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Guide to Creating and Managing
Requirements.txt Files for Python
Projects
create requirements txt files are fundamental to any Python project, acting as the
blueprint for its dependencies. Without a well-maintained `requirements.txt` file,
managing project environments can quickly become a chaotic and frustrating experience.
This article will guide you through the entire process, from understanding what
`requirements.txt` is and why it's essential, to the practical steps of generating, updating,
and utilizing these vital files effectively. We'll delve into best practices for ensuring
reproducibility, handling different dependency scenarios, and troubleshooting common
issues, empowering you to maintain clean and efficient Python project environments.

What is a requirements.txt File?

At its core, a `requirements.txt` file is a simple text document that lists all the Python
packages a project needs to run. Think of it as a shopping list for your project's software.
When you install a Python package, it might itself depend on other packages. The
`requirements.txt` file captures not just the primary packages you explicitly install, but
also all of their transitive dependencies. This ensures that anyone else working on your
project, or you yourself on a different machine, can replicate the exact environment
required for your code to function correctly. This is absolutely crucial for collaboration and
deployment.

Understanding Dependencies in Python

Python's rich ecosystem thrives on the availability of numerous libraries and frameworks.
These external packages provide pre-written code that solves common problems, saving
developers countless hours. However, managing these packages and their versions can be
complex. A package might be updated, introducing breaking changes, or a different
version might be required for compatibility with another part of your system. The
`requirements.txt` file serves as a persistent record of these dependencies, freezing them
at specific versions to prevent unexpected behavior and ensure consistency across
different development and production environments.

The concept of dependencies extends beyond just your direct installations. If you install a
web framework like Django, it relies on many other packages for tasks like handling HTTP



requests, managing databases, and rendering templates. The `requirements.txt` file, when
generated properly, will include all of these underlying packages as well, creating a
complete picture of your project's software needs.

The Importance of Reproducibility

Reproducibility in software development means being able to reliably recreate a specific
environment and its behavior. This is paramount for several reasons. Firstly, it allows
team members to work on the same project without encountering "it works on my
machine" issues. Secondly, it's essential for testing, ensuring that your tests are run in an
environment identical to where the code will eventually be deployed. Finally, for long-term
projects, it ensures that your code can be run years down the line, even if package
versions have changed significantly in the wider Python ecosystem.

By accurately documenting dependencies in `requirements.txt`, you are effectively
guaranteeing that your project's environment can be recreated with a simple command.
This significantly reduces debugging time and increases confidence in your deployment
processes. It’s like having a detailed recipe that guarantees you can bake the exact same
cake every single time, no matter who is in the kitchen.

How to Create a requirements.txt File

Generating a `requirements.txt` file is a straightforward process, primarily managed by
Python's package installer, pip. There are a few common scenarios, and understanding
them will help you create the most accurate and useful `requirements.txt` for your
project.

Using pip freeze to Capture Current Environment

The most common method to create a `requirements.txt` file is by using the `pip freeze`
command. This command inspects your currently active Python environment and lists all
installed packages along with their exact versions. To do this, you'll typically activate your
project's virtual environment first, ensuring that only project-specific packages are
captured. Then, you execute the command, redirecting its output to a file named
`requirements.txt`.

Here's the typical workflow:

Navigate to your project's root directory in your terminal or command prompt.

Activate your virtual environment (e.g., `source venv/bin/activate` on Linux/macOS
or `venv\Scripts\activate` on Windows).



Run the command: pip freeze > requirements.txt

This will create a `requirements.txt` file in your current directory, listing all installed
packages and their versions. This is an excellent way to document the exact state of your
development environment at a particular point in time.

Manually Creating or Editing requirements.txt

While `pip freeze` is powerful, there are times when you might want to manually create or
edit your `requirements.txt` file. This is particularly useful when you are starting a new
project and know which core dependencies you'll need, or when you want to specify
version ranges rather than exact versions.

You can simply open a text editor and list the packages, one per line. For example:

flask

requests==2.28.1

numpy>=1.23.0

pandas

When manually editing, you can specify exact versions using `==`, minimum versions
using `>=`, maximum versions using `<=`, or version ranges. However, it's generally
recommended to start with `pip freeze` and then refine it manually if needed, as it helps
avoid missing any dependencies.

