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2) Alek=7 (Constraints)
Wao} atEejol she W mE AAA YA

A28 o] A8 inequality constraints

g{X)z0 (6)
m inequality constraints

g(X) Llgn(x) g,(x) - ga(x)] (7)
equality constraints

h(X)=0 . (8)

s equality constraints

h(X) Alhy(x), ho(x), -+ hs(x)]" (9)
3) Feasible regian(region of acceptability)

RA|X|g(x)20, h(x)=01 (10)
4) o 4
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F(X)=2F(X,) XeR (11)

F(X)>F(X,) X*X, XeR (12)
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SC §'ql Aj SolAE FEA LA ulo sz @ 6) Multifactor Objectives

4 5 Utk (AA2) F2aE +4FE &R 2Este A
5) Convex, concave and unimodal Factor; 7}, otAd, =9}
* Convex F=W,F,+W,F,+W,F,
FX*4+A(X*—X)) =F (X®) + A(F(X?) — (F(X*)) 0<W,£1 W, : weighting factor
0<a<1 (13) Fi 74474 Wi =0 7FA 27F W =1714 gl 2
ol 2 strictly convex F, A 714 W,=0 Az 23 A W,=1 A
* Concave . AT A
4ol (—) & F8 strictly convexd 471 H Fy Bok7lal Wy=0 Zogles W,=0 =9k
= AR Ad F2 A
Unimodal : 1749} %3 244 Ze 5 F 2743
7) Stationary Points
F + Stationary point :
& HEde A
T —— maxima, minima, %4, saddle point
F 8) Error Criteria
/M e(X, ¥) Aw(T) [A(X, ¥) —S(¥) ] (15)
‘ S(¥) real or complex specified function ;.87
Well-behaved multimodal function * %;‘J’-
F F A(X,¥) real or complex approx. function : 3 &
/\ b 5
' W( ) weighting function
i} , v syd4:Fus A2 S
Srictly convex funcion Strctly concave function X 23715 shzjel

A[ Yexw "d‘I’]I/pls =co (16)
Q%2 194 ge llellp2 le(X, ¥) | =p=

= 1
F=f::2 le (X, ¥) |° d¥ least p* approx  (17)
1

A(INel|4] p— o0 minimax approx

F(X) 4 Taylor S5AA

Nonconvex
function

F(X+AX)=F(X)+VF'A X—i—%AX‘ HAXH- -+
. - (1)

AXQ[AX[, Axz, reeee , Ax]” (19)
x . op_|9F °oF . oF |’
Surctly vE [ax,' T ] (20)

function

gradiant vector

(F &F__JF

' i owox,  oxion
FF FF F
Xz é — — ves 21
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* x"+l(x'—x‘)/ *
FF JF  °oF
_a}(ka(| axkax2 )2(
a2l 3. Convexity 9 <l Hessian matrix
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F#4 mathematical pro-

ol nonlinear programming
Axsel 2Ae
F(X) =min F(X)

XeR (22)
o X% Fahedl ek
(l43) Y Zza o
sA7k 208 A% As BE mted) 349
AE M, My, My 3 ALERTE o] 3)Ake]

Aze hes 2o
M,;=300 tons, M,=400 tons, M;=250 tons
A% AE 1 ton 44ksl7] $isted My=1 ton #
M.,=2 ton°] Bestx AME BE 1 ton AAFsH
7] Ysted M,;=1 ton3} M,=1 ton I M;=1ton
223,
AE AZ 1 ton Hefsied 5080 @ #AF B
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Xy
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4 45 olejo] Frae,
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x+2y=00 Hahgt Aolz Aol
slgedod sl e K
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2001/ k
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4. olA3 e AT
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X=X +a’ S’ (23)
o gatoz AYPgPet A7 S’ GG (ST
4 ghol Wojx1 & pololol )& vehdeh E o
>0 F(X'+a’S) 7} S7 wpadoll A HAi7) ®le H&
2= scale factoro] o] A& 1—dim B4 Zalz A
Ak HdAAHAME §'F XolAe) &9 grad
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vF
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24

Path generated by aigorithm

True steepest
descent path

~— ¥

I35, 4o HaAdg 2] A% A A

@ Newton 4ty
A19& =25

VF(X+AX) =VF(X) +HAX+ - (25)
X+AX7E HaAo| 57 gaAle FX+AX)=0
328g FA) 5k

AX=—H"' VF (26)
X' *'=X'—H'VF’ (27)

