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. SLP(Sequential Linear Programming)
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= IO SAHIENA =02 S5 20 M S 84FT
Ot M HI= ZXI(LP problem)E 8= 2,
= OIS S0 e B9 Ui IS HOHEHL T M E
gjIES 10l 2d

x5 = x® L q®
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JHME  HIfol LP problem2Z 2 H 0= A H9| HYl MT
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= MY HI™ 20l (Linear Programming) 2HIE
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[ =XIA M3 H|=IH™ (SLP; Sequential Linear Programming) Gl Xl
- HES RO XA0| Y= A Z0] 0l(1)
ze f(X)=x +x;—3x.x,

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

g,(x)=—x,<0
g;(x)=—x, <0

X5

71 AxEe x? = (1)),

& =¢&,=0.001011, 15%2] &H H2I} .
0 44
3

o8l JHd g, =

AMOIE x = (V3,43), f(x)=-3
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g2, (x)=-x,<0
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(1) P_is mg 1(}‘(‘:-6.) .............................

=HIOIM FO0{& )| ZHOERH

x? =(L1),¢ =&, =0.001

(ii) 4l 2: B 491 Mo XA
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g, (1L)=-1<0 =»HA% XA
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Minimize f(x)=x] +x; —3x,x,
1 1
Subjectto g,(X)= gxf +gx§ -1.0<0

g,(x)=-x <0
(1)H|mei1(ko) ..... 0):(11)8128220 -
(it) Al 3: LP 2HI2 H2A(SHE+E ME2L BiLL.)

Minimize: f(x” +Ax?) = fF(x7)+ VT (x)Ax?  Taylor 352 1MW DA IH &

<

Minimize: f(x? +Ax?) - F(x?) = VFT (x?)Ax"”

0 0
L sv=avvr =[2 2]

CZ(O)
Minimize: f(X(O) +d(0))_f(x(o)) [2x1 3x, 2x,- 3x1] 0) {déo)}

(@) = 2x® - 3x§°))d(°)+(2x(°) 3x1(°))d(0) — x=1,n)HY

|f(d(0))~ d(O) d(O) |<___ Moo} &l 2 X sta
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Minimize f(x)=x]+x; —

1 1
Subjectto g,(X) :gxlz +gx§ -1.0<0

g,(x)=—x,<0
.................... e T
(1) 85 dF™8 1(k = 0) x© =(1,1),¢ =¢, =0.001 ’ |
(iii) EHHI 3: LP 2HIQ HO|(MI%ZHS M} ot} A e s

Subject to: g;(x"” +Ax") = g, (x")+Vg " (x")Ax? <0; j =110 m Taylor 2

ngT(x(O))Ax(O) <-g; (x?); j=1tom

OF X A+
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g,(x")& olgotH

o 1AFRZ (MY Tt 11dst

‘Ax(o) d".Vel =| 2 2, Vel (x")ax” = g (Ax") = (@)

Subject to:

& (19 1) — _%
g, (L) =-1
g,(1,1)=-1
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I 1
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(Linear Programming Problem)

Minimize f(x* +Ax®) = f(x*)+ VT (x*)Ax® Byo T 0

Subjectto | . (X<k> + A= (x(k)) +Vh (x(k) AxH) =

,] =1top
) ) ) Taylor 9| 1Xr2h(M
g](x()—i—Ax( ') = g](x( ))—i—Vg

dioh ol et 53 HY X2
(x (k))Ax(k) <0;j=1tom
Taylor 249] 1XIZH MBS TSt HES FI X
A (k) (k) (k) (k) _ (k)
OIIM, f=/f(xX" + A7) = f(xX), e, =—h,(X7), b, =—g,(x"),
(k) _ (k) _ (k)
¢, =0f (x"')/0x;, n; =0h (x")/0x,;, a; =0g,;(x")/0x
d, = Ax," a1 Jr=ots
: Matrix form

Minimize j;ZZC,-d,- :

. T ,
Minimize f =¢ (lxn)d(nxl)-klw%ﬂ

Subjectto » n.d, =e;;j=1to p Subject 1o N' () = €y’
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SZ g x4
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. A (mxn)d(nxl) — b(mxl) HES o XA
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Ml x| X9}

=

=
g 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
Hle XA ol o2 h(x)=x,+5x, =0 | h(x)=x +5x, =0 g(x)=— x1+6x2—10<0
(OlIAID g(x)=-x, <0 g(x)=-x<0 2,(x)=—x, <0

Penalty FunctionO =
s & = AL
olHpoZ
Ny ):||§.|

® M A
- Hooke&Jeeves
- Nelder&Mead

S M8

- Penalty Function"&
Z HEct2 g 1

dot 2 HiMe Z=2t 2

- Simplex 9t
(M A

@ Gradient 9

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

S JHNE SMEE &1,

- Steepest Descent'='“=H4 =4,
EE" -Ix-lxﬂi IIOHPD:IAI._II:_ E':'E“ (ConJugate Linear Programmmg) | I-IO"A-' EI'A' A"&I ):"gll
E e

S EY | Gradient ) 2K A =HE ¥= S&
- Newton 85 (Quadratic Programming) | . I A}g} HHtH - sQp
- Davidon-Fletcher-Powell(DFP) 2K HIE 2HPPE 2A18)
S S JHME EHNE 3T,

- Broyden-Fletcher-Goldfarb- O MOIM CHAl 2K AR 2

Shanno(BFGS) di&d5) HE == uy

XA X|A™ | Genetic Algorithms(GA), Simulated Annealing, etc.

of

1) Penalty Function
Mo XHO| HUHES
ol gt

Ul'f'_\

2 X SkA

Hil SN g+

AL
+HE =5

ri
Ja

2) ¥ A= =M

(Linear Programming Problem)
SHOIA: 1k} HA

HI 57" 1 g 5'“

SHBER: 2k} HAI
Iil ?E"' 1K g4

3) 2K HIE EXi

(Quadratic Programming Problem)

