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Utility Functions for MPI Parallelization: Mutton SCUP-HPC: System for Constructing and Utilizing Provenance on HPC Systems

Background Background

Recent simulation programs commonly employ the MPI There is growing demand for Open Science, which promotes innovation through
library for distributed-memory parallelization. However, utilization of research data, ensuring transparency and reproducibility, and
MPI-based parallelization imposes a heavy burden on helping to prevent research misconduct. To ensure the transparency and
researchers, as all parallelization implementations must be reproducibility of computational experiments, provenance, which documents the
written manually by researchers. data processing history, plays an important role.

Our Approach: Mutton Goal

To reduce this burden, our study developed Mutton (MP1 utility
function suite developed at the University of Osaka), a set of utility
functions to support MPI parallelization. The initial version was
designed for CFD simulations and currently supports the Fortran
language.

Mutton can be applied to all or selected parts of MPI parallelization
functions.

Provide a mechanism for recording the provenance of data generated within
computer systems without imposing a burden on users.

Requirements:

e Record information necessary for reproducing and verifying research data.
e No modification of user programs or execution procedures is required.

e Minimize performance overhead.

Main Functions Architecture

e MPI initialization and finalization

e Domain decomposition (2D partitioning)

e Data distribution, collection, and reduction

e Exchange of boundary elements between neighboring processes

A tracer collects information about program execution and file access within the
Linux kernel by using eBPF. By integrating information gathered from the
workload manager, an aggregator constructs provenance that reflects the
characteristics of HPC systems, such as information on jobs and parallel
Exchange of boundary elements programs.
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Additional Features SCUP-HPC

Proof-of-Concept (PoC) System for Experimental Data Metadata Management

This PoC system generates, aggregates, and manages metadata in coordination with the e - -
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