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History
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Motivation 
• New experiments coming up (CEBAF 12 GeV, EIC, 

FRIB, sPHENIX)

• Advance nuclear science “The purpose of computing 
is insight, not numbers.” Richard Hamming (1962)

Goals
• Examined computing strategy at a time horizon of ten 

years
• E.g.: Concurrent and parallel computing, 

heterogenous computing 

• Defined common vision for NP computing
• E.g.: Streaming Readout

• Recommended future directions for development
• E.g.: Data science, User-centered design 

Website
• https://www.jlab.org/conferences/trends2016/

Future Trends in Nuclear Physics Computing in 2016

76 participants

https://www.jlab.org/conferences/trends2016/


An Emerging Vision 

Future Trends in Nuclear Physics Computing3

74 participants

Software & computing are an integral part of our research

• Goal We would like to ensure that scientists of all levels worldwide can participate in EIC analysis actively.

• User-Centered Design: To achieve this goal, we must develop simulation and analysis software using modern and 
advanced technologies while hiding that complexity (turnkey) and engage the wider community in the development. 

Rapid turnaround of data for the physics analysis and to start the work on publications
• Goal: Analysis-ready data from the DAQ system. 

• Compute-detector integration with AI at the DAQ and analysis level. 

Survey
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Survey among Nuclear Physics Ph.D. students and postdocs 
in preparation of ”Future Trends in NP Computing” in 2020  
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Future Trends in Nuclear Physics Computing in 2017

74 participants 74 participants

Themes

• Resource management and the interplay of I/O, 
compute and storage

• Machine learning for enhancing scientific 
productivity and appropriate task based approaches

• Software portability, reusability and common 
infrastructure components
• Including: The HEP Software Foundation and NP

Website
• https://www.jlab.org/conferences/trends2017/

https://www.jlab.org/conferences/trends2017/


History
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Future Trends in Nuclear Physics Computing in 2020

207 participants 74 participants

Focus on the Nuclear Physics Software & Computing 
community 

• Identify what is unique about our community

• Discuss how we could strengthen common efforts 

• Chart a path for Nuclear Physics Software & 
Computing for the next ten years

Website
• https://indico.bnl.gov/event/9023/

Workshop Report

https://indico.bnl.gov/event/9023/
https://docs.google.com/document/d/1HT0dQJwZkUGaxGS0bUhZgkz0l2G5QR-4Dm08-hr8DJc/edit?usp=sharing


Common Scientific Software
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Common Scientific Software  – The keys to success
• The team is the most important Do not separate development and operations, both ACTS and Rucio benefited from 

experience with developing and operating a worse software package, crucial experience. Developers keen to use 
modern software paradigms, open-source and open-minded, proactively searching out best practice and adopting it.

• The project Clear, well-focused short-term goals are important, grounded in real-world deliverables. Aligned with the 
long-term plan of building something sustainable and designed to be used by outside collaborators.

• The management Accept that the long-view takes longer to deliver the short-term product, manage expectations of 
the collaboration and funders to ensure the team have sufficient time and space to succeed.

Scientific software careers need support
• Recognition, encouragement and reward: Need to make software citations a priority
• Career paths of Research Software Engineers (RSE) need to be supported and not only at the labs

NP Software - should NP participate in HSF or build its own organization?
• Pros and cons, the balance of opinion favored NP participation in HSF. HSF is a do-ocracy, active participation will 

yield the biggest rewards.
• NP often has small groups developing solutions in-house, work with this reality.

Summary by Paul Laycock and Torre Wenaus



The Role of Data Centers in Scientific Discovery
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• Evolution of Data Center Infrastructure
• Use of disruptive technologies - AI/ML and coprocessors (GPU, FPGA)

• Tension between HTC and HPC in resource planning
• Role of tape and cloud storage
• Integration of distributed computing resources, where do LCFs fit in?

• Federated authentication/authorization
• Evolution of high bandwidth networking

• Long term Data and Analysis Preservation (DAP)
• Importance of preserving metadata and code alongside raw data
• Importance of documentation and proper choice of tools
• Importance of building DAP into the infrastructure and policies at an early stage

• Containerization as mechanism for DAP as well as for operating on distributed resources
• Challenges in developing common, relevant computing benchmarks for NP
• Interactions between facilities and stakeholders

• Need for improved two-way communication
• Educating users on how to use the data center; communicating stakeholder needs to the facility

• Embedding facility personnel within experiments and vice versa
• Connecting ops personnel with CS researchers (at labs, at universities, etc.)

