CPSC 340:
Machine Learning and Data Mining

Notes on Convex Functions

Original version of these slides by Mark Schmidt, with modifications by Mike Gelbart.
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e |s finding a ‘w’ with Vf(w) = 0 good enough?

— Yes, for convex functions.
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A function is convex if the area above the function is a convex set.

— All values between any two points above function stay above function.



Convex Functions

* All ‘w” with V f(w) = 0 for convex functions are global minima.
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— Normal equations finds a global minimum because of convexity.



How do we know if a function is convex?

* Some useful tricks for showing a function is convex:

— 1-variable, twice-differentiable function is convex iff f”’(w) = O for all ‘w’.
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How do we know if a function is convex?

* Some useful tricks for showing a function is convex:
— 1-variable, twice-differentiable function is convex iff f”’(w) = O for all ‘w’.
— A convex function multiplied by non-negative constant is convex.
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How do we know if a function is convex?

* Some useful tricks for showing a function is convex:
— 1-variable, twice-differentiable function is convex iff f”’(w) = O for all ‘w’.
— A convex function multiplied by non-negative constant is convex.

— Norms and squared norms are convex.
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How do we know if a function is convex?

* Some useful tricks for showing a function is convex:

— 1-variable, twice-differentiable function is convex iff f”’(w) = 0 for all ‘w’

— A convex function multiplied by non-negative constant is convex.
— Norms and squared norms are convex.

— The sum of convex functions is a convex function.
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How do we know if a function is convex?

* Some useful tricks for showing a function is convex:

— 1-variable, twice-differentiable function is convex iff f’(w) = O for all ‘w’.{

— A convex function multiplied by non-negative constant is convex.

— Norms and squared norms are convex.

— The sum of convex functions is a convex functiop. \ \/:2\«/
— The max of convex functions is a convex function.
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How do we know if a function is convex?

* Some useful tricks for showing a function is convex:
— 1-variable, twice-differentiable function is convex iff f”’(w) = 0 for all ‘w’.
— A convex function multiplied by non-negative constant is convex.
— Norms and squared norms are convex.
— The sum of convex functions is a convex function.
— The max of convex functions is a convex function.

— Composition of a convex function and a linear function is convex.
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How do we know if a function is convex?

* Some useful tricks for showing a function is convex:
— 1-variable, twice-differentiable function is convex iff f”’(w) = 0 for all ‘w’.
— A convex function multiplied by non-negative constant is convex.
— Norms and squared norms are convex.
— The sum of convex functions is a convex function.
— The max of convex functions is a convex function.

— Composition of a convex function and a linear function is convex.

* But: not true that composition of convex with convex is convex:
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