8 = R EUKRS S & B s & EOKE AR S WO

E TR E BIARMAHR UL

TR, KMAE, B4

(EHASE R, W TEERE SRS, mHiinSRETRE& R 0, Fi#E 200240)

BE: TIEXERTNEERMMER, HEREHERES —HFRGZ T/
taBEEeHAE TR, EANREETRUAE, BHFREDZUIHIA “FRka”
AEE—FH|FAM, ATHRELRFR, FAKREGTA, MEDEEEA, HEETH
RWEERN Tk, BeRhTEE—RFITERRE., F6 LRRRNKA T, Rl —
FhAE TR B B RAL A B 2 AR MW 7 ik, JE SR A B £ B X R R R R v o AR AL
T o P A5 B vk Bk R B B B 7 o B B R U R R Tt B 1 B AT IR
A Rt oy AR Sk R T AR AREEL T R A

X FENREEE; MHESHEE Aettit

illl3

1 5

B B (genetic algorithm, GA)!'L2 H Golgberg H1 Holland #2 H 19— 5 T F SR 2 A1
R 2 SR B A2 JR) SR E, RN — PO 75 250 B AR R B0 AT SR T 0 B R R .
Bl AL VA A R, 7R AL — e 57 % [ R 2 IS SR B . I S D S AR
SE PR ZE A ) R, X G ] R R B PR R A iR R A A% SRR S b J8 T — Fhad A B B AL AT R
Bk, N T ERIX L, A PO AR 2 T o A B AR S AT i, X
E TR Gri N = R SR A NV S i RPN S ) NP Ul = R ) WS A Ry I R N B8

FEM MBI BB B, 75 225 NI E B R A E . LR AL AR 2RI A
A B AR INEFEN B SRR, AT B — /N5 L & P 2 I R R (1)
WIT TR N TEEHER R L, V12 IR0 I8 e A R 5 A B AR 47 1
DA K CFD BE VAN BEARAAZE &, AR AT PERE SN B AR MEAAE T A Bt o A SCET
Xof 157 BB AL SRR (SGA)E B AR AE 1 ] R HH 50t 7 VR T R DR IE P 22 1 M 1 i ad A%
HIE(IGA), FER XM et g% Jikis A B s i #E

- 1383 -



8 = R EUKRS S & B s & EOKE AR S WO

2 HIE AL AR o

2.1 ISR

FEAS 38 4% S A e S 1) I, 388 T 25 L P2 AL TR ) R R (R S 5, 06 20T ) R 4
V) ) 2 BU% A B P HEAT TR A I e AR B MA, IR — I R RV E gD o H R FH () 2 i
77 A b G b AT s B A P A gt 7 3, bR e A e AR AR B — R A
B ) 3R R B AT R R . IR R S AR R B K e R R 2 2 1A ) O
B SR AN R S A T8 25 ) B A (6] R R TS B T SR A B3 AT 2w S T LS I S g g 4
[) H ) A 5 ) RS TR ) e —— X, R SR S BT A T LA R mED . RS A B
B. HTAEMBMALERES, —BOEFNRITEEREL, A ERIEETIHALE R
HIF B EUE, AR SC A ot a8 A B0 R s Bm i vk
2.2 BiENAZXMERNEE

BRI n ASEL WA o AMERRHEESI I s 80R X = (x),x), x) ) FonFhi
HIANA, Hordh XT AR R AR | FORFIEER S | M, BRR T R FBEE LR 758 T 1R,
A YR SR A YR FH ¥ 5038 SUB T, AT UM 2 S P e [ oL R S B ANk X T
X 0 Fdg— AN S F RS OB BEAT A8 SR AE , X3 k NS AR S SCAE I R

