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Sustainable software: 
Some perspectives for HEP



• Definitions: what is sustainability?  

• Sustainable software: 

• FAIR software principles 

• Environmental sustainability (green software) 

• So, how do I make my software sustainable?    

• This is all great but what incentives do I have?  

• Ongoing initiatives and collaborative efforts on 
making software more sustainable
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Outline
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What is sustainable software, to you? 
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Slido link 
slido.com #4492991 

https://app.sli.do/event/syfLmNb98ayjfrRb7J6mnZ
http://slide.com
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What sustainable software (engineering) means to Microsoft
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https://learn.microsoft.com/en-us/training/modules/sustainable-software-engineering-overview/

Focus: environmental / climate impacts

Carbon 
efficiency

Energy 
efficiency

Carbon 
awareness

Hardware 
efficiency Measurement Climate 

commitments

https://learn.microsoft.com/en-us/training/modules/sustainable-software-engineering-overview/
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What sustainable IT & software means to Ernst & Young
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https://www.ey.com/en_ch/sustainability/how-will-investing-in-sustainable-it-cut-your-costs-in-the-long-term

Not a physicist

Focus: costs and reputation

https://www.ey.com/en_ch/sustainability/how-will-investing-in-sustainable-it-cut-your-costs-in-the-long-term
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What sustainable software means to an expert RSE

6

Talk by E. Chadwick at the HEP Software Foundation + Swift-HEP C++ course in Manchester 

Eli Chadwick is a Research Software Engineer (RSE) 
from the Software Sustainability Institute

Focus: evolution, maintenance, intent and future

https://github.com/elichad


https://elichad.github.io/talks/2023-08-30-manchester-sustainable-software/2023-08-30-manchester-sustainable-software.html#/definition-of-sustainable-software
https://github.com/elichad
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What sustainable software means to us in HEP (examples)
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Physicists who are going to discover dark matter 
at direct, indirect detection and FCC experiments

Physicists who are developing / using complex 
tools used by the whole HEP community 

Focus: 
reproducibility, usability, maintainability…

https://www.iybssd2022.org/en/100-years-of-physics/


https://pythia.org/authors/ 

This year’s MCNet 
school picture  
will go here!

https://www.iybssd2022.org/en/100-years-of-physics/
https://pythia.org/authors/


FAIR software Green software InitiativesDefinitions How do I do it (and why)?

Caterina Doglioni - 2024/06/10 - MCNet School @ CERN

Today, we’ll explore two of these perspectives
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Focus on environmental 
(and climate) impacts: 

Green software

Focus on reproducibility,  
sharing and reuse: 

FAIR software 

Big disclaimer: I’ve been writing software for a while, but only started thinking about 
sustainable software in the last 1-2 years → personal perspective with a lot of pointers to others!

https://greensoftware.foundation/ 

https://www.go-fair.org/go-fair-initiative/


https://greensoftware.foundation/
https://www.go-fair.org/go-fair-initiative/


9

Take home point 1: 
Software communities in different 

fields (including industry) are 
thinking/talking about sustainability 

(and definitions/recommendations are still both very much in flow,  
see later)
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From FAIR principles for data…
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https://www.nature.com/articles/sdata201618 https://www.go-fair.org/go-fair-initiative/


https://www.ub.uzh.ch/en/wissenschaftlich-arbeiten/mit-daten-arbeiten/FAIR-und-Open-Data.html

https://www.nature.com/articles/sdata201618
https://www.go-fair.org/go-fair-initiative/
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TLDR: FAIR basics for software
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https://fair-software.eu/


Public repository 
with version control

Provide a 
license

Code appears in a 
community 
catalogue

Enable 
software 
citations

https://zenodo.org/


Use a software 
quality checklist

https://fair-software.eu/
https://zenodo.org/


FAIR software Green software InitiativesDefinitions How do I do it (and why)?

Caterina Doglioni - 2024/06/10 - MCNet School @ CERN

More in depth: FAIR for research software
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https://www.nature.com/articles/s41597-022-01710-x


https://www.nature.com/articles/s41597-022-01710-x
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FAIR for research software: recommendations
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Final recommendations: https://zenodo.org/records/6623556 

https://zenodo.org/records/6623556


FAIR software Green software InitiativesDefinitions How do I do it (and why)?

