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Ch.0 Optimal Ship Design Overview
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Equation of straight line
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Find Intersection point (X, y*) of two straight lines
y=4a, +a,X

y =D, +b,X

a,,8,,0,,0b,: given

v B9 I 29 X, Y
v Aol i 274
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Design

Esthetic* Design

Tol= ahn w4
- E Zo|, A%, MA S

B Mok =A
- M2F =AH0| AKX =X|3 517] {22
- Designer| & ZHZS = M2t EHE SISAIA

S GFR X M IIE)
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H4 F8 A=+ (LBD,T.C) 28 M| =2t REH (L)

A A

Cs FOIM gk MF R =) | DWT,V, .., T (E=T)V
W EY Q7UEY BN ANEs M4

70l &tanwy | L, B, D,

gt =&

-'-

=al%

H
B8 (buoyancy)- S (Weight) B XH sz met =)
L-B-T-Cy-py,-C, = DWT,,. + LWT(L,B,D,C,)

=DWTgiven+C L"*(B+D)+C,-L-B
(L-B-T-C,)**-V® -..(2.3)

—

power

Mz @37 TSN HIPt £2H)
- QL= SEA X (cargo capacity) ZH (s met x2) - DFOC(Daily Fuel Oil Consumption)
V - C -L-B-D---(31) + XM F=&i #EH0| AS
H req = ~H . )
- Y718 (Delivery Date)
=M 1% =24 + @& 3F 0 HE0| AS

— XA QP HY T H(1966 ICLL)(SS HISt =)
D>T+C.-D---(4)

=5 o4 (TR N5 NEIIE)

=1 aT\T

Building Cost =Cp -C, - L'**(B+D)+Cpy-Cy-L-B+Cpy -Coper

» O|X|== 4JH(L,B,D,C), S8 M ZAH 2)l ((2.3),(3.1)) ST M A 1JH((4))21 H=3t SH| rorm1
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S= Mo =H
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FSE MY =A
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3 =
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= X s}

Engineering Design

L(=X),B(=X,), D(=%;),Cg(=X,)

Tl= g v

Zo| = o] g8 A=

B (buoyancy)-E2¥(displacement) B8 EH == met =)

m
"

L-B-T +LWT(L,B,D,C,)
T1% '
X -

X, X, -C,=C, + N (X, X,, X5, X,)
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53 #FR A MY IIE)
L-B+C,y -C,. - NMCR

Building Cost = L16(B+ D)+C
JT s Ul e

f (X, X%, X5, X,) = (X, +x )+C, %X X +C,
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Classification of Optimization problem

Unconstrained Optimization

Constrained Optimization problem

problem
Linear Nonlinear Linear Nonlinear
Obijective minimize f(x) minimize f(x) minimize f(x) minimize f(x) minimize f(x)
function fFX)=x +2%, | F(X)=x"+x2-3xx, | f(X)=x+2x, fX) =X +%X5—3xX, | F(X)=x+x2—3xX,
(example)
. _ _ 21, 1,
Constraint None None h()=%+5%=0 | h(x)=x+5%,=0 0,(x) = o X +%; ~1.0<0
(example) 9(x)=-x<0 g(x)=—x<0 g,(x) =—% <0
(@ Direct Search Method Elfga}:ly{g;jg‘fg - Penalty FunctionVS A&t = HI M 2 &g 2
- Hooke&Jeeves gluksion Nz Hatst S HE &
- Nelder&Mead 8 AYEE M2
- 2ALSH Y - SLP
(2 Gradient Method S| S8 HE 2HIZ 2AE =
: - Simplex method - =
Mathematical | _ steepest Descent Method (Linearppro ramming) o= E88= #0, 18
Optimization | _ conjugate Gradient Method ° ° s OIATHAL 8 HI= 2 RIS
-Continuous | _ Newton Method -2 HE - E=
value - Davidon-Fletcher-Powell(DFP) (Quadratic oA B sop
Method Programming) =SS S Q L
2%t HE 2HPZ2 2Ate =
-Broyden-Fletcher-Goldfarb- WM SMRS 2D T A
Sl R TR Ol Al CHAl 2%t 12 2RI=
T= 24
. -Integer programming
Mathematical ;
Optimization e g

-Discrete value

(2 Enumeration Algorithm
(3 Constructive Algorithm

Heuristic
Optimization

Genetic Algorithm(GA), Ant Algorithm, Simulated Annealing, etc
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Ch.1 Introduction to Optimal Design

1.1 Component of Optimal Design Problem
1.2 Formulation of Optimal Design Problem

1.3 Classification of Optimization method

O
-
f
Q
()
=
O
-
LL]
C
®
Q
&)
O
oJ
Q
-
D)
o
@)
Q
=
L
@)
H—
<
©
>
]
Z

2009 Fall, Computer Aided Ship Design - Partl.Optimal Ship Design - Ch.1Introduction to Optimal Design

s . Advanced Ship Design Automation Lab.
\ : http.//asdal.snu.ac.kr

885 @SDAL

E—




1.1 Component of Optimal Design Problem(1)

m 27| H(Design Variable)
B A5t X} 5t= X, RIX] S LHEILE HE2A X7 He
(Free Variable) EE= = EE' HH 2= (Independent Variable)2} 11 &t