4) Gradient 9 =
89l 11} UI-E- oS

adol=s %

5) Gradient W =

&2 24t DIENHXI
11d{ol= 84




| &=XI™ 2K} HI= 8 (SQP; Sequential Quadratic Programming) il

v CSD(Constrained Steepest Descent) 9

21 HIE 2HI9 "9

-2 gt A WAl

| Hio EH: 1%} S

s =X 2K HI= '’ (SQP; Sequential Quadratic Programming)

e O HIHO SHEHNUM F0HE SX A2 M THS 2t HI=
=HI'E A= 2, 01 EOHH Y LS (search direction) dWE 71&
e @ HI% ZHO HUMSE AcH 5H S0l 42t =3 = SH 220l

2

=

St=; Descent Function)& X|A910l= XA 9| 0|5 Hdl(step size)
o, 8 1XIH EM 2 ((f]: 2FEEE)S 012010 &0 H U2
dids 1

@ JHME AHI™EWA TIAl OF TS0

= OlXH HI”™ 2H:l(Quadratic Programming) 2X|
O =X (Sequentia )2 F E0 X MHE FA0l= &

Al

2

O

m CSD(Constrained Steepest Descent) S
e SQPO| 2F0ILL.
e 2XH HIZ EXIE TS W, 2K} O|F aX0fl 0 S0l= Hessian Matrix&
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Identity Matrix® J}PABLHCL.
Pshenichny@| Z0} 8t4=(Descent Function)E AI28HL.
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JHEOD| 20 S& St 28
oot S BYOZ 2 AR HL
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- =H oe: 2} WA
-HIS EH: 1k WA

UHA 1
STH AHZIA
2XH HI™ 2Xl(QP) 2
2 A3t StCt.
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Penalty FunctionS

X 0|8t & EHM HisFO 2

1XHA &4 F ¢°o“6l01

S Halg ZHDICL

- Penalty Function:
Mgt ZH| AHES A SH a0 @st
AX-IE] EI-I 6I¢

Iil°' A0 SHIE HIH AN 2HE B2
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ST A TE Mot x4
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2% HIE 2HI9 "9

[ (A= H st4)) i

=1 aT I

- Mk =4 1 X4

OE20] HQ Hessian MatrixS | sagsgy
v Identity Matrix=® J}A0IH SA&I 22

) —
QP 2HIC| MO|(2xoIxE 24 HAICF 2 AR} BiLL.)

EHAH 22 (d0)Z 2FHOP| HOIH F0E EME
21k HIE 2HIE 2 A9} St

A0 T ALY = OTF

Taylor 29| 2XI2HHX
Minimize: £ (x® + Ax®) = £(x@)+ VT (x?)Ax® +0.5Ax O HAX® 2hn m i o

Minimize: f (x'© + Ax?) - fF(x) =2 VT (x)Ax"” +0.5Ax " HAx”

Ax® = © vfT |:6f o ] H=1 (CSD WH | M= Hessian MatrixS

a, | Identity Matrix® J1AEhH

(0)
Minimize: [(x® +d9)— F(x®) = {af i} {d }o S +dO%)
(0)

ox,  0x, | | dy”
b of (x”) of (x'”)
FdV)y2 240 +7—2d? +0.5(d" +d{"?)
Ox, X,

M OB AP ARe,Z AP

F@M) = d® +c,d” +0.5d"” +d{"?)
210 S A} 22 WEHOILL.

2 2
Ol WHA: X +x;, +¢x, +c,x, +¢; =0



[[ 1812 SHAO| MM XA
131I e XH®M)

- HEJPOILL ), SAUS IR EL TAH: '(x )=0

pf) ZOIXI & x OIM /v HIZH 2= 0121t 2Lt

L LH]'III%*(Eemainder)
: x7t x Ol 20l
INNH 1 40| S &S

@ =)+ (30N +%f"(x*)d2 ‘R
S ko] WalE f(x) — f(x ) =Af(x)

Af (x) = f'(x*)d+%f"(x*)d2 +R
SDAL °
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2] 284 0| HIY 3 Ml (Taylor Series Expansion)(1)
JE#%Tfﬁb%ﬂmmmmCQJJWMJWNHHWM
%)
f(xlaxz):f(xlﬂx2)+ai(xl_xl)+l('x2_x2)
X, X,
1{06° 0° . . 0 .
5(6 f( 1) —f(xl — X, )(x, _x2)+—{(xz_xz)2j+R
.xl 1 X x2
—xﬁ] —Bi?(xl—xmax:él(z— 2>fafgcz(l—x;")+azg(xz xZ)M
& &S]
, ox; gﬁxlﬁxz X, — X,
R ETaN, Lx}
| Ox,0x, | ox; |

) ()

v v
f(x)= f(X*)+Vf(X*)T(X—X*)+%(X—X*YH(X*) (x—x*)+R

(X:(xlaxz)Ta X =(x,x,

2x2 Matrix9] ¥4




. CSD(Constrained Steepest Descent)

B 4
Minimize f(x)=x+x; —3xx,
1 1
Subject to g,(X) = gxlz +gx22 -1.0<0
g,(x)=-x<0
g;(x)=—-x,<0

X A=Ee xY =(1,1) olat A

(1) 45 k™ 1(k = 0)

() S 1: S S0} MO XA Zho HIA
S =~1
gL =-3<0 » Mot £ Bz
g (LD =-1<0 » H% ZA 85
gL =-1<0 » Mo XA otz

a2 0128 Z0] 0fl(1)

XM= x* = (V/3,4/3), f(x) =3




[ i HiH 2 e
CSD(Constrained Steepest Descent) S E = (=M gt 2% B

S HI ZA: 1K HA
o|2et 01 0l(2)
MRgize /(x) = x; +x; 333,

1 1
Subjectto g,(x)=— xl+6x2—10<0

g, (x)=—x,<0

(if) EUH 2: QP --HIQI o5+ 241

EHAH WeF(d0)Z 2O HOIH F0X EME
21X HIE™ 2HE 2 AR} St

Taylor 29| 2X1&)

Minimize: f (X' + Ax?) - f(x) =2 VT (x)Ax"” +0.5Ax " HAx"”

