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1. Introduction

This book brings together the teaching materials used in the courses on scientific
artificial intelligence delivered by the Keysight-UZ Chair of National AI Strategy
of the Ministry of Digital Transformation at the University of Zaragoza during
the years of its existence, from 2024 onwards.

As will be seen, the material takes a predominantly practical approach and is
designed to enable students to experiment with all the modules in the programme.

This course is designed for postgraduate students. Many aspects will be
better understood if students have been introduced to basic concepts of physics
during their undergraduate studies, particularly mechanics, which is the focus of
this book. If they have a background in scientific computing—and particularly
in computational engineering—and are familiar with the finite element, finite
volume, and finite difference methods, they are sure to find the content both
accessible and engaging!

The field of scientific artificial intelligence is fascinating. The possibility
that artificial intelligence can make predictions—whether using experimental or
synthetic data, or relying solely on the differential equations that govern the phe-
nomena under study—is, quite simply, fascinating. The challenge is for this
artificial intelligence to be truly predictive in an engineering sense: that the pre-
dictions it makes can be verified and validated, so that industry can ultimately
place its trust in the benefits this new discipline can bring.

It is the task of engineers, physicists, and mathematicians to turn this family
of techniques into the tool that industry needs right now. The responsibility lies
with us, and it begins with training a new generation of researchers in the field
who will, no doubt, bring this to a successful conclusion.





2. First steps: Environment installation

This chapter provides a comprehensive guide to setting up a robust Python en-
vironment for machine learning development. The necessary instructions for
installing the key machine learning libraries—NumPy, Matplotlib, TensorFlow,
PyTorch, . . .—are included. This chapter is intended for beginners and inter-
mediate users, to equip them with the tools and knowledge needed to work in
machine learning.

It is important to establish a reproducible Python environment using Conda
to manage project-specific dependencies. In particular, set up essential tools,
including PyTorch for deep learning development. There is a framework that ab-
stracts repetitive code to build more scalable, readable, and modular deep learn-
ing pipelines, called PyTorch Lightning. It will be useful to generate a
requirements file to document all dependencies and achieve consistent configu-
ration across all systems.

2.1 Set-up of the working environment

For first steps, begin by setting up a battle-tested development environment—
this same configuration will power all of this book’s projects, ensuring consistent
behavior across every application.

At this point, a question may arise: are Conda environments indispensable?
Working with isolated Conda environments is crucial for three key reasons:

• Dependency management: different projects often require conflicting pack-
age versions. Conda environments prevent the “dependency hell” problem
by keeping each project’s requirements separate.

• Conda allows you to specify and install a particular version of the Python
interpreter for each environment. This is essential for maintaining compat-
ibility with legacy code or testing your projects against the latest releases
without affecting the rest of your system.

• Reproducibility: an environment file (environment.yml) lets exactly
recreate the same setup across different machines and collaborators —
critical for reliable results.
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• Project Isolation Experiments will not interfere with each other or break
your base Python installation. The user can safely test new packages with-
out system-wide consequences.

Pro tip
Always create a new environment per project, and document dependen-
cies using:

conda env export > environment.yml

# Install versions with known parameter mismatch
!pip install -q seaborn==0.10.1
# Install a compatible matplotlib version
!pip install -q matplotlib==3.2.2 --no-cache-dir

import seaborn as sns
import matplotlib.pyplot as plt

print("seaborn version:", sns.__version__)
print("matplotlib version:", plt.matplotlib.__version__)

try:
# ’sns.histplot’ didn’t exist in seaborn 0.10.1, so this will raise

an AttributeError
sns.histplot(data=[1, 2, 2, 3, 3, 3])
plt.title("Histogram")
plt.show()

except Exception as e:
print("Unexpected error:")
print(e)

2.1.1 The nontrivial consequences of ignoring environments

Let’s see a real example of version conflicts. In Table 2.1, we can check the
compatibility summary table for Torch, Lightning, NumPy, and Matplotlib.

To add some context to the table:

• TensorFlow and Numba require NumPy ≤ 2.1, so NumPy 2.x conflicts
with them.