B 5= H=(Dependent Variable)
o 7 Ho| EE 7 SKEHoE AHE|0X|= Hp

B X|2F =X ZH(Constraint)

m AN 7|54 2FE= =H EE= 37|29 Mot 52 Hel
B 2SS X2 XAH(Inequality Constraint), 53 X =A

(Equality Constraint)

2009 Fall, Computer Aided Ship Design — Partl Optimal Ship Design - Ch.1lIntroduction to Optimal Design
[ _ e o s i - . .. - i

"“‘Seou/
@N nal ,/4;d ana g’S/hpD kg n Automation Lab. 14/71



1.1 Component of Optimal Design Problem(2)

B =X gh=(Objective Function)

B X| ™ (Optimum)2 LIEIL = 7| ZC 2 H|E, 24 S1}
e 22 H|nsto o= AA CleH(Design Alternative)
O] 2L} LI2X| & LIEFE = &

W\ =3 g1
VST - "y (EICHzD
\\ e ;ﬁz__‘ —
et 5?;'\\1, — Z{_. ’:/)//\/
ﬁ e 7w
\| +//’ =T
~{ =
Q\
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1.1 Component of Optimal Design Problem(3)

S g0} xek =AHoj 53 ;-Hjl
mHE £|=3)EICHZh ol 2y LHOIA{ 2| -
2| =8 crosnr| E128H SOIME
F(X) OPTIMUM F(X) (L E| =) oPTIMUM| 7} &} i% Z| =8l
T Vo e GCEEEL)
OPTIMUM
L1 AN A B . | [
- EXTREMA
o &=
—_—- X —_— X
a. UNICONSTRAINED OPTIMIZATION, b. UNCONSTRAINED OPTIMIZATION,
UNIMODAL CASE MULTIMODAL CASE
Mok =2
OlE 3=
[ =] [ =
FEASIBLE
e oA I F(TX) B REGION N7
FEASIBLE -
P L _ Hiot E20 2l
OPTIMUM ﬂﬁs"E
OPTIMUM %EI'Q ¢ 91%
LOCAL
OPTIMUM
—_— X —_— X
c. CONSTRAINED OPTIMIZATION, d. CONSTRAINED OPTIMIZATION,

16/71
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1.2 Formulation of Optimal Design Problem

Minimize Minimize l Objective Function

f =—4x —5x, f (X)
Subject to Subject to m
—X, +X, <4 —X% +X,—4<0 g,(x)<0,j=L---,m
X, +X, <6 X, +X,—6<0 . LSS M2k ZH(Inequality Constraint)

5%, + X, =10 $5x1+x2—10=0 h (xX)=0,k=21---,p
- S8 N2F ZH(Equality Constraint)
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1.3 Classification of Optimization Problems(1)

m x| S8
B Unconstrained optimization problem(Unconstrained

Optimization Problem)
® H|of =20] = XXz 24X

minimize f(x)

m X| 2k x| X2} 24| (Constrained Optimization Problem)
® Hlof =Zio| A= XXz A

minimize f(x)
Subjectto h(x)=0
g(x)<0
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1.3 Classification of Optimization Problems(2)

he

RS
m CH x| X3} 2X|(Single-Objective Optimization Problem)

—

minimize f(x)
Subjectto h(x)=0

g(x)<0
B C= x| &2} 28| (Multi-Objective Optimization Problem)
® Weighting Method, Constraint Method

minimize f1(x), f5(x), f5(X)
Subjectto h(x)=0
g(x)<0
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1.3 Classification of Optimization Problems(3)

B gjgllag-_f_g} H*kxE79] )k-l'c'sikl
m MY x| X3} 24| (Linear Optimization Problem)
o S, NY=H0| 25 MU EH|
f(X) =x +2X,
Subject to
h(x) =x +5x,=0
g(x)=-% <0

m HMA X|H35} 25 (Nonlinear Optimization Problem)
® S XgtLt HYEZHO0| HMAEQ 2X|

= oS
minimize minimize

f(X) = X + X5 —3x.X, f(X) =X +x; —3xX,
Subject to e

(x) =% +5x, =0 gl(x)=%xf+%x22—1.030

g(x)=-x<0 70— 20
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1.3 Classification of Optimization Problems(4)

m MAH40| HEf

B AHA=X™ 2X|(Continuous Problem)

® MZ|H47} AL X (Continuous)Q! 25

- =

m 0|4FH R X|(Discrete Problem)

e M7 47} 0| AHX (Discrete) Q! X| X3} 25|

® X gt X|XM3}(Combinatorial optimization) 2X|2}

® M2l (Integer programming; 4| H471
EH&I‘l

J—l_'sl-
4 A0
oT

21 | Xzt ZH|)o|
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1.3 Classification of Optimization method(1) | SpIMy

OPTIMUM

LOCAL
OPTIMUM

m M XX} 7|tH(Global Optimization Methods)
mgE

ﬁ

Ch4eo
1S

o| =& X|XMsl(Local Optima)E 7}%l L2 2X|0f

-

1=

]
rf
oA

o ZXo|E 7| gls) B

2|6 B2 IterationO] E (7! A4 Al ZE — X__
27)

B Genetic Algorithms(GA), Simulated Annealing, etc.