0) _ 3(0) ¥ ¢ (CSD HHOIAM = Hessian Matrix&
A =d®, vf! [ o ]’ H=1 |dentity MatrixZ J1&Eh

d(O)
Minimize: f(x© +d?)—- f(x?)= [2x,—3x, 2x,-3x L«» Lj }0.5(611(0)2 +d{"?)
2

7@9) 2 (230 ~3x)d© + (260 ~3x)d +0.5(d"? + %)
f(d(o)) ~ (0) (0) +0.5(d1(0)2 +d2(0)2)
IXIIER] 2AIOHDH 2 z.*ﬂ 2XHSHIK] SALSHS 25 o

AL
=1 aT




[ i HiH 2 e
CSD(Constrained Steepest Descent) S E= (=M gt 2% B

- RIS XAH: 1K HAS
v o|2st =0] 0l(3)
) —

Minimize f(x)=x] +x; —3x,x,

1 1
Subjectto g,(X) :gxlz +gx§ -1.0<0

g,(x)=-x <0
.................... &= =0
(1) 815 1H8 1(k = 0) x© =(1,1)
(ii) ZHl 3: QP EMIQ HOMLEHE L& 7t StL.)
EFAH Hisk(d0)Z ZA-0)] /1010 =0 E SHIE

21 HIE EXZ 2 AR} S

Subject to: g, (x” +Ax") = g (x”)+ Vg (x")Ax” <0; j =110 m Taylor 2 1XFMES) B 112 ot
= orxAH
L )= ool NISE
ngr(x(o))Ax(O) <-g; (x); j=1tom

' MV =d",Ve] = 2] Vel (x")ax = g, (ax”) = ¢ (@)

— | (0)
Subjectto: g (d"”) = B X LX) ] {Zl } =14 +14\" < %
I

— |
2,[d) =5 -4V <1

ah=—1 JAL *
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| o 2Kt HIQ?HIQ ’gAQI
; CSD(Constramed Steepest Descent) SIS ATy

0123t Z0I 0ll4)
(iM’s: QP SHIO| S0IE ST £ Wekd0)0| AH

Hiet x| X9t 26l (2A1= O &) 2XH Al 2
Minimize f(x)=x] +x; —3x,x, Minimize f =(-d,—d,)+0.5(d} +d?)
. 1 1
Subjectto g, (x) = gxlz + gxzz -1.0<0 Subject to %d + = d2 < 3
FAD=-LgA)=-3, _
g2, (x)=—x,<0 e L) =-1g,1)=-1 dl =1
g;(x)=—x, <0 Vf = (-1-1.Vg, = (3.9, -d, <1 071N,
Vg, =(-1,0),Vg, =(0,~1) dl =X -1, d2 =X, -1

Lagrange St Kuhn-Tucker 2Q XH: VL(d,u,s)=0

L=(~d —d,)+0.5d?+d?) adl— ~1+d, +u —uy =0 X%;aus;ma
u :(ul,uz,u3)=(0,0,0),

+u1[%(d1+d2_2)+512] adz =—l+d,+3u-u; = (0)
+u,(—d, —1+52) 61 :é(d +d, 2)+S1 =0 S :Ef)plsilfjl)l 414),
+u.(—d —1+S2 ________________
3( 2 3) 8u2 —d —1+S2 =0 d(O)_(dl,d) (1 1) i
Lo g 14s2=0 """‘eﬁfu?é:()f
3 7=II-IE|

% =U;S; = 09 u=2 Oa [ = 19 293 ) MY ZE MM = Slmplex HItH =
’ ENLEELER




' 2Kt i 2ROl Hol

| CSD(Constrained Steepest Descent) S U= ot on B4

SRS XA 1K HAl
OIQ‘sl =0l OII( )

a
[I2 WS Sol0] AXOl IS HalE 7oL, -z

! 1 ]

T, =X/ tx7-60=0

JHME  TEI{ol 2X1 HIE S M= H 1ot §4 415} v IR T >
MAE  AAH S N X
F' d u(O):(ul’uz’u3):(ansO)a
> mn d” =(d,,d,))=(L1)
Find o, : Minimize f(X()) =f<X(O) +050d(0)) = (o)
FOHZ =H %'-?‘__’_ DoGivene

EHA H1Shd0) 0] FNFL, 0] WUOT SHS g2 NAZ Ot= IS HAES 70

a OO0 —-L

-1 OO
HAE SHEO HIYXZHE F{UHSH.

Mt HIEE A AUl 24 S PenaltyE FII0L01, S & 8= at0ll dBtCE. (Penalty Function)

HIXZHE U0 SH 8= a0l AXIEE, 24
compute] HIZFZEHE AHAUHOIX = BMANM S 8= a0l X2t K= 8 HE = UL |uwomioniar




r f(x)=x] +x; —3x.x,
| CSD(Constrained Steepest Descent) S¥HH S el Lo 0<o
1 6 1 6 2 =
»012¢et =01 0l (6) £, =5, <0
B ST
ME2 SX3t4:0| MO| (Pshenichny©| 240} Btsx) M Z2 22 2 =x eyl do 258 = ol
O(x) = F(x)+ R, V(X)) ke opz 2nsivls B0 wm g2010)

Vix®)= 2 M =2 Al ak01Ct
Vo o0 IHU ?E*S &*EE M x2S 25 OEE0HE 0] a2 o0IT

V(X g29 9gm
R,2 2 S+ M & WIH B==0ILt. (Penalty Parameter, Z=J|0 AFE XI0 2001 SAIS).

