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Today‘s Goal

determine an easy and quick-

to-implement set of guidelines

for higher code quality

zoom in onto unit testing
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What we will not look into

▪ quality of the content of the code

▪ how to write good object oriented code

▪ problem-specific questions
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Code Quality
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Today‘s Goal

determine an easy and quick-to-

implement set of guidelines for

higher code quality
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Styleguide
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Common Infrastructure and Tools

Language Rules Style Rules

Unit Testing

▪ linting

▪ autoformatting

▪ type checking

▪ documentation

▪ naming

conventions

▪ code structure
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Common Infrastructure and Tools

Version Control

1427.10.2022

✓ collaborative work becomes easier (researcher – student, researcher

– researcher)

✓ possibility to reference different versions of the code 

Picture Source: https://blog.cpanel.com/git-version-control-series-what-is-git/
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Common Infrastructure and Tools

Version Control

1527.10.2022

Defining common workflows helps prevent chaos

and makes it easier for new team members to get on track.

Github Workflow

Gitlab Workflow (a little less straightforward)

Picture Source: https://blog.codeinsider.fr/gerer-son-worklfow-avec-git/
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Common Infrastructure and Tools

Version Control

1627.10.2022

Agree on and use the a version control tool (git) and a platform for 

collaborative work, like GitLab.

Clearly describe the common workflow.

(+) Create common templates for projects, merge requests, issues etc. 
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Common Infrastructure and Tools

Code Editor
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Common Infrastructure and Tools

Code Editor

1927.10.2022

▪ using the same editor will make it easier for less experienced

colleagues to focus on the code

▪ some editors allow you to save the editor setup along with the code:

{
"python.formatting.provider": "black",
"python.sortImports.args": [

"--profile=black",
],
"[python]": {

"editor.rulers": [80],
"editor.formatOnSave": true,
"editor.codeActionsOnSave": {

"source.organizeImports": true
}

},
"files.exclude": {

"**/__pycache__": true,
"**/*.egg-info": true,

}
}
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Common Infrastructure and Tools

Code Editor

2027.10.2022

Agree on and use the same editor.

(+) Save/track editor settings in your projects.
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Linting



Language Rules

Linting
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→ code not consistent, chaotic, hard to read, buggy
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Language Rules

Linting

2327.10.2022

▪ is a static code analysis for finding programming errors, bugs, stylistic 

errors and suspicious constructs that do not conform with a standard, 

such as pep8

▪ good news: there are tools for that! 

Higher Code Quality for Researchers |  Michaela Leštáková



Language Rules

Linting
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Language Rules

Linting
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Agree on a linter and lint on save.

(+) add linting into your CI/CD pipeline.
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Language Rules

Autoformatting



Language Rules

Autoformatting

2727.10.2022

▪ autoformatted code will look the same 

▪ regardless of who wrote it

▪ regardless of the project

▪ you can focus more on the content!

▪ Python autoformatters: black, autopep8, yapf
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Language Rules

Autoformatting

2827.10.2022

for zwitch in switches:
model = {

"id": "101",
"type": "Switch",
"bus": "Bus_123",

}

for bus, location in zip(buses, bus_locations):
model = {

"id": "Bus_123",
"type": "Bus",
"location": {

"type": "Point",
"coordinates": [location["x"], location["y"]],

},
}

for zwitch in switches:
model = {"id": "101", "type": "Switch", "bus": "Bus_123"}

for bus, location in zip(buses, bus_locations):
model = {"id": "Bus_123", "type": "Bus",

"location": { "type": "Point", "coordinates": [location["x"], location["y"]]}}
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Language Rules

Autoformatting
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Agree on an autoformatter and autoformat on save/on 

type.

