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r
'HIHISE KIDL 2
N—
= [C}I29] 1A JIX] HIMISE X & Q) Y (unconstrained optlmlzatlon

method)& 0|00 2814 Q¢J FNAMEE FOIAL. ©, AIZHAE X
(0, 0), convergence tolerance ¢ = 0.0010]H, x® X -T'UMIQ.

L[] L] L[] 2 2
Minimize [(x,,X,)=x —x, +2x; +2x,x, + X,
» OiXI= 2JHQ! X&) ZH

o Steepest descent YHH (X|=5 3
e Conjugate gradient 9 (2N AAIT HHH)
e Newton 9itd

e Davidon-Fletcher-Powell(DFP) i

e Broydon-Fletcher-Goldfarb-Shanno(BFGS) St

-y
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"HIHISE X =% 22X - 22 2.

o1 2

= (=}
e [—]
2l &S

N =1 0= Muro] AN AZHIE /Bt C,0 BAE 1S T 20| BAIZ |

2 UCHD ot HZXHIJ XA 5= L/BQt C Hooke & Jeeves9]
EFAIH I} Nelder & MeadQ] Simplex WHE OI%UI MNHMEES 10
Wb E 180 212 BEAIOIA 2.

v Hooke & JeevesO| EFAIH
- EWA: L/B=1, Cg=0.1
- 28| step size: A(L/B) = 0.5, A(Cg) = 0.1
v Nelder & Mead9] Simplex 2t
Zu o Ma|X™: (L/B, CB) = (1, 0.1), (1.5, 0.1), (1.5, 0.2)

- axl JI=: 0.01

c =X 89| contour line(f = const.)
B
0.9 P N
0.8 A —
o A A~ \"\
0.6 //;’// A ‘C:’) /) ’/

DX 20HO! K% 2H @ o 7/ HHT e
0 < Ty
0.2 N l/
0.1 NS ’T:{/

1.0 20 3.0 40 50 60 7.0 80 L/B



*._1§ HEE =20l - S8 Xl
- MY HIZY™E 0|20 A WHAE &3 HHKI(1/2)
i, —

[

[JT

= MHEo] WHH{ A E B (ballast tank)= Sl 22 EAS 411 UL 0] o]
I E(trim) 2 GM2 22 2m, 0.1mOI[{|, WHAE BiIF=EE S E2HOZ L=
AXO| HYM EEEZ 0.0mmZ GME 0.5m O|AICZ X0t X SHCE. O™ EX 30
Qi[}o| AOo| WHAE x(ballast water)E LW L= E2 0|1 WHAE 9]
A= X|AZ 04O BHCL.

93 | @30 2 1’Oéora=-.-n 35%?%:%’:9' 1’02%“;%% ?n;‘é‘Ql
1 500 0.0 0.1
2 1,000 2.0 0.1
3 1,500 0.5 0.5
4 2,000 1.0 0.2
5 2,500 0.2 0.4
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L MU0 WA E BT (ballast tank)= OISl 22 SAS 21 AULL 0] Mu0] HIH EE (trim) & GM
2}2t 2m, 0.1mOIH|, WHAE HISE FEXHOF T = AXO| MHAYM EEHE 0.0mmZ GME 0.5m
OI4CE RXIOILX} SHCE. O™ I3 0)| A0l O WHAE S(ballast water)E MRH EA=IR EE
OlIH ®HAE 9| A4S XA OHOF SHLL.

1o

1o 1A

gy | 239 1,000m3 &3 89| 1,000m3 &3 89|
T 88 Ed Hok(m) GM B19F (m)
EREEET i) W00 S WHYAE 0] %2
4|00 . o 1,000m* HAZ x, 2 M HYOIH
3 1,500 0.5 0.5
4 2,000 -1.0 0.2
5 2,500 -0.2 0.4
Find x19x29x39x49x5

Minimize f(x19x29x39x49x5) :'xl +x2 +'x3 +X4 +X5

2t &3

1

2
=

o
=
re
b
ry

Subjectto 0 < x, <0.5, 0<x,<1.0, 0<x, <1.5;
0<x,<2.0, 0<x,<2.5 }
0.1x, +0.1x, + 0.5x; +0.2x, +0.4x; = 0.4 : oM 237 =&
2x,-0.5x,+x,+02x, =2:E8 2+ =24

M

» OiXI== 50, S22 M =8 11, 52 Mo =4 6J121 XXt ZX



Rl

s M2 £40] A= &2t EHI0A9
\ Lagrange St=0| {14

-| Original Problem X, S =075 VI(x): f(x)9o] ) ug
Vh(x) : h(x) o 7} &

Minimize f(x)=(x,—1.5)" +(x, —1.5)°

Subjectto h(x)=x,+x,—-2=0

Lagrange Function

Minimize L(Xx, v)= f(X)+Vvh(X)
=(x, —1.5)* +(x, —1.5)]

+v(x, +Xx,-2) 1 £(D)=0.75,h(D) = 0.0
H Necessary Condition: VL(x', v')=0} i 2\ > X,
VIX)+v VAh(x)=0 =
F(x) *V (X ) * Vf(D){_lon} h=0

L =Vf(x)=v Vi(x) v

2(x, ~ 1.5 1 S M M - VA(x ) =v VA(x' )2 20|S & 29,
Vf(x) =[ & )} Vh(x) { } M Jx) (x) ==

2% =1.5) =X 814 U H|2f 8140 Gradient HE{E S XS M A 2,
L2(x —1.5) =V, —2(x —1.5) ="« MZ HIHIOHH OIUH Lagrange multiplier v*J} HIYl &=+

X, +x,-2=0 Vf(c):|::i:| ,Vh(C)=B:| ,V*Zl

=x =x,=1Lv =1 (& C)

JdLt E DUIME # &g O

i

OHXl %22 = 24 X XHA0] 0td



S5 ENAN L TS 0|2
' SISO [ A0 2RO 0

-| Original Problem
SST HY X

A

Minimize f(x)=(x,—1.5)> +(x,—1.5)’ HEOH| {0 =T
Subjectto g(x)=x,+x,—2<0

» o(x)+s5° =x +x, —2+’S2': 0

Lagrange Function

Minimize L(X, u, s)= f(x)+ u[g(x) + Sz]
=(x, —1.5)* + (x, —1.5)

+u(x, +x,—2+5%)

£=0.75

| Necessary Condition: VL(x', u", s')=0

a—L=2(xl—1.5)+u:O, a—L=2(xz—1.5)—|ru:O

ox, Ox,

a_L=x1+x2_2+S2=0’ a—LzzuSZO EI',uZO

ou Os

(1) s =08 (RS2 M2 £20] S22 MY XHO= Bl
xl*zx2 =lLu =1=»FH XX A C)

Q) u=02 M(FS= MY XTZHE U=, = 252 M2 X240 8l
x, =x,=1.5u" =0,5" =—1(H D: HIZ ZTHE )

