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Abstract

Though optimization method had been used for long time for the optimal design of
ship structure, design variables in the most cases were assumed to be continuous real
values or it was not easy to solve the mixed integer optimum design problems using
the conventional optimization methods. Thus, it was often tried to use various initial
starting points to locate the best optimum point and to use special method such as
branch and bound method to handle the discrete design variables in the optimization
problems. Sometimes it had succeed, but the essential problems for dealing with the
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local optimum and discrete design variables was left unsolved. Hence, in this paper,
Genetic Algorithms adopting the biological evolution process is applied to the ship
structural design problem where the integer values for the number of stiffener design
variables or the discrete values for the plate thickness variables would be more

preferable in order to find out their effects on the final optimum design. Through the
numerical result comparisons, it was found that Genetic Algorithm could always yield
the global optimum for the discrete and mixed integer structural optimization problem
cases even though it takes more time than other methods.

1. B

7189 HAs3l Yol EAA F9 i A4 F
2 H(global optimum)-& FHHo T FHE)7} o]y
the Aoltt o= &3 gy ANl I3
gl oEly] oot mEty A HAHHL st
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9 EEEy AR M)yl uile o@D HAGTRE
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%, 7% HAA) ds| branch & bound ¥HE-E A}
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SR G S ogHE] ARgIng felA 9F%
A HAA 3 AFTE S Holdga & 5
Ak A FolAM HFsEe A BAY hrEe
AANPE B 42S 71D lon, B d3d
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Ae BE8 €8=(Genetic Algorithm: GA)S A}
£33t REN SugEe Adae AFAHS »
ARt ¥jo 2 19759 John Holland[1]9} 29 |7
AEe] 71E9] GAol WF A7E E3, AAZ AR
o, FaEolll M= Goldberg[2][3]o] 31 AA 4
el tigt HF A7 Axd olg) g#e o) gl
Qo BMEey dus)Ee oy AAH) kg o
Fol GAag dPste] dAG HAe ARE ojgsn

2 A HHH =88 7hsol € whiel vis) @
o, AApdael AAl g oA WY Hejo) A
F FE Ao FAEE ASIEE, Bl w= MK
WAANTE Tk HHs EAC) vl Ao
2 AR Qlvh 3 B 2ueEe WeAol
o9 Holdk AL 7RAL Qlof, Ml Fdvwst 2
o] Tt el RIAkEe] AREHO} e FaAl] &
HHo® AR 4 Utk

2. Genetic Algorithms

Genetic Algorithms(GA)& tholglo] 23 2}
Zste) Y29 HARLWE(survival of fittest) T AAE
Hl(natural selection)?] 218 EWZ 3k 3y
A3 dag)Eo|t) GAE of2ld AwAe] xuz
8l U dut HHE FAlo] He8 whjor A
Bl tre] HAAES EEAA 2 g e
Z1e 9wt Azl wel 7 HAAMl AHFPA
(fitness)-& ¥tk Aol 42 & dAQ
Wl Sddole] o FodY BEL FA o
(selection) AFAde] F2 AAH wl&3F gae 5}
2 HAAREC] U 9A HY o] Ao Ak
o] A& HLE MA HAHEL T2 Woz A
o} &g

2.1 Genetic Algorithmse| EX!

GA= 71&9 A3 I ohe tey e
530l Ak[3]

(1) dAss 228 A48

GAL AANSE 44 e A3 AHgshe oA (2
%) z= Fele) £A4Y (sting) S AFSQTH(el;
100101) oleid ¥ald Hejel AAlsae] ALge o
Aol $AAAE Yds Q= A 2o Yo )
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- Ee R SANSE X3k ERY HH3)
A Ao AN 4= ok

(2) tpe] BAHEC] T &4

iEie] A3 uhyo] M FHHoge] o)F
of 23k =R HARAPE JIRle e, GAe
o7 HAHEC] Ak population) & ©)Fo] FA|
o Ealg 3dld By} wWe AAGYe} Uit FHE
g83ta, AAMS HEe) A ot dAdHe)
o] RE-E FAldl @ashe Ee] Yo, dx HH
Mol #HE FEo] &) whyel nis] duiHoz
uj-$- =ck

3 A3 By

GAE %8Yse} Azde] gube AHgsta o
Bl 1 gje) e NS Wew o g A3
SAPUS olgsus Ux FEEC HAs ge ¥
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Jle me] wAee % 4ol Solsich

