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M.A. English Philology, Modern German Literature, Linguistics (Free University Berlin)

~13 years RSE in several linguistic research projects

Fellow of the Software Sustainability Institute

Lead Citation File Format project

Since 2019: Software engineering researcher at DLR

Pl HERMES project (automating software publication with rich metadata)
Chair ReSA Task Force "Software Authorship & Contribution™
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Overview ‘#7
DLR

» Why are software publication and software citation important (for discovery)?
= What is software publication?

* What is software citation?

* How to make software citable?

= How to publish software?
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Q: Why are software publication and citation important?
A: Because software Is important for research!

Software publication

enables

Software citation

enables enables enables

Reproducibility

Adapted from Druskat et al. (2023)
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FAIR for Research Software (FAIR4RS) #
DLR

- F: Software, and its associated metadata, is easy for both humans and
machines to find.

- A: Software, and its metadata, is retrievable via standardized protocols.

- |: Software interoperates with other software by exchanging data and/or
metadata, and/or through interaction via application programming interfaces
(APIs), described through standards.

- R: Software is both usable (can be executed) and reusable (can be
understood, modified, built upon, or incorporated into other software).
Chue Hong et al. (2022)

Publication of software with metadata
(Research) Software Engineering
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FAIR for Research Software (FAIR4RS) A#y
supports discovery DLR

- F: Software, and its associated metadata, is easy for both humans and
machines to find.

- A: Software, and its metadata, is retrievable via standardized protocols.

- |: Software interoperates with other software by exchanging data and/or
metadata, and/or through interaction via application programming interfaces
(APIs), described through standards.

- R: Software is both usable (can be executed) and reusable (can be
understood, modified, built upon, or incorporated into other software).

Chue Hong et al. (2022)

Publication of software with metadata—_,
(Research) Software Engineering _ _.Discovery of research software
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What is software publication?

Publication of metadata and artifacts* for

August 30, 2022

e
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software versions in publication repositories
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Persistent identifier for each version

Not software publication:

- Software available on a source code platform raom
(GitHub, GitLab, etc.) o
- A paper about the software ks
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Interim solution: ”
- software journals (JOSS, JORS, etc.) e
Citations @ @) v

Mo citations.

Challenge: quality assurance
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GitHub
anenAIRE

Publication date:

Supplement to
https://github_com/hexatomic/hexatomic
free/v1.0.1

License (for files):
[ Apache License 2.0

Versions

Version 0.13.0-
SMNAPSHOT

10.5281/zencdo.6900600

Cite all versions? ‘fou can cite all versions by using the DOI
10.5281/z2noda 6200652, This DO represents allversions.
and will hways resclve to the lstest one. Read more:


https://joss.theoj.org/
https://openresearchsoftware.metajnl.com/

What is software citation? A#y
DLR

S. Druskat, T. Krause, C. Lachenmaier, and B.
Bunzeck, Hexatomic version 1.4.2, Mar. 2023.

Zenodo. DOI:

Software must be cited like a paper!
Smith et al. (2016)
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https://doi.org/10.5281/zenodo.7778709

What is software citation? ‘#7
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S. Druskat, T. Krause, C. Lachenmaier, and B.
Bunzeck, Hexatomic version 1.4.2, Mar. 2023.

Zenodo. DOI:

A software version must be cited like a paper!
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What is software citation? 4#7
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S. Druskat, T. Krause, C. Lachenmaier, and B.
Bunzeck, Hexatomic ~Mar. 2023.

Zenodo. DOI:

A software project must be cited like a paper!
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What is software citation? 4#7
DLR

/> Software Heritage

S. Druskat, T. Krause, C. Lachenmaier, and B. Bunzeck,
Hexatomic version 1.4.2, Mar. 2023. Software Heritage.

SWHID:

A software version must be cited like a paper, even if it isn‘t published!
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https://archive.softwareheritage.org/swh:1:rel:2bc06dfdd14699b00c5acecc37213734988a15d6

What is software citation? 4#7
DLR

S. Druskat, T. Krause, C. Lachenmaier, and B. Bunzeck,
Hexatomic version 1.4.2, Mar. 2023. GitHub. URL:

A software version must be cited like a paper, even if it isn‘t published!
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https://github.com/hexatomic/hexatomic/releases/tag/v1.4.2

What is software citation? ‘#7
DLR

S. Druskat, T. Krause, C. Lachenmaier, and B. Bunzeck,
Hexatomic version a0c59ed, Mar. 2023. GitHub. URL:

A software version must be cited like a paper, even if it isn‘t published!
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https://github.com/hexatomic/hexatomic/commit/a0c59edf8be8c1d7c045745e4bd043f7369c7d1b

What is software citation? A#y
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The Hexatomic authors, Hexatomic
GitHub. URL:

A software project must be cited like a paper, even if it isn‘t published!
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https://github.com/hexatomic/hexatomic
https://github.com/hexatomic/hexatomic/commit/a0c59edf8be8c1d7c045745e4bd043f7369c7d1b

What is software citation? A#y
DLR

S. Druskat, T. Krause, C. Lachenmaier, and B.
Bunzeck,

Academic credit
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https://doi.org/10.5281/zenodo.7778709

What is software citation? A#y
DLR

015 e

Hexatomic version 1.4.2, Mar. 2023.

