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* HyperSpy on the web
 What is Github? Why is it so popular?
 What makes the HyperSpy community?
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— Mostly about open source and scientific (/; ..;\\
python community j O O
— NOT about the cool stuff that HyperSpy \i\,m —~ //

could already do at the time

e Open source is not only about opening the source code, it is
also about:
— Accessibility to the users
— Sustainable library development

— Building a community
k SuperSTEM
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1 HyperSpy

iq’ multi-dimensional data analysis

Home - Download - Documentation - Demos - News - Support : Citing : Credits

HyperSpy: multi-dimensional data analysis
toolbox

HyperSpy is an open source Python library which provides tools to facilitate the interactive data analysis
of multi-dimensional datasets that can be described as multi-dimensional arrays of a given signal (e.g. a
2D array of spectra a.k.a spectrum image).

HyperSpy aims at making it easy and natural to apply analytical procedures that operate on an
individual signal to multi-dimensional arrays, as well as providing easy access to analytical tools that
exploit the multi-dimensionality of the dataset.

Its modular structure makes it easy to add features to analyze different kinds of signals.

Highlights

Two families of named and scaled axes: signal and navigation.
Visualization tools for multi-dimensional spectra and images.

Easy access multi-dimensional curve fitting and blind source separation.
Built on top of NumPy, SciPy, matplotlib and scikit-learn.

Modular design for easy extensibility.

& SuDern?nIsEuw https://hyperspy.org
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HyperSpy documentation/community support
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é_&f e Main website:

%r;s — https://hyperspy.org/
~5 e Documentation:

— https://hyperspy.org/hyperspy-doc/current/index.html

e QGitter: online chat room

— https://gitter.im/hyperspy/hyperspy
e Users list:

— https://groups.google.com/forum/#!forum/hyperspy-users

— Not used much anymore in favour of gitter

DARESBURY
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HyperSpy demos
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e Source code of the demo on github
— https://github.com/hyperspy/hyperspy-demos

The Universit
of Manchest

e Non-interactive version on nbviewer

— https://nbviewer.jupyter.org/github/hyperspy/hyperspy-
demos/tree/master/

— Github now displays nicely the notebook, but works well for
short notebook (loading fail otherwise)

e |nteractive version on mybinder.org
— https://mybinder.org/v2/gh/hyperspy/hyperspy-demos/master

— Run demos online (on a remote server) without any installation
— 1 CPU core, between 1 and 2 GB available memory
— Shut down after 10 min inactivity

DARESBURY
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HyperSpy development

2%

éé e Development site on Github

%‘;" — https://github.com/hyperspy/hyperspy

=5 — Issues tracker: report bug, propose new features and other

business

— Pull requests: discuss the merge of any changes with the
upstream branches

e Developer guide
— http://hyperspy.readthedocs.io/en/stable/dev guide.html

DARESBURY
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The github effect
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—  numpy

120} — scipy -
—  matplotlib
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From Pythonic perambulations: Why Python is the last language

&' SuperSTEM you'll have to learn:
oaressurY  https://jakevdp.github.io/blog/2012/09/20/why-python-is-the-last/
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What is github?

@
GitHub
v& o Atthe heart of Github is git
cCC
om — A version control m:
L2 ersion controf syste L THISIS GIT. IT TRACKS COLLABORATIVE. LIORK
=5 manages and stores revisions ON PROJECTS THROUGH A BEAUTIFUL
: DISTRIBUTED GRAPH THEORY TREE. MODEL.
f or
ot projects COOL. HOU DO WE.USE. IT?
— git is a distributed version NO IDEA. JUSTMEMORIZE. THESE. SHELL
COMMANDS AND TYPE THEM TO SYNC DR
control systems IF YOU GET ERRORS, SAVE. YOUR WORK
e Each contributor has is own ELSEWHERE, DELETE THE PROJECT,
AND DOWNLOAD A FRESH COPY.

e Code is merged in the

remote (online) repository \
upstream repository

4

}f( SuperSTEM short video explaining github: https://www.youtube.com/watch?v=w3jLJU7DT5E
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What is github?

GitHub

e GitHub is a git repository
hosting service with its own
features

The University
of Manchester

GitHub %

— Web-based graphical interface
— provides a centralised place / \
where people discuss the

changes 4 A}. " N
it it 1t
— “Social coding” gJ} 5! gll
e Open discussion in the issue ‘ \ \ J ‘ \
tracker or PR submission,
wiki, etc |- |- |-

DARESBURY
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How to use github?
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Create a branch . Merge PR into
from Upstream G |t H u b WO rkfl OW upstream
@ ‘master’ branch @

Fa Y F o 7 5 o | 7~ F oY
- - - - - - -

Commit changes  Submit pull
to one of your  request (PR)
branch

= Y _
= Review process

DARESBURY
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How to use github?

