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DEVELOPMENT OF SHIP TYPE OPTIMIZATION
TECHNOLOGY BASED ON CFD AND APPROXIMATE
MODEL

ABSTRACT

Nowadays, computer technology has changed the world. With its rapid development and the
continuous improvement of optimization theory, the attention from the field of ship type design has
been concentrated on its big future. The concept and connotation of ship type optimization
technology based on CFD and approximate model are analyzed in detail. The key technologies,
such as global optimization technology and parallel computing, have been focused on.

First of all, the author compares several random search algorithms. Then, the single objective
PSO algorithm is studied, and the algorithm is improved. Very good results have been obtained
under the test of non-multimodal function and multi peak function. Based on it, with the concept of
Pareto non dominated solution, the multi objective particle swarm optimization algorithm is mainly
studied. On the basis of reading a large number of documents, a variety of multi objective particle
swarm optimization algorithm is compared. The final completion of the IMOPSO algorithm has the
features of fast convergence, close to the Pareto front and strong stability. Then, thanks to the
characteristics of the particle swarm optimization algorithm, the parallel optimization algorithm is
developed, which greatly accelerates the calculation speed and further shortens the design cycle.

Key words: Ship type optimization design, CFD, approximate model, optimization algorithm,

particle swarm optimization algorithm, parallel computing
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SRT, IEANZ BT FRER IR, BT AU ERAE & A iR S B, ENlsE G4t
B ER AR RN, ARSI HS 1 AE SR HEFP 5% (NSGA-ID A 2 IX BB BRI -
1. FRE R T2, MELSCHL; 2. MRS AT Z, MUY, HERKELRA HEH
i 3. TR ARZME . ZIESEE AR, U RCR IR N AE . FE B AR BURE
Ja > RIKLT R SRR RE RO AR I st e Ak 38 17 12 7R AE R 220 FEM TRE SE b )2
Sz FAE AT LA AL o 2 LA P, ASSCORE 2 B SR AT RO AL e vt 1, XPkEr
REOUA AT I SOt 0T s AR RRCAS

2.3 BEMNTFREETL

PSO Sk — PR B AE (595 . Eberhart fl Kennedy T /M40 AR5 1
KA AT NG, $el T AR B H bR PRI . B8 PSO BIEHRA T “Hik”
A S, LA EAMAEBE RE RN, BAA B IAE

PSO HUEHALTER —IERIEF, NENRFER e E 7, 2By D
PP BRI — MR (UE— AL BHAE RN, SR 2 H] A DA —
TR AT, R RIRAMAREEA BRI 7 5045 Bk B shib kAT S im) R AN, AT
BT PR SL B AL

R AR P RE CAERT— /N A T FELIRUA , MU AR . SR B Tz
TRAE B () SR AR T H AR S RN DT S5 S, XSk TR 25 5 Pk
ALK . AR PRI IS X — P [F 8O, A2 R R AR s A7) LA B R s -
L. BOMBNERIAE; 2. FREG 3. IR, 54h, FIET IS5 &0
REA RIS . R, 5 BRI 58 AR T &P od s ok e IR AT IR A 2 o AT
VYA T T 73 AT T BRI 2 1L FRBERIGa AR 2. SHEFEAL: 3. ABIEIA+h;
4. TRATFNE
(1) FEEWIIEAAAL

B EDIF 2005 FE4E TR IEAZ BT 5o AT WG AR I O v, XUAT IS 2011
FEWHAT THRMBEF; Campanal®%5 AT 2006 £E13 L SIS RG0S T ArdE PSO 448
A, FEHBFF T BN BEX — ), AT S IR AR U A RS AR T (1038 B Lz A B
1EZE; Clerc!OF 2008 4 BAL 35150 73 AT I BEALEON WG PP R HEAT W46 1k B SRR 25 &) 51
B, ARRXS N BRASRGE . R 22, FEEIGE T Ao =Rt T W e i v
(2) ZEuEFEMA

HEHERSHEEATE LR 1 SR ROEE v 27 BHERE (T w;
3. T s e %F. N VEANER AL JUAN S B ik

1) SRR IR

()P IR 1E & 4k R 2K/ & 07 S5 2 BEALT . 52 8 & LA R
P A Bt T X R, RIS R 2T 1. sAh, R IniR

90 Fk32m|



@) XY EAALE

T swanor 10 Tons DA £F CFD MiESMERIRER L EAT &
BEOEMR T RN ESRE A S EiEs), XMLEREsh2F R 2 i J %
Vo BRI, FRATEAE 240 B — AN BRI DX 18] [-Vimax , Vimax] » - AL~ (R TG AR
AT ZAEBEE] o BRI Viax X T2 R TR UL NG ;. [FIIS, BN Vax TIXF
SIS U SR S I I (PRS2 S-S U N dvas b eI k7 U Pt S /ST e
BRI FEAE LAUSS: RIS, /N i) ROl JE R AL S BN R B 3
MR RE Kl T8 DM, SOOEE— O E N R A E 732 10 3 20
Z ), X RRIEALRA EN .

2) MRVERCGE O T Rk

Shi 1 Eberhart B IREEEIER AKX TGN TR F w, Blv;(n+1) =
vi(n) + o1y (p; — x; (M) + 1y (py — xi (), KBGEHEAR PSO FILIISIIERE . i
i1F 1998 E4E IEEE [H PRt it H 2 AR W AR N A Modified Particle
Swarm Optimizer” {18 S IA 11X —A8E1,
KL I8 &R B US4 R 1 RN SR R U . X — S HRR S B R R

T I BT BAE SRR T . DM R A PSO BEIEATE FH 1) 2 ] 5 P W 4
R, IXAEAR 2215 0 AN RS 2= i S00A0 5 S48 2 01 o X DR 9 4 P I o
1w RS TR SHEFIIREMN KRG L. FRETKENHFALIN, EHRSHE
AR 24 BT RAR (045 S AN W T B AR VAR (R RE 8 345 S A i A f 45 2R . AR
AN, XRHT Y wEBORE, WS Rant; k2, % w il f
B LR 7 22 FI R 380 ) B DR PP A AT 4 B4 2 o DR, 8 BhaS R w KA,
BATRENS EHR USSR RS ANAE ]y B AT 4B 3 TR AT (0 P47 . H AR A 2 12 Shi
WM IB OBUE (Linearly Decreasing Weight, LDW) ZEH& : w = wyqy —
n maxWmin o B HYAE VG R (0.1, 0.9], R B 5 AR A5 R A 1Y KT B AR

N XA S5 PSO BUALE RV RE WS AR Pt i S — AN L R
AR Ja WD RETE R AT an s S0 . w BISI AR & 124K Pso Bykimtk
e, 1 HAEREIEIE AT w oREN XA R R R R, ATk 214 A3 = 2 /AR
R AR . GBI T Z S0 SRS 1Y) PSO BVEBEFR AR ERL T #4532 (Standard
PSO, SPSO).
3) AT Rk
IR o FREZIRL -5 1) B 7 SE B RAT B S s 1 S R o T
FH R s s~ 5 ) HE A FEAR B R B () B A A RAT B FE o thAh, SI0REH, fRilH
TR, 2= HFHENA LR IRE]: ci+c<4.0 Cerv e ¥NIEHD, JHIER
B c1=ca=2,
(3) AR
PSO BE— P o ARG 2 R S 0 o 5 HONBEANEEAR, WPAS /B, &
Mg J A A o A SR AR ()R R s BRI R AR A S R B B AN A iR A
N, It H SR T # 2 T 55 SR T SR B M A S ke 530, SR, 4 fRpkiy
FIRRES RIS, (HR HV A B 25 5 PN R AR B R SR FE, 31X — £ Kennedy © T 1999
FAEW SO TR . HIR Z 00N S SR v IoxX — SRBE I V52, 8 X — MU e,
FEBR & IR AN, LKA AE 1230 B N S e & SRAR 06 o AATT EH R H 1 SR B AL 2
FEAAD2: 264, (Spatial Neighborhood ). PEREZS ] (Performance Space) 2t All 4t
2R ZA0I (Sociometric Neighborhood) . FLXHX = AMERIME— R B4 1. ZF (A4
ABEARSoF A3 PR K1) 43 T 4 B R AR B 2 5 AR 2 TR AR PR Rz il o AR FH ) i A2 5
AN AR B 8] B 2R 1 R R RIS — D 2, AR i R
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AEPERAE; MEMRIIRN, SUBTEE < REE R, HEE&EYT KB
AR, 2. PRREZS (ALY S 1) 2 WU 2 4% 8 — RV REFEAs (B AR R B fEL . &
BEEE) KT, BEAh, BB IFEF I A (WHENEFE R HUE, fithess-distance-ratio)
FAFRLFIEFEHARDRL T 3+ #2508 ROUBAFE AN U KI5 R 7 505 AcA R
7%, E R A A B R IE A — NS I LA Yw 5, 1 J5 #& X AN & 5

Ui 5 AT BRI 53 o 1A FH K2 5 B R PR PN B 2R 5T HR 4 (wheel

topology) BUEAIIHF (star topology). M IE#HFR (ring or circle topology). 3T FH

(pyramid topology) VLK Bfi#/L#i4h (random topology) &, L THIAH P Pt 0T B &R

B4 H OMAE PR, B TA R PR R, BRI AR ER . (HEAEK

T, BENUEIN BT L —E FIPEREER T, IR 28, M i in T

BORAHHITE R
(4) VR SRS

HT S REEAE B OMAMILE, 20 RN RER 7RSI ER

KALRA R TTE. B X —IRE S, 7 LLUAEI S S PSO &4 2 HtH i 1) 5

JrtERE (BIAnSSIGRE . KSR RESFILRE 15, BB . BEARIET kK

HATIREG: 1. IREGHAMA T, AR LR R AT B BB EAE (R

i) AR FEEGHSEG 20 KBV E S R EMEN E 5

PSO ST H & . EITLIeAET 2011 FEAEHAR SR GA Sk b K58 X5 Rl g 6 5

TIINT PSO Bk bRt b id F 8l 28557 2005 FAEHAR SR TR RIR K

B0 ARSI N PSO BIAHEN: Clercl MR TH22 S H AR PSO Hikdi &

(RIS Santos - 2007 SR A TR B ELIE 5 PSO FIREE & ARG .

T T T A 2R () EdE J A PSO SR SRS nT UG A5 R FH A P b B TR A SR 55
JRiERHAT G S TR A%, T eSO R R A6 A Tk B SRE S N LR T B L2 B S
B, RORWAET . PIUA SCEAN 8 () E B SO T A - BRIt kb . HikS %
Ak BLURH VR A
(1) FEAEYIENH T ERAA—— RIS R THE

SPSO (Standard PSO) FLikK I 877 12 A TSN E s A2 s BEATLBOR WA AR 11
R XFP I IEAAAE— AN )8 A 0] Be 2 (EREAAR IR AN BB 350 50 () HICA T B8N e E 2 ] o A
B R F R DX AN I @ 752 5N il st ” AR R PSO Sk, Wi, X%
FHARES R T 7 1 R A6 AL 1) 3 FEE AN AE 2 [A) (R AR KR - T dEAT W0 46 10 RE S A sk b
PRI SO XA S A T 2 s (R RR 2 AL D 4078 R — AN R 3D . e
W IR IR W7 BT J5 7765, ARSCRER AR T 77 7ok T A sode, Bk,
AAAE 24

VAP U TR S N9 NS O E AR I R i e 4.2 R o [ S P R A
Wi o PRI BTN, 385 2 — B chs T J7 k& AR Bh FBL . R T Ttk e — AN IEJ7 TR R R,
BN R HAFHET LN RS E S N 22— AR AR, IR A AT RS AN AR
&, WEEGE 6, W —ANRATRR T W R

BHEIEO T, AR T HHEARRN T & RIS A G 2 HE A R 25 s, &
T — PG RIS AT E R R o PRI R TT I, T8 28 R R I 5 R AR R 5 s SRl B i
The R0 T Ttk — AN BT R RE, S NHITER 2 AT LA RO R B e R . 25— A
BRRLT, AT MBI AN R, EECE 6 CHEEEIN SR BT AED, WA —
ANAATHIRLT 70T
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A B F C E D
B C A D F E
C D B E A F
D E C F B A
E F D A C B
F A E B D C

