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| ECTURE 26 [SPRINE ZoTl]

NONLINEAR PROGRAMS AND THEIR

NUMERICAL SOLUTION

minimize _[{x)
x € R
(NP) Sué]ecé to
RALIPY, i=l, ... m

SGll=0 oy g4

/—-/anfzhz_q Chain  Problep
(x,. ,=(0,0) _ FIXED
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Given

x Caorc/inat/e; a_[ the ena/.:jaz‘ﬂ'ls
(Xa,_‘;fa)=(0/0) and (XFI}:/P):(a,b)

* Aength of the &th rod
L'_j J ::J, //9
* ol J'om{: must be gbove

the fhoor, ie., g +9 x; Ly,



PROBLEM
(1) p rods are connec{ec/ at J‘oin-l-‘

woamés with (oorc/ma/ef (XJ- ,yJ)
Jd=1 P |
(2) The Jength of jth rod jg rixed
and e7ua! o L, . But  the
coorclinates of {/72 J//7 Jom/ (XJ,y)
dre  variables.
" (3) Find  the joind coordinates minimzzn_vj
the  total /oo{enéiad i

Objective Function

QS(X) = Z L' (H_, _J /)
J=1 2.
| Polenlfml’ of {}U.th rod

L

VECTOR |\ =[X, X, -0 Xp Y, Y, o jP]C/E
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2. 2 2,
J:"I/"‘/)o LJ — (XJ = XJ-;) -+ (HJ —jj")
thatl is  the den _7£/7 of the J'U'l rocl
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| E?uiva}ené/_g

(’(J - Xj.) '+ (H.;‘ﬂj-/)lf - /—j =(
- 7 x4
c; (x)
/nequajiéj Constraints
j:O,.../F -90 -+ _q, XJ. \<yJ
that is the J£/1 J'amé'
must be abowe the fleor
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E_auivw&/)[.{y
\""{/ _50—3/)_(’1'} &
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Problem Formulation
- o Lo (YY)
minimize 2 T =5
x€R*E J=!
SUbJ‘QCé {0

..%".70"_9,)(;20 i=0,...,pP
(XJ - XJ")1+ (HJ _-HJ-I)Q-"' Lj =0 J=/,...//"

(/’Aave in  the oéjerlive aﬂo/ (aﬂ:-lm/ﬂl:)
X,.=0, Xo=a, Y,=0, .yp::L” \




Penalty Function Method

Firsi focus  on equu/i{ﬂ consdrainds

on,@.
minimize [ (x)
subject 4o
&:'j (x)=0 J= ‘/.../,é
Basic Idea
. X Ee/o,ﬂa[e Lhe /oroéjem (NEP) A_y

an  unconsirained opt imizatjon /a/aUem'
* Penalise the violation of eyud/g

constrainis

Peﬂ“lij Func l/'an




" EXAMPLE

x€ R
SuLJecz‘ {o

X,24X2=)

Penaz@{y Funclion |
A 2.
Plx M) = x+x + L (xzax2-1)
2 ,

Afjariéﬁm

minimize - Plx, M)
x €R |

Solve  the L//?[o/u{mm_e;/ optimization
]D /o b jé/ﬂ aAD ve /Df varrous /q

#’S[a/’[mj with //a/‘ge /V |
y eventually Aetting M — 0

EXAMPLE

minimize X,

xf-x2_=l

OPUmoL@ oé:jecfivz fw)[l/oﬂ vaju.e
(V)= ()"~ | =
JF)Z_ * /—-—// @



, Penaf{y funclmn
P(x///) = Xz_+___/_ (X,z-xj_—-/)

* \7F(x//'/) g 2 x, (Y,Z—X;r/)é{//
I — (xP=x1) Jy

¥ oﬂ@ S—A./a'é/Oﬂaj Pmﬂ-x‘
(% (M), X u/))... (0, -/_/4)

% /—/ES'SM")

YZjP(x//’/)r— 0. >0
1o 4‘4

X (onrezium//j
(x, (M), %, (M) = (0, -1-4)

'S {he un;qM //OKM ninimizer;

Letling M — O

lim X, ( N APPROALHES OPTIHAL
‘M _aD £ /L/) OBJECTIVE YALVE @



ALGORITHM  (Penalty Function)
Given x:éfQﬂ and My 2 0. Lel k=0

W/’lu& '/{42 > ¢

(1) Use Newlon's  method Lo
all af/Droxima le Nocal

7[/n£/
mmimue/g‘a?[ P/x,//k) w.r.
X such that

/I Vi p(xk,///k) // <_,’[’I<_
W}len choosmg the initial juzs,)

X, jor Newton's method use
the previous sodution X,

(2) (hose a M, € (0,H)

(3) k=ks!
encl
THM ( Convergence of Ponalty Function Method)
Suppose

[im M, =0  and /ZT.‘, 7, =0.
Then o

(i) any j%iré ngg}iﬁ‘a?[ »{/72 12705'7(6
‘Z)(k} /Ia[l;/fef the KKT {o/)a//'/lm;

r'm v /A/ﬁ D) Pom s  Pants? /namdﬂﬂ mn//m/tp/ X ) @



(ii) Furthermore

[im =& _ (N\,).

k— o6 3 .
PROOF
Consio/er
£
Vi Plsic, M) = V() + L 2_C Vel
J=/

(¥) ,(I_,_:Z II Vf("k)‘" % 2/5;4{:#) ngxk)//=/@(
—
Jm | £ &6 i // =l [t
2 _
[ 2 GV e = fim MVt

=0

Bj a:wm/?t‘/‘on {Vc}'[x*):Jsl,..,J} ic
)@/‘/zearﬂj i/?ele/aenr[em‘ meaning

(l) Z; [x,,)==0 J""}/ //é @



N | w Degine

ﬂﬂc/ /70{2 fha{ (+) ;m},j,g;
lim V() =J(x) N, =0

k - .

() Vi(x) = J(x,) X
where 2 = //m M. Equations (1) and
(2) show é/m{ /(KT conditions Aa/c/

al Xy fo7 [/\/E?) )
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