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Introduction

In situ operations[1] have become increasingly important as data

volumes generated exceed the acceptable time for reading and

writing. With base science codes being complex and multi-use,

incorporating in situ operations directly into the science code is

less than ideal. Instead, this work looks to high-level I/O libraries

as a place for pluggable, complex operators isolating the in situ

components from the host code, but still enabling full data struc-

ture knowledge.

Design

To fully understand the design of our I/O-centric operator, we

adopt a run validation scheme from the Recup project, utiliz-

ing hash operations stored as ADIOS2-derived variables[2]. We

trace the data flow from its initial generation, through the com-

putation of derived quantities, to its efficient handling and online

validation. In particular, we outline how our approach addresses

the following:

1. The initial handling of simulation data and the activation of the

I/O layer to define and compute derived quantities

2. The hashing mechanism used for efficient data summarization

and validation.

3. Hierarchical storage management strategies enabling

optimized storage and retrieval of derived data.

4. The runtime control mechanisms that orchestrate online

process operations, leveraging stored derived data for rapid

validation.

Objective

1. Develop our I/O-focused operator, highlighting complex

functionality, such as reading from storage, and optimization

and scalability using additional tools without requiring

changes to the application.

2. Investigate fully offline, hybrid, and fully online deployments

with extensive experiments to understand their trade-offs.

Evaluation

(a) Ares from IIT

(b) Doom from Sandia

(c) Frontier from Oak Ridge

Execution time on three platforms for I/O scaling from 32 to 256

processes in Gray-Scott

Conclusion

We conducted a comprehensive evaluation across three scenar-

ios, each exhibiting varying degrees of online and active capabil-

ities. We demonstrated that incorporating operators into the I/O

layer can mitigate these bottlenecks and reduce computational

overhead.

Future work

For future work, we plan to expand the active I/O layer of our

Coeus system by introducing more advanced and versatile op-

erators. By embedding these operators directly into the I/O layer,

we can develop generic and portable solutions that not only re-

duce I/O overhead but also make intelligent use of the contextual

knowledge available within the I/O subsystem.
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