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Solving nonlinear equation systems with neighborhood crossover-based
dual-mutation differential evolution algorithm

ZHAO Shi-jie"-*!, ZHAO Qiu-li', CHEN Miao', CUI Qian-gian'

(1. College of Science, Liaoning Technical University, Fuxin 123000, China; 2. Institute for Optimization and
Decision Analytics, Liaoning Technical University, Fuxin 123000, China)

Abstract: The difficulty of solving nonlinear equation systems (NESs) lies in how to achieve the synchronous parsing
of multiple-root joint solution. Since neighborhood-based crowding differential evolution algorithm has many problems
such as incomplete solution of multiple roots, loss of roots and easy to fall into local optimality, a neighborhood
crossover-based dual-mutation differential evolution algorithm is proposed. The dual-mutation strategy is based on
individual fitness values to learn both neighborhood and global evolutionary information, which results in improving
population diversity and simultaneously enhancing the local optimum avoidance performance. The neighborhood
crossover strategy employs the population grouping mechanism and different crossover operations to achieve
differential guidance of evolutionary individuals, which contributes to avoiding the loss of joint solution of multiple
roots and improving the computing resources utilization efficiency. The experimental results show that the proposed
algorithm can effectively realize the multi-root joint solution of NESs and has outstanding capacity on the index of root
rate and success rate.

Keywords: intelligence optimization algorithm; nonlinear equation systems; differential evolution algorithm; dual-
mutation strategy; neighborhood crossover strategy; population diversity; multiple-root joint solution
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P = |z — 2| = 0.
Ho: oz, €[-3,3],i = 1,2. ZFRAH 2 M.
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SIS PLER AR K (root rate, RR)s %I % (success
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3.3 EWMERSH
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it 4 NCD_DE-D Al NCD DE-N. 24 §% KHf, NCD
DE-D SEME DR KR s e 2 K5 10, JERRAS T3 2
AMRIRER; 20BN, HR T RIEREEUIC, HAE
L A7 B /= kG BE AR K 0k, AP %5 NCD_DE-D (1)
Z MR EK MRS AR 1 5 K P e ME R, 255 3Gk [14) %
B0 =0.5. 55— 7, IR AN [F) 43 20 L w (1
K. — ORI %) 5F NCD_DE-N Sk (1 RER2 ), 4>

BB w AN 10 1 1(3% 33:33: 34 W E) 1:1: 20 1: 1: 3,
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3L 10 A5, XA EIE N NCD _DE-1, ..., NCD_
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o 36 (R Rk CHE 44 S 3 45 R AR 1 (BRI 4 (B BR /)
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#*1 AREwtLf ™ NCD_DE X/
Friedman &35 #0x HER
Hik BRI HES (RR) FRIRHEA (SR)
NCD_DE-1 4.0000 4.1667
NCD_DE-2 2.6667 2.5000
NCD_DE-3 4.0000 4.0000
NCD DE-4 3.0000 3.0000
NCD_DE-5 3.8333 4.0000
NCD_DE-6 3.5000 3.8333
NCD_DE-7 3.0000 3.1667
NCD_DE-8 4.1667 4.1667
NCD_DE-9 4.5000 5.1667
NCD_DE-10 1.6667 1.6667

HR 1 0] 50, AN Fw B % NCD_DE-N (1) fg
SUIH A T 22 5, L NCD DE-10 8035 (0 #k: VcHE 42 WUt
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2) DS SRR () AR S e

NI UE BT NCD_DE 5535 1) 1 ol 503k SR s A
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F 2 MK 3. Hor: * RN RS AL T NCDE; fH Ak
FRIBAMELXT SR, +/—/ = 43 B R TR SR T
M FEPREMN T /95 T/5 T4 LB I Fa A%,

2 FEE RRIBIRHIXTEE ST ER

%%  NCDE NCD DE-D NCD DE-N NCD DE
F, 0.4500 0.4500 0.7167* 0.7667
F, 0.8844 0.9600* 0.9511* 0.9822
F, 0.8762 0.9952* 0.9619*% 1.0000
F, 0.9667 0.9952* 0.9952* 1.0000
F, 0.8444 1.0000 0.9889% 1.0000
F, 0.9933 0.9933 0.9867 1.0000

= 4/0/2 5/1/0 6/0/0

®3  BEE SRIBIRHIXEEGZITER

®%  NCDE NCD DE-D NCD DE-N NCD DE
bl 0.2000 0.2667* 0.5000* 0.6000
F, 0.2000 0.5000* 0.5333* 0.7333
F, 0.4000 0.9667* 0.7333* 1.0000
F, 0.7667 0.9667* 0.9667* 1.0000
F, 0.5333 1.0000 0.9667* 1.0000
F, 0.9667 0.9667 0.9333 1.0000

+~ = 5/0/1 5/1/0 6/0/0

13 2 W] 1 PR oot SRS 1Y) RR Fi AR K 7
T4 NCDE #3%, Hfl &% NCD_DE Hi%ighs
535 5 L+ NCDE 5%, & 3 ' SR 84575 AT 15
FUARALL 5 L 45 -5 K53 & NCD_DE SHIETE 4/6 5

240 _EIRENS Ik B NESs BIFTA L, B4 1 w5
Ui SRS N NESs 22 18 B 14 B 1A 20tk BLA A
$£ NCD_DE #3554} NESs 1t 5 it 22 i 4l e /.

