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Solving nonlinear equations system with an improved differential evolution

WANG Kai, GONG Wen-yin'
(School of Computer Science, China University of Geosciences, Wuhan 430074, China)

Abstract: In order to remedy the drawbacks of neighborhood-based crowding differential evolution for losing the roots
and trapping into the local optima when solving nonlinear equations systems (NESs), this paper presents an improved
differential evolution, which can be featured as follows: 1) An individual pre-judgement mechanish is proposed, which is
used to divide the individuals into different groups, and different operations are used for different groups. 2) An improved
hybrid differential mutation is developed to make the algorithm escape the local optima. 3) An improved archive strategy
is presented to enhance the algorithm to find more roots. The experimental results on the selected test functions show that
the proposed method can locate mutiple roots of the NES efficiently. Compared with other state-of-the-art methods, the
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propsoed method obtains better results in terms of both the root rate and the success rate.

Keywords: nonlinear equations system; differential evolution; individual pre-judgment; differential mutation
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54 EEXSEE

N T BIE CADE B9 (1A 30k, # e S R B 4
U RE SRR AT LR, i LR BV R R

1) NCDE: i 57 32 B2 2 3 T A0 I /N A B R SR
fif 22 AN [0 L, A0 W 40 Ay SR A e 1k 7 FE AL AR,

2) RADE!: iZ 5y 3 B i A HE R ik I A A7

RN H & L S 302 R R AR 2 5 R 2H AR

3) MONESP: %5k FEH 2 H brii b kK
fi AL FRZH AR,

4) A-Web®: 1Z 53k T BRI 2 B AR 5K g
AR L 1 7 TR AR,

5) DR-JADEUS!: 1% 55037 = BLH B 45 - 12 1 4030



FoH

I FE: KMIAERM AL R Gk st £ st H ok

2127

FERSAN [ 1 B S HOR AR AR 2 1 7 PR 2H HAR.

T Bk 6 MR, ZHOR BRI R, N T XT
FEAS [ B35 1A & SR, A5 FH R [0 R0 A6 P e e K0
B VP 0 B 25 PP A AN R 6 B0k, I B b A b ST
AT 30 UK, Fe S 45 AT M. B 9248 1E Matlab
2016b HSHL, BT T L 525646 & £E Windows 10 64 47
BEVE 248 F 4 Intel Core i5-4590M 4L H 2% @ 3.30
GHz, 8 GB RAM [f] &5 7\ PC - #47.

*9 SHRE

AT SHE
CADE NP = 100, F = 0.5,CR = 0.9, T = 10
NCDE NP =100, F = 0.5,CR = 0.9
RADE NP = 100, H,, = 200
MONES NP = 100, H,, = 200
A-Web NP = 100, H,, = 200
DREA NP =10,c¢ = 0.1, pcr = 0.9, ucr = 0.1

55 HERMLESHR
N TR S T B B0 D0 B DU S S K,

¥ CADE %1% 5 NCDE. RADE. MONES. A-Web.
DR-JADE HiE 78 618 3 (RR) L #E47 EL 8, 2126 10 flr
/. 12 1077 LA 1, CADE 7] LL3R 15 8% KHIF 34 RR
18, HAEF2. F3. F5. F6. F7iX 54 )@ | A] LA 3kfg
AL RRAA. A SCHE H 1K) CADE 595 78 40 72 1 559
NCDE 1745 Z AR AN R B R S5 A 2, 43 N T
AR TEIBLE, B R A 2078 7 51, Bt i A
TFRY SRS, T LAY R 1 SR AR AR, M SR &5 ok
%, DR-JADE HE 44 %5 2, RADE % 4 3, NCDE HE 44 45
4, MONES H T8 7 #2428 14> | AR & i S 350K
R RO FF AT BT i CADE Sk L - 4y S R
AR R T PR AR F 1 g 2L A5

T 3 G PR LG R R AR et ) M 22, TS 5 B
SRELE SR AR 7 FR A AR () e D %8 (SR) AT T
B85 AN 3 11 frs, CADE BVEA(E B Th Za & T 3
ity 5 Ffstet EL O B9

2x b, S 45 6 W CADE S0 1E SR iR 2k v 77
PR ) B R IRUR.

& 10 FEEZERIroot ratio XtEE

Bk F1 F2 F3 F4 F5 F6 F7 F8 Bli=R

CADE 0.9333 1.0000 1.0000 0.7033 1.0000 1.0000 0.9396 0.9500 0.9408
DR-JADE 0.7267 1.0000 1.0000 1.0000 0.7700 1.0000 0.8729 1.0000 0.9212
RADE 0.9015 0.9900 0.9971 0.6310 0.9867 0.9954 0.5619 0.8350 0.8623
NCDE 0.7564 09708 0.9619 0.5900 0.9926 09128 0.5396 0.9333 0.8322
A-Web 1.0000 0.9400 0.8371 0.8880 09733 1.0000 0.0038 0.0300 0.7090
MONES 0.9346 0.1250 0.4386 0.4360 0.9900 0.4369 0.1463 03150 04778

= 11 NEE AR success rate ¥TEE

Bk F1 F2 F3 F4 F5 F6 F7 F8 Boli=R

CADE 0.4667 1.0000 1.0000 0.0667 1.0000 1.0000 0.4000 0.9000 0.7292
DR-JADE 0.0000 1.0000 1.0000 1.0000 0.0000 1.0000 0.0000 1.0000 0.6250
RADE 0.3100 0.9300 0.9800 0.0000 0.8900 0.9400 0.0000 0.6700 0.5900
NCDE 0.0000 0.766 667 0.8333 0.0000 0.9333 0.2667 0.0000 0.8667 0.4583
A-Web 1.0000 0.6000 0.1200 0.1200 0.7600 1.0000 0.0000 0.0200 0.4525
MONES 0.6700 0.0000 0.0000 0.0000 0.9200 0.0000 0.0000 0.0700 0.2075

6 4 ® IR T TR SRR R . T R S

ASCEEA G T AR T R ALK AR, ¥ R AR
LT R LI O — i H AR AL 1R L, AR5 AR 2
24 (Y NCDE 5Lk i) 1), 32 1 — b eleik i 2 0
BRI HA N E E 2 % JE T NCDE B A
Jey HB e L& GIR B U S B IR UL SO R A AE B AR
(I 00, SR Ja A B AT T AT P I Sk S
5 T AT AR BURR B 2 AR, 5 — DT n 7 5
AR E M. N T 56 1F CADE BV I i, %t 8 4
M ARZ LT R BEAT 1AL IS AT 30K I SE SR, 5
T 2P I SRR S5 R AR TR HE—

FISE R 2 5T WA % AR G R 1212)
&5, Lk — bt m A A R, i 2 BEiE H BB A< Rl
TR A
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