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Introduction



Biography Hans Fangohr / interests

• studies of Physics
• PhD in HPC / Simulation of superconducting material
• Professor of Computational Modelling (2010-)
• Data Analysis at European XFEL GmbH (2017-2020)
• SSU Computational Science at Max-Planck-Institute (now)

Interests shift

• from researching physics problems with computers
• to researching computational methods [which help solve
research problems]
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Software engineering in Computational Science

Good practice for Computational Research includes

• version control
• tests
• continuous integration
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Everybody uses tests

• any software we develop needs testing:
• often done by executing examples and (manually)
• checking the results for correctness

• more efficient: make the testing process automatic
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Example for automatic test (1/2)

def f(n): # "production code"
s = 0
# Loop from 0 to n:
for i in range(1, n + 1):

s = s + i
return s

def test_f(): # "test code"
assert f(3) == 0 + 1 + 2 + 3
assert f(5) == 15
assert f(10) == 55
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Example for automatic test (2/2)

Test by running py.test on the source file

cd code && py.test -v example1.py

================= test session starts ================
platform darwin -- Python 3.8.5, pytest-6.1.1, py-1.9.0, pluggy-0.13.1 -- /Users/fangohr/.pyenv/versions/anaconda3-2020.11/bin/python
cachedir: .pytest_cache
rootdir: slides, configfile: pytest.ini
collecting ... collected 1 item

example1.py::test_f PASSED [100%]

================= 1 passed in 0.00s ==================
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Continuous Integration (CI)

Idea is to execute all automatic tests automatically:

• when we push to the git repository
• when a pull request is opened / changed / merged
• periodically
• ….

Typical work flow:
Accept pull requests only when all tests pass.
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How to run tests & Continuous integration (CI) services

1. Manual, at prompt when required

py.test -v .

2. Services and tools providing CI include
• GitHub (workflows), Gitlab (runners)
• Travis CI, Circle CI
• Jenkins, Buildbot, …

Example: https://github.com/fangohr/demo-github-ci
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Why do we need tests?

Quote from Kent Beck (Test Driven Development)

• Test-driven development is a way of managing fear during
programming […]

A test suite

• can help us debug a problem
• will catch future bugs
• helps us embrace change: easier to modify and extend
software

• can provide confidence
• serves as living documentation of the code
• makes it easier for others to contribute to the project
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Example: Ubermag



Ubermag (https://ubermag.github.io)

- Example: https://ubermag.github.io/quickstart.html
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Ubermag Example
- Example: https://ubermag.github.io/quickstart.html
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Ubermag Example 2
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Ubermag sub package: discretisedfield

Source code /home page on github
https://github.com/ubermag/discretisedfield
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Discretisedfield running tests

• In source directory:
py.test -v

• from Python prompt:
import discretisedfield as df; df.test()

• through continuous integration
• CI through Github actions:

https://github.com/ubermag/discretisedfield/actions

• Set up of one workflow: https://github.com/ubermag/

discretisedfield/blob/master/.github/workflows/workflow.yml

• Example output from running tests on Ubuntu:
https://github.com/ubermag/discretisedfield/runs/3673411912?check_suite_

focus=true
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Github workflow 1/2

name: workflow

on:
push:

branches-ignore:
- 'stable'

schedule:
- cron: '0 0 * * 1' # run every Monday

jobs:
workflow:

runs-on: ${{ matrix.os }}
strategy:

matrix:
os: [ubuntu-latest, macos-latest, windows-latest]

defaults:
run:

shell: bash -l {0}

steps:
- name: Initialisation

uses: actions/checkout@v2

- name: Set up conda
uses: conda-incubator/setup-miniconda@v2
with:

auto-update-conda: true
activate-environment: conda-environment
environment-file: .github/environment.yml
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Github workflow 2/2

- name: Install testing packages
run: python -m pip install --upgrade pip pytest-cov nbval pycodestyle

- name: Install package
run: python -m pip install .

- name: Unit tests
run: make test-unittests
if: matrix.os != 'ubuntu-latest'

- name: Unit tests with coverage
run: make test-coverage
if: matrix.os == 'ubuntu-latest'

- name: Documentation tests
run: make test-docs

- name: Jupyter notebook tests
run: make test-ipynb

- name: Python code style
run: make test-pycodestyle

- name: Upload coverage to Codecov.io
uses: codecov/codecov-action@v1
if: matrix.os == 'ubuntu-latest'
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Actual execution targets in in Makefile

Advantage of testing steps in Makefile (or other script):

• easier to execute the workflow steps locally

Makefile contents:

PROJECT=discretisedfield
IPYNBPATH=docs/ipynb/*.ipynb
PYTHON?=python

test-unittests:
$(PYTHON) -c "import sys; import $(PROJECT); sys.exit($(PROJECT).test())"

test-coverage:
$(PYTHON) -m pytest -v --cov=$(PROJECT) --cov-report=xml

test-docs:
$(PYTHON) -m pytest -v --doctest-modules --ignore=$(PROJECT)/tests $(PROJECT)

test-ipynb:
$(PYTHON) -m pytest -v --nbval $(IPYNBPATH)

test-pycodestyle:
$(PYTHON) -m pycodestyle --filename=*.py .