R, = max {RO, r(= i‘vi(k)‘ +iui(k))}
_V\ i=1 i=1

ST E Lagrange multiplier@| &t
(v) SHl 5: & &] 0HIH ¥ ROl A& (= 01I11I0|IA1 XIACE R=102 JP‘"”*U)
u® = (u,,u,,u,) = (0,0,0)012 7, = “‘)\+Zu(") 2EE 7, = Zuf") =0
MM R, = max{R,,7,} = max{l0, O} =10 -

I-IJ
rin
> &
12
ve
ry
mo -
ra
I
(=
2
(=
£s
rlo
o




1 CSD(Constrained Steepest Descent) &
»0|2et =01 0l (7)

X EHE )l B RS2 0120
ST g0)O= 210} A8 FIA0 OIS
NAE A A

O(x") = f(x)+R, -V (x")
=x" +x; —3x,x, +10-V(x")

V(X(k)) =max{0, g,,g,,8;} ,(k=0)

lm o f(X)=X12+X§—3X1X2
== Lo, 1o
gl(x):€xl +gx2—1.OSO
X) a g,(x)=-x,<0

- CSD 2112lE2] kHIH H5 ke LHOIM
1XH B = 28 g 8)E S0l @

1 KH B Ol 22
g SiCt.

- [[t2tM CsD 12| E9] tt
1A A &g 28)

C=it 201 #)] ettt

=
= oty

Hi=

gr= kS LHOILA

C et )

CSD 11d|E2] kKM
1X19] EHMEH O] HE=

. 2] EHAMH()
x&D —x® Lo g® 1XH §40|

T (k, J)T
1XHE 2 HOIM = BB %3

|_O I_EI'

[IIII':“ (k) Ptk B2

au s

CD(X(k’j)) Zf(X(k’J))-l-Rk -V(X(k’J))
_r
1X13 &4 WOlM Xl 85

= A

—_ -0

0.0



f(x)= x12 +X§ —3x,x,

[ CSD(Constrained Steepest Descent) B S g =1x L 10<0

r018¢et =01 0l (7) X (9= <0
(i)l 6: 1K1 S4E (0ll: = Z2E)E 0180101
g4 B (d0) 2= L0l & HALL Ol
HYE SAE Al )

0 X(k’j)) Zf(X(k’j))‘i‘Rk 'V(X(k’j))
=x, + x5 —3x.x, +10-V (x*7)
V(x*")=max{0,g,,g,,85} .(k=0)
(k,)) — (k) (k)
XU =x" 4o, d !

ki CSD 2TTIZ0| kY b= aps
x*7) » gia = B
=g WOl J._JIH Hi=s A

X =x +a,  -dY =1,1D)+0-(1,1)=(11)
q)(x(o’j)):f(x(o’j))+R0-V( X)) =-1+10x0=-1

where, V(x*"") = max{0, g,(x""), g,(x*”"), g, (x*")}
= max{0,-2,-1,-1}=0




f(x)= x12 +X§ —3x,x,

[ CSD(Constrained Steepest Descent) WHS el o<
ro1get =01 0ll(8) % £~ <0

oSG (1) Ery

(Ol: 23 238)S 0120101
EH BISE|0)O 2 20} S8 A3t Ot
NME SHE HA |

CD(X(k’j)) 2l f(X(k’j))+Rk 'V(X(k’j))
== xl2 +x§ —3x,x, +10-V(x(k’j))

V(X(k’j)) =max{0, g,,g,,&;} ,(k=0) 2

(k) = (0 +06(k,j)d(k) 7 R SR

g oo (b D g =x7+x7-60=0
) gy DT IOl A ¥ L=
X 212 2 O] M) BE IR R RTIITR .

>

sauger: d,= (L) k=0, /-1 .
o, =0.1 2 JrEoter,
X =xO 4 g -d® =(11)+0.1-(1,1) = (1.1,1.1)
@(X(OJ)) _ f(x(o’j))+R0 -V(x(o’j)) =-1.21+10x0=-1.21

where, 1 (x™) = max{0, g, (x"), g, (x"), g,(x ")}
=max{0,-0.57,-1.1,-1.1} =0

*Qu ) O] XN &k 0.12 A2 XDt MOo|sH 240I0, TIE 2 (0ll: 0.5)C = J1AE £ ULt



[ CSD(Constrained Steepest Descent) S S

ro1g¢et Z01 0l (9)

oG 1 Xpe e 0l P2 SE)E 0120101
ELY BIBY(0)O = 210} SIAE X|A O} OF=
MME MHIE HA ;

CD(X(k’j)) 2l f(X(k’j))+Rk 'V(X(k’j))
=x, + x5 —3x.x, +10-V (x*7)

V(X(k’j)) =max{0, g,,g,,&;} ,(k=0)

(k,)) — (k) (k)

P X0,0=(1, 1)

>

f(x)= x12 +X§ —3x,x,

1 1
g,(x) :€x12 +gx§ -1.0<0

g,(x)=-x,<0

X(2)=(1.262, %@)

@
@ ou(L N

k.j CSD MMl 1H-g0| kKHIY Hi5 b
x 1) »
23 23 O] jHI U
EIAHHISE .
a

10O . do =(1)

, =0.1+1.618(0.1)=0.2618 &
X =xO g -d@ = (1,1)+0.262-(1,1) = (1.262,1.262)

-1.21
O (x) = f(xO7)+ R, -V (x®7) =-1.592+10% 0 =—1.592 .1 50

where, V(x'*) = max{0, g, (x'*"), g,(x*?), g, (x*?)}
— max {0,-0.469,~1.262,~1.262} = 0




[ CSD(Constrained Steepest Descent) S S

ol2st =0] 0ll(10)
oS : 1191 S (O 2T Sere)E 012010
5

EFAH HISE((0)O F 20} St }Jz;l
JHt‘E A'IJ:"I'l J:“AI-
o(x"N) = x5+ R, -V (x5

=x, + x5 —3x.x, +10-V (x*7)
V(x*")=max{0,g,,g,,85} .(k=0)

(k.J) — (%) (k)
XU =x" 4o, d

x2 A

A xoa=(1.524,1.524
ho=(1262, 1.26%

>

f(x)= x12 +X§ —3x,x,

1 1
g,(x) :€x12 +gx§ -1.0<0

g,(x)=-x,<0
(X)) ==x;<0

() gy SO, Tl ) w1 1

(=X ==

A, =0.1+1.618(0.1)+1.618%(0.1) = 0.5236 & UY
X =x 4, -dY =(1,1)+0.524-(1,1) = (1.524,1.524)

O (x) = f(x )+ R, -V (x'*) =-2.321+10x0=-2.321 _50

where, V (x*") = max{0,g,(x"*"), g, (x*"), g;(x*)}
= max {0,-0.226,~1.524,~1.524} = 0

