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Abstract

As high-performance computing (HPC) systems scale toward the
exascale era, operational data analytics (ODA) play an increas-
ingly central role in managing system security, health, schedul-
ing, and scientific productivity. Supercomputing facilities contin-
uously generate massive volumes of logs and system metrics. To
make actionable insights, distributed database management sys-
tems (DBMSs) are often employed, but their behavior under re-
alistic production HPC workloads remains underexplored. This
poster presents ScODA (Supercomputing Operational Data Ana-
lytics), an emerging benchmarking pipeline designed to evaluate
distributed DBMS solutions—including relational, document, time-
series databases and lakehouse solutions—using real and synthetic
HPC environment logs. By working alongside our business intel-
ligence colleagues to systematically model and implement com-
mon ODA workflows, ScODA enables data-driven comparisons of
competing DBMS platforms and identifies trade-offs in ingestion,
querying, and concurrent access. We present our methodology, pre-
liminary benchmarks, and lessons learned from applying Sc ODA
to multiple DBMS platforms at Argonne National Laboratory.

CCS Concepts

« Information systems — Database performance evaluation;
Parallel and distributed DBMSs; Data stream management; » Com-
puter systems organization — High-performance computing.

Keywords

high-performance computing, operational data analytics, distributed
databases, benchmarking, exascale systems

ACM Reference Format:

Nicholas M. Synovic and, George K. Thiruvathukal, and Shilpika, Silvio Rizzi,
Doug Waldron, and Michael E. Papka. 2025. Sc ODA: An Emerging Pipeline
for Evaluating Distributed Database Performance to Support Operational
Data Analytics. In . ACM, New York, NY, USA, 2 pages. https://doi.org/10.
1145/nnnnnnn.nnnnnnn

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full citation
on the first page. Copyrights for components of this work owned by others than the
author(s) must be honored. Abstracting with credit is permitted. To copy otherwise, or
republish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.

Conference’17, Washington, DC, USA

© 2025 Copyright held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 978-x-xxxx-xxxx-X/YYYY/MM
https://doi.org/10.1145/nnnnnnn.nnnnnnn

Shilpika, Silvio Rizzi, Doug Waldron, and
Michael E. Papka
Leadership Computing Facility, Argonne National
Laboratory
Lemont, IL, USA
{shilpika,srizzi,dwaldron,papka}@anl.gov

1 Introduction

Supercomputing centers produce terabytes of operational data daily,
spanning scheduler logs, hardware telemetry, and user activity [6, 7].
These data streams are critical for predictive maintenance, failure
analysis, and planning for future systems. Anecdotally, we heard
from our business intelligence team colleague that our current
DBMS hosting systems consume substantial resources. As we tran-
sition to exascale systems, managing such volumes requires robust
distributed DBMS infrastructures [9]. Prior work has explored ODA
at HPC facilities, workflows, and systems [2-4, 8, 9]. However, lim-
ited prior work has systematically evaluated DBMS performance
in the HPC operations context [8]. ScODA addresses this gap by
providing a reproducible benchmarking pipeline for operational
data analytics workflows.

2 Goals

The primary goals of ScODA are threefold: (1) benchmark relational,
document, and time-series distributed databases and lakehouse sys-
tems [1] on realistic ODA workloads; (2) investigate performance
trade-offs under concurrent ingress and egress patterns character-
istic of HPC environments; and (3) enable stakeholders—including
facility operators and researchers—to make informed decisions re-
garding database adoption and optimization for exascale readiness.

3 Methodology

Our methodology combines both real world and synthetic datasets
to replicate HPC operational conditions. We leverage publicly avail-
able environment logs [5] and generate synthetic environment data
following of supercomputing log schemas. DBMS platforms are de-
ployed in containerized environments orchestrated by Docker Com-
pose, ensuring portability and reproducibility. We design bench-
marking workflows to capture:

o Sequential and batch ingestion patterns.
e Concurrent read/write (ingress/egress) scenarios.
o Data aggregation and query-intensive workloads.

Performance metrics include throughput, latency, and resource
utilization.

4 Preliminary Results

Our preliminary benchmarks span three relational, two document,
and two time-series DBMSs, and two lakehouse systems. We find
that document databases generally outperform relational databases
on both sequential and batch ingestion tasks. Time-series databases
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offer efficient storage and retrieval for structured logs (e.g. temper-
ature sensor data) but show limitations under high concurrency.
Lakehouse solutions provide promising integration of analytic and
transactional capabilities but require further optimization for HPC-
scale logging.

5 Discussion

These findings highlight both opportunities and challenges in ap-
plying distributed DBMS technologies to HPC ODA workloads. No
single solution emerges as universally superior: relational databases
excel in transactional consistency, document stores provide flexible
schema handling, time-series systems enable temporal analysis, and
lakehouses integrate analytics. ScODA ’s pipeline approach reveals
where trade-offs occur, empowering practitioners to tailor DBMS
selection to workflow priorities. Future extensions will incorporate
in-flight compression operations, machine learning-based anomaly
detection, and real-time visualization as part of the benchmark
suite.

6 Conclusions and Next Steps

ScODA provides a foundation for evaluating distributed DBMS
performance under realistic HPC workloads. By combining real and
synthetic logs, containerized deployments, and workload-driven
benchmarks, ScODA advances understanding of the strengths and
weaknesses of different database paradigms in supercomputing
environments. Ongoing work will broaden the range of DBMS
platforms and configurations benchmarked, integrate streaming
data workflows-including online machine learning, in-flight data
compression and decompression, and visualizations-and engage
stakeholders across the HPC community to validate and refine the
pipeline. Ultimately, ScODA aims to guide both database vendors
and HPC practitioners toward architectures capable of sustaining
the demands of exascale operational data analytics.
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