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Rethinking Storage Systems for Explainability
Why is my I/O Slow?
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Different People. Different Questions.
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Can we really Answer, “Why my I/O is slow?”
What do tools actually see today?
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What today’s tools tell us?
They show what happens, not whether its good or bad.
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Let us look at an example. 
Are these behaviors Good or Bad?
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We need to look beyond Observations
Observations show symptoms, not causes.

Hariharan Devarajan, and Kathryn Mohror. "TailorFS: An Adaptive file system to support dynamic I/O requirements of HPC 
workloads." In 2024 IEEE 36th International Symposium on Computer Architecture and High Performance Computing (SBAC-
PAD), pp. 81-92. IEEE, 2024.
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What do we need for Explainable Systems?
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Outline
The roadmap for explainable storage systems.
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Outline
The roadmap for explainable storage systems.
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Monitoring Solution: eBPF technology
Capture what matters, Securely and Efficiently
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DataCrumbs
An eBPF-based tool for full-stack monitoring

Sarah Neuwirth, Hariharan Devarajan, Chen Wang, and Jay Lofstead. "XIO: Toward eXplainable I/O for HPC Systems." In 
Proceedings of the 37th International Conference on Scalable Scientific Data Management, pp. 1-6. 2025.
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DataCrumbs Results
Deep visibility with minimal overhead
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DFTracer Format
Built for Efficient Storage and Analysis

Hariharan Devarajan, Loïc Pottier, Kaushik Velusamy, Huihuo Zheng, Izzet Yildirim, Olga Kogiou, Weikuan Yu et al. "Dftracer: An 
analysis-friendly data flow tracer for ai-driven workflows." In SC24: International Conference for High Performance Computing, 
Networking, Storage and Analysis, pp. 1-24. IEEE, 2024.
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DFTracer Format Query Capabilities
Fast and Selective analysis

Ray A. O. Sinurat, William Nixon, Haryadi S. Gunawi, Nikoli Dryden, and Hariharan Devarajan. 2026. HORATIO: Bridging 
Management and Analysis of Traces at Scale. Paper accepted to the 38th International Conference on Scalable Scientific Data 
Management (SSDBM 2026), San Diego, CA, August 11–13, 2026.
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Outline
The roadmap for explainable storage systems.
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Analysis Pipeline for I/O Explainability
From massive data to actionable explanations.
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HORATIO Execution Engine and Analysis Pipeline.
High Performance, Interoperable, and Extensible

Ray A. O. Sinurat, William Nixon, Haryadi S. Gunawi, Nikoli Dryden, and Hariharan Devarajan. 2026. HORATIO: Bridging 
Management and Analysis of Traces at Scale. Paper accepted to the 38th International Conference on Scalable Scientific Data 
Management (SSDBM 2026), San Diego, CA, August 11–13, 2026.
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HORATIO provides speedup compared to Dask

Ray A. O. Sinurat, William Nixon, Haryadi S. Gunawi, Nikoli Dryden, and Hariharan Devarajan. 2026. HORATIO: Bridging 
Management and Analysis of Traces at Scale. Paper accepted to the 38th International Conference on Scalable Scientific Data 
Management (SSDBM 2026), San Diego, CA, August 11–13, 2026.
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Outline
The roadmap for explainable storage systems.
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Optimization Strategies
From Trail-and-Error to Targeted Optimizations
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ClarIOn
From Deep I/O Observability to Actionable, Targeted Optimizations

Arta 
Salimiparsa

Suren Byna
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ClarIOn Use Case: HDF5 Chunking
Explaining anomalous behavior for highlighting the correct fix. 
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Outline
The roadmap for explainable storage systems.
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Better translation from user’s storage intents to 
system behaviors

Hariharan Devarajan and Kathryn Mohror. "Mimir: Extending I/O interfaces to express user intent for complex workloads in HPC." 
In 2023 IEEE International Parallel and Distributed Processing Symposium (IPDPS), pp. 178-188. IEEE, 2023.
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More Fluid, Configurable Storage Systems

Hariharan Devarajan. Towards a Self-Programmable Storage Solution in Extreme-Scale Environments. Illinois Institute of 
Technology, 2021.
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Invention of Self-Adjusting Middleware
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Tightly integrated continuous loop
From intent to impact.
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Call for Action
From observing I/O to explaining and optimizing it. 
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Great Research Happens Together
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Conclusions
Towards Explainable, Optimizable, and Self Adjusting Storage system


