
Wednesday, Sep 24 ,
Lecture 12 : Optimization and

Last time ... recall rector calc .
Lagrange multipliers

finization
Ex : in machine learning , need

to minimize a

"objective function" 1 : RU-R ,
n is huge.

toryf : RT, R
tells a so

f =
--

In all coses,

· & f =)
= 8

.

Saddle :
f =-
x +y

Min *
*

Note : the "second derivative
test" for fir-Ris

much nastier than fir-R .

Often
,
a better my is

with "stability" :
check-of new

I

~uwi- ->
X -If a



Exce a test of fixed volve V
with minimal fabric atfollowing
Soln :
-

V = E-2w . l .want : weltant

# zw"tant+
· MinimizeA subject to fixed V

.

At first
,
A = All , w ,

@)

but since V is fixed,
Cote : O 10%48) ,

otherwise

l=t
degenerate case :

or 68
=> A = A(w ,

b)

= Instant+tat

= Zutat+Vet .

set :

A = 0 so

0 := 4utmt-E

8= = Zusect-cott

=> St
= cost = E ,

so 0 : 45.

=> tant = 1
, so V =wel-d() gives 2w =li

. ·



To compute these exactly ,

need to fix V .

How do know this is a min ?
-

,

wil

· Option 1 : plug in other voles for fixed vole V,

see that Al Acritical
- Option 2: This is the only extreme -
and as wh approach extreme cases ,

Or,e , Bigoren , swill
volve.

72,98 ,
Bigare ,

smallvole
This most be a happy medium.

-ageMultipli for optimization with constraints.
Ex : find the point p = / ,y ,z) on the sphere

S[y) : NytER which maximizes flxy ,
z) = E

.

etty obvious that p = 10
,
0
, 1) does it , but let's see how this works.

· Blindly computing Of
= 10

,
0

,1) and setting -=

doesn't work - after all , no real
vector per masivis f !

·

But on the sphere is a different story .

· Sis

giveHatteauation
gens

(Notice that S2 is the level st of gly ) = 0 )
.



Notice that Dy is perpendicular to its levelets :

Tg = (2x ,2y ,
2z)

to 2

-g11 ,0 ,% = 12
,

0
,%

&

·We may
increase f by moving in direction of gradient

.

·

Notice : when
If =

10 ,
all

↑ ↑sh
Of act Dg point
in the some direction

- 15f = X0g) ,
we

have a local extreme
&

This observation gives themethod of Lagunge multipliers :

Find a nonzero / st .

& f - X8g = 0 .

at some point (0 .Yoio) -

so If : 10 , 8 ,
1)

Sg = (2x
,
2y , 2z)

=> J f(x.
,Yo ,70) = X Y g(x0 , Yo ·zs)

forces Xo : go
= 8

.

This leaves

1 = 127
.E = z

..



But KyEd ES" , so
1 = 0 + 8 +z

Thus
,
either zi-l or z = l

.

Check picture ,
Z:

) is mox :

= 10
,

0
, 1) is mix .

## int the volume of kee rectangular box inscribed
in the "egg"e

Shi

⑧ther E Volume fly = 2xdye
= 8xyz .

Lagrange :
call constraint glx ,git)=

=> Find
solus to

- f = x7g 2

&f = (8yz ,
8xz

, 8xy)] - Y
&: *xy:



Degenente coss : if x =0 pronystur exis = 01 ,
Vol--l=0 .

Suffices to assure all nonzero ,

Multiply them all by the missing
varible ot aft the:

3. xyz =2x(++
L

=

# x = 12xyz

so
,
plugging into Ef :x

Byz = 12xyz ·(
and dividing

x2 = ta

similarly ,

ya = 46
z2 = +

= (x ,y ,z) = -(a ,
6
,4) !

-physiot,cing with a Lagranging

2(x ,
x) = f(x) - Xg(x) and checkingD2( ,x) = 0 .

(T
,
Y(x

,
x) = 0 E y (x ,y) = 0