• Thinc (used by spaCy) requires NumPy ≥ 2.0, conflicting with PyTorch
ecosystems needing NumPy 1.x.
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Library Recommended
Version

Key Dependencies / Re-
quirements

Common Incompatibili-
ties

Notes / Recommenda-
tions

PyTorch (torch) 2.0.x, 2.1.x Compatible with NumPy
≥1.20 and ≤ 2.0

NumPy ≥2.0 may cause
internal errors or binding
issues

Keep NumPy ≤ 2.0
to avoid C/C++ binding
problems with PyTorch

PyTorch Lightning 2.0.x Depends on compatible
PyTorch

Same as PyTorch, relies
on NumPy ≤ 2.0

Generally no issues with
Matplotlib; no strict Mat-
plotlib version restrictions

NumPy 1.26.x Numerical base, library
compatibility

NumPy 2.x causes in-
compatibility with Ten-
sorFlow, Numba, SciPy,
Thinc, others

Version 1.26.x is stable
for most frameworks;
NumPy 2.x is very new
and can cause conflicts

Matplotlib 3.8.x Compatible with NumPy
≥1.17

Some functions like
stem(use line co-
llection=True)
changed after 3.1

Matplotlib 3.8.x works
fine with NumPy 1.26.x;
watch for API changes in
specific functions

Table 2.1: Library compatibility and recommendations

• Google Colab preinstalls some dependencies with fixed versions (pandas,
packaging, tensorflow), which may cause version conflicts.

• Matplotlib function signatures may have changed between versions; check
documentation when using arguments like use line collection.

To build a small script to automatically check installed library versions and
suggest compatible upgrades/downgrades. Take a look to key missing or changed
features across versions:

• PyTorch Lightning: trainer module/class.

– NOT available in very early versions (≤ 1.0).

– Present and stable in versions 1.0+.

• PyTorch (torch): Complex CUDA support.

– Enhanced in recent versions; older versions lack features for newer
GPU architectures.

• PyTorch Geometric (PyG): Version-specific compatibility for Graph Neu-
ral Networks.

– Essential for the advanced GNN architectures discussed in subse-
quent chapters.
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– PyG often lags behind the latest PyTorch releases. It requires specific
binaries that must match both the PyTorch version and the CUDA
toolkit, making version pinning indispensable to avoid installation
failures.

• NumPy: Version 2.x.

– Backward-incompatible changes in internal C API, causing binding
errors with some libraries.

– New functions and deprecations compared to 1.x (e.g., changes in
random API).

• Matplotlib: plt.hist() vs sns.histplot() (Seaborn)

– sns.histplot introduced in seaborn 0.11.0, absent in older ver-
sions.

So, for a brief summary:

• Check the official changelogs or documentation for breaking changes.

• When backporting code to older versions, expect missing modules/classes
or different method signatures.

• For new features, upgrade cautiously and verify dependency compatibility.

The next code install seaborn and matplotlib compatible with pandas 2.x in
Colab:
# Installing specific, compatible versions of seaborn and matplotlib
!pip install -q seaborn==0.13.1

import seaborn as sns
import matplotlib.pyplot as plt

print("seaborn version:", sns.__version__)
print("matplotlib version:", plt.matplotlib.__version__)

try:
sns.histplot(data=[1, 2, 2, 3, 3, 3])
plt.title("Histogram (compatible)")
plt.show()

except Exception as e:
print("Unexpected error:")
print(e)
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2.2 Conda environment

Let us look at the few steps to follow for installing the Conda environment. Al-
though the instructions below are specifically tailored for Google Colab to ensure
a smooth start for everyone, we strongly recommend following a similar setup on
your local machine. The logic, commands, and environment management work-
flow remain nearly identical, making it easy to transition your projects from the
cloud to a professional local development workstation.

2.2.1 Step 1: Install Conda

Miniconda is a lightweight Conda distribution that allows us to manage isolated
Python environments and packages [Anac16]. In this step, how to install Mini-
conda in the Colab system and configure the necessary environment variables so
the system recognizes Conda commands, are described. This is essential because
Colab doesn’t come with Conda pre-installed like other environments.

In this step it is necessary:

• Download the Miniconda installer.

• Make the installer executable.

• Run the installation to /usr/local.

• Configure the system PATH to include Conda.

• Verify the Conda installation.

This first step is done by running the next code.
# Download and install Miniconda silently in /usr/local
!wget -nc https://repo.anaconda.com/miniconda/Miniconda3-la
test-Linux-x86_64.sh
!chmod +x Miniconda3-latest-Linux-x86_64.sh
!bash ./Miniconda3-latest-Linux-x86_64.sh -b -f -p /usr/local

# Add conda to the current Python environment’s PATH
import sys
sys.path.append(’/usr/local/lib/python3.8/site-packag
es’)
import os
os.environ[’PATH’] = "/usr/local/bin:" + os.environ[’PATH’]
# Verify installation
!conda --version
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2.2.2 Step 2: Create new Conda environment.

