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* Hands-On Exercises
* Running using JuypterHub

* Running using kubectl
* Basics using simple pod examples
* Persistent storage
* Deployments
 Batchjobs
* Services, including public access setup over https
* Resources including special GPUs

5/5/2026



5/5/2026

GitHub Repository for Today’s Tutorials

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 ClLogon

O https://github.com/nrp-nautilus/7nrp
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Quick start

Two ways to follow along during the workshop:

Option 1 — Training JupyterHub (recommended, zero install). The workshop hub at training.nrp-nautilus.io is
pre-configured: every spawned JupyterLab pod already has kubectl installed and a kubeconfig wired up to the
same identity, so you can open a terminal and run kubectl immediately. Click below to clone this repo straight into

your JupyterLab session:

: LAUNCH 7NRP TUTORIAL WORKSPACE -

Option 2 — kubectl on your laptop. Install kubectl (Linux/macOS / Windows) and use the ready kubeconfig at
files/nrp-training.kubeconfig . It carries the jupyterhub-sa service-account token, cluster CA, and nrp-
training-k8s as the default namespace; the embedded token is valid for the duration of 7NRP, through end-of-

day Thursday, May 7, 2026. Step-by-step instructions live in Tutorial 1 - Interacting with NRP.

Conventions

¢ Tutorials 1 and 2 share the nrp-training-k8s namespace. It already exists for the workshop; if you need to
recreate it later: kubectl create namespace nrp-training-k8s .

¢ Tutorial 3 uses pre-created per-participant namespaces ( nrp-training-000 ... nrp-training-099 ).

¢ Replace <username> in any YAML or command with your NRP or GitHub username to avoid name collisions.
* Every workload must declare CPU and memory requests and limits — a cluster-wide Gatekeeper policy
5/5/2026 rejects pods without them. 4




Launch Tutorial Workspace

* Do not request GPUs or Qualcomm Al devices in the form. We will
request and handle that via Kubernetes workloads in the sessions.

Contact admins in Matrix.

Region
Any
GPUs

)

° Choose Zero / @nm Cloud Al Devices
GPUs and —
Qualcomm Al 1
Devices here R, 66

8

FPGAs
0

GPU type
Any genera |

Refer to the documentation for images description.
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o NRP Deep Learning & Data Science Full, PyTorch
5/5/2026 0



Introduction to the
National Research
Platform

NAIRR Pilot Workshop




Motivation: Current Challenges & Outlook

Current Challenges

« Rising Demand: Growing reliance on cyberinfrastructure (Cl) 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 Cl access for all institutions.

 Universal Connectivity: Connect educational institutions to advanced CI.

 Talent Empowerment: Build environments for collaboration.

 Global Leadership: Invest holistically in Cl 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.



National Research Platform
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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+ FPGASs; Bluefield 2
SmartNICs; SmartSSDs; programmable Tofino
switches....

Kubernetes cluster

Control plane

kube-apiserver
kube-scheduler

kube-controller-manager

6 etcd

Compute machines

kubelet

kube-proxy

Container runtime

Pod

Persistant
storage

Container
registry




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

~600 RTX/GTX “Gaming” GPUs

°* 8 Qualcomm Cloud Al 100 Ultra Inference
& Fme-tunlng 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

ALL
GPUs

A100
GPUs

12128
1712

24
32

32

57
60
Tesla V100-SXM2-32GB

68
NVIDIA L40

96
NVIDIA L4

e 97
NVIDIA GeForce GTX

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

1494, 1033

143 138
https://grafana.nrp-nautilus.io/



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

Hardware on Nautilus

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

e CPUs: 16-384 cores/node

* GPUs: max 16in a node

* FPGAs: max 4in anode

* Memory (RAM): 16GB -2.16 TB/node

* Disk Space (local scratch): 77GB - 20TB
/node

https://nrp.ai/viz/resources

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 support



Storage Options on Nautilus

Ceph File System = Ceph FS - ReadWriteMany PersistentVolumes
Ceph Rados Block Device 2 Ceph RBD - ReadWriteOnly PersistentVolumes

Linstor Block - ReadWriteOnly PersistentVolumes

S3 Compatible storage - Bucket Endpoints

Open Science Data Federation > OSDF

https://nrp.ai/viz/storageall/
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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 afocus on
PNRP

- NAIRR Classroom offering — over 25 allocations made on PNRP
e Students can login using ClLogon with institutional credentials
e Professor and TA will have admin status to create namespaces for classes

e GPU nodes each with 8 A10 GPUs, 512GB of RAM, 2 AMD EPYC 7502 CPUs, and 8TB of
NVMe

e Support/Community interaction through Matrix channels
e Directticketing 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)

NAIRR Pilot i e ™

Home / Opportunities / Educational Resources

Preparing your NAIRR Pilot Classroom Request

Questions about this call or need help with allocation?

