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Problem Statement

» Al has the potential to significantly accelerate HPC simulations by providing simulation surrogate models (Al in the
loop) and by automating simulation steering (Al over the loop)

e Al models in HPC simulations require periodic re-training to better align with input data distributions (i.e., correct
for out-of-distribution data outliers, drifts, etc.)

e Tracking of the Al model provenance helps improve model quality
Enables a-posteriori analysis of model performance changes with new datasets, improving data sampling and model selection

Supports unwinding fto previous iterations when performance degrades

Helps algorithms for catastrophic forgetting avoidance

Provides better understanding of the conditions where models perform well for future reuse

e Al model provenance tracking in hybrid Al-HPC workflows makes it difficult to use existing frameworks

Al-HPC workflows involve multiple components producing metadata at different volumes and velocities

Metadata and lineage from Al model inference may need to be recorded from every MPI rank at low overhead

Metadata and lineage fracking from simulation inner loop may require Fortran/C++ APlIs to integrate to established codes

Metadata tracking from Al inference, simulation inner loop, and the workflow manager need to be combined in one framework
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SmartSim

e Minimum changes required in Fortran/C/C++ simulation code: compilation with lightweight SmartRedis client
e Al model inference using familiar Pytorch / Tensorflow Al frameworks in SmartSim Orchestrator
e Online analysis (e.g., simulation results visualization) also possible by connecting to SmartSim Orchestrator
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SmartSim Scalability

» Standalone deployment for high throughput: Orchestrator off simulation nodes, distributed among multiple Al nodes
e Co-located deployment for lowest latency: Orchestrators collocated with clients - simulation and Al on the same node

Standalone Deployment Co-located Deployment
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Common Metadata Framework (CMF)

» A software layer between user workflow and storage back-end that records metadata, lineage and provenance
e Enables concurrent and scalable management of code, metadata, data and Al model lifecycle with Git-like simplicity

e Supports distributed workflows and tracks all workflows in one place for visibility and reuse

CMF in Software Stack (Al Model Training Example)
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CMF Lineage Example (Al model Continual Learning)
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https://github.com/hewlettPackard/cmf

CMF Architecture

COMMON METADATA FRAMEWORK

Rest API

Logging Engine

( Explicit and Implicit Tracking)

Distribution Layer

Metadata Store e
(MLMD/ MLFlow) S
GIT
Query Cache Layer (DvC
(Graph Database) /Others)

Rest API

Query Engine

Common Metadata Framework
[ ] Existing Frameworks
Under Development

WORKFLOW ABSTRACTION
[ Pipeline ]
CMF library T

(log, query, optimize) [ Context/Stage ]

CMF commands A

(clone, push/pull)
Execution Execution

CMF service

Input and Output Artifacts,
Parameters, Metrics, recorded for
each element
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Example CMF Benefits in Al Workflows
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Integration of CMF with SmartSim

e Fortran/C++ APIs for logging of
diagnostic data from simulation
inner loop (CMF log_metrics)

e Blue-print for CMF tracking from
SmartSim Orchestrator (e.g., out-
of-distribution data)

o Write-behind caching of data
logged in SmartSim Orchestrator

e Integration and versioning of

metadata & artifacts tracked from:

» Workflow Manager
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e SmartSim Orchestrator
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Acceleration of CFD Modeling Example

e Al model of eddy quantities (turbulence)
accelerates CFD simulation >210x

e Model periodically retrained for out-of-
distribution data

e Data and trained model metrics tracked by
HPE Common Metadata Framework (CMF)

o Workflow orchestration and coordination
by HPE SmartSim

e Large scale, coarse resolution simulation with
Al inference

o Small scale, fine resolution simulations
providing fraining data

e Al model fraining. The best from multitude of
models selected based on CMF metrics
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CFD Modeling Results

Similar scales of resolved features in (c) Philips-Low coarse-
resolution simulation with Al surrogate and in (b) Phillips-High
Filtered high-resolution fraining set suggest that the coarse
simulation is capable of resolving turbulence
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Summary and Next Steps

» Developed a framework enabling model provenance tracking (incl. tfraining datasets and model
performance metrics) across different components of hybrid simulation-Al workflow

o Workflow Manager
« Simulation Inner Loop
o Al Inference Orchestrator (e.g., SmartSim Orchestrator)

e Demonstrated benefits of this framework in enabling continual learning of Al surrogate model for eddy
quantities (turbulence) in CFD simulations

e Model performance meftrics guide selection of training datasets and of an optimal model

» Working on applying this framework in other science areas
e Magnetic Fusion Kinetic Equilibrium simulations
« Molecular Dynamics simulations of nanoparticle structures for catalysis
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