2.2 Genetic Algorithmsofl 2|8t =| & A4 A|
22.1 #H3g} 4]
YurH o2 FREAY HHI BAle g 2o
EAlE
Find X=(x1,%.....%,) (n
such that minimize F(X)
subject to g{X) =0, i=1,2,...,m
ol9}-& FAIE GAd o3 HAHE s8] 9
8 dast 33 B3y gL 2o
(1) AAre 2%
AA12] 4= (ipopsize), FAFd9] o),
) R g8l BF (Pc, Pm)

(2) 27) dA - Hinitial population) 843

ipopsize 72} 234 Ex1E el 27 dAH A
2g FAgcl Fade) 2t bt & 03 1 B39 uS
random A 7hE) wels HAIFES V)0 44

KBERBAORNIIR #3008 8 4 B 1945 11A

149
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FAEE FAE HAWTFE Fold dAYYem
NERG AA z dASe] 44 gE A o,
EHo Agz ok Azl oet 24 A
AL Fogoh Az 9 xE gL 2
o] AuRFNP)E ARt ot

Plx,r) = Flx) + r?_;l[ min(g(x),0)] *
(2)

A71M ¢ & RS uigich a8n $o 4
AME HEe ZA st Folof =, Has}t #
AellMe Hazde] euigheel gre] Havt Hug o
23 Zo| AR AV|E AT an Foq¥
e oA Tele] AN 2 dAHY HEA
o) Z7)e] wleste APz AR Bl e
A= ke AHolo

Ax) = Ppaw — Px) or 1/ Kx) (3

Predefinition of design parameters

T

Random generation of initial population l

“__)r Fitness evaluation ]
N

l Selection J

)

[ Crossover & Mutation ]

Convergency chb

Yes

I:ENI)

Fig. 1 Flow chart of genetic
algorithms
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AMT FEAe I Ev IR o 9
Alto] e F83tE GAd 3 EF9 hy
7t AR FE2AE 27 e Aotk A3
9] 3 18 F Yv FRXAL gRE A4
Hol & Holl 4YFPUE o F ;ufe] oJsAe o
ol F2 WEgoz sjMe] Brisd uild, o717
Zy AARe) wAslde |FE B2 Algto] Aadr)
mepA] B Qyeale AlSse] Aoz HAHIE
Fa3en, £EZxA Yeire A T a7 9%
"4, adaptive move limit technique). ©]4+e]
A3 4L FEF2 YERIH Fig. 1 3 2o

222 83 e A3}

GA9] f-84¢ AEI] #8) o3t 22 2709
343 ol A HHIE FY8ld 1 FRE V)
Z9) Yz} vlw FE3AT

(1) TEST 3=

minimize
F(x) = X1 +2x2 (4)
subjectgo ,
g = X1 +§§)2-’5) __120
(x,-5)%+ %
& = _’fl__z_%__ﬂ 120
g =x—-120,g=x —1210

R Ha3e 94 2 A% ghe o 2.

F* = 2080
15.00

11.90 (global optimum)

X" = (100,99 )
( 5.00, 5.00)

(990, 1.00 )

A7 BA9 AA HAPES A7) A8 GAE ¥F
ste] BAEA uPYQ) Gradient Projection method
(GPM)#} Simplex method(SUMTNM)ES AM8-3}9
o} Fig. 2 o)A & 4 Sixo] BE Hxdel &3l
v 99ez dAHe] ot B 71E e B
B HAxdg golua £33t GAT A4 HFH
Bk 4L BoFa Yot

(2) Goldstein-Price ¥ (GP)

Fee, A%, e

xo = (7.558, 15)
15.00 -

—— Objective function
- - - Constraints

GPN

SUMTNM >

10.00 1 -1

Xz

Fig. 2 Optimization results of the TEST function

minimize
F(x) = [
X (19 — 14, +3x% —14x; +6x,%, +3%3) ]
X[ 30+ (2%, —3x,)°
% (18 —32x, +12x% +48x; —36x,x; +27x3)]
-2.0<x% <20 , i=12
479 BEALYo] EASE 13ke theFt Rt

1+ (o +x,+1)? 5)

X' =(12,08) F = 8400
(-0.6,-04 ) 30.0
(18 02) 84.0
(00,-1.0) 3.0 (global optimum)

283 GP 9y o e F<(Hartmann 5,
Shekel &)l HAME GACl Yaixde z7|ee
ulolA FAAE si¥ 3, GPMIF SUMTNMe] chisi
ME 2713 A3 33 e AL &) Bith o
ADE Table 14] & 3Q=d, GAE= A A
HAA & =¥ 3932, GPM # SUMTNM & o
B 27149 At Aot ANFHYo] =8y
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Table 1 The comparison of the ratio, m/N

for different optimization
methods
Pr
oblem |~ A | G P M |SUMTNM
type
TEST 2/2 2/5 2/5
GP 2/2 2/5 3/5
Hartmann 2/2 1/2 1/2
Shekel 2/2 0/3 0/3

m : the number of finding global optimum
N : total number of starting points

23 #grey AAYHT 2H e =ANF
231 Brsel A A

GAZl 7IXE 54 F9 3R] M d A
glo] 1A e AERry] 98l Fig. 3 3 & B
Zgol dis] dolet ¥ wWEkeg Y B A
&, B 4 8ln BAAS] F4g dAESE &
o HHAAE g 12la 71Ee] HAE Uy
Z Ny AANSY F o] vy Rtk o
Z 9l Hooke & Jeeves WHPH(SUMTH)) S #A3}e}
vlw HdEsioh EXee Agrde oy 2o
o, A3 U-8-2 8 [5)E F=x3)7] vl

minimize
F = Total weight of stiffened plate

subject to

g, = panel buckling by axial stress

H

g7 = plastic collapse of

panel by lateral pressure

g3 = tosional buckling of stiffener only
g4 = buckling of beam

g5 = global buckling of stiffened panel

KEEMEARTE M 31 £ B 4 B’ 1994% 1A
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&s.7 = plastic collapse of beam
gs = plastic collapse of stiffened panel

1 £ nm < 8
10 < t < 24

200 < d, < 550
09 < ¢, £ 125
00 < d < 160
14 < ¢ <21
A
2
b v
b £
&=
B 2
b 4
2
E|
Z\
a a a a 1’

R

Number of stiffeners = m

(a) Geometry of the stiffened plate

dr
e ——
E———
g 8]
= <
d P> .c_tw EE lateral g
< pressure =

(b) Geometry of a stiffener {c) Applied loads

Fig. 3 The stiffened plate problem

Z} dAg= ekt XE 23el 87y gre=
T 14 3N gEd B EAle AAwgT 114
olmz A% F sle A9 57 2% =8.59%10°
A7y B an AARRe] 4 x5 2 e e
g 2o EFE BUlEE( o) AR e
Ao, O g 2z EAjol e 28(secondary
stress, 0y)9] 3-&x Bt} =F 2l sJch

A =10m o, = 2.36x10® N/m*
E = 2.06x10" N/m?
2.45 x 10 N/m?

o = 1.57 x 108 N/m?

B=10m
Lateral pressure Pl =

Applied axial force
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Table 2 Optimum designs of the stiffened

plate
SUMTH]
GA . Continuous| Round
Discrete| ), @
up
n 8 6 8 8
m 1 1 4 4
t
1.8 2.2 1.625 1.8
(°]3} cm)
dy1 35.0 20.0 20.0 20.0
twi 09 09 0.975 1.0
dn 11.0 9.0 9.0 9.0
t 15 14 1.425 15
dyz 20.0 30.0 20.0 20.0
tuz 09 09 1.1 1.1
dp 9.0 10.0 9.0 9.0
tp 14 15 18 18
Weight
CIET | 2092800 | 2482600 | 2059900 | 2239600
(cm’ )
Active violate
. &5 &85 £1,85
constraints g5
®
Comp.™ | 391 | o016 | o038
time(sec)
(1) : n, m : integer, others : continuous

(2) : round up continuous optimum values

to discrete values

(3) : by IBM 486

ol de] HAH3lRA o] dis) GASF SUMTH]J <ls)
43 Hzl= Table 2 & Eth GAT® AAXTY
AAHY 48 2002 sien A= Y 214
A SUMTH]J® wls] %433 Ads Fch 28
SUMTHJE A ¥4 3 B70A9 A¢-n, m T+ B
B2 FFsln Uoixe A4 W42 g 84
AS FHEREY 2 Fahe o FoRoh SRR o]
S M AANS o2 2¥Y(round up)§ A=
GAd] <Ft A Hoh A Qe =F A=A
Z9 3E ksl d9E Ok ey
SUMTHJE AHS-3la) MEMly 18400 digh 33 A
Al AANSFE Asns2 JRs 75 A9E St