=4
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[me: xy=ot 25

(=) -~
‘- Kuhn-Tucker Q ZHE 0|28 28 M 25 XAl &
Minimize f(x)=x12+x22—3x1x2 §—L=2x1—3x2+2ux1:0
X
y—ti— 2_
gxX)=x"+x," -6<0 a—L:2x2—3x1+2ux2=0
ox,
L(x, u,s):x12+x22—3x1x2+u(x12+x22—6+S2) a—L:x2+x2—6+3220 s2>0,u>0
ou ? R
l L 55 e 1% 297t U
as -----------
CASE #1 : u = O(MIY¥ ZHE 120X SO0 EH= BR)
2x1_3x220 » I"A * 0 * Of( * *) 0
MA:x =0,x,=0,f(x, x,)=
—3x,+2x, =0 1 ? v
CASE #2 : s = 0 (I2F ZHO| ZN| 20l 0t Y= B2
1
5 =% =3, u=" o m B =2 =3,/ (x].)) = |
1 . -
X, =X, =— 3,u=§»’.§,c X =x, = \/g,f(xl,xz):—3

3, u=-> *
X, =—X, =43, u:_E » M D: x

X, ==X, =— 39 u:_%» EII E: xl* =—\/§,x; :\/gaf(xl*axz)zls

V3,x, =

—3,/(x/,x;) =15

Cost function contours
g



K-TEQ XHS 0128t 2K HIZ S/ ZX0 7017

Me F(X)=x"+x5 —2x, —2x, +2 X2 4

Subjectto g,(x)=-2x,—x,+4<0
g,(x)=—x,—-2x,+4<0
& x =20,x,20

HH= x =(24,%), f(x)=2

323

Lagrange 8t
L(X,U,S,C.‘) = .X12 + X; — 2X1 — 2x2 +2

.hl/

g=0  HHMEA)
X' =(3,9).f(x)=3

+u,(—2x, — x, +4+S12)
+uy(—x, = 2x, +4+57)

— 01X, —6,X,




. CSD(Constrained Steepest Descent) &g 0|28t Z0] 0
-
Minimize f(x)=x+x;—3xx,

1 1
Subject to g,(X) =gx12 +gx22 -1.0<0

g,(x)=—x, <0
g;(x)=—x, <0

x| MEEe x =(1,)),
R,=10,& =&, =0.001 _
012} JHH J=-20

X5

g, =0 47 f=f-i03
3 2]
HAHE x = (V3.43),/(x)=-3
OIIH Lagrange multipliere 17 0% (1. 1) 24 x2-60=0
u’ = (3,0,0) 8 T 7

L S S x)
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SMEY: d, =1,)=(5,0,)
x0 =(1,D)
O(x")= f(x©V )+ RV = 1+10x0=—1
X = (146,14 5,) = (2,2)
O(x )= £(x®)+R- VOV =—4+10x0.333 = ~0.667
o(x*” )< @(x*") 0122, 58 S0 CIAI HIAt
st : d, =(0.5,0.5)=(5,,5,)
x =(1+5,1+68,)=(1.5,1.5)
O(x V)= £(x® )+ R- 7D = 2.25+10x0 = —2.25

o(x*")> o(x*") 012, [1S HAt >3

x% =(1+6,+1.6185,,1+ 6, +1.6185,)
=(2.309,2.309)
CD(X(O’z))z f(x(o’z) )+ R-V©®?
=-5.331+10x0.777 = 2.440

D(x*V)> (x| d(x " )< d(x 2 0| DF,
0l 22H0ll XAt ETHS



Jit Himst 28 11 (172)

b ]

Goldstein-Price Function

Minimize
FOx,x,)={1+(x, +x, +1)?-(19-14x, +3x,” —14x, + 6x,x, +3x,)}
{30+ (2x, —3x,)* - (18 =32x, +12x,” +48x, —36x,x, + 2x22)}
Subject to
gl(xlaxz) =-2-x,<0
gz(xlaxz) = —2—x2 <0
g,(x,x,)=x-2<0
g4(x1,x2) =x,—2<0

» 0iX|== 2JH, 32 M 24 402 ZX3} 2l 2 2



IS AL =6 #1(2/2)

| Goldstein-Price Function = xq
-1 =1

B9 contour line(f = const.)

| A: Global Minimum
xl* = 0.0, xz* = -1.0,f(x1*, xz*) = 3.0

| B : Local Minimum
xl* = '0- 6, xz* = '0.4, f(xl*, xz*) = 30.0

C : Local Minimum
x; =12,x,"=0.8, f(x,", x,") = 840.0

D : Local Minimum
x; =18 x,"=0.2, fix,", x,") = 84.0

M-l



X Em
W
= O MH10] HHA] I 01 JHH S Ottt 201 B/TQH 1/C0 &=
LIEFE &= ATt OFHAL.

SHA I 0 JH4:
f(B/T,C,)=(B/T) +2(1/C,)*—4(B/T)-2(B/T)-(1/C,)+10

12]11 B/T <3, C; > 0.60Idt= MY 40| U*S W, Kuhn-Tucker B
A4S 012010 &HA V| 0" J1HE XA = Ol= B/T, C.9

L — |

X (X E0H)E Kuhn-Tucker 2R XZHE 0|2010 F20IAI2.
..................................... - mdxl(:B/T),x2(:1/CB)
Minimize f(x,,x,)=x]+2x; —4x, —2x,x, +10
Subjectto x, <3
x, >20.6
16
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Ok

010
0l0

A% 2 #2 (2/2) -

ol

A

1/C,)

x,(=B/T),x,(

Find

= x] +2x; —4x, —2x,x, +10
x,—3<0 = 0/Xl% 2

f(xl > xz)
Subjectto g (x,,X,)

inimize

M.

b

)

(f = const.)

ne

O] contour |

AL
I"I'

ol

o)
I
=N
N SN
/ o
2
N
/ c nw
2 S ~
b S|
v 3.
~
< 3=
2 ss
© —
I
e o
< x
o <t

10

-10



b ]

o ven P, A, | A,V

Find J,P/D,

[EE%HQI XH F2 X+ 8 ZHI(

e J K,
Maximize 17, = : > K, K, )t 25 J9 P/D,O| S0|12 2
27 K, = ofa QIA| 9} P/ O] Q)
Subject to =p-n’ -DP5 K,
27m FIIH0| YO EQIE TZWYJ} S50t T
Vil—-w
Where, J = ( )
n-D,

K, = f(J,P/D,)
K,=f(J.P/D,)

» OiXI== 201, S22 M2 =24 1021 XX =2l

p: T2W Mg O}
n: T2HJY B|MS
DP ]:[EIHIE.I I|7=|

P: T2 HY IX|
Ac/Ay: =8 2 HA|




MEO| XA =2 X+ Z2F Xl
|-_r'UIE A L5 L,B
20 =

B3 (buoyancy)-= S (displacement) W XHss yot =)

