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Cutting-edge engineering designed with humans in mind

Many of us flew here on a marvel of modern technology like this

source: readyfortakeoffbook.com
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But humans force frivolities on technology

Putting 120 holes in a pressure vessel is technically not good
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What happens when “the next user never sleeps?”

What frivolities exist in supercomputers? And what can be removed?
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A lot of junk is only around for human convenience

Human interfaces and software curated for humans can be thrown away
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Other components become critically important

Agents actually read documentation and write down what they’re doing (imagine that)
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Some components are essential, but not in their current form

Attractive nuisances - convenient for humans, but problematic otherwise
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UID=0 is all you

need )

Otherwise, who are you trusting? Application
Process + Operating System

Control Plane
Operating System

Hardware
CPUs, GPUs, NICs
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UID=0 is all you

need )
Otherwise, who are you trusting? Application
VM or Container
» Separate trust domains of \
users and infrastructure - -
« Actions, not actors, carry p Control Plane
credentials %D o DPU or Hypervisor
L
 Human users can: O > \
L >
- delegate authority e r
« revoke authority é-uua &5 Hardware
* Admins can revoke authority CPUs, GPUs, NICs
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But what about file access?

File systems are easy for humans, but bad for machines: scalability, security, stability, ...

Synchronous 1/O to a Parallel File System Hierarchical 1/0 to an Object Store
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Hierarchical file/objects: secure, resilient, cost-effective

Lo HO® O

Compute m

nodes

Object ‘ I

Store
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No implicit trust of UIDs
No evictions crashing jobs
8x less power per PB’

Incompatible with batch

VAST " 40 PB VAST cluster designed for 200 GB/s write bandwidth vs. 40 PB VAST cluster designed for 2,000 GB/s write bandwidth



Scale is incompatible with batch

Humans are slow, and batch was designed for humans.

;%% SCHEDNMI

UArizona HPC Docu

“It can accept 1,000 job

Q, enuanceosy Google Slc':bfnllliSSionstpegosoec_ondl “‘Users submitti ng Iarge numbers
el U. ybexeCU S d”SImp S Use Arrays instead of Loops fo (> 1005) ijObS USing |Oops will
i80S per SCEy be contacted and asked to adjust

--Slurm documentation itti > . ”
Users submitting large numbers (> 1 thelr WOFkﬂOWS \

contacted and asked to adjust thei . .
affect the performance of the job --UArizona HPC Documentation

infrastructure.

“If you plan to submit many, small . -
jobs in an array that requir%r{ﬁgﬂd Chain Je )
- | . allocation of more than 10 jobs'e the best way t whenever you afCiiSI.
°”':m73f“§f§fé«°;?zﬁgme¢wh W . per minute, please use GNUhenever you are ter write a shell Ioo_p around sbatch
0 Uiy " parallel” und SRR (ke ... do not do it - instead, use
I . . Slurm’s job array feature.”
ULHPC Technical Documentation " -HPC Wiki

“Policy engine R ]
0
authorize, rate-fimie’ SE—— . (1..1000)
--Michael Papka o _ . . done
y]ob in a job array requires an allocation from the scheduler, which is an

expensive operation. If you plan to submit many small jobs in an array that

require the allocation of more than 70 jobs per minute, please use GNU i tdo it - instead S| 's iob feat
parallel to batch multiple tasks in a single job allocation. 0 notdo it - instead, use Slurm's job array feature.
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Centralized job orchestration is fundamentally not scalable

Scheduling is NP-hard and blocks job ingestion and dispatch

Centralized batch architecture
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Event-based orchestration is fundamentally scalable

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

Centralized batch architecture
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Event-based orchestration scales with agents

Added benefit of being triggerable by any event - human, agent, or environmental

Event-driven architecture
e —

P00
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Continuous scheduling
and workflow
provenance are a bonus
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>>> 1,000 per server”
jobs per second

VAST * Preliminary testing on early release of VAST DataEngine v5.5 resulted in > 4,000 jobs/server/sec. The real capability on prod uction systems is
higher, but VAST’s diligent architects did not want me to advertise a hard number that was measured on old hardware and pre-production code.



Good news: these systems already exist for commercial Al

Though largely untested in scientific computing environments

Authentication & SPIFFE/SPIRE and OPA
Authorization VAST Security Token Service

Scalable object stores (like VAST)

Parallel Storage System Al frameworks w/ async checkpoint/restart/data loading

Kafka, Knative

Job Orchestrator I DataEngine
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Will agents replace humans on supercomputers?

No

But agents force us to critically examine the garbage we carry forward.

A supercomputer designed for agents can be made human-compatible,
but the reverse is not true.
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