Creating isolated environments is a best practice for managing different projects
with their own dependencies. Here, an environment called “Zaragoza” with
Python 3.10 and basic scientific packages pre-installed, are established. The ver-
sion checks ensure everything was set up correctly. Conda environments prevent
conflicts between package versions across different projects.

In this step, it is necessary:

• Create a new environment named “Zaragoza” with Python 3.10.

• Pre-install core scientific packages (NumPy, SciPy, Matplotlib).

• Check the Python and NumPy versions in our new environment.

• List all available environments to verify creation.

The second step is done by running the next code.
# Create a Conda environment named "Zaragoza" with Python 3.10 and

common packages
!pip install tabulate
!conda create -n Zaragoza python=3.10 numpy scipy pandas matplotlib

tqdm scikit-learn ipywidgets -y --quiet
# Run Python and check version using the Conda environment
!conda run -n Zaragoza python -c "import sys; print(’Python version:’,

sys.version)"
!conda run -n Zaragoza python -c "import numpy as np; print(’NumPy

version:’, np.__version__)"

import subprocess
from tabulate import tabulate
# Run ’conda env list’ and capture the output
output = subprocess.run(["conda", "env", "list"], capture_output=True,

text=True)
# Split the output into lines and remove empty lines
lines = output.stdout.strip().split("\n")
# First line is the header, skip the second (divider), process the rest
envs = []
for line in lines[2:]:

if line.strip(): # ignore blank lines
parts = line.split()
name = parts[0]
path = parts[-1]
active = "*" if "*" in parts else ""
envs.append([name, path, active])

# Display results as a compact markdown-style table
print(tabulate(envs, headers=["Environment", "Path", "Active"],

tablefmt="github"))
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2.2.3 Step 3: Install additional packages

In this step, we expand the environment’s capabilities by installing PyTorch and
PyTorch Lightning, essential frameworks for deep learning. We specify the CPU-
only version for compatibility with Colab’s environment. Installing in the iso-
lated environment ensures these dependencies won’t affect other potential envi-
ronments or the base system.

In this step, it is necessary:

• Install PyTorch suite (torch, torchvision, torchaudio).

• Add PyTorch Lightning from conda-forge.

• Activate the environment to verify installation.

This third step is done by running the next code.
# Install PyTorch and PyTorch Lightning in the Conda environment

"Zaragoza"
!conda install -n Zaragoza pytorch torchvision torchaudio cpuonly -c

pytorch -y --quiet
!conda install -n Zaragoza pytorch-lightning -c conda-forge -y --quiet

# Activate the environment (alternative method)
!source activate Zaragoza

# For Colab, you might need to use:
# !conda activate Zaragoza

2.2.4 Step 4: Basic environment usage

Now that we have our environment set up, it’s important to understand how to
properly use it. This step shows the basic commands for activating the environ-
ment and verifying you’re working within it. Remember to always activate your
environment before working on your project.

In this step, it is necessary:

• Properly activate our Conda environment.

• Verify you’re working in the correct environment.

• List installed packages.

• Deactivate when finished.
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Pro tip
Validate your environment matches ours with:

conda list --export > environment_audit.txt

This final step is done by running the next code.

# Activate the environment (Colab-specific method)
!conda activate Zaragoza
# Verify you’re in the correct environment
!conda info
# Check installed packages in the active environment
!conda list -n Zaragoza
# To deactivate when finished (though not strictly necessary in Colab)
!conda deactivate

2.2.5 Exporting and recreating Conda environment

Let us export the environment to:

• An environment file: environment.yml.

• A requirements file: requirements.txt.

## Copy the environment with YAML
# List of Packages in Zaragoza environment
print(’Packages in Zaragoza:’)
!conda list -n Zaragoza | grep -E

’ˆ(python|numpy|matplotlib|scipy|torch)’

# Export environment to YAML
!conda env export -n Zaragoza > environment.yml
# Create new environment (copy of Zaragoza) from exported YAML
!conda env create -n conda_cpy -f environment.yml
# List of Packages in conda_cpy environment
print(’Packages in conda_cpy:’)
!conda list -n conda_cpy | grep -E

’ˆ(python|numpy|matplotlib|scipy|torch)’

And recreate the environment on the new system:

• Copy environment with environment.yml.

• Create new environment and install packages based on requirements-
.txt.
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