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[ZXI HIZ! 8 (QP)- ClassQ] 728 (i

W

class QP
{
public:
QP();
virtual ~QP();
Simplex BXYD; /1 M ™AL 'BX + Y = D'E 0HZO17| YTt Simplex
double** m_pH; // HE UEHHE 2 X i
double** m_pA; /1 A UEHHE 21 HHE
double** m_pN; // N& UEHHE= 2XHA BHE
double* m_pD; /1 MY QXA I A} Search Direction2 X &0 B4
double* m_pU; [/ MY WHAS F A 2 S2 M ZHAN {8 Lagrange Multipliers& X &8t -
double* m_pXi; /1MW BEAS E A A HE0] = ZAHA WS Lagrange Multipliers§ X &St
— T
double* m_pS; /MY BEAS E Al RS2 M ZHA( (Hot 242t H-E M &S M
double* m_pY; /1Y BHASE FE 2l S2 MY ZHA0 S Lagrange Multipliers& X 2ot B
double* m_pZ; /1 MY HHAS E A S M ZHA0 S Lagrange MultipliersE& X &0t W
void ConstructSimplexTable(); /1 ME W™HA BX + Y = D"0l 0HE0l= SimplexE& HA0l= &
int CheckEndCondition(); /1 QP WO ZEF XHE WH(U*S =0 & Xi*D = 0)0l= 2.*¢
int Solve(); /1 QPE &Mol= &=
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Given  P.n,A./ A,V
Find J,P/D,
. J Ky
Maximize 17, - » K9t K,Jt 25 Jet P,/D,9] ©50]|2
2r K, =5 82 01| 9} £/D,0| S5
Subject to =p-n’ -DP5 K,
27m FIIH0| YO EQIE TZWYJ} S50t T
Vid—-w
Where, J = ( )
n-D,
K, =f(J,F/D,) P: TRHA ML O}
n: IZ2EH oM
KQ =f(J,B/Dp) D,: I2W XA
P IZEY MK
Ac/Ao: T2 EY 2IH BHAHI
Ve M
» OIXI== 290, S2 M2 A4 1021 XX} ZHl no: Z=8d B8




C=KQ P-n’
J 2mpV
G(J,P/D,)=K,-C-J° =0 ----- (b)
o O 88(7))2
F(J,P/Dy)=n,= Ziz ][i ----- ()
=x

St Fi= P/D, 92 2501 WatM Al (b)E BE0HBIA B
o=mal MAIHI(R/ D,)% BAH|J)E 0K X SHIHE
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GJ,P/D)=K, —C-J =0 - (b)
lk-TmE x28 o188 o
\I2WO| A X FQ KI5 ZH 03) FUBID) =m0 =5 O
) 4
B2 25 1 B TUGH Al(h)Qt Al(o) ¥
H(J,P/D,,A)=F(J,P/D,)+AG(J,P./D,) - (d)
ot #2 8+& o0l 0IZRH S HILXUDL = 0B H= P /D,, JRX 1 & BFY
{( T)K ( °)-K.} oK
GLERRE RS D &Y -5
aJ 2z K, 2« K, oJ
=0 - (e)
oK, 0K
K
oH _J {(8E/DP) ¢ (aP/D) }+/1( oK, )
o(P/D,) 2rx K, oP./D,
=0 ..... (f)
6_H:KQ_C.J5:() ..... (2)
oA 20
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aKT — ) o ———— ) =) e
+(a(13./DP)){5 J( )} 0 (h)
KQ_C.J5:() ..... (i)

AL (h), ()2 BHE TUOZI MY OIS S50H= AHO B8 L=
WXIHI(P /D, )2t MEHI()E 7 4 ALt

V(-
7= DW) 0|22 /8 7013 p, 8 A 4 Y, E8 /D, ELE P,
n-op
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| M2 2101 SHIE HIMIS AR SHIS HSoHs
v - Lagrange Multiplier Al