L-B-T-C,-p. -C,=DWT, +LWT(L,B,D,C,)

given

=DWT,  +C.-L'°(B+D)+C, -L-B+C, -NMCR

given

=DWT, +C. -L'°(B+D)+C, -L-B

given

+C  (L-B-T-C,)"” -V’

power

5 D
wﬁ
ok
=
E
£
>
ol
=9)
A
P
E

DWT,CC (=
tH

. - req 2 max
I%ng et s A=Y X A

),V

M

—

TN

=
=

RALI= VS E X (cargo capacity) ZH sz Mot x21)

S o5 (TR K5 M IIE)
Building Cost =C,-C,-L'*(B+D)+C,,-C, -L-B+C,, -C, - NMCR
» OiXl=+ 40, S22 M2t =4 11, £ M =4 2J121 X X2t =l




o 11m 32 114 28

MY S S =HIQ +=St& HA]
W
Find L,B,D,C,

Minimize  Building Cost=C,,-C,-L'°(B+D)+C,,-C -L-B+C,,, -C, -NMCR

Subjectto -

23 (buoyancy)-= Z(displacement) W XA

L-B-T-Cy-p,,-C,=DWT, . +LWI(L,B,D,Cy)
=DWT,,,,+C,-L*(B+D)+C,-L-B+C,, - NMCR
=DWT,,,,+C,-L°(B+D)+C,-L-B
+Cp0wer .(L.B.T.CB)2/3 .V3

» OIXI= 4l, S22 M2t A 11, 52 M2 =4 2)021 X9 22X
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100000Coooooo
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10000003015

OO00000000000000C
1000000000000000C
OO0O0O00000000000C

100000000000000C
1O000000000000000C
OO000O00000000000m0

RO 000000000000
RO O0000000000C
IBO00O000000000C

SO O0000000000
SO O000000000°C
IE0O00000000C
INO00O0000000C
BO00000000C
HO00000000C
BOO0O0000000C
HOO00000000C
lDDDDDDDDD

(im

HEIO 000000000000 00f



O =TIt A0 Ji=HO B8z

A2 2Hes F8 Moo

0] JH==(3) - 2190 I==(1)

0||)x1= 1,x,=0% -
2> x;=2

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods

1knot = 0.5144 m/s
=1.852 km/h

2 : 15knot = 27.78 km/h

1 29| MY9| #{Xl(0)=?

Al d=v-t+d,

=z dr 08T, dp TSR

v H=0] Il 2JH

v AL I 1JH

A2t & JFE01 2219 AIZH0fl THEt
Mu10] YKl 8 & + UL

SDAL
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4l (X1 5 %5, x3)=0

Solxy x5, x3)=0
k S50, x5, x3)=0 -
& £ 6. 401 25 SE0l2H
v 59| Ji=: 374
v MO )l 3JH
&19] JH==Q} =9 J{==D}

gebz s+ A= =N

QI 2 X1, = £, ef e

fHe & HEH0 JIs0IEE 80| 0Fd

?
i ME SEOI Al0] Ji4T} #1%0] T4

H} Moo 2 N WAl HLt.

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods

A HiX Al
o

= |
T OO

(uy N

- X1 X9, X3

> 4

= f1(x 5 Xy, x3)=0

]rZ(xl ’ X2 ’ x3):0

N /

Al 7 £, 0l N2 S0l
v 20| JH==: 31
v Aol Il 27K
A9 =1 Mol M= HeO=
AlZ FJ1010] tHE 7L,
STEE I L R

1 _ 11
fi=0 (qx.x) 220 B2 I FOHE
=0 (x2,x2,x3) 2 S8 4384

220| B2 0 5 0 20| S2X) BOS
JIZ0| LQOIY, M J|Z0EN SHots

= FJI0HH 2 X9 ML =0




[M A0 QM

- Jiek X| X5l 2HIQ 1 Y - Lagrange MultiplierE 0| £

W

x50} 27

X3

4 ) ( of of of )
Minimize £ (%}, X,,X;) - (D | gxs0l df =— —dx+——dv, +— —dx, =0 1)
. HAIED] et : 2 :
Subject to hl(xl,xz,xs)zo - (2 WQXAH: Al 4) hl(xl,xz,)%):o = (2)
hy (X, %,,%,) =0 = (3 | >
>720 h(x,x,,x,)=0" Q)
\ / 2( 1 2 3)
A h[ hga OIUI'O:I dxl, de, dxgl_ A‘IE EFEIIIOI OH—I l:l'
dx,, dx,, dx; O] BHIE I A & @, ©F HY
N J
20,0 2RH 4 @, 0’8 R & 9] dx, dx,& 2HOP| |0l & @, @°2 012010 OIS A2 /%
(=Tt + L tes L aeimo e ) ((df + Al + Dby =0 0 MES #2428 S0
ox, 0ox, Ox, @, 2 Y > MD,6,08 8%
oh, Oh, Oh, oF of, oF . of o, o,
= T T @ E>[axl A 2axljdx‘ +[%Ma@%a@jdx2 {”” %asjdro
oh, ahz oh, =0(dx1§i}|0|')|'?'|%’ M@) =0 (dx,8 2HOP| 98, AB) =0 (dv,= SHYF 0|2, A6)
kd d d +8x Xy =0 e @/’ dh ld hl d hl d 0 -
= b
: o U, T, T @
oh oh oh
\afh2 = 6x? dx, +6x§ dx, + . 2dx, =0 - "3’

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods

Advanced Ship Design Automation Lab.
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[ 2= A100 A
Y- M A X9 S2HIQ O 0HY - Lagrange Multiplier& 0]
) —

X =0l
-

Minimize f(x,,X,,X;)
Subject to h(x,%,,%,)=0
h,(x,,%,,x,)=0

-

ox, Ox, Ox, ox, Ox,

0Ox, Ox, X,

dn =M e + Mg Mg g . ‘@)’

ox, ox, Oox,

L@ ® 0

-

dh, = oh, dx, + Oh, dx, + oh, dx; =0 == @a

K ox, ox, Oox,

[aF i dy zzaﬁ] +[6F+/118f‘+/12@[2jdx2 (aF wa oy ﬂ,afzjd 0

~

=0 (dx, B ¢716D| S M @) =0 (dx,B 2HOD| HEL AG) =0 (v, = SEYF 012, 46)

/

&=/ hy, b 010N FUHA 0D HENM A @, ®, ®2 x), x,, 5,2 (HHAY U LA FEHOICH
M®, 06,0240 2H T HACLESF 4,4, JHEIHE0 A0 I} 300t &)

