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Scientific Open Source Software (Sci-OSS)

Scientific Software: “source code files, algorithms, scripts, computational
workflows, and executables created during the research process or for a
research purpose”.

o% ® B =

Astronomy Drug discovery Seismology Genomics Meteorology

Scientific OSS: Scientific software developed openly and collaboratively,
with source code freely available for use, modification, and contribution.

Arvanitou et al., 2021.| Morane, et al. ,2021 2



Event Horizon Telescope (EHT) Project

M87 - the first image of a black hole

Case Study: First Image of a Black Hole. 2019. https://numpy.org/case-studies/blackhole-image/



Event Horizon Telescope (EHT) Project

M87 - the first image of a black hole

@ cht-imaging

Case Study: First Image of a Black Hole. 2019. https://numpy.org/case-studies/blackhole-image/



Sci-OSS in EHT Project

@ cht-imaging

' ﬂf' PyWavelets

N T NumPy

Case Study: First Image of a Black Hole. 2019. https://numpy.org/case-studies/blackhole-image/
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Network Analysis in Python



Landscape of Scientific OSS Ecosystem

Application-specific »

A Python Framework for Seismology

SOLC®RE

StatsModlels
Statistics in Python

Domain-specific

5” Xarray a NumPy
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IPython u
Foundation N “2Numba
@ python

Adopted from Jake VanderPlas. 2017 | Harris., et al.. 2020



Challenges on OSS and Scientific Software

0SS Scientific
development software
o
|
ll« Distributed & voluntary Lack of SE training o|._<l.>:|>
g0
Burnout Communication barriers
VB Toxicity Incentives misalignment @9
C5-O Complex dependency Unevaluated “extra work” dg

Crowston 2011 | Raman et al., 2020.| Miller et al. ,2022 | Bogart et al., 2021 Howison et al., 2011.| Paine, et al.,2017 | Rother et al., 2012 | Trainer et al., 2015
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What We Don’t Yet Know

0SS
development

* Prior work mostly focuses on small, co-located teams working
on single projects
* General OSS collaboration studies often miss interdisciplinary

challenges unique to science
* Ecosystem level collaboration limited to dependency related

Issues

Scientific
software

Mosconi et al., 2019 | Pe-Than et al, 2019



We Conducted a Case Study

to explore the collaborations in scientific OSS ecosystems in depth

The

@Astro DY

Project
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Study Subject -- @Astro )Y

Project

* Python software ecosystem for astronomy

astro py % Fork 19k - ¢ Star 4.6k

/.)/ A Python package for
gamma-ray astronomy () One Core package
v ' l e >=10 years of age
o) poliastro__ astro o), * > 400 contributors
-/ N :
specutlls | * 50 other interoperable packages

5] ccdproc

s Astro, mbgeeducton pacoge Maturity Community-oriented
Popularity Development artifacts
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Research Questions

(@astropy
78, 8"

RQ1: (within-project collaboration)

What are the major challenges when
interdisciplinary experts collaborate to
develop and maintain scientific OSS in the

Astropy?

A Python package for
; gamma-ray astronomy

t
- astopy

nnnnnnnnnnnnnnnnnnnnn

4 Ip specutils

opy package for spec

‘.-

= cedproc

An Astropy image reduction package

RQ2: (cross-project collaboration)
What are the intentions and the
corresponding challenges in cross-
project collaboration within the Astropy
ecosystem?
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Method Overview

-| T 4T
O —> |nterviews with core contributors =—y=— @)astropy

RQ1: Collaboration within

GitHub individual scientific OSS project

Repos

Mining data to understand
‘ > contributors’ backgrounds
RQ2: Cross-projects collaboration

 — . Lepe
in the scientific OSS ecosystem

y A Python package for
E ; : § .‘ i gamma-ra y astronomy
T> l. t I
Y poliastro t
2 e — astropy

. Thematic analysis of cross- ggﬁﬁ;specut'ls/ | N
project discussion threads |

pont o d
An Astropy image reduction package
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Research Questions