Caterina Doglioni - 2024/06/10 - MCNet School @ CERN

FAIR for research software: recommendations
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Final recommendations: https://zenodo.org/records/6623556 

This opens  
a new question: 
what are HEP-

specific, 
feasible 

standards? 
For later…  

https://zenodo.org/records/6623556
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Take home point 2: 
Recommendations regarding software 
sustainability exist, but inevitably have 

a domain-specific component  
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Context: examples of software impacting emissions
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Since then, a lot more AI 
(and large language models)

• Bitcoin ☠☠☠☠☠   
• IT + communication sector: 

estimated to account for 14% of 
carbon footprint by 2040 

• AI training of complex/large 
networks consumes resources 
with limited returns for the last 
% of performance…  

• Also: hardware carbon cost >> 
software running costs

https://hbr.org/2020/09/how-green-is-your-software

Should we set limits to software energy consumption?  
Should all humans arrange to get eaten by bears for a greener planet? 🐻 

No, but we optimise what we can (given the trade-offs) 
and use what we need 

The fact that CERN (via our funding agencies) pays our energy bills 
makes us think computing resources are infinite, but they are not! 

https://hbr.org/2020/09/how-green-is-your-software
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Sustainable (green) software: Microsoft training
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Taken from: https://learn.microsoft.com/en-us/training/modules/sustainable-software-engineering-overview/

Updates at: https://learn.greensoftware.foundation/ 

Carbon 
efficiency

Energy 
efficiency

Carbon 
awareness

Hardware 
efficiency

Measurement

Climate 
commitments

Build applications that are carbon efficient.

Build applications that are energy efficient.

Consume electricity with the lowest carbon intensity.

Build applications that are hardware efficient.

Improve sustainability through measurement.

Defining the exact mechanism of carbon reduction.

Minimise the amount of carbon emitted per unit of work

Write software that maximises/matches your hardware’s energy efficiency

Choose your energy sources wisely, if you can 

More information is better!

Strive to improve, in a quantitative and well-defined way

Software should be well matched to hardware, and optimise hardware lifecycles

https://learn.microsoft.com/en-us/training/modules/sustainable-software-engineering-overview/
https://learn.greensoftware.foundation/
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Context: sustainability in HEP (software)
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Clicking on the poster leads to the indico agenda Link to sustainable HECAP recommendations


V. Boisvert's talk at SUSTHEP24


Image probably from here?


http://INDICO.CERN.CH/E/SUSTHEP24
https://sustainable-hecap-plus.github.io/SustHecap.html#recommendations-computing
https://indico.cern.ch/event/1355767/contributions/5812430/attachments/2873747/5032180/SustainableHEP2024.pdf
https://www.pcbaaa.com/computing-chips-related-to-chatgpt-and-ai-model/
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Example of a success story close to MCNet
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Link to sustainable HECAP recommendations


Energy 
efficiency

Carbon 
efficiency

https://sustainable-hecap-plus.github.io/SustHecap.html#recommendations-computing
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The Green Software Foundation Software Carbon Intensity
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At a glance…more details in this course

https://learn.greensoftware.foundation
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The Green Software Foundation Software Carbon Intensity
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Link to press release


https://greensoftware.foundation/articles/sci-specification-achieves-iso-standard-status
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Google Summer of Code / IRIS-HEP Fellows 2023
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Manas  
Pratim 
Biswas

Leonid  
Didukh

Started to explore the connection between  
software profiling and energy consumption 

in a ML compression software (Baler) 
(More projects will be available next summer!)

Measurement

https://github.com/sanam2405
https://github.com/sanam2405
https://github.com/sanam2405
https://github.com/sanam2405
https://iris-hep.org/fellows/LeonidDidukh.html
https://iris-hep.org/fellows/LeonidDidukh.html
https://iris-hep.org/fellows/LeonidDidukh.html
https://github.com/baler-collaboration/baler
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A practical example from a summer project
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Akshat  
Gupta

Estimated energy consumption and scaling for  
widely used jet algorithm (FastJet AKT4)  
run on different CoM samples (Pythia) 
in different languages (Python, Julia) 

(More recent work: analysed top tagging ML algorithms, to be public soon!)