x, =ax, +(1-a)x]
) _ ~ random < P,
x, =ox] +(1-a)x,
e (1
X, =X,
) _ random > P,
X, =x|
Hrb, o R 0~1 WBEHLEL, S XHEZE Po (PR B 1 sHE BOE I SOE R, U958
XA L RIS, B AN AR s B i By A8 MR /N, A SRR WA SR ) e
. FrLL, Ak R A E A XOMER R L VAR 2 —,  EEXTAS R RARAL 1] REFRAT]
LA FRIMA MR, AR IGA A2 UL ZKE 32 FEAn R 177 7% 5 3 B 78 -
. {Pa 12 Fosf, 2 o o
P, else
Horbt, Py M Py A 0.4 F110.8, A MERBERLEE, fo, APRERFIE R, LR NY
T AN A28 3 1) AN PR3 97 B2 ) K T R R 1 P 200 S FE I, R A 38 SR I vl REME BRI
HH BN T PRUEE B R A A IS 2
2.3 BEMTFBENTE
AR YR B 38 A% B3R ) jump A creep PIRPAE BT, WHAME X IEANSEL A
B BRI

- 1384 -



8 = R EUKRS S & B s & EOKE AR S WO

x, =x. +2(@—=0.5)x"""  random<P, = jump
C_ i pintenal .- 3
x, =x, + fx; / M random<F,,  creep
Hor, o o8 0~1 FBENLEL x" " FoR5E kNS BRI, B AEL, MA—MREX
IIEREE, AEARVGRAEFET M BUN 10000, PIANEAE T4 jump FIR2 HOK T F B
Zf, 1M creep WIRIRZHUNEE RS, 227 MR ORAIE T RS LR SRR BT, =
AR SR RN, R R AR L RE 2, AR IR, A FA I BN
WK, HHRE—EREN, SRR ORI R L. AR XSGR g L ik
AR S M AR AT b R P P AR DL B R (1 2 REVE R BE O A, L D7 R T

P — a] aZX(]_]rc’start) a3xﬁ . P _/IXP (4)
Jump ’ creep - mutate
Npop X Npamm Npop X MAXgen X Npamm Npop X Fdiver.viry X Nparam

H, Npop BARMEIMEEL: Nopwram B MBI SEAN B MAX,, R B ML)
RRIREL: Fanersio NENEFEEZAEVERIBREL: Logiqre AP E AR EBIRE I AREL a1
0o a3 NEMEESE, ARREUN 1.0. 2.5, 2.0, AT LLI% I BAR A0 1] BT 18 24
B NG BB M RAEFREZ BN B MBI MIN ey (IS5, 78 ARG B30 15 1%
MIN giversiny BCH 0.01, BHUA 0.05; A4 creep B F M jump A8 F MR RMES L, &K
WHUA 20 NTHAT HRAEFPRE 2 FEVE o8 B T 551

N pop N]mlam xi _ xbe.vr 2
— k k
Fde@fS“.V - z z int erval (Npop X Npamm ) (5)
i=1 k=1 X

Horp " R EE R AR AMATOSE k AN SR %P2 R RAE R B S PR AR A A
AR i A AR 2 18] (R 8 2 AR ARRRE S A B AR BRI S ENE 2 Faiversiny BN
ATAJI MR AR o G A 2 REVER AL O 8, AR SO s A VRS 1 M2
PR 0T 2 S W X B AL AR, e 2 e U A e B B

3 HAEA SRRt

3.1 SRFBREIEEANESMUER

— L 5 I 38 S0 1 St SR R 3R B ORGSR B SR, JLRUAD IRy R
BT — AR I T R & BAE RN T B AGE R A e MAIERAE, PR 2D %
(R R LR M 2R A R OR B SRS O DO R SR M i R MA ELRE R 1 2 R — AR,
M B X R — AR PRI A AR HARAT AT S0 o R B AR A S O g B A AR R - B o
B BURL 1Bl B ST 1 BT 30 0 RN R34 P iR AR 3 1B, I B %R
TASCRNREM B —E R . (R T RERR B, JAMEIREE. XK
ARSI AL BRAR A AU, R AR ST — AR AR A L — & (KL R AP 2 AT C R K
MR —E R, FFORER SIS MARCA B BOE RME, BARPIRINT

