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Outline
• Introduction to National Research Platform (NRP)

• Motivation
• Hardware resources
• Storage Options

• Classroom usage
• Hands-On Exercises

• Running using JuypterHub
• Running using kubectl

• Basics using simple pod examples
• Persistent storage 
• Deployments
• Batch jobs
• Services, including public access setup over https
• Resources including special GPUs
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GitHub Repository for Today’s Tutorials

https://github.com/nrp-nautilus/7nrp
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https://github.com/nrp-nautilus/7nrp
https://github.com/nrp-nautilus/7nrp
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Launch Tutorial Workspace
• We are going use a Jupyter workspace for all of today’s hands-on 

content. Get started by clicking on the link in the github page
• You can authenticate using your institution credentials via CILogon
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Launch Tutorial Workspace
• Do not request GPUs or Qualcomm AI devices in the form. We will 

request and handle that via Kubernetes workloads in the sessions. 
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• Choose zero 
GPUs and 
Qualcomm AI 
Devices here



Introduction to the
National Research
Platform
NAIRR Pilot Workshop



Motivation: Current Challenges & Outlook

Current Challenges
• Rising Demand: Growing reliance on cyberinfrastructure (CI) for research and 

education.
• Access Inequality: Widening gap between institutions with and without CI 

resources
• Architectural Fragmentation: Post-Moore’s Law era complicates domain 

science adoption.
Future Outlook
• Equity Focus: Prioritize CI access for all institutions.
• Universal Connectivity: Connect educational institutions to advanced CI.
• Talent Empowerment: Build environments for collaboration.
• Global Leadership: Invest holistically in CI to drive innovation and 

competitiveness.



The National Research Platform

• The National Research Platform is a partnership of more than 125 institutions.

• Led by researchers at UC San Diego, University of Nebraska-Lincoln, and 
MGHPCC.

• Includes contributions by the National Science Foundation, the Department of 
Energy, the Department of Defense,  and many research universities and R&E 
networking organizations in the US and around the world.

• NRP operates a primary Kubernetes distribution cluster with hardware 
spanning across 3 continents, called Nautilus. 



https://dash.nrp-nautilus.io/

https://dash.nrp-nautilus.io/
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Category II: A Prototype National Research Platform (PNRP) Project (NSF OAC #2112167) 

added significant compute and distributed storage resources to NRP 
5-year project: $5M for Acquisition and Deployment; $7.25M for Operations and Maintenance

PI = Wuerthwein; Co-PIs: DeFanti, Rosing, Tatineni, Weitzel



The Nautilus Cluster
• Nautilus is a Kubernetes cluster

• Control plane: Manages the cluster and the worker 
nodes

• Worker Nodes: Maintain running pods and provide 
Kubernetes runtime environment

• Has been in continuous operation for 6 years.
• Various storage options like CephFS; CvmFS; S3; 

advanced monitoring tools like PerfSONAR; 
traceroute; Prometheus.

• Diverse computation and data tools: JupyterHub; 
WebODM; GitLab; Nextcloud; Overleaf.

• Collaboration and communication: Jitsi; EtherPad; 
Hedgedoc; SyncThing.

• 500+ nodes; 1500+ GPUs; 50+ FPGAs; Bluefield 2 
SmartNICs; SmartSSDs; programmable Tofino
switches….



Hardware on Nautilus

• ARM + x86_64 Nodes

• 1500+ GPUs with various models

• Good for training most of the ML models

• 4-16 GPUs / node:  can request all of them

• 8 Qualcomm Cloud AI 100 Ultra Inference

& Fine-tuning Cards:

• 1 card = 4 SoCs (System-on-Chip)