F9e, H713%, e

& W AR Xgshe e ulgE 8 2
slo) =S AA HAHE I 98 - gL 21Y
of ts] WkE ARS8 3= A9, 27|FHe) AR
2 EAe 2o] A9 47 B e g4x ¥tk 2
g H2HN APEAL ZA) B Aa B A4
Tdo] E AaF vig) @A 35l A &
Aol HZd diF A=A Fo] FHow, 1
5 B7we] AA #HFo) JFF WAPEA Jehddh
SUMTH]®] dspasd] tigt HFHA A= g
g7t 2% e veh 27390 AFHAL local
strength$} global strength7} X1k Aol &A%
€ ¢ 4 Utk AT A4 49 R e HA F
ZEB9 AA Ade FZE A4 FHIL YA
&8 7122 E global strength”} local strength
B 3A Ak Ae] 3] ez AlRdch
a2)m ARAIZE GAZF SUMTHJ) wls) A3
2o] 2a8Uck AR GAl 9§ A4t Ao H]
WA 22 89l dx, 1 Ayt SUMTHJE o8
27130 gk HHE ARE "a= e 7kt @ o)
B 2ol7) obd e ¢ & Uk

oldollX GAE WY AANESTE 7He FHs
EAA e ZaHog ARRY £ Jx, wF A
of tigt AZ=rl i e B58 ¢ 5 Uk

2.3.2 Pressure vessel2] #An]8 Az

Fig. 49} 32 ¥9715% pressure vesselol] i3]
Agn], 7Y € £3vE 123 AA AXHE F
23 &8 ot AAhSe 4U1% 2R uTA
(T, vl 22 Juss( T,, 9715 2E Y
AR ZoWL)E 3k 28lx o) dA W
F F R Le EBA W4E T, & Ths
0.00625 X Aoz MM AANMTE AHEEIY
o, 3 298 epE L3 gk

Th L Ts

Fig. 4 The pressure vessel problem
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Find
X:(Ts, T;,, R, L):(xl, X3, X3, 964) (6)

minirmize

F(x) = 0.6224x,x3%, + 1.7781x,%3

+  3.1661x%x, + 19.84x%x;,
subject to
g(X) = 0.0193x3 — x;, = 0

£(X) = 0.00954x; — x; > 0
g% = mibe, + %nx% — 1296000 = 0

g4(X) = 240. — Xy 2 0

B FAE Sandgren[6]2 branch and bound %
Holl 2ls) Kannan® Kramer(7}% augmented
Lagrange multiplier el 23] #HAsi& Tt
o|E9] ARE GAdl 23 FA¥e} vl HESY o,
2 ASE Table 3 o ANk 43 vlaelx & 4
AE Hkel 2ol GAV] KMol By Wt £
FAcHE 2 AFAE T2 US&S I A &
3 2 EAo 8" branch and bound 4%
augmented Lagrange multiplier el 28444
okgh m B dApella AMEE GASl DS BHKY
AA W) HE3 Wgoax tidd] fEsltt &
T Slth

Table 3 Comparison of optimum design
results for the pressure vessel
problem

Desi T f Kannan
e?qlgn y;?es ¢ Sandgren | and GA
variables | vanables Kramer

x(Ty) | Discrete | 1.125 | 1.125 | 0.8125

x,(T4) | Discrete | 0625 | 0625 | 0.5625

| xR iContinuous 47700 | 58291 | 41574

!
%y(L) | Continuous | 117.001 | 43,690 | 183.790
F(X) | ‘ 8129.8 | 71982 | 6521.0

3. GAR 0|83t MH| Zottmol = =3
3.1 THAH M|
r}-& Table 4 ol Hol= Basic parameters

ABRSHEARTE M 31 £ B 4 B 1994%F 1A
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7}Al& Tanker Type | & 2d Mxz &g

Table 4 Basic parameters of ship

Tanker Type-1 Midship
Part Value(m)
Length 171.90
Breadth 32.20
Depth 18.60
Inner Bottorm Breadth 25.16
Inner Bottom Height 210
Hopper Tank Breadth 3.52
Hooper Tank Height 4.60
TopSide Tank Breadth 3.52
__TopSide Tank Height 2.80
SideShell Breadth 2.00
Bilge Radius 1.70