- 1385 -



=T m e EURS) AR & B TUm & EDKEh 1A R SO

x, =x +a(x}* —xi)  random<P, ,N, _<N,. ©
x, =x. else
Horht o R 0 2 1 MBENLEL x AREE R BEEAME T K ANBEL Poove NIRRT
HAMEREENIIMEE, ARG AL BIERCA 0.5, Nay NBCE AR I S AME R B i
KK ARRBLEN 0.3N,0p0 IS SRAENMRRINI R KK 6 8 1% SE A B (KW S
FE, T U B I bR SR S B 2 AR BRIE e R, O T IRIEE SR AR AR 2
FEVE, CRERAICAT B3 08T 2058
3.2 MESHMRRIE
AR CHE R84 TN T RIE RV R TP R A 2 PR, SR 2 ARV R AL
PREL Fanversin /DTS BB RIBIE MINawersioy S5 > F5XEBIE R B0 AREAT FOBTUE, 3R
AR Z4 IRl O R AR o A R SR ) 81 SEOBT IRU(E AP (K 20— Mz b e BB SRR
Xy i=1
X =1 X" 2<i<N, (M
new  i>N,
Horp Ny A E RN E TR E R MR SCE, AR RSO L SRR BN 0.3N,0,0 BERIEL
BETT IR SR AR 2 A MBI B RE I, BRATTRE AR b ic 35 1A o 1k BB T
ARG E AR S S EHTREL, TSI (10 25 A P I ) 43 DA K

4 St AR SR I SRR

N TR AT 03 2R B Schaffer X {oisk (35 4% 5920 4T B6IE , Schaffer BRELIT) 2
L), FHor D AREIMLEL, —4E Schaffer BREE G WA 1,

f(x)= 0.5+(sin2 (\/g] —0.5}/(1.0+ 0.001[§:fo]2 (8)

M 2 A% Schaffer BREUH S EUAE(0,0) 40 i KR EUE 0, FHFRATEL —4E Schaffer i
B AH B E D SR VA BRI, AR B (o) IR AKX TR 73 i A (-10<x1 <10, -10<<x2
<10), fA]ERIEAL SIE DL R Bk (s A% SRk i SOt FE an e 3 DA K] 4 Bl

1
~ m
2 4 8 8 *

&1 4k Schaffer BG4 K 2 4k Schaffer pf#0HH [ %1

- 1386 -



8= R EUKRS Y & B T m e EOKE AR S WO

0.000 - oo T 00 F
-0.005 |
-0.00972 0
-0.010 |-
02
L o1t ——SGA
ug.-o.ozo- o oIMGA 50-0-3' iy vy
0,025 - 04 |
0,030 |
05
0,035 |
L L L L L L L L L 1 L 1
0. 200 400, 600 200, 1000 0 0 200 400 600 800 1000
% ¥
K3 BORIE R 4 P ERAE AR

fRT BB AL BVE R TS BN £(1.86645,2.52318)=-0.009716, Hridk ()38 4% i A 45 5
N f0,00=0. M 3 mrEI, S IsE BEERIEAT LA SN Sk B — Rt s e g, IF BAE
Ja S GRS AR P H AR B 2R s AR, SO RS BRI LS USR] T 5 — R
ARG, (FRTEE 340 ARBH T 12 R &0 e AR (138 BBl A WS S B & Rl AR . A
P 4 w5, fa] s AR SRR AT 30 AR G HBURI 2 e Mt /N BL S N T S BT Bk
Bkt SR S A A T S B S N AR A AR I R — BRI T 2 AR

5 F Tttt SRR i

AVRFEAABL AT RAL X % 3% B DTMBS415 fibisE, ARRAR #5708 H 6 Y Lackenby
A, A ARIN10), HA x AR, g)RRTE x AN ARSI ) x 7 A2
NMEEES, 1A TR SRR AN T F A& . B 4 DR ARG a2
-0.01<q;<0.01, 0.25<a,<0.33, -0.005<<03<0.0025, -0.31<<q,<-0.27, [HJyit+5iBiT NM
BASPIHHT IR, H AR BURYE 0 4045 T 0.3 A1 0.4 AL /T LL 0.64 0.4 HIRLE BE4T L%
PR E -

1
;| 0.5| 1-cos2rx x—005 , 005<x<gq,
a, —0.05

1
—] 0.5 1-cos27—"%_ ||| 0.05<x<a,
a, —0.48

g(x)= )

|x|-0.05 1
o, 0.5 I_COSZ”\a\ 005 11 o, <x<-0.05
4 - .

