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What does reproducible mean?

Same Different
()
5 Reproducible Replicable
w
5
kS Robust Generalisable
=
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Why don’t people do this already?

Is not considered for Takes time
promotion Publication bias

Barriers to towards novel
o findings
__ reproducible
additicc>|nal skills researCh Plead the 5th

Held to higher standards

Support additional users than others
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What is Jupyter Book?

Build an online book with
Jupyter Notebooks and Markdown

Jjupyter

o

jupyter.orqg/jupyter-book

https://speakerdeck.com/choldgraf/
jupyter-book-interactive-books-running-in-the-cloud https://doi.org/10.5281/zen0do.11098175
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Requires additional skills

Chapters will include: = = - B

+ Research data management = |

« Open science

* Reproducibility

» Version control with git

 Your working environment (IDE, 4
notebooks etc)

« Capturing your compute environment

« Testing for research

« Continuous integration

* Collaborating throuah GitHub/GitLab
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Malvika Sharan

“No one can change
research culture on their
own. Scaling our
community by
empowering YOU to
participate is how we will
change the world.”
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Code Testing -
m Research Software Engineers

Prerequisite Importance

—— ‘ nand Necessary

Welcom Summary

id Ro| fu ~
’ Researcher-written code now forms a part of a huge portion of research, and If there are mistakes in the code the results may
rel
be partly or entirely unreliable, Testing code thoroughly and frequently s vital to ensure reliable, reproducible research, This
( IV v
chapter will provide general guidance for writing tests and describe a number of different kinds of testing, their uses and how
Qpen | I Y4 to go about implementing them
\ 1oy v
= _ Motivati d Back d
( arch 1na v J
Managoma
g It Is very, very easy to make mistakes when coding, A single misplaced character can cause a program's output to be entirely
eproducible Envitonments v wrong. One of the examples above was caused by a plus sign which should have been a minus. Another was caused by one !
inderHut v plece of code working In meters while a plece of code written by another researcher worked in feet. Fveryone makes mistakes,
fo quall = and in research the results can be catastrophic, Careers can be damaged/ended, vast sums of research funds can be wasted,
A [ ity
and valuable time may be lost to exploring incorrect avenues, This is why tests are vital

https://the-turing-way.netlify.app/index.html @TuringWay

https://github.com/the-turing-way/the-turing-way https://doi.org/10.5281/zeno0do.11098175



Code Testing
m Research Software Engineers

Prerequisite Importance

Necessary

Perhaps the cleanest expression of why testing is

Important for research as a whole can be found
In the Software Sustainability Institute slogan:
better software, better research.

It Is very, very easy to make mistakes when coding, A single misplaced character can cause a program's output to be entirely
wrong. One of the examples above was caused by a plus sign which should have been a minus. Another was caused by one
plece of code working In meters while a plece of code written by another researcher worked in feet. fveryone makes mistakes,

and in research the results can be catastrophic, Careers can be damaged/ended, vast sums of research funds can be wasted,

and valuable time may be lost to exploring incorrect avenues, This is why tests are vital

https://the-turing-way.netlify.app/index.html @TuringWay
https://github.com/the-turing-way/the-turing-way https://doi.org/10.5281/zeno0do.11098175
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Is your code doing what
you think it's doing?

Asgert . AreEqual (
GotTimaOfDay( ),

"Morning” );

https://the-turing-way.netlify.com/reproducible-research/testing.html @TuringWay
https://www.toptal.com/ga/how-to-write-testable-code-and-why-it-matters https://doi.org/10.5281/zenodo.11098175



Is your code doing what
you think it's doing?

Asgert . AreEqual (
GotTimaOLfDay (),

Morning" )i

https://the-turing-way.netlify.com/reproducible-research/testing.html @TuringWay
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Is your code doing what
you think it's doing?

Assert.AreEqual (
GetTimeOfDay (),

Assert . AreBqgual (
GotTimaOfDay( ),

Morning" );

“Morning” )

https://the-turing-way.netlify.com/reproducible-research/testing.html @TuringWay
https://www.toptal.com/ga/how-to-write-testable-code-and-why-it-matters https://doi.org/10.5281/zenodo.11098175



Is your code doing what '@
you think it's doing?

PASS

Assert.AreEqual (
GetTimeOfDay (),

“Morning” )

https://the-turing-way.netlify.com/reproducible-research/testing.html @TuringWay
https://www.toptal.com/ga/how-to-write-testable-code-and-why-it-matters https://doi.org/10.5281/zenodo.11098175



Is your code doing what
you think it's doing?