A Python package for
; gamma-ray astronomy

7} poliastro__ astro
@astropy Aﬁspecutls/ | h py

AR &
NV 4
@' opy package for spec

=) cedp roc
RQ1: (within-project collaboration) RQ2: (cross-project collaboration)
What are the major challenges when What are the intentions and the
interdisciplinary experts collaborate to corresponding challenges in cross-
develop and maintain scientific OSS in the project collaboration within the Astropy

Astropy? ecosystem?
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RQ1 Method: Within-project Collaboration

ol=d

Identified 41 core . Conve.nlence | |
contributors Sampling Semi-structured
GitHub interviews with
IitHu 11 core contributors
Repos
—l e

Commit

History 'gl ig’
<[> <[>
Calculated LOC to different @@ %@é

types of files contribution =~ = ldentified background
(e.g., science related vs for 424 contributors,

engineering related ) represented by ratio of
contribution history
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RQ1 Interdisciplinary Team Composition  @astropy

11 core contributors interviewed:
* Scientists with self-taught software skills to professional software developers with
scientific background.

Dot size: Hcommits
X-axis: Ratio of LOC contribution to code files

P1 (28.6%, 2034) P6 (92.4%, 2776)

x J
® O

Engineering-related

KoK Science-related
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RQ1 Interdisciplinary Team Composition  @astropy

11 core contributors interviewed:
* Scientists with self-taught software skills to professional software developers with
scientific background.

. ntri rs’ keroun n acr rum ' . .
Contributors’ backgrounds span across a spectrum of expertise Dot size: #eommits

X-axis: Ratio of LOC contribution to code files

P1 (28.6%, 2034) P6 (92.4%, 2776)

/

Engineering-related

dSK Science-related
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RQ1 Reduced Communication Barriers

Deep domain knowledge requirement,

even for scientists.

/ “Astronomy is a very big field, even
though it seems small... if a pull
request say “we want to update the
world coordinate system (WCS)”, you
have to read at least three papers to
even understand what that one was

~

/

%

Interviewee with a ﬂ
Msc deg. in astronomy V¥

8

(@astropy

Use of the FITS World Coordinate System

by STEREO/SECCHI

W.T. Thompson - K. Wei

(i ; e .‘. ol . " . iz
'=1W‘7_4.7.“'°~*'"’WW" E IR
it

iline: 15 December 2009

lard for embedding coordinate in-

thin

EC-

The

D e |

-~~~ Celestial equator {H])
- f‘: I:ZS:.: plane r

-75° Right Ascension (deg)

Galactic coordinates
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RQ1 Reduced Communication Barriers @astropy

~ “there is always someone you can talk to who understands
4‘,‘ the domain knowledge of what you are working on but also
™ has a lot of knowledge in the software structure.” )
\4

Dot size: Hcommits
X-axis: Ratio of LOC contribution to code files

- = . D, -
w v "= 9 ey e g

/

L
[
L |
[ |
[ )

Engineering-related

Qb ] .
:©:g Science-related
9,
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RQ1 Tensions between Different Mindsets @astropy

* Task prioritization: code quality vs flexibility of scientific collaboration

* Perception of seniority: academic culture can influence decision making in
OSS development

19



Research Questions

A Python package for
; gamma-ray astronomy

@astropy & E==" a|5t20 Py

¥ specutil ls

Ill|lHl
@' opy package for spec

= ccdproc
RQ1: (within-project collaboration) RQ2: (cross-project collaboration)
What are the major challenges when What are the intentions and the
interdisciplinary experts collaborate to corresponding challenges in cross-
develop and maintain scientific OSS in the project collaboration within the Astropy

Astropy? ecosystem?