JETETET
B A

o O
o X|XS|Z 27| Q3| ALHHOZ ML Iteration0] E(
2 A4 AZE 251)
m CHH

® X 7|dl(Starting Point)0j| 7}t &5 XXM E =E5(HQ
=8 Z|Xof 2 &)
B Method of Feasible Directions(MFD), Sequential

Quadratic Programming(SQP), Multi-Start
Optimization Method, etc.
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Ch.2 Unconstrained optimization
method

2.1 Gradient method
Steepest Descent method
Conjugate Gradient method
Newton’s method
Davidon-Fletcher-Powell(DFP) method
Broyden-Fletcher-Goldfarb-Shanno(BFGS) method

2.2 Golden Section Search method (one dimensional
search method)

2.3 Direct Search Method
Hooke & Jeeves’s Direct Search metl;nggh .
Nelder & Mead's Simplex method  F3I", seov SDAL
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Ch.2 Unconstrained optimization method
2.1 Gradient method

Steepest Descent method

Conjugate Gradient method

Newton’s method

Davidon-Fletcher-Powell(DFP) method
Broyden-Fletcher-Goldfarb-Shanno(BFGS) method
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2.1 Gradient method
- Steepest Descent method(Z|=; ZStHH)

= EMM HISE(Search Direction)2 X gt+=9| Gradient
Vector?| HIC{f ¥Fo 2 717¢ol =AM E XX|E X

= H}EH
—_ O H

®» Gradient Vector(VAx)): 'O.;F Z,tOI }_IEHE "7}'5 = o*"c"}
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Unconstrained optimization problem

B Steepest descent method(ZX|= ZSHH, Z|Cl| AAH)S 0| 82610{ 2HH
2 St20| X|AM S JAGHA| 2. B, )LPWH x©@ = (0, 0), convergence
tolerance ¢ = 0.0010|H, xCN}X| F5}A| 2.

Minimize f(X,X;) =X =X, + 2X12 +2X X, + Xz2

« » O|X|== 27021 == s} =
4.
f(X1, X)) 2!
A | NN
50 4 0
2
0
-4 0 % -2 f
2 2l # 2 A\ A: True solution
0 X, =-1.0, x,° = 1.5, f (x;", x,7) =-1.25
S : _4\\\ \\/ ) ]
4

26/71
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Unconstrained optimization problem
- Steepest descent methodS 0| &t l|tH(1)

Minimize f(X.,X,) =X, =X, +2X’ +2XX, + X>  A[&&Ex0 = (0, 0)

1+4x +2X, g AES ST e -1
Vf (X)=Vf (Xl,xz): E'df(x(l)). ;,X(l):( J
—1+ 2% + 2%, = 20-2=00 228 g =10 1
i Y
m ohA 1 - xS P gt OITA o 2 0|E & 4 AETP
0) (1+4x +2x 1 )i T R
VE(x©)=vi| |= e RE “t
0) (—1+2x +2x, —-1): ; %
- 15¢ ]
x® = xO _ 5Oy (x©) | N
0 -1 o A V% o HAIF: 05|
X0 = (-a,0) E5 2 340l ) E x©
f(x®)=—a—a+2a° -22° +a° P 05
=a’ -2« : _15\

. e o . s -2 -1 -1 05 0 05 X, 27
2009 Fall, Computer Aided Ship Design — Part1.Optimal Ship Design - Ch.2 Unconstrained Optimization Method [



Unconstrained optimization problem

- [&1] x2| g f& x7} Ootl ChHE

©) 0 1+4x + 2X,
Vi (x™) = Vi
0 —1+2x%, +2X

)

AoAk 0L g ) A4 3}

3ol o) 3

x® = x© _ 5 Oyf (x©)

f(x(l)):—a—a+2a —2a°+a’

—a’— 2a
|6-----7-312)§2:)%} 7]_ X(l) _ £_1) E
i df(gx )i=2a—2:02i$—151a:1,0 1 )x
1 o ! :

g & ORI o2 0|2 & £ USSP

| |
2009 Fall, Computer Aided Ship Design — Part1.Optimal Ship Design - Ch.2 Unconstrained Op.timiz. i

— X, +2x + 2%, X, +x

HL2 0| E

AEHE xO = (0, 0)

f (X, X,) = f(X): 241 xoll ChEt g4
ax(l) =(—a,a) :xOEs oo it g

> x OF == 1 0| CHY] si22=
g f= o o Cist &0,
o 2 0| 7}=38ICh

0|2t sFAFSHII CHS = ‘d2iol &= = 2UCt

(X +Ax) 7} & U2 718 =A
f(x"+Ax) of Eigd2] MIHXIETIX| 222)
f (X +Ax) = f (X)) +CTAX+%AXT H(x") Ax
f (X +Ax) - f (X)) =c"Ax +%AxT H(x") Ax
0{71M x*= A0|22, AxE HEE FHF 510
f (AX) =" AX +%AxT H(X") Ax
g 17 &l fE I =4

af (Ax) _ =Cc+H(X) Ax=0
dAx

:>H(x)Ax—

‘Newton’s method’
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Unconstrained optimization problem
- Steepest descent methodS 0| & oF sl (2)

Minimize (X, X,) =X — X, + 2%, +2X,X, + X5

m CHA| 2 - xPF5)7]

-1} (1+4x +2X -1
Vi) =vE| =TT
1 —142x, + 2X, -1

X = x® _ 5 Oyf (x®)

R R | \
1 1) \l+ta Juaga ove oz gAs 5! % |
: 2)
X = (-1+a,1+ @) 54 s g & A X X |
f(x®)=5a%-2a-1
05|

SRS 7 2

(2) 0
At (X7) _10g—2-002HE ¢=02 5 x'%

05|
- x® = (_O'Bj \
1.2 1t .

