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Motivation and Aims

Real-time decision-making and privacy-preserving resource-heavy computation
(healthcare, transport)

- Explore the feasibility of federating HPC/AIRR — Edge computing resources
- ldentify enablers and barriers towards the federation
- Inform NFCS roadmap

Community Pillar

- HPC and Edge computing stakeholders

- Use stakeholders’ input to inform Edge-HPC workflows and testbed design
Technology Pillar

- Build a testbed integrating HPC/AIRR - Edge computing resources

- Validate Al workflows across heterogeneous systems

- Explore privacy-preserving and decentralised approaches



Activities

Workshops at Newcastle (2-3 December)
Meetings with HPC engineers

Edge-HPC Workflows Taxonomy



Findings

Barriers

Wall-time limits are mandatory

Batch-centric scheduling model

Heterogeneous hardware landscape

Some institutions oppose using containers for security reasons.
Kubernetes is emerging (e.g. TREs; isolated services, slinky) but not core to
HPC; no production Slurm—Kubernetes integration yet; legacy HPC systems
avoid it

Workflow engines are largely absent in academic HPC contexts

Most academic HPCs do not support real-time streaming workloads
Service-level automation conflicts with “real-person-only” account policies
Lack of HPC-scaling awareness
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Findings
Enablers

* |dentity federation — HPC-Edge federation can benefit from project-scoped

access control
 Some institutions provide laaS; HPC-Edge federation can leverage open-

stack provisioning and project-isolated infrastructure (Federation could

target TRE-like models)
e Secure container execution



Outcomes — from HPC Landscape
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Outcomes — to HPC Landscape 2.0

Tier 1 - National
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Tier 4 - Private
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Privately owned
systems

- Often not Slurm-based
for streaming use cases

- Custom schedulers

- Real-time data
streaming workflows
(e.g. green energy
providers)

- Resembles cloud-native

orchestration 3



Edge Computing

Industrial Embedded




Evolution of Edge/Cloud/HPC

Grid Sovereign
_ Al HPC
computing stack
HPC
Cloud
I W stac
Edge-HPC
Federation
Edge
Edge-Cloud
Continuum HPC
stack
Cloud Cloud

Computing Stack

time

10



Edge-HPC Workflow Taxonomy

Edge-HPC Workflows Taxonomy
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Data-flow direction

v

Processing pattern

Y

Edge — HPC
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Preprocessing —
Large-scale Analytics

v

Data characteristics

v

Time sensitivity

> HPC — Edge

Real-time Inference —
Offline Retraining

Yy

Time-series data

v

Workflow type

Real-time /

Y

Bidirectional

Event-triggered
Simulation

Compression —
Reconstruction

Lacal Control —
Global Optimisation

Federated/Distributed
Training

A

Image and video data

Low-latency

v

Security posture

Streaming workflows

> Near-real-time

Textual and log data

Batch workflows

»  Trusted-domain

Federated

> Offline / Batch

Y

Multi-modal data

Hybrid workflows

Y

»  Cross-sovereign

» Privacy-preserving
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Transport scenario
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Healthcare scenario

ECG
Machines

1. Ingest 12-lead electrocardiogram
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Computing

2. Process the ECG
signals

3. Register for FL training

5. Distribute global GAN model
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| 6. Local training

7. Transmit GAN model updates

N
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9. Broadcast new GAN global model
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13. Deploy latest model version
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4. Orchestrate
client selection

8. Execute
secure global
aggregation

10. Generate large
synthetic dataset

11. Train/Re-train ML

model

12. Version &
register new model

TRIGGER 1
Threshold: data > 10k samples
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TRIGGER 2
Quality Gate 1:
GAN Accuracy > 90%
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TRIGGER 3
Quality Gate 2:
Accuracy > 90%
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Next steps

 Testbed development and workflow testing
 Paper on Edge-HPC workflows

* Workshop in Cardiff



Thank you
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