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Sources
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http://www.pyomocl.org/

https://software.sandia.gov/trac/pyomo

Homepage:
Book Reference

http://www.pyomo.org/
https://software.sandia.gov/trac/pyomo


What is Pyomo
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Pyomo is a modelling framework based on the Python language 

min 𝑓(𝑥)
𝑠. 𝑡.  ℎ 𝑥 = 0
 𝑔 𝑥 ≤ 0
 𝑥 ≤ 𝑥 ≤ 𝑥

- CPLEX
- BARON
- SBB
- …

𝑥∗, 𝑓(𝑥∗)

Model Interpretation



Alternatives
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Link stating that GAMS is better than Pyomo (by GAMS, take it with a grain of salt): 

https://www.gams.com/blog/2023/07/performance-in-optimization-models-a-
comparative-analysis-of-gams-pyomo-gurobipy-and-jump/

- Paid
- Syntax resembling mathematic modeling
- Not very general language

- Free*
- You have the full power of Julia with it!
- Not all solvers interface well

- Partially free (Community edition)
- Syntax resembling mathematic modeling
- Not very general language

- Free*
- You have the full power of Python with it!
- Not all solvers interface well

You always pay for 
some solvers



Installation
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It is strongly recommended to use a package manager. Personally, I would go 
with Miniconda (https://repo.anaconda.com/miniconda/) 

 

After installing Miniconda, create an environment, activate it, and run the following 
commands

Create environment with Python 3.12

Install pyomo

Install extra packages (optional)

https://repo.anaconda.com/miniconda/


Installation
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The main difficulty that pyomo presents is how to install the required solvers. The 
moment that this is streamlined, no one is going to pay for GAMS or AMPL

Installs GLPK (LP/MILP) solver

Installs SCIP (MINLP solver), together with 
Ipopt (NLP solver) and other linear solvers

For others, you need either an academic license (Gurobi, Cplex, …), paying for them (Antigone, Baron, …) or a Master in 
Computer Science and a lot of patience (Couenne, Bonmin,…) since only the source code is available and to build it is 
very unintuitive (more so in Windows, from what I have heard)



Installation
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Other stuff, in case extras are not installed:



Mathematical Optimization Background
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Generic optimization problems present the following formula

Objective function (cost, safety, environmental impact, etc.)

Inequalities (i.e., specifications)

Continuous variables (e.g., pressures, temperatures, flows)

Discrete variables (logic decisions)

𝑥 ∈ ℝ𝑛

𝑦 ∈ 0,1 𝑛

min 𝑓 𝑥, 𝑦

s. t. ℎ 𝑥, 𝑦 = 0

𝑔 𝑥, 𝑦 ≤ 0

Equalities (i.e., process equations, e.g., mass balances)



Mathematical Optimization Background
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Due to how algorithms work, the ideal case is when the optimization problems are 
convex (for minimization)

𝑓 𝛼𝑥1 + 1 − 𝛼 𝑥2 ≤ 𝛼𝑓 𝑥1 + 1 − 𝛼 𝑓 𝑥2  ∀𝛼 ∈ 0,1

𝑓 𝛼𝑥1 + 1 − 𝛼 𝑥2 ≥ 𝛼𝑓 𝑥1 + 1 − 𝛼 𝑓 𝑥2  ∀𝛼 ∈ 0,1

convex

concave



Solver choice
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Each solver is prepared for a different type of problem. Also, some solvers use other 
solvers to optimize subproblems, e.g., Baron calls Cplex for the MILP subproblems

Solver LP MILP NLP MINLP

ALPHAECP X

ANTIGONE X X

BARON X X X X

CONOPT4 X X

CPLEX X X

DICOPT X

GUROBI X X

GLPK X X

IPOPT X X

SCIP X X X X



Notebook 00: Introduction

11

Importing Pyomo

Setting executable path for alternative modelling languages (GAMS)

Checking installed solvers



Pyomo components
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The generic structure of a Pyomo model is the following:

Definition of the model (Concrete / Abstract)

Definition of sets (If needed)

Definition of variables and parameters

Definition of the objective function and 
constraints

Calling the solver and analyzing results



Motivational example
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A company manufacture four types of machinery. The factory is divided in three 
sections, machining, painting, and assembly. The machining section has available 
960 h/week, the painting section 1110 h/week and the assembly 400 h/week.

Each machinery unit requires the following time at each section 

Plants hours per machinery Profit
[€/machinery]Machining Painting Assembly

Machinery 1 6 3 2 12

Machinery 2 4 3 1 8

Machinery 3 4 6 2 12

Machinery 4 8 9 1 17



Motivational example
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The model is as follows:

max 𝑝𝑟𝑜𝑓𝑖𝑡 = 12𝑥1 + 8𝑥2 + 12𝑥2 + 17𝑥1

𝑠. 𝑡.
6𝑥1 + 4𝑥2 + 4𝑥3 + 8𝑥4 ≤ 960
3𝑥1 + 3𝑥2 + 6𝑥3 + 9𝑥4 ≤ 1110
2𝑥1 + 1𝑥1 + 2𝑥3 + 1x4 ≤ 400

𝑥 ≥ 0

𝑥1, 𝑥2, 𝑥3, 𝑥4: Number of machineries manufactured [machines/week]

C1: Machining time constraint
C2: Painting time constraint

C3: Assembly time constraint



Motivational example
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The model is as follows:

𝑥1, 𝑥2, 𝑥3, 𝑥4: Number of machineries manufactured [machines/week]



Motivational example
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Using sets for a more generic model:

max 𝑝𝑟𝑜𝑓𝑖𝑡 = ෍

𝑖∈𝐼

𝑈𝑃𝑖𝑥𝑖

𝑠. 𝑡.

