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An Evolution Direction-Based Mutation Strategy for Differential Evolution Algorithm
TANG Ya, WANG Zhen-You
(College of Applied Mathematics, Guangdong University of Technology, Guangzhou 510520, China)

Abstract: Mutation strategy plays a decisive role on the success of the differential evolution algorithm(DE). However,
the direction information has not been fully exploited in the design of DE and the balance between the evolution speed
and the population diversity cannot be well handled so far. In this paper, it explores a novel direction information which
is generated by the selection operation and it’s directive effect on the mutation operation. On this basis, it proposes an
evolution direction-based mutation strategy “DE/current-to-pbest/1/Gvector” and an improved djfferential evolution
algorithm based on adaptive differential evolution algorithm(JADE) for comparison. We name our 'alg(‘Jrithm as DVDE
and compare it with five state-of-the-art adaptive DE variants(JADE, SaDE, CoDE, jDE, EPSDE), using 12 standard
numerical benchmarks taken from the IEEE Congress on Evolutionary. Computation 2005. The simulation results
indicate that the average performance of the DVDE is better thah,those of all other competitors, especially for the
unimodal functions. The experimental results also illustrate'that the using of the evolution direction is helpful to improve
the algorithm’s convergence speed, maintain the population, and effectively avoid premature convergence problem.
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® 1
EEie st P e 2 HIgH A
F; (Shifted sphere function) [-100, 100]°
F, (Shifted Schwefel’s problem 1.2 function) "[-1(50, 1001°
PG B A F3 (Shifted rotated high conditioned elliptic function) ‘ + [-100, 100]°
F4 (Shifted Schwefel’s problem 1.2 with noise in fitness function) \ [-100, 100]°
Fs (Schwefel’s problem 2.6 with global optimum on bounds function) [-100, 1001°
Fe (Shifted Rosenbrock function) [-100, 100]°
F7 (Shifted rotated Griewank’s function without bounds function) [0, 600]D
Fs (Shifted rotated Ackley’s funetion with global optimum on bounds function) [-32, 32]°
EAL Fo (Shifted Rastrigin function) [-5, 5]°
Fio (Shiﬁgd rotated Rastrigin function) [-5, 5]D
' F11 (Shifted rotated weierstrass function) [-0.5,0.5]°
F12 (Schwefel’s problem 2.13 function) [x, x]°

42 RWBHRE

7 30H5 DVDE $135: 5 F i SOR A 1 5 A5t 1y
DE #.7:(JADE, SaDE, CoDE, EPSDE LA jDE)#EAT
FLAEL, X 12 4> 2005CEC Ak bR £ 20 A 7E 4k 4 30 Al
50 I HEAT T K058, B UM T IE AT 30 R IIEAT 45
SO, A R AN ST (0 B KT A VB B
1000*D, Herfr D WYERR/N. BB MRE T 5
A e v, DVDE R/ i ol 150.
4.3 ERMREITIREITMIRRE

D0 T RS VRO S (0 PR IR, IR 3]
0T 4 B 0RO b &

1) % ACMIIRER S b AR AR,

VP RBOE B VPN BN, TR 1925 £ (X )
(XY LA 1822 ) PSRBTy 25 (F 427 DN B 5).

2) R 2 (SR) 4 FH S AT A0 S SR AR AR AL, v
HORTERER /D, SR SR FEEG AL DA 5 0k o6
S PR AL A 2 2 0 ) 2 26— 5 PR 5 6 VR A 009 o 17
AL, ; d