• Promoting computing within the NP community
• Support for education and training in software development
• Provide career paths and funding that allow for and value software development

Summary by Graham Heyes and Ofer Rind



Unique Software Challenges for Nuclear Physics
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Scientific Problem Space
• Focus on non-perturbative QCD phenomena
• MC event generators for spin-dependent measurement, including novel QCD phenomena (GPDs, TMDs)
• Analyses considering large number of signal events simultaneously (or multiple times)

• Contrary to separating a few events from a large number of background events
• Example complexity of multi-dimensional, strongly correlated relationships among data opposed to search of rare events with 

novel topologies
• Example high-precision results which require complex analyses to control systematic uncertainties
• Require unique software and computing strategies

• Relatively smaller size of experiments goes along with shorter experimental life cycles and faster changes in scientific goals

Small Group Size
• Collaboration size in average smaller in NP than in HEP
• Tendency for everyone “doing their own thing”

• Larger experiments, individual analyses can be numerous and quite different from another, with a small team on each top.
• Non-unified approach has inhibited progress in the field in the past.
• Transition to experiments with larger data size and more complex analyses
• Old culture cannot effectively address problems of scale of future experiments
• Relatively smaller group size asks for careful planning and design of the software effort: mix of in-house development, adoption of 

outside packages, and the choice of appropriate scale throughout.
• Challenge in finding the right balance. 

Summary by Alexander Kiselev, MD, and Mark Ito



Community Forum
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• Seminar series on the interplay of computing and science
• With O(50) participants per month

• Initiated at Jefferson Lab after the first “Future Trends in NP Computing” 
workshop in 2016 with two main goals: 
• Knowledge transfer 
• Encourage common projects 

• Since 2020 jointly organized with BNL and the HSF with software & 
computing topics from the wider NP and HEP community. 

• Recordings available on YouTube: 

https://www.youtube.com/watch?v=VU6fHNx2yH0&list=PLKZ9c4ONm-VnIgFOmJgiNVOi8Vwojjr39&index=10


HEP Software Foundation and NP
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Convener of Physics Generators WG

Common forum for: 
• Discussion on the physics event 

generators used by NHEP 
experiments 

• Technical work on these physics 
event generators

Promotes collaboration among 
experiments and experiment and 
theory. 

MD appointed as
Convener of Reconstruction and 
Software Triggers WG

• Considers approaches and 
solutions to common challenges 
in the area of event 
reconstruction and software 
triggering 

• Algorithms and data structures 
that perform the heavy lifting 
data processing linking 
real/simulated data → analysis

Convener of Training WG

• Provide training in the computing 
skills needed for researchers to 
produce high quality and 
sustainable software.

• Offer and expand a training 
program, ranging from basic core 
software skills needed by 
everyone to the advanced 
training required by specialists in 
software and computing. 

• Organize periodic software 
carpentry workshops. 

Jin Huang appointed as Wouter Deconinck appointed as

https://hepsoftwarefoundation.org/workinggroups/generators.html
https://hepsoftwarefoundation.org/workinggroups/recotrigger.html
https://hepsoftwarefoundation.org/workinggroups/training.html


Working with the Electron-Ion Collider Community 

Future Trends in Nuclear Physics Computing11

Lessons Learned

Work Towards one Software Stack
• May 11 – now Software decision process
• Requirements based on “EIC Software: Statement of Principles”

• Endorsed by EIC Community 

2016 – now Future Trends in Nuclear Physics Computing 

2016 – now Software & Computing Round Table

2016 – 2020 EIC Software Consortium (ESC)

2018 – now EICUG Software Working Group (SWG)

2019 – 2021 Yellow Report Initiative
• “State of Software” survey to understand and quantify software 

usage throughout the EIC community.
2021 – 2022 Detector Collaboration Proposals

• Repeated “State of Software” survey to understand and quantify 
software usage throughout the EIC community.



EIC Software: Statement of Principles
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https://eic.github.io/activities/principles.html


A Core Principle: The Software Community
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Next Steps
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• Thursday, September 29
How can we make analysis easier? 

• Wednesday, September 28
Where are we as a community? 

• Thursday, October 1
How can we scale up computing? 

• Thursday, September 29
Careers and DE&I

The design and development of software & computing constitute a cornerstone for the future success of the Nuclear 
Physics program. Future Trends in Nuclear Physics Computing will serve as a forum to discuss priorities for design and 
development as input for a community white paper to inform the next Long Range Plan for Nuclear Science. Each day 
of the workshop will have a theme to frame the discussion:


