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Humans issue tasks in human-like ways

Human-driven (0.504 tasks/sec)

R-CCS Fugaku, June 2023 job submission traces (539 humans)
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Antici et al. (2025). F-DATA: A Fugaku Workload Dataset for Job-centric Predictive Modelling in HPC Systems. Scientific Data, 12, 1321. https:/doi.org/10.5281/zenodo. 11467483
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Agents squeeze out human idle time

Human-driven (0.504 tasks/sec)
Modeled using Fugaku job submission traces (539 agents) Agent-driven (4.31 tasks/sec)
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Observational data increases baseline e 0504 eene J

Modeled from Zwicky Transient Factory (one 600 megapixel camera) Agent-driven (4.31 tasks/sec)
Sensor-driven (1.06 tasks/sec)
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VAST Laher et al. (2018). Processing Images from the Zwicky Transient Facility. In Robotic Telescope, Student Research and Educaton Proceedings, 329-36. https://doi.org/10.32374/rtsre.2017.031.
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Autonomous labs: 9x more tasks than leading HPC centers

Agents and instruments could average 16,000 job submissions per hour Human-driven HPC center
Autonomous laboratory
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Task queue
gets longer

Fewer tasks
are retired from
the queue per
minute

Fewer tasks
are dispatched
per minute

CEER scheduling

NERSC Documentation

Home

Getting Started at NERSC
Absolute Beginner's Guide
Understanding Our Systems

Getting and Managing Your

Account

Connecting to NERSC
Working in a NERSC Shell

Running Jobs

Basics of Running Jobs

Running Jobs on Perimutter
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Centralized task orchestration will become the bottleneck

Batch scheduling is at odds with real-time, high-throughput tasking of autonomous systems

“If the queue backlog is very long,
Slurm may not be able

to make it through a complete
scheduling cycle ...”

Scheduling Algorith

Slurm uses two algorithms tc Jbs. The "immediate scheduler” looks at a small subset
of the highest priority jobs ar .schedule using only those. The "backfill scheduler" looks
at all the pending jobs ordere Jrity and QOS and tries to schedule those jobs as efficiently

as possible.

In order to keep the system ¢ ull as possible, the backfill scheduler must be able to get all the
way through its list of pendin 4 jobs in a timely manner. Each iteration through the list of jobs is
called a "scheduling cycle". If the queue backlog is very long, Slurm may not be able to make it
through a complete scheduling cycle and the system would fall back to the loosely packed
schedule made by the immediate scheduler. This can cause very large inefficiencies in utilization.
To avoid this, the backfill scheduler looks ~ ~nly the first 100 jobs per association (a

Scheduling - NERSC Documentation.

https://docs.nersc.gov/jobs/scheduling/

“This can cause very large
inefficiencies in
utilization”



Centralized task orchestration is fundamentally not scalable

Scheduling is NP-hard and gates task ingestion and dispatch

Centralized batch architecture
\ // Y,
y [A N\
Centralized

\\
" |
workload

| Global manager
schedule

N\ /

—Z 1N |
| @ @ @ Nodes)

J

VAST



VAST

Event-based orchestration is fundamentally scalable

Nodes pull work from a durable queue, separating task ingest from dispatch

Centralized batch architecture
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Event-based orchestration is fundamentally scalable

Nodes pull work from a durable queue, separating task ingest from dispatch

Tasks
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M A4 k4 Distributed task queue

Event Event Event _ _
broker broker broker Kafka API, Kafka-like semantics

Synchronous, durable, consistent
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Tasks compose into workflows through triggers

Tasks are created in response to triggers and emit triggers upon completion
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Input Event (“Triggers”)

Human action (CLI, Ul)

Time (like crontab)

Data changes (file create, etc.)
Task completion )

N
Tasks (“Functions”)

Input: Event trigger
Implementation: Python code
Output: Event trigger
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Task completion
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Autonomous visual reasoning follows a common pattern

Astrophysical transient detection and autonomous public safety monitoring are computationally similar
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Capture Prepare Reason Act
Upload visual data Make data Al-ready. Contextualize and Respond to the
to storage Extract metadata, reason about what observed data in
enrich, and index the data means context
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Visual reasoning maps well to event-driven orchestration

Same pipeline and same task code scales from one sensor to tens of thousands

Object Task
Creation - Complete Agent

—— Trigger Trigger TOOl Ca”
> ] 2 O

A @ N I @ Y Reason % @ N Act

Capture Prepare
Upload visual data Make data Al-ready. Contextualize and Respond to the
to storage Extract metadata, reason about what observed data in
enrich, and index the data means context

Unstructured Object Store

Visual data

Structured metadata Analytical Database

Semantic context Vector Database
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Events are data too

Tasks and events can be treated as data, simplifying observability, provenance, governance
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Capture

Upload visual data
to storage

Visual data

Prepare

Make data Al-ready.
Extract metadata,
enrich, and index
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Semantic context

Events are data

 Has owner, permissions
« Contains input params for task
« Can encode delegated authz

Data can be structured

* Indexed data is queryable
 Events, logs, traces, ...

Provenance is simplified

» Task graph encodes history
+ System already triggers on data
events
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The right tool for the right
shape
Event-driven for the majority; centralized scheduling when
task geometry demands it
Event-driven architectures map to
autonomous systems
Many small tasks needing real-time responsiveness
Observability, provenance, and governance
automatically inherited by treating workflows as data
But centralized orchestrators aren’t bad!
Multi-node, topology-sensitive task placement
Long-running, latency-insensitive tasks
The ideal orchestrator combines both

All tasks are event-driven, but
Call out to a centralized orchestrator as-needed
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