>\L
=22
gy REMOTE REMOTE
)
i
.EELJ Someone else’s Your fork of the
5 % repository. repository.
=
Ly
O

fork ‘origin’.

Pull from ‘upstream’
changes to original. [

LOCAL

Use your computer’s
terminal to talk to
two repositories via
two remotes to the
GitHub servers.

T eo® y ‘ eoe
\ cool_repo Fork! cool_repo fork
E E E Clone to
N N your cqmputer
from GitHub.
\\ Push and Pull to your

SuperSTEM

DARESBURY



Contribute to an open-source project before git/github

manually download the project’s source code

The University
of Manchester

1.
2. make your changes locally
3.

create a list of changes called a ‘patch’ and then e-mail the
patch to the project’s maintainer

4. The maintainer would then have to evaluate this patch,
possibly sent by a total stranger and decide whether to
merge the changes.

Tedious and not manageable

e SuperSTEM

DARESBURY



Why is github so useful/popular?
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github web interface makes things easier

Fix tests and tidy up CI #206! ean
francisco-dip memed 12 Camms iNSS hypersayRELEAT pext_paten TOM arbcpre i fix ¢ lnenup decoratos plet tting o0 18 Oct
e Share code with other = v s v mow o Bri PO

developers and the e [

a francisco-dip

p u bl |C Description of the change £ som seciogiat

Travis and appveyor ware failing bacause of & few raasons; This PR fxas il removes a lew warmngs
.
generatead during the lests and also tidies up CL. Assignees
e Manage issues

Progress of the PR

e Manage pull request A R A A RSO AT

L B F

. i
(code comparison and roquroment - aspiei 2o 3 stotngp oy
pin matplotlib % 2.2.3 for testing
review)

The Universit
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fix numba msue whan craating array from empty §st and remove requirement nusts < 0,39 Frojocts
sparse |8 NOE 8N optional depandency, bdy up code accordingly,
fix a plotting warning in the lests of the spkes remaval tool

fix a waming during reading sests of protochips files Milesione

e Maintain code

L T T

appveyor: install dependences from conda-orge channel to be consistent with the nstallation of

hiyperspy with conda (and also travis) vid

< ready for review

Notifications

- bs
oricpre adced status: needs review LI TRCTEH _'.1: eis on 30 Sep dn Sasaitmoribe

% 5 becaan you Snm monsoned
© sem-geologist reviewed on 10 Oct View charges
2

1 partcipants
]+
v

) Lock convarsation

hyperspy/misc/io/ful _streas_readers.py

trom hyperspy.decorators (sport 418§ fnuste

Allgw odits from maintainecs
PHOCL SPArSa

S sTE M . sem-geclogist on 10 Ot = edited «»  Contrbutor
u pe r 50 sparse |5 00Ing to be Nard depandency ?
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Why is github so useful/popular?
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github web interface makes things easier

Iversl

e Review and discuss changes during pull request (PR) review

s “numpy scipy satplotlid dpython mSpy syspy scikit-learn dill setptools + nE? ‘nuepy sclpy satplotlined 2.3 lpython h%

y syspy scikit-lesen 11l

of Manchest

The Un

natsort acikit-imagn cython ipyparallel dask nusespr® swtuptools natyort scivit-laage cython ipyparallel dask nusexpr sparsn opeba

Add-AgpvoyorMessage "Installlsg conda ¢

¢ AL ApRVEVOrMER S A, "Installing co

Oda packages

"RCMD_IN EWX comda install -yq STEST DI

‘ "conda install -yg <Cc comaa-forpe XTEST DEPSX

francisco-dip on 18 O« Mumbinr

Why shauld we use conda-forge to install all the deps? In a standard nstallaton mo

-t

peopie will have cownloaded tha full anaconda {vs mmiconda hera), henca most of the

dependencies would be slready instled and coming fram the standard anaconde repos

ericpre on 16 Oct Member
This was part of removing tha “test” optional depandancy instailation, so this should ba
removed now bul pytest-cov sl need Lo be nstalled

e francisco-dip on 18 Member

My pornt was more aboul why conda-dorge mstead of the standard anaconda repostory

ericpre on 168 Oct Member

pytest-mpl is not In cefauns

B francisco-dip on 15 Oct Mamber
oK

Resolve conversation

DARESBURY
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Why is github so useful/popular?