-1.21

-2.321

o

A

: T |
0.0 0.1 |
0.2618



[ CSD(Constrained Steepest Descent) S S

() =x+x;
1 1
g,(x) :€x12 +gx§ -1.0<0

—3xx,

2=5
g Olgﬂ' EOI 0“(1 1) X5 2, (X) = —x, <0
' S X==x<0
(vi)"=Al 6: 1K1 S8 0. B3 =28)E 012010
EFA HISH((0)O 2 20} BI4E %43} Ol
HAE SAHIE HIL ‘7
k,j k,j k,j
d(x' J)):f(x( J))-I-Rk'V(X( J)) 7
2 2 k,j
=x, + x5 —3x.x, +10-V (x*7)
V(X(k’j)) A maX{O, g13g27g3}:(k=0) 2 _X(o,s):(1-524’1-524 f=-3
. ¥4.=(1.262, 1.262‘
<oh) — x5 a, j)d(") 1
(k N » CSD MAl abA O] k™Il Y= 1t
g3 B WOl jHm Hs 1k
st d, =(L1) k=0, j=4
CDA
A, =0.1+1.618(0.1)+1.6187(0.1)+1.618°(0.1) 1
’ & -1.154
=0.9472 -1.21
_ -1.592
x) =x0 4 Q. d9 =(1,1)+0.947-(1,1) = (1.947,1.947)

O (x )= f(x*)+R, -V (x®") =-3.792+10x0.2638 = ~1.154

where, V(x**) = max {0, g, (x*¥), g,(x*), g,(x**)}
— max{0,0.2638,~1.947,~1.947} = 0.2638

-2.321

o

A

: T |
0.0 0.1 |
0.2618



roiget Z01 0ll(12)

(vm 1XIA

o S 0. 23 2e88)S 0120101
EFAM HISE((0)O F 20} SHAE XA D) Ol

o
A

=0 ()
HEE SHE AL

0,2 0,4
= ® x% x"YAl0|1E w2 2aHE 0|2010]
2101 Bt 240 XA D} ElE a, E oM

a, =0.732 7} =L
XV =x?+q,-d?” =(1,1)+0.732-(1,1) = (1.732,1.732)

f(x)=r(1.732,1.732) = -3

T

1 CSD(Constrained Steepest Descent) &

() =x+x;
1 1
g,(x) :€x12 +gx§ -1.0<0

—3xx,

x2 A

g,(x)=-x,<0
g, (X)==x,<0

s =(1.524,1.524
L=(1.262, 1262‘

0. JHIME dHEE AA2EE,
A

1. OAL JHME &

2%t HE ERHZE 2AKs0H,
2. 2 HI2) ERIE E0IM £ wekd)E Hot 5,
3. Penalty Functionill 2 ESHE 01S010] &4 Ha| o S
AN 2,
4. JWNE SNES B
(X Z2: T, &M wet 40| Ik € WO A
EHuS | BiC)

———t
A 0001 |
0.2618



[ CSD(Constrained Steepest Descent) B S

|95* =0l 0||( )
(Mn

(i1) SHl 2: X|H -.-IHH HISF A a2 HlLt
0IF BHHESE
= (1.732,1.732)
f( i ) £(1.732,1.732) = —2.999824

Minimize f(x)=x +x; —3x,x,
1 1
Subjectto g,(Xx) = gxlz + gxzz -1.0<0

g,(x)=-x<0
g;(x)=-x,<0

= 2,(1.732,1.732) = —5.866x 107 » HI% XA D=

V= V( U) max {0;—5.866x107°,-1.732,-1.732} = 0

oHm,

Vi(x") = (2x, —3x,,2x, —3x,) = (-1.732,—1.732)
Vg, (x")=(tx,,1x,)=(0.577,0.577),Vg, = (-1,0),Vg, = (0,-1)

SDAL  *

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods hﬂp maed Ship Desl g Auta mation Lab.



f : HIH S RSk iy
1 CSD(Constrained Steepest Descent) S &= ROl o8, 1 8

01=2et Z01 0l(10)
(NI 3: QP SRIO| ZO0IE S St wokd)| 2

it X &9t ZH (Z2A12E O ) 2K HI=™ 2.
Minimize f(x)= x; +x, —3xx, Minimize 7 =(-1.732d, —1.732d,) + 0.5(d> + d’)
Subject o 2,(X) =~ x> + 132 ~1.0<0 Subject to 0.577d,+0.577d, <5.866x10°
6 6 £(1.732,1.732) = =3,Vf = (-1.732,—-1.732) —d, <1.732 oI
g, (x)=—x,<0 2,(1.732,1.732) = -5.866x10~°, Vg, = (0.577,0.577) —d, <1.732 d =x —1.732,
X)=—x <0 2,(1.732,1.732) =—1.732,Vg, = (-1,0) o
& () : 2,(1.732,1.732) = —1.732,Vg, = (0,-1) d,=x,-1.732
'@ Kuhn-Tucker 2 XH: VL(d,u,s) =0
SEA X0 E 201
Lagrange S | = _1.732+d, +0.577u, —u, =0 1 4 — (4.
1 ! - 1>%2
fa5G:117324, —~1.7324,) L= _1.7324d, +0.57Tu, —u, = 0 _(5.081x10°.
2 2 1
+0.5(di +d;) 2L 20.577(d, +d,)-5.866x10° + 57 =0 5.081x10°)
-5 2 1 :
+u,[0.577(d, +d,)—5.866 107+, | g 173245 =0 u® = (u,u,,u,)
—d, - 2 v ~(3,0,0
+u2( dl 1.732+S2) : §TL=_d2_1.732+S§=0 " ( )
+uy(—d, —1.732+53) 4 §7 = (5,5,5;)

oL __ — T —
& =45, =0,u20,1=1,23 ) =(0,1.316,1.316)



[ HIHS S aar
CSD(Constrained Steepest Descent) S &= R0t 2ar X

OI%‘.’J =01 0l (11)
W
(iv) Bl 4: 8 J1Z2 HE
d" =(d,,d,)=(5.081x107, 5.081x107)

flio
2
I

14 =+/(5.081x10f +(5.081x10f =7.186x10"* < &,(=0.001) 0122 & J\z
(iv) 2H 5: B&

XM= x" = (+/3,4/3), f(x) =—

OII} Lagrange multiplier=
u =(3,0,0), s =(0,1.316,1.316)