test-all: test-unittests test-docs test-ipynb test-pycodestyle
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Testing examples in documentation strings (doctests) 1/2

def f(n):
"""Given a positive integer n, return the
sum of numbers from 1 up to n.
Examples:
>>> f(1)
1
>>> f(3)
6
"""
s = 0
for i in range(1, n + 1):

s = s + i
return s
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Testing examples in documentation strings (doctests) 2/2

Test by running py.test on the source file

cd code && py.test --doctest-modules -v example_doctest.py

============================= test session starts ==============================
platform darwin -- Python 3.8.5, pytest-6.2.4, py-1.9.0, pluggy-0.13.1 -- /Users/fangohr/.pyenv/versions/anaconda3-2020.11/bin/python
cachedir: .pytest_cache
rootdir: /Users/fangohr/git/talks-fangohr/2021-09-28-nfdi-testing-talk2/slides, configfile: pytest.ini
collecting ... collected 1 item

example_doctest.py::example_doctest.f PASSED [100%]

============================== 1 passed in 0.05s ===============================

Doctest documentation:

https://docs.pytest.org/en/latest/how-to/doctest.html
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Jupyter notebook documentation: Example

• Idea: use notebook as regression test
• Question: is NoteBook still VALid? (nbval)Hans Fangohr 20



Jupyter NoteBook VALidation (nbval):

• Notebook validation: execute input cell and compare computed output with
data in file

• available as ”nbval” plugin for py.test
https://github.com/computationalmodelling/nbval

• → treat documentation as regression testHans Fangohr 21
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Code style testing

• try stick to conventions:
• PEP8
https://www.python.org/dev/peps/pep-0008/

• tools to help with this
• pycodestyle (used to be pep8)
• flake8, pylint, …, black
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Example for style violation

def f(n):
s = 0
# Loop from 0 to n:
for i in range(1,n+1):

s = s + i
return s

Test by running pycodestyle on the source file, and ask for return code $?

cd code && pycodestyle example_style.py
echo "exit code: $?"

example_style.py:4:21: E231 missing whitespace after ','
Return code: 1
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Sidenote: Black

cd code && black --check --diff example_style.py

Black (https://github.com/psf/black)

• Opinionated pep8-compatible style checker
• can modify source automatically
• use before committing codeHans Fangohr 24
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Test coverage
Given some Python code:

def sum_custom(n):
if type(n) is not int:

raise TypeError("f(n) expects integer, not {}".format(type(n)))
if n >= 0:

s = 0
for i in range(1, n + 1): # Loop from 0 to n

s = s + i
return s

else:
return -1

And some tests

from example_partial_coverage import sum_custom as f

def test_sum_custom(): # partitioning n
assert f(3) == 0 + 1 + 2 + 3
assert f(5) == 15
assert f(10) == 55
assert f(-1) == -1
assert f(0) == 0
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Test coverage output

--cov-report=html
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coverage example, terminal output

py.test can capture code coverage of tests and output in different formats:

• html - as on last slide
• term - text based output (as below)
• xml - can be used in other services to analyses the data further

Example for terminal output:

cd code && py.test --cov --cov-report=term test_example_partial_coverage.py

============================= test session starts ==============================
platform darwin -- Python 3.4.3 -- py-1.4.27 -- pytest-2.7.1
rootdir: /Users/fangohr/gitdocs/teaching-software-engineering/slides, inifile: pytest.ini
plugins: hypothesis, cov

test_example_partial_coverage.py .
--------------- coverage: platform darwin, python 3.4.3-final-0 ----------------
Name Stmts Miss Cover
------------------------------------------------------
example_partial_coverage.py 9 1 89%
test_example_partial_coverage.py 7 0 100%
=========================== 1 passed in 0.01 seconds ===========================
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Discussion and summary



What can we test?

• installation
• unit tests
• system tests
• documentation strings
• additional documentation (Jupyter Notebooks, sphinx)
• code style
• test coverage
• complexity
• performance
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Testing scientific research software is difficult

because not knowing the exact answer is the reason the code
was written.

Options:

• reduce to situation with known answer:
• conservation laws
• trivial cases for which analytical solution is known

• compare with software using a different numerical method
for the same system

• compare with software written by somebody else
• compare with experimental data
• compare with previous result
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Testing for data-heavy projects

Assume we need to analyse / process large data files

• find small test cases
• worth creating mock data
• Open Science COVID Analysis (OSCOVIDA)

(https://oscovida.github.io)

• Issues with data from RKI/JHU:
• server not there
• file missing
• file incomplete (no rows of data, but header there)
• suprising changes in file content/structure
• changes of content in one data set but not in a linked data
set (”Stätderegion Aachen” changes to ”StadtRegion
Aachen”)
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Summary & Closing

• Reported from testing of Python-based open source projects (slides
available)

• Acknowledgements
• Marijan Beg, Martin Lang, Sam Holt (Ubermag)
• Horizon 2020 European Research Projects OpenDreamKit (676541)
and PaNOSC (823852)

• EPSRC Programme grant on Skyrmionics (EP/N032128/1)
• We are recruiting (research software engineering / computational
science) - get in touch!

Contact: hans.fangohr@mpsd.mpg.de, https://fangohr.github.ioHans Fangohr 31
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