FERZBARR T PSO SEARS, A SCH R 1 BARERAE 2 ML LD
120 MG AL IR Ao R 1R A IR 5 P 10 X R REAT SRR R O3, REANE R A o
NEICIR 0 (n ARETHD BL (FIXTE]D.
552 0 MG RS A] . R B BOE B G L R P IX R BEAT SRR 0, AR R
XA 7 9B ) 0 B
%30 Witk E. WREEIEFERNS ) G=1,2, .., m, m NERERYEE) 4
IR TIXIE, FFAERXA T X NEERRIAEEE § G=1,2,...,0) DRFRE j 4ERfL
Ho e, ML E R i &A1,
%40 YRR TR . WEREREENS ) G=1,2, ..., m, m NEREREYEE) 4
ST X, FFAERXA TR NN EEE i G=1,2,...,0) DRFRE j 4ERTE
FEo BiJa, MG L 2 a5 XA 7 1
(2) MHPERCE AL —— 8] 538 N B 45 A5 ¥ B & MR A R

PRAERL TR DA I AT A B 15 3 7 SRS SR P ) 2 ] L 1 ot IS T8 1y 2 PR /> (17595 o
RIUXFh s 1) SERAEIE R 5 W 2 KRB IR BE ST, XA EMBHERCE (Se4i 85
FEJR 2 2T TN Gt o A SRR T IR 52 5 g I TR 38 W B8 AR 45 5 A 5 46
B, EMEEARIEXLT

{ Wmax=Wmin) (f =fmin) + n2 Winax=Wmin) , f < 7
w =

N ) M
Wmax’ f > f
Horb, wHIBAAMER BIERAE, RANAMRRBE RN, FARHAN T IERNEE, n
NIEARDEL o WIRRIEARE . A TP A RS S BE 72 R AR, PR (W Al
T S EATHERN—NBUNE, T MAFI BRI AL AL SEIE A Rz, kT
B MR 3G B P 1) TR — (A I, w228 73 BRSO, AT T8 4 B N\ R4S 2R - R 1% 100
XA 1IN 8] b i Z R T7 SRR 138 N SR AT 3 SR T I T VA AN T TR B AL -
IR S 1 1V € TR Y- AN < s R R 2 g
KH T EIRPIASKRSK SPSO AT s, FAS R T SR PSO ik (Improved
Particle Swarm Optimization, IPSO). HIEAFFEU T Ffix:
501 0 WEBHRRRUERN, IR 77 Bt MRS BTt 772k R 1 s AL B
BATHIIEA .

€)
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YFELArE
NEEZ/ SHANGHALJIAO TONG UNIVERSITY ET CFD AR ISR FIMR B R AR T &
520 WEBHMAR SR TGN . WEHANGN R (4D, KPR AN EEH Poe
AR s R B SR AR IE SN R AT E s A DNAEE Goewr TALBEEAN
THEAA AR 1 22008 38 1) B A AR P O T A
530 IR EE MR AR A Q) T EAR AR QR .
40 BT RI Q) Fr AR R R A E
%05 0 EETERAR NPT REREE, FHBRA S SR T IUE E R A
RT3 BT AT AR Presei "HAF I IE N L o 0 SEELAE FOAR S IR 75, TS 313200 T ) Poest FRE
A
506 30 BRI IR IS B AT AR T 5 EIR B R AR AR Grese HAF I
&N EAE O AR SR AR IR TS DB HT Guese 138 BB AL
570 I EE MR A Q) T EAR AR (R T .
508 B HIWrURIAR RIS F T R RS h AR S w A R R DS BRI E
WHL, R T AN, W AT SRR, S R G R AL E s B,
REIEE 455,

AR LAHI TIPSO B8 ] Matlab fil C+HE S AT K .

2. 41PSO LI BEE MR G IE

N T BGUE A HTH R TIPSO BERUR, ARSCGER T AN K 07y A IPSO &L
GA B RMRIFFAT X . BN B AR, b D AR YRR 4L

f1G) = 2251 (100(xi41 —xF)" + i = 1D2) ()
fo(x) = ?:1(951'2 —10cos(2mx;) + 10) %)

MK BE %L £ 9 Rosenbrock BR%L, ‘B2 — /M HLUERKEL, (HZ MR B &N 2 0 S
EHAEE . BRI RRMEN f(xN=0, 7E x™=(1,1,---,1)4b. Mk &2 £ 4 Rastrigrin pREL,
ERANZIEEREL. B RWAMEN f(x)=0, 1E x"=(0,0,"+,0)kb. 24 D=2 i, XA K%L
FIEMG T EFTR:

i
it
R
\‘\\\\“&\\\\\t&\\\“&\\\\
R
\\\\\“‘}&\\““\\“‘3\“‘&\
i

T
R

\
\\‘8\\\\““!

\\\\\\“z\\\ \

Fig.3 Rosenbrock B&#
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Fig.4 Rastrigrin BR%{

MRS, IPSO HIEM GA FREFTEHUNSHR 1. Hrb, TR AR 540
N 20, Kip 4N 10, A REOEAT 10 0 LS RO

MRS R WK 2. WNER 2 ATELEH, XTI NS BOR Y, IPSO % bkl 578 %
25 Ve RO U, AR, (HR R RIS RS, R, HROKEEDBK,
WSS R, EARRI A RN 8% . AR, 725 GA FIERILLALT, WRUKHL, GA &Hik
BRI, (ERA ™ A RS, JCH AR — NI B A5 2 45 R

R 1 HESH
IPSO 524
T ¢ 2.0 T e 2.0
‘E’%‘@*ﬂﬁ Wmax 0.9 ’fﬁ‘@*ﬂ% Wmin 0.3
HEARRL 5 M 20 R 7462 D 10
= N b—a
Eij:@}g Vmax, 1 Z(M n 1)
= > b—a
Eij:@}g Vmax,2 (M T 1)1_5
= > b—a
Ei‘j:ﬁ}g Vmax,3 (M T 1)2
B a REREAMEENH R TR, b AEGANFEEREER B
GA FIESH
Y S 0.8 LS 0.2
AR T4 M 20 Rif-4E % D 10
22 WAREBNPHENE (BINED
IPSO
MRRWESE TR a LR b GA
Vmax, 1 Vmax,2 Vmax,3
Rosenbrock -5 5 10.7027 9.8820 4.0418 6163.96
Rastrigrin -5 5 46.3288 27.5575 11.9946 34.797
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Z 4
asp 0
IPSO-vmax :
3t IF‘SO-vmax2
e IPSO-vmax3
—GA
25T
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154
1 .
-
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Fig.5 Rosenbrock FRLFL LR
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NEES/ SHANGHALJIAO TONG UNIVERSITY ET CFD FIEMER MARRI B AR T &
535, N T BB IRL T EB [T, F 0P G R, BCELFWEERLME M=10, L0
AT BRI HE 50, S B MBI, BAETRE,
RACLETRILE 3. WA 3 T, 4 IPSO BUAMBICHBERL NI, & ROUCEIR i 21
8, T ERIROCIEA SN, RIS R B R LK MB ORI, B4, GA Bk
PR EAR R T A 19K, R R TRE R