%A HE pos def. o]efo} 3
—H-! VF 7} 878k ulgko] opd 45 9lch
Hel Alabell A)7ko] gpo] £88ch

@ Fletcher-Powell-Devidon %4

s’=—M’VF’ (28)
M®=unit matrix
XJ+|_xJ=MJ+l g.l (29)

gJ=VFJ“ —vF
Updating procedure
MJ ) /TMI

v (30)

J
M+ = M+A X%XT'T_
714 AKX =a’S’
M- pos. def.
7t 53 A5 4y
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3]2 9] topology &} 42t o] A
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e A stotole (srips widdh A%, AAA, 5
Sad ) o ge ok Aclth
(o) Felod 271 4

A5 ¥4 Noise figure, TE7]2) o2

Ao gE Ysihas 39 dura

Addol] HA 50+5% ol

o

o o}l o) 3t Bode diagramol|4] —3dB A

Noise figure=

ViAol o 28 & Askel AR
Vo (U8 HEA el o7 A2 "kl Al

P1 :minif(p)lg(p) 20} (31

pER" vector of design parameters

f: R*=+R g:!: R"—R"

AAZA ol 2% A7+ F3b4 process It
ule Bof A S3wiso] A Hol AA Apoko] ut
ZElolo} & ALx AUrh

P2 i min{f(p) | & (p.y') £0, ¥y' €Y', i=1,

-+, m} (32)

Pe R" 4A shebole el W)

f: R-R 2H%4
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(@ Multiple objective optimization

Weighted sum

o SRS Ao B FARLE BE
m

F(p) =3, Wi (P)
i=1

(Y EHGH= V, QW 5

unconstrained minimization problem

Minmax problem

min max W,f (p) (34)
p i

HA# P*i subsettini® Frh

Wi f (p*) =+ =W fig (p*) ol Z =2 wif, (%) o 2

& oluch ek HFael FAol Ashe

objective 7}
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(o) 298 Aol ke BEHES AH Hrdt
shek.

Kuhn-Tucker #H24]

minimize : f(x)

such that: gy ®x) <0 i=1,:, m (35)

feasile region R={x|g, x)} =0, i=1, -, mi}

KT da=73 Az

(a) £} g7 x*ol A =% 7b5

(b) g (x*)=0¢]i =& iof Hak Z™(2g: (x*)/3x)
=9l 9 z7} x*2 RE RZ T ) x*71 A%
FH HaAdo] HA) A Ye =L

g (x*) =0

Aigy (x*) =0 (36)

AF20

Ay 1P w08 wy
ax(x)+.§/\‘ax(x) 0

£ abEshe A¥7E EA ok gt
A¥ Lagrange multiplier
KT #2274 A
2} g7} convexol o4 w]E s}lFdhd x
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1) Feasible Direction 44}
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2) Linear Programming Method

min max f; (x) 37)
X )
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e Ay Zgaoaow T #Hel ax,+bx,+ex,+dE FE AR 4
Minimize Y A2
r,h

minimize : f(x;, X;, X,) =x}+xi+x}

such that: £ () 4 h=r il m such that ! g(x;, xa x)) =ax;+bx,+cx,+d=0
—8WZh,=§™ j=1, -+, n (38) ) et
Apee A6 4Y 24 et o s
27be} ™o e maxifi 7} AL dEE AvA) KT a4

()% Aok s%sk Heowl £ AYBAE Ao .