-2 -15 -1 -05 0 05 X. 20/

da
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Unconstrained optimization problem
- Steepest descent methodS 0| & ot S|t (3)

Minimize (X, X,) =X — X, + 2%, +2X,X, + X5

m CHA| 3 - xOF35}H7]
—0.8) (1+4x, +2x 0.2
Vf (X(Z)) — Vf — 1 2 =
1.2 —1+42X, +2X, -0.2
x® = x@ —oVf (x1) B Y a®Z o= HAT
2

_0-8 0.2 —0.8—0.2a 2:"'"""'"""""""'------
= —a — _
1.2 -0.2 1.2+0.2cx "

Xx® = (-0.8-0.20,1.2+022) EE- A el T3] 4]
f(x®¥) =0.04a> —0.080 —1.2

FEABDRE A 22

(3)
df (x™) =0.08a—-0.08=0°2.Z25E a=1.0 :
da -

o = 5
1.4 -1k,

. . . . . . S -2 -15 -1 -05 0 05 X. 30/
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Unconstrained optimization problem
- Steepest descent methodS 0| & ot 6l|tH(4)

Minimize f(X;, %) =X —X, + 2)(12 +2X, X, + Xz2

m Tl 4 - 3 A5l e}

oo e TS WEste] X _x¥|<

FA) 3k awe) xtvo] Ak Ak Xap

jiies
o,
o

05 X. 31/m



Vi (x©)

- Conjugate Gradient method (S ZAALxL HFEH)(1)
d© = _cO

Gradient method

I=
- =1
aA

e Alg o
ZHCHE

] <
i) 42

2|,
SH

ip Desi"gn Automation Lab. 32/7
nU.

Advanced Shi
http.//asdal.snu.ac.Kr

SDAL

&

“4E® Seou/
1 National
S Univ.
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Gradient method
- Conjugate Gradient method (S ZAAlx HitH)(1)

mGCHY 2: X #4o| ZALES AMsit
¢ = v (x)

M, 3t [c®|<e  o|m™ maECE Q%X UO™ A
C}

IIIIIIIIIIIIIIIIIIIIIIIILH-I..II

llllllllllllllllllllllllllllllll

= (HC(”H’ HC‘k ”H)
B Elo] B WEHE Taisio BIRHS| B WEHE MFSICH= oln]
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Gradient method
- Conjugate Gradient method (S ZAAlx HitH)(2)

‘IIIIIIIIIIIIIIIIIIIIIIIILH-I..II

lllllllllllllllllllllllllllllll

(HC‘“H/HC“ ”H)
B Eo] B WS T2isiol BTO] B WS MIHCks o)

>

mCH 4: T(xX¥+ad") 2 %43} 8}=a=a, E HASIC}.

LL

b 74

.- O

mCH| 5 EXo| MAME Che Rt 7o
X(k+1) _ X(k) +akd(k)

k=k+1 2 =7 ctA 22 ZtC}.

g},
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Development of Conjugate gradient method?)
Minimize
f(x):%xTAx+BTx+C

Let the first search direction
d(o) =—-Vf (X(O)) ,X(O): starting point for minimization
—_Ax? _B d : search direction

. . o : search distance
Let next search direction

x@ — x(© L, (0)q(©)
@ _ % (©)
©)

d©® =

a
1
d OVt (X(l)) =0 Cj’} why they are orthogonal?

d2TAX? +ad?) +B]=0

:
X )
(d(°> )T Ad© (d‘o) )T Ad® . \

1) Rao S.S. Enaineerina ontimization 39 wilev 1996 nn384~386 -2 -5 -1 05 0 05 3m

a




Development of Conjugate gradient method?)
Minimize
f (x) Z%XTAX+ B'x+C
Express the second search direction as a linear combination of d© and Vf (x®)

d(l) —Vf (X(l)) +,3(1)d(0)

Imposing the condition that the successive directions be mutually
conjugates.

(d(O) )T Ad® =0 .(Conjugate direction?)
(d(l) )T A(—Vf (X(l)) +,3(1)d(0)) ~0

(x® -

(0)
. 0 ) A(Vf (X(l)) —,B(l)d(o)) -0
a

(Vf (x®) -V (x@))" (VF (x®) - 9@ ) =0

o VE(x®P) = Vi (x?) = (Ax(l) + B) - (Ax(o) + B) =A (x‘l) —x )

1) Rao,S.S.,Engineering optimization 3 ,wiley,1996,pp384~ 386 _—
2) Rao,S.S.,Engineering optimization 3'd ,wiley,1996, 358p w_ b

2 Seou/
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Development of Conjugate gradient method?)
Minimize

f (x) :%XTAXJF B'x+C
d(l) — _Vf (X(l)) +,3(1)d(0)

(Vf (x®) =V (x))' (Vf (x¥) - 9@ =0
(VF (x®))' VE (x@) —(VF (x@)) VF (xD) = g9 (Vf (x?)) d® + g9 (VF (x@)) d =0

(VF(x@)) ¥ (x¥) =—(d®) Vf (x¥)=0

(VE(x®)) VE(x®)  (VE(x®)) VE(x?)