RQ2 Method: Cross-project Collaboration

7“‘ A Python package for
) gamma-ray astronomy
" potasro_ 5
Y poliastro t
o3 Poliast astropy

¢Vl specutils
@'Y An Astropy package for spectroscopy

= cedproc

An Astropy image reduction package




° fy parmma-rey ashanory
RQ2 Cross Reference Links e astropy
@ specutls -
p Fe, ggc!proc

rop image reduction package

NASA-Planetary-Science/sbpy| @ sh oY

Add Dastcomb Service #115
J§Nel,-LI shreyasbapat wants to merge 16 commits into NASA-Planetary-Science:main from

Q) Conversation 64 -O- Commits 16 El Checks 0 Files changed 8 GitHub

‘ shreyasbapat commented on Feb 27, 2019 - edited ~

Sbpy #115
As discussed in chats of astroquery: https://astropy.slack.com/archives/C8U8VGQFM/
And from a PR in astroquery: astropy/astroguerny#1339 @ aStro
| am adding this module here.
Astroquery
#1339
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APyth p Kgf

RQ2 Cross-Project Reference Graph (CRG) ... 1,

A astro
/ ‘ N PY

,ﬁspecu \|>

NASA-Planetary-Science/sbpy| (i sh oY

Add Dastcomb5 Service #115

J§Nel,-LI shreyasbapat wants to merge 16 commits into NASA-Planetary-Science:main from

() Conversation 64 -O- Commits 16 F) Checks 0 Files changed 8 GitHub Poliastro

#364
‘ shreyasbapat commented on Feb 27, 2019 - edited ~

Sbpy #115
As discussed in chats of astroquery: https://astropy.slack.com/archives/C8U8VGQFM/

And from a PR in astroquery: astropy/astroguery#1339 @ aStrO Poliastro

| am adding this module here. #605
.. other events ...

L2 This was referenced on Feb 27, 2019

Astroquery
Add Dastcom5 Module 2ctropy/astioquerny i 1a00

#1339

Contribute NEOs code to astroquery © \ poliastro
.. other events ... I
c2 ° astrojuaniu mentioned this pull request on Mar 29, 2019
[WIP] Remove Neos from poliastro forever poliaciio/poliasioncos o9 BSLE&EFO
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RQ2 Cross-Project Reference Graph (CRG) )%T_ltpy
. GitHub Poliastro
* node: issues/PRs #364
* edge: directional cross reference link Sbpy #115
(source issue/PR -> target issue/PR) Poliastro
* node color: repo (project) || o

Astroquery
#1339
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° ° ’Yﬂ' gammanray astonomy
RQ2 Method: Cross-project Collaboration ...~ ..,

0

GitHub
Repos

ﬁ An Astropy image reduction package

Oseecuis” |

PRs & Issues l
PR #2

31,576 Cross-
referencing links

1,491 between
different projects

—»@m—» PR #1 —»%%% —_—

697 Cross-project
cross-referenced
graphs (CRGs)

Semi-structured
interviews with
11 core contributors

Thematic analysis:
Sample of 34 CRGs
with 7+ nodes in
each.
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RQ2: Collaboration Intentions e dstron,

i specutil

ﬁ An Astropy image reduction package

Intention Occur. (ratio) | Example

Change coordination due to code r

39.63% '
dependencies % Reporting bugs

Discussing solutions for Astronomy specific
Knowledge sharing 26.5% problems (e.g., design for “coordinate system
reference frames”)

Coordinating shared functionalities 25.14% Migrating features between projects

Centralized infrastructure

8.74% Batch update of shared testing tools
management

Gather feedback on new features

O |I'%

Coordinating during release cycles
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RO2: Collaboration Intentions

|
5 polsso__ 36tro py

* Add ecliptic frames and transforms #3749 fp | >

sV el eteq merged 15 commits into astropy:master from eteq:add-ecliptic-frames (!

) Conversation 26

B

As implemented |
before merging it
coordinates, bec:
such coordinates
@mtbannister, @
you can commen

FManagement

Coordinating duri

-o- Commits 15 Fl Checks o Files changed 8

imple

é eteq commented on May 3, 2015 @a St ro py Member ) *=** orting bugs

This closes #1430 by adding frames (and transforms into the rest of the coordinate  cUSSing solutions for Astronomy specific
graph) for ecliptic coordinates.