• Each SoC capable of running

25B Param LLM with

out-of-the-box config

• Provisioned via k8s

device plugin

~600 RTX/GTX “Gaming” GPUs

https://grafana.nrp-nautilus.io/

https://observablehq.com/collection/@nrp-nautilus/gpu

ALL 
GPUs

A100 
GPUs

https://grafana.nrp-nautilus.io/
https://grafana.nrp-nautilus.io/
https://grafana.nrp-nautilus.io/
https://observablehq.com/collection/@nrp-nautilus/gpu
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Hardware on Nautilus
• ConnectX-6 NICs, P4-

programmable Tofino Switches
• 32 P4-programmable Xilinx Alveo 

U55C FPGAs
• 16 BitWare 520N-MX Stratix 

FPGAs
• 3 Xilinx Alveo SN1000 FPGAs
• 7 NVIDIA Bluefield 2 DPUs
• 2 Xilinx U.2 FPGA-powered 

SmartSSDs
• Kubernetes cluster with Multus, 

Calico and ESnet SENSE supporthttps://nrp.ai/viz/resources

The cluster has different types of resources 
including CPU, GPU, and FPGAs

• CPUs: 16-384 cores/node
• GPUs: max 16 in a node
• FPGAs: max 4 in a node
• Memory (RAM): 16GB – 2.16 TB/node
• Disk Space (local scratch): 77GB – 20TB 

/node



Storage Options on Nautilus
• Ceph File System →Ceph FS → ReadWriteMany PersistentVolumes

• Ceph Rados Block Device →Ceph RBD → ReadWriteOnly PersistentVolumes

• Linstor Block → ReadWriteOnly PersistentVolumes

• S3 Compatible storage → Bucket Endpoints

• Open Science Data Federation →OSDF

https://nrp.ai/viz/storageall/

https://nrp.ai/viz/storageall/


Classroom Support
• Interactive access via Jupyter is a foundational feature of PNRP

• > 1000 users from 47 institutions used our JupyterHub
• >100 namespaces have deployed their own JupyterHub instances
• Broader Impact & Open CI Vision & Jupyter→ Education as a focus on 

PNRP

• NAIRR Classroom offering – over 25 allocations made on PNRP
• Students can login using CILogon with institutional credentials
• Professor and TA will have admin status to create namespaces for classes
• GPU nodes each with 8 A10 GPUs, 512GB of RAM, 2 AMD EPYC 7502 CPUs, and 8TB of 

NVMe
• Support/Community interaction through Matrix channels
• Direct ticketing system available for any issue needing longer follow ups



NAIRR Classroom Resources
• We are offering PNRP resources via NAIRR Classroom pilot allocations 

(https://nairrpilot.org/opportunities/education-call)
• NAIRR Classroom allocations are already in progress (>25 allocations)

https://nairrpilot.org/opportunities/education-call
https://nairrpilot.org/opportunities/education-call
https://nairrpilot.org/opportunities/education-call


Using Nautilus and NRP

JupyterHub Coder Kubernetes



GitHub Repository for Today’s Tutorials

https://github.com/nrp-nautilus/7nrp
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Let’s do some hands-on work!

https://github.com/nrp-nautilus/7nrp
https://github.com/nrp-nautilus/7nrp
https://github.com/nrp-nautilus/7nrp


Launch Tutorial Workspace
• We are going use a Jupyter workspace for all of today’s hands-on 

content. Get started by clicking on the link in the github page
• You can authenticate using your institution credentials via CILogon
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Launch Tutorial Workspace
• Do not request GPUs or Qualcomm AI devices in the form. We will 

request and handle that via Kubernetes workloads in the sessions. 
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• Choose zero 
GPUs and 
Qualcomm AI 
Devices here



Jupyter server startup process
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Jupyter instance with clone of our repository
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Clone of our 
git repo

Click on Python3 
notebook icon so 
we can test things 
out. Later 
examples will use 
the notebooks on 
the left.

Click to get 
launcher 
pane



Jupyter AI Chat interface 
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Click here for 
chat interface



Jupyter AI Chat interface 
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Click here for 
chat interface



Jupyter AI Chat interface – Generate notebooks 
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Request in Chat Interface After a few minutes … a notebook!



GitHub Repository for Today’s Tutorials

https://github.com/nrp-nautilus/7nrp
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Hand over to Daniel for k8s hands-on

https://github.com/nrp-nautilus/7nrp
https://github.com/nrp-nautilus/7nrp
https://github.com/nrp-nautilus/7nrp
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