K3 WAREHFEENE GRIMED

S, o IPSO
HRRWESE A PR a LD GA
Vmax, 1 Vmax,2 Vmax,3
Rosenbrock -5 5 28.7844 13.3824 82.2453 22103.4
Rastrigrin -5 5 46.2381 41.7310 60.0073 76.2079
%104
5.2 0
= IPSO-vmax ,
45 >
l IPSO-vmax,,
4 l‘ IPSO-\.rmax3
l — G
35 lI
. |
25} \ %
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2.5 ZRMKRTFREETA

I SCPEARRUR 1 5 HAREAL il B — Fp i ok 7 ik —— R LA HA2, BLSEAiE
JEH AR SCEPRI TRE I, BB SR AL H R 2 sl 2 H AR T AT AL i), Jf Hix sk
AN B H AR 2 AR 2 R ARTE . 5 O IR 2 TN R NF IR L H ARl e
FIwETE, HEGEY 1R — Ui, DU AR IR K.

(1) % BFsfutrn @ s Rid

BUEH S — Nl 2 AR (st i ME), EBE MASBEir. EHHSA K
NIRRT

Minimize: fx)=1[fix),i=1,..,M]
Subject to the constraints:gj(x) =0,j =12,...,], (6)
h(x) =0k =12,..,K,

AR = [0, X5, o, X ]s ERIRUL IR R — AMEIEFE . n KON 2R R 4L .
i) 1 DNEARREL g(x)FRRE § IAFERLH, M h(x)WFRRE k MELL 0. Fik,
R HTREZL R REIA 1) 2 H ARG R ] DA AR . SR —A x, NSRS fx)15 24k,

H T2 B be il il @ eSS H AN R T2 B AR A &, BRI RA 17 ZE— AR T2
T T B PR B 4 P B (R R PR AR T 92

(2) Pareto JEFHfEI3)

Hi Vilfredo Pareto #& 1) Pareto AU, $&4E T — Rl FR N Pareto SCHC 175 12K X
ATV . Pareto SCHACR R & ST AR R RN

&R/ MU, Bl min=£(X),i=1,2,...,n, BUEREENDEITERR X, X
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Y HAS X TAEED € {1, ...,n}, #H fiX) <X, W X, ¥ X

Y HACHN TAER € {1, ..., n}, #F Xy < i(Xy), HEDFEE—Dje{1,...,n}, fE
3 fiXw) < fiXy), M Xy 5532 Xys

M HAN S EEIe{d,..,n}, FE £X) < £(Xy), FN, FEje{l,..,n}, #5E
fiXw) >fi(Xy), W Xu 5 Xy BASR

R MEARAR A AT DAY R B S R AR A R, L ER R B M R B R A A RS R 1)
AR . o5 EaR R ) SCHERAIHE “A7 “57 [E Lo

G FRREE, AT LA 2] — R TF R R SR, FRATRMER 2] — > G g S HAth
P R S R - FRATTAS B30 8 SR I RE (1) — S8 B0 I — AN B T LA H AR BBk U2 i
Pefige, AFEX HAR ) B AR Bk UL IEA S BRI, i R s 2. B, £z H
FROUAL Il B, FRAT149 3 1 45 0l & — Mg, IX MR LI AR TR 58 R 2 BAS D
1, BITCE IR H 1. B AURIEFIBE BIX AN Hos: 1. IR — AN Hir
BPBERIE; 20 WL E N ERIE T, AHI5S 2D —AH Al B AR R BUPE RE .
S IR B AR N FECECA# (Non-dominated solutions) Y Pareto fiflLfift (Pareto optimal
solutions) o T~ LA /MU A BRI 2 BARRAG R, a1 X 4 Pareto 5 ME, WI'e 75 245
JE LR A

HHAY, AMEERXFER Xy € U, f(X)XA i(Xw), BIAFERXER X, € U f#f51%
AL AFE D € {1,..,n), XD <fiXwy) H FEi € {1,...,n}|iX) < fi(Xu)

Pareto JE SRR E L BRI : ERRIIATHES, Pareto IEHMRBMAE IR Fr
A Pareto JEF XTSI H AR R BE PR U — Sk Hi 2k CH EARTRIEE R T 2 i, —1
fYEHD) ——EWH N Pareto I H .

Pareto fFSE A B MRS M4, YRR (B BONERRS, HIE
A I T B L 2 AN E SIS L

() Z HinkirFHEEE

FEAR) PSO Bk — M EArEYE, N T HERMERZ B8, a0 oA R
NZ Hbr PSO Hik.

Sierra ZE14F- 2006 X IXA ] BT 7 A A4 o ARATIER T 7R B B Ak R R
RSN Z H RSB T Bk i = A 8 1 Ry 2 RSO EC AR, 24 3kt R b i
AR T; 3. WA £RFF Pareto BT UY E RIS SIVER ZRE:

Coello F1 Lechugal'* - 2002 42 7 —F 2 Hbrbi T B EE . X BEVERIZ O AR
R IE N 23 8] 43 I R TANEESL 5K (Super Cube). fEFEZRISHFEF, MRIESAEL N
b AT B B R S EC AR 0N BORBE B/ AR o BTk B TR BRI il T X —
R, BN CMOPSO (Cloud Multi-Objective Particle Swarm Optimization) . %532 F 4k
AR ZEF 3 I DA X R K T BRAR B s S o 22 H A PSO BVEZR Z BN R 3L ) 1) R

