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Outline

• Convex Optimization

• CVX Basics

• Assignment Hints
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Convex Optimization Problem in Standard Form

𝑓0 𝑥

𝑓𝑖 𝑥 ≤ 0, 𝑖 = 1,… ,𝑚
𝑎𝑖
𝑇𝑥 = 𝑏𝑖 , 𝑖 = 1, … , 𝑝

• The objective function 𝑓0 𝑥 must be convex

• The inequality constraints 𝑓𝑖 𝑥 must be convex

• The equality functions ℎ𝑖(𝑥) = 𝑎𝑖
𝑇𝑥 − 𝑏𝑖 must be affine.

• The feasible set of a convex optimization problem is also convex.

Subject to

minimize
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Example: Max-Flow Problem

• Source: node 0
• Sink: node 5
• Objective: maximize the flow from the source to the sink
• Constraints: flow capacity, conservation of flow 
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Example: Max-Flow Problem

• Denote the graph as 𝐺(𝑉, 𝐸), flow as 𝑓, source as 𝑠, and sink as 𝑡

• Objective function: maximize σ𝑣:<𝑠,𝑣>∈𝐸 𝑓(𝑠, 𝑣)

• Constraints:
1. capacity: 𝑓 𝑢, 𝑣 ≤ 𝑐 𝑢, 𝑣 & 𝑓(𝑢, 𝑣) ≥ 0 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑣 ∈ 𝑉 − {𝑠, 𝑡}

2. Conservation of flow 

෍

<𝑢,𝑣>∈𝐸

𝑓 𝑢, 𝑣 = ෍

<𝑣,𝑤>∈𝐸

𝑓(𝑣, 𝑤) , 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑣 ∈ 𝑉 − {𝑠, 𝑡}
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CVX Programming

• User Guide: http://web.cvxr.com/cvx/doc/
• CVXPY: https://www.cvxpy.org/
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CVX Basics

• To solve any convex optimization problem using CVX, your code 
should follow the structure shown below:

cvx_begin

variable declaration

objective function

constraints

cvx_end
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Revisit the Max-Flow Problem

• Find the solution using CVX
1. Formulate the problem into a convex optimization problem (check slide 5 )

2. Instantiate the problem data

3. Construct the convex optimization problem following CVX structure

4. Run the script
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Assignment 1 - Hints
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In a linear system, 
𝑌 = Φ𝑋
𝑌: 𝑑 × 1
Φ: 𝑑 × 𝑆
𝑋: 𝑆 × 1

When S>d, the system is underdetermined. However, if the sparsity of the 
sources X is guaranteed, then compressed sensing can be applied to 
reconstruct the original sources.



Assignment 1 - Hints
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In this assignment,
𝑌 = Φ𝑋 + 𝑛
𝑌: 𝑑𝑎𝑡𝑎
Φ: 𝑠𝑖𝑛𝑢𝑠𝑜𝑖𝑑𝑎𝑙 𝑏𝑎𝑠𝑖𝑠
𝑋: 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒, 𝑠𝑝𝑎𝑟𝑠𝑖𝑡𝑦 𝑔𝑢𝑎𝑟𝑎𝑛𝑡𝑒𝑒𝑑
𝑛: 𝑟𝑎𝑛𝑑𝑜𝑚 𝑛𝑜𝑖𝑠𝑒

What you’ll have to do:
1) Formulate the convex optimization problem
2) Use CVX or CVXPY to solve X
3) Experiment with the weight in your objective function



Clarification

• 1) the basis functions Φ: in general, when we consider a signal composed 
of K sinusoids, we express as 𝑦 𝑡 = 𝑎0 + σ𝑘=1

𝐾 𝑎𝑘𝑒
−𝑖2𝜋𝑓𝑘𝑡. However, in 

the assignment, the basis function is simplified toσsin(2𝜋𝑓𝑘𝑡)

• 2) the objective function: minimize the errors in the data fitting and 
enforce the sparsity, so it should look like 

𝑚𝑖𝑛𝑖𝑚𝑖𝑧𝑒 𝛼||? ||1 + ||?−? ? ||2
2

• 3) you’ll have the source as variables in your CVX programming

• 4) play with different weights 𝛼
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Assignments 2

• Clarification
• The minimum volume ellipsoid problem is not an SDP, because the objective 

is not linear

• However, the log determinant is a convex function. So it can still be solved 
using an SDP solver
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Hints

• Decompose R into MTM (𝑅 = 𝑀𝑇𝑀) 
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