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Key Ingredients of an Optimization Problem

1. Decision Variables: The choices we can make 
2. Objective: The thing we want to minimize or maximize  
3. Constraints: The rules or limitations we have to follow



Meet the Solver: COPT

• What is COPT?      Cardinal Optimizer (COPT) is a high-performance mathematical 
solver developed by Cardinal Operations 

• What does it do?   It takes your problem and uses advanced algorithms to find the 
provably best solution 

• COPTPY: A python package that enables us to talk with COPT solver using Python.



Our Coding Environment: Google Colab
• Action: Go to colab.research.google.com 

• Step 1: Create a new notebook 

• Step 2: Install COPTPY

http://colab.research.google.com


The “Hello World” of Optimization
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0



Step 1: Import and Create Environment
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0

• Envr() is our connection to the COPT Solver 

• createModel() creates a new “container” for our 
problem



Step 2: Add Variables
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0

• Create variables. They have a name and a lower 
bound (lb) 

• These variables can be any number from 0 to 
infinity



Step 3: Set the Objective
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0

• Our goal is to maximize the objective  

•  tells the solver we want the 
largest possible value

x + y

COPT.MAXIMIZE



Step 4: Add Constraints
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0

• Add two linear constraints 

• Give each constraint a name for clarity



Step 5: Solve and Get Results
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0

• Run the entire code block in Colab.  

• Show the output:  

• Optimal Solution:  

• Optimal Value:  

- Visualize the solution



Rethinking the Example
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0

• Objective coefficient:  

 

• Constraint coefficient:  

,    

• Decision variable:  

c = [1
1]

A = [1 2
2 1] b = [10

10]
x = [x

y]













Rethinking the Example
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0

Compact Form:

Maximizex c⊤x
Subject to Ax ≤ b

• Objective coefficient:  

 

• Constraint coefficient:  

,    

• Decision variable:  

c = [1
1]

A = [1 2
2 1] b = [10

10]
x = [x

y]



Full Coding Demo
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0



Alternative Modeling: CVXPY

• What is CVXPY?      a Python-embedded modeling language for convex optimization 
that:  

• Provides intuitive mathematical expression syntax  

• Supports multiple backend solvers (including COPT, ECOS, SCS, etc.)  

• Easy to learn and use, ideal for rapid prototyping and education 



Installing CVXPY in Google Colab

 Note: CVXPY comes with free solvers by default, but can also interface with commercial 
solvers like COPT.



CVXPY Modeling Approach - Comparison with COPTPY



Step 1: Import and Create Variables
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0

• nonneg=True automatically sets lower bound to 
zero 

• Variable names are optional but helpful for 
debugging



Step 2: Define Constraints
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0

• Note: Constraints are defined using natural 
mathematical syntax with Python operators.



Step 3: Formulate the Problem
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0

• cp.Maximize() for maximization problems 

• cp.Minimize() for minimization problems  

• Problem combines objective and constraints into 
one object



Step 4: Solve and Get Results
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0

Alternative solvers:  

• solver=cp.ECOS (free, for convex problems) 

• solver=cp.SCS (free, for larger problems) 

• solver=cp.COPT (commercial, high-performance)



Full Coding Demo using CVXPY
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0



Matrix Form with CVXPY
Problem Statement: 

Maximizex,y x + y
Subject to x + 2y ≤ 10

2x + y ≤ 10
x ≥ 0, y ≥ 0



COPTPY versus CVXPY



When to use Which?



Summary
•CVXPY provides a high-level, intuitive interface for optimization modeling

•Natural mathematical syntax makes code readable and maintainable

•Same optimization problem can be solved with identical results

•Choice depends on your specific needs: education vs production

Next: Try converting more complex problems between both interfaces!