stx 7ZH4 7 R AR a— =x;+aA=10

ZaER] gpowl oM g|Ih%||.2 AR (8<1),
3) Penalty-Multiplier Method

Jp
é— —-2x,+b/\ 0

2]
Minimize f(x) a—::,=2x,+c A=0
such that : g(x) = ap
g (%) = (@ &), - ga(x)) (39) EY =ax,+bx,+cx;+d=0
(0 +a S (e 00) a>0 wy ol R E
=1
2d
¢(t) : Penalty function A=m
$()>0 t+0 g
$0)=20 xi=—ad/ (al+bi+c?)
$(0)>0 x,=—bd/ (a’+b?+c?)
Lagrange multiplier method$} %< xs=—cd/ (a’+b*+c?)
minimize f(x)+a™' )E ¢ (g (x)) 4 A
i=1
2 2 ™2
such that g{(x)=0 i=1, -, m (41) 1]/ (a’+b*+c?)
Constrained Quasi-Newton Methods
asleg
S equality constrained problem
minimize
- A9 24
f(X)+a“E (p(g (x)— (Mg (%)) (42) KT b Ale) o 3hod
0<o=<qa*a* v AU0L x*ol4A convex 3HA| 3} a A, hix, A) = of i A ag. _ (46)
E AashA At Aune sle A9y &) et
He A4 &4
REREN
A ED = A = g7 (g (x (A®), @) (43) minimize . %AXTBAx-H'xTAerf(x) (47)
x(A, @) A=AFelA A@)e HL i=1 - m such that ! g, (x) +gix"Ax+f(x) (47)
ta"1el A B=h(x, A) Jacobian
. K K+1
ax“=iﬂa" if Zgh (x) > Yl (x*) (44) inequality contrained problem
a otherwise 1
r<1, g<1 minimize Z~2—XTBAX+fxTAX+f(X) (48)
iniquality contraint such that : g, (x)+( )AXSO i=1, «-, m
minimize f(x)
such that gi(x)=0 j=1, -, m 2. BAR AA
equality constrained problemo. 2 w3} o 3|2 AAR Awss EA
minimize : f(x) PG
such that: g (x)+Z{=0 i=1, ==, m A Abu| &
AV =max}0, AP+a ¢ (g (x™)) 1 (45) AE
(]2 4) Lagrange multiplier method N network
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P=(P,, *, P;) parameters minimize | a
a, Po

Such that S(p,, @) CR

Network N(p) is acceptable
if f(p)<r

(54)

Rol ¥¢ 4 31 22 yield body & T8k A

f vector of network response
r vector of specification
() f,(p) —average power

f, (p) =delay
R=Ip|f(p)=r| region of accept ability

REGION OF
ACCEPTAEILITY

b &L 82
fa ¢|(P1)dpu a<p,<bgl 3&

# (p1) ggds g5

(a) (b)

»

B2 AAEA A2 nrt Hoy)l S| 52 TRAAAR a6, (a) 32 35 &4l o8 AAsE &

og <>_:!|

po s AlE e

b) % el ZRE yield bod
A% T (yield) = 5127} Bt dEUs ©) #1% FEAA 2UAE ield body
¥ (po) = /& ¢(p—po) dp {49) ) i
@ Monte Carlo Based Method 647} design centering
1 PeR .+ variable tolerance problem
glp)= 0 otherwi support function 2640l 28] p,7} design center
(o] rwise
(= 5) et AA
y(po) = /Sg(p) ¢ (p—~po)dp (50)
Y(Po)—o*‘ X}‘]’i] Le L, L.
1 o R I 5
¥ (pe) =75 ! 51 + . . s 2 v
¥y =g X, g (s1) : -:c af T c ¢ "
A6l 4EH szsst A984 N vl S S L L L L N
olgt £-22 HelY 4FFolng AFHES yp) (a) €Aglx Yy
g} b
0 1— ]
J(y(pn))=_m(N—lﬁll)_ Replace:%C;by ?‘CIL_%G‘; OTMOJW
~ o~ Where: Q~Ci/Gy Q-L/R:
r ()—;’ (pu)) _Y (po) [(\Jl y (po)) (52)
N3 T ()7t e AL e (b) E4% 224 LCSA Fohsl
NY (R) 1—7 (ps)) 26 (53) B
¥ (po) + 7 (T (po)) 2y (po) 2 ¥ (po) — 7 (¥ (po)) i —? lfdeu!(Equi—ripple)
AGYst B3¢ AES 2717} shetulele] ol A T Opinist Loy 7
¢li Re mofellx =8o]l=2 32 large scale problem é_‘s, Lossy
of Aeich 2ol 38 AAAlE RE YA R3 g*
-L
=2 gp) o) Ade sz 44 Yes ¥k — 2 2]
7t AAse FAYS gete|s L2 itz Eat L
%k(’“ BH%H yleldi— 7‘“’{1’0}'t 7),101‘;‘_. 0 1 .2 .3 4 5 .6 7 .8 .9 1
@ Design Centering (c) HYE3} Sxlo vl
4] #Ee g sl FAUE A 2
£ Ar|sze AAY A wy a7, (W=0°4 F43 ol5e] Afsat )
FAgke) poolx Felolele FEUR 4 ¢(p—po) ) aw
b FelBe o $o—p) Zadl Sl AT FARE I F=g (HHGw) [do—8)°
S (po. )=1p|¢(P—po)i yield body, convex body % fie= ojA e &}
¥ (po X) = Ss(po, @) ${p—po)dp PES(ps, )4 & [H(jw,) {db £4e] gle ¥ §5
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