IS SM(x,,x,,%5,4,4,)01B2 4 0,3, @, ®, ©®E AI2010 ZHIE E = UL

LA G, @, @2 0|2 BHEAI] 01HIIR?
(8 e'?_*% ugu.’ss-sr |21 012 WA A0 HSLLCH
€ Given: —d Z—Fdx +Z—Fd -0, 2fd +§fdx+§id -0, % 1 ai +idx3 o. -Find: &= F, 1,1,
% O 82 F 7, LA, @, @)= 010] =X 201D, L7t 0T OF= HE . x,, ,017]
IS0l 012 WAAQ] OFY UL




S 2x01 2H0 22 2815 2|0} 2HIO| B9
Given & Btzx: fx) Given & Q¢:f(x1: X,)
Find S Bt4E A AOHE B Find S St48 A AD0HE M x»
SX S4B HLY M ARSI JH) =X SIS H2L M XN &)
. . . o o
F(x"+Ax) = f(x )+le lg{(m) f(xl+Ax1,x2+Ax)=f(xl,x2)+a£Ax + ){Ax2+
1 2
10°f ,  Of 16°f >
— 2L (Ax Ax,Ax, +——2(Ax
f(x"+Ax) - f(x )_af laf 2axf( l)+8x18x2 ‘ 2+2ax§( )
0+ iy+| VYT | B
*OIA &= 2401 XA 2tal OfH ] | _
LHS f(x +Ax)— f(x)=0 1 .
—[Ax" ] H AX
RHS AxJI SEOIEZHsE 24008 2
roCIIITTTomos . ] |
LY oy Of o
:_l ox __, o : *OIA] &= 2401 XA 2tal Of™
__________ e
=22 X 22 sE X 1V =0," H (Hessian Matrix)= S&ME :
Lo . . . . D e e e e e e e e e e e e e = a




[ 2= M0 QM
* - Design
) —

Esthetic* Design

T0l= ki v

- IIIE} 7EIOI) ﬁIH) A_IHg %-.

B/« Rl £

- HiSF 2401 AKX +=X12} 0] A2

- Designer®| A1} 2O M|} EHE BHEAIZ

1>
rx
02
~
T

w2 r

HOt

H
A
b,
oin

* IEJIXI, 0=l 2424
Computer Aided Ship Design 2008 - PART IlI: Optimization Me



[}Ja A0 QM

s2 Mo x4

h(xl > Xy 5 X3, x4):O

AL
=5 gt

f(x19x29x3 ,.X'4)

Engineering Design

210] = 20| 'é,*g A%
23 (buoyancy)-= (displacement) W& X H =5 me =2
L-B-T-C, ,OSW -C DWTQWen+LWT(L,B,D,CB)
—I;/ T T [
I v oy A J

x X2 X4 C C +h(x19x29x39x4)

XX, X, - C = Cy+ h'(x,x,,%,,x,) = h(x;,x,,%;,x,) =0

=5 gA8FL AF

HF™ IIE)

Building Cost =

f(x19x29x39x4)
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L16(B+D)+ .L-B+C,,, -C, -NMCR
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Lt X (x2+x3)+C -x, - x, +C




= > - — —
fix)=C& =0l= il 10 E
Given f(x)
Find fix) =C & TH0l= & x*
1o muol gy L /)
Ox Ax
e el s
f(x(l)) ___\ __________________ C—f(x")
: /
A
¥ D X0 %

0|IA1 HIZ] (1 X SNX] 1)

0) _ ooy, O Q_C—f(x(o))
(" +Ax) = f(x )+8xAx C( T A
(7 +Ax)=C & IEOl=Ax E 7o
Ax I:I|-E OlEbl- b\ | x(l)( X +Ax)0||k|
20| NN E HI=golo xS 3=

SMH e 43 D>

|

v

RO

YONIM HIZH FIN(AF SOEK] 23)
£+ Ax) = f<x<°>)+ZiAx

fGP+A0) JF XA 240181 I ™ HooE
SO +A0) < f(x7) & 2HF Ol Ax & 18t

Ax B3 0158t H 2 (= + Ax) OIA
210 LHS W=OI0 X' 8 5=

=2 XL
SM a8 &3

>




Given f(x)

Find f(x)=C & Q=D M 1+

G2 FAHIE O HIZd HIH STt
f(x(k) +Ax(k)) =f(x(k))+ afgc(k)) AP =C
X
X+ axV0IM Bh=2k01 COF Rl ATk JHE01

J) *) NG AP 2 BT}
1 o gy L) /U0 vl
ox Ax® v
e A HIZE FINAIE OIS OI0IA B HIASILE.
Ax® =(C—f(x(k)))/(af(ax( ))]
/I\ X
Givenu

foxter)b - \ _________________
C

1 !
EAX(lw:l) Ax(k) |

»

0 x xk D x ()
(k+2)

X

x =x*E F1] §M =5
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| )& X290l dE &t 3
v - Newton’s Method

Given f(x)
Find f(x)& Z|&A20l= & x*
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el gHs

FOx9) - () =
CIIIM = A0| 92 A 8 WA 32010

f(Ax(k)) 8f(x )Ax(k) 1 i f(x )
x

2

xO0fIM HIZe] ZIH St
FO® 1 Ax®Y = F(x (k))+6f(x(k)) (%) lazf(x(k))(m(k))z
2

x
ﬁf(x )Ax(k) 1 0 f(x( )) Ax® 2
ox 2 o ( )

ox?

LD sy

Y

HI2d I ASA“= 012 St
df(Ax(k)) _ af(x(k)) 0 f(x(k)) Ax® =0

ox Ox*

Vi

Av) 8 HIAKSHTE.

Ar® = [_ o (x(k))j/(
ox

& fa)
ox*

v

s dAEE S2CHh.

kD (0 AL R)

Db | < o B BHE OH=R

[ M-
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e ~ | waosmze suuss
oT X, X AQI. m.'— X (Xl*’ *)j EFE'II Ig)l-g
Given & f(x;,x,)=0 AlO| Ol Dt = L.
S x,)=0 G = (fl (xvxz))z +( /5 (xlaxz))2
T A8 IED= x *, x,*

; (fl (xlaxz)) >0 (fz (x,%,) ) >00|J| [[H_"Oll

JI8E 0I2010d i SXSIA 2 XA = Do
S EEEX B  SAHBT S ALB 0= X2
f (x,x,)=0, f, (x,x,)=0 901 MQ|C}.
2] Ji(x 5 x5) 0%} Jfi(x, axz)ZOE | oooooooooooooosoooooooooooo- !
B (x,*, x,*) OIM B OLE S St G A S A ER £ i
. 8G oG 5
= B(x,* "0 20M= i o =2/, =0, Py =2/, =

fl(xl 5 x2)7509 fl(xl ) Xz);éOOIEI' i ________________________________________________ i
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2ol 01", »[1/s]: T2 JE

