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9. Heuristic Algorithm(Z2|AE! &N2|&)
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9. Heuristic Algorithm(Z2|AE! &N2|&
9.1 Genetic Algorithm(§™ & 1N2|E)
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‘YR, RUNYSE, ChYEMTAL 2001.”

Genetic Algorithm

- 429 gt HIAUSE 018010] Tiet EHI&E 0l E Ot Xt Ol= SE0ICH

- MXFWED KO SEHO| 1ot KAIE TIOH0] XIIOHZSE M (selection) AL, FHY
(crossover) 1A} EOIH0l(mutation) A1AHIE e LEO| IIEE HH=0H0] Ml OHCL

4 N\
......... 2MIt
A B
C D
E B b moiHQ
A B’
S
1. TIL 1MICHOl 2t Off =X TSI} = AM0l(Mutation). 52 0H0ll SI=E K88 &
2. M8 (Selection): S0l S2 HE F2 Oli= M= BiCL. el0l0l =2 0@ B== ASO0ITH
3. ulbli(Crossover): £%2 (HZSFE X1 0HE 8-St oL M wtl, X2 =AM & SHS0HH
4, THXL: LAITH LHO] LI OF 8 XFA] O LHISHCL 21 ol 2=0-
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Example of Genetic Algorithm (1/5)

Minimize  f(X) = X12 + X22 —8X%, —8X,

I T}
Al(1,1)] -14
B|(2,5) 27| Tz
Ci(3,4)p-311 (3.4
Df(4.,2))-28]
El(6,2)] 24| i(4.2):
Fl(6,7)|.-19

1. Ik 1MIUC 2 ol S&& FIKe

2. ME(Selection): SE0| S22 8 £20H= M= BiLl.

- 2 OIHIIME S301 J1E S2 2712 ti @& 222 i = M OlRLLt
- 2o = SEAN2T Ol& MEOHH, &0l F2 0t M E =S

Ol) & Hidl & & M5
2t OOl EF0N HII0H0]
&3 ”OIA X0 S01E

2009 Fall, Compu
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Example of Genetic Algorithm(2/5)

Minimize  f(X) = X12 + X22 —8X%, —8X, X27 m ¢
6
LMkl Sh : o
ALl,1))-14 ' °
B|(2,5)) 27, F=W AW ‘ e
C"("é"".4._")":."é.i":- : (3 ’E4T:) E C,(3,2) 3
ik ittt E .
Di(4 2 28 | i md - oo
E[(6,2)) 24 42TV L D'(4:4) ] o
FI{6.,.7)] -19 1« (53] . )
1 2 3 4 5 6 1%
3. nllll(Crossover): £ SHE 5 E{ XIA! O & M AIBHC}.
-2 0IHIGIA = x, B M E D80l WEE A2 0192 QItIX ol plill(Crossover) B A% D>

4. HA]: A& XA ol @ TIL SX| &2 012t m Bt
- 2 OlHIoIME E&01 J1E LHE 2712 ol & XA ol = CHXI OfRALL.

Oi= WiXIol= CHE SE2 Ol

+ OIAl 1)XHA 0H2 S&& S A SJ1010], 2 02 C S& 0] S28 51 012t THXAI,
S X 22 W XIOH] &S

+ OIAI 2) X1 OHO S& & A BJI0I0, 2 =0 S&0] S208 £51 01t THXKI,
JEXI &2 SE0!| L= 01t X
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Example of Genetic Algorithm(3/5)

Minimize  f(X) = )(12 4+ X22 —8x, —8x, X27
6 O
o ¢’
MU=} X sasol || o
A.3...2)0-27 - °
B|(2,5)-27| S=W i TS
CHUETANEE (GRT N feEe) |
D|(4,2)|-28 iﬂ—“ﬂ 2 oo ®
E[(87 204 (4.4 ; F(4,4) : i
Fi( 4 , 4)]-32¢
....................... ; )
1 2 3 4 5 6 7 M
3M:|[H 7 CIAl TJL A b, CHXIO] £ A HH=20HH 21X oHE &=L}
Al(3,6) SH0]: 23 010l = S A SO0 MZS 0HE IH== SIMO|CE
Bl(25) EXA.
clts . 4) SOE Y §40E HES S HIAP|S WY
D|(4,2) + 0] HT HIE SIZZ M 07} SEE 210]2Hs ZYA XIAI0] A0k &
EI(4.,4) - OH 218t LHOl iSOl LHEE(0ll: 70%) EL2XIE MEHOI0] I8
7‘:F‘ ( _ 4) Jn - Part1 Optimal Ship Design - Ch.9 Heuristic Algorithm
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Example of Genetic Algorithm(4/5)

Minimize  f (X) = X” + X5 —8xX, —8X, Xz 7
° N

QM SH Al : o
AN(.3...6)] 27 : °
BI{ 2 ,5)[27 F=o AW, T
C -(...é...:...4j..)..ll.-.é.i.i :(4 E4ZD : E E,(4,4) E 3
D[(4,2)-28] { i um ) L2 .
e a0 104 LF(4,4)
FHCA 4] 8% :

1 2 3 4 5 6 7 X1

ChAL B0 M5, ulth, tHXIC] =A@ =010 XX oi @ a=Cl.

ANt EJ}
Al(4 ,4) EEXH
B4, 4) SO QN N0 ot 2 FTAPIS W
Cl(3,4) + e &k S Si=E A I =88 A0idl= Z.A X|24{0] 2010 &
DI(4,2) OHf Ziet LHOl OH&E Ol LHF2(0ll: 70%) FE2X || HEHOI0 &
E{(4 ,4)
: F ( _421’ 4 ) n - Partl Optimal Ship Design - Ch.9 Heuristic Algorithm
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Example of Genetic Algorithm(5/5)

Minimize  f(X) = )(12 4+ X22 —8x, —8x, X27
6
1m
‘M2t Tl :
A(4,4):-32.: |
B(4,4)f-32 F2WH i L S aoler
C Ei...Eé...’...4....j..:.:é.iéi E (4 ,E4Z:) ; E E’ ( 4 , 4) ; 3
S PTCITLITRLTT sppasnind o : : :
Ef( 4 . 43 301 i(4.4) i F(4,4) :
Fi(A, a8y
0 1 2 3 4 5 6 7 X1
CIAl @O M ultll, tHXIC] =AM& =00 X = i@ &=L
SMItE  EJ}
Al(a , 4) e
BI( 4. 4) IR 2N L0 NS0 S WTATIS W
Ci(4,4) + e HT U= SI=2 N W) =88 A0idl= 28 A X14{0] A0{0F &
Di(4 ,4) - O &€t Uil &S0l LHIREl: 70%) SE2X8 WO F=
E{(4 ,4)
7_!: ( |4 4 ) Ch. Heuristi Algorit

1 =g > XMA2 (4,4)
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Genetic Algorithm
; T

- 0|2l ¥ 1} & T (One-point) X} ¢4HS 0] 8¢t W HY(Crossover)dtHo

25 0
O|11 1(010
(3.4) 3910171 | 401 01m% |
T " = |
ol nAi 1 - = |
ousmaEEe) | mogn {luemes ]
Encoding XN ! !
i 1
1{01{0 01110
(4,2) ol OIS ol OIEI%
| 491 01F% 291 01zl%
XISM0| H AP} o2 XM = US
ullii(Crossover)
21X (One-point) ml Xl HIAHE
Nl S0l 2= XHAl ol
(2,4) 0O|11]0 1(010
| |
Decoding : !
I I
I I
I I
I I
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9. Heuristic Algorithm(Z2|AE! &N2|&)
9.2 Ant Algorithm(Z}j0] ¢ 12|&)
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“Dorigo, M., Maniezzo, V. and Colorni, A., “Ant System: An Autocatalytic Optimizaing Process”, Technical Report No. 91-016, 1991”
“Dorigo, M., Maniezzo, V. and Colorni, A., “Ant System: Optimization by a colony of cooperating agents”, IEEE Transactions on System,
Man and Cybernetics-Part B, Vol. 26, No. 1, 1-13, 1996”

Ant System Algorithm (70| A|AR &n2|S )

. 0] 22|50 HO|E §7IE 0|5 WEHREE A4
Qlolo| 7jn| 50| Yele| A2z 0|F (O|SA=Y H=E

7)) > AZt Zl S WAHOE HEE EHo| #e RoE

Ho|go| B2 4% > 23MoE L F2E XS

gI-I

12/115
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ZHO] A% ¥AE|F (PH0]S2] 0| SHEH)

E t=0
d=1
D
D
d=1 _ _
Y_o.s d=1 Y:O'S
F ? C ,?
S—1 F S ]} C
¥ / ¥/
d=1 d=0.5 d=1 d=05
B B
4=1 d=1
.
A A 3o0ta]
)3

- Ui SH4AIZHOICHA, EOIM 22} 30012 & =
-BEJN0IC OISEE= 2F, 0lME A2
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ZHO] A|A® @E|F (PH0]1=2] 0| SFEH)

¢=1 o e Y d=1
?
Loz 150t2] 1k * % 3002l HEE
#, 150L2 HIEE 25
DQ@ % D
d=1 d=0.5 §:0.5
Y/ 7
d=1 dgd=0.5 Aias ?goglal H=z
W B 1501d HIE=2 B
=5
150t2] 150t2] *
d=1 _
o-uz d=1
% * AN 2
” 300t A
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H0] A& 2ne2|F (PH0]=2] o] SHEH)

=] @

m
m

d=1
20 1| | d=1

150l HES 3o0ic] HIEE

2x
- L

S 0
odie] HESZ :E//
B
2002
1o0ta]
A A
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B J{0| e} H|gt 0f|0] M E(Agent)E 0| 83}0{ 2&

2 9|7} O] (artificial ant)2} StC}.

" Bo7jojE ANIZHDINEY HE2E ALgSte] M2 @A, 0|5Y=
2lol H01Z H22 SXof o\t HEX WHOR ATHHY=E FEL
2oljjoje] &§F

1. 7H0]= 2F2k2| AIH S T
JHOJAIZRH0IM A2 2 LIEILHD = =2F 7{2|of] Hid|2f|etC}.
JHO] kIF =ALIGIM ZA] (S MEfet Of, A|E2 YeFdS MAls7| = etct.