Best Practices for Version Pinning

The decision of whether to pin exact versions (`requests==2.28.1`) or use version
specifiers (`requests>=2.28.1,<3.0.0`) is a crucial one. Pinning exact versions provides
the highest degree of reproducibility. If you know that a specific version works flawlessly,
locking it down prevents any potential issues arising from future updates. This is often
preferred for production environments or when collaborating with a team where
consistency is paramount.

On the other hand, using version specifiers allows for more flexibility and easier upgrades.
If a bug is fixed in a later minor version of a package, you can benefit from that fix without
manually updating your `requirements.txt`. However, this also increases the risk of
compatibility issues. For many projects, a good balance is to pin the major and minor
versions while allowing patch updates (e.g., `requests~=2.28.1`, which is equivalent to
`>=2.28.1, ==2.28.`).



Installing Dependencies from requirements.txt

Once you have a `requirements.txt` file, installing all the listed dependencies becomes
incredibly simple. This is the primary way you'll set up a project environment on a new
machine or for a new team member.

Using pip install with requirements.txt

The command to install packages from a `requirements.txt` file is `pip install -r `. When
you run this command, pip reads the file line by line and installs each specified package
with its corresponding version into your active Python environment.

Here's how you would typically use it:

Ensure you are in a new, clean virtual environment.

Make sure the `requirements.txt` file is present in your current directory (or provide
the correct path to it).

Run the command: pip install -r requirements.txt

Pip will then download and install all the necessary packages, setting up your environment
perfectly. This is the cornerstone of reproducible Python development.

Virtual Environments and requirements.txt

It's critically important to use virtual environments in conjunction with `requirements.txt`.
A virtual environment creates an isolated Python installation for your project. This means
that packages installed within a virtual environment do not affect your global Python
installation or other projects. When you run `pip freeze` within an activated virtual
environment, it only captures packages relevant to that specific project.

Similarly, when you run `pip install -r requirements.txt` within a virtual environment,
those packages are installed only into that isolated environment. This prevents
dependency conflicts between different projects and keeps your system clean. Always
remember to activate your virtual environment before installing or freezing dependencies.

Managing and Updating requirements.txt

A `requirements.txt` file isn't a static document; it's a living component of your project
that needs regular attention. As your project evolves, or as new versions of packages



become available, you'll need to update your `requirements.txt` to reflect these changes.

When to Update Your requirements.txt

There are several key moments when you should consider updating your
`requirements.txt` file:

When you install a new package for your project.

When you upgrade an existing package to a newer version.

When you remove a package from your project.

Periodically, as a maintenance task, to check for security updates or newer versions
of dependencies.

The best practice is to run `pip freeze > requirements.txt` after any installation, upgrade,
or removal of packages within your activated virtual environment. This ensures your file
always accurately reflects the installed packages.

Dealing with Dependency Conflicts

Dependency conflicts occur when two or more packages require different, incompatible
versions of the same underlying library. For example, Package A might need
`somelib==1.0`, while Package B needs `somelib==2.0`. Pip will usually try to resolve
these, but sometimes it can't, leading to an error during installation.

When conflicts arise, you typically need to investigate which packages are causing the
issue. Tools like `pipdeptree` can be very helpful here, showing you a tree-like structure of
your project's dependencies. You might need to:

Upgrade one of the conflicting packages to a version that supports a compatible
version of the shared library.

Find an alternative package.

Sometimes, you may have to accept a slightly older version of one package to
maintain compatibility.

It's a puzzle you often have to solve by trial and error, but understanding your dependency
graph is the first step.



Using requirements.txt for Different Environments
(Development vs. Production)

It's common practice to maintain different `requirements.txt` files for different
environments, particularly for development and production. For development, you might
include packages that are only needed for testing, linting, or debugging (e.g., `pytest`,
`flake8`, `black`). These aren't necessary for your application to run in production.

For production, you'd typically want a leaner set of dependencies, including only what's
essential for your application's core functionality. You might achieve this by:

Creating a separate file, like `requirements-dev.txt`, for development-specific tools.