)N HHH, p[m]: TRHY MK, R(v) [V] : MEO| K0l ME MY, -: T2UY D5

b}
0x
<
2
=
1°
(g
Ju

B~
=
|
O

2
=2
>
(=]
=
HU
[}
o
=
rx

= XHAN : JRAAZRIQ| BTt TorqueS = XA U7 0HE SHM S RZ Ol FEHE
oZHHII S50l XA oZHJ WOt ot= =
P 2 5 R
T 2 4
—:p.n .DP .K —:p.n .DP .KT
27m ¢ 1—¢
( OS2 M| X< A AM GOy - ) . .
. ==8d 21X+ &8 SHl - Case #1 =X 8t4~ : Find Maximum nj
1. | Given P[kW], n[l/s], RAV)[KN], z . _J K Case H10IM T2HY =QA|LE BN
Find D, [m], v[m/s], P[m], /4, ° r KQ
O=28Y FLX+=BE S0 - Case #2
. | D.[m], P[m], R,("[kN], z, A,/A
2. | Given  Bylm, Pl RO)DEN] 2 44, vE JHEOHH OIXISTH 20, ZHAI0] 2JHQ1 912 HERAIQ] EILCL.
Find  v[m/s], P[kW], n[1/s]
X HAI = rie L 20 AxXs
_I_7|_1—|1,ZE EI'l:l-m' EOITOJU %—p-nz-DPS'KQZ()if](P;n):O fTTt—p~n2-DP4-KT=O:>f2(P,n)=0



.5
nem . o of 10 f
2BX SIA S _ Y
Given SBX ShA 1) FﬂéﬂT;‘.EJEH f(x +Ax)—f(x)+axAx az( )'+
Find S gh8 XIADOHE & i T a6 = Lacs L8 ey 1
1. X| =3} 2. Variational Method
; . 0 10 10
1048016 =Laes 0L (ay / £+ 29— £ () =L M
L, Ox
3K 0le &2 Al df 211 0129 &2 FAl
. M e 401 Z22t ot JMO|E 4= 00IL
OIM &= a0l =i} Ofd )(COIIOi!.‘_*i’éJé*O-IﬂquAOII-’F-J-_II._EgQ_?}_ 0I§6H.'.:I_ EOIfEQ}JI 8*[31))
LHS  f(x +Ax)—f(x)=0 LHS df:Zlezo
X
RHS  AxJI SHOIBEZ (228 2+ gy RHS  AxJI SEOEZ(RzE g +2088)
2 0
gzo f>0 i:O
ox axz Ox
LQ X —LES =2 =

1) On the peak of a mountain all points of the infinitesimal neighbourhook must gave the same height(to first order),
which means that the rate of change of the height must be zero in shatever direction we proceed. S D A L 34

CombS T S BLISSRPSIR R PlGmhanicy Mgty o toronto press, 1970, p.36”
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2™ (Stationary Point)

/

Computer Aide

f(xp‘xz)

Given: minimize f(x,, x,)
Find: &8 (x,*, x,*)

~

OBJECT
FUNCTION

%k %
(X5 X,)

p Design

CONTOUR
LINE

OPTIMUM ( MINIMUM )

T Upumization methods

-0 A (x,*, x,*)0IM Ol ABIR (ax,, dx,) B
s

OIlA O] BH3t0| MBI 4r = Lo} 2L,

df = afa’x+ fdx2

Oox, Ox,

o=
[y —
(st
O} X}

o

|

jonary Point)Ol2}1l OHH, XA A,

a
& (Saddle Point)2 S& 0 =Tt

HIotO Z O] Bh=gk0] L E 41 )t 021 A
ti XA,

2 A}
=2 o
X

A1: Lol Zoty KXol SHNME SN 20l X3

—_ .| aT

(Optimum Value) " Ct= %] X H (Optimum Point)0l O SR 0IL}.
[OIAl] A XHIS .-*.léﬂ Ol= M40 xﬂIl#(L, B, D, Cg)Jt HZE

HI XEHIECH 528 JIE oI
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1.1 XA AN

SHO| Yy A

ol

Minimize Minimize Objective Function
J =—4x,—5x, J(X)
Subject to Subject to Constraints
—x,+x,<4 —x,+x,-4<0 g, (x)<0,j=1,---,m
X +x,<6 x +x,—6<0 : BET MY XA (Inequality Constraint)
5x,+x,=10 |$5x1+x2—10=0 h(x)=0,k=1,---,p
: S MY XA (Equality Constraint)
0<x,x, . X, SX<X,
Lo : Al W HWE 0 HSH &-OfStat M XA
6}
- 215000
\\f — .29
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1.2 21X MH 2HIOl 7N 24 (1)
N—
s A H| H=(Design Variable)
o &HIOIAXI Ol= Xl=, #1Xl S& UEH= Y= M Xis

—_ T

= (Free Variable) £= =& Y3 (Independent Variable)dtl

=
o == WM =(Dependent Variable)
s ) B0 2 2 ISSKHOFT LU KI= Hr

n I XA (Constraint)
o AN VISA RFAEHE=E XU &= TJ19] HItt SE M9
e BST MY XA (Inequality Constraint), S& HI<¥
X H(Equality Constraint)

SDAL ™
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1.2 X A =HIC 8 4(2)

s =& Bl (Objective Function)

XA Optimum)E UEHHE JIEC =2 HIE, 2H Sit 22 U2
HiulOt0 0= &l T2k (Design Alternative)0l 2Lt L2 XIS LIEIE
A Ol= &FA F (X1,X2)
T Me—. OT A
SRR TES
T T _ (ZITHZL)
\\ > . VAR!INEY. T < \
HIEXAH— | || il //
E Mg M wa
N T e e SN
&
A
X2 4:"};,_; = CONTOUR
<y LS >
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1 J2d
X

10

=
il
p
I
=
b
=
&}
o
= my

F(X OPTIMUM F(X) }'I&IGH e }JE"UH §0||k|_'|:_
(28 K™y IR S2 MM
T T LOCAL (M X =0H)
OPTIMUM
=13 S E=T AN I A U S 1
= N | L =Ea 4
Ho X =l
— = X - X
a. UNICONSTRAINED OPTIMIZATION, b. UNCONSTRAINED OPTIMIZATION,
UNIMODAL CASE MULTIMODAL CASE
M XHE
FOO PJ;UI’E F(X) FEASIBLE
Y oA REGION
T FEASIBLE T oF X o
REGION
— Rk Z 0 loH
OPTIMUM JXJJ_Q-IIUHE
OPTIMUM
DA 4 U
— = X
— K 40
c. CONSTRAINED OPTIMIZATION, d. CONSTRAINED OPTIMIZATION, SDAL
Computer A]ded Sh'lp Design UNIMODAL CASE MULTIMODAL CASE Advanced Ship Design Automation Lab.
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r GLOBAL

5:1.3 JI_I&IIQI' jlﬂgl —E—E(']) F(}O _ OPTIMUM
W

s M9 X|Xg} J|¥ (Global Optimization Methods)
.