Measurement
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A practical example from yesterday’s poster sessions
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https://arxiv.org/abs/2403.08692 


Also event 
generators using 

GPUs 
(Madgraph, 

Sherpa, 
most likely 

others I don’t 
know about!) as 

well as HEP 
experiment 

trigger / reco 
software 

frameworks… Energy 
efficiency

https://arxiv.org/abs/2403.08692
https://madgraph5.github.io
https://indico.cern.ch/event/1369601/contributions/5883608/
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Not in this talk: Worldwide LHC Computing Grid
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Proposal by S. Campana, D. Britton, T. Boccali at HEP Software Foundation / WLCG workshop 2024 

Talk by S. Campana, D. Britton, B. Panzer at CHEP 2023 

Energy 
efficiency

Measure- 
ments

Carbon 
awareness

Hardware 
efficiency

https://indico.cern.ch/event/1369601/contributions/5940186/attachments/2856829/4996973/WLCG-workshop-2024-ENV.pdf
https://indico.jlab.org/event/459/contributions/11499/attachments/9236/14205/WLCGEnergyNeedsCHEP2023.pdf
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Take home point 3: 
It’s a good time to look into energy 
consumption / carbon intensity as a 

metric for HEP software and hardware 
also out of necessity, see next part…
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A user story by E. Chadwick
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Slides from Talk by E. Chadwick at the HEP Software Foundation + Swift-HEP C++ course in Manchester 

I have been there, and I have the feeling that most of us  
(even among the lecturers) have been there too!  

Note: there is no shame in 
sharing code with the 

purpose of improving it!

https://elichad.github.io/talks/2023-08-30-manchester-sustainable-software/2023-08-30-manchester-sustainable-software.html#/definition-of-sustainable-software
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Is your code sustainable (in the FAIR sense)? 
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Meanwhile, let’s try with … [we need a brave MC generator lecturer 
volunteering]: https://fairsoftwarechecklist.net/v0.2/ 

More complex (there is a human behind this):  
https://www.software.ac.uk/resources/online-sustainability-evaluation 

Slido link 
slido.com #3524741 

https://fairsoftwarechecklist.net/v0.2/
https://www.software.ac.uk/resources/online-sustainability-evaluation
https://app.sli.do/event/syfLmNb98ayjfrRb7J6mnZ
http://slide.com
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Software Sustainability Institute: practical suggestions
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Slide/recommendations from Talk by E. Chadwick at the HEP Software Foundation + Swift-HEP C++ course in Manchester 

1.  Admit you have a problem = your code is not perfect


2.  Introduce a repository and version control system


3.  Make changes little and often 

4.  Get your code to compile, build and run on a machine that isn’t yours


5.  Invest some time in automating and formalising tests on your code


6.  Make your code modular, build it up from simple interacting components


7.  Share your code: both when it’s not ready (to get feedback) and when it’s 

ready (to make it Open Source & citable)


8.  Join a community of practice of people who discuss similar questions/

challenges for domain-specific quality checks 

https://elichad.github.io/talks/2023-08-30-manchester-sustainable-software/2023-08-30-manchester-sustainable-software.html#/definition-of-sustainable-software
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The right mindset to make software sustainable
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Slide/recommendations from Talk by E. Chadwick at the HEP Software Foundation + Swift-HEP C++ course in Manchester 

• Don’t do everything at once 
• You can pick and choose… 

• And start with the lowest 
hanging fruit! 

• Strive to make  
small improvements every time you 
write a new piece of code 

https://elichad.github.io/talks/2023-08-30-manchester-sustainable-software/2023-08-30-manchester-sustainable-software.html#/definition-of-sustainable-software
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What should the incentives be?
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• 	

Let’s have a look at your answers… 
https://devblogs.microsoft.com/sustainable-software/philosophy/

Sustainability is enough,  
all by itself, to justify our work.