2. 7H0]= 2f2k2] 7|HEE T
Aralo] ojo] AEet === 7|6, ZEEAS S0 Ui7iXA| shH A28t =20
CHoll CHA| 2= 61| Ri=C

3. 7H0|= ¥=6l{0f 2t 2= X[™0| 2= A A E=xH
JH0|7} Exlist=s Z4Ze| =EE SEE2E 510 SA0 AE2EMS 715517 5t,
S =0 et 2| FollE et + UESF eiCt.
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QA X01E
« A SHEE 37| QoH N0zl | (ROlIHOIE
M= E5¢et I PIEEE PN K
= HI228 A3t = 9}210] A= JHXIT ULk
= jE=2 SE0HU = \I2H0] SHSH QI 2HA(Discrete
" SN WHOR AZE AN | Worldl0IM ZXHSHLCL

- Z0f| O[3 EHAHO] OFL! JHAIZ Ol OJ3t = BHAS SBICE

 E|ZBH= OIS} T EST SUE 1) 22 £ 9L},

. 2| M3ll= =5l|(Graph)2 Ho| E|0{ZIC}

Ji0jS SHES WY o= )2 0|58 Wats HAHC)

- HESHMS 0|SZ=0 HEE 0] YOIt @27}, = JH0|7F Lokt ol
SIS Wi}

- JHOIAI AR = 4 S710jl mat 2 AAIZH0] S7ksHs S4(Time complexity)S
71X|22 JACE
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9. Heuristic Algorithm(g2|AE! 2 12|F)
9.3 simulated annealing
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Simulated Annealing

B A slow and controlled cooling of a heated
solid(Annealing) ensures proper solidification with a
highly ordered, crystalline state that corresponds to
the lowest internal energy.

B Random evaluations of the objective function in such a
way that transitions out of a local minimum are
possible.

| It will find global optimum with a high probability
even for ill-conditioned functions with numerous local
minima

2009 Fall, Computer Aided Ship Desi
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Simulated Annealing

(inner loop)
1. Start with initial point x, (iteration number i = 0)

2. Random moves are made along each coordinate direction

3. If Af <0, accept the new point and set X, =X
where, Af = f(x,,)— f(X;)

Otherwise, accept the new point with a probability of

P(Af ) _ e—Af /KT

k : a scaling factor called Boltzmann’s constant
T : a parameter called temperature

4. Repeat step 2~3 until 12N

2009 Fall, Computer Aided Ship Design — Partl Optimal Ship Design
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Simulated Annealing

(outter loop)

5. Reduce temperature and repeat step 1~4.

6. This process is continued until a sufficiently low temperature is
reached, at which stage no more improvement in the objective
function value can be expected.

2009 Fall, Computer Aided Ship Design — Partl Optimal Ship Design
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Simulated Annealing

Current position

Perturb

A N

f ( X) Perturb

Global minimum

2009 Fall, Computer Aided Ship Design - Partl Optimal Ship Design

| M. Seoul
% National Advanced Ship Desi gn Automation Lab. 23/115
- Univ. http://asdal.snu.ac.



Simulated Annealing
S S—
[ ”{' I i Af <o, accept the new point and set

l o e K xx o= \ X =X
[*} Otherwise, accept the new point with a
¥ | probability of
.T.«\-ﬁ.ji\.,,.f,‘, ot pone Nows > P(Af) = el

[_ | k : a scaling factor called Boltzmann's
Y constant
— e ot s T : a parameter called temperature
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Strengths of Simulated Annealing

1. Simulated annealing can deal with highly nonlinear models, chaotic
and noisy data and many constraints.
It is a robust and general technique.

2. Its main advantages over other local search methods are its
flexibility and its ability to approach global
optimality.

3. The algorithm is quite versatile since it does not rely on any
restrictive properties of the model.

2009 Fall, Computer Aided Ship Design - Partl Optimal Ship Design - Ch.9 Heuristic Algorithm
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Weakness of Simulated Annealing

1. Since SA is a metaheuristic, a lot of choices are required to turn it
Into an actual algorithm.

2. There is a clear tradeoff between the quality of the solutions and the
time required to compute them.

3. The tailoring work required to account for different classes of
constraints and to fine-tune the parameters
of the algorithm can be rather delicate.

4. The precision of the numbers used in implementation is of SA can
have a significant effect upon the
guality of the outcome.

Advanced Ship Desk'qn Automation Lab. 26/115
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10.2 H|2F H|MY x|™g =27

10.3 H|F H|MHE x|=g =27
A1 47 of
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10.1 H|f H|HE &t =279 (1)

HlMa %| =3} 2fo|H2{2| ‘EzOptimizer’

u Ef%!“?_* ZHg |5 =g

mC++ QO|2 :,161

B X EH3l RES AFEXIS| =270 24 0|y 7ts

u 2 T M-

B 5|5 ntY(EzOptimizer.h)1} 20| 2 2{2| o}
(EzOptimizerLibraryD.lib/EzOptimizerLibraryR.lib)2 4

x| =g} ﬂ}gg x-||o-|ol- = Ol= C}esl 2 M X|H™ 7l

B ‘EzOptimizer'E ot = 2|-ZALnt2{ ‘EzPreCompiler’
B ‘EzOptimizer'2| HC} 2|t A2 S o 7HE

7|19 = (Keyword) Q14| &4

‘EzPreCompile’'2 = OiUS C++ AA OIUZ HEL

£74d 7|9 =0 2l¢t CtF x[H3t S8k XE| 7t

DOS 5! Windows H™ 7|

\"
%Nt I@ dShpD kan utomation Lab. 28/115
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10.1 H|f H|HE &t =279 Fd(2)

&l mel

Pre-Compiler for EzOptimizer

EzPreCompiler

SETI I
~1DOS Y Windows && X|&l

N

~

/

C++ 2A 1jel

-

EzOptimizer

Multi-Objective Hybrid NLP* Library

WEE 252 (0a|E

\_

1 Method of Feasible Directions

1 Sequential Quadratic Programming

1 Sequential Linear Programming

1 Genetic Algorithm
1 Hybrid Optimization

1 Multi-Objective Programming

...

/

* NLP: Non-Linear Programming

*1: \eojel BS 21213} WiHoll o|3F CHEOF {212t 710l et 917, MBCHEE ZMIST 2T MALRIIEE, 2000.2
* 2: Kyu-Yeul Lee, Seon-Ho Cho, Myung-Ill Roh, “An Efficient Global-Local Hybrid Optimization Method Using Design

Sensitivity, Analysis”, International Journal of Vehicle Design(SCIE),

Vol. 28, No. 4, pp.300~317, 2002.7
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10.2 M|k H| M x| X3 T2 70| AE W

1. AFEX}7) 2HdS= 2 80| C|al E2| 0| “EzOptimizer.h”2}
“EzOptimizerD.lib" (£ = “EzOptimizerR.lib")& S A}

2. AFEXRZt AFols =278 9| Source Code ofTHO|| ChE3f €2 LHE
=2 X7|.
=3
#include “EzOptimizer.h”

3. EzOptimizerE A6l =281 XHAd

4. A|--9-I|-7|- xwa}-— Z23 .=*.19_| Z2dE 0} of| “EzOptimizerD.lib” (5

; ¥ Seoul
. 3Nt al dShpD kq in Automation Lab. 30/115
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10.3 H|<f H| T XN
- 8 X[ Y3t 2H|

for
1=
Hu
|
oE
1o
K=}
oo
ro

5

A 24 9

Goldstein-Price Function

Minimize
f (X, %) ={l+(X +X, +1)?-(19-14x, +3x,° —14x, +6XX, +3X,")}
{30+ (2%, —3%,)? - (18 —32x, +12x,° + 48X, —36X,X, + 27X,")}

QR

Subject to
9, (%, %) =—2-% <0, 9,(X,%,) =-2-X, <0, N\ 27 ”',ll',
NN
9,(X,X%,)=%—-2<0,0,(X,%X,)=X%X,—-2<0 200000 SO

org, [T}
RSN
150000 RRLAZ 2

o,
S
.'.

o [

12

100000

oS
','";.\'
ocls
ol
'..
0, {J

f(x1, %,)

Iy
8

,':,, i:
ONIYY
0o,

ul
o
o
o
o
0
L0
DN
"""."l
.""

|
N
O, NN
WY
Aty de
G
' !'! i'

A : Global Minimum
X;"=0.0, x," =-1.0, f(x;", x,") = 3.0

B : Local Minimum
Xl* = '0.6, XZ* = '0.4, f(Xl*' XZ*) = 300

C: Local Minimum
X" =1.2,%x,"= 0.8, f(x;", x,”) = 840.0

D : Local Minimum
x,"=1.8,x,"=0.2, f(x,", x,”) = 84.0

. . - X . . . 31/115
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10.3 H|2F H| MY x|xsl =23 0|88 XX AA o
- EzPreCompiler = mjd

$$ EzOptimizer Start
[Optimization Method]
MFD
[Print Option]
SMALL
[Design Variables]
x1, 0.0, -2.0, 2.0 @« HF ZHS LA H30f C}
x2, 0.0, -2.0, 2.0

ro

Asjsiztos BY

[Objective Function]

MINIMIZE f = (1.0+pow(x1+x2+1.0, 2.0)*(19.0-
14.0*x1+3.0*pow(x1, 2.0)-14.0*x2+6.0*x1*x2+3.0 *pow(x2, 2.0))) *
(30.0+pow(2.0*x1-3.0*x2, 2.0)* (18.0-32.0*x1+12.0*pow(x1,
2.0)+48.0*x2-36.0*x1*x2+27.0*pow(x2, 2.0)))

$$ EzOptimizer End

ASdVDedE ip Design Automation Lab. 32/115



10.3 H|ef H|MA =[xzt 2]/ 0|8 %X HA o
- EzPreCompilerdj| 2|5 X}5 MM E C++ O

EzOptimizerConfiguration MyOptimizerConfiguration0OO(MFD, SMALL, 2, 0, MINIMIZE);
EzOptimizer MyOptimizer00(MyOptimizerConfiguration00);

int ResultFlag = 0;

double* Design_Value = MyOptimizer00.GetDesignValueAddress();
double* Lower_Value = MyOptimizer00.GetLowValueAddress();
double* Upper_Value = MyOptimizer00.GetUpperValueAddress();
double* Objective_Value = MyOptimizer00.GetObjectiveValueAddress();