blems (e.e.. desien for “coordinate system

W .
astrojuanlu commented on Aug 31, 2017 ) pOlIa SEro
/]

|

L1t
-

Astrodynamics in Python

| suspect (but cannot prove) that the NEOS lookup database of JPL uses heliocentric
mean ecliptic coordinates:

http://ssd.jpl.nasa.gov/sbdb.cqgi?sstr=2003122

We had some discussion about it in poliastro, which is summarized here:

https://github.com/poliastro/poliastro/wiki/Reference-frames#small-bodies-

coordinates




RQ2: Collaboration Challenges

Information among scattered issue threads

~/ ®\~
~

A Python package for
gamma-ray astronomy

& polisstro alstropy
@’ | >
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RQ2: Collaboration Challenges e dstropy

/ ‘ S

i specutils

Information among scattered issue threads

Fitting/Modeling/Sigma Clipping Crashes with NANSs,
whereas before it just gave a warning #1345
orifox opened this issue onIIVIay 13,2022 |21 comments - Fixed by #1350

orifox commented on May 13, 2022 + edited by pllim ~ Assignees

No one assigned
I'm working on PSF Fitting using Photutils. My script previously worked (astropy ==
5.0.4 ) worked. | upgraded astropy, and now it fails. Although I'm not exactly sure
why. Error message below. Nothing has changed. Labels

Now (astropy == 5.2.dev75+ga3c27114b):

photutils
1345

Projects
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RQ2: Collaboration Challenges e dstron,
/ ‘ S

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

An Astropy image reduction package

Information among scattered issue threads

Member

larrybradley commented on May 16, 2022 « edited ~

Fitting/Modeling/Sigma Clipping Crashes with NANs,
whereas before it just gave a warning #1345

[OJaEIERY orifox opened this issue on May 13, 2022 - 21 comments - Fixed by #1350

IMHO, | think the sensible thing to do here is have the fitting code
automatically remove the non-finite values (with a warning). | see that
@astrofrog proposed exactly that 7 years ago (astropy/astropy#3575),

but

apparently it never went anywhere.

®

photutils astropy



A Python package for
gamma-ray astronomy

RQ2: Collaboration Challenges 3 s Jstropy
i spec s ‘ ~
* Information among scattered issue threads fa cederec.

 Knowledge loss If not for long-term contributors

* Difficult to keep track across projects within the ecosystem
Fragmented, duplicated implementations, and sub-optimal domain-
specific solutions

Delayed responses from downstream packages

—

SN NIIUS ®




Takeaway: Within & Cross-project Collabor

RQ1 Within-project @)astro )Y

* Reduced communication barrier

Different mindset tensions on task
prioritization

Academic seniority influences decision making

* Knowledge sharing of existing expertise

APyt
aaaaa -ray astronomy

dependency-related issues

Hard to manage scattered knowledge

@ Open questions for future study

* Understanding of expertise-tasks matching on
sci-0OSS

* Tooling or practices to support balancing
tension?

Strategies for connecting communities

Tools to better provide overview of the

ecosystem

t .
hon package for
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What’s Next?

 What are the perspectives from short-term and disengaged contributors?

* Beyond the case study in Astronomy, does the observation generalize to
other scientific domains?

* With the recent advances in LLM for coding tasks, does it help scientists
with software development tasks?

33



Collaboration Challenges and Opportunities in Developing
Scientific Open-Source Software Ecosystems:

A Case Study on Astropy

Takeaway: Within & Cross-project Collaboration

771' ;."::l.:‘:.?
) poliastro__ astro py

Method Overview

D=
- . el . G’ | >
ﬁ RQ1 Within-project @)a stropy RQ1 Within-project ccdl
O —> Interviews with core contributors * Reduced communication barrier * Cross-project collaboration goes beyond just
GitHub * Different mindset tensions on task dependency-related issues
Repos e prioritization * Knowledge sharing of existing expertise
s * Academic seniority influences decision making * Hard to manage scattered knowledge
Mining data to understand
: =T contributors’ backgrounds
@ Open questions for future study
% % ¥ * Understanding of expertise-tasks matching on * Strategies for connecting communities
sci-0S5 _ _ * Tools to better provide overview of the
Thematic analysis of cross- * Tooling or practices to support balancing ecosystem
project discussion threads tension?

Contact me &
read our paper!
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