Everyone has a part to play  
in the climate solution

There is a global movement/
community who cares and takes 

action through connected changes

There are many advantages of 
sustainable / energy efficient / green 

software…see next slide for HEP

https://devblogs.microsoft.com/sustainable-software/philosophy/
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Incentives for HEP: we can’t do all the physics with inefficient software!
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Mia Tosi's talk at EPS HEP 2017


CPU for selecting & processing events 
large but limited processing power

For similar problems  
shared w/industry:

CERN-LHCC-2022-005 

This also includes generation 
of large MC samples

https://indico.cern.ch/event/466934/contributions/2590223/attachments/1488050/2311887/170706_EPS2017_miatosi.pdf
https://www.smarthep.org
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2022-005/


FAIR software Green software InitiativesDefinitions How do I do it (and why)?

Caterina Doglioni - 2024/06/10 - MCNet School @ CERN

The Software Sustainability Institute advocates for:
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https://www.software.ac.uk


More career-related incentives needed in our field! 
(Including towards those who do training)

https://www.software.ac.uk
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Take home point 4: 
Writing sustainable software (in the broadest 

sense) is worth doing & necessary for our 
field, but we need to improve incentives in 

terms of career paths and funding
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The next 3 slides will have too many acronyms
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Very little time left, but wanted to close with a brief list of initiatives 
around sustainable software in HEP that you can join 

(that I know about / I’m involved in - please email me if you know more / want to join!) 

HSF = High Energy Physics (HEP) Software Foundation 
• Forum for physicists with interest in software for HEP 

• …and beyond: contacts and shared meetings with 
nuclear physics, accelerator, DM experiments 

• Interacts with LPCC on community software 
• Many sub-topics, including trigger & reconstruction,  

MC generators, analysis software and training 
• In progress: community software / projects affiliation scheme

Website  
Discussion Forums

IRIS-HEP (US) Swift-HEP (UK) PUNCH4NFDI (DE) 

Training center from Germany 

Other software-related national projects / resources (with HEP focus)

https://indico.cern.ch/event/1369601/contributions/5942180/attachments/2856190/4995584/HSF%20(affiliated)%20sw%20projects.pdf
https://hepsoftwarefoundation.org
https://hepsoftwarefoundation.org/forums.html
https://iris-hep.org
https://swift.hep.ac.uk
https://www.punch4nfdi.de
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ESCAPE/EOSC-Future Dark Matter Science Project
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https://eoscfuture.eu/data/dark-matter/

+ links there

Can we make entire HEP/astro  
(dark matter) software pipelines FAIR? 

(You can try yours out as well!)

VRE: open-source analysis platform  
with a single entry point 

(Mostly) compliant with FAIR principles

https://eoscfuture.eu/data/dark-matter/
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EVERSE (EU and beyond) 
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FAIR4HEP (US) FAIROS-HEP (US) EuCAIF (WG3) (EU) 
(Still a WIP, but coming soon!)

Other reproducibility/FAIR-related national projects / resources (with HEP+ML focus)

https://everse.software/ 

Can we create a toolkit of resources  
for software excellence that is useful 

for different scientific communities  
(European Science Clusters)?  
[includes reward/training angles]

Build a community-led structure for improving for improving the quality of research software and code 
Leverage existing tools and processes within the research community  
Establish a sustainable and collaborative ecosystem to ensure research software and code quality 
Provide a framework to ensure recognition, reward and career development for researchers and RSEs 

G
oa

ls

https://fair4hep.github.io
https://fairos-hep.org
https://www.eucaif.org
https://everse.software/
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EVERSE (EU and beyond) 
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https://everse.software/ 

More pilots welcome! New call for funding in Fall 2024 at https://oscars-project.eu/ 

https://everse.software/
https://oscars-project.eu/
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Take home point 5: 
You can get involved in software 

sustainability using your own test 
cases, work with very nice and 

competent people (this is generally my policy!)



• Various definitions of software sustainability:    

• FAIR software principles 

• Environmental sustainability 

• Making software sustainable is:  

• A necessity (we don’t have infinite resources, computing & people) 

• A drive (reproducibility ↔ scientific method, climate responsibility)   

• Making software sustainable requires small improvements rather 
than overhauling everything  

• Many ongoing initiatives on making software more sustainable & 
rewarding the effort
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Conclusions


