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https://arxiv.org/abs/2308.07333

https://arxiv.org/abs/2308.07333
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22,578 Python notebooks

70% had declared dependencies

46% could install dependencies

5.3% ran without errors

3.9% reproduced!
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22,578 Python notebooks

70% has declared dependencies

46% could install dependencies

5.3% ran without errors

3.9% reproduced!

29% ModuleNotFoundError or ImportError

24% failed to install dependencies

29% failed to import dependencies

>80% fail because of missing or incorrect dependency declarations.

30% failed to declare dependencies
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https://arxiv.org/abs/2310.12598

https://arxiv.org/abs/2310.12598
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Dependencies and dependency declarations
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import numpy as np

...

code.py:

$ python code.py 
Traceback (most recent call last):
  File ".../code.py", line 1, in <module>
    import numpy as np
ModuleNotFoundError: No module named 'numpy'

import numpy as np

...

[project]
name = "my_project"
dependencies = ["numpy"]

pyproject.toml

from setuptools import setup

setup(
    name="my_project",
    install_requires=["numpy"]
)

setup.py:

[options]
install_requires =
    numpy

setup.cfg:

[options]
install_requires =
    numpy==1.26.2



Dependencies and dependency declarations
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import numpy as np

...

code.py:

numpy

requirements.txt:



Undeclared and unused dependencies
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import numpy as np

...

code.py:

numpy

requirements.txt:

import numpy as np
import pandas

...

code.py:

numpy
tensorflow

requirements.txt:



Undeclared and unused dependencies
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numpy

pandas

Dependencies
in your code:

numpy

tensorflow

Declared 
dependencies:

numpypandas tensorflow



Can we automate this analysis?
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FawltyDeps
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code.py:

import numpy as np
import pandas

...

numpy
tensorflow

requirements.txt:

$ fawltydeps

These imports appear to be undeclared dependencies:
- 'pandas'

These dependencies appear to be unused (i.e. not imported):
- 'tensorflow'

For a more verbose report re-run with the `--detailed` option.

$ fawltydeps --detailed

These imports appear to be undeclared dependencies:
- 'pandas' imported at:
    code.py:2

These dependencies appear to be unused (i.e. not imported):
- 'tensorflow' declared in:
    requirements.txt



FawltyDeps
Python code and compatibility:

ᐩ Python scripts (.py)
ᐩ Jupyter notebooks (.ipynb)
ᐩ Python v3.8 – v3.13
ᐩ Linux, MacOS, and Windows

Dependency declarations:

ᐩ requirements.txt
ᐩ pyproject.toml (PEP 621, Poetry, Pixi)
ᐩ setup.py (simple)
ᐩ setup.cfg
ᐩ environment.yml (Conda)
ᐩ pixi.toml (Pixi)
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Availability:

ᐩ via PyPI:
ᐩ pip install fawltydeps
ᐩ As a dev dependency: uv add fawltydeps
ᐩ As a stand-alone tool: uvx fawltydeps

ᐩ as a pre-commit hook or Github Action

Configurable:

ᐩ fawltydeps --help
ᐩ Command-line options override configuration
ᐩ $fawltydeps_<directive> in environment
ᐩ [tool.fawltydeps] in pyproject.toml
ᐩ fawltydeps --generate-toml-config

https://github.com/tweag/FawltyDeps?tab=readme-ov-file#can-i-use-fawltydeps-as-a-pre-commit-hook
https://github.com/tweag/FawltyDeps-action


FawltyDeps output
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code.py:

import numpy as np
import pandas

...

numpy
tensorflow

requirements.txt:

$ fawltydeps --list-sources --detailed

Sources of Python code:
  code.py (using ./ as base for 1st-party imports)

Sources of declared dependencies:
  requirements.txt (parsed as a requirements.txt file)

$ fawltydeps --list-imports --detailed
code.py:1: numpy
code.py:2: pandas

$ fawltydeps --list-deps --detailed
requirements.txt: numpy
requirements.txt: tensorflow



$ fawltydeps --list-imports --detailed
code.py:1: numpy
code.py:2: pandas

$ fawltydeps --list-deps --detailed
requirements.txt: numpy
requirements.txt: tensorflow

FawltyDeps output
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code.py:

import numpy as np
import pandas

...

numpy
tensorflow

requirements.txt:

$ fawltydeps --json
{
  "settings": { ... },
  "sources": [
    {
      "source_type": "CodeSource",
      "path": "code.py",
      "base_dir": "."
    },
    {
      "source_type": "DepsSource",
      "path": "requirements.txt",
      "parser_choice": "requirements.txt"
    }
  ],
  "imports": [
    {
      "name": "numpy",
      "source": {"path": "code.py", "lineno": 1}
    },
    {
      "name": "pandas",
      "source": {"path": "code.py", "lineno": 2}
    }
  ],
  "declared_deps": [
    {
      "name": "numpy",
      "source": {"path": "requirements.txt"}
    },
    {
      "name": "tensorflow",
      "source": {"path": "requirements.txt"}
    }
  ],
  "resolved_deps": {
    "tensorflow": {
      "package_name": "tensorflow",
      "import_names": ["tensorflow"],
      "resolved_with": "IdentityMapping",
      "debug_info": null
    },
    "numpy": {
      "package_name": "numpy",
      "import_names": ["numpy"],
      "resolved_with": "IdentityMapping",
      "debug_info": null
    }
  },
  "undeclared_deps": [
    {
      "name": "pandas",
      "references": [
        {"path": "code.py", "lineno": 2}
      ]
    }
  ],
  "unused_deps": [
    {
      "name": "tensorflow",
      "references": [
        {"path": "requirements.txt"}
      ]
    }
  ],
  "version": "0.13.3"
}

$ fawltydeps --json
{
  "settings": { ... },
  "sources": [
    {
      "source_type": "CodeSource",
      "path": "code.py",
      "base_dir": "."
    },
    {
      "source_type": "DepsSource",
      "path": "requirements.txt",
      "parser_choice": "requirements.txt"
    }
  ],
  "imports": [
    {
      "name": "numpy",
      "source": {"path": "code.py", "lineno": 1}
    },
    {
      "name": "pandas",
      "source": {"path": "code.py", "lineno": 2}
    }
  ],
  "declared_deps": [
    {
      "name": "numpy",
      "source": {"path": "requirements.txt"}
    },
    {
      "name": "tensorflow",
      "source": {"path": "requirements.txt"}
    }
  ],
  "resolved_deps": {
    "tensorflow": {
      "package_name": "tensorflow",
      "import_names": ["tensorflow"],
      "resolved_with": "IdentityMapping",
      "debug_info": null
    },
    "numpy": {
      "package_name": "numpy",
      "import_names": ["numpy"],
      "resolved_with": "IdentityMapping",
      "debug_info": null
    }
  },
  "undeclared_deps": [
    {
      "name": "pandas",
      "references": [
        {"path": "code.py", "lineno": 2}
      ]
    }
  ],
  "unused_deps": [
    {
      "name": "tensorflow",
      "references": [
        {"path": "requirements.txt"}
      ]
    }
  ],
  "version": "0.18.0"
}



FawltyDeps as pre-commit hook
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https://pre-commit.com

$ pip install pre-commit
[...]
$ pip install pre-commit
[...]
$ vim .pre-commit-config.yaml

$ pip install pre-commit
[...]
$ vim .pre-commit-config.yaml
$ pre-commit install
pre-commit installed at .git/hooks/pre-commit

repos:
  - repo: https://github.com/tweag/FawltyDeps
    rev: v0.18.0
    hooks:
      - id: check-undeclared
      - id: check-unused

.pre-commit-config.yaml:

https://pre-commit.com


FawltyDeps as pre-commit hook
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https://pre-commit.com

 import numpy as np
+import pandas

 ...

code.py:

$ vim code.py$ vim code.py
$ git commit -am “Add pandas”
[...]
FawltyDeps-undeclared..................Failed
- hook id: check-undeclared
- exit code: 3

These imports appear to be undeclared 
dependencies:
- 'pandas' imported at:
    code.py:2

FawltyDeps-unused..(no files to check)Skipped

https://pre-commit.com


FawltyDeps as pre-commit hook
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https://pre-commit.com

 import numpy as np
+import pandas

 ...

code.py:

$ vim code.py requirements.txt

 numpy
+pandas

requirements.txt:

$ vim code.py requirements.txt
$ git commit -am "Add pandas"
FawltyDeps-undeclared..................Passed
FawltyDeps-unused......................Passed
[main 6ece52e] Add pandas
 2 files changed, 2 insertions(+)

 numpy
 pandas
+tensorflow

requirements.txt:

$ vim code.py requirements.txt
$ git commit -am "Add pandas"
FawltyDeps-undeclared..................Passed
FawltyDeps-unused......................Passed
[main 6ece52e] Add pandas
 2 files changed, 2 insertions(+)
$ vim requirements.txt  import numpy as np

 import pandas

 ...

code.py:

$ vim code.py requirements.txt
$ git commit -am "Add pandas"
FawltyDeps-undeclared..................Passed
FawltyDeps-unused......................Passed
[main 6ece52e] Add pandas
 2 files changed, 2 insertions(+)
$ vim requirements.txt
$ git commit -am "Declare tensorflow dependency"
FawltyDeps-undeclared..(no files to check)Skipped
FawltyDeps-unused..........................Failed
- hook id: check-unused
- exit code: 4