J

19} =2

Minimize f (X)
Subjectto h(x)=0 ST H¢ x=A
g(x)<0 ST HL X
Lagrange B8 0|23t HI K|S X| X9} SHIZ O] Bizt
L(x,v,u,8)= f(X)+ v h(x)+u’ (g(x)+s°)
o2M S5 MM XH VI-02FZFH u, v& HILHHOF &
1) STHOl AAHIEMM M XHE D=0l BL
ST HY X249 E2: h(x)=0
BES HF X0 2L u =0 EAHEO0I Mt ZHO ZHIN AKX &S W)
s=0=g(x)=0 (2HFEOI M2 ZAH2| FAH S0l AS W)
=

MM L(x, v,u,s) = f(X)+ v h(x)+u’ (g(x)+s>) = f(x) » H XA

Lagrange &J}
2) IOl dHIFEMAM M ZZHE Aol B2 Ao SN A9
ST HIY ZH HL: v h(x) =0
2SS 2 X249 HL: u' (g(x)+5°)>0
W2t L(x,v,u,8) = f(x)+ v h(x)+u’ (g(x)+s”)
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v - SUMT: Sequential Unconstrained Minimization Technique(nternal Penalty Function Method)

19} =2

Minimize f (X)
Subjectto h(x)=0 ST H¢ x=A
g(x)<0 ST HY X

19680]] Fiacco®} McCormickO]
i XHO| AUES Al SA S0 4ot =M= =AM gt
M X=91 SHIE

- SUMT: Sequential Unconstrained Minimization Technique

L oM, = SHOIN Z0IXIE 20

( ) Iteration0] ZIWEFF 1 a0l HAE

dTEM

D(x,7) = f(x) - rkZ

yi= 1

MHIA O] Feasible region0I A
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¥ - SUMT: Sequential Unconstrained Minimization Technique(nternal Penalty Function Method)
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X111 Pshenichny©] 20t 8t

Original Problem

Minimize f(x)=100(x, —1.5)* +100(x, —1.5)

Subjectto g(X)=x,+x,-2<0

O(x)=f(x)+R-V(x)
V(x) = max{0;hy;

R = max {RO, r(= Zp:‘vl. ‘+iui )}
i=1 i=1

ore ROl 1025 UEEI0 ATk JHSOHH
a1, )(HIQ.‘E?_"é oLl B=)0IA]

7°|-6 GI-A 7|-o
®(C)= f(C)+R-V(C)=50+R-max{0,g(C)}
=50+10-max{0,0} =50

I-I D(1 1B 1)(x.||OI:I
JPG}GI-A A =

®(D) = f(D)+R-V (D) =32+ R-max {0, g(D)}
=32+10-max{0,0.2} =32+2 =34
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DN Ol & a2 522 SIHOHH =

®(D) = f(D)+R-V(D)=32+R-max {0, g(D)}
=32+100-max {0,0.2} =32+20 =52
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. Quadratic Forms. Transformation to Principal Axes

D&@#ition: a quadratic form Q in the components X1y eee 5 X,
of a vector x is a sum of »? terms, namely,

n n
— T —
O=x"Ax=) > a,xx,
j=1 k=1
_ 2

2

+an1xnx1 +an2xnx2 + +annxn

= [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

fot

N T

2
=3x. + 4x1x2 +6X,X, i+ 2

- 2
=3x" + 5xlx2 +5%,%, 4+ 2X;

3 5
- xz]L Z}BL}:XTCX C:[Cjk]a Cjk:l( fk“%‘)

2
dSDA 38
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. Principal Axes Theorem

(Quadratic Forms) (O = X' AX = Z Z a, XX,

j=1 k=l

Theorem 8.4.2 Symmetric Matrices

A symmetric matrix has an orthonormal
basis of eigenvectors for R".