CMOPSO HiEig Tk fer, 15 2R SCICMRRE 2 R A7 2/ IARS 4% T B0 3k
ATEEHT: ARVPAG R — AR SR ARSI, R 2 B AN S b AR — KL 13, Tl
FEIXANHAR s AN E SO SR SRR Ze b I FEAN BRI LKL T, PRI Se 5 L RDRE T R B A1
HRE S, FRXANETE NN AN AR s A0S RIS AR AR KL TS AN SR, U B
FOMAAMER ARG s AR RS 58 b R HOR T BT € I AME N, B4 7R B —
(SRS BV PR B e N AN 4R A B VAR - GBS 2 BE ML T AT IR 5D
CMOPSO 1] [ 1& I X #45 A 2 F SR AR R 1R B2 7 S BT 5| N B AR . fEMRAL
e AWOR U ANIPAS V8 N i S L o A e AN N1 9 & iy NG S S e R N i e RVAYS R % NG
VR~ 53 Fio O 42 5 e L (IR DR AR AN 5] (R RE S 7 A2 AN IR, 38 A2 AE I T
SR T AR R R BENLIE D o CMOPSO ] Poes AN A 22 H A5kl T HEHIRARL, #B 2

N

&ieny

N
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@) X Afﬂr}tﬁ
= Sty 3 CFD R RUERIBMB AT 2

KR T NGB — AR, RS FE AR R S OC R AT R, — M
N WFFRCT i, BT E A SIS Pivess B4 TEBT Pipes ABE; AU Pipest SIL K ST
WS, ISAAEARATAR A BRIT LRF RSN, RIE A EA AL e 55/, W% —
SERE T Pipes N -

SR1M CMOPSO 18 R EAH F 2 B e S A R, B owiBH BB 0.4 ML, MR
RATRES AN RS 55— J7 M, ZEIERIFHEAE IR T e e T XA FEEE 1 2.0
M e B, TZTE 0.1~0.9 X ANEFEI, HFHZRIEA R ISR B sk B A kg R
ARSI, RSB . &n, SEEm S E A, MUK, &5 1.

TR CMOPSO e 2= a8, ko IR EE S0 T 2015 FAEHB Uit
W) —Fh FE T~ Pareto == 3R J& L MOPSO #3% . i HIEFIH Logistic B ™= A2 VRV T 541 4R
FhRE, JHASRAA IR (cuckoo search, CS) HIMLH, MTRFNTE4: R £ REELS),

BArsk, ZE%EHE T 2015 E0f AL Z BARE R EIL M E T EERAENY . Al AT
VA 7038 32 W 10 D5 5 T & R B R (1 I B0 B A BEALE , SR 2 AR AR AT 1A
TR M R R R A R b I E A, R T R R T AAS R RN
HIEMN % Hbr PSO Hyk. Hi @St “sh&Zath” 5 “HEM”.

“ENSERNT” X — P ik ——e B T — SO A BRIl R I 55 - IX
e 5 9 1 S BAE T 2 5L SE I — BRI AR RS . AT i g, 03E 7 ELME I 9 AREETT
W FETARYE 55— SCHRAE F D7 (815 3 BRFE T, AT i R — B0 W7 A 1) ] 2

BRI —E . 78 “ FIERL” 5T, ABATTR B 5 1 15 T AN 0 A 2 2 PRl R[]
(BE BT ORIE, WA &R 5 RS s, HEAR RSB
1) HEBAPRE (=1, 2, .., NSRS AR 7 P R R 25, B
e AN NS L)
2) el RS AR B R T IR S 5 SUN dgs dmax AFLHERCKIRIEE S, duin I
NHEAFENAOEEE . s, R T f
f=grom @)

Amax—Amin

3) HHERPERCE R B IA SB T

1

~ Trise-26f ©)
C,=——— (10
17 0.240.2¢22f (10)
C,=———— (11
2= garozerey (D

MG 5 CIIMLL 4 1K, DR AEAARATIRE, B
Ci=4C/Yi. ¢ (12)

SR E I SEBRgn S A7 AT IR, BRI TVER IR A AR . Ak, AT G
A SR AR 1) 3 T SOR SO A R . VP2 SRFTER 2015 AR TR E
YR 3 I 7V AR DR T T) R R D P S Wzﬂ]v}\ﬁ TEAER AT, R BRI 15
B R AARUETRE G FA N R T, FFAERRX —BORIME B IS 8], 78 o 3 SCSARL T B 1 T SR
PN ANENIE, TS 4ERFIX — BN E TR e AR/ EUIN 8 5 0 R 38 SO0 RE 7T - 1X
AR 5T ATy SR — b T I (8] PR o S SR, AN R AR L 1 S0 S A 1 00 o A AT 152
1) Eﬁf”f PER ERIE AN