These dependencies appear to be unused (...):
- 'tensorflow' declared in:
    requirements.txt

https://pre-commit.com


FawltyDeps in CI (GitHub Actions)
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name: FawltyDeps

on: [push, pull_request]

jobs:
  fawltydeps:
    runs-on: ubuntu-latest
    steps:
      - name: checkout
        uses: actions/checkout@v4
      - name: lint - FawltyDeps
        uses: tweag/FawltyDeps-action@v0.2.0
        with:
          options: --detailed

.github/workflows/fawltydeps.yaml:

name: FawltyDeps

on: [push, pull_request]

jobs:
  fawltydeps:
    runs-on: ubuntu-latest
    steps:
      - name: checkout
        uses: actions/checkout@v4
      - name: lint - FawltyDeps
        uses: tweag/FawltyDeps-action@v0.2.0
        with:
          options: --detailed

name: FawltyDeps

on: [push, pull_request]

jobs:
  fawltydeps:
    runs-on: ubuntu-latest
    steps:
      - name: checkout
        uses: actions/checkout@v4
      - name: lint - FawltyDeps
        uses: tweag/FawltyDeps-action@v0.2.0
        with:
          options: --detailed

github.com/tweag/FawltyDeps-action

https://github.com/tweag/FawltyDeps-action


FawltyDeps in CI (GitHub Action)
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import numpy as np

...

import numpy as np
import sklearn

...

import numpy as np
import sklearn
import setuptools
import pkg_resources

...

numpynumpy
scikit-learn
numpy
scikit-learn
setuptools

Matching imports names to package names
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code.py: requirements.txt:

Your project’s
Python environment

import numpy as np
import sklearn
import setuptools
import pkg_resources

...

numpy
scikit-learn
setuptools

Dependencies are installedImports are found



Resolving dependencies into import names
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ᐩ Python environments inside the project
ᐩ Search the entire project?
ᐩ Search within the paths given to FawltyDeps
ᐩ Python environments given with --pyenv

ᐩ Python environment where FawltyDeps is installed

ᐩ Custom mapping: [tool.fawltydeps.custom_mapping]
ᐩ Takes precedence, if given

ᐩ Auto-install from PyPI? --install-deps
ᐩ Expensive, disabled by default

ᐩ Final resort: Identity mapping



Resolving dependencies into import names
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code.py:

requirements.txt:

import sklearn

scikit-learn

Custom mapping

Python environments in project

Python environment w/FawltyDeps

Auto-install from PyPI? Identity Mapping

scikit-learn → sklearn

scikit-learn → sklearn

scikit-learn → sklearn
scikit-learn → scikit_learn



Resolving dependencies into import names
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code.py:

requirements.txt:

import sklearn

scikit-learn

Custom mapping

Python environments in project

Python environment w/FawltyDeps

Auto-install from PyPI? Identity Mapping



More complexities and advanced use cases
ᐩ Exclude parts of your project from analysis:

ᐩ --exclude tests/
ᐩ --exclude-from .gitignore

ᐩ Some dependencies are never meant to be imported:
ᐩ Tools: tox, black, flake8, ruff, pylint, mypy, etc.
ᐩ Type stubs
ᐩ Indirect imports or plugin-style package collections
ᐩ --ignore-unused

ᐩ Conditional imports, alternative imports, e.g.: try: import foo; except: import bar
ᐩ --ignore-undeclared
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Work in progress
ᐩ Dynamic imports, e.g.: importlib.import_module(<some dynamic expression>)

ᐩ Required dependencies vs. various degrees of optional dependencies
ᐩ install-requires vs. extras-require in setup.py
ᐩ [project.dependencies] vs [project.optional-dependencies] in pyproject.toml
ᐩ PEP 735: [dependency-groups] in pyproject.toml
ᐩ Poetry:  [tool.poetry.group.$NAME.dependencies] in pyproject.toml
ᐩ Development dependencies: dev-requirements.txt vs requirements.txt
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Summary
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ᐩ Reproducibility matters
ᐩ Missing or incorrect dependency declarations is the greatest culprit

ᐩ FawltyDeps finds undeclared and unused dependencies in your project
ᐩ Works with Python scripts and Jupyter notebooks, across Python version and platforms
ᐩ Understands the many ways of declaring dependencies
ᐩ Works out of the box on most projects, and can be configured to suit all projects
ᐩ Can be an automated part of your workflow, either pre-commit or in your CI



QUESTIONS?
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ᐩ FawltyDeps on GitHub
ᐩ FawltyDeps on PyPI
ᐩ FawltyDeps on Discord

ᐩ Tweag blog: tweag.io/blog
ᐩ Tweag: tweag.io
ᐩ Modus Create: moduscreate.com

@jherland

Slides

https://github.com/tweag/fawltydeps
https://pypi.org/project/fawltydeps/
https://discord.com/channels/1174731094726295632/1176462512212951090
https://www.tweag.io/blog/
https://www.tweag.io
http://moduscreate.com
https://mastodon.social/@jherland


THANK YOU!