By the Theorem 8.4.2 the symmetric coefficient matrix A has an

orthonormal basis of eigenvectors x4, ... ,

X:[X1

x,. Let X be

X is orthogonal, so that X-1=XT, we obtain

D=X"AX

Symmetric: AT=A
Skew-symmetric: AT=-A
Orthogonal: AT=A"1

. A =XDX "' =XDX"'
O=x Ax=x"'(XDX")x

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods
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. Principal Axes Theorem

O=x Ax=x'XDX'x

If we set X'x =y, then, since X! = X1, we get
X = (XT)_ly = Xy
Furthermore, we have
x'X = (XTX)T =y’
So Q becomes simply
O=xXDX'x=y' Dy
=y + Ay, et Ay,

SDA ®
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[ 0 =x"Ax D=X"AX
. Principal Axes Theorem = x"XDX"x - X'x=X"x
—y.' Dy Y. =(Xx) =xX_

THeorem 8.4.5 Principal Axes Theorem

The substitution x = Xy transforms a quadratic form
- n n
0=x Ax=ZZajkxjxk (akaajk)
j=1 k=1
to the principal axes form or canonical form

Q=Ay} + 1,35 +-+ A,y

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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O=x"Ax=x XDX'x
. Principal Axes Theorem

[ LIDIVIIIIAGliVvIl WV rIIII\-IPClI MATD. GUIHIV TLULIVIID

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

O=17x] -30x,x, +17x> =128

O=17x" -30x,x, +17x; =x' AX Eigenvectors A =2,x = H
1 17 15|« 1
= [xl 7 1 A, =32,x, = {_J
1-15 17 | x,
5 [ 17 —15] O=xAx=x'XDX'x=y'Dy
=15 17 2 0§y
B - :[ylayz]
Characteristic Equation: 0 32 Y,
17-4 —15 o =2y +32y =128
—15 17-4 ‘ yl )’z 1
"2 2
(17-2) -15"=0 .. 4 =2, A, =32 e 2 .
SDAL
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. Principal Axes Theorem

[ LIDIVIITTIIAlIVIT W I HHGHPY A MATY - SO G- TCUHIV D
°

Principal Axes
17 —15
A=
—15 17
1)i=1,=2
15 —-15
A-Al =
—15 15
15x, —15x, =0

From this we get normalized
eigenvector x,.

x =/N2 2]

Computer Aided Ship Design 2008 - PART IlI: Optimization Methods

O=17%=30x %, +17%. =128

O =x"Ax
A =2, A, =32
2) A=1,=32
—-15 —-15
A—-Al =
—-15 —-15
—15x, =15x, =0

From this we get normalized
eigenvector x,.

X =[-1\2 \N2]



. Principal Axes Theorem

Bidaisansfaimation.to-Rrincipal Axes-Conic-Sactions

i kY 0 =17x>—30x,x, +17x2 =128

X = :Xl Xz]

:1/\/5 l/ﬁT X = Xy
=[-1/v2 \/E]T

. X:_l/«/i —l/ﬁ_{yl} Vo

N2 N2 s

__cos45° —sin45° || y,
| sin45°  cos45° | y,

U
N

X,

Y M

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

SDAL *
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. Quadratic form(Definiteness)

A quadratic form O(x) = x"Ax and its (symmetric!) matrix A
are called

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

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

A quadratic form O(x) = x"Ax and its (symmetric!) matrix A
are called

(a) positive definite if O(x) > 0 for all x z 0,
(b) negative definite if Q(x) < 0 for all x = 0,
(c) indefinite if Q(x) takes both positive and negative values.

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

a, d

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

Ay Ay

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

d;; 4y
a,;, >0, >0, ---, detA>0
Ay Ay
1 12
\/g ) 12 -6
6111:4>O a11:1>0
4 3 2 1 12
=4-2-(\3) =5>0 = 6-122=—150<0
J3 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
O=x"Ax, x=Xy
=y Ay =4y + A4y, ++ 4y, @)

Because y = X'1x, 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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