(+) add autoformatting into your CI/CD pipeline.
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Language Rules

Type Checking



▪ static type checking: the type of variable must be known at compile

time (C++, Java, …)

▪ dynamic type checking: type gets verified at runtime (Python, Ruby, 

…)

▪ Python allows to use an optional static type checker, e.g. mypy

Language Rules

Type Checking

def calculate_distance_geometric(point_1, point_2):
d_x = point_2[0] - point_1[0]
d_y = point_2[1] - point_1[1]
d = sqrt(d_x ** 2 + d_y ** 2)
return d

def calculate_distance_geometric(
point_1: tuple[float, float], point_2: tuple[float, float]

) -> float:
d_x = point_2[0] - point_1[0]
d_y = point_2[1] - point_1[1]
d = sqrt(d_x ** 2 + d_y ** 2)
return d
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Language Rules

Type Checking
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Agree on and use a type checker.

(+) add type checking into your CI/CD pipeline.
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Documentation



Style Rules

Documentation
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docstring

comment
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▪ docstrings use different styles (google/sphinx/numpy)

▪ docstrings can be automatically generated (e.g. VS code extension

„Docstring Generator“)

Style Rules

Documentation

def calculate_distance_geometric(point_1, point_2):
"""Calculates geometric distance between two points.

Args:
point_1 (tuple): coordinates of the first point
point_2 (tuple): coordinates of the second point

Returns:
float: geometric distance between the two points

"""
d_x = point_2[0] - point_1[0]
d_y = point_2[1] - point_1[1]
d = sqrt(d_x ** 2 + d_y ** 2)
return d

def calculate_distance_geometric(point_1, point_2):
"""_summary_

Args:
point_1 (_type_): _description_
point_2 (_type_): _description_

Returns:
_type_: _description_

"""
d_x = point_2[0] - point_1[0]
d_y = point_2[1] - point_1[1]
d = sqrt(d_x ** 2 + d_y ** 2)
return d
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Style Rules

Documentation

3627.10.2022

Interactive documentation using Sphinx

def get_volume(self, level=None):
"""
Returns tank volume at a given level

Parameters
----------
level: float or NoneType (optional)

The level at which the volume is to be calculated. 
If level=None, then the volume is calculated 
at the current tank level (self.level)

Returns
-------
vol: float 

Tank volume at a given level
"""

if self.vol_curve is None:
A = (np.pi / 4.0 * self.diameter ** 2)
if level is None:

level = self.level
vol = A * level

. . . 
Citing WNTR — WNTR 0.5.0 documentation
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Style Rules

Documentation

3727.10.2022

Agree on docstring style and use automatic docstring generator.

All functions, methods and classes must have docstrings.

Create a workflow for generating code documentation.

(+) Create code documentation in a CI/CD pipeline
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Style Rules

Naming Conventions
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▪ follow a language-specific naming

convention

▪ for better readability, use

meaningful names instead of hard-

to-understand short names

▪ use a spell checker

PEP8 summarized in 

styleguide | Style guides for Google-originated open-source projects
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Style Rules

Code Structure



Style Rules

Code Structure

4127.10.2022

Set a maximum line length (80 or 120 characters).

Automatically delete whitespaces.

Improve readability by limiting the number of nested statements.

Preferrably write short functions, and functions that can be tested.
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Discussion

Do you use other tools related to Code Quality you

can‘t do without anymore?

https://miro.com/app/board/uXjVPK1Bq20=/

https://miro.com/app/board/uXjVPK1Bq20=/
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NFDI4ing Conference

Unit Testing in Python



What to expect

▪ general introduction to automated testing

▪ introduction to various tools for testing in python

▪ metrics for completeness/quality of tests → code coverage

▪ advanced testing strategies → property-based-testing

▪ tips for writing testable code
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Why write tests?

