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Strongly convex function

Convex function

f (λx + (1− λ)y) ≤ λf (x) + (1− λ)f (y)

x

exp(x)

Definition
f is a strongly convex function of modulus µ > 0 if

f (λx + (1− λ)y) ≤ λf (x) + (1− λ)f (y)− 1
2
µλ(1− λ)||x − y||2

for all x, y ∈ dom f , λ ∈ [0, 1].

f µ-strongly convex⇔ f − µ
2 || · ||

2
2 convex.

f µ-strongly convex⇒ f has a unique minimizer.
x

x2
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Strong convexity and differentiability

Proposition
A differentiable function f is µ-strongly convex, with µ > 0, iff

∀x, x̄ ∈ dom f , f (x) ≥ f (x̄) + 〈∇f (x̄), x − x̄〉+ µ

2
||x − x̄||2

f (x)

f (x̄) + 〈∇f (x̄), x − x̄〉

f (x̄) + 〈∇f (x̄), x − x̄〉+ µ
2 ||x − x̄||2

x̄

f (x̄)
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Strong convexity =⇒ lower bounds

Proposition
If f is µ-strongly convex and differentiable, then the following lower bound holds

∀x ∈ Rd, f (x) ≥ f (x?) + µ

2
||x − x?||2

where x? = argmin f .
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