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I’m Alastair

❖ I’m a researcher in the MTG

❖ I do research, but the majority of my time is spent writing 
software

❖ I have experience working in large organisations, and in 
community driven projects with hundreds of thousands of 
users

❖ This talk is based on my experience writing software in a 
research context, and questions that I get asked by students



The ideal research pipeline
Researcher A (“Producer”) 

❖ Read background papers 

❖ Do own research 

❖ Publish paper X 

Researcher B (“Consumer-Producer”) 

❖ Read paper X 

❖ Understand/reproduce results in paper X

❖ Do more research building on X

❖ Publish paper Y that cites X / produce product that uses X 

Plumbley et al. 2012. Research reproducibility workshop 



The real research pipeline
Researcher A (“Producer”) 

❖ Read background papers 

❖ Do own research (including lots of coding) 

❖ Publish paper X (no source code or data. May describe the algorithm incorrectly) 

Researcher B (“Consumer-Producer”)

❖ Read paper X 

❖ Can’t reproduce or use results in paper X

❖ Tear out hair

❖ Give up / do something else 

Plumbley et al. 2012. Research reproducibility workshop 



Research is software development

❖ Papers need code

❖ How many of you are programming as part of your research?

❖ How many of you did an undergraduate degree in CS or 
Software Development?

❖ How many hadn’t programmed before you started here? 
 
 



Overview of this talk
1. Code layout and organisation

2. Testing

3. Documentation

4. Source control

5. Data

6. Licensing

❖ Not a tutorial talk.

❖ You will have to take these ideas and investigate them further

❖ Time for questions at the end, but please stop me if you want to discuss something



A small disclaimer



I’m not very good at this



❖ 2014 & 2015: I gave a talk similar to this one, about best 
practises in making research reproducible

❖ 2015: Did an experiment submitted a paper to a conference

❖ Paper was rejected

❖ 2016: I wanted to re-visit the paper, change some processes, 
and re-submit

❖ Should be easy, right? Just read the documentation and run 
the right script



No

I didn’t even know what file to run to reproduce the results, let 
alone where to start making changes



Listening to a talk will not make you better

❖ That is to say, this is not magic

❖ You can’t just decide to write good software and suddenly it 
will be good

❖ Like everything else, pick a small change to make, practise it 
until it’s second nature. Repeat  
 
 
 
 



There is a happy ending



I’m here to transfer knowledge

❖ Observations and things that I’ve learned from 10 years of 
programming and software development

❖ I will list some main points which have helped me through 
the years, why they’re a good idea, and why they’ve worked 
for me

❖ Almost all of these points will require more up-front work.  
 
 
 



“But I’m a very busy person”

❖ Your first thought will probably be “But this is going to take 
much longer. I don’t have time for this, I have a paper due really 
soon!”

❖ Additional effort up front will save you time in the future  
 
 
 
 
 
 



I’m a very busy person

https://xkcd.com/1205/



Starting a new project
❖ You have an idea for a project. Great, let’s start

https://www.flickr.com/photos/jeanbaptisteparis/724619122/



Advice from the Internet

https://twitter.com/micahgallen/status/1001362580710088704
https://twitter.com/ProfZare/status/1001424807429275649



Code layout and organisation



Code layout and organisation

❖ what is hpEnhance_chunks? _nochunks?

❖ What is normal hpEnhance?

❖ What is BatchProcess_New? What does it do new which is 
different?

❖ Don’t copy an entire file and rename it to try something new

❖ You know what these files do now, but will you in 6 months?

❖ What if you find an error in your evaluation component? Will 
you remember to change the original code and test that too?