¢

x{ 1] : Outer Bottom Plate
x[ 2] : Inner Bottom Plate
x[ 3] : Center Girder Plate
x{ 4] : Side Girder Plate
x[ 5} : Bilge Plate

x[11] : HopperSideBulkhead Plate
x{12] : Deck Plate
x[13] : Deck Ciirder Plate

x[14] : Outer & Inner  No. of Stiftener

x{6): SidyShcll Plate x[15}: Deck No, of Stiffener
X[ 71 Stringer ) Plate x[16] : SideShell No. of Stiffener
x{ 8] : Stringer2 Plate x[17) : Side BulkHead  No. of Stiffencr

x{ 9} : SideBulkhead Plate

x[18] : TopSideBulkhead No. of Stiffener
x[10] : TopSideBulkhead Plate

x{19] - HooperBulkHead No. of Stiffener

Fig. 5 Design variables of the midship

33 SHE,e} HE =2
B2 AN FUdume) gudo)sl DnV Rule
ol 2% 7t Rajel FAet deck, bottom parte
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buckling® Z99de] @ AFE Adxyoez &
=2
F( ;) = aix; + axy +...+ a19X19
F : midship half area
}7 a, - geometric coefficient
L x, : design variable
G, = x; — L2 0
G -
G, = oy ——4L >0
Gk = anl(k) —Zreq = 0

(k= 1:deck part , k=2: bottom part)
rGi : plate thickness constraint

1=1..13
G;  buckling constraint
7 =1: outer bottom 7 =09
7 =2 : inner bottom 7 =09
7 =3 : deck 7=10
=Gy section modulus  constraint

34 x|™M3s Ao}

DnV Ruled] A&z7sl] GAE E3 AA 5%
o] v zel HHFHIE SysATE A WrE
Melg plate thicknesse BB Ro2 PR3l
g ZF shellA] HEEEs u

<8, 8.5, 9, 9.5, .., 22.5, 23, 23.5>
(Z$¥:mm)
Z 8 9 235 Alolg 2° —1 ZHE ke @Foloh
Stiffener®] 7ol 1 7 32 Ate] A FollAM shy
2 MesiAl skgtk Z=r plate |, stiffenerd] ¥
25 M5 FAA syt HE HEE sHTh Fig. 5
A AAMSE BY plate W= 13 7)), stiffener
Wee 6vh gz (298 x (258 = 3.96x

102 9 7%e Fod HAHHE e AV B0

Fde, W, /e

2dd Fig. 6 & B2¥, GA & o83 23 17004
generation @ 100 7Re] HAHE o)83te] A

B - 429

2 433 A2 79 gaog HAr dojRnin
B 5 Utk ojXF Ao #7F B2 WA HAHE E
Aol sl £ Aol A GA o A3} Wy
71E9) HH3} whid wis) 2 {840l tids) Aot
g5 UG

He sgonz

Table 6 ¥ GA¢} Hook & Jeeves method( ©]&}
HJ )9 A4 Axtel AFHe] ghe Jehfe Zojth
HJel B¢ 27 e sk step sized] AT F
o] We] M(LE olF3th & GASY ZAAE HJ
2 AZFsle o] ool £ A S #UHA
t} 9o AR B HJY A 27 g& Eesiy
e Az} gle] BF UES ¢ 4 U GAd Hlg)
27]1x2) A <3 AA HHHE Pz BAF
7} ojaslEl AA W] A HolM H "oz o
= 9glck & olm) AME-E stiffener 2] spec. &
Table 5 ol AU

4. d B

AgAle] 2d g Ao ZAT BEK I
Z9] #84L A 3D A 2ol iy HH
AAE Y A, e 22 2ES A3l

(1) <8 Aol FR Fade) EAER gt TF
o] Bl dis) &9 B3R HHS e %)
Aol w2 F99] FR A FEPet BE
B dueFe A4 Haxdol F ==Eldch uhebA
o] MANE o8 HY YEE gasid  dA
o4 AAe] ARE T3 BEN dnelFe] IA
2o 1 )¢ S ¢ F Uk

(2) BTAA FAQ AFREE AN KB
A AMelol RER duSHe v a0l
o} & gy 4238 7L Je 235 Z=F AL
o 2N, EEBLE AApss) 3= Jdojd gt
ANAFD Bre] T8 A "e g A geth B
7233} pressure vessel®] HFAGANME RS Fx
o] 7129 ¥hH(Hooke and Jeeves, branch and
bound, augmented Lagrange multiplier)el] B3| #%
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o Axrt 5 Rod, HA3Y mdy YL 4F
Al Tedt.

Table 6 stiffener spec.

Spec. \web length| web flange | flange
(3) GA® thee} AAMES A2 o HHs (mm) thickness| length |[thickness
7b o]Fo] X222 At FaaRle] gol Hele ©i 1 150 8 90 13
o] stk ojeldt BHE Besy] Ha HEV AlaH 2 200 g9 90 14
o} Aajwjol~E oldslie AF7E AR 3 250 10 90 15
4 250 12 90 16
% 7 5 300 11 90 16
6 300 13 90 17
o] EEL 19934E 3¢ A% AW Ak F2 B} | 7 400 115 100 16
Ae) @F Aol s AT, Aol w8 L 40 3| Mo | 18
Aol AN TS EoT) 9 450 115 150 15
- B = ‘ 10 450 115 125 18
11 500 12 150 18
12 550 125 150 2]
13 600 13 150 23
Table 5 Optimum Results of Midship Section obtained by GA & HJ
[Design| GA Hook & Jeeves Exist Ship
Variable Initial T Result T Initial W Result I Initial —[ Result
Plate ( mm )
x[1] 13 14 13 15 15 13 13 145
| xI2] 11 14 15 15 13 11 11 135
| x[3] 13 14 13 15 13 13 13 135
x[4] 115 14 13 15 135 115 115 11
x[5] 13 14 14 15 135 13 13 145
x[6] 14 14 135. 15 145 14 14 135
x[7] 105 14 135 15 155 105 105 11
x[8] 10 14 135 15 135 10 10 11
x[9] 12 14 14 15 145 12 12 115
x[10] 155 14 14 15 145 155 155 14|
x[11] 12 14 13 15 145 12 12 10
x[12] 16 14 | 145 15 155 16 16 14
| x[13] 15 14 | 145 15 155 15 15 13
Stiffener 3
No. |Spec.] No. |Spec.| No. |Spec.| No. |Spec.| No. lSpec. No. |Spec.| No. |Spec| No. |Spec.
| x(14] [24/24] 1/1 [30/30| 1/1 |32/32] 1/1 |20/20| 1/1 [18/18] 1/1 |24/24] 1/1 |24/24| 1/1 |18/13] 5/4 |
| x015) 128 | 1 1307 1 132 ] 1 12 112 | 1 |28 1 [ 28] 1 ][22
x(16] | 21 1 2 130 ] 1 28] 1 |21 2|2 |21 2lz2t]2 /23
x71 | 7 1 3 15 1 [ s 151w 11613l 7131 71301473
x[18] | 5 1 | 5 1 5 1 1wl 1 [ 12]1 5 1 | 5 1] 31[3
x19) [ 5 [ 2 "5 11 5210|1815 2523715
Obj. 1.553 1.705 1.656 1.553 1.610
(m*m) R

AREMERRTE % 31 £ F 4 B 19944 11A




156

(1]

[2]

(31

g a1 2 #
Holland, J.H., Adaptation in natural and
artificial systems, Univ. Michigan, Ann
Arbor, MI, 1975.

Goldberg, D.E., "Computer-aided gas pipeline
operation using genetic algorithm and rule
learning,” Ph. D. thesis, Dept. Civil Eng.,
Univ. Michigan, 1983.

Goldberg, D.E., Genetic algorithms in search,
optimization & machine
Addison-Wesley, 1989.

learning,

(4] 2718}, "Genetic Algorithmell 2|3 =4

HHTRYAY, Agchsim ZAAFFH Pk
9=, 1994

(5] ¥, & 23, A 718 "% AA I3

[6)

(7]

(8]

FdE, #7718, FEA

e A 59 /e =23, 1992,

Sangren, E.”Nonlinear integer and discrete
programming in  mechanical  design,”
Proceedings of the ASME  Design
Technology Conference, Kissimmee, FL,
1988.

Kannan, B.K. and Kramer, S.N. "An
augmented Lagrange multiplier based

method for mixed integer discrete
continuous optimization and its applications
to  mechanical design,”  Journal of
Mechanical Design, June, Vol. 116, 1994.
Tetsuo, O. and Isao, N. “Optimization of
Ship  Structural Design by  Genetic
Algorithm,” Y8213 =FF A 171%, 1992
d 124

Transactions of SNAK, Vol. 31, No. 4, November 1994