(VE(x@)) d®  (VF(x?)) Vf(x?)

@ _

P LA |
B 1 B |

2009 Fall, Computer Aided Ship Design — Partl Optimal Ship Design - Ch.2 Uncons trained Optimization Method
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Unconstrained optimization problem
- Solution by Conjugate gradient method (1)

Minimize f(X,X,) =X, —X, +2x2+2xx + X2

1+ 4x, + 2X sk f(xP)7 e 7Hd =4
Vf(x)zvf(xl’xz):( . 21 22} : (l)( )]—‘4 H)\- ]_
—1+2x, + 2X, : df (x )=O£E1‘%Eﬁ =10
m cHA 1 -xY5H7] e '.'X(l):[l_ll
0) (1+4x, +2x L A e
VE(x©)=vi| |= e RE “t
0) (—1+2x +2x, —-1): ; %
E 15¢ ]
3 )
x® = xO _ 5 Oyf (x©) E | X |

G ]

: 0}
. . - 0)

I 0 (@) 7 [ ] L (
A VS o= HAT : | X

: , : 05}
f(x9)=a’ - 2a : :\

2009 Fall, Computer Aided Ship De5|gn Partl Optlmal Shlp Design - Ch2 Unconstrained mization Methot ) N X X :

it g el W - =i~ -2 -15 -1 05 0

0.5 X, 38/




Unconstrained optimization problem
- Solution by Conjugate gradient method (2)

d® = _¢® 4 g gt
m oty 2 - xOFE}7] k

= (e’

X(l)oﬂ SR (X(l))g. F+3) 2 X(k+1) :X(k) +akd(k)
"Conjugate direction"S -3k}

n —1 1+4x, +2X%, -1
VI (x*™) = Vi
1 —142x, +2X, -1

Ve
Vi (x<°>)\

x@ = @ _ 5@ [—Vf (X(l)) +

2 7gska f(x®)e] A&7t He oVE T3

o] 714, d¥ = -vf (x?)e] T}

2009 Fall, Computer Aided Ship Desi

Partl Optlmal Shlp Design - Ch.2 Unconstralned Optlmlzatlon Method
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Unconstrained optimization problem
- Solution Using Conjugate gradient method (3)

oeal (22
(e

Ao oS o= tA st

f (x?)=4a% —2a -1
5 1Ot Argke A4 24

(2)
ar(X*) _poz=ng ¢=025
da

s X = E
1.5

HC(Z)H =0<go| B2

x@7} 244 o] Hr}. Al NN NS S
2 -15 -1 -05 0 05 X., a0/71
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f(x)& X426l S = UH
- Newton’s Method x4 = x0 1 Ax© oA Bl=r2k0] E|& E|ACHSL 7Y ST}
. \/
Given f(x) izl A AR x©ollM EiRd2] Z I SiCt.
. = —_ % k 2 (K
Find f(x)& ZEILS8l= & x F (X 4 AX9) = £ (x¥) + %);))Ax(k)+%%)§())(Ax(k))z+OM
%Y

0§7|M xi= Apo|2E, A B B2 HZsl0]

x4 00 = £y FOED) 0 1—82f(x(k))(Ax(k))2
OX

f(x(k))
2 ox°

AlE AYE DO 8ot

df (<O - ax V) ot () P H00) | > ER b e
f(xkeD) aax®  ox =0 lmue xa
0 X" XD XX A" & HIAFSiCY.
¥ (k+2) A [ of (X(k)) / o%f (X(k))
OX OX?

k=k+1

Itomat/‘an Lab. M/

g 5 g EE




f(x)2 %] ASISH= M2 AH= HiH
-( |\)|eawt(|)-ll1-s I-MethodE ST oF xW =x®+ax® OllM Er=ak0] E|& E|ACHD JFY BTt
V;
Given f(x) = x* — 2x +2 Sixi2] e AIE xOoflM Ef2d2] #I] Bt
Find f(x)& E|l&2st= & x* (X + Ax9) = f(x(o))+%§o))Ax(°) ;az ‘;f( ) (60 +0( ()

(x) k=0
0§7|M xO= Ao E, AX" B BAE #2510

f(x©) © 2§ (O
[ f(x©+Ax@) = f(X(O))+—af (X7) pxo +;—6 ;(X )(A © )
X?