Breaking up code into units
❖ Don’t put all your code into one method in one file

❖ Why not? - It makes it more difficult to reason about parts

❖ makes testing harder (more on this later)

❖ makes reuse harder 
 
 
 
 
 



Breaking up code into units
❖ Split code into smaller blocks

❖ Load

❖ Preprocess

❖ Main algorithm

❖ Calculate statistics

❖ Change the algorithm? Make a second function instead of copying all 
additional code too

❖ Have a runtime flag (or setting variable) which lets you choose 
which algorithm to use



Breaking up code into units
❖ How does this save time?

❖ More up-front work to split code into modules (although, not 
much more if you split it from the beginning)

❖ You only have one version of common code

❖ Save time having to look through each of your versions to find 
the most up-to-date one

❖ Common interface to all of your versions of code—Choose 
between them quickly for evaluation



Hard-coded paths

❖ Not portable off your computer (very bad if someone else 
wants to run it)

❖ Use arguments instead 
 



Using arguments

❖ Pass arguments when you run your tool

❖ Using an IDE? You can still add arguments



Using arguments

❖ In python, don’t read sys.argv 

❖ Use argparse                                   (but it’s so complex…)



Argparse magic
❖ But we want our work to be understandable

❖ You get documentation for free



Other options for Arguments
❖ Fire (https://github.com/google/python-fire)

❖ Magically creates help text and argument handling from a python 
object or model

https://github.com/google/python-fire


Arguments

❖ How does this save time?

❖ Less work when you want to release it publicly

❖ If you need to run the software on another machine, less work 
to configure it (pass all configuration options as arguments)

❖ Faster to deploy on the HPC  
 
 



Testing and Automation

❖ We have broken our code into small blocks

❖ How do we make sure the blocks work as they should?

❖ Tests!

❖ Are tests worth the effort?

❖ That depends on who you ask and what your definition of 
testing is 
 
 



“Writing tests takes too long”

❖ Yes, it does.

❖ In software development, it’s not unusual that writing tests 
takes as long as writing the software. This means that your 
development time could double

❖ So, why is it good?

❖ We are saving time when making changes or checking code 
 



Typical development workflow
1. Make a change

2. Restart your python terminal

3. import your module

4. open a file

5. forget to import json module

6. import json. open file again

7. get a field from json file

8. call your method with data as an argument

9. print out result

10. see that the formatting of your output isn’t right

11. go to step 1



Easier development

1. Make a change

2. run python mycode/test_parser.py 

3. Fix any errors

4. Repeat



Testing as automation

❖ Rule of thumb: If you’re doing something manually more than 
2 or 3 times, perhaps you should write a test or automate it

❖ Yes, you could press the up button in ipython. It’s still slower 
than writing a test

❖ If you come back to your code in 3 weeks time can you 
remember how you tested it?  



Testing as documentation

❖ A test is a kind of documentation for how to use a system 
(or a method) 

❖ Sometimes when you write that documentation you realise 
the interface to your code is going to be unnecessarily 
clumsy

❖ Change your code to make it easier to automate and to 
document 
 
 



Testing
❖ How does this save time?

❖ Test only a small part of your algorithm instead of waiting for 
the entire load/process stage to complete

❖ Influences the design of small connectable blocks of code, 
potentially saving refactoring time in the future  
 
 
 



Testing example
❖ There’s a bug in this code



Testing example
❖ Make a separate test file with known inputs and outputs

❖ You don’t need to wait for the rest of the cell to run



Documentation

❖ Great, you have some code. How does it work?

❖ Add a description of what the software does. What is the 
expected input format? Is there an example of what a 
successful run looks like?

❖ Is this the implementation of code which you published? 
After the paper is accepted, cite it!  
 
 
 



File documentation



Project documentation



Why document?

❖ How does this save time?

❖ Because you are going to forget what your code does

❖ Save yourself time having to read all of your files to work out 
how to run the software

❖ If you want to publish the software, you now have 
documentation without any extra work 
 



Source control

http://soundsoftware.ac.uk/why-version-control



Do you remember what you did last semester?

