
Lagrangian Optimization
- For optimization with constraints
- Equality constraints
-

Inequality constraint

I . Lagrange Optimization with One Equality constraint.
Use
Tpical math notation:

Problem : Find an extremum of f(x) (=J(w) for us) , subject to constraint :

g,
new constraint

Solution :

I. set up Lagrangian function
-L(x , x) = f(x) + x gi

↑ -> new constraint

original function to 812)=0
minimize f(x)

Note : When ico (constraint satisfied (1,)= fix)

2. Lagrange method 7 . x (1)= 0

=> (Ef+OXgl
If has d dimension=d unkosaus

Example of Lagrangian Optimization withI Equality Constraint

Let f(x)I =Xi++i (d=2)
Minimize fi) subject to (s.t. ) constraint : 2- X1= -I

of(s 2x2
=> g(x) = 42-xit) =0

-> constraint

X !
1

Lagrange method :
Let L( ,x)= f(x)+ x g(x)

= 11 x((2+ 7 (xz -x, +)Cx
, x (1x ,x) = 0-

=> TEL =[]=:T

&x L= x2-x, + ) = 0 =

·

St
: x

*
= [ ] x= 1.



Intuitive explanation of Lagrange example.
In plane .

fi= IIx

f(x)= d= 10
,1) =r2

f= constants is a circle
,
about origin.

of(s 2x2 Increase r until circle
filo tangent to g(x) = 0

*fi

Ho

-> point x⑧AD !
S
xX

1

at **, we have f) 1 fl= f =0
-

Sgo gaso

JefC istengent
to ga

'
.

*
Y ↳ X comes from

:f = IXg at = ** here

-> " We
(f+g(k= 0 => (7y (Lik ,xi)= 0

-

xL1x) = &

2
. La raS gian
Find min of fiPlimizationwithMultiple Equality Constraintsa

(( , x)
= f(x)+ Xigill Xi = Lagragian multiplier
x (1,x)= o => d+ R equs ,

dtR unknowns.

32 Lagrangian Optimization with 1 Inequality constraint.

Extension of the equality constraint case
Find min of fixl s.t. hix20
Let :
L

,M1 = fix
-↑hi

Find extremum of 2 over E and M. uncestrateda
liscases:

cas unconstrained min is in region his
=> constrained min-unconstrained min

x f(z) =0

=) can solve using
Lims with M

=

0



Ib, unconstrained min is outside region his
X

=constrained min is on hixo curve
f=C

same as equality constrained case 111
>

LIM) with MEO
7.. 2

=8

=> xf =Mxh ,

O

L ,M = fix) -MUM with 210 (constraint)
-

In case h.
in both case , Mh(**) =0

Summary : Min fix) S
.t.. hx0

-

L(x) fix)-
,

= UhI

U h) =0LI
#20hix

M 50 3 KKT conditions

Mhix)
= 0

General case : multiple Equalities
constraints& multiple Inequalities

* Min fil Sit. Gio , ho J.

L/ S= fi+ Xig)-Mijl
LI, , e Require : Mj20 ;

Mjhj(*)=0 j
Given gi

*)=0 +

j*0 J