OF)I

SDAL »
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r
| [R92F] CSD(Constrained Steepest Descent)

' Pshenichny9| Z0} &=
Minimize [ (X)=f(x;,%,,"*,x,)
Subjectto h,(x)=0, i=1...p S

g,(x)=0, i=1,. =

PshenichnyO| Z0t 8t  mo xz10 snze 2 = a40 g2t 288 =5

O(x) = f(x)+ R, -V (x™) ke opz 2az0r: 1E
Vx®)ye 2 HI2F = bl 2401t

0>|
10
[
I

i

SEUAM2

rxE ot IAHU E2 ?u‘QE M XHE 25 OESE0HE 0] a2 001t

V(x") = max {0;
RS UO| M)\ HZ IlHJH E’-FOIEI (Penalty Parameter, ZJ|0fl

R, max{ AC (k))}

_\ Lagrange multiplier©| &t

MEL o] Z2X

Sl dAHIEEL 20t 22 atE U A= ME2 &AHldE Usi 20

X(k+1) X(k)+0£k d(k)
= smel T Lok ng ensel po e we

S QHE 1XHR! A (O B2 2YH)S 0]

ol

HA
gzo"’agm} » D= Ho

OL0{ HI&BH 01 Hdl(Step Size)



f(x)= x12 +X§ —3x,x,

[ [&}111CSD(Constrained Steepest Descent) S8 0| A oL 1o<o
23 28 & Descent ConditionZ AI(1/4) ) 20

. = g}(x):_xz <0
TR =
EPAY BISE((0) O 2 210} S48 AIAD} O
HAME AHIE KA N

q)(x(k,j)) =] f(x(k,j)) +R, .V(X(k,j))

3
= x12 +x§ —3x,x, +10-V(x("’f))
V(X(k,j)) = max {0, g gz,g3} ,(k=0) y
X(k’j) :X(k) +t(k’J)d(k) Y
(k.J) » CSD MAl h&O] kI HiS npH
X Descent Condition &} LHgl JEHIY Y= aps | | | | ;
d, =10 x> (LD, 1 2 3 4 \ g =0 NI

where, i, =y |d®[ =0.512 +1*) =1
O(x )= f(x0)+ Ry ¥ (x V) ==1+10x0==1 o
V(x*”) =max{0,-2,-1,-1} =0

J)




[ [ZF111CSD(Constrained Steepest Descent) S8 0] Af
&2 S8 A Descent ConditionE AL2(2/4)

o B : 1 %12l (33 22 S 01S 010

SarS S (de ))o_._ Yol &= % A9t Ol=
MY SAHE AlM ‘7
q)(x(/w)) 2l f(x(k,J))+Rk 'V(X(k’j))
2 2 k,j
=x, + x5 —3x.x, +10-V (x*7)
V(x*") = max{0,g,, 5,83} .(k=0) 7
x5 = 0 +t(k j)d(k) 1/

(k,j) » CSD M| DX O] kI HH= ppd
X Descent Condition WHO| j¥Il Ht= 1bH

| — 827

f(x)= x12+x§ —3x,x,

1 1
gl(x)ZEx12+gx§—l.O£0
g,(x)=-x,<0
gX)==x,<0

tatS 156 WO S0|BN [} AlS BIE0H= JS 3=0L I
k




[ [ 11]1CSD(Constrained Steepest Descent) B O] A f@=ntn 35,

g,(x) :€x12 +g)c2 -1.0<0

23 28 & Descent ConditionZ A (3/4) () <0
- (X)) ==x, <0
B s 1xpe) ue @3 S S 018010 )

EFA4 HISH(J0)O 2 210} S48 HAY Of=
MY SAHE AlM ‘7
CD(X(k’j)) 2l f(X(k’j))+Rk 'V(X(k’j))
=x, + x5 —3x.x, +10-V (x*7)
V(x*") = max{0,g,, g,, 85} .(k=0) 7
x5 — x(F) +t(k,j)d(k) '\

(k.,j) » CSD MA| MtAEO] kI U= 1A
X Descent Condition LHO] jHIH Hi5 1A

| — 827

(3S 159E WO SOIBM (1S A2 HE0I= B2 &=L X
=S CD(t(O ))S—l—t(oj):_15 k=0, j=1
to. =0.5¢

X" =x@ 4 0-dY =(1,1)+0.5-(1,1) = (1.5,1.5)

0.))) — —
D (4,))=f(1.5.1.5)+R, -V (x*)=-225+10x0=-2.25
where, V(x*/") = max{0,-2,-1.5,-1.5} =0




r
| [&t11]CSD(Constrained Steepest Descent) SHE (| A
&2 E8 A Descent ConditionE Al2(4/4)

| —
Descent Condition2 0|2010{ &2 0| HlQl
ASZSHE 012010 &2 0I5 Hele AlzE OG0,

HAME EMAHO| XL ME S2bXAl &I,
0I= 2I0t01 QP ESHI=

A0} OFs HiE 1T} SRR

S(X) = x7 +x; =3xx,
1 1
g,(x) :€x12 +gx§ -1.0<0

g,(x)=-x,<0
g, (X)==x,<0

/g2:0

[ g e RS — o —

Ilﬂ E“““*OE HI**"’* OI% HelJt

PEZ (IMIMIM Descent Condition2 AI20IH

- FEAXHE SAE WOl Al U5 S-= 13010
- 1K @MY O = H&t 0I5 Ho AX A=

HelJt 4D I l[H--OII S 2089 QP 2AIZE SOl

S
ANEES SAL

i




![’é-*ﬂ] 2t 28I Descent Condition 9] Hlul (1)
W
Minimize f(x)=x +x; —3xx,

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

I'-I

gz(X) =—x =0 X,
g;(x)=—x,<0

AHMOE x = (V3,43), f(x)=-3




,[& ]

-III

_— =

MImize: f(x)=x+x2 —=3x,x,

Subject to:

B 11} Descent Condition SHHO| Hlul (1)

g,(x )— x1+ x2 —-1.0<0
6
Solution: x=(~/3, V/3), f(x)=— g:(X)=—x, <0
g;(x)=—x,<0
%712t py QPEEF_‘QIE}?J 1&};’;1:?*1—.“33 Local Optimum Optimum
di= 2= di= 2= 58 Point Value
r=0.0 19 19 (1.732, 1.732) -3.0
Descent r=0.1 19 19 (1.732,1.732) -3.0
(1, 1) Condition r=0.5 19 19 (1.732, 1.732) -3.0
r=0.9 19 19 (1.732, 1.732) -3.0
ga=H 1 62| (1.732, 1.732) -3.0
r=0.0 35 85| (1.732,1.732) -3.0
Descent r=0.1 36 52 (1.732, 1.732) -3.0
(0.1, 0.1) Condition r=0.5 29 44|  (1.732,1.732) -3.0
r=0.9 44 124| (1.732, 1.732) -3.0
g2==8H 1 38| (1.732,1.732) -3.0
r=0.0 18 18| (1.732, 1.732) -3.0
Descent r=0.1 18 18 (1.732, 1.732) -3.0
(1.5, 1.5) Condition r=0.5 18 18| (1.732, 1.732) -3.0
r=0.9 18 18| (1.732, 1.732) -3.0
ga=2d 2 68| (1.732, 1.732) -3.0




[Et1] &3 28¥ 1 Descent Condition 29| Hinl (2)

I'-III

Mmize: F(x,x,)=x —x, +2x] +2x,x, + X,

Solution: x=(-1.0, 1.5), f(x)=-1.25

%712t Hapt QPE ARt 1A 84 2] | Local Optimum Optimum
His sl s 2= S8 Point Value
r=0.0 39 59 (-1.0, 1.5) -1.25
Descent r=0.1 38 58 (-1.0, 1.5) -1.25
(0, 0) Condition r=0.5 41 67 (-1.0, 1.5) -1.25
r=0.9 60 127 (-1.0, 1.5) -1.25
ga=H 17 329 (-1.0, 1.5) -1.25
r=0.0 40 63 (-1.0, 1.5) -1.25
Descent r=0.1 40 63 (-1.0, 1.5) -1.25
(1, 1) Condition r=0.5 40 66 (-1.0, 1.5) -1.25
r=0.9 72 194 (-1.0, 1.5) -1.25
ga=gl 17 282 (-1.0, 1.5) -1.25
r=0.0 35 55 (-1.0, 1.5) -1.25
Descent r=0.1 35 55 (-1.0, 1.5) -1.25
(-1, 2) Condition r=0.5 37 61 (-1.0, 1.5) -1.25
r=0.9 66 177 (-1.0, 1.5) -1.25
g=58H 18 299 (-1.0, 1.5) -1.25




[

[EH1] &2 28Y 1t Descent Condition W O] Hlul (3)
W

Minimize
fx,x,)= —[25—()61 -5)° ~(x, _5)2:|

Subject to
g,(x,,x,)=-32+4x, +x22 <0
g,(x,%,)=-x<0
g,(x,x,)=x,<10
g4(x;,x,)=—x, <0
g:(x,x,)=x,<10

Solution

x, =4.374,x, =3.808, f(x, ,x, )=—4.815

SDAL “
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hp/l sdal.s



[Et1] &3 28# il Descent Condition 29| Hinl (3)

I'-III

Mrmize: f(x,x,)= _[25 —(x, —5)" = (x, —5)2] Subject to: g,(x,,x,)=-32+4x,+x,° <0
2,(x,%,)=—x<0

Solution: x=(4.374, 3.808), f(x)=-4.815 & (%,%) =x <10
g4(x,x,)=—x, <0
gs5(x,x,)=x, <10

%712t pe QPEEEQE}E} 15}}3 :T*i—.“ ,I.:H&I Local Optimum Optimum
di= 2l di= Sl S8 Point Value

r=0.0 22 23| (4.374, 3.808) -23.188

Descent r=0.1 22 23 (4.374, 3.808) -23.188

(0, 0) Condition r=0.5 22 23|  (4.374, 3.808) -23.188

r=0.9 22 24| (4.374, 3.808) -23.188

ga=H 590 13,509| (4.374, 3.808) -23.188

r=0.0 15 22| (4.374, 3.808) -23.188

Descent r=0.1 15 22| (4.374, 3.808) -23.188

(7, 1) Condition r=0.5 15 22| (4.374, 3.808) -23.188

r=0.9 24 45| (4.374, 3.808) -23.188

ga=gl 1143 26,804| (4.374, 3.808) -23.188

r=0.0 19 35| (4.374, 3.808) -23.188

Descent r=0.1 19 35 (4.374, 3.808) -23.188

(-3, -10) Condition r=0.5 19 35| (4.374, 3.808) -23.188

r=0.9 28 61| (4.374, 3.808) -23.188

ga=2d 884 20,005 (4.374, 3.808) -23.188
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qEniEE

MImize: f(x,x,)=x"+2x5 —4x, —2x,x, +10

I'-III

1l Descent Condition SY8 O] Hlul (4)

Subject to: g,(x,,x,)=x,-3<0
2,(x,x,)=x,-5/3<0
Solution: x=(3.0, 1.5), f(x)=2.5
o Local Optimum Optimum

Il S _*I Poipnt I3/alue
r=0.0 (3.0, 1.5) 2.5
Descent r=0.1 (3.0, 1.5) 2.5
(0, 0) Condition r=0.5 (3.0, 1.5) 2.5
r=0.9 (3.0, 1.5) 2.5
g2 (3.0, 1.5) 2.5
r=0.0 (3.0, 1.5) 2.5
Descent r=20.1 (3.0, 1.5) 2.5
2, 1) Condition r=0.5 (3.0, 1.5) 2.5
r=0.9 (3.0, 1.5) 2.5
g2 (3.0, 1.5) 2.5
r=0.0 (3.0, 1.5) 2.5
Descent r=0.1 (3.0, 1.5) 2.5
(-3, -5) Condition r=0.5 (3.0, 1.5) 2.5
r=0.9 (3.0, 1.5) 2.5
g=58H (3.0, 1.5) 2.5