Low_Value[ 0] = -2.000000; Design_Value[ 0] = 0.000000; Upper_Value[ 0] = 2.000000;
Low_Value[ 1] = -2.000000; Design_Value[ 1] = 0.000000; Upper_Value[ 1] = 2.000000;
» HQ ZAS A Haof i ASjeigio R BH

while ((ResultFlag = MyOptimizer00.Optimization()) == 1) {
*Objective_Value = (1.0+pow(Design_Value[0] + Design_Value[1]+1.0, 2.0)*(19.0-
14.0*Design_Value[0] +3.0*pow(Design_Value[0], 2.0)-
14.0*Design_Value[1] +6.0*Design_Value[0]*Design_Value[1l] +3.0 *pow(Design_Value[l], 2.0)))
* (30.0+pow(2.0*Design_Value0]-3.0*Design_Value[1], 2.0)* (18.0-
32.0*Design_Value[0] +12.0*pow(Design_Value[0], 2.0)+48.0*Design_Value[1]-
36.0*Design_Value[0]*Design_Value[1] +27.0*pow(Design_Value[1], 2.0)));

}
if (ResultFlag == 0) { xX1 = Design_Value[ 0]; x2 = Design_Value|[ 1]; f = *Objective_Value; }
else if (ResultFlag == -1) { MyOptimizer00.GetErrorMessage(); }

Seoul
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o] 8¢t x[H 24 o

10.3 H|2F H| MY x| ™ =2 8HS
- EzOptimizerE 0| 2%t x| X3} A}

-~

Z| =3 tna|F0f = 241 H|w
True HYBRID HYBRID
. MFD MS GA . . .
Solution w/o Refine with Refine
x1 0.0000 -0.6000 0.0000 0.0081 0.0000 0.0000
X2 -1.0000 -0.4000 -1.0000 -1.0032 -1.0000 -1.0000
f 3.0000 30.0000 3.0000 3.0262 3.0000 3.0000
Iteration NoO - 5 154 78 33 36
CPU Time(s) 0.03 0.78 1.23 0.73 0.75
Local Minimum # *

IHME RH °'.EEI5£$E-I A0{ZI AL 2
local optimizations ¥ E o2 M MEst &

* MFD: Method of feasible directions, MS: Multi-start local optimization method, GA: Genetic algorithm, HYBRID: Global-local hybrid optimizatio

ZO%EiL?ﬂ'ECM;u%’ B&SHI% Be%Wh%ré@rMﬁa?ﬁ% Design 34/115



10.3 H|2F H| MY x|=sl =2 1S o] 2= MA o
- Ribbed Tray A7 25|

Minimize  Volume = f (nl,ns, tl,ts, tt, hl, hs) Objective Function

Subjectto o, <1.0(mm) o . <22.5(MPa) Constraints

Design variables
120 m

50 m

------------- nl : No. of Longltudlnal Ribs
ns : No. of Transversal Ribs
tl : Thickness of Longitudinal Ribs
ts : Thickness of Transversal Ribs

E =3.1 x 103 MPa tt : Thickness of Tray
v=0.35 hl : Gap at Bottom of Longitudinal Ribs
Surface Load on Cavity = 0.15 MPa hs : Gap at Bottom of Transversal Ribs

* Kyu-Yeul Lee, Seon-Ho Cho, Myung-Il Roh, “An Efficient Global-Local Hybrid Optimization Method Using Design
Sensitivity Analysis”, International Journal.of Vehicle Design(SCIE), Vol. 28, No. 4, pp.300~317, 2002.7

35/115



10.3 H|<f H| S

XM =28 0|88 X 44 o
Ribbed Tray &40l CHgt | X2} Z1H(1)

) HYBRID
Unit MFD GA : : -

w/o Refine with Refine
Volume mm3| 47,370.662 | 45,236.305 43,520.642 42.507.595
nl 4 3 4 4
ns 4 4 4 4
tl mm 1.307021 1.199413 1.007820 0.995354
s mm 1.313513 1.355816 1.332356 1.327935
tt mm 1.067905 1.156403 1.025415 1.008237
hl mm | 16.779161 | 16.434995 16.998045 18.129324
hs mm 6.073858 5.619746 5.482893 5.389428

Iteration No - 8 26 20 25

CPU Time sec 2,420.38 13,091.02 19,767.95 20,973.59
MFD
[ - GA
540001 | —= HYBRID(w/o Refine)
e I"IUPUSGU vieuiou \WIU r((:‘llllelllt:lll_)

52000

46000

Objective Function Value

44000

42000 : ,

50000 | \\A N
48000 \\ ******* \
1T k%X 7\‘7X

XXX

5

* MFD: Method of fea3|ble directiengeMionWrib9tRnhiasal optimization method, GA: Genetic algorithm, HYBRID: Global-local hybrid optimizatio

10 15 20 25

ZOOE“-'EH‘CMWEL /PEEHI% Be%@gQ\M F%rélngﬁ ﬁ% Design
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10.3 |2} |:||k|o=| x-|§} EEJ

MFD

Proposed Method
(w/o Refinement)

2009 Fall, Computer Aided Ship Design — Partl.Optimal Ship Design

Conventional GA

ROCOWONN 5:55578354

Proposed Method
(with Refinement)

NOCENBNN 55533755

ROCCWENNN 5553

ROCCWEEN &

37/115



10.3 M| H|ME XXl T2 732 o|2st X|X MAA o
- HXH|E %A 3} 6l= S THH 4

Find X,1=1---16

Xg
JJJJJJJJJJJJJJJJ
Xy

ORDINARY SECTION

X, : deck longitudinal stiffener space

: outer & inner bottom (center) longitudina
stiffener space

X5 : outer bottom (side) longitudinal stiffener
space

Subject to
t _X'SO’ I:6’...,16 " i

I X, : side shell, side & center bulkheads

-X16- X12 longitudinal stiffener space

> minimum plate thickness X5 . hopper tank longitudinal stiffener spa%@l
Xg . deck plate thickness

Minimize Building Cost

T J 1T 71T T 7T
1111 .1 1.1
S

I,min

J 1T 1 1 1 1 11 1 1 17 1 1 11 1 11 111911
J>><

Z d_ECk — Z deck < O " X7 . outer bottom plate thickness
min - X I X, Xg : inner bottom plate thickness
9 M4 Xq : side shell plate thickness
. . = Xpo : bilge plate thickness
bort%rr}]lmum 88&8%” modulus at deck —— Xy © center bulkhead plate.thickness
Z . —_ Z S O I X1, : side bulkhead plate thickness
min X153 : hopper side bulkhead plate thickness
" x4 : center girder plate thickness I ltf
: minimum section modulus at bottom Rl R e
deck deck deck < O - X1 . Stringer plate thickness i
O - 7/] O-C — B X13 IW
: critical buckling stress at deck - Xg ,-‘/' =1,
J J 13 JTXr) 1 ) 11 1] L L
bottom bottom__bottom =7
O — 0} <0 X3 X15 X X14
C Xlo'l'l'l'l'l 111111111111_rr
: critical buckling stress at bottom X7 'E

* Kyu-Yeul Lee, Myung-Il Roh, “An Efficient Genetic Algorithm Using Gradient Information for Ship Structural Design Optimization”,

2003 RYANAL A5 Rid&E NG 198K RESEAT B 48 Nsida PP-161-170, 2001. LR



HZH|E A|43) 3l 5Y THH 4 252
88 BAIBH1)

® Midship Section?| £tQ|Zl0|St H X H|
Building Cost = Material Cost + Labour Cost [$/m]

Material Cost =Weight [ton]xUnit Material Cost [$/ton]
: midship section2| Et9| Z0|< 1= H]|
LabourCost =Welding Cost + Painting Cost
: midship section2] Ete| ZI0|E} Q1 H|
Weight = p- A [ton]
: midship section®| Et9| Z0|S SEF
Welding Cost =2-Fw- N [$/m] — _ 3
+ midship section®] B¢l ol @@l | 71 SR TR SOy, LT
Painting Cost = Fp-G [$/m]

Fw: welding cost per unit length
. midship section®] Et¢| Zio|=t =xkH] | N nurr_lbe_:r of the plates gnd stiffeners
Fp : painting cost per unit area

G : summation of the girth length of
~ the plates and stiffeners

39/115



HZH|E A|43) 3l 5 THH 4 2572
288 HAIBH2)

mXeF =4
B Minimum Plate Thickness0j &t =

t.

i,min

—x <0, i=6,---,16

G min = max[15 8\/80?\/7 +1, G + \/?. "‘th [mm]
=1
|

B Minimum Section Modulus0f 2ttt &= (Deck,
Bottom)
Zdeck _Zdeck <O Zbottom Zbottom<0
Zdeck_ CW L2 B (C +07) ‘M +MW‘ [Cm3]
e 1.39 ' 175-1.39

min

2 M. + M,
Zbottom_rn (CW L B (C +O7) ‘ ][Cm3]

1.28 ' 175-1.28

Adva dShpD kq in Automation Lab. 40/115
http// sdal.sn



UZH|S 2|48} sHe S BHH Q2| 2H
3HE M AISH(3)
B Critical Buckling Stress0j 2tgt

O_deck . decko_((;jeck < O bottom bottomo_(t;ottom < O
[ g deck when o9 <177.5
deck deck
O 4355-[1 35504 J when {* >177.5
é:)lottom When Gbottom <1175
bottom __ bottom
¢ T)235. (1— S ] when ¢2°"" >117.5
M. +M
Gdeck _ S W Zr?eCk 105 [N /mmZ]
I N
M. +M
bottom _ S I W Zrt])ottom 105 [N /mmz]
N

2009 Fall, Computer Aided Ship Desngn Partl Optnmal Shlp Design- Ch. 10 H

of MY AT T2 1Y A7)

Nat jonal

X ZH(Deck, Bottom)

M@

Advance: d Ship Desi

rih ) kqn Automation Lab. 41/115
lal.snu.ac.