▪ higher confidence code works as expected

▪ safety net when refactoring code

▪ more time efficient than testing manually

▪ improves code quality → easy to test code = good code

▪ simpler debugging process

▪ enhances working in a team

▪ ...
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Setting up a testing framework
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package_name

README.md

package_name

__init__.py

module1.py

tests

( __init__.py )

test_module1.py

project structure tools

▪ unittest

▪ part of the standard library

▪ test functions in classes

▪ pytest

▪ third party package

▪ test functions can be defined 

outside classes

→ pytest simpler and requires less 

boilerplate code



Anatomy of a test - AAA
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1. Arrange → prepare test

2. Act → call the function to be tested

3. Assert → compare output with expected output

4. (Cleanup)

https://docs.pytest.org/en/7.1.x/explanation/anatomy.html



Writing a module 
Example function
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math_operations

__init__.py

basic.py

def add(num1: Union[int, float], num2: Union[int, float]) -> Union[int, float]:
return num1 + num2



Writing tests
The first test

27.10.2022Unit Testing in Python |  Daniele Inturri 49

tests

__init__.py

test_basic.py

from math_operations.basic import add
def test_add() -> None:

assert add(2,2) == 4

\math_operations$ pytest

naming convention: test_*.py / *_test.py

naming convention: test_*
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Demo

Writing tests
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def add(num1: Union[int, float], num2: Union[int, float]) -> Union[int, float]:
if not isinstance(num1, (int, float)):

raise TypeError(f"'num1' is {type(num1)}; expected float, int")
if not isinstance(num2, (int, float)):

raise TypeError(f"'num2' is {type(num2)}; expected float, int")
return num1 + num2

math_operations

__init__.py

basic.py

Writing a module 
Example function
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tests

__init__.py

test_basic.py

import pytest

def test_add_raises_type_error() -> None:
with pytest.raises(TypeError):

add("a", [1])

Writing tests
Adding a second test
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Demo

Writing tests



Code Coverage
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▪ metric for the amount of code tested by the unit tests

Statement Coverage
number of executed statements

total number of statements

Branch Coverage
number of executed branches

total number of branches

Condition Coverage
percentage of conditions that affected 

independently the outcome of a conditional 

statement



Code Coverage
example
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▪ 4 statements 

▪ 2 branches

▪ 3 independent conditions 

→ (True, True), (True, False), (False, False/True)

def foo(x: int, y: int) -> int:

if x > 0 and y > 0:
z = x + y

else:
z = 10

return z
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def foo(x: int, y: int) -> int:

if x > 0 and y > 0:
z = x + y

else:
z = 10

return z

Test 1: (x = 1, y = 1)

▪ statement coverage = 3/4 = 75%

▪ branch coverage = 1/2 = 50%

▪ condition coverage = 1/3 = 33% (True, True)

Code Coverage
example
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def foo(x: int, y: int) -> int:

if x > 0 and y > 0:
z = x + y

else:
z = 10

return z

Test 1: (x = 1, y = 1); (x = 0, y = 1)

▪ statement coverage = 4/4 = 100%

▪ branch coverage = 2/2 = 100%

▪ condition coverage = 2/3 = 67% (True, True), (False, True)

Code Coverage
example
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Test 1: (x = 1, y = 1); (x = 0, y = 1); (x = 1, y = 0)

▪ statement coverage = 4/4 = 100%

▪ branch coverage = 2/2 = 100%

▪ condition coverage = 3/3 = 100% (True, True), (False, True), (True, False)

def foo(x: int, y: int) -> int:

if x > 0 and y > 0:
z = x + y

else:
z = 10

return z

Code Coverage
example



Code Coverage
pytest-cov
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▪ pytest-cov: package for generating coverage reports

▪ reports for statement & branch coverage can be generated but not for 

condition coverage

pytest --cov=math_operations tests/ --cov-report=html --cov-branch



Code Coverage
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Demo



Code Coverage
pytest-cov
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Writing tests
customize tests
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code duplication, inefficient

def test_add_raises_type_error() -> None:
with pytest.raises(TypeError):

add("a", [1])
with pytest.raises(TypeError):

add(1, [1])

tests

__init__.py

test_basic.py
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100 % code coverage achieved = error free code?

tests

__init__.py

test_basic.py

@pytest.mark.parametrize(„num1", [1, "1"])
@pytest.mark.parametrize(„num2", [[]])
def test_add_raises_type_error(num1, num2) -> None:

with pytest.raises(TypeError):
add(num1, num2)