3) s M A A B S AR R L 2
KT 0.05 th ok LA ST E

4) W BATERE 30 VML IZAT A LI
SRS 15 YRR BOam i . e S P A A AT
ARBRZEILI L loglO( f( X )- F( X*)) FIEEHr K 1)
%R

R 2 RIETFBMEM bR METT 75 (D=30)
CoDE JDE EPSDE SaDE JADE DVDE
Mean(Std) Mean(Std) Mean(Std) Mean(Std) Mean(Std) Mean(Std)
F,  0.00E+00(0.00E+00)=  0.00E+00(0.00E+00)= 6.73E-29(3.69E-29) 1.68E-30(9.22E-30)= 0.00E+00(0.00E+00)~ 0.00E+00(0.00E+00)
F,  1.53E-15(2.88E-15)—  1.02E-06(1.45E-06)— 5.27E-26(8.78E-26) 1.14E-05(2.97E-05)— 1.13E-28(1.02E-28)— 0.00E+00(0.00E+00)
F;  1.16E+05(5.33E+04)  2.03E+05(1.41E+05)—  4.74E+04(5.57E+04) 4.54E+05(2.20E+05) 6.18E+03(3.96E+03)— 4.69E+02(7.57E+02)
F,  1.09E-02(3.15E-02)—  1.77E-02(1.85E-02)— 5.52E+00(1.83E+01) 2.00E+02(3.86E+02) 7.57E-15(4.01E-14)— 7.64E-31(2.94E-30)
Fs  4.24E+02(3.02E+02)  3.98E+02(3.78E+02)—  1.63E+03(9.29E+02) 3.38E+03(4.96E+02) 3.63E-08(1.23E-07)— 8.76E-12(3.24E-12)
Fs  1.33E-01(7.28E-01)+  3.06E+01(2.81E+01)—  5.32E-01(1.38E+00)+  4.54E+01(3.37E+01) 1.07E+01(4.86E+01)— 3.78E+00(2.08E+01)
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8.78E-03(7.39E-03) —
8.01E+01(9.46E-02) —
0.00E+00(0.00E+00)=
3.77E+01(8.36E+00)

8.11E+01(8.92E+00)—
3.02E+03(5.79E+03)+

8

2

2

1.03E-02(8.05E-03) —
2.09E+01(4.31E-02)=
0.00E+00(0.00E+00)=
5.81E+01(9.14E+00)—
2.81E+01(1.62E+00)~
9.84E+03(8.32E+03)+

7

1

4

1.60E-02(1.17E-02)—
2.10E+01(5.29E-02)
0.00E+00(0.00E+00)~
4.75E+01(7.92E+00)=
3.50E+01(3.82E+00)
3.77E+04(5.97E+03)
9
1
2

1.64E-02(1.13E-02)—
2.10E+01(5.25E-02)
1.33E-01(3.44E-01)—
4.83E+01(1.38E+01)
1.70E+01(2.83E+00)+
3.01E+03(2.83E+03)+
9
2

1

6.98E-03(6.81E-03)—

2.09E+01(1.79E-01)~

0.00E+00(0.00E+00)~

2.36E+02(1.28E+01)—

2.57E+01(1.65E+00)—

6.26E+03(4.23E+03)+
8

1
3

1.31E-03(3.41E-03)
2.09E+01(3.90E-02)
0.00E+00(0.00E+00)
3.27E+01(4.69E+00)
2.53E+01(1.42E+00)

1.10E+04(3.91E+03)

44 REZERDH
4.4.1 30 YESEE AT B4 L

AR 12 AN pR BUE 4E %L D=30 WIEAT T 4)7 5L
525, ¥ DVDE 45 CoDE, jDE, EPSDE, SaDE, JADE it
ITT W8, % 2 Prongs REFESTIeAT 30 (RIF R 72
WM K57, 43I Mean il Std K. 9358, BUREL
SO 45 AR 2 kAT T oS, Jhr, 4
TR IR AT AL T DVDE [MsLi 45 3, k2,
=R ZSE R SR A R T DVDE SRR 4R,
M= FoR M H A LT,

EPSDE 4.21
SaDE 4.79
. JADE 2.79
DVDE 1.96

N 2 PIRATTLLE R, 76 5 A gk $ b,
DVDE H:MAG 4 SRR 7 e/, & 5 ANEVETER
PR AP —AS, HIRR o i oAt 5 AN %)
T 7 NEARLIE RS Fe-Fip, DVDE kL CoDE,
jDE, EPSDE, SaDE, JADE Atk 5 5 4f (1) ek %
A 44, 34, 44, 54, 4/~ CoDE, jDE LK
SaDE 73 7t 14y, 1 ANEL & 2 ANk d L e DVDE 2R