Get Started Opportunities ¥  Projects ¥  News/Events v  Learn/Get Help Vv myNairrAllocation ~ About Vv

Submit a ticket

To request access to NAIRR Pilot Classroom resources, you must prepare a description, no longer than three (3) pages, describing your course and requirements for computational resources

available through this program. Do not include any proprietary information in proposals.

IMPORTANT: Note that NAIRR Classroom projects are only available on a select set of resource providers. Instructors should be sure that their classroom activities align with the hardware

available on NAIRR Classroom resources and are suitably scaled for classroom work.

Eligibility

This call is open to proposals by US based educators and researchers who are teaching undergraduate or graduate courses or shorter duration training sessions to
subject matter in artificial intelligence and require that students use advanced computational resources as part of their coursework. Courses from any discipline are §

Courses and training sessions must not allow participants who are not US based.

Ask me a question!

Q

Filters
Al Capabilities
Model inference services
Model training services (GPU)
Al tools and support
Resource Category
Federal agency systems
Other private sector contribution
Classroom Platform
Resource Status
Active
Resource Type
Cloud
GPU Compute
Service |/ Other
Commercial Cloud

Reset Filters

Resources
CloudBank Classroom v
Indiana Jetstream2 GPU v
NIH Cloud Lab e
Prototype National Research Platform (PNRP) Classroom A

Resource Type:
Organization:
Units:

User Guide:

Features Available:

Resource Description

Compute
NRP

Number of Students

« RP Allocated

« Federal agency systems

« Classroom Platform

« Service / Other

« Model training services (GPU)
« NAIRR Classroom

* Active

Prototype National Research Platform (PNRP) Classroom offers lecturers at non-profit degree granting higher
education institutions the opportunity to request Jupyter resources for teaching a class of students as part of
the “NAIRR Classroom” pilot. PNRP offers GPU resources for your students and a Jupyter platform for teaching
a class that makes heavy use of Al/ML and. Our default platform has nodes each with 8 A10 GPUs, 512GB of
RAM, 2 AMD EPYC 7502 CPUs, and 8TB of NVMe. Depending on your needs, we may be able to provision
other GPU resources via the NAIRR pilot and make it available to your class via the PNRP Nautilus cluster
(https://docs.nationalresearchplatform.org). PNRP provides your class with a set of containers you can
customize for the students; an authentication system based on InCommon technology that authenticates your
students based on their identity at your institution; and some storage space where you can store the
collections of files that your students will need to process as part of your course.
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Using Nautilus and NRP

jupyte r

JupyterHub

Coder

Kubernetes
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GitHub Repository for Today’s Tutorials

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

Let’s do some hands-on work!

18
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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 ClLogon

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

0
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Quick start

Two ways to follow along during the workshop:

Option 1 — Training JupyterHub (recommended, zero install). The workshop hub at training.nrp-nautilus.io is
pre-configured: every spawned JupyterLab pod already has kubectl installed and a kubeconfig wired up to the
same identity, so you can open a terminal and run kubectl immediately. Click below to clone this repo straight into

your JupyterLab session:

: LAUNCH 7NRP TUTORIAL WORKSPACE -

Option 2 — kubectl on your laptop. Install kubectl (Linux/macOS / Windows) and use the ready kubeconfig at
files/nrp-training.kubeconfig . It carries the jupyterhub-sa service-account token, cluster CA, and nrp-
training-k8s as the default namespace; the embedded token is valid for the duration of 7NRP, through end-of-

day Thursday, May 7, 2026. Step-by-step instructions live in Tutorial 1 - Interacting with NRP.

Conventions

¢ Tutorials 1 and 2 share the nrp-training-k8s namespace. It already exists for the workshop; if you need to
recreate it later: kubectl create namespace nrp-training-k8s .

¢ Tutorial 3 uses pre-created per-participant namespaces ( nrp-training-000 ... nrp-training-099 ).
¢ Replace <username> in any YAML or command with your NRP or GitHub username to avoid name collisions.
* Every workload must declare CPU and memory requests and limits — a cluster-wide Gatekeeper policy

5/5/2026 rejects pods without them. 19




Launch Tutorial Workspace

* Do not request GPUs or Qualcomm Al devices in the form. We will
request and handle that via Kubernetes workloads in the sessions.