[E1] &2 Se¥ il Descent Condition W O] Hlul (5)

b ]

Goldstein-Price Function

Minimize
F(x,x,) ={1+(x, +x, +1)*-(19—14x, +3x,” —14x, + 6x,x, +3x,)}
{30+ (2x, —3x,)* - (18 =32x, +12x,> +48x, —36x,x, + 27x,")}
Subject to
g (x,x%,)=-2-x<0,g,(x,x,)=-2-x, <0,
g3(x,x,)=x-2<0,g,(x,x,)=x,-2<0 200000

2+

00
R
LA 2>
S8 e R

A : Global Minimum
x; =0.0, x;" =-1.0, f(x;, x;7) = 3.0 X

B : Local Minimum
«,”=-0.6, x," =-0.4, f(x,", x;,7) = 30.0

C: Local Minimum |
Xy = 1°2) X; = 08! f(X1 ’ XZ) =

840.0

)2* :=L1(?g’a J(ZM;YHT’UH;\(;’ X;) =
) & 84.0




f
(&) g
.

-

o x,) = {1+ (x, +x, +1)° g(x,x,)=-2-x<0,g,(x,x,) =-2-x, <0,
x(19—14x, +3x,> —14x, + 6x,x, +3x,%)} g5 (x,x,) =x-2<0,8,(x,x,)=x,-2<0
x{30+(2x, —3x,)’
x(18-32x, +12x,> +48x, —36x,x, +27x,°)}

= OIHIC AL 3L AAX0] 01 0 EIHSHCL.

ZJ| S E0 Wt FoHXl= A0l Stz
T2t 0] 71 EMAE o0t AL £ 1 21t Hlulol=s 10l 20t

SHH 11} Descent Condition O] H|ul (5)
Subject to:

ol

%712t pe QPEEEQE}E} 1&};’5:?*:—.“ ,I.:H&I Local Optimum Optimum

di= 2l di= Sl S8 Point Value

r=0.0 30 302 (-0.6, -0.4) 30.0

Descent r=0.1 26 258 (-0.6, -0.4) 30.0

(0, 0) Condition r=0.5 21 208 (-0.6, -0.4) 30.0
r=0.9 62 739 (-0.6, -0.4) 30.0

ga=H 15 467 (-0.6, -0.4) 30.0

r=0.0 77 605 (0.0, -1.0) 3.0

Descent r=0.1 31 194 (0.0, -1.0) 3.0

(2, 3) Condition r=0.5 28 172 (0.0, -1.0) 3.0
r=0.9 56 523 (0.0, -1.0) 3.0

ga=gl 13 417 (0.0, -1.0) 3.0

r=0.0 70 545 (0.0, -1.0) 3.0

Descent r=0.1 24 135 (0.0, -1.0) 3.0

(-5, -5) Condition r=0.5 24 136 (0.0, -1.0) 3.0
r=0.9 51 459 (0.0, -1.0) 3.0

gAY 17 497 (0.0, -1.0) 3.0




![Qﬂ] 2132 28t I} Descent Condition W 9O] Hlul (6)

| Rastrigin’s Function

Minimize
f(x,x,)=20+x —10cos(2z-x,)+x; —10cos(27 - x,)

Subject to
g,(x,x,)=-5.12-x, <0
g,(x,x,)=-5.12-x,<0
g2.(x,x,)=x-512<0
g,(x,x,)=x,-5.12<0

Solution
x, =0.0,x, =0.0, f(x, ,x, )=0.0

SDAL >

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods ctponced Siip:DesignAuomation.Lb.
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[Et1] &3 28¥ il Descent Condition 29| Hinl (6)

inimize: Subject to:
%1,x2)=20+x12 g,(x,x,)=-5.12-x,<0
—10cos(27 - x,) g,(x,x,)=-5.12—-x, <0
+x22—IOCOS(27Z'-x2) g;(x,x,)=x-512<0

g2,(x,x,)=x,-5.12<0

= OiXIel 22 =5 HAHO0l 0] =0l ETHSHCE.
ZJ| S E0 Wt FoHXl= A0l Stz
M o )] 8™ E F0t0] At £ 11 Z1tE Hlulol= 1t80] ELQ0HH.

%712t pe QP::QE}M 15}}3 :T*i_.“ ,I.:H&I Local Optimum Optimum
di= 2l di= Sl S8 Point Value
r=0.0 18 147 (0.0, 0.0) 0.0
Descent r=0.1 18 147 (0.0, 0.0) 0.0
(0.1, 0.1) Condition r=0.5 9 82 (0.0, 0.0) 0.0
r=0.9 39 427 (0.0, 0.0) 0.0
ga=28 1 47 (0.0, 0.0) 0.0
r=0.0 16 134 (1.990, 1.990) 7.960
Descent r=0.1 16 134 (1.990, 1.990) 7.960
(2.1, 2.1) Condition r=0.5 7 69| (1.990, 1.990) 7.960
r=0.9 32 358 (1.990, 1.990) 7.960
ga=gl 1 45 (1.990, 1.990) 7.960
r=0.0 18 144 (-1.990, -2.985) 12.934
Descent r=0.1 18 144 (-1.990, -2.985) 12.934
(-2.1, -3) Condition r=0.5 9 82| (-1.990, -2.985) 12.934
r=0.9 36 395 (-1.990, -2.985) 12.934
ga=2d 7 229| (-1.990, -2.985) 12.934




X 84 BEO S0l IE A Aldt kS8 Hiul

S
Descent
S akS Condition gitd CE
QPE TALRIoH s 1 %3 [
1XH9d EHH LHO) o o
HIE 3| A =X S} a1 b= =
—_—1 AT O tu=H

= 1A B Weko| SR WE XA Hl A 1S Hw
o 1XHEI A U SO0 A| SX B40} HIQ XHS UHEOL0] HIAKE
o =X 8k20} H|OF EZ10] HA AIZH0| @ Ha|= AL Descent
(=]

Ol= 20l =d

SDAL *~

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods Advanced Ship Design Automation Lab.

http://asdal.snu.ac.kr



