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F seek 21 1 0 go 203 where h k IRM g IR 31kt

min 3mi 5m

these constraints define F
se 3m 71

Dwhatdoes it mean anime
lefinithion stef is called local minimum of f on F

if there exists f 0 such that fly z fix for each see f such that

I x Ilse if the inequality fix fix is strict for all se

I X X EE X set then we call a strict local minimum

Definition setff is a global minimum of f on F if

fly z fix't Huff not just for In Ike if fix fix Keef

se at then x is called strict global minimum
ft

characterize the points

t

Renard min FG man tax

The existence of a global minimum is not guaranteed

min to n where

Eff 17 4 F

I




















































































































Let's prove it by contradiction

Let at 7 S for some 870
be the global min

I

consider at 2 1Estile

self F and 10 17 3 72 C 3 8 10 at

A
Another example

min where se 20

The min doesn't exist fly oo as se too

Weierstrass theorem if fix is continuous on a non empty
feasible set that is closed AND Bounded then f txt has aglobal
minimum in S

this is An existential theorem AND give

no algorithmic way to find it

O is a point of inflectionSADDLE POINTS
where f change fromconcavet

During the previous lecture we saw that Ii fix s Gee

7401 0 but X O is neither max nor min

The point ft y't e 112
t

is a saddle point of ffx.gl
where f r

th IR if
ed y y't we getinteresting A local min

local MAX At

It Mix else H ly y't's




















































































































Necessary conditions for local minimum

unconstrained CASE F IR

1st order condition Assume f is continuous differentia bl

at is a local minimum of of Then.HN
Let's do the proof to see one of the manyways Taylor
polynomials Are useful

p
Ir informal

Root for the sake of contradiction If xt to

Dfn sofa n't a Tf x azo
Ixn in our convention

By Taylor f xia f x at f x f t ff x xia x't terror ola

fix't a f xx fix It
Thus flxial fix't a Iz total error za izu

Forsmall a the first term dominates Ann thus we conclude

fixian fix't

Exercise Repeat the above proof to show that If X
for A local maximum Instead ofmoving opposit
from the gradient move Along If x

Dpefingity
a

If't o is the set of stationary

2ND ORDER CONDITION Assume f is continuous twice diff
If ext O Zt off z Zt Etz 20 Azer

Equivalently the Hessian He evaluated at net is positive semidef
face eigenvalues Are 70




















































































































The proof Also Based on Taylor Approximation but as

expected we will involve 2 order Approximation

Proof Aswe proved before fix so is the 1st order necessary con

let's assume that Fyfir such that y 84ft y co

Wewilluse y as the dive ition to move along

Df n Ca n't
ay azo

By Taylor's theorem for d sufficientlyO

flxrall_fixtl.eaFxy.t1ayt ffI_y.to1a4 Io
This f fatal fix't O Hae lo d

Contradiction

Example I in fly x2 3 1 1 225 x tap

If I Gly x2 3cg 1 27 61 1 x2 3 x x2 O

I
f If 46

64 2 6 6 exitxz

6 61 4 2 646 Gtx

Whenwe evaluate Hy 0,0 f I which is positive semidef

verify in 2ways

THIS DOES NOT MEAN IT'S LOCAL
M IN
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Consider the eigenvector f Z of Hf X with eigenvalue d

flat az 8as so for a so we get a value c f xx
A

This is why we each these conditions necessary
but not sufficient

