AlE Y2 0l gict
d 6O +ax) _ A () ) o

SYS I EHAUS
=0 mueza

dAx© X ox?
f(x) | Y
 A®=2 | A AAFEC]
: | > Ax© = _8f (X(O)) / o* f (X(O))
0 x@® =1 x® =3 X OX ox?
= (_ZX + 2)x:3 /(2))(:3 = _2
k=k+1
=0+1=1

P
¥R e ENSDAL
1y National Advanced Ship Desi lgn Automation Lab, 42171
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A= EI gl.o . K= *FE HFEH
-( |\)|eEWtO-II1- S MethOdE T X =x@+Ax® OflM Bh==2k0] & E| AT 7Y Bt
N
Given f(x) = x* —2x + 2 2l &AIE xOollM Eligd2] EIY St}
Find f(x) & E|l288t= & x> £ (x4 ax) = £ (x) + T (a);(l))Ax(l) ;a ;)(( D (Y 50 ()
f(x) k=1 0{7|M xis 40|22, AXY B B4R HB80]
f(x©@) f(x® +AxY) = f (x®)+ of (x* )A @ 4 L 82f(x(l))(Ax(l))2
1 | X Y

AlE AxY 2 0|  gict

d &©+ax?) _of (x(”) 0% f (x¥) A0 _ o T ERIHEL TS
d Ax® ox x> - il g =d
f(x®)

. Ax? & HlAFStT.

! | @) 2¢ (@

i : > Axmz[_@f(x )j,(a f(>2< )j

0 xb =1 x0=3 X OX OX
X* :(_2X+2)x=1/(2)x=1 =0

X — X(l) E = %ﬁ §E Itomat/‘an Lab. 43/7




fX)& x| 2216l S &= W
- Newton’'s Method

Given f(x) = x> —3x* +2X

Find f(x)& Z2A38l= & x*

() k=0

oA pmmmmmmmmmme e

f(x \ ............... 22 X0 =3

x® =x@+Ax® OflA Bt=gk0] £ E| AT 7FYBICE

\

Bixi2 e AR xO0llA EligdS] Z17H Bt

0 0 G G I 16f( ") ( Ay 3
X+ ax0) = £ (x0) 4= X0+ o2 (AXO) 0 ((4xT))

O7IM xOE Y002, | () & E5E #3510
i) 1@@ Q) )

Ax© +
2 ox°

f(x@ + Ax@) = f (x@)+

Al AX(O)E O|& siC}.

d 6O +ax0) 3 () 3 (x) B 17} 5 2t

MY =0> 55 me xH

dAx© X OX?

Ax© 5 ARSI

0 2 0)
AX(O):(_af(x )j/(a f(>§ )J
OX OX

= (—3x2 +6Xx— Z)X:3 /(6x-6), = 12

k=k+1

=0+1=1

2 Seou/
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f(X)2 x| A3}8}= M S A= di
- NeEwton’s MethodE TTeF x? =x® +Ax®  Of|M BH=7h0] 2L EIRACIIL 7Y BICE.
T
Given f(x) = x® —3x* +2x Bixle] MAF xollM E2] MW Sict
Find f(x)i& E|l&S8l= & x* F(X® + AXY) = f(x(l’)+%):(m)Ax(”+%82;+)2((1))(Ax(1’)2+O((A j)
() k=1 o7 1M X0 Mo|mE, Ax @ BiSE H25H0]
0+ ax2) = £ () + T 0 ;azfaifa) )

0

f(x@) Alg AxY 2 0| 8iCt.
d ¢X(1) +AX(1)) B of (X(l)) aZf(X(l)) " O _0 > B I 2|& k=
. anx® x| ¢ o JEuezd

09) . x0=3

o (0 =2083

X@) 7 _>i 0 X AxP R HIAFSICE.
=1, af X(l) azf X(l)
AX(l):[— ( )j/[ (2 )j
5 OX OX
:(—3X2 +6X—2) 25 /(6X 6) 25 = _0388
x= =

k=k+1
=1+1=2

e
X o sheiof 8| g Bx| 2Ep
D HIYE HHE SHEA 3K B SAISY| WSO, 0| SIS X| RotD wHEA Ao| sl

45/71
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Gradient method
- Newton’s method

mCHA 1: AZHA x© 2 X=X™SIC) HHE 3|4 HSE (-0 o2 £C}.
2|1 S8 7|E2R 58X o & Mot

B 2: i=1 oM nMX] ¢ =5f (x™)/ox B HLHECE

B CHA 3 : SN FFE A Lbetrt.
o*f |
H(x") = , i=1--,n;j=L--,n
OX;OX;
| |I:_|-7_-" 4 - %I-L_I-II hcl>|-'c'c;,|:% 7_-"+_|-'ﬂ-|:. f(X +Ax) = f(x)+c’ Ax+%AxTH(x*)Ax‘ﬂ|1|| :
P AR TR =
prrsmennnnnsnnyanrnnnnnnnngnngaas /3 O (AX)/dAX=C+H(x)Ax =0 :
Ed(k) :AX(k) = — _lC(k) : = H(X) Ax=—c= Ax=-H(X)%c i

"“‘Seou/
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http.//asdal.sni



Gradient method
- Newton’s method

mCHA S5 dAESE x¢Y =x¥ 4 od™ B F7d T}
2XHA Q1 A0 = SHHO| TSRO M £ 4Q HE 7 + UKL,
3Kt o] el ARof= ohHoj| &2 = giC) m2lM «
f (X +ad") B X|23ISIEE o & A 4HEiC}
a § A LH5H7] Sl = oSt 1K B E AR8" = QUL X7
0|8 He| THeR ¢ =1 = 7}t