=Y THH 24 =Hof cier =Xzt 2t
Unit Actual Ship MFD MS GA HYBRID

w/o Refine with Refine
Building Cost $/m - 21,035.254748 20,637.828634 20,597.330090 20,422.478135 20,350.286893
Xy mm 800.0 787.038274 811.324938 780.000000 810.000000 810.3701321

X5 mm 800.0 762.891023 799.038243 750.000000 800.000000 800.1282732

X3 mm 780.0 743.313979 787.034954 770.000000 790.000000 789.0923943

Xy mm 835.0 814.142029 833.909455 820.000000 830.000000 834.838424

X5 mm 770.0 756.434513 772.349435 790.000000 780.000000 780.002092

Xg mm 16.5 16.983723 16.203495 16.000000 16.000000 16.390923

X7 mm 16.0 16.829142 16.043803 16.500000 16.000000 15.989044

Xg mm 15.5 16.020913 15.390394 16.000000 15.500000 15.432091

Xg mm 17.0 17.329843 17.039439 16.500000 16.500000 17.139433

X10 mm 14.5 15.001923 14.324335 15.000000 15.000000 14.780908

Xq1 mm 13.5 14.192834 14.240495 14.000000 13.500000 13.5113314

X1o mm 14.5 15.123051 15.403945 14.500000 14.500000 14.500130

Xi3 mm 17.0 16.902832 16.849387 16.500000 17.000000 17.010902

X1a mm 14.0 14.784034 14.739454 15.500000 14.500000 14.309324

X15 mm 14.0 15.129430 14.448504 15.500000 14.500000 14.588917

X16 mm 14.5 14.824045 14.940584 15.000000 15.000000 14.789992

Iteration No - = 8 912 93 64 70
CPU Time sec = 2.90 293.28 272.91 265.06 267.92
20 A1 M dlahm SR ALSA |, ol s M2 S RISE ZHH 2 3 Wit & n2{30] Z & (0, HlEE! S)0| EeEt AR



Appendix A. Engineering
mathematics Review

- Directional Derivative & Gradient Vector
- Linear Algebra

- Inverse of a matrix.
Gauss-Jordan Elimination

-Quadratic Forms
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Engineering mathematics
Review

- Directional Derivative & Gradient Vector

Naval Architecture & Ocean Engineering

SDAL

Advanced Ship Design Automation Lab.
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Directional Derivative

of

— :Rate of change of f in the | -direction

OX
Z
z=1(x,y)

X

2009 Fall, Computer Aided Shlp DeS|gn Part1 Optlmal Shlp Design- Appendlx A. Englneermg mathematlcs Revnew

Seoul
Nat ional Advanced Ship Des n Automation Lab. 45/115
Univ. http://asdal.snu. ac



Directional Derivative

of

oy

:Rate of change of f in the J -direction

Z
z=1(x,y)

ve.

X

2009 Fall, Computer Aided Shlp DeS|gn Part1 Optlmal Shlp Design- Appendlx A. Englneermg mathematlcs Review

2 R : Seoul
T W% Nat ional Advanced Ship Des n Automation Lab. 46/115
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. . . . Vf(X,y)Zgi-l‘ij
Directional Derivative X oy

I
‘i; The rate of change of f in the direction given by the vector U: D, f

— |
7 z=f (X’ y) | The rate of change of f in the direction of X :Z—f
I X
! of . . of
! The component of — in the direction of U: —cos@
- OX OX
s | of
| The rate of change of f in the direction of Y: P
' y
I | - y | The component of — in the direction of U : of /4
.................. J i oy ——C0os(-—0)
........ :
u : = ﬁsin 0
I

X

The rate of change of f in the direction given by the vector U: D, f

oy
= +
of of S
OX
= ((;ii +ij)D(cost9i +sin@j)=vf-u [P
X ‘

20009 Fall, Compute.?Xided Ship Design — Partl Optimal Ship Design- Appendix A. Engineering mathematics Review ~ 5 —~
[ e I = <7 27 3 T S & e - e

i o t 3 0P & = 5 o~ o » = . ’ Seoul =

v R B s B A ¢ L =S8 _ = .
[ "~ R o w National Advanced Ship Desk'qn Automation Lab. 47/115
| > = RS- —_— = - Univ. http://asdal.snu.ac.kr




Directional Derivative

H Example 2
Gradient at a Point
If F(x,y,2)=xy?+3x2-z5, find VF(x,y,2)

Solution)
VFE(X,V,2) = g(wz +3x° —2%)i

OX
a 2 2 3\ :

+—(Xy“+3x°—27)j
dy
a 2 2 3

+—(Xy“+3x"=2°)k
dz

= (y* +6X)i+2xyj—3z°K

VF (2,-14) =13i —4j—48k

2009 Fall, Computer Aided Ship Des gn Partl Opt maI Sh ip Design- Appendlx A. Englneerlng mathematlcs Revnew

Ad cedShpD kq in Automation Lab. 48/115
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. . . . Vf(x,y)zgiJrij
Directional Derivative X oy

Theorem 9.6 Computing a Directional Derivative

if L = f (X, y) is differentiable function of x and y and U =c0s€i+Ssindj

then, D, f(x,y)=Vf(x,y)-u

D, f(x,y)=[f,(x, )i+ f,(x,y)J]-(cos@1+sin )
=VIi(x,y)-u

: = f(x,y)

T~
Ij/ .......... y/
....................... j
Ve ~4
0 u

X

- Partl Optimal Ship Design- Appendix A. Engineering mathematics Review

M i v : ¥ Seoul S D A L
. “ = 3 National Advanced Ship Desk'qn Automation Lab. 49/115
- . - Univ. http://asdal.snu.ac.kr
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Directional Derivative

L] Example 3 u=cos«9i+sin0j:cos%i+sin%j
Directional Derivative 5

Find the directional derivative of f(x,y)=2x%y3+6xy
at (1,1) in the direction of a unit vector whose % 1 J

angle with the positive x-axis is n/6. — (]_()i _|_]_2j) .[2| + EJ

................................................................................................................... =5\E+6

Solution)

D, f (L,1) = Vf (L.1)-u

of . of .
Vf(x,y):&waj

= (4xy° +6Y)i + (6X°y* +6X)j

Vf (11) =10i +12j

2009 Fall, Computer Aided Ship Desi gn Partl Opt maI Sh ip Design- Appendlx A. Englneerlng mathematlcs Revnew

Adva, cedShpD kq n Automation Lab. 50/115
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Directional Derivative

B Example 4 PO-u= iy L
Directional Derivative V2o N2

Consider the plane that is perpendicular to the
xy-plane and passes through the points P(2,1) Du f (2,1) = Vf (2,1) ol
and Q(3,2). What is the slope of the tangent line

to the curve on intersection of this plane with i ; 1 . 1 .
the surface f(x,y)=4x%+y? at (2,1,17) in the direction — (16| + 2]) ¢ I+ J
ol NN

N

Solution)
f(X,y)=4x"+Vy?
VI (X,y) =8xi+2yj
Vi (2,1) =16i + 2j

2009 Fall, Computer Aided Shlp De5|gn Partl Optlmal Shlp Design- Appendlx A. Englneenng mathematlcs Revnew

P - 7y ~“Nize Seoul
%ﬁﬁ‘* N tional a c 51 n Automation Lab, 51/115
] Univ. s el




Directional Derivative

B Example 5 H6'+21+3‘<H—
Directional Derivative  u-1 (6|+2]+3k)_$|+21+3k

Find the directional derivative of
F(x,y,2)=xy?>-4x?y+z? at (1,-1,2) in the

direction of 6i+2j+3k.

o 6. 2. 3
ek kR LR S  DE(L-12)=(9i-6i+4Kk)e| Eis itk
Solution) —c ( )=(1=61+4k) (7'+7J+7 j

f(X,y,2)=xy’ —4x°y+z° 54
VE(X,Y,2) == (y* - 4x’y+ 2) 7
X

a 2 2 -
+—(Xy“ —4x°y+12)]j
oy

+g(xy2 —4x*y +2)k
0z

= (y* —8xy)i+ (2xy —4x°)j+2zk
Vf (1-1,2) = 9i — 6]+ 4k

2009 Fall, Computer Aided Shi p Desi gn Partl Opt maI Sh p Design- Appendlx A. Englneerlng mathematlcs Revnew

ational Adva, cedShpD kq n Automation Lab, 52115
S



Directional Derivative

VI Points in the direction of maximum increase of f at P

The rate of change of f in the direction given by the vector U :
D, f(x,y)=[f.(x,y)i+ f (X, y)jl-(cosi+sindj) =Vf(x,y)-u

D, f =|Vf||u|cos¢ =|Vf|cosg, ¢:angle betweenVf and u
—1<cosp<1

The maximum value of Du f — Du f = ‘Vf ‘ , When COS¢ =1 ¢ =0

U has the same direction of Vf

|:> VT is the direction of maximum increase of fat P

—V T is the direction of maximum decrease of fatp

2009 Fall, Computer Aided Shlp De5|gn Partl Optlmal Shlp Design- Appendlx A. Englneenng mathematics Revnew

i A Seoul
5 = %ﬁ‘; Nt nal dShpD kan utomation Lab. 53/115
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Directional Derivative

W Example 6
Max/Min of
Directional Derivative

In Example 5 the maximum value of the
directional derivative at F at (1,-1,2) is

|VF(L-12)|=v133.

The minimum value of D F(1,-1,2) is then

—+/133.

2009 Fall, Computer Aided Ship De5|gn Partl Optlmal Shlp Design- Appendlx A. Englneermg mathematlcs Revnew
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Directional Derivative

H Example 7
Direction of Steepest
Ascent

Each year in Los Angeles there is a bicycle race
up to the top of a hill by a road known to be
the steepest in the city. To understand why a
bicyclist with a modicum of sanity will zigzag up
the road, let us suppose the graph of

. Thus the steepest ascent up the hill is a straight
: road whose projection in the xy-plane is a radius
. of the circular base. Since D f=comp,Vf, a

- bicyclist will zigzag, or seek a direction u other

the hill. T dien® :
e ]h&%r)a |£n ERY?, 0<z<4, . than VT, in order to reduce this component.

shown in Figure (a) is a mathematical model of

where r=-xi-yj is a vector pointing to the center
of the arcu&T base 2/3

the cirau) |
Rk Woorerd W]W

r

2009 Fall, Computer Aided Ship De5|gn Partl Optlmal Shlp Design- Appendlx A. Englneenng mathematlcs Revnew
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Directional Derivative

(1) 1
B Example 8 ;VT(;M}ZK
DIreCtlon to COOI Off To cool off most rapidly, the mosquito should fly
. in the direction of -1/4k;
FaSteSt ] . . that is, it should dive for the floor of the box,
The temperature in a rectangular box is . where the temperature is T(x,y,0)=0.

approximated by

T(%y,2)=xyz(1-x)(2-Yy)(3-2)
0<x<1,0<y<2 0<zL3.