PASS

Testing sub-chapters on:

— Smoke

— Unit

— Integration

— System

— Acceptance and regression
— Runtime

And continuous integration...

https://the-turing-way.netlify.com/reproducible-research/testing.html @TuringWay
https://www.toptal.com/ga/how-to-write-testable-code-and-why-it-matters https://doi.org/10.5281/zenodo.11098175
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General guidance and good practice for testing

There are several different kinds of testing which each have best practice specific to them (see | f 17). Nevertheless,

O}

¥

there Is some general guldance that applies to all of them, which will be outlined here

Write Tests - Any Tests!

Starting the process of writing tests can be overwhelming, especially if you have a large code base. Further to that, as

mentioned, there are many kinds of tests, and implementing all of them can seem like an impossible mountain to climb. That

~ Is why the single most important piece of guldance in this chapter is as follows: write some tests. Testing one tiny thing in a
- : - v code that's thousands of lines long Is infinitely better than testing nothing in a code that's thousands of lines long. You may
not be able to do everything, but doing something is valuable
\ TVHW v
Open Rusearch v Make improvements where you can, and do your best to include tests with new code you write even if it's not feasible to write
Vers] "y v tests for all the code that's already written
( 9 v

march at ¥ Run the tests

sproducible Envitonments v The second most important piece of advice in this chapter; run the tests. Having a beautiful, perfect test suite 1s no use if you
indartiut 2 rarely run It Leaving long gaps between test runs makes it more difficult to track down what has gone wrong when a test fails
because, a lot of the code will have changed. Also, if it has been weeks or months since tests have been run and they fail, it is
oeodymus N difficult or impossible to know which results that have been oblained In the mean time are still valid, and which have to be
{ A 1

https://the-turing-way.netlify.app/index.html @TuringWay

https://github.com/the-turing-way/the-turing-way https://doi.org/10.5281/zeno0do.11098175
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General guidance and good practice for testing

There are several different kinds of testing which each have best practice specific to them (see ). Nevertheless,

there s some general guidance that applies to all of them, which will be outlined here

Write Tests - Any Tests!

Write tests — any tests! Test realistic cases

* Run the tests « Use a testing framework

 Consider how long it takes Aim to have good code
your tests to run coverage

« Document the tests and how Use test doubles / stubs /
to run them mocking where appropriate

nments V The second most important plece of advice in this chapter; run the tests, Having a beautiful, perfect test suite (s no use if you
2 rarely tun It Leaving long gaps between test runs makes it more difficult to track down what has gone wrong when a test fails
}
because, a lot of the code will have changed. Also, if it has been weeks or months since tests have been run and they fail, it is
v

difficult or impossible to know which results that have been oblained in the mean time are still valid, and which have to be

https://the-turing-way.netlify.app/index.html @TuringWay
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General guidance and good practice for testing  ©

There are several different kinds of testing which each have best practice specific to them (see Types of Testing). Nevertheless,

there is some general guidance that applies to all of them, which will be outlined here

Write Tests - Any Tests!

Make improvements where you can and do your

best to include tests with new code you write
even if it's not feasible to write tests for all the
code that’s already written.

The second most important piece of advice in this chapter: run the tests, Having a beautiful, perfect test suite s no use if you
rarely run It Leaving long gaps between test runs makes It more difficult to track down what has gone wrong when a test fails
because, a lot of the code will have changed. Also, if it has been weeks or months since tests have been run and they fail, it is

difficult or impossible to know which results that have been oblained In the mean time are still valid, and which have to be

https://the-turing-way.netlify.app/index.html @TuringWay
https://github.com/the-turing-way/the-turing-way https://doi.org/10.5281/zeno0do.11098175
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Overview of Testing Types

There are a number of different kinds of tests, which will be discussed here

(O]

[

Firstly there are positive tests and negative tests, Positive tests check that something works, for example testing that a
function that multiplies some numbers together outputs the correct answer, Negative tests check that something generates
an error when it should, For example nothing can go quicker than the speed of light, so a plasma physics simulation code may

contain a test that an error is outputted if there are any particles faster than this, as it indicates there is a deeper problem in

the code

X In addition to these two kinds of tests, there are also different levels of tests which test different aspects of a project. These
b soned Ml ~
Ide for Rey el levels are outlined below and both positive and negative tests can be present at any of these levels, A thorough test suite will
rch
contain tests at all of these levels (though some levels will need very few)
\ TVHW v
Qpen R ] v