20

5_;% e Continuous integration

-

af;“ — For each PR, the code is tested automatically against a suite of
=5 tests using external services (Github Actions, Azure, etc.)

— ~4220 unit tests continuously checking that no regression is
introduced by new changes

H}‘ @ All checks have passed Hide all checks
3 successful checks

v :;') continuous-integration/appveyor/pr — AppVeyor bulld succeeded Details

v * continuous-integration/travis-ci/pr — The Travis Cl build passed Detalls

v Y coverage/coveralls — Coverage remained the same at 84.44 Detalls

@ This branch has no conflicts with the base branch

Merging can be performed automatically

or vigw com g i

DARESBURY

k" SuperSTEM https://en.wikipedia.org/wiki/Unit_testing
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HyperSpy developer guide

o &

=0 IS 3. Contribute - yes you can!

W

E—J & & Introduction

g = You don't need to be a professional programmer to contribute to HyperSpy.
oo ) Getting started .

ol Indeed, there are many ways to contribute:

(T 1. Start using HyperSpy and

nderstand it
EE X : 1. Just by asking a question in our Gitter chat room instead of sending a
—®) 2. Got a problem? - ask! private email to the developers you are contributing to HyperSpy. Once
3. Contribute ~ yes you can! you get more familiar with HyperSpy, it will be awesome if you could

4. Contributing code help others with their questions.

U 7 Githhk 2. Issues reported in the issues tracker are precious contributions.
sing Git and GitHub £ 5 Z 3 =

3. Pull request reviews are essential for the sustainability of open

Running and writing tests

development software projects and HyperSpy is no exception. Therefore,
Writing documentation reviews are highly appreciated. While you may need a good familiarity
Coding style with the HyperSpy code base to review complex contributions, you can
: it e Thar et o start by reviewing simpler ones such as documentation contributions or
simple bug fixes.

4, Last but not least, you can contribute code in the form of

documentation, bug fixes, enhancements or new features. That is the

............ wtend HyperSpy

main topic of the rest of this guide.

Useful information

4. Contributing code

You may have a very clear idea of what you want to contribute, but if you're
not sure where to start, you can always look through the issues and pull
requests on the GitHub Page. You'll find that there are many known areas
Credits for development in the issues and a number of pull-requests are partally
finished projects just sitting there waiting for a keen new contributor to
come and learn by finishing.

Citing HyperSpy

& Read the Docs

k" SuperSTEM https://hyperspy.readthedocs.io/en/stable/dev guide/intro.html
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HyperSpy community

The University
of Manchester

e Code contributors
— ~49 contributors in total from many different labs

— A few contributors change jobs

e Their github profile may have been useful for their successful application

— ~ 20 of them are a one off contribution

Number of commits over time

2012 2013 2014 2015 2016 2017 2018 2019 2020

e Many more people following the gitter chat

kf" Supe

— Bug report, user feedback, requests, etc.

rSTEM

DARESBURY



The HyperSpy eco-system last year
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The Universit
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HyperSpy-ipywidget

HyperS

py-traitsui

HyperSpyUl

cathodoluminescence

LumiSpy

photoluminescence

inpainting  |N pyste m

reconstruction techniques

.k\Supe

rSTEM

DARESBURY

e Extension registration: other libraries can create their specific Signal

Atomic position fitting
Quantitative AtO Mma p
STEM Strain mapping

Magnetic measurement

pixStem

Differential contrast imaging

4D STEM

Strain mapping Orientation

pyXem mapping

Scanning Electron

Electron
cristallography

diffraction
EBSD . .
Kikuchi PY Electron Correlation Microscopy
Strain
- Orientation mapping Angular EM py.er
mapping Correlations Fluctuation Electron
Microscopy
segmentation ParticIeSpy
Particles analysis Other extension
to come

hyperspy_swift_library

Access nionswift libraries



The HyperSpy eco-system as of today

>\L
=2 e Extension registration: other libraries can create their specific Signal
oY
>5 Atomic position fitting
55 At
ag Quantitative oma p
_IEqa STEM Strain mapping
HyperSpy-ipywidget Differential contrast imaging
Electron pyXem
HyperSpy-traitsui cristallography Scanning Electron
Pair distribution diffraction
function 4D STEM
HyperSpyUl
Other extension
cathodoluminescence EBSD . .
[ Kikuchipy to come
py Strain ) ‘ .
photoluminescence el (SIEITEEN ST
pyMatchSeries
inpainting | pYStem segmentation ParticleS PY Non-rigid image registration
reconstruction techniques Particles analysis
. . ure-svt
\ hyperspy_swift_library P8
| — — D .« . t. _ I d .
* Super&'!gug S — enoising time-resolved microscopy