When installing for development, run: pip install -r requirements.txt -r
requirements-dev.txt

When installing for production, simply run: pip install -r requirements.txt

This separation ensures that your production environment is as minimal and secure as
possible, reducing potential attack surfaces and deployment times.

Advanced Techniques and Tools

While the basic `requirements.txt` is powerful, there are more advanced tools and
techniques that can further enhance your dependency management workflow, especially
for larger or more complex projects.

Dependency Management Tools (e.g., Pipenv, Poetry)

Tools like Pipenv and Poetry offer more sophisticated solutions for managing Python
dependencies. They aim to solve some of the common pain points associated with
`requirements.txt` files, such as managing virtual environments automatically and
providing deterministic builds.

Pipenv, for example, uses a `Pipfile` and `Pipfile.lock`. The `Pipfile` specifies your direct
dependencies, while `Pipfile.lock` locks down the exact versions of all dependencies,
ensuring reproducible builds. Poetry goes a step further by integrating dependency
management, packaging, and publishing into a single tool, using a `pyproject.toml` file.

While these tools add a layer of abstraction, they often provide a more robust and user-
friendly experience for managing complex dependency graphs. However,
`requirements.txt` remains the de facto standard and is widely supported, making it



essential to understand.

Generating requirements.txt from Poetry or Pipenv

If you're using tools like Poetry or Pipenv, you can still generate a `requirements.txt` file if
needed for compatibility with systems or workflows that expect it. For example, with
Poetry:

Ensure you have Poetry installed and your project is set up with a `pyproject.toml`
file.

Run the command: poetry export -f requirements.txt --output
requirements.txt

This command will export your locked dependencies from Poetry's lock file into a
traditional `requirements.txt` format. This can be useful for integrating with CI/CD
pipelines or other tools that might not directly support Poetry's native format.

The ability to generate a standard `requirements.txt` from these more advanced tools
means you can leverage their benefits while maintaining compatibility with broader
ecosystems.

Frequently Asked Questions

Q: How do I specify that a package can be any version
greater than or equal to a specific version in
requirements.txt?
A: You can use the greater than or equal to operator (`>=`). For example,
`requests>=2.20.0` means pip should install version 2.20.0 or any later version.

Q: What is the difference between `pip freeze` and `pip
list --outdated`?
A: `pip freeze` lists all installed packages and their exact versions in your current
environment, suitable for creating `requirements.txt`. `pip list --outdated` shows which of
your installed packages have newer versions available in the package index.



Q: Can I include version ranges like `requests~=2.28.1`
in my requirements.txt file?
A: Yes, the `~=` operator, also known as compatible release specifier, is supported.
`requests~=2.28.1` means `requests` should be `>=2.28.1, ==2.28.`, effectively allowing
patch updates but not minor or major version bumps.

Q: What happens if I don't use a virtual environment
when creating requirements.txt?
A: If you don't use a virtual environment, `pip freeze` will capture all packages installed in
your global Python environment, which can lead to an overly broad and potentially
problematic `requirements.txt` file.

Q: How can I exclude specific packages from being
included when I run `pip freeze`?
A: There isn't a direct flag for `pip freeze` to exclude packages. The best approach is to
use a virtual environment and only install the packages required for your project. If you
must exclude, you would manually edit the generated `requirements.txt` file afterwards.

Q: Is it better to pin exact versions or use version
specifiers in requirements.txt for production?
A: For production, pinning exact versions (`package==1.2.3`) provides the highest degree
of reproducibility and reduces the risk of unexpected behavior due to package updates.
However, some teams opt for compatible release specifiers (`package~=1.2.3`) to allow
for security patch updates.

Q: What does it mean if a package listed in
requirements.txt has a hash in front of it?
A: This indicates that the package was installed with integrity checking enabled, using
hash-based verification to ensure that the downloaded wheel file has not been tampered
with. It's a security feature.

Q: How do I handle dependencies that are only needed
for development, like testing frameworks?
A: It's common to create a separate file, such as `requirements-dev.txt`, for development-
specific dependencies. You can then install both using `pip install -r requirements.txt -r
requirements-dev.txt`.
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