3) S MERE X EL o b sz

it — 2 86AF NCD_DE B3k (48 5 S P BE,
PA 3.2 51 6 Fiovt b AR K AR B 2 50 B AT 30 IR
MSZERES, FT43 RR A1 SR a5 19X b gh IR WLk 4 A
5.

%4 NCD_DE EESXELE AR RR fEARITEL

% NCD_DE NCDE KSDE ANDE FNODE CADE self CCDE

F, 07667 0.4500 0.0333 0 0 0.2667 0.0500
F, 09822 0.8844 0.9622 0.5156 0.8244 0.9622 0.9511
F;  1.0000 0.8762 0.9476 0.8714 0.9286 0.9238 0.9476
F, 1.0000 0.9667 0.9952 0.4952 1.0000 0.9857 0.9143
F;  1.0000 0.8444 1.0000 0.6778 0.8889 0.9333 0.8778
F;  1.0000 0.9933 0.9867 0.2667 0.4933 0.9933 0.7333
Avg. 0.9582 0.8358 0.8208 0.4711 0.6892 0.8442 0.7457

+/—/ = 6/0/0  5/0/1 6/0/0  5/0/1  6/0/0 6/0/0

FH 3% 4 7] %1, NCD_DE Sk AH 5 F HoAh 6 Fhxd
P 5v%, X 6 20 NESs [ @il 45 3543 5 =1 1) RR $8 A1
HHAF RR 8 PR R 0.9582, A UL UE T it
SUVEFR O FE SR K 2 AR A SR B PERE, R S
NCD_DE [] SR $BA 4T3 (R FF 2 AR R 25 46 3R e 0 1

%<5 NCD_DE E A5ttt E AR SR $R¥R7TEL

B4 NCD_DE NCDE KSDE ANDE FNODE CADE self CCDE
F, 0.6000 02000 0 0 0 0.0667 0

F, 0.7333 0.2000 0.5667 0 0.0333 0.5000 0.3667
F;  1.0000 0.4000 0.6333 0.1333 0.5000 0.5333  0.6667
F, 10000 0.7667 0.9667 0 1.0000 0.9000 0.5333
F; 1.0000 0.5333 1.0000 0.2000 0.6667 0.8000 0.6333
F,  1.0000 09667 09333 0 0 0.9667 0.1000
Avg. 0.8889 0.5111 0.6833 0.0556 0.3667 0.6278 0.3833
+—-= 6/0/0  5/0/1 6/0/0  5/0/1  6/0/0 6/0/0

To 4 FLR I sk 0.8889, 5 A IR E T NCD_DE

SRR S A 5 1K) NESs 2 ARBA M RE.
NEMER NCD_DE HiEML 71 NESs 2 REK

I B, 22 AN [ BV () FRAR 2 0] Ll il 28 L B 3, %

57 BB R B 3(a).
1.0
- CCDE ;
0.8t FNODE |
CADE |
M 0.6 } — ANDE |
= KSDE sergendeges
X 04| —— NCDE [
-~ | = NCD-DE [
0.2t |
0 |
0 1 2 3 4 5
WAL E10°
(a) F,
1.0 1
0.8} / //
BE0.6F  lieeddd
5&% /]
&£ 04f T
02+ | /
|
0 D —— L L L
0 05 10 1.5 20 25
WS E 10
(b) F,
1.0
0.8}
¥ 06} [
Z L
®04) ‘ W
0.2} | | j
0 | L, ,
0 05 10 1.5 20 25
WS E 10
(c) F;
&3 NCD_DE E£5 6 fixfbb & AR
(BR) HRIREITEL Bk

P 3 AT Bl AR EIEAR, S FAIHRAR
R R R BUEER TS, HEANDC _DE
SOVE I R R I AL, 70 3 iR DR A P i R AR
BB ETRET 2 MR ML, 38 B2 v AR



552 = % 5

*x R £40%

LA Tk H ) 0 g 0 S s A A 2 48 3 9F 7€ 57 3] NESs
FI 5 2 AR, 7R FE A, NDC_DE 53k A8 LUAH X 5
NP A R B B 25 i T 22 AR, B DLAE G B8 /b 1)
TR B IRTF AN B s AR AR 2.

598 30 YROMSL LG 1) Friedman #6560 Rk K HE
ZEER WA 6. HEE 6 /TRl A1, FiT#& NCD_DE &%
7E RR F1 SR #8458 b (I RE IR HE 44 35 5 2 00 T HoAth ot
o ARy, i3 — P58k 7 Fr$E NCD_DE Hy%7E NESs
ZARBRARIERE LA AR .

%6 HEEH Friedman #3675 R HEZ

HE BRI (RR) RIRHEA (SR)
NCD_DE 1.0000 1.0000
NCDE 3.6667 4.0000
KSDE 2.5000 2.5000
ANDE 6.0000 5.8333
FNODE 3.8333 4.0000
CADE 2.6667 2.8333
self CCDE 3.6667 3.8333

4 & #

AR SCER KT NESs 7] #8884 8 SR fift A7 78 16 2 Al AT
HANTERE, 5y BN S s dpe e 5 vl R, 44t — 36 1400
BAZ S WA S 7 4y EAG VL (NCD_DE), PLGE
CRPRIDPI A £ 1N = R DR S g R S
FWIFTHE NCD_DE HiEXT NESs [l 8 (1) 5 R K fig
I R T AR ) FRAR AN R BAIE T AR
MR AR RE . 5 82K 25 5 AF T B ANMA 1 38 N HE ST
FAEBARIHE— D155 NESs Il 1) 2 AR 4% T
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