
Extremum of functions R → R

differentiable functions on open interval

The reverse of this implication is not true, because f may have an extremum without being

differentiable.

Even if f ′(c) = 0, f(c) might not be a local maxima or a minima for f because of the

following simple example.

continuous functions on closed internal

differentiable functions on closed intervals with fixed

endpoints
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Local and global extremum of a function from a metric space to R

Given a function f : X → R, then at x ∈ X f has a

global maxima if f(x) ≥ f(a) for all a ∈ X

global minima if f(x) ≤ f(a) for all a ∈ X

local maxima if f(x) ≥ f(a) for all a ∈ ϵ–B(x) for some ϵ > 0

local minima if f(x) ≤ f(a) for all a ∈ ϵ–B(x) for some ϵ > 0

(Derivative, if it exists, must be 0 at local extremas) Let a function

f : (a, b) → R have a local maxima or minima at c ∈ (a, b). If f has an extended

derivative at c then the derivative must be zero

f ′(c) ∈ R ∪ {−∞, ∞} ⟹ f ′(c) = 0

Therefore,

{local extremum of f} ⊆ Z(f ′)

x3 : R → R
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Here, the derivative is 3x2 which is 0 at 0 but the function is increasing and does not have

any local extremum.

(Extremum value theorem for continuous [a, b] → R) Let

be continuous, then a global maxima and a minima exists M, m ∈ [a, b] for f.

f : [a, b] → R

█

▛

By

A continuous function from a compact metric space to R has a global maxima

and a global minima.

The extremums might be on the endpoints a, b, or in (a, b).

If f(M) = f(m) then the function is constant.

If M = m then f(M) = f(m), hence the function is constant.
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