3 JBI S RIS (D=30) = i A2 AL a
. P TP, MRIXLEGR, FATR AT G i gh e X 7
p— T AR SRS DVDE (19 6L B 0.
jDE 3.88
%4 D=30 MK Fr-Fy MOIEHI(SR)
Fu F Fs Fa Fs Fe F E?, Fo “Fuo Fu Fio
WA H \
- 1.0E-20 1.0E-20 1.0E+03  1.0E-10 1.0E-10 2.0E+00 \‘1'0E_03 21E+01 1.0E-20 4.0E+01 15E+01 3.0E+03
CoDE 100 0 0 0 0 . 96.67 . 30 100 100 70 76.67 76.67
jDE 100 0 0 0 0 0 13.33 93.33 100 3.33 0 30
EPSDE 100 100 0 0 0 86.67 10 86.67 100 20 0 0
SaDE 100 0 0 0 0 0 0 83.33 86.67 26.67 23.33 66.67
JADE 100 1100 10 100 26.67 86.67 40 86.67 100 100 0 26.67
DVDE 100 100 76.67 100 96.67 73.33 86.67 93.33 100 86.67 0 6.67
0 0 o

—+— CoDE
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——JADE

—=— DWDE

—=+— CoDE —+— CoDE
—— DE —+—JDE
—%— SaDE —u—SalE
—=— EPSDE —=—EPSDE
—— JADE o o JADE
——DVDE

L L 1 L L L L L

2 25 3 o 05 1 15 2 25 3

o 05 1 15 2 25 3
Fs Pl

15
7

F

Pl 0 a0’

3 HRHLFyFs, Fy, Fio (D =30 ) St . BEARbRFRIEARIREL, PR IR loglO( f( X )- f( X*))

Ak, 3 PR NI IR A 2 R 45 .
K AIE H DVDE KB 1.96, LLHAR 5 ANEL
RPN, TR UEE] T DVDE Mflifbie Ji bt
Hopth 5 ANFIEARELS. £ 5 BILUI LR SR, N
RPTTLLEH, X T e 8 Fi-Fs. F7 BLK Fg-Fi, DVDE

(eGSR ri 1. B 3 FER T BRI AEFo-Fs, Fr, Fao (KK
SLIE . o, BEAA bR R R IEAR K EL, AL KRR OR
logL( f( X )- F X*)). MBS AT LI 1, BB
A 75 ) RTINS R W Sl D Rk e ) #ES 2
TR L.

5 TR B S %(D=50)

CoDE . "JDE EPSDE SaDE JADE DVDE
Mean(Std) + * Mean(Std) Mean(Std) Mean(Std) Mean(Std) Mean(Std)
F 0.00E+00(0.00E+00)=~  0.00E+00(0.00E+00)~  4.22E-29(1.01E-28)— 1.51E-29(5.16E-29)— 0.00E+00(0.00E+00)~ 0.00E+00(0.00E+00)
F, 1.65E-08(3.21E-08)— 1.27E-02(1.28E-02)— 3.15E-22(1.57E-21)— 1.31E-01(3.24E-01)— 4.21E-27(4.22E-27)— 1.24E-27(5.24E-28)
F;  198E+05(1.00E+05)—  5.45E+05(2.64E+05)—  1.25E+07(3.36E+07)—  1.06E+06(3.39E+05)—  1.76E+04(8.59E+03)— 1.59E+04(6.78E+03)
F4 5.99E+02(9.15E+02) — 4.84E+02(4.03E+02) — 9.03E+03(1.67E+04)— 7.05E+03(2.41E+03)— 4.07E-01(8.06E-01)— 9.23E-06(2.87E-05)
Fs  3.14E+03(6.56E+02)—  3.05E+03(6.16E+02)—  4.48E+03(1.04E+03)—  8.53E+03(1.48E+03)—  1.32E+03(4.63E+02)— 1.90E+02(2.50E+02)
Fe  8.12E-01(1.53E+00)+  3.69E+01(2.59E+01)—  1.46E+00(1.95E+00)+  9.12E+01(4.54E+01)—  1.33E+00(1.91E+00)+ 5.69E+00(2.11E+01)
F; 2.63E-03(4.88E-03)— 2.95E-03(8.90E-03)— 8.84E-03(1.39E-02)— 5.74E-03(9.95E-03) — 5.09E-03(7.42E-03)— 1.81E-03(4.88E-03)
Fs  2.01E+01(1.09E-01)+ 2.11E+01(2.37E-02)~ 2.11E+01(3.59E-02)~ 2.11E+01(3.51E-02)= 2.10E+01(3.76E-01)J: A S 2.11E+01(3.47E-02)
Fo 2.98E-01(5.93E-01)—  0.00E+00(0.00E+00)~  6.63E-02(2.52E-01)—  1.82E+00(1.38E+00)— . 0.00E+00(0.00E+00)~ 0.00E+00(0.00E+00)
Fio  7.79E+01(1.96E+01)—  9.50E+01(1.42E+01)—  1.56E+02(1.61E+01)— 1.30E+02(2.61E+01)J‘, 4.69E+01(7.39E+00)+ 5.88E+01(7.92E+00)
Fi1 2.90E+01(4.76E+00)+ 5.43E+01(1.80E+00)— 7.05E+01(3.51E+00)— 3.99E;+01(3.60‘E+00)+ 5.20E+01(2.52E+00)— 5.15E+01(2.68E+00)
Fi,  9.31E+03(7.57E+03)+  2.00E+04(1.53E+04)—  3.19E+05(4.72E+04)— " 1.97E+04(1.59E+04)—  2.15E+04(1.86E+04)— 1.39E+04(1.66E+04)
— 7 9 10 ‘ 10 8
+ 4 0 1 1 2
= 1 3 1 1 2