» =9 I8 XXMl (Local Optima)& I AT SHION| | / - -

XSt
1

je
o
|

g’gﬁﬂ% )| Y00 B2 Iteration0] L (2! HIAH A2t
)

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

» gH XX3} J|¥ (Local Optimization Methods)
o« N

= X|EIE AT QoH MHEOZ ML [teration0] B (S
A& AIZE 1)

[
rg
it

= |0l (Starting Point)0ll JI2 =257 ZXHMNE ==(HY
2 X X012t &F)
e Method of Feasible Directions(MFD), Sequential
Quadratic Programming(SQP), Multi-Start Optimization

Method, etc. SD A L 41
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=Kl (Unconstrained Optimization Problem)

= HI ZH0] 8i= ZIA3 EHI

m XM EFAMH (Hooke & Jeeves Method, Nelder & Mead’s Simplex Method),
Gradient 8} (Steepest Descent Method, etc.), etc.

o M XX 3} 2Hl(Constrained Optimization Problem)
= Hief 20| U= XEH2 =X
m Penalty Function Method, Sequential Linear Programming, Constrained

Steepest Descent Method, Method of Feasible Directions(MFD), Sequential
Quadratic Programming(SQP), etc.

LTSN TPN
o T X|X B} 2HI(Single-Objective Optimization Problem)
e [}I= X|A3} 2Hl(Multi-Objective Optimization Problem)

® Weighting Method, Constraint Method
SDAL

vanced Ship Design Automation Lab.
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| b
]2

ol

Hiel

[H0
HE

=2 0 &

(2009.01.15 2= A1)

HIMISF X X9t Sl

r

EEEE

oy HIMY g HIMY
=X Bt | minimize ix) | minimize fx) minimize f(x) minimize f(x) minimize f{x)
(ALY f(X)=x+2x, | f(x)=x] +x; =3xx, | f(X)=x+2x, f(x)=x{ +x; —3x,x, f(x)=xlz+xzz—3x1x2
1
Mk XA ol o2 h(x) = x,+5x, =0 | h(x)=x, +5x, =0 g (x)=— x1+6x2—10<0
(GlLAI) gx)=-x<0 | g(x)=-x<0 g,(x)=—x, <0

® M A
- Hooke&Jeeves
- Nelder&Mead

@ Gradient 9t
- Steepest Descent &4

Penalty FunctionO =

ME 28 = AU
ooz

A‘l& ):"EI 2 A}Q

O 2 HIMIS X ZH

- Penalty Function"& &
Z HEct2 g 1

- Simplex 9t
(M A

ﬁﬂ)

- Z2AIS 2 - SLp
ME A= 2HPE 2 A8

S JHNE SMEE &1,

E'?‘u%-lf _ gO_IH JO:IAI._II:_ E':'E“ (Conjugate Linear Programmmg) :! x"glﬂ Eﬁ!-l::la ):"gl-
Ot &R | Gradient W) 2KH I =HE F=
- Newton 885 (Quadratic Programming) | . I A}g} HHtH - sQp
- Davidon-Fletcher-Powell(DFP) 2K HIE 2HPPE 2A18)
S S JHME EEE &),
- Broyden-Fletcher-Goldfarb- O MOIM CHAl 2K AR 2
Shanno(BFGS) 45 HE = uhy
XA X|A™ | Genetic Algorithms(GA), Simulated Annealing, etc.
Hl
od

1) Penalty Function
Mo XHO| HUHES
ol gt

Ul'f'_\

ol 25 ot

AL
+HE =5

ri
Ja

2) MY HE 2l
(Linear Programming Problem)
SHOIA: 1k} HA

Ho! 57" X “'*'

3) 2K HIE EXi

(Quadratic Programming Problem)
SR 2K YAl

Hiet E"l 1K “'*'

4) Gradient 9 =
89| 1K} Ul-E- oS
12{0l= &t

5) Gradient ¥ =
91 2L DIENIX
T2{ots ury




Ch2. HIHIS x| X%} J|H

2.1 Gradient 2t
. Steepest Descent 9HtH
SM HLAIE Y (Conjugate Gradient BHE)
Newton©| HitH
Davidon-Fletcher-Powell(DFP) Yt
Broyden-Fletcher-Goldfarb-Shanno(BFGS) 2

2283 =200 2t 1A 54 2E

A dvanced

S hip 2.3 A1 B (Direct Search Method)
D esign ooke & JeevesO| A& SATEH

A utomation Nelder & Mead9| Simplex S

L. aboratory
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1 2.1 Gradient 9itd

' - Steepest Descent Yt (

W

m EHAH HIGESearch Direction)& =& 8==9| Gradient Vector9]
Bl 93O JhHOtI 2AHOE XMIE A= W
=

a

2 20
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h
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LHIHISE X X3) 20
) —
= Steepest descent S (X|=5

SI+0] X|AHEE F0IN 2.
¢ =0.0010]0, x®NIX] AOIAIL

Minimize f(xl ° xz) — xl

fxg, x)

100

IIE

!u

S0l
o A

J

£
3

2
o

AHEH)E 0120H¢ 28+
(0, 0), convergence tolerance

—x, +2x7 +2x,X, + X;

» ["IIT 2JH2! F X2 =X

1\

rrrrrrrrrrrrrrrrrrrrr

A: True solution

\\\i\\// |

4 X



LHime: 21401 25

- Steepest descent WHE 0|

— I 2 2
Minimize [(X,X,) =X —X, +2X] +2x,X, + X, A== x0 = (0, 0)

o
(=,
— —
I

1_|_4x1_|_2x2 6]'}‘ f(X(l))7]‘ -‘4/\%}3 7]‘ 17 " -1
Vi(x)=Vf(x o X ': ------- 1 __‘: x4 :( j
f( ) f( 1 2) —1+2x1+2x2 Edf;X())i—2 200 E I o410 X |
I a
= OHl 1 - xV9"3}7] Lo /B 0N o 2 OIE @ 4 USTP

0 1+4x +2x 1 \: *2 5 e
\V4 X(O) =SV i 1 2 _ E |
1(x™) f(OJ (—1—|—2x1+2x2 —1) \ %
xV |

Kore—x(® OC(O)Vf(X(O))

=" | g = E :
0 —1 a AY aVE o A 05|

X" =(-a,a)5 HA%l HY | x
&) =—a-a+2a’-2a° +a’ 05}
=a’ -2« » \
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LHime: z1=01 =X
Lo [RHT] xO] BH 2 xJF OY [}
- -

0
oo,

Hol A oS g2 A3

lx(” :(—a,a)J A4Skl T
) =—a—-a+2a’-2a’ +a’
—a’ -2«

A /ENEH B OIE &= USSR
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HE2 0IE

F(x,x,) = f(X): 8% e 0 it g%
XV = (—a, @) xvsal e e

> x OF 2% 0l 1Y OtgeaE
St /= il 2 24011,
a 2 012 JHsott

0l SAIOHHI TS W2l & + AT

=
S f(x +Ax) JF KA #US JHE
S(X +Ax) O] HI2] MINQXFIXI 1)
f(x +Ax) = f(x*)+cTAx+%AxTH(x*) Ax

