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What have we learned?

Lecture 8:
• Constrained optimization with equality (necessary/sufficiency condition)
• Constrained optimization with inequality (necessary condition)

Lecture 9:
• Check if a problem is a convex optimization?
• Determine the global optimum of a convex optimization

Lecture 10:
• Write the dual problem of an optimization
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Constrained Optimization with Equality

• We suppose both 𝑓𝑓 and ℎ𝑖𝑖 ,∀𝑖𝑖 are continuously differentiable functions
• Note that the theory also applies to case where 𝑓𝑓 and ℎ𝑖𝑖 ,∀𝑖𝑖 are continuously 

differentiable in a neighborhood of a local minimum.
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Constrained Optimization with Equality

Necessary condition (local optimum → ？)
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Constrained Optimization with Equality

Sufficiency condition (? → local optimum)
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Constrained Optimization with Inequality
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General Form:
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Constrained Optimization with Inequality

Assume that 𝑥𝑥∗ is regular, similarly, we can write down the Lagrangian function

Complementary 
Slackness

Necessary condition (local optimum → ？)
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Example
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Example

The KKT condition is
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Example
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Example
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Example



Convex Optimization

Case 1

Case 2

13



Convex Optimization

Necessity condition

Sufficiency condition
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Example
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Example



17

Example
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Dual Optimization

The primal problem:

The Lagrangian is

We define the dual function as

Then the dual optimization is
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Example
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Example



Thanks！
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