Zenodo. bol: 10.5281/zenodo.7778709.

Reproducibility
+
Findabllity, Accessiblility, Reusability
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What is software citation? ‘#7
It IS often still a best effort adventure! DLR

P70?

What is the most reliable metadata | can find that best supports:

Academic credit ?
+ ?
Reproducibility ?
+ ?
Findabllity, Accessiblility, Reusability? ?
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How to make software citable?
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Metadata citation-file-format.qgithub.io

Authors? Name? Version? Publication date? Provide metadata in CITATION.cff inthe repository!

- : | CZ Cite this repository v
L@ v a cff-version: 1.2.0
3 Wt | message: IT you use this software, please cite it using these metadata.
na § title: My Research Software Cite this repository
abstract: This is my awesome research software. It does many things.

authors: . P
- family-nanes: Druskat If you use this software in your work, please cite it
iven-names: Stephan using the following metadata. Learn more
orcid: "https://orcid.org/0000-0003-4925-7248"
version: ©.11.2
date-released: "2021-07-18" APA BibTeX
identifiers:
- description: This is the collection of archived snapshots of all versions of My

type: doi Druskat, S., Spaaks, J. H., Chue Hong, N., Hi 9
value: "10.5281/zenodo.123456"
- description: This is the archived snapshot of version ©.11.2 of My Researc h sof
type: doi
B value: "10.5281/zenodo.123457"
o T I | e kL Lo R g License: Apache-2.0 ) o View citation file
3 https//r‘cen\”ronmentde/ . . : repository-code: "https://github.com/citation-file-format/my-research-software"

Druskat et al. (2021)

= YAML.: citation-relevant metadata, including references (e.g., to primary dependencies)
= Easy creation/update/validation (web tool , IDE support), compatibility, tools

= Open community format (~ 25,000 files on GitHub; integrations: Zenodo, Zotero, JabRef, ...)
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How to publish software?
DLR

Publication repositories

DOils for versions & projects, metadata, persistence Simple automation with CFF, GitHub & Zenodo!

\arch 16,2022 [Sotoeare ] Open Acoee: | March 16,2022 [ofoare J openicoses |
Zenodo
figshare Acadernic fum 1 143 sdruskat/campussource: v0.1.0] CampusSource Example Deposit|
esearch System R e Druskat, Stephan

Code Ocean 4771

: = A ut

° National Cancer p
- GitHub Institute § 4016 — Ifyou use this software, please cite t as below
HubZero 3,537

DOE Office of
Scientific and Tec...
European 2669

3,301

Language Grid
Open

W sdruskat-campussource-1211c23
[ CITATION.cff 360 Bytes
[ README.md 49 Byles

Knowledgebase... 1195

2 message: u is software, please cite it s :
e o 3 authors:
- family-names: "Druskat"
= Huma-Num 889 5 iven-names: "Stephan”
S B B orci s
ZEm brainlife.io | 820 7 title: "CampusSource
B ‘ 8 wversion: 8.2.
. 0 100,000 200,000 300,000 5 doi: 16.5281/7en0do. 1035718 m
et 18 date-released: 2022-83-15
eSS Figure from Mejias (2023). DOls for software 11 url: "https://www.campussource.de/events/e1283hagen/#Programm”

* Most popular: (developed & run at CERN), GitHub integration
» Persisted records, persistent identifiers ( DOls w/ metadata), landing pages

* Policies (institution/funder) may mandate specific repositories
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How to publish software (advanced)? ===

j ) DLR

Continuous publication with HERMES hermes.software-metadata.pub

Run publication workflow in ClI Extensible to support different infrastructure

INVENIO

schemas: CodeMeta Jszng’Lez \\ Cus
HARVEST]—>[ PROCESS H CURATE H DEPOSIT
Code files Ojé &O \S/\?Srtsé%\ control Merge% ; ./ ; Map, package, push
Metadata files Deduplicate E . f- :
: -

Kernchen, Meinel, Druskat, et al. (2025)

Celebrating our 10th Anniversary

} DSPACE

* Full metadata control; includes metadata curation & updating repository metadata
» Different metadata sources (including CFF) & publication targets (including Zenodo)

* Developed as FLOSS at Helmholtz — documentation, training materials
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Conclusion

» Software citation and FAIR publication improve discoverability

= Software citation is part of good research practice (e.g., DFG, 2025)
= Software metadata provided by authors
= Cite software (versions) like papers

= Software publication is part of good research practice, and ...
= ... highly recommended (Helmholtz Open Research Software Indicator),
= ... possible (Zenodo),
= ... automatable (HERMES),
= put lacks an established step for external quality assurance!

* You can start today!
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https://os.helmholtz.de/en/open-science-in-helmholtz/open-science-policy/

Thanks!

DLR

Projects: Citation File Format: hitps://citation-file-format.github.io/

HERMES: https://hermes.software-metadata.pub

Me: stephan.druskat@dlir.de | @sdruskat@fediscience.org
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