4.4.2 50 Hi 525047 ELL5 R4

i T 9 iE DVDE X T4 R Ak e g, A
X 12 ARG B A E YRR D=50 IR HEAT T 07 s
5 FT RN IZ AT 30 YR A BL 45 HF iR 2= 4 (E A
FRUEJT 22, N5 AT LAGNIE, X pA%L Fy-Fs, DVDE (1)
Pl gl Fam it i T 1ol 5 AR, (HUEXT 205 %L
DVDE MR EAEIN AW . R, R B e AR Fk
RIMER G5 RALAER 5 AT TR

6 TN 12 I ML 2 PRS0 45 31, DVDE [HRk
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¥ 2.08, EBATEME S BN A, BB T
SRl T B4 T 11 P AR S SRS X T SR TR L AL fE
IS B TR A

#6920 45 H(D=50)
(ZA7R By
CoDE 2.63
jDE 3.75
EPSDE 5.13
SaDE 4.88
JADE 2.54
DVDE 2.08
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i H LR g N

%7 D=50 I BHL F1-Fip OIYERIE(SR)

F F, Fs Fa Fs Fs F Fe Fo Fo = Fio
R AT 1.0E+0 1.0E+0 2.1E+0 50E+0  4.0E+0  1.0E+0
— 1.0E-20  1.0E-20 A 1.0E-05 10E-10  1.0E-10 1.0E-10 . A
CoDE 100 0 0 0 0 0 76.67 100 76.67 0 100 70
jDE 100 0 0 0 0 0 86.67 0 100 0 0 36.67
EPSDE 100 100 0 0 0 63.33 56.67 0 93.33 0 0 0
SaDE 100 0 0 0 0 0 0 0 20 0 46.67 26.67
JADE 100 100 20 0 0 66,67 60 13.33 100 66.33 0 40
DVDE 100 100 23.33 76.67 6.67 80 86.67 0 100 16.67 53.33

0

AN, KT RO A5 R IUERIF (SR). MR
7 R, AT CAOE R TE, AT Fi-Fs X
5 ML K %, DVDE 50052 6 MRk ari, A
P 28 St R Tk LA DY N R N T AR & U e B
Fe-F1, CODE FI JADE 7E 3 /™o % | 3% I AG B FLAL 5
W:lf. DVDE HAE Fy i A e SR B Al e 2, {0
J&, jDE, SaDE BA A EPSDE Jf A5 4E T4 e K LR BIL
4t DVDE If.

BT R E AR, AT LIS B — 45k, A
TX 12 AR £, A Exn T 30 ik 50 4,
DVDE [P tERe B Lt ot 5 MEVEELF, JUHIEXS
TR R A, PRREEE .

5 g

ASCHFST T A R AR T 72 2 1 2
= B R AR LSRR, 3R T LT
HEAGTT 1 A8 R4 TR, Oy T SRR R KR 7
Ty
LR R T R BT 55: DVDE, 3L 5 ik
3E() DE 575 (JADE, CoDE, jDE, EPSDE, SaDE)itfT
T Hek. it 4k CEC2005 My 12 A FIT IR 5 L,
IFLERR S50y B g, IR T AT T E Y DVDE 5
VERRERAR AL PE RSO0 T oAt 54 DE 5508, 45 32X T
5 ANFLIEER B, ORI G . MR S R, AT
T DL H 548, 3BT A 7 160 1 I A T i
VIS SSH i RVRIRE 2 B PEA AR B T P OV, 3
SO G, T S L R R AR
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