. Types of Testing

" 9 ¥ [1[rr-testing-smoketest]: Very brief initial checks that ensures the basic requirements required to run the project hold. If these
osearch Data v fall there 15 no point proceeding to additional levels of testing until they are fixed
Managome
[H{rr-testing-unittest): A level of the software testing process where Individual units of a software are tested, The purpose Is to
oproducible Environmen v
validate that each unit of the soltware performs as designed
inderHut v
Code quality v [|[rr-testing - types-integrationtest]: A level of software testing where individual units are combined and tested as a group. The
purpose of this level of testing Is 1o expose faults in the interaction between inteqrated units

https://the-turing-way.netlify.app/index.html @TuringWay
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Overview of Testing Types

There are a number of different kinds of tests, which will be discussed here

Firstly there are positive tests and negative tests, Positive tests check that something works, for example testing that a

function that multiplies some numbers together outputs the correct answer, Negative tests check that something generates

Example: manufacturing a « System test to check pen can

ballpoint pen. write.

« Unit test individual parts: cap, * Acceptance test to ensure the
body, tail, ink cartridge, ball pen is the expected colour.
point. « Regression test all the time to

* Integration test to check the see if a change to the code
cap fits on the body. changes the test output.

v

validate that each unit of the soltware performs as designed
v
v [J[rr-testing - types-integrationtest): A level of software testing where individual units are combined and tested as a group. The
A purpose of this level of testing Is to expose faults in the interaction between integrated units

https://the-turing-way.netlify.app/index.html @TuringWay
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Overview of Testing Types

There are a number of different kinds of tests, which will be discussed here

Firstly there are positive tests and negative tests, Positive tests check that

function that multiplies some numbers together outputs the correct a generates

an error when it should, For example nothing can go quicker than tl n g@rde may

contain a test that an error is outputted if there are any particles 1§ lem in

the code

In addition 1o these two kinds of tests, there are also different levels of tests ¢ F These
1d ' J 2 levels are outlined below and both positive and negative tests can be present o ¢ levels uite will
’ contain tests at all of these levels (though some levels will need very few)
Gver v
Open Rusearch v y
P . Types of Testing
" 9 ¥ [1[rr-testing-smoketest]: Very brief initial checks that ensures the basic requirements required to run the project hold. If these
msearch Data v fall there 15 no point proceeding to additional levels of testing until they are lixed
A
1 : P [Jrr-testing -unittest): A level of the software testing process where Individual units of a software are tested. The purpose Is to
o e validate that each unit of the soltware performs as designed
| Hu v
Code quality v [|[rr-testing - types-integrationtest]: A level of software testing where individual units are combined and tested as a group. The

purpose of this level of testing Is to expose faults In the interaction between integrated units

https://the-turing-way.netlify.app/index.html @TuringWay
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Reproducible and

explainable results

— Code your data processing,
analysis & visualisations. Share
protocols for manual steps.

— Test to catch changes (planned
and unplanned).

— Keep a human in the loop to
track how analyses behave
under different circumstances.

https://the-turing-way.netlify.app/reproducible-research/testing @TuringWay
https://the-turing-way.netlify.com/reproducible-research/ci.html https://doi.org/10.5281/zen0do0.11098175



Please join us in The Turing Way!

*Bookmark the start page: https://the-turing-way.start.page

B3 Read the guides: https://book.the-turing-way.org

B Contribute on GitHub: https://github.com/the-turing-way/the-turing-way

E3 Subscribe to our newsletter: https://buttondown.email/turingway

& Chat with us on slack: https://tinyurl.com/jointuringwayslack

& Join a collaboration cafe: https://annuel2.framapad.org/p/ttw-collaboration-cafe
— Next one: 15 May 2024, 15:00-17:00 BST / 14:00-16:00 UTC
8 Join an onboarding call: https://annuel2.framapad.org/p/ttw-onboarding
@ Use The Turing Way Scriberia images (CC-BY): https://doi.org/10.5281/zenodo.3332807

This work was supported by The UKRI Strategic Priorities Fund under the EPSRC Grant EP/T001569/1,
particularly the "Tools, Practices and Systems" theme within that grant, and by The Alan Turing Institute under
the EPSRC grant EP/N510129/1.

@TuringWay
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