M
|.|-|
Io
—?—I'
=

T 6: k=k+l 2 £ CH| 28 53

o

C}.
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ol -y e

I = 1 —
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SEETR Seoul
B i ool SDAL
. é@} National Advanced Ship De si"gn Automation Lab, 4TIT1
& .ac.kr

e:
Univ. http.//asdal.snu.a



[ref] Taylor Series Expansion for function of two variables (1)

2BI% B4 (X, X,) Ol CHEER (X, X;) OllAfe] Q] M7
f (Xl,XZ) = f (Xlixz)"'(,;i(xl _X1)+aa—f(xz _Xz)

Xl 2
2

1 62f * azf * * 6 f *
+— ( ( 1_X1)2+2 (Xl—Xl)(XZ—X2)+—2(X2—XZ)ZJ—I—R

2\ ox’ OX,0%, OX5
¥ 2t &= CHA| Eﬂﬂ
of of
8_)(1(X1_Xl)+5_)(2(X2_X2)_ [ } Vf(X) (X X)
ax
I P T PV VT I e B A L P o PV N - (RPN -1 U PR 4
Z[axlz (% —X) +28X1@X2 (X =X ) (X, = X5) +—— (K, = X;) J_Z{ﬁxf (% X1)+8X28X1(X2 X2) 6X18X2(X1 X1)+6X22 (%, XZ)j||:X2—X;:|
o’f  o°f
S XE XX, || X —X
1 1 2 2 aZf aZf XZ—X;
X, 0%, X5
=%(x—x*)TH(x*)(x—x*)
v 1 Z
* * * *T * *
()= F )+ VI () (X + X THOO) (X R oo
I N

* * ok ' :
(X:(Xl’XZ)T , X :(Xl,XZ)T1:H EMZXZ:)
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[ref] Taylor Series Expansion for function of two variables (2)

284 Bk f (X, X,) Ol CHEH & (X, X, ) OlA2] El2] FTHA):at olael axgte 2k A=)

o ey OF (X, %) o OF (X, X)) .
f(x,%x)=f(X, X))+ ——222(x —X )+ —2""22(x, — X
(0 = F00)+ 212 0 =) + 22 0, )

. . T 0

2 2 2

+£(a f(Xlg,XZ) (Xl_XI)Z"‘Za f_(X1’X2) (Xl_XI)(Xz_XZ)"'a f(_Xlz’XZ) (Xz_X;)Z]
2\ o 1% z c=Vf (<), d=(x-x)at 7HY
B f(x)=f(x)+ Vi) (x—x*)+%(x—x*)TH(x*) (x—x")= f(x*)+ch+%dTH(x*)d ------ @

Al @F x2 0|25} o{m HEjo] MatrixE2 EH E7}>

2004

A O= HMIHstH,

F(x,%,) = f(X:’X;Haf(xl,xz)Xl_af(xl,xz)X:+6f(x1,x2)x LA %) o

X, X, x X ¢
1 az f (X*, X*) 2 * *2 82 f (X:, X*) * * * * 82 f (X;, X*) 2 * *2
+E( ax} 22 (X — 2% X + X )+28><1—8><22(X1X2_X1X2+X1X2_X1X2)+ o 22 (Xy = 2XpXo + X7 ) [mmmmn @
2= &Hst™, L
TOTITIOOA(KE, ) L LA (%) W af (¢, %) . 1af (X, X)) .|
f(x,%)=f(x,%)+ 1172 22 X4 22 X, —+ 22 X1
0a, %) =T (% %), ox xnaxixl w1
L%1(4,%) o 2206, %)  « 1LOF(X,%) .l
+— 5 X, — 5 Ho—— X!
2 X 0% 2 _ 0% e @
PEEG) . PE(6K) o 1PF6%) o PFCG) L e e
+ PV X~ XXt~ AKX X% L AR 0|22
0% 0%, 0%, !.__a)_(l?)_(z_____.! 0%, 0%, : EI'IE_I‘M' EﬁE o_l.olAI— |
2 x  * 2 x * :'"2"'*"*'"1 i =y | —_—l T = !
f1OT00) o 10TT0G ), e 2 OTT00X,) | B A$0|C

2 05 2 o Yt o %

____________
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[ref] Taylor Series Expansion for function of two variables (3)

284 B f (X, X, )OI CHEE A (X, X;) OIAM2| HIZE] HIHAlcatolael axte SAIR BD)
FO ) = F06) + S () ¢ af(xl’xz)(z X))

1 2
* * * * * * ....II@
2 2 2
+£[8 f(X12’X2) ()(1_)(:)24'2a f_(X1’X2) (Xl_XI)(Xz_X;)"'a f(_Xlz’XZ) (Xz_X;)Z)
2\ 0% c=Vi(X),d=(x-x)at 7k
p f(x)=f(X)+ViX)' (x—x*)+%(x—x*)TH(x*) (x—x*): f(x*)+ch+%dTH(x*)d’/'"'"@

1X2 2

A OF x2 0|25} o{= HE[2| Matrix2 TS E7}?

