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let us relatethestatuesfrom thelastsession to IR

Wedenote x II e IR Then
ordotproduct

The innerproduct or scalarprodit is x Y E XY É XiYi
recall that oxy Alltellglifentiala

It inducesthenorm I x Il exits E x
Also Il xllp I Hip t definenomskeeperandthefollowingHolder inequalityholds
Kx y tellallpIlyIly
Also I x lb y p lxil

defines a norm Infact pliyllxllpllxlln.IM
IlaandIlllsareanytwonormshere

Infact all noms on IR are equivalent i.e K x FcaCa o s t C 11 1411 11,5Cellxly

Finally webrieflydiscussthenotionof compactness
Recallthat we call a subsetof IR openif it canbewritten astheunionofopenballs

Britt
YEMIFY.at otherwise

wealwaysmeanIntl É xi for ER

A set Eck is calledcompact if every geoff has a finitesubcover
Afamilyotoftsalsuchthat Agamilyoftheopencover
YK E withfinitelymanyelements



Importantresult As in R theHeineBoreltheoremalsoholdsin IR

Eck iscompact
Effed

d
HIII forsome rso xer

itslimitpoints

This impliese.g
that continuous functions E IR IR E compact attain

theirmaximumandminimum

Ex o IR is not compact since it is notbounded IR is closed landopenit
Br x is notcompactsinceit is notclosed Brix is bounded

Brat yen lx Ytier is closedandboundedandthus compact



2 Derivatives

2 1 TotalandPartialDerivatives

Some notation

Wewrite vectors xer as x

Specialvectors arethebasisvectors ej j thcomponent i.e X É Xie

Recall from linearAlgebra

Amap L IR IR is linear if Xx y XLIX ly Kxyeah tell

For linearmaps weusuallywrite L x Lx

linearmaps L IR IR are in one toone correspondence to mxn matrices

Choosinga basis CeilofIR andCeilofIRA by choosing abasis wehave kxli ceicxs cei.LIHeil

Recall Ax ai x IABlin I aibin for A min
andÉ tix

thenABis an mxpmatrixl

For linearmaps IR IR we definetheoperator norm 11211 sup II lullg
b

UEIR
11411 1 sinceunitsphereiscompact

andLlinear thuscontinuous

themaximumisattained

Since I LEanIl ellLll we have 11Lulls11211llull foratleastone uer



Recall that for functions f IR IR wedefined differentiabilityat F as
F me IR s t forsmallenoughh f Eth felt mh try ht withlying44 0

Clearly Lm IR IR h ts mh is a linearmap

The idea derivatives arethebest linear approximation can begeneralized

Definition LetUc IR beopenand f U R Then f is called differentiableat Iea
if thereis a linearmap A IR IR s t

i

Wecall A Dfl f E the total derivativeof f at E
If f is differentiablefor all Ie U we say f is differentiable inU