Future HyperSpy

ecosystem and other EELS 10 EDS Holography
relevant libraries
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HyperSpyUl pycroscopy GMS 3

. . LiberTEM tomviz
HyperSpy-ipywidget

Nionswift

HyperSpy-traitsui

HyperSpy extension

HyperSpy aware library

? SuperSTEM



Python libraries for 4D STEM data analysis

® pyXem
® pixstem

The University
of Manchester

e EMpyer

e py4DSTEM
® pycroscopy
e stemtools

\

> All these open source libraries
are doing very similarly things

e Various nionswift plugins —/

e LiberTEM

e SuperSTEM

DARESBURY

Optimised for high throughput on small
computer clusters



Common issues with research software development

e Many publications present interesting data analysis workflow
or methodological development

The University
of Manchester

e These are generally not easily accessible
— proprietary licence
— not easily to install or to run (platform dependent, etc.)
— not supported/up to date anymore

e May be difficult to maintain for the developer

e |mplementation need to be generic and robust

e Rely on a specific research group (most of the time by one or
a few PhD student or a post-doc..)

— Not sustainable

e SuperSTEM

DARESBURY



Package distribution

20

20

2¢ o Integration with other libraries and workflow
CC

-< ¢ Installation needs to be easy

Loy

O

« Install Python 3,7 from Anaconda

« Open an Anaconda Prompt Terminal and create a new environment by running:

conda create --name hyperspy env python=3.7

« Activate the above environment by:

WINDOWS: activate hyperspy env
LINUX, mac0S: source activate hyperspy env

« Install the packages by running the following commands:

conda install hyperspy -c conda-forge

jupyter labextension install @jupyter-widgets/jupyterlab-manager
conda install -c conda-forge pyxem

conda install -c conda-forge atomap

* Not straightforward for beginner
* Usually not valid anymore after some time

}r SuperSTEM

DARESBURY

HyperSpy bundle installer

@ w Install HyperSpy-bundie

Select a Destination

Introduction How do you want to install this software?
Read Me

Licence .
B Install for all users of this computer

) Install for me only

@ Destination Select

_D Installing this software requires 2.52 GB of space.
»

You have chosen to install this software in your home folder.
Only the current user will be able to use this software.

ANACONDA

GoBack | Continue

* For beginner (and advanced) users

* Expected to work out of the box

* \Very similar to Anaconda/Miniconda
but includes relevant libraries



What makes HyperSpy today?

e Use tools and development practises which have proven to be
successful for open source project

The University
of Manchester

e HyperSpy is supported by its own community
e HyperSpy doesn’t rely on a specific research group/institution
e Peer-reviewed and open-source development

e HyperSpy is a mature library
— API fairly stable
— doesn’t break as much as before

e HyperSpy can be integrated easily in other software
— Framework for the development of other libraries

— HyperSpy will be split in the near future
e Better modularity
e Easier, faster implementation of new features

kf" SuperSTEM

DARESBURY



Achievement of HyperSpy and its community

20

gg e HyperSpy managed to built a distributed community of
55 users/contributor

U=

=5 — Led by its own contributors

— Decision based on contributors consensus

* Motivate (at least not discourage) users
— Pay attention to users feedback
— From user to contributor: make the learning curve easier

e What are contributors doing?
— Contribution to user guide, tutorials and online discussion
— Code writing and/or code review

This is one way to make a library
useful and sustainable

e SuperSTEM

DARESBURY



As individual is it worth contributing to HyperSpy?

e HyperSpy acknowledgement through zenodo DOI
— One DOI for each release (important for reproducibility)

The University
of Manchester

— New contributors will be acknowledged
e Very good training

e Contribution to HyperSpy (or any other library) can be useful
for career development
— Github profile can be used as linkedin, etc.
— Recognition by the community

DARESBURY

k"" SuperSTEM



As a group/organisation/company, why supporting HyperSpy?

As Pl/group leader

— Pl are not acknowledged but they can benefit a lot from the
expertise gained through HyperSpy

The University
of Manchester

— Fairly useful “training” for post-doc/student
— Remove dependence on expansive license for software or
plugins
e Companies, conflict of interest?!
— Some companies start to show interest in open source
— Still a bit difficult: paradigm shift required
— Customers are pushing enough to convince companies

— Extend data processing capabilities of their software

e By being compatible with open source software, companies can
offer solution there could not afford otherwise

DARESBURY

kf" SuperSTEM