""""" 1 . ——mm—m——- . . r-- - ------ i
TR ‘E.f(xl xz) ' f(xg. %) = Ef(x1.%)) | f(x1 x2) w1 EH2f(xl xz) 2 Zf(xl,xz) « 1 2f(xl,x2) )
Flxgxg) =1 T (xg xp) = X1 Xt X2 2 Xp - 2 X1X1+:_—2 L1
_______ X1 1 X1 1 E%xz I____XZ____: ‘:Xl Xq 2 X _____ .
S o S ST S S S Y
8 f(xq1,x%,) f(xq,x9) = Ig f(xy,xp) = * f(xq.X5) * 1 8 f(x;,%x9) 2 1 f(xqy,x5) « 1 f (X, Xp) =y
¥ X1X2 - X1X2 X1 %oy X Xp ¥ Ty Xp s Ty XX H T Xy
8y xp B, X LoBg Xp SX1 X2 2 =2 2 X2 T SR ;
HOF x I B 217} O Gat o1yl axga 2AR 39) e A ome
10009 110600 12049 1410409 », 110009, 1104 » 25 Aol :
Tx ﬂxl ﬂXf ﬂXf Txfix2 Ixfixo = e .
2
_ 1049 ﬂf(Xl Xz)(x )+ (1X2)(X %)
fxt fixf fxfixo
f (%) _ 1009, 1°F (g, %)) ' 1%f (x,%9) ot 1% (x1, %) - 1260, *
fixo 2 8 ﬂxé fixxo fxfixp
* 2
_ T O xp) | 197 (xg, % ﬂ
(12) (12) - X+ (12)(1X1)
X x5 g%
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[ref] Taylor Series Expansion for function of two variables (4)

2 B ofl Clst & oA Q] Efl2d2] TIHAN 3t o1atel mAIEIR SAIR HR)

27ty

>

Al @F x2 O|261H o™ HEHS| Matrix2 TS S}

2 T =K
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[ref] Taylor Series Expansion for function of two variables (5)

2 Bl ofl CHst & OllA12] Eid 2] FTHAL 35 ojare] nxtst SAIE HP)
...... @
al 71y
> S

Al OF d2 0|51 ofx HEfo] Matrix2 EH B>

A O d, T} d,2 ZH2E 0833 ojate] TAEE 2AIE BD)
Chain rule0f] 2|5}

GMHE (2 0|E YME (.2 0|

4] @& d2 0|¥ 8t Zil= 2 0|28 Z 19} 2L}

200¢ T~ 2} 7Ky
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Unconstrained optimization problem
- Solution by Newton’ method (1)

Minimize

m CHA 1 -

2009 Fall, Computer Aided Ship DeS|gn Partl Optlmal Shlp Design - Ch.2 Unconstralned Optlmlzatlon Method
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Unconstrained optimization problem
- Solution by Newton’ method(2)

15}
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Unconstrained optimization problem

- Solution by Newton’ method(3)

2

15}

05 |
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Gradient method
- Newton method

The Newton method is not very useful in practice, due to following
features of the method

1. It requires the storing of the nxn matrix

2. It becomes very difficult and sometimes, impossible to compute
the elements of the matrix

3. It requires the inversion of the matrix at each step
4. It requires the evaluation of the quantity at each
step

2009 Fall, Computer Aided Ship Design — Partl Optimal Shlp Design - Ch.2 Unconstralned Optlmlzatlon Method
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Gradient method
- Davidon-Fletcher-Powell(DFP) method(1/3)

m 1X} 0|50t 0|82 38}0] o| o BN MAUS JAIEOE A

NOEEIT

W THA 1: AR = F¥eirt.
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Gradient method
- Davidon-Fletcher-Powell(DFP) method(2/3)
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Gradient method
- Davidon-Fletcher-Powell(DFP) method (3/3)
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Gradient method
- Derivation of Davidon-Fletcher-Powell(DFP) method

Using Taylor series,

Use to approximate

Subtracting two equation yields

Where,

Where, denote an approximation to the inverse of the Hessian matrix
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Gradient method
- Derivation of Davidon-Fletcher-Powell(DFP) method

Using Taylor series,

Use to approximate

Where,

the symmetry and positive definiteness of the matrix are maintained
=> Candidate optimum point condition(£2 & %|&X/4 T H)
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Unconstrained optimization problem
- Solution by Davidon-Fletcher-Powell(DFP) method(1)
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Unconstrained optimization problem
- Solution by Davidon-Fletcher-Powell(DFP) method(2)
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Unconstrained optimization problem
- Solution by Davidon-Fletcher-Powell(DFP) method(3)
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- Broyden-Fletcher-Goldfarb-Shanno(BFGS) method(1/3)

Gradient method
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Gradient method
- Broyden-Fletcher-Goldfarb-Shanno(BFGS) method(2/3)
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Gradient method
- Broyden-Fletcher-Goldfarb-Shanno(BFGS) method(3/3)
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Gradient method
- Derivation of Broyden-Fletcher-Goldfarb-Shanno(BFGS) method

Using Taylor series, Let
Use to approximate
Where,
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Unconstrained optimization problem
- Solution by Broydon-Fletcher-Goldfarb-Shanno(BFGS) method(1)
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Unconstrained optimization problem
- Solution by Broydon-Fletcher-Goldfarb-Shanno(BFGS) method(2)
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Unconstrained optimization problem
- Solution by Broydon-Fletcher-Goldfarb-Shanno(BFGS) method(3)
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