❖ Your code works

❖ You make a change

❖ You make another change

❖ …

❖ Copy your code to your laptop

❖ Make another change

❖ Your code doesn't work

❖ Easy way of keeping distributed backups (and knowing what is most up to date)



Source control
❖ Use git

❖ Available for mac, windows, linux

❖ GitHub will give you a free place to store your code

❖ If you want to use mercurial or subversion, that’s absolutely 
fine



Academic Discount



Tutorials



Issues (Organise your life)



Keep track of versions



Keep track of versions

❖ Use git tags to mark the version that you used in a particular 
paper

❖ Do you want to try something new? make a branch and 
experiment without affecting your existing code  
 
 
 
 



Data

❖ Your code probably processes data. If you’re distributing 
code, can you also distribute data?

❖ This can be more difficult:

❖ Is the data yours to distribute? copyright/personally 
identifying?

❖ Where do you host it?



Zenodo

❖ zenodo.org

❖ Designed for hosting public datasets

❖ Developed and maintained at CERN

❖ Hosted on the same storage infrastructure that stores data 
from the Large Hadron Collider

❖ Very generous storage limits (up to 50GB per dataset, email 
them if you need more!)

http://zenodo.org




Zenodo + GitHib

❖ You can link a repository on GitHub to Zenodo so that 
every time you make a release you get a DOI to reference in 
your paper 
 
 
 
 
 
 
 



Data Backups

❖ Is your data backed up?

❖ Thirty-five minutes spent in Langley’s Willowbrook Shopping 
Centre cost a Surrey woman much more than she had 
anticipated. Langley RCMP say that while she was shopping from 
1-1:35 p.m. last Monday, someone broke into her vehicle and 
stole a number of items, including a Mac iBook laptop containing 
the research she had compiled as she worked towards her PhD. 
“All that information was on that computer and she has no 
back-up file,'' said Langley RCMP spokesman Cpl. Brenda 

Plumbley et al. 2012. Research reproducibility workshop



Data Backups
❖ Dropbox

❖ External hard drive

❖ Department servers/backup infrastructure



Licensing

❖ I found this code online which does something I need to do. I 
can download the code, so I can use it, right?  
 
 
 
 
 
 
 
 



Licensing



Licensing

❖ No. Copyright law says that when you create something that 
no one can use or change it (without your permission)  
 
 
 
 
 
 
 
 



Open licenses

❖ Two main styles of open license:

❖ GPL: “Use this code, but if you change it or integrate it into 
another system, your changes and that system also need to 
be available under this same open license”

❖ BSD/MIT/Apache: “Do whatever you want. Really. Just say 
that I made it”

❖ Check with the copyright holder of your code (It might be 
the university)



How do you add a licence?

❖ Make a file called LICENCE or COPYING containing the 
contents of the licence

❖ GitHub will do this for you when you make a repository. It 
will ask you what licence you want and will automatically add 
the file  
 
 
 
 



Reproducible research

❖ Sertan Şentürk (MTG PhD student) gave an example in a talk
—3 weeks to reproduce an experiment with an external 
researcher (https://zenodo.org/record/255537)

❖ Do you know what the dependencies are? How to format 
the input data? How to execute the software? Does your 
code still work?

❖ This is not just for others. For you too

❖ “The first person to benefit by making your work 
reproducible is you!”                                  - Sertan Şentürk

https://zenodo.org/record/255537


Reproducible research

❖ It’s my belief that following these recommendations will make 
it easier to have research that can be verified and extended

❖ An entirely reproducible paper. Can someone else (you) run 
all of your experiments, create all tables, graphs, and generate 
your paper/thesis by running just 1 command?  (Victoria 
Stodden, University of Illinois at Urbana-Champaign)  
 



Wrapping up

❖ This is a lot of work. Do I have to do it?

❖ You’re saving time

❖ You’ll become a better programmer (easier to get a job)

❖ You’ll actually finish your PhD on time!  
 



Thanks!
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