
3. Convex Functions



Convex functions

Definition of convex function

First-order conditions

Second-order conditions
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Convex functions

Sublevel sets

Epigraph

Jensen’s inequality
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Convex functions

How to determine that a function is convex?
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Basic convex functions

Function Convex Concave

eax on R � �

xa on R++ � �

xa on R++ � �

|x|p on R � �

log(x) on R++ � �

x · log(x) on R++ � �

‖x‖ on Rn � �

max{x1, . . . , xn} on Rn � �

x2/y on R× R++ � �

log (ex1 + · · · + exn) on Rn � �

(Πn
i=1xi)

1/n on Rn
++ � �

log detX on Sn++ � �
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Basic convex functions
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f (x) = e−x
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f (x) = ex
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f (x) = x−1
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f (x) = x2
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Basic convex functions
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f (x) = |x|−1
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f (x) = |x|0.2
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f (x) = |x|1
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f (x) = |x|3
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f (x) = log(x)
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f (x) = xlog(x)
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Basic convex functions

0 0

0

f(x) = ‖x‖1
0 0

0

f(x) = ‖x‖2

0 0

0

f(x) = ‖x‖∞
0 0

0

f(x) = max(x1, x2)

f(x) = log (ex1 + ex2)

0

f(x) =
√
x1x2
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Operations that preserve convexity
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Quasiconvex functions

Definition of quasiconvex function

Properties of quasiconvex function

Quasiconvex function Non-quasiconvex function
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Quasiconvex functions
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Log-convex functions

Definition of log-convex function

Properties of log-convex function

Example of log-convex function
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Convexity w.r.t. gener. inequalities

Monotonicity wrt GI

Convexity wrt GI
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