= Whax + Wimin)/2 — [(Wiax — Wmin)/2arctan(A)]arctan(2A;/Tmax — A) (13)
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SR A MR, XA “B0dt” [ RIMACRIEATAE, HikReEL A mZ LA
TEE AR E R H LTI, e 7 N7 E:
1) Poest M. NEFARLFORAE — IR EARME, H R 7 ZAKYE Pareto XK R, 5
CMOPSO SEFTR M 17 A A o
2) Goest 1IN, RIGIHTTEH RS2 R AR, T E DR R 2 R i AUk
TG HT R
a) WEIGNZEH, BRALHIHERSER IR &SR RS . ¥
FIr A G FERR VI 00 RERIIR/N N n, BARECH m, BB AT ERAE SR Ih
FEEA S =1 (RRKIEAR n .
b) X&) (j=1,3,..,n) NEIREATHES, HEAR TR E.
o) W FHHESE k (k=2,3,..,n-1) MRFRIPFASERS, Ko nEHERE |
AN H bR R AUA -
fier1~fims
max(f7)-min(f7) (14)
d) AWk 2HART n-1, 1, WBKEIL c 205 A&, BRI e 20,
e) FWrjREKRT n, &5, WBKEIZE b D #E, WEkRIE D,
f) AW BEKT n, HE, WBKEL b 25 22, MEES 1 M n AR
(AT LR BS N TE 55 R A IR BN
g) AIREE 2 N BEHE n-1 AR FR BT B R B S KR B AR N e R kL1 .
3) PRI E M ER . (R B B A A b, 4R, B
RECHRE TR 2 205 D 4N E, HABE A B SmERT, A
T:
Vig.p = W * Vj5.p + C; * Tand * (Pbest,i,Z:D - xi,Z:D) + ¢y * rand * (Gbest - xi,Z:D)(IS)
Xi2p = Xizp + Vizp  (16)
IR FERAE, RERS R — e PIRENLMERT IE R AR R A . ik, BE 7
TRIF BRI -
4) BVERUE 2B IR R BEE . BHETR TR, Gk TR AR ) E IS R SRS T AR AN B R4
AR, S5 R B A 40 TR, EagtatEmeE 2. Fitk, tabRAH T
FHE TN R] 0 2 M s 5 1 3 S R BB A () SR, AR A R
W = Winax = Wmax = Winin) X t/tmax ~ (17)
Hop t RERIEAP . HoHh, WA IE AR ENEDEE 2, XA AT DI R RE
AR ENE, HE PR Re TR FF— N K
% H bkl 7B A R PRSP IR A T
1 WOEMEEAEL, B BMEREN R BN 0.9, B/MEN 0.4, WEWAFTH
TR EM 2, WEREANYERE )i OE FENZ4En AT FE Y 25%.
20 RART AWM A B, MG 0.
530 WA AT AR SRR SR , AR MR RS DRAFIX AR ER , 15 212/ BRI Giesto
B4 HERH AR YRR, SRR RL R AA B, e R AT SR T A
PR BAR AR Poesto
55 0 FBPAANAACP BN BRI AE SRR AR, S AT IR & IF T AR AR .
SRJGE, T BT RRER T AR SO AR SR, U ANMRER /N K T 2 R e (il IBEAL
PRIk B KAEA AESCRCARAT TN AMER E AR 1, R A& 7.
6 IMHEAEERBEMNKT Greso
F 74 AWORRIABIRAOPE, B, WZERREHER: B, REZE 405,

dist(k) = dist(k) +
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ASCHR I SGH 2 B bR RO AL B2 (IMOPSO) 7 ZE ik 17 3 5 S A B 5 37 A 3
FESEHIE L AL BN, FE T R T XM BT B S LR 1R T R A
eSO PRI TR o R SIN T E & NP, SR AE BT AN S IS R SR R e A5 LAR
HE. ASCHEH 1 IMOPSO 535K H Matlab 15 5 gufEF K RN H SR AT IR E .

2. 6IMOPSO L L B ARG E

N TSR IMOPSO BEYERIRUR, H5/NHZ AT Matlab B4 1% H AR EEH L
(ff ] gamultiobj AR PEREIELLE:, & RNHAM AN EIERERITENR .
(1) HACFEE (generational distance, GD) [1¢]
flir A R BIEAS B RIEAL Pareto FIHYS E S Pareto HIVTZ [AIFIRKIGEEES, #%HRX
T

6 =(tzr,a?)” ()
AAF: n RIRUTL Pareto FIIHORLF MG di Rl Pareto FTHTHEE i MR F B E
SI2 Pareto B WSO FCE IR ICEE &5 . FEIWEE S GD B RN A 9% .
(2) ¥&JHFePR (Spacing, SP) [16]
SP BTt E A XU T

KPR S E L5 GD A RAMIE . R332 1, Pareto BIVEHI4 i1t 5 SP
KNS, B, SP N, FIRARI > Aikds 5]

AEFET ZDT1. ZDT2. ZDT3. ZDT4 s RKHATINR . RIS HOL T %
FT7R

x4 HESH
IPSO HiAS 4
2T o 2.0 2T e 2.0
PHEALE Winax 0.9 AR Winin 0.4
BRI M 100 Wi F4EE D 30
RIEAREN 100 RIS Vinax 0.25% (b —a)
W Hh a RRENMEFMER TR, b REGNEENH R ER
GA 5534
XM 0.8 A SR 0.2
ParetoFraction 0.3 P T4EE D 30
PR T4 M 100 I RIEAE N 100
ZDT1. ZDT2. ZDT3. ZDT4
HHETR a 0 H4E LR b 1

ZDT1 1 ZDT2 WIREIERARIT, A1 Pareto BIVSTESWARMML, HAT—A Ay

& N NWS]LIE
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S8R 20 Pareto

Fig.9 IMOPSO-ZDT1, GD = 2.456420278338573e-05, SP = 7.194518374624272¢-04
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Fig.13 IMOPSO-ZDT3
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A% 20 Pareto
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Fig.14 GAMO-ZDT3
M T P IR B A L AT DAE H, GAMO FiT IMOPSO 78 [ 6 A4 2211 Pareto iV, #F
B it JE AR IS, BVARIESEES . AR, GAMO 13RI E 2 i B R A 5
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Fig.15 IMOPSO-ZDT4, GD = 2.607786416952833¢-05, SP = 6.292697934065191e-04

5 24 U0 3% 32



ET CFD FA MR E IR B LR AR FF &

£8P :20 Pareto
T T

Fig.16 GAMO-ZDT4, GD = 2.757737163883514, SP = 0.851193724341380

LETST ZDT4 B, GAMO % 5 F- B Sk ie Z 2 A5 E A 5 W IMOPSO, Ik
PER A AT VERS AR U, 1 HSF 35 R LT .

AN, ACHE T PHNNR R, 55— 4 H 2 5T 7R B H AR A 4 # Rosenbrock
Rastrigrin BRIECA . WX NI B 2 % %8 IMOPSO £E [ 4 22 U6 R 250 1 . K
BB B AR R R Oy 10, BFADNMERER R IRE -2, ERECA 2.
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Fig.17 IMOPSO-Rosenbrock & Rastrigrin
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Fig.18 GAMO-Rosenbrock & Rastrigrin
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TEES SHANGHAIJAO TONG UNIVERSITY BT CFD FiE USRI BARBE AR T &
MAPH S5 45 S n] AR B A, AR GAMO FE T % 22 06 B 8O A S i b 2 3, H.
PR E, (HAREI ER T — 54> Pareto AV 73— 5T, IMOPSO FIRTETHIXT 2 U R 5
oSS T 2 Hhsse Ak (T NER BB D, A, B33 7 GAMO R —
2k Pareto Fi ¥ -
SEA AT LB BRG], wT%n: fETXAE 2 R, GAMO MRS 2, A ke
R U Hh3&E 3T B S (1) Pareto AT, 1 IMOPSO I RE R i Hhid i LR mT vy, o B A PR dr
BRSSP FETEIN 2 IR BN, GAMO BEMS LT 1 3E i BLSE K Pareto BIWS, I H.
BATABEBOX — R AR I, DA REX —RITRUEEE B 1) A, IMOPSO 532 B AR K 2
TIRX A, (H KB A B GAMO FITE L . n &I, GAMO TE TG 2 06 s A, ik
SPELFT IMOPSO, {H A2 [FIFE T AE Y, GAMO H3% A I Ll 551 A B SZ (1) Pareto FT Y,
IMOPSO MR 47 4 F- 2] T 13X — I ATV