If a mosquito is located at (¥2,1,1), in which
direction should it fly to cool off as rapidly as
possible?

Solution)
VT(X,Y,2)=

oT (X, y,z)i+8T(x, y,z)j+6T(x, Y, z)k

OX oy OX
=vyz(2-y)(3—2)(1-2X)i
+xz2(1-x)(3—2)(2-2Y)]
+xy(1—x)(2-y)(3-22)k

2009 Fall, Computer Aided Shlp De5|gn Partl Optlmal Shlp Design- Appendlx A. Englneenng mathematlcs Revnew
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Directional Derivatives

Level Curves

surface

z=1(xy)

increasing
value of f

CD Level Curves
f(x,y)=c

<
>
\%

2009 Fall, Computer Aided Ship De5|gn Partl Optlmal Shlp Design- Appendlx A. Englneermg mathematics Revnew

Seoul
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Directional Derivatives

Level Curves

surface

z="T(X,y

increasing
value of f

2009 Fall, Computer Aided Ship Design — Partl Optimal Ship Design- Appendix A. Engineering mathematics™R
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Directional Derivatives

Level Curves

Z parg
surface
g -\ z=T(xY) y

R

@ increasing
f(x,y)=c value of f

X Surface N
X

The rate of change of f in the direction U
given by the vector : D_f (X, V)

% D, f(xy) =0
 f(R)-f(R) 10-10 _

Seoul
Nt nal Ad cedShpD in Automation Lab. 59/115
A e b Desia



Directional Derivatives

Level Curves

Z pane
surface
(/ S 1Ty Y
—
@ increasing
f(x,y)=c value of f
X Surface

Vv

The rate of change of f in the direction U
given by the vector : D_f (X, V)

9

% D, f(x,y) Vs. D, f(xy)

f(P) t(R) _T(R)-T(R)
PP, PP,

" P,P, is the shortest path between ¢=10 and c=11

Advan. edShp D kqn Automation Lab. 60/115



Directional Derivatives

Level Curves

Z pane
surface
(/ S 1Ty Y
R
@ increasing
f(x,y)=c value of f
X Surface

Vv

The rate of change of f in the direction U
given by the vector : D_f (X, V)

Vi is the direction of
maximum increase of T at P,

Advanced Shp D kqn Automation Lab. 61/115
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Linear Systems Vs Matrices

_ ) i D
i 2= 1 AN EA
3Xy - X5 = Xg= 2 3Tl x| =E 2 e
2X,+3X, - Xa= -3 2 3 -ljx| [-3

-

----------------------------------------------------------
03 G
o

Xy = Xo= Xg3= 2
row?2 +

rowix(=3) _|_) -3X,-6X,- 3x3 -3

x .................................... ¢ /_ )
Xi+ 2%, + X3= 1 1 2 1]|x 1
0 X=X, -4X, = -1 0 -7 4% |= -1

K 2X1+3X2 = X3 — 'BJ k—z 3 _1——X3— L= By

2009 Fall, Computer Aided Ship De5|gn Partl Optlmal Shlp Design- Appendlx A. Englneermg mathematics Revnew
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Linear Systems Vs Matrices

X1+ 2X,+ X3=1 1 2 1]|x 1
3X; = Xp=X3=2 3 -1 -1|x,|=]| 2
2X; + 3X, - Xo = -3 2 3 -1ljx| [-3

4 N 4 )
X{+ 2Xy+ Xg= 1 1 21X 1 :

0-X;-7X, -4Xg3= -1 0 -7 —-4|x,|=|-1

k / t ....................... | RS Lj I'OW1X(—2)

----------------------------------------------------------
- G
o

 2X¥3%p- X, =3

row3 + ‘|‘) 2Xy ~AX5 ~2Xg =-2
row1x(—2) : -X; -3X3=-5
e \ .................................... - Y
R 1 2 17x] [2
0%, Xy - 4%q = -1 A ol i

0%, =Xy -3X3=-5 0 -1 -3 1L %3 _5
2009 Fall, ggrnp,g:gr Aided Ship Design Pgﬁr:l Qp;imglsh ip Design- Appendlx A. Englneerlng mathem\nss : .:. j
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Linear Systems Vs Matrices

X1+ 2X,+ X3=1
3X; = Xp=X3=2
2Xq + 3X, - X3 = -3

) - IR

1
d 0Xy- TX, -4X,= -1 Uo=0 =5 |=| =L
-lo'xl' X, _3X3:_5j row 2 <> row 3 (0 -1 =3 % __57
- ) T Tx] (17
X1+2X2+X3— 1 1 2 1 Xl 1
0% - Xy -3X3=-5 0 -1 =31% |=|-5
k O'Xl' 7X2 '4X3: -1j (0 _7 _4__X3_ __1y
row 2x(—1)
~ _ - Tx1 17
X;+2X,+ X;= 1 1 1 % 1
0 X+ X, +3X3=5 0 1 3% =53
K O 'Xl' 7X2 '4X3 = -lj (0 - 7 N 4__X3_ __ly

2009 Fall, Computer Aided Ship De5|gn Partl Optlmal Shlp Design- Appendlx A. Englneermg mathematics Revnew
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Linear Systems Vs Matrices

X1+ 2X,+ X3=1 1 2 1]|x 1
3X; = Xp=X3=2 3 -1 -1|x,|=]| 2
2X; + 3X, - Xo = -3 2 3 -1ljx| [-3
4 ) - A
X+ 2X,+ X;3= 1 1 2 1 |x 1
0%y 4 X, #3X3=5 0 1 3 |x,|=
0X-TXy -4X5= -1 0 -7 —-4|x, -1
- N \_ - 7

row 3+ row 2x7

4 N 4 )

X, + 2%, + Xy = 1 (1 2 1 x ] [1

0%, + X, +3X3=5 0 1 3|x,|=|5

0-X;+ 0-X,- 17X = 34 0 0 17| x, 34
/ \_ - -

The last equations and matrix are equal to given equations.
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2008'H23%t7| & ststZto|-57+-080910 (O.D.E)

Linear Independence

Definition 3.1 Linear Dependence/ Independence \
A set of functions T, (X), f,(X),..., T, (X)is said to be ‘linearly
dependent’ on an interval | if there exist constant C,, C,,...C,, not all zero
suchthat ¢, f,(X)+c, f,(X)+---c, f (X)) =0
for every xin theinterval.
If the set of functions is not linearly dependent on the interval, it is said to be

\ ‘linearly independent’ |
“ B

In other words, a set of functions is ‘linearly independent’ if the only constants for
¢, f,(x)+C,f,(X)+---+C,f (X)=0
are C, =C, =---=C, =0
“two functions are linearly independent when neither is a constant multiple of the other”
{ f,(X) =sin 2x i {fJO:é

) on(—oo, 0o
f,(X) = sin xcos x ( ) f,(t) =e”
ce' +c,e” =0

Satisfied only when C1 = C2 =0 on the interval

on(—oo,0)

f,(x) =sinxcos x = %sin 2X

00 =3 H

Linearly Dependent . Linearly Independent
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Linear Systems Vs Matrices

X1+ 2X,+ X3=1 1 2 1]x 1
By g g=2 3 -1 -1ix|=|2
2%, + 3X, - Xo= -3 O E
4 N 4 O
fiX +2X,+%-1=0 X, + 2Xy+ X =1 1 2 1——X1_ ER
f,:0-% +X% +3%-5=0 0-X+X, +3X3=195 O 1 3 X, | =
f,:0-x +0-X, +17x,—34=0| (- X,-+0-X, +17%;= 34 0O 0 17 X, 34
- / . Sl

No. of equations which are linearly independent ?
C,(f)+c,(f,)+c,(f;)=0
C,(X +2X, +X, -1 +C,(0- X, +X, +3-X,—5)+C,(0- %, +0-x, +17x,—-34)=0
C|+0-c, +0-¢5)X% +(2C,]+,]+0-¢;)X, +(c]+3C] +17¢,) X, +(—C, —5¢C, —34c;) =0

Y g

c,=0 c,=0 ;=0

. fl, fz, f . linearly independent. —> rank:3

@ dShpD kantmat n Lab. 68/115
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Linear Systems Vs Matrices

X;+ 2X,+ X3=1 1 2 117x 1
X1 = Xy—=X3=2 3 -1 -1|x,|=]| 2
2% + 3X, - X3 = -3 12 3 -1jx] [-3

4 N (= — N

Xi+ 2%+ X;=1 1 2 1
0-X;+X, +3X3=5 0 1 3|x,|=
0 O

0-x;+0-x, +17X;= 34 K 17 | X, 34 y
L 51| IC N S B
No. of equations which are linearly independent : 3 rank : 3
Unknown variables x;, X,, X3 =3
No. of equations which are | _ _ _ : B Unique
linearly independent : 3 1] S LoDl ables Das E> Solution

f!':
\
J X1+ 2X,+ X3= 1

0%+ X, +3X3=9
0- xl+2x2 +6X;=10
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I,’i:near Systems Vs Matrices

Xp+2X,+ X3=1 X1+ 2X,+ X3=1
0%+ X, +3X3=95 ) 0%+ X, +3X3=95
0.5*row 3
S =
fix +2X%,+%-1=0 X;+2X,+ X3 =1
f,:0-X +X,+3%x,—5=0 0%+ X, +3X5 = 5

f;:0-x +2%, +6%x,-10=0 0-x,+0X, +0-X, = 0

No. of equations which are linearly independent ?

