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Graph & Epigraph

= epif

Definition (Graph)
graphf = {(x,t) e R" xR : t=f(x)}
Definition (Epigraph)

epif = {(x,t) ER" xR : t > f(x)}



Convex function

Convex: the line joining f(x) and f(y) lies the graph of f between x and y

Definition (Convex function)

A function f : RP — R such that
epif f # +oo is convex iff its epigraph epif
(x) IS convex.
(v
X y

Jensen’s inequality

X,y e R" VYA €[0,1],  fOX+(1=NY) < M)+ (=N ()



Convexity and differentiability

Proposition
A differentiable function f is convex Iff

Vx,Xx € domf, f(x)>f(X)+ (Vf(X), x —X)
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Convexity and differentiability

Proposition
A differentiable function f is convex Iff

Vx,Xx € domf, f(x)>f(X)+ (Vf(X), x —X)

Proof idea

- (Convex = tangent). Divide by X the relation
FOX+ (1= 2)X) = f(X) < A(f(x) = f(X))-

- (Tangent = convex). Apply the tangent relation twice to z = M + (1 — \)y
and x (resp. y), and use a convex combination of the two relationships.