Contact admins in Matrix.

Region
Any
GPUs

)

° Choose Zero / @nm Cloud Al Devices
GPUs and —
Qualcomm Al 1
Devices here R, 66

8

FPGAs
0

GPU type
Any genera |

Refer to the documentation for images description.

Image

o NRP Deep Learning & Data Science Full, PyTorch
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Jupyter server startup process

eve @D~ [«

1o

training.nrp-nautilus.io e

~jupyterhub  Home Token

Your server is starting up.

You will be redirected automatically when it's ready for you.

(G —
2026-03-07T02:09:41Z [Normal] AttachVolume.Attach succeeded for volume "pvc-f7450a7a-807c-4a2a-a553-b572acbb324a"

» Event log

®© h + O

© mahidhar@sdsc.edu

5/5/2026
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Jupyter instance with clone of our repository

Click to get

launcher e

pane

Clone of our

git repo

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

5/5/2026

~

BB 1_nrp_kubernetes...
B 2_ai_llm_inference...

i files
| images
README.md

BB 3_custom_jupyter...

8s ago

8s ago

8s ago

7s ago

e [A]

A

Python File

@ ® D - < = training.nrp-nautilus.io ® @ +
JupyterLab
File Edit View Run Kernel Git Tabs Settings Help
-\— * (] B Terminal 1 X | [Z Launcher X part_2_requesting_gpus.ip X = part_2_requesting_gpus.m X  + *ﬂ
10 7nrp
Name - Modified 9| Notebook - 3

=1

Show
Contextual Help

Would you like to get notified about official X
Jupyter news?

22



Jupyter Al Chat interface

Click here for
chat interface

5/5/2026

i © O =B

(D) »

File Edit View Run Kernel Git

+ &

Lied>e Culllidainius.

e /ask — Ask a question
about your learned data

e /clear — Clear the chat
window

e /export — Export chat
history to a Markdown file

e /fix — Fix an error cell
selected in your notebook

e /generate — Generate a
Jupyter notebook from a text
prompt

e /help — Display this help
message

e /learn — Teach
Jupyternaut about files on
your system

You can use the following
commands to add context to your
questions:

e @file — Include selected
file's contents

Jupyter Al includes magic
commands that you can use in
your notebooks. For more
information, see the
documentation.

Tabs Settings

Help

[Z Launcher

nairr-tutorial

Notebook

Python 3
(ipykernel)

E Console

A

Python 3
(ipykernel)

Other

Terminal

VS Code [7]

Text File

M
v

Markdown File

A

Python File

B

Show
Contextual Help

23



Jupyter Al Chat interface

Click herefor __
chat interface

iii

¥*

@) ® O v & = training.nrp-nautilus.io ¢ © M +
_ Untitled.ipynb (3) - JupyterLab
File Edit View Run Kernel Git Tabs Settings Help
+ Q M Terminal 1 X = Untitled.ipynb [ ] #| part_2_requesting_gpus.ip X = part_2_requesting_gpus.mX -+ c,*
3. Monte Carlo B+ X O 8 » m C » Code v © gt ~ Openin... ¥ Python 3 (ipykernel) O =
Method
import random
Using random sampling to estimate
G & < 3 " def calculate_pi_monte_carlo(iterations=1000000): - 3
Pi (visualize as random points in a S ;
X inside_circle = 0@
square and quarter circle): for _ in range(iterations):
X, y = random.random(), random.random()
import random if xkk2 + ykx2 <= 1:
inside_circle += 1
def calculate_pi_monte_carl return 4 % inside_circle / iterations
inside_circle = 0
for _ in range(iteratic pi = calculate_pi_monte_carlo(1000000)
X, y = random.randc print(f"Pi = {pi}") # Pi = 3.1415... (varies slightly)
if xxk2 + yxk2 <= 1 .
inside_circle 4 Pi = 3.140464
return 4 *x inside_circl —
l L | N s F 8
pi = calculate_pi_monte_car
print(f"Pi = {pi}") # Pi =
& F 2 D
4. High Precision
Using decimal
from decimal import Decimal
def calculate_pi_high_preci
getcontext().prec = dic
pi = Decimal(Q)
Would you like to get notified about official X

Jupyter news?

Yes No

5/5/2026
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Jupyter Al Chat interface — Generate notebooks

Request in Chat Interface After a