2.7 HITRENT R

FH T3 R R T B SR S R B TSR B, I R AR, DRMSR A T ST AR A
[R5 R ek D> B U (AR 2 HE i S 18] o SRTT, 2ok A FE R B, AN IR AU L A T B
7 JEE N B (RIS T 22 5 2 EL K)o ] B XA 2R I L2 D 0 ) I 1) 58 R 5 R 2 ) 58
SR EH T RSO B A 1 52 R 1, X — I [RIRE SR AT SRAH sy, B — IR L 2 i i 4
BHb. B, AR CHEE IR TR TR AT A, Itk 7 it RE .

ERALE PR 7 EPN BN s

i FE (Thread) 52 (Process )72 — X Bk 5 %5 (1R &r o ZRAE 1K) 53— /MR 2 miniprocess,
Rl e . —MNEFER CHAER, WRGHHE, RG4S (Process
Control Block, PCB), ZiFFEA — 14N main LR, —/MEEBEE SHXLED: 1. H
Ry 20 RRARE: 3. TIFRISCME: 40 FHERE: 5. BSEAVE S EASE . 5 XML,
S A2 H A RETHE . R — A (W0 main 2688), 2 RGN R A5y
IR FEA AT o ARG KA IR D I BT, H 2 & RENS R ALERE b i) HAth B FE L S 78
T A R - R IX — RS AE AR A R DI T B AR N, I HLZRAR 8] (13815 0 EL R A H)
i#{% (Inter-Process Communication) B A7 i I .

LR ST AW 1 P RERTE; 2. WIRRERTE . A ST SRR FE N T —Fhr .
[FI BT PSO BENFERI AT, EITRIFATRIEN, AT ELI G RIFELD . B K&
HEBH G . (B BT J LA AR R AR R 2 [R]— N Hbhik 23 [), [R]G0 2503 2 A7 7 T R A
THNREWAEAL ARG R (AR B, AT S T TR 1

T H— A 2 LRS54 .

#include <thread>

void parallelFunc(...){

vector<std::thread> threads;
for(int i = 0; i < SIZE / MaxThreads; i++)
{
for(int j = 0; j < MaxThreads; j++)
threads.push_back(std::thread(func, parameters));
for(int j = 0; j < MaxThreads; j++)
threads[j].join();
for(int j = 0; j < MaxThreads; j++)
threads.pop_back();
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int t = SIZE % MaxThreads;
for(int k = SIZE-t; k < SIZE; k++)
threads.push_back(std::thread(func, parameters));
for(int k = 0; k < t; k++)
threads[k].join();
for(int k = 0; k < t; k++)
threads.pop_back();
return;

}

Hrpr, SIZE A3 PSO AT HIKL T4, 1M MaxThreads W2 {if % SCH K2 AR ES -
std::thread(func, parameters)® /R~ — MR, ZLREMIH %N func HIRECREEIES SR
parameters FTAAR KIS E . join() 7 VAN ACHFEAE R — (J1L) ZRERFESS NG A fedk4LigiT .
T HE U AR TIAE — > vector 25 #8 HRAE -

SEPRIE B FE AT U 1 — i S SRS (B fune sk RAVERRIZSH . %07
EHEA AR IR, RAMFIEN SR ANFERESED, HRAR SR 7 E
B A

FEAS FHAS ST AR A 1R 7 92 250 H At 3 7 8 T AR IS, G 55 B B A, 5 )
AT RE I LR ZAE [F) B AR [F) — AN SO I G, 3K — o) RS DA R T

[FIy, B RN, ASCER T &# CH+11 bk, A 1% 1E48 9 geeb. 3. 0 (iR
AGHRDRIN4.8.0, BMGwmBETCIZEEIE) o 1 HE MR .

R 5 FATHEENREIE

BIERSR Linux openSUSE Leap
Hh g Ab P S Intel Core i5-2450M @ 2.50GHz * 4
S E Al THE — Y B L T S5 FE IS A ek 2> B 0 B
1 2minb8s 0
2 2min01s -32. 02%
3 1min29s =50. 00%

Blhn, R R E DY 10, KGR 50 DI, (8 RARERRCAFERS £ 25 /N, T
P = ZRRE AR W BE A R — I (] 2 240 12. 5 /N, KOR3RTT 1 RG%
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B=E Lig

ASCE S VEMBUR T 2T CFD AL AR () A R AL BOR R AT SRR, IR ELA
TEHARIME G MR B A F [F, FEE T BRI U . s, WA I T IZEORAE E A
MR FERE DL AR TIZERIBEAN TR, FFat e th R B HORAE T PR 4

AICVEAN T IR THAER RS, K B2 09 7S 2 A B U BEHLE
RKEL, 2 BTSSR AR AR S ASCHEAIRA T IR =RE
(7 Ja AR B M it SEms o AR AT AT 255, A SR H TR RESAAE
IR AR A R P R A T i o IR, B AT U /N 2 A a4 55 S L 2 H b
JEAS, FEBR H bR AU, R HESNE BE S BRI S B — AN FTAT R 534h, fE2 HAR TR,
TN 22 U AN AR 22 U pR B BE B PRI LS Pareto FIY,  TIAS/NLZ T AR 22
388 A S92 X 3 22 068 R B0 RO SR AR — TS . BRAR R T X 22 Ve R O RE 6 WALt
B =Ll Pareto Ay, (HEEILIL, ZATH S IMOPSO FIASRIMIATHTAHLL, Bk T
—Fo L, AL IMOPSO Sikst i A AN FE AR L A, B SRt G . X
—REEHORASE, T CFD MUV (R R DAL B AR LA L F) 2 2 R

e, AR T IAT I RAERAE R T R o A& TR IFT I R P e A 2ot
I THSRL 8], X BAT LR
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DEVELOPMENT OF SHIP TYPE OPTIMIZATION
TECHNOLOGY BASED ON CFD AND APPROXIMATE
MODEL

