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An Optimization Problem

Consider a function that we want to minimize over a 
feasible set S. We can write this problem as the following optimization,

Our goal is to find the best such that .

Note that if , then the optimization problem is unconstrained.



Convexity

A set is convex if 

Similarly, a function is convex iff is convex and, 

A function is strictly convex, if it satisfies,

Examples of convex functions:
• A linear function, , is concave and convex.
• A quadratic function ,

o Is convex iff and
o Is strictly convex if . 



Operations that preserve convexity

• Intersection of convex sets is a convex set 

• Sublevel sets are convex

• Nonnegative weighted sum of convex functions is a convex function.

• Pointwise maximum of convex functions is a convex function



Convex Optimization Problem

Let’s revisit our original optimization problem

If are convex, the above optimization is a convex optimization 
problem.

Theorem: If is the local optimizer for the above convex optimization 
problem, then is a global optimizer.   



Numerical Methods

In most practical cases, analytically finding an optima is impossible.
So we use numerical methods to get an approximate solution.

The solution of an optimization problem is found in an iterative manner 
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Stopping criteria

Update Law

Iterate at k+1



Unconstrained OPT: Descent Methods

For unconstrained smooth optimization, we obtain the next iterate from 
the current iterate by taking a step in a certain direction, i.e.,

where, f is convex and continuously differentiable and the update law is
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When , the descent method becomes gradient descent.
If is Lipschitz continuous with the constant L, then we can set

Direction of descent

Step size



Constrained OPT: Gradient Projection

For a constrained, smooth, convex optimization problem,

How do we extend the gradient method from the unconstrained setting 
to the constrained setting? 
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