Writing tests
customize tests
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tests

__init__.py

test_basic.py

@pytest.mark.parametrize("test_input,expected", [((2,2), 4),((0.1, -10), -9.9), 
((0.1,0.2),0.3)])
def test_add(test_input, expected) -> None:

assert add(test_input[0], test_input[1]) == expected

FAILED tests/test_math_op.py::test_add[test_input3-0.3] - assert 0.30000000000000004 == 0.3

Writing tests
customize tests

Floats should never be checked for exact equality!
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Problem: 

▪ How many different inputs need to be tested?

tests

__init__.py

test_basic.py

@pytest.mark.parametrize("test_input,expected", [((2,2), 4),((0.1, -10), -9.9), 
((0.1,0.2),0.3)])
def test_add(test_input, expected) -> None:

assert add(test_input[0], test_input[1]) == pytest.approx(expected)

Writing tests
customize tests



property-based testing
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def test_foo(a: str, b: int) -> None:
output = foo(a, b)
assert property(output)
assert another_property(output)

1. test with many inputs matching some specification→ Fuzzing

2. perform operations on the inputs 

3. assert the result has some property

▪ does not replace unit tests, but extends them → more efficient and 

robust for some test cases 

https://hypothesis.readthedocs.io/en/latest/



property-based testing
example
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from hypothesis import given
import hypothesis.strategies as st

@given(num1 = st.integers(), num2 = st.integers())
def test_add(num1, num2):

assert add(num1, num2) == num1 + num2

tests

__init__.py

test_basic.py
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@st.composite
def int_or_float(draw):

return draw(
st.one_of(

st.floats(allow_infinity=False, allow_nan=False), st.integers()
)

)

tests

__init__.py

test_basic.py

property-based testing
example



property-based testing
example
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@given(num1 = int_or_float(), num2 = int_or_float())
def test_add(num1, num2):

assert add(num1, num2) == num1 + num2

tests

__init__.py

test_basic.py



property-based testing
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Demo



property-based testing
example – generated inputs
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property-based testing
example
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@given(st.lists(int_or_float()))
def test_sort(arr: list[Union[int, float]]) -> None:

sorted_arr = bubble_sort(arr)
assert isinstance(sorted_arr, list)
assert Counter(arr) == Counter(sorted_arr)
assert all(

x <= y for x,y in zip(sorted_arr, sorted_arr[1:])
)

https://speakerdeck.com/pycon2016/matt-bachmann-better-testing-with-less-code-property-based-testing-with-python?slide=15



Comments
How to write easy to test code?
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▪ functions should perform only one task

▪ functions should be „pure functions“ 

„pure functions“:

▪ the function has identical outputs for identical inputs

▪ no global variables inside the function

▪ no side effects

▪ no print statements or other I/O actions

▪ „pure functions“ should be separated from „impure functions“
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def display_user_info(name: str, age: int) -> None:
print(f"Name: {name}\nAge: {age}")

def format_user_info(name: str, age: int) -> str:
return f"Name: {name}\nAge: {age}"

def display_user_info(name: str, age: int) -> None:
print(format_user_info(name, age))

Comments
How to write easy to test code?



Wrap-Up
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✓✓ ✓✓
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https://git.rwth-aachen.de/ta_alex/python-project-template

Higher Code Quality for Researchers |  Michaela Leštáková, Daniele Inturri

https://git.rwth-aachen.de/ta_alex/python-project-template


Acknowledgements

7727.10.2022

Michaela Leštáková and Kevin T. Logan would like to thank the Federal

Government and the Heads of Government of the Länder, as well as the 

Joint Science Conference (GWK), for their funding and support within the 

framework of the NFDI4Ing consortium. Funded by the German Research 

Foundation (DFG) - project number 442146713.

Higher Code Quality for Researchers |  Michaela Leštáková, Daniele Inturri