A

f(xX +AX) - f(x) = CTAX+%AXTH(X*) Ax

HIIM x'= &=0122,Ax & YT FHZO0HW

f(Ax)=c"Ax + %AXTH(X*) Ax

ESP E PSP E s

YA _ 4 H(x) Ax=0
dAx

= H(x') Ax=—c¢

o o o o o o o o

——————————
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[ HIIof %0 2

- Steepest descent &

S
Minimize f(x19x2) — xl
M2 x5

o 1+4x1+2x2 -1
s Vf C142x,+2x,) \—1

(2) ol me(x(l))

2 I
E

X2
1 Ita Jaey ove gz A 151
=(-l+a,l+a)E ATl 4 :
f(x(2)):5a —2a -1
05
St FxPYF HAeE 7HE =23
(2) °
Y X) 0g—2=0025EH g=02
da 05

(08
1.2
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[ HIRIS: &I =0t 2|

- Steepest descent WHE 0|28t 0l

W
= B3 - x“9"517)

O -0.8 1+4x, +2x, 0.2
e . =
+2x, + 2x, —-0.2

xP =x® (2)Vf(X(2))

-0.8 0.2 -0.8-0.2
= — O =
152 -0.2 1.24+02a )a9% a®2 oz A

XV =(-0.8-02a,1.2+020)E E4ol WY
£(x?)=0.04a" -0.08c —1.2

G5 GOV Hags 7 24

(3)
4 C(ZX ) —0.08—0.08 = 0 =HE a=1.0
o
cx® = -1
1.4
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[HImIe 2ixist =0
v - Steepest descent HHE 0|28t 0 (4)
) —
= Ol 4- A sl 35}
oo} e TS W Ehe] [x4 — x| <52 3

=

FA 8k 1o e] xtio] 21 )7} Hik
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Zt
= x4
-1 1

Ol 42
o Tl 2.

- 3N AHALT B (Conjugate Gradient 2H) (1)
_Id|il,

| Gradient 4t

ol

oJ
ar

A

oH

=

| &

aX

GIJIM, BHe || <& 0% HECH O
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[ Gradient Httd
- M FAE B (Conjugate Gradient 2#)(2)

-

.= e e
M EHlo] EH wots TIRJOt0] DITHO| B HSrE MEOHTH= o|n|
o B 4: f(x" +od™) & HAB Ol o=, 8 HASHL.
o THI 5: TN 4HIEE TS1l 20] HESH.
x D — X(k) + Olkd(k)

k=k+1 2 51 9} 22 ZH.
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LHime: 2140t 25

' - Conjugate gradient WHHE 0|28 0ljH (1)

W
Minimize f(X,,%,) =% —x, +2x7 +2x,x, + X,

) e O\7} 2 2zbe 7hA 271
Vf(x)zvf(xpxz):(1+4X1+2x2j : X T f(X )7]‘ ‘_4/\%/1— 7]_ e

—1+2x, +2x, Podr(x") 0.0

y o7HEH a=1.0
(D = 104 _1
= BHl1-x :%01‘7] : '.°X(1):(1 )
Vi) Vfo 1+4x, +2x, 1 )¢ X2 e
X = — — . :
0) (—1+2x+2x,) (-1)i : % \
: 15] |
xV =x —avFE?) 1 _ |
0 1 —a 5
il ilfid = . 05 |
0 —1 a :
0f .
AN 0" o= UAE | )
: -05 |
f&x")=a’~2a AN
: -1L, .
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IHIIiI°‘ x| X5} 27

- Conjugate gradient SHHE 0|28t 0¥ (2)
) —
. 22 x 73

X(l)oﬂ }\1 Vf(X(l))il‘ —‘*].*7
"Conjugate direction"-= -3t}

) 1+4x1+2x2 —1
o) Vf C142x+2x, ) (~1
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Fibonacci sequence

89 F =0 FF=1;, F=F_ +F_,, n=2,3, -

2> 0,1,1, 2, 3,5, 8, 13, 21, 34, 55, 89, ..

n__ 1_ n
%t-'_*glﬂ=¢ ( (p) , (0=1+\/§z1.6180339887---
J5 2
F 1
sEd: lm—=¢, 1-p=——
n—)ooEq_l (0
('.'1_—¢<1J
®
i R il
lim lim ) —(l—(p)n_1 . o' _ _hm¢ ( (0) ya Y
R (e () R [
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b ]

&= =8/ Programming Guide (3)

[ ——

// [Input]

// x[0]: XAU0l =IH0l= FH9 ofdt

// x[2]: X201 EIHOl= FHO| Aol

// x[1]: x[0] < x[1] < x[2]9 SAIO f(x[0]) > f(x[1]) and f(x[2]) > f(x[1])Q A

// [Output]
// xmin: f& HAZ Ol ddt 0] HOIAL SH St+dt

double GoldenSectionSearch(double *x, double (*f)(double), double *xmin)

{
double TOLERANCE = 1.0e-6;
double f1, f2, a@, al, a2, a3;
a0 = x[0]; a3 = x[2];
if (fabs(x[2] - x[1]) > fabs(x[1] - x[@])) {
al = x[1]; a2 = x[1] + (1.0 - 0.618) * (x[2] - x[1]); }
else { a2 = x[1]; a1l = x[1] - (1.0 - @.618) * (x[1] - x[@]); }
f1 = (*f)(al); 2 = (*f)(a2);
while (fabs(a3 - a@) > TOLERANCE ) {
if (f2 < f1) { a® = al; al =a2; a2 =0.618 * al + (1.0 - 0.618) * a3;
fl = f2; f2 = (*f)(a2); }
else { a3 = a2; a2 = al; al = 0.618 * a2 + (1.0 - 0.618) * ao;
f2 = f1; f1 = (*f)(al); }
}
if (f1 < f2) { *xmin = al; return f1; }
else { *xmin = a2; return f2; }
}
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B

d= =8 Programming Guide (4)

#include <stdio.h>
#include <math.h>

double f1(double x);

double f2(double x);

double f3(double x);

void FindSection(double x_start, double x_delta, double (*ObjFunc)(double),
double *x);

double GoldenSectionSearch (double *x, double (*f)(double), double *xmin);

int main()
{
double init_x = 0;
double delta = 1;
double *x = new double [3];
double *xmin = 9;
double f _min;

//f1
FindSection(init_x,delta,f1,x);
f min = GoldenSectionSearch(x,f1,xmin);

//f2
FindSection(init_x,delta,f2,x);
f min = GoldenSectionSearch(x,f2,xmin);

//f3
FindSection(init_x,delta,f3,x);
f min = GoldenSectionSearch(x,f3,xmin);

return 9;

