Challenges in Managing the Digital Thread in HPC-Centric
Modeling and Simulation Workflows

DOE Data Days Dan Laney, Brett Reader, Todd Heer
October 22, 2024

LLNL-PRES-870719
This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory under contract DE-

M Lawrence Livermore
AC52-07NA27344. Lawrence Livermore National Security, LLC Natlonal Laboratory




NNSA has multiple efforts working towards digital
transformation of the complex

= Goal: increase agility and reduce time to ‘first production unit’ (FPU)
= Design Agencies € > Production Agencies

= Digital Engineering and fully digitized processes
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The Challenge is integrating high performance computing (HPC)

= On-site: workflows that cross authentication and security realms
= Cross-site: Secure, reliable, workflows that are easy to use

= Retaining flexibility and use of current non-engineering workflows while
deploying new technologies

= Establishing and maintaining a digital thread across the complex

Defining true, integrated, digital twins will require multi-application

workflows
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Multi-code, multi-team workflows are increasingly important
Models are constructed from many data sources and databases
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The emerging cross-site cloud-hosted capabilities both enable new and exciting possibilities
while complicating just about everything
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The Digital Thread is often broken when information is
emailed/scp’d/copy-pasted/typed into simulation inputs on LC
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We show an idealized view: in many cases use of Git and related tools is not uniform
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Multi-application workflows have a complex data space in LC, with
UQ/ML applications proliferating directory structures
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Mesh to mesh and model to model linking complexity varies greatly
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Multi-code workflows result in multiple models that must be kept

synchronized
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Universal Model Inputs can help with this complexity: Common geometry representations are a
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This shows the simplest case: a simple workflow from A->B->C;
emerging workflows will require iteration and tighter coupling
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Validation of coupled, multi-application workflows is an emerging area of practice and research
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Digital Thread challenge: the data space users wrangle is complex

= HPC Data management is geared towards performance and scale

= Data exist in a multitude of directories and files

= Generally, HPC users want to think about their data management as little as possible
= Tooling is generally primitive, but adoption of new ways is difficult

= The HPC center is modernizing:
— Object stores (S3)
— Persistent data services
— Exploration of off-prem Cloud
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Culture matters, many processes are human-centric

= Change is hard: modeling and simulation workflows tend to be application-specific
= Users often edit textual input files in-place to complete day-to-day work

= Lots of things are challenging to track (scribbled notes, mathematica/excel files, etc.)
= We must not propose cumbersome processes

= We should require users to learn as few new tools as possible
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Use of gitlab with analysis teams has enabled efficient
collaboration on our most complex system models

Every simulation can have an associated commit hash

O

Workflows establish standard, reproducible analyses

Diff tools compare versions of a complex model

Branching and forking for collaboration

Merge ||

= Testing and merge request peer review
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— Automation tools make testing painless \Q Pull

= Authoritative Source of Truth (ASOT): Main branch S S
000

= |ssue tracking, tagging, epics, effort estimation
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Some key points for the panel discussion

= Authentication realms are hard: often solutions are tool specific and require non-
trivial staff resources

= Mod-Sim workflows are still human-centric: complex to track meaningfully over time
as models and data are updated

= Git and GitLab are important considerations when deploying new DE technologies
— Tri-Lab Computing Environment is working on connecting GitLab between LANL, SNL, LLNL

= Increasing the programmability of both our data center and our applications will
enhance our ability to integrate them with a Digital Engineering ecosystem
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