1

| 05 1—cos2e AL | pagcrsca

41 0. s A0S XS O
|et,|-0.48

- 1387 -



8= R EUKRS Y & B T m e EOKE AR S WO

0.850 0.0040

—=—OPT »
00035 |- | —QR!QIN‘

0.849 |-

g
0.848 - /7
' 0.0030
0847 | 1
! 0.0025 -

o 0846 |- ! s
O

0845 |1 0.0020 |
'

0844l 0.0015 -

0.843 -
0.0010 -

B DR &l 6 AR M S5 SRR B A3t b

RATFMEE RN 01=0.01, ,=0.25, 05=0.0025, a,;=-0.31, FAEFEWE 5 Frox, ALHE
FEGEATEIBE S b 6 Bivs . MBS Al s, fERANFRE R 2R R, BT
TR RSB T A AR B BRE, AR B AR BV B AR E E 1
BRUNFE WA T IRE T R . B 6 TTAN, TESEUE/MOAR TG N T AR 2
T EI A R F0 BEL 77205 5 s M 2 P L 77 8 38 3 W S P MG

6 ZEiE

AT TR ) A A% SVE (TG A )R P ) SR AT G, 1 5 A8 SOBE R AN A2 SR )
EIPAN SRV IL i S MVANE U 2 SRk Do 2 R )Rl B &2 AR B RPN SR R
AR R B2 1 384 SR AR TR SR AL S AL SE, IF B — b SR ORAIE 1 o
HEE RN RE T A 2 REE o d5 i {6 P et PR 8 A% B R M EBEAT 1 LA, £ B A2
BBV A1 2 TR i as

& £ X #

1 Goldberg D E, Holland J H. Genetic algorithms and machine learning[J]. Machine learning, 1988, 3(2):
95-99.

2 Zhang J, Chung H S H, Lo W L. Clustering-based adaptive crossover and mutation probabilities for genetic
algorithms[J]. IEEE Transactions on Evolutionary Computation, 2007, 11(3): 326-335.

3 Vasconcelos J A, Ramirez J A, Takahashi R H C, et al. Improvements in genetic algorithms[J]. IEEE
Transactions on magnetics, 2001, 37(5): 3414-3417.

4 Abdoun O, Abouchabaka J. A comparative study of adaptive crossover operators for genetic algorithms to
resolve the traveling salesman problem[J]. arXiv preprint arXiv:1203.3097, 2012.
IR, H R AR AR SO SR STD] R A B U R R 5,2008.
Eberhart R, Kennedy J. Particle swarm optimization[C]//Proceedings of the IEEE international conference
on neural networks. 1995, 4: 1942-1948.

7 Kim H, Yang C, Noblesse F. Hull form optimization for reduced resistance and improved seakeeping via
practical designed-oriented CFD tools[C]//Proceedings of the 2010 Conference on Grand Challenges in

- 1388 -



8= R EUKRS Y & B T m e EOKE AR S WO

Modeling & Simulation. Society for Modeling & Simulation International, 2010: 375-385.
8 Noblesse F, Huang F, Yang C. The Neumann—Michell theory of ship waves[J]. Journal of Engineering
Mathematics, 2013, 79(1): 51-71.

Optimization of hull resistance based on improved genetic algorithm

ZHA Le, ZHU Ren-chuan, ZHOU Hua-wei

(State Key Laboratory of Ocean Engineering, Collaborative Innovation Center for Advanced Ship and Deep-Sea
Exploration, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: For the single-objective optimization problem in practical engineering, the simple
genetic algorithm has a series of problems such as the binary coding space cannot completely
cover the entire genetic space, the suitable genetic operators are difficult to determine, the local
optimization ability is poor, and prone to premature convergence. In order to improve the above
problems, the paper proposes a method to ensure population diversity in the middle and late
stages of optimization, and establishes a feedback mechanism for the influence of population
diversity on mutation probability, so as to improve the ability of the genetic algorithm to jump
out of the local optimal solution. Finally, the improved genetic algorithm is verified by a test
function, and the improved genetic algorithm is applied to the ship resistance optimization.

Key words: Adaptive Genetic Algorithm; Population diversity; combinatorial optimization.
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