෍

𝑖∈𝐼

𝑇𝑆𝑖,𝑗 · 𝑥𝑖 ≤ 𝑇𝐴𝑗 ∀𝑗 ∈ 𝐽

𝑥𝑖 ≥ 0 ∀𝑖 ∈ 𝐼

𝑥𝑖 = 𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝑟𝑖𝑒𝑠 𝑜𝑓 𝑡𝑦𝑝𝑒 𝑖 𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑒𝑑 𝑝𝑒𝑟 𝑤𝑒𝑒𝑘 [𝑚𝑎𝑐ℎ𝑖𝑛𝑒𝑟𝑦/𝑤𝑒𝑒𝑘]

𝐼 ≔ 𝑖 𝑡𝑦𝑝𝑒𝑠 𝑜𝑓 𝑚𝑎𝑐ℎ𝑖𝑛𝑒𝑟𝑖𝑒𝑠 𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑒𝑑}
𝐽 ≔ 𝑗 𝑆𝑒𝑐𝑡𝑖𝑜𝑛𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑒 𝑝𝑟𝑜𝑐𝑒𝑠𝑠}

𝑇𝑆𝑖,𝑗 = 𝑇𝑖𝑚𝑒 𝑠𝑝𝑒𝑛𝑡 𝑖𝑛 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑗 𝑚𝑎𝑛𝑢𝑓𝑎𝑐𝑡𝑢𝑟𝑖𝑛𝑔 𝑚𝑎𝑐ℎ𝑖𝑛𝑒𝑟𝑦 𝑜𝑓 𝑡𝑦𝑝𝑒 𝑖 [ℎ/𝑚𝑎𝑐ℎ𝑖𝑛𝑒𝑟𝑦]

𝑇𝐴𝑗 = 𝑇𝑖𝑚𝑒 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑙𝑒 𝑖𝑛 𝑠𝑒𝑐𝑡𝑖𝑜𝑛 𝑗 [ℎ/𝑤𝑒𝑒𝑘]

𝑈𝑃𝑖 = 𝑈𝑛𝑖𝑡𝑎𝑟𝑦 𝑝𝑟𝑜𝑓𝑖𝑡 𝑜𝑓 𝑠𝑒𝑙𝑙𝑖𝑛𝑔 𝑚𝑎𝑐ℎ𝑖𝑛𝑒𝑟𝑦 𝑜𝑓 𝑡𝑦𝑝𝑒 𝑖 [€/𝑚𝑎𝑐ℎ𝑖𝑛𝑒]



Motivational example
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Using sets for a more generic model:



Notebook 01: Motivational Example
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Creating a ConcreteModel

Adding interactivity

Examining results



Case studies
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Assignment Problem

We have a number of people 𝑝 ∈ 𝑃 and a number of tasks 𝑡 ∈ 𝑇. Each person has a 
suitability coefficient 𝑆𝐶𝑝,𝑡 which indicate how suitable they are to perform a certain 
task. The objective is to maximize the total suitability of the assignment of tasks. We 
have the following data:

Implement the following constraints as well as the objective function:

- Each person can only perform one task

- Each task must be performed by only one person

Person SC Accountant SC Sell Manager SC Human Resources

Pedro 11 5 2

Marta 15 12 8

Laura 3 1 10



Case studies
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Set Covering problem

We have a number of zones in which we may or may not install awesome new firefighter stations. 
However, the mayor of the city is a bit stingy, and wants us to install the absolute minimum number of 
stations possible. Having the following map of the zone:

Considering a single station can only provide service to the zones in the immediate neighborhood

- Define the sets, variables, and parameters required

- Define the constraints



Case studies
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Sudoku

Pyomo can also be used as simulation model, by using a dummy objective function

𝑅 ≔ 𝑟 𝑆𝑒𝑡 𝑜𝑓 𝑟𝑜𝑤𝑠}
𝐶 ≔ 𝑐 𝑆𝑒𝑡 𝑜𝑓 𝑐𝑜𝑙𝑢𝑚𝑛𝑠}
𝐾 ≔ 𝑘 𝑆𝑒𝑡 𝑜𝑓 𝑣𝑎𝑙𝑢𝑒𝑠}

෍

𝑘∈𝐾

𝑦𝑟,𝑐,𝑘 = 1 ∀𝑟 ∈ 𝑅, 𝑐 ∈ 𝐶

𝑦𝑟,𝑐,𝑘 = 𝐵𝑖𝑛𝑎𝑟𝑦 𝑣𝑎𝑟𝑖𝑎𝑏𝑙𝑒. 1 𝑚𝑒𝑎𝑛𝑠 𝑡ℎ𝑎𝑡 𝑠𝑞𝑢𝑎𝑟𝑒 𝑟, 𝑘

ℎ𝑎𝑠 𝑎𝑠𝑠𝑖𝑔𝑛𝑒𝑑 𝑣𝑎𝑙𝑢𝑒 𝑘

෍

𝑟∈𝑅

𝑦𝑟,𝑐,𝑘 = 1 ∀𝑘 ∈ 𝐾, 𝑐 ∈ 𝐶

෍

𝑐∈𝐶

𝑦𝑟,𝑐,𝑘 = 1 ∀𝑘 ∈ 𝐾, 𝑟 ∈ 𝑅

෍

𝑟=3𝑝−2

3𝑝

෍

𝑐=3𝑞−2

3𝑞

𝑦𝑟,𝑐,𝑘 = 1 ∀𝑘 ∈ 𝐾, (𝑝, 𝑞) ∈ {1,2,3}
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