Cl(f1)+C2(f2)+C3(f3) =0
C(X +2X, + %X, =1 +C,(0- X, + X, +3- X, —5)+C,(0- X, +2X, +6X,+10) =0

c]+0-c, +0-c;)x +(2c]+c, +2¢,)x, +(c/+3c, +6¢,)%, + (L, 5¢, +10c,) =0
i
I

-2c, C, =arbitrary number

O
N
|l

' fl, f2; f - linearly dependent.
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I,’i:near Systems Vs Matrices

Xp+2X,+ X3=1 X1+ 2X,+ X3=1

0%+ X, +3X3=95 ) 0%+ X, +3X3=95

0.5*row 3
J L
fix +2X%,+%-1=0 X;+2X,+ X3 =1
f,:0-X +X,+3%x,—5=0 0%+ X, +3X;= 5
f,:0-X% +2X%, +6%x,-10=0 0-x,+0X, +0X,= 0

No. of equations which are linearly independent ? rank : 2

c,(f)+c,(f,)=0
C(X +2X, + X, -1 +¢C,(0- X +X,+3-X,—5)=0

(c]+0- c)x1+(1+c)x +m+30 )X, +(-¢, —5¢,) =0

¢, =0 c,=0

. fl, f2 : linearly independent.
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Linear Systems Vs Matrices

X, + 2%, + X3 = 1 (1 2 1] % | 1)
0-X;+ X, +3X3=5 0 1 3|x,|=|5
0 -x1+2x2@+6x3 =10 K_O 2 6| X5 —10—/
- =
X, + 2X, + X5 = 1 { 1 2 1x| |1
0%+ X, +3X;= 5 0 1 3||x|=
0-X,+0 X, +0-X, = 0 L0 0 0Jix] [0] )
incarly independent o | = |rank:2 | <| Unknown variables n=3 | ) | (050
L Solution ?

AX = AX—> X =0 Trivial Solution
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—2 2 _1 Rank : 3
2 1 -6

Linear Systems Vs Matrices A

1 -2 0 Trivial x
, (A-A)x=0
L Solution ?
. . . [-2-2 2 -3]
AX = AX—> X =0 Trivial Solution T
-1 -2 0-2]
_ — —2-1 2 -3
(A ﬂ,l)X =0 X: Infinite many solutions det(A—Al) = 5 1-1 -6
to have a solution x except x=0 1 -2 0-2A
_ 2 _
rank(A—Al)<n det(A—-A11)=0 =(5-A)(A+3)*=0
\ / whenA =5
Zero row A: eigenvalues, x: eigenvectors A-Al=A-5I
-7 2 -3
= 2 -4 -6
-1 -2 -5
x: Infinite many solutions
\L IOptimization Problem Row reduction
o : : . -7 2 -3
Objective function —>  Solution determined 0 24]7 _48/7 \?
0 0 0 Rank : 2

infinite no. of x
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Engineering mathematics
Review

- Inverse of a matrix.
Gauss-Jordan Elimination

Naval Architecture & Ocean Engineering
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Notation of inverse matrix

In this inverse section, only square matrices are considered exclusively.

Notation of inverse of an nx n matrix A= [ak]

AA_l — A_lA — | , Where I is the nx n unit matrix.

Nonsingular matrix : A matrix that has an inverse.
(If a matrix has an inverse, the inverse is unique)

Singular matrix : A matrix that has no inverse.

Proof of uniqueness of inverse matrix
If B and C are inverses of A (AB =] & CA= |) y
We obtain B = IB = (CA)B = C(AB) — CI — C

(the uniqueness of inverse)
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Inverse by the Gauss-Jordan Method

For Practical determination of the inverse Al of a nonsingular n x n matrix A, Gauss elimination can be
used.
: This method is called Gauss-Jordan elimination

Step 1. Make augmented matrix. A = [A |]

Step 2. Make Multiplication of AX=I by A _
(by applying Gauss elimination to A — [A |])

, This gives a matrix of the form [U H]

Step 3. Reduce U by further elementary row operations to diagonal form.
(Eliminate the entries of U above the main diagonal and making the diagonal entries all 1 by
multiplication. See the example next page.)
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Inverse of a Matrix. Gauss-Jordan elimination.

Determine the inverse Al of

A= 3 -1 1

>

N

w

|

=

=
O O
O -—= O
= O O

Step 2. Make Multiplication of AX=I by A by applying Gauss elimination
to
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Inverse of a Matrix. Gauss-Jordan elimination

A 1]=

F
0 2
0 0

-9

2009 Fall, Computer Aided Ship Design — Partl Optimal Ship Design
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O O -
O = O

—

1 0 0]
3 10
4 -1 1

O O

Row?2 + 3Row1

Row3 - 3Rowl :

Row3
— Row?2

- Appendix A. Engine

% i . - ot Al Seoul
S wﬁ_‘ National
- B . Univ.

-06 -04 04
-26 -04 14

Rowl
+0.4Row3

Row?2
+1.4Row3

4 -1 1

0.7 -02 -03
-26 -04 14

<
®e
3
* —
v
*
*
*
*

-1 1

diagonal matrix

ering mathematics Review

-0.7

02 03]
13 -02 07
08 02 -02

Row1l
-0.5Row?2

-Row1l

0.5Row?2

-0.2Row3
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Inverse of a Matrix. Gauss-Jordan elimination

(1 0 0/-07 02 03
0 1 0| -13 -0.2 0.7
0 0 1 0.8 0.2 -0.2
L AL |
Check the result.
Let _b11 b12 b13_
AA1l=B
— b21 b22 b23
_b31 b32 b33_
-1 1 2|[-07 02 0.3]
=1 3 -1 1| -13 -0.2 0.7
-1 3 4| 08 02 -02]

b, =(-1)x(=0.7)+1x(-1.3)+ 2x0.8=1

b, =(~1)x(0.2)+1x(-0.2)+2x0.2=0

b, =(-1)x(0.3)+1x(0.7)+2x(-0.2)=0

b,, =(3)x(=0.7)+(~1)x(~1.3)+1x(0.8)=0
b,, =(3)x(0.2)+(-=1)x(-0.2)+1x(0.2)=1
b, =(3)x(0.3)+(~1)x(0.7)+1x(-0.2)=0
by, =(~1)x(=0.7)+(3)x(~1.3)+4x(0.8)=0
b,, = (~1)x(0.2)+(3)x(~0.2)+ 4x(0.2)=0
b,; = (~1)x(0.3)+(3)x(0.7)+4x(-0.2)=1
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Inverse of a Matrix. Gauss-Jordan elimination.

— X + X, +2X, =7

3% =X, +X;=4

— X, +3X, +4X, =17

&

<&
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-1 1 2]x
3 -1 1|x,|=
-1 3 4|x

1 1 2|7
3 -1 1
-1 3 4|17

-
A
17

ering mathematics Review
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Inverse of a Matrix. Gauss-Jordan elimina.1

1 1 2|7 -1 0 1 Row1 + 0.4Row3
3 -1 1|4 0
_—l 3 4|17 0

O 4 Row?2 + 1.4Row3

1 1 2|7 L
0 ?2 1 | 25| Row2+3Rowl O
i 0 2 2|10| Row3-Rowl 0

-1 Row1 - 0.5RoW?2

OO O N P
o

‘0
*
*
*
’0
* *
* *
0‘ .0
0‘ I
* *

diagonal mattix

-1 1 2 ! (1 0 01| mowt
O 2 7 25 0 1
i O 0O -5|-15| row3-Row2 _O 0

O 2 0.5Row?2
1

-0.2Row3

= S SiLie] #of|2k "Holx
ineerin athematics Rviw E*E gollk'lE E$— ¢7'I i*%%

Toin—imae”

. “‘igﬁ > HI2 5 2E % 92 81/115
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Engineering mathematics

Review
- Quadratic Forms
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Quadratic Forms. Transtformation to Principal

AXxes

Definition: a quadratic form Q in the components Xy, ..., X,
of a vector x is a sum of n? terms, namely,

Q=x"Ax= ZZajkx X,

j=1 k=1
2
— ailxl + a12)(1)(2 Tt a1nX1Xn
8, X, X, + 8y, X5 oo+ 8, XX

2
+a X X +ad X X, +---+a X

= [a] Is called of the coefficient matrix of the form. We may assume
that A is symmetric, because we can take off-diagonal terms together in
pairs and write the result as a sum of two equal terms.
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Quadratic Forms. Transformation to Principal Axes

L et

3 4| X
XTAX =[x X, '
6 2| X,

= 3X; +HAX,X, + 6x2x1§+ 2X5

OOOOOOOOOOOOOOOOOOOOOO

............

00000000000

00000000000000000000000

OOOOOOOOOOOOOOOOOOOOOOO

3 5| X
b e ebde
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Theorem 8.4.2 Symmetric Matrices

Pri nCi pal Axes Theo rem A symmetric matrix has an orthonormal

basis of eigenvectors for R".

n n
(Quadratic Forms) Q=X'AX = ZZaijij

j=1 k=1
By the Theorem 8.4.2 the symmetric coefficient matrix A has an
orthonormal basis of eigenvectors x,, ..., X,. Let X be

X=[q - x]

X is orthogonal, so that X1=XT, we obtain
D=X"'AX koW symmetric: AT=A
Orthogonal: AT=A"1
. A=XDX"'=XDX'
Q=x"Ax=x"(XDX")x
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Principal Axes Theorem

Q=x"Ax=x"XDX"x
If we set X™x =y, then, since XT = X1, we get
=(X") 'y =Xy
Furthermore, we have
X' X = (XTX)T =y’
So Q becomes simply
Q=x"XDX'x=y'Dy
=AY, + Y, + o+ Ay,
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. . Q =x"AX D=X"AX
Principal Axes Theorem XXX < Y = XX = XX

_ yT Dy ‘\ yT — (XTX)T — XXT

Theorem 8.4.5 Principal Axes Theorem

The substitution x = Xy transforms a quadratic form
T
Q=X AX= ZZ%X X (akj =ajk)
j=1 k=1
to the principal axes form or canonical form

Q=AY +A4Y; ++A4Y;

where 4, ... , 4, are the (not necessarily distinct)
eigenvalues of the symmetric matrix A, and X is an
orthogonal matrix with corresponding eigenvectors x, ...,
X, respectively, as column vectors.
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. . Q=x"Ax=x'XDX'"x
Principal Axes Theorem

