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Wecontinueexploring differentiability in IR

Definition Let Ucr beopenand f U R Then f is called differentiableat Iea
if thereis a linearmap A IR IR s t
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Wecall A Dfl f E the total derivativeof f at E
If f is differentiablefor all Ie U we say f is differentiable inU

NoteClearly differentiabilityat IeUimpliescontinuityat E since 11TH 0 implies
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lemma If f U IR Ucr open is differentiableat tell thenthederivative

Df ly is unique

Proof Supposeboth A andA are derivatives Then B A Az satisfies
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Now fix any UE IR at0 andchoose h ta ter Then
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Next we considerderivatives indifferentdirections

Definition f U IR her open is differentiableat ten inthedirection neIR
Hulk1 if

ya
flittal flt exists Thenthislimit is denotedbyDuflyandt

called directional derivative orderivative indirection a

If f is differentiablein thedirection ej wecallDefly Ef I the
j th partialderivativeof fat I

Inotherwords y Em
tutti i ti niFyiten

in l ful fl

thl.li oadvativeof fu inthevariable xjonly keepingallothervariablesfixed
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Note that in the example wehave Dfl E

The firstresult is

Theorem If f U R luck open isdifferentiableat Ie U thenalldirectional

derivatives at I exist Inthiscase thederivative indirection near Hulk1 isgiven
by Duff EEEYEA

Df Jacobianmatrix

In particular fi Dfl e is
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Proof f differentiableat I mean him teth fat Dfhit
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In particular for ucR Hulk1 t 0 we canchoose h tu andget
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But There are examplesof functionswhereall partialderivativesexistbutthat are
not differentiable totalderivativedoesnotexist SeeHomework 4