//f(x)=x"2
double fl1(double x)
{

}

//f(x)=sin x
double f2(double x)
{

}
//F(X)=x"3-x"2+x-1
double f3(double x)
{

}

return x*x;

return sin(x);

return pow(x,3) - pow(x,2) + x - 1;
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=

CI~ Bt~ double (*f)(double *x, int n) EHAH Yist=
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double f(double x);
void FindSection(double x_start, double x_delta, double (*f)(double), double *x);

double GoldenSectionSearch(double *section, double (*f)(double), double *xmin);

double f(double *x, int n);

void FindSection(double *x_start, double *x_delta, double (*f)(double*, int), double **x);

double GoldenSectionSearch(double **section, double (*f)(double*, int), double *xmin);
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. Directional Derivative

@_ :Rate of change of fin the] -direction
X
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. Directional Derivative

— :Rate of change of fin the J -direction
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v/ (x, y)—iw%

. Directional Derivative o
7
i e of change of f in the direction given by the vector U: D, f
A z=f(xy) | | The rate of change off in the direction of X : Zf
! X
1
i The component of g in the direction of U : gcos@
I ox ox
. |
I . N of
1 The rate of change off in the direction of Y : P
' y
e - i af
il i . Y | The component of — in the direction of U : Jf T _o
.............. b ! Oy 2 G0
i - | g
~~~~~~ I
x u : = gsin 0
i oy
of
The rate of change of f in the direction given by the vector U: D, f 6_)/

= +

of o

-~ COS 9 + —sin @
ox oy

(f1+ij) «(cos@i+sinfj)=Vf-u (P>
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. Directional Derivative
-'?a'mple 2
Gradient at a Point

If F(x,y,2)=xy*+3x%-23, find V F(x,),2)
at (2,-1,4).

Solution)

VF(x,y,z)= ai(xy2 +3x° —2Y)i
08

a 2 2 3\

+—(xy +3x"—2z27)j
dy

+ i(xy2 +3x° —2)k
dz
=(y* +6x)i+2xyj—3z°k

VF(2,~1,4)=13i—4j— 48k
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v/ (x, y)—ing

. Directional Derivative 4

Theorem 9.6 Computing a Directional Derivative b
If £ = f(x, y) is differentiable function of xandy and u =cosfi+sinf j
then, —
D, f(x,y)=Vf(x,y)-u )
D, f(x,y)=[f.(x, »)i+ [, (x,)j]-(cosOi+sind j)
=Vf(x,y)-u
Z N\
r
i j g
ye 4
0 u’
x 97
o . SDAL
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. Directional Derivative

-?a'mple 3

Directional Derivative

Find the directional derivative of f{x,y)=2x?3+6xy at
(1,1)in the direction of a unit vector whose angle
with the positive x-axis is w/6.

= (4xy3 +6y)i+ (6)62)/2 +6x)j

V(1) =100 +12j

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods

u:cosé?l+sm¢9j:cosg1+smgj

Duf(lal) ZVf(l,l)ll
:(IOi+12j)-£\/2§i+1j]
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. Directional Derivative

-?a'mple 4

Directional Derivative

Consider the plane that is perpendicular to the xy-
plane and passes through the points P(2,1) and
0(3,2). What is the slope of the tangent line to the
curve on intersection of this plane with the surface
Sflx,y)=4x>+y? at (2,1,17) in the direction of Q?

Solution)
fx,y)=4x"+y°

Vf(x,y)=8xi+2yj
VF(2,1)=16i+2j

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods

})_Q>:u:

1, 1
1+

NCRNE

D,f(2.)=Vf(2])eu

. A 1., 1.
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=92
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. Directional Derivative

-?a'mple 5

Directional Derivative

Find the directional derivative of
F(x,y,z)=xy*-4x*y+z* at (1,-1,2) in the
direction of 6i+2j+3k.

Solution)
f(o,y,2)=xy" —4x’y+ 2z’

)= %(xyz 4y o)

+i(xy2 —4x2y+z)j
Oy

+ i(xy2 —4x’y+2)k
Oz

=(y* —8xp)i+(2xy —4x)j+2zk

V£ (1,-1,2) = 9 - 6j + 4k

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods

DuF(l,—l,z)=(9i—6j+4k)-(gi+%j+3kj

|61 +2j+3K| =7
I oo o o 6,23
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. Directional Derivative

moints 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) =11, (x, »)i+ f,(x, y)jl-(cos@i+sin b j) = Vf(x,y)-u

D f= ‘VfHu‘cos¢ = ‘Vf‘cos ¢, ¢:angle betweenV/f and u
—1<cos¢p <1

The maximum value of D f == D f = ‘Vf‘ ,When cos@=1, ¢=0
U has the same direction of V[’

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

—Vfis the direction of maximum decrease of fat P
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. Directional Derivative

-'?a'mple 6

Max/Min of Directional
Derivative

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

IVE@,-1,2)| =

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

-?a'mple 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

shown in Figure (a) is a mathematical model of the the circular base. Since D,f=comp, V/f; a bicyclist will
. zigzag, or seek a direction u other than V¥, in

hill. The gradient of f & ;
gﬁ)@ V)= ‘{—E\/xz +y?,0<z<4, : order to reduce this component.

where r=-xi-yj is a vector pointing to the center of

the circular ?fse._ }_ 5 /3

X . -y .
vf(xay):_ 1+ J
K N

r

x>+
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. Directional Derivative

I?a'mple 8 VTG,l,l):%k

Direction to Cool Off

- To cool off most rapidly, the mosquito should fly in

Fastest the direction of -1/4k;
] . . 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'(x,y,z)=xyz(1-x)(2-y)3-2)
0<x<1,0<y<2 0<z<3.

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) = (9T(x,y,z)iJr 0T (x,y,z) i+ oT(x,y,z) K
ox oy ox =
=yz(2—-y)3—-z)(1-2x)i
+xz(1-x)(3—-2)(2-2y)j :
+xp(1-x)(2—»)(3-22)k ‘o4

SDAL
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. Directional Derivatives

(x,))

Z /
surface
z=f
a : B
f(x,y)=c
X Surface
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. Directional Derivatives

surface
z=f

Surface
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. Directional Derivatives

> / ’
i i surface
/ ot I

X Surface

increasing
value of [

The rate of change of f in the direction U
given by the vector: D f(x,y)

1

i Dulf(xay) =0

SR -f(R) _10-10 _
PR R,
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. Directional Derivatives

plane
z=cC

i : surface
/ N\ ey 7
: fx,y)=c

X Surface

increasing
value of [

The rate of change of f in the direction U
given by the vector: D f(x,y)

% D, f(x,y) Vs. D, f(x,7)

f(B)-f(B) _f(B)-f(R)
PR, PP,

. B F, is the shortest path between c=10 and c=1
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. Directional Derivatives

surface
/ Tfwn Y

X Surface

increasing
value of [

The rate of change of f in the direction U
given by the vector: D f(x,y)

Vfis the direction of
maximum increase of fat P,
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