Ex) Transformation to Principal Axes. Conic Sections

Find out what type of conic section the following quadratic
form represents and transform it to principal axes. (Ex 8.2-1)

Q=17x; —30x,X, +17x; =128

Q =17x —30x,%, +17x; =X AX Eigenvectors 3 -2, = m
1 17 -15]x 1
1-15 17 || x,
T 17 —15 Q=x"Ax=x"XDX'x=y'Dy
A=
-15 17 | S 2 0w
Characteristic Equation: e 0 32 Y,
17-4 15 | _ =2y; +32y, =128
-15 17— A Y y2 »
2 8 22
(17 /1) ~15°=0 .4 =2 z2 32
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Principal Axes Theorem

Ex) Transformation to Principal Axes. Conic Sections Q :17)(12 _30x X. +17x2 =128

Principal Axes 0 = X" Ax
17 =15 =2, A =
A A=2, 4
-15 17
1)A=4,=2 2) A=2,=32
15 -15 -15 -15
A—-Al = A-Al =
{—15 15 } {—15 —-15 }
15x, —15x, =0 —15x, —15x, =0
From this we get normalized  From this we get normalized
eigenvector X;. eigenvector X,.
.
X, - [w w]T % =[Nz YN2]
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Principal Axes Theorem

Ex) Transformation to Principal Axes. Conic Sections /)
X= >_<y Q =17x2 —30x,x, +17x2 =128 /

X=_X1 X2] (// ):(1

x=[Y2 Yz = Xy
Xzz[_l/ﬁ V\E]T

12 —MH i v | "
V2 V2 |y,

~[cos45° —sin45° |y,
| sin45°  cos45° | v,

JoX =

=>This means a 45° rotation (of principal axes. (See example 8.2-1.)
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Quadratic form(Definiteness)

A guadratic form Q(x) = xTAx and its (symmetric!) matrix A
are called

(a) positive definite if Q(x) >0 for all x # 0,
(b) negative definite if Q(x) <O for all x # 0,

(c) indefinite If Q(x) takes both positive and negative values.
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Quadratic form(Definiteness)

A guadratic form Q(x) = xTAx and its (symmetric!) matrix A
are called

(a) positive definite if Q(x) >0 for all x # 0,
(b) negative definite if Q(x) <O for all x # 0,

A necessary and sufficient condition for positive
definiteness is that all the “principal minors” are positive,

that Is,
d;
a‘21 a‘22

Show that the form in Prob. 23 is positive definite, whereas
that in Prob. 19 is indefinite.

a,, >0, >0, -, detA>0

(c) indefinite iIf Q(x) takes both positive and negative values.
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Quadratic form(Definiteness)

A necessary and sufficient condition for positive
definiteness is that all the “principal minors” are positive,
that is,

a,, >0, U %20 L detAs0
a21 a22
A 4 43 e 1 12
J3 2 12 -6
8y, =4>0 a,,=1>0

4 3 2 1 12
f:4.2—(ﬁ) =5>0 =—6-12°=-150<0
ﬁ 2 12 -6

= positive definite = indefinite
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Quadratic form(Definiteness)

the eigenvalues of A are
(a) positive definite: all positive

(b) negative definite: all negative

(c) indefinite: both positive and negative
Q=x'Ax, X=Xy
=Y AY =AY, +AY, o+ Ay,

Because y = X1x, if x£0, then y#0.

From equation (1),
If all eigenvalues are positive, Q(x) is positive.
If all eigenvalues are negative Q(x) is negative.
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7|5}et™ Vector 7 E2| =%t

=
2-D Vector 3-D Vector
<a1’a2> <a1,a2,a3>
Z
<a;,a, > <888, >
y
X
» X

Arthur Cayley, James Joseph Sylverster, William Rowan Hamilton

- Concepts for point and vector could be generalized.

- A realization developed that vectors could be defined by analytic
rather than geometric properties.

Vector in n-space Arthur Cayley
- 1821.8.16. ~ 1895. 1. 26.
<aq,d,, .., a,> - British mathematician

- Projective geometry, Group theory

James Joseph Sylvester

- 1814.9.3. ~1897. 3. 15.
- British mathematician
- Sylvester’s sequence

nXtd SZfME FFEELE BY + 8IS,

=X : Dennis G. Zill, Michael R. Cullen, Advanced Engineering Mathematics 3rd Edit owllllam Rowan Hamilton
pp. 321-322, Johns and Bartlett, 2006 - 1805. 8.4. ~ 1865. 9. 2.
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Appendix B. Calculus of
Variation

- D'Alembert’s Principle
- Virtual Work

- Equation of Euler-Lagrange
- Hamilton's principle
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Calculus of Variation

- Mechanical System?2| 2 HI7HAl S &

Newton’s 2"d |aw

F=mr HE=0| 2&3}= Mechanical System&|
: ———— Kinetic energy(T)2} Potential energy(V)2] X10|(L)&=
<« D’Alembert’s Principle D Equation of Euler-Lagrange0f] LI M2|&H
Virtual work Mechanical System?| 2% WHAlE Rl £ AUS

OW = Z(F mi;)-Sr, =0

Hamilton’s Principle D
< - Mechanical System0f] 7}siX|= &2 BE=

ol
- System®] 7| Al £ A= HolElo] US

o) ° Ldt=0 define: L =T =V (T Kinetic energy, V: Potential energy)

ﬁ% Equation of Euler-Lagrange |[>

aq_dtaq:
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II xl-(Pendulu m) OI _E_ ECI>I-IC->I é! 'IC'I>'E HE0| HR5H= Mechanical System)

Kinetic energy(T)@k Potential energy (V)] Z}0|(L)&
ql AI Equation of Euler-Lagrange0f| CHRlE H2|51H
- Mechanical System2] 25 WA E REE £ US

define: L=T -V

Uo| Wrék
1 22 l 22
T=§mr :Emr g, V=mg(l —Ilcosb)

X, =1c0s@-6
y,=1sing-6

i =% +y2 =120 cos® 9+1%6° sin” 0 = 1707

21 Yp)

Y, =F—rcos@-----

_/xp :r:sin67X 1 ,
L=T-V :Emlzé?2 —mg(l-1cosd)---- @
oL d oL  _mglsin 0—%ml26}=0
aq d; g —mglsin@—ml?6 =0
(EhQ =0) | _ -
MOR2 OF nEat —gsing—10=0

———————————— 98/115
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Virtual work and D'Alembert’s Principle

 EAME 012 B9 orokE SA0ICKT 71 S
F=F+F,=0 | B0l A 84re mE S0 B 918 ChE s 2t
glo| B12(0] 00|22 BAI= YN US _E.
EE PV - oW=Feor
=F -or+F,-or

=0

7%%4 He|

seoul SDAL
National Advanced Ship esk'qn Automation Lab. 99/115
Univ. http://asdal.snu.ac.kr
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Virtual work and D'Alembert’s Principle

=xi  mel S0 DEI U= FEA(,y) M
539 . BB HlEECe- o
F+FK+F-mr=0
ol

0]l 2121 o]0l A= —mijol Z7FHRIA
glo| gt8i2 001, 2=!0|X| Rt=C}.
« S T8 ALEY”

D’Alembert’s Principle

S5 98 dEfo]l 7igede] HElE XS
oW =(F, +F, +F, —mfi)or
=(F—-mfi)-or=0

F=F +F,=0

F=F+F +FK=mr

oA |
- Eem IRy ES| 2 EHl JIHXlS &IT 2ot . | 2I=i3r TAIE{0] B JHAF R(Virtual work)2] & Bt
- E}iiloll ;aée EtI:)I}ﬂSHXN me| BekE 74l EM} . | oo|c}.
IISE = siC}. |
oW = (F mr)5 r=0

1
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XN
=

4I
FI
FI

Hamilton’s Principle (1/3)

f!

~

—

X)g0)dx = F (g0 -] (g ()
- (ME)(AUWR)- | (™I

N
OW = Z (Fi _ m'r‘i) : 5ri =0 <j From D’Alembert’s principle
=1

SHS t, FE t,71X] Z{EsIH

t rL N ”
. OW dt =1 ;(Fi mi’) - Sr; dt
L e, |
= ZFi-5ri dﬂ—:j Zmiﬁ-&ri dt.
U e B U

—— e o ——

:-_tz N 1 t, t, L i
II D F - or dti= L oU dt:—jt SV dt ZHEBH= 2IBI(F0] EER0fRE U = VIt YRS} [
. i=1 : 1 1

U: Work function, V: Potential energy

.. _ _ [ Al2s1e) 2] Atenet opxiet AteR= Fo) 5|
0N (L) = 0N (L) =0 | o 5jon o) ojs) wiajatx) pch

2009 Fall, Computer Aided Ship Design — Partl Optimal Ship Design- Appendix B. Calculus of Variation
s S ™ ‘ e —Sai g - .

e 2 —— : : B s T Seoul
Tae o ~ 5 3 i =R > i 5 - 2 s Wy n - B SDAL
= S Rl e N T () o (OU) i s utomaion o, 1011115
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Hamilton’s Principle (2/3)

N

oW :Z(Fi —mi;)-or, =
=1

HS 11 FLE] tzlel st

1%
tl&th— Z(F mi’) - Sr; dt

_________________________

= ZF T dﬂ jt Zmr T dt'

L__Ll _______ | ___Ll

=—0 t th+5 Tdt

1

—— o - - - —

————————

e
:j ZF Xo) ¢ dt' j oU dt =— é\/ dt BB 2A=(F)0] HESO[2HEH U = -vI} YEIBH}

t [ U: Work function, V: Potential energy
=1

ijttZZN:mFi-5r dt'— f Zmr — 5r dt——j Zmr -Of, dt_—jtlzm o(r; - 1) dt

P T . 1=1

N 1 wO(F 1) =(0F) T + 1, - (oF) = 21, - (oT;)
=5[> Zmizdt =—5["T dt

t, 4 t L
b=l ! T: Kinetic energy
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- ’ - - B3 (Equation of Euler-Lagrange)
Hamilton's Principle (3/3
p ( / ) /-Give | =LbF(y, v, X)dx I
N " fa)=a, f(b)=4
oW = Z(Fi — mi‘i) . 5I’i =0 Find: ZE 17} stationary valueld &5
i=1 \St=y =1 (x) J
U t1 SE t27JIII 3 - Fo| YE{Eif2| M= (61)0] 00] EI=F| Sh=y
t, = f (x)& 3t0|0} &
t é\/\/dt— Z(F mr) 5[' dt I:> OF d oF
1 1 ay dx ay
:.1ZF .S, dt — jtlzmr .S, dt

I=1

:—5t Vdt+o Tdt

4

=5[*T-Vdt=0

.tl

=5[*Ldt=0

.tl

L . T —V alm Ho| #e V: Ppter)tial energy

T. Kinetic energy

Zx7| MEfQ} = MER7} M2 E|0{ Y= Mechanical System@]
Potential energy®} Kinetic energy2| X0|& LO|2} X 2|stH

S » Le| MBI stationary value7} ELC}.

all, Computer Aide

] (Lo YslEiel BaEE 00l 8 on LN
= N » —— Acvaneed Ship Design Autom;




The Calculus of Variation

- Equation of Euler-Lagrange (1/6) 5I:F(X)dX=j:5F(X)dX

The stationary value of a definite integral treated by the calculus of variation

*Given: | = J-: F(y, y” X)dX
where y=f(x), f(@)=«a, f(b)=4

*Find: & 17} stationary valuel® =]/ §l=y = (X)

:> «y =1 (x)7k 1 7} stationary valuefl #'=5 Sl= &2} 713 8iC}.

-ye| & (variation) oy J12{SIC}.

y7ty + oy2 O|SHWE I, 2 12| HE o1 | &THEL
‘B F 2| B 5F2| gt= Al EC}H
-012] AlthAlE A 8ICtH

2 12| HEHE (51 /£)0] 00] E|=F dl= =HE NF/Fsh=y = (x) 7L =HE 19}
stationary valuef® =5 SiC}.
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The Calculus of Variation Given: | = J‘:F(y, y', X)dx A
- Equation of Euler-Lagrange (2/6) f@)=a, f(b)=2
Find: Z#& 17} stationary valuel #'=H
\BHEy =1 () )

-y =f(x)7} 1 7} stationary valuell Z&'=5 sl= gl 7FY &I}
- yO| ¥ (variation) oy= J12{8tC}.

y P Y= T(X) y

a b X
The given function:y = f (X)

X
i

oy

The modified function: f (X) = f (X) + &@(X) oy =T(x)—f(x) =&4(x)
-parameter ¢ 0] Zt2 &0l Of2} 02

* @(x) : arbitrary new function, continuous and 2 #ZA(infinitesimal change), &l2]
diffel’entlab|e. 2' ggcg ag(virtual Change)

#(@) =¢(b) =0

105/115
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The Calculus of Variation (ive | = | "E(y, y', x)dx A
- Equation of Euler-Lagrange (3/6) | " f@)=ca, f(b)=2

Find: Z#& 17} stationary valuel #'=H
\SH=y =1 (x) J

1y
-dy 2F oy
dy : FEOIE B y = f (x)2] SEIEIS: x7}

oMY ax2F 0S50 WI|=,
81 (x) o HEEk

oy : FOE By = f (x)0ll |22 &=
ClEte = 4421 B sjef

2009 Fall, Computer Aided Ship De5|gn Partl Optlmal Sh|p Design- Appendlx B. Calculus of Varlatlon
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The Calculus of Variation
- Equation of Euler-Lagrange (4/6)

y=f(x) 8y = ep(X)
() = f(X)+&d(X) #(a)=¢(b) =0

Ity + oy2 O|SHE I, 2{E 12| HE oI & AHEL]
Bl F o] B 5F 2| 3= A ELC)
-012] ZlAHAE R EICE

Bl F 2] HE 5F

(Give | = [TF(y.y' x)dx

" f@a)=a, f(b)=24

N\

Find: Z#& 17} stationary valuel #'=H
\SH=y =1 (x) J

SF(y, Yy, x)=F(y+eg,y' +&¢',X)-F(y, Yy X)
@ Taylor series expansion 0| &

0| 202 NXiE2 FAIE

oF , OF
(0y¢ oy’ ]
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The Calculus of Variation
- Equation of Euler-Lagrange (5/6)

oF ,
8y'¢

B4 F o] B oF:

oF
oF(y,y x)= g(—¢+
oy
vty + oy2 0|SH=E O], =R 12| HE 51 & &I EC}.
814 F o] R sFO| = A EL}.
-012] H|{kAlIE FSIC.

HE | o] HE /I

s1=6 FdeIS5Fdx:gjb(%¢+

a

ZE 10| H3E(UHE 22 LE=)

|

oF
ay’

-
*Give
n:

I =I:F(y, y', X)dx A

f(@)=a, f(b)=2

Find: Z#& 17} stationary valuel #'=H
\SH=y =1 (x) J

¢’j dx

[ £/00909dx=F()g()—[ f(x)g'(x)dx

ﬁ —J-b ﬁ¢+ oF ¢r dx 5 -(M2)AUZ)-[ (™E2N012)dx
g -aloy oy -?'--E;’-‘-I;-E-a ol3t0f ;Fgr b o
E b
““g' = oy MY EY:

...ﬂ:jb(ﬂ:_ d aF]¢dX
g “al oy dxoy

2009 Fall, Computer Aided Ship Design — Partl.Optimal Ship Design - Appendix B. Calculus of Variation

0 (- ¢(a)=$(b) =0)

108/115



\

/

° ° / . b !
The Calculus of Variation Give | = [ F(y,y’, x)dx
- Equation of Euler-Lagrange (6/6) | f@=a fb)=74
-F}iid: ZH® 17} stationary valuel d'=H
Sl=y="1(x)
=i 12| HSHE: ﬂ— (aF J‘bd =
oy dx oy’

B 12| HEE(61)0] 00| EI=F 8=y = f (x)& OIOF &

B j(ay dxayj¢dx :

- Bl ()= e2i2| E0|2E, § &{0] & 00] E|7] #HsHM= 2= 42| 2{0] 00] £]0{0F BiC}.

OF d OF B |7} stationary valuel %l &t
L——— -=0 Eu=apzs
dy dxoy

- I}2}A] = 17} stationary valuel® RHE=ER l=y = f )= 9 O|RUYAS 0IES= go0|C).

fl
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(2@ Zof 0jg o

- == — = 1'(x), ——g(X)
dx

di(f(x)g(x))zlim f(x+h)g(x+h)—f(x)g(x)

X h—0 h

_lim f(x+h)g(x+h)—f(x)g(x+h)+ f(xX)g(x+h)—f(x)g(x)

h—0 h

_lim f(x+h)g(x+h)—f(x)g(x+h)+ f(xX)g(x+h)— f(xX)g(x)

h—0 h

_ i LD (x+h) = F (G Ox+ )} F () g (x+h) = F ()9 ()}
h—0 h

:ng f(x+h)g(x+hr)l— f (x)g(x+h) +Li”3 f(x)g(x+hr)]— f (x)g(x)
. f h)—f _ h) —

— lim L r)n B g(x+h)+lim £ ()- 24 r: 9()

= ' (x)g(x)+ T (x)g'(x)
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(31) B2 HE

(F()9(¥) = F'(x)g(9)+ f (X)g'(X)

Integral with respect to x

[ (F00g00)dx = £)g(x)dx+ [ f(x)g'(x)dx

F)g() = F/(x)g(x)dx+

| £009(0dx

F)90)—[ F()g'(x)dx=|

[ f/(x)g(x)dx

| £'09g09dx=f(x)g(x)
= (™2)3

_[ u'vdx = uv—j uv'dx ,

[ 009" (x)dx
HZ)- | (EEN0IE )X
(where u = f(x), v=g(x))

w U2ER IFSIE =M KEl, aiZtelr, CHE g, B8
-




The commutative properties of the 5-pr35é§§) @) '®=

(0

p V=100

g F(x)

a b
*The derivative of the variation

d d

Loy = [T00-F00]== [d0]=a# ()

dx dx

*The variation of the derivative

d

Sy =[ F0)= 100 |=(y +ap) -y =ap(x) -

2009 Fall, Computer Aided Ship Design — Partl.Optimal Ship Design - Appendix B. Calculus of Variation

oy = H(x)=1(x) = &¢(x)

f ook (8]

xio|o| Hisls
(7|§é|) -
— . —O0Yy=0—
dx y dxy

fo)k f(x)2l
S (7|27
o] xjo|
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The commutative properties of ;
the J-process (2) ==

The variation of a definite integral y

*The given integrand: F(X)
*The modified integrand: F(X)=F(X)+0F(x)

*The variation of a definite integral

5 jb F(x)dx = jb F (x)dx — jb F (x)dx

= [[FO0-F 00 Jax= [ 5F (x)e

¥ jb F (X)dx = j:aF(x)dx

The o-process reveals two characteristic properties:
(a) Variation and differentiation are permutable processes.
(b) Variation and integration are permutable processes.

2009 Fall, Computer Aided Ship Desngn Partl Optimal Shlp Design- APpendlx B. Calculus of Varlat|on - /‘
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Appendix C. Solution of
Systems of equation by
optimization method

§ Naval Architecture & Ocean Engineering



Solution of Systems of equation by optimization method

ClSa &2 HEl 3340] 2ICt.

Given 4l

Find 5 Al BREBHE ¥, 3t

.
'!’:
%} £|=18) 7| 01 2310]

el EME & = U=

B 11X, X)=08F (X, , X,)=0&
B (x*, x,*) OflA 2t QS BICE

F B (x>, x,*)7F O] RfIAM=
f.(X, , X,)#0, f,(X;, X,)#00]C}.

mi2iA ClE it 22 SR EE F
8t 8= & (x,*, x,*)71 HEl YA 4|9
oli7} ECt.
minimize

2 2
G=(f, (%)) +( f, (%, %))

=Z| 33} SHO = 0|

[&11] CISS Soll 12| ==t 2x7 el S48
i =MgS 2 & 20t

(5 00)" 20, 1, (%) 20017 IHEOH
| S R 248 s 22

f, (%, %) =0,1, (x,%)=0 Ol_l gOIEI'
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