IEEE Transactions on Evolutionary Compu-
tation, 2006, 10(6) : 646 — 657.

[9] Rahnamayan S, Tizhoosh H R, et al. Opposition-based differen-
tial evolution[ J] . IEEE Transactions on Evolutionary Computa-
tion,2008,12(1) :64 — 79.

[10] Wang H, Wu Z, et al. Enhanced opposition-based differential
evolution for solving high-dimensional continuous optimization
problems[ J] . Soft Computing,2011,15(11) :2127 — 2140.

(11] JAIH e, Rk, 55— ROk Sz ) 2 > ik - BE DL AL 3
WL LT] P24, 2013,41(8) 1 1647 - 1652.

Zhou Xin-yu, Ww Zhi-jian. Elite opposition based particle
swarm optimization[ J] . Acta Electronica Sinica.2013,41(8):
1318 - 1323. (in Chinese)

[12] Takahama T, Sakai S.Constrained optimization by the e con-
strained differential evolution with gradient-based mutation and
feasible elites[ A ]. Proc of IEEE Congress on Evolutionary
Computation[ C] . Vancouver :IEEE,2006.1 - 8.

[13] Tagawa K. A statistical study of the differential evolution
based on continuous generation model [ A]. Proc of IEEE
Congress on Evolutionary Computation [ C ]. Trondheim:
IEEE, 2009.2614 — 2621 .

[14] Zaharie D. Critical values for the control parameters of differ-
ential evolution algorithms [ A].Proc of Mendel 2002, 8th In-
ternational Conference on Soft Computing [ C] . Brno: Faculty
of Mechanical Engineering BUT,2002.62 - 67.

[15] BR300, FERIR, 45 25 40 A A WSSOI 2 A 5 S vk it
(3] 3241 ,2010,21(5) : 875 - 885.

He Yi-chao, Wang Xi-zhao. Convergent analysis and algorith-
mic improvement of differential evolution| J ] . Journal of Soft-
ware,2010,21(5) : 875 — 885. (in Chinese)

[16] Yao X, Liu Y, et al. Evolutionary programming made faster
[J].IEEE Transactions on Evolutionary Computation, 1999,3
(2):82-102.

[17] Wang H,Wu Z, et al. Space transformation search: a new evo-
lutionary technique [ A ]. Proc of the first ACM/SIGEVO
Summit on Genetic and Evolutionary Computation[ C]. New
York: ACM,2009.537 — 544.

EEEN

% IR 5198 RBUREIT L
Be i AR A BF 5 T 18] < Y e 50 R LT e f
TR R .
E-mail: hu_ peng@ whu. edu. cn

RRE T, 1963 4, Hiz, Wk S,
DR AF A TR B AT A S0 5 W AT, 5T
71 BRI AT RV AR B AT

E-mail : zhijianwu @ whu. edu. cn

BgrE 55,1987 A DU AT R ALE B i L AP A, BF 5T
J5 i B RETT A AT

WARF 1972 A L BUR, U E B BB SR
e e 1, W58 05 1 - B RE T FER 124 .