The optimal design of ship type requires the use of hydrodynamic performance tools to carry
accurately forecast, so that the reliability can be guaranteed. In the past, when designers wanted to
get a ship type that has excellent hydrodynamic performance, they had to firstly choose a parent
ship type and modify it with their experience; then analyses the hydrodynamic performance of this
new type with model tests or some tools such as CFD (Computational Fluid Dynamics) soft-wares.
Nevertheless, that approach has some severe flaws, that is, a) designers’ experience and parent ship
types are strongly required. Without them, a good design is almost impossible; b) a lot of resources
are consumed to carry out a model test; c¢) the design cycle is too long; d) It is extremely difficult to
get the best ship type, and usually the obtained type can just meet the design specifications. Although
it is feasible, it’s hydrodynamic performance is not so good. But nowadays, computer technology
has greatly changed the world. With its rapid development and the continuous improvement of
optimization theory, the attention from the field of ship type design has been concentrated on its big
future. The concept and connotation of ship type optimization technology based on CFD and
approximate model are analyzed in detail. The key technologies, such as single-objective and multi-
objective global optimization technology and parallel computing, have been focused on.

1. Content

The writer first describes the traditional approach to design a new ship type. Its ineluctable
problems are then discussed. After that, the writer introduces a new technology, that is, SBD
(Simulation Based Design). That technology combines traditional Numerical Evaluation Technique
of Computational Fluid Dynamics and Approximate Model Technique. Next, the writer introduces
the core techs of that technology and its development in foreign countries. The whole cycle of ship
type optimization technology based on CFD and approximate model is also presented. Among all
the core techs, optimization technology is selected to be studied. Then, different optimization

approaches are introduced and discussed.

Mainly, three kinds of techs are talked about. They are Differential Evolution, Particle Swarm
Optimization and Genetic Algorithm. First, they are briefly introduced and distinguished from these
aspects: coding standard, parameter setting problem, multidimensional problem, convergence
property and wide application. Then detailed information about the three different kinds of techs

are introduced in the second chapter.

Optimization technique plays an important role in improving hydrodynamic performance of
ship hull by changing its geometric shape. This is because that the influence of the change of the
hull shape on the whole performance is difficult to be expressed by a simple function. Optimization
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technology since as a separate discipline, has been widely used in the field of many engineering,
machinery, shipbuilding, aviation, aerospace and other design shine. The theory that it relies on has
developed a lot. However, due to various optimization algorithms have their own unique guiding
ideology, they are most suitable for processing different problems. In addition, because of the
optimization of ship hydrodynamic performance, it is usually necessary to optimize the multi-
objective optimization, so it is necessary to develop the multi objective optimization algorithm. To
solve this problem, the traditional approach is to give a certain weight to the target to be weighted
to the single target problem, and then for the problem select a suitable single target search algorithm
to solve the problem. However, this method has a serious flaw that we often do not know how to
determine the weight. In addition, in the face of complex and non-convex problems, the traditional
approach often cannot get the global optimal solution, and is easy to fall into the local optimal
situation. Therefore, the second chapter will focus on the concept of Pareto non dominated solutions
in the fifth section. And based on that, improved multi-objective particle swarm optimization
algorithm is developed.

In the end of the second chapter, that is, the seventh section, the parallel version of improved
particle swarm optimization is talked about. Because of the huge cost of computational resources,
the time spent is very long. So the approximate model is used to reduce the cost and shorten the
time. However, after the test, it is found that the time spent is tremendously different between the
different approximate models. Simple model only need millisecond time to complete the adaptation
degree calculation, however due to the complexity of the approximate model of ship optimization,
its time cost is still relatively high. Every time the calculation even costs as high as several hundreds
of seconds. Therefore, this thesis uses C++ language to develop a parallel version of the
approximate calculation, in order to speed up the calculation speed.

First, a brief introduction of the basic concepts related to the thread is presented. Thread and
the process is a pair of closely related concepts. Another name of thread is mini-process (or
lightweight process). When a common C++ program is called by the system, the system will
maintain a Process Control Block (PCB), and the process has a thread called main. A process usually
contains several parts: 1, address space; 2, the global variable; 3, open the file; 4, the child process;
5, the amount of signal and signal processor, etc. In contrast, the thread itself does not own the
system resources. It is an entity in a process (such as the main thread). Although threads only have
very little resources, they can share all the resources of the process with the other threads in the
parent process. This feature of the thread makes the switching overhead of the online process is
very small, and the communication between the threads is more convenient and faster than the inter

process communication.
2. Conclusions

This thesis describes the background of the ship type optimization technology based on CFD
and approximate model, compares the similarities and differences between the technology and the
traditional ship design, and expounds the advantages of the technology. Then, the development of
the technology in foreign countries was investigated and studied. This thesis introduces the whole
process of the technology, and some key technologies are introduced in detail. This thesis introduces
the related theory of the optimization method in detail, and introduces several kinds of random
search algorithms which are widely used in the present thesis, including: particle swarm
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optimization algorithm, differential evolution algorithm and genetic algorithm. In this thesis, the
ideas behind the three methods and the improvement strategies are described in detail. After careful
analysis of their advantages and disadvantages, this thesis finally chooses the particle swarm
optimization algorithm as the optimization method of ship form optimization. This is because,
compared with the team prior to the use of the genetic algorithm and the multi-objective version, in
the single objective optimization, particle swarm optimization algorithm can quickly converge to a
feasible solution; in addition, in the multi-objective optimization, when faced with multi peak and
multi peak function, it can quickly close to the true Pareto front. Although the origin algorithm can
converge to an approximate Pareto front in the face of multi peak functions, it is found that
compared with the leading edge of the IMOPSO algorithm, it misses half of the edge. Therefore,
the IMOPSO algorithm presented in this thesis is more adaptable to different optimization problems.
The improvement of this key technology is an important guarantee for the successful application of
ship hull optimization technology based on CFD and approximate models. At last, the thesis
introduces the application of parallel computing in the optimization process. It is of great
significance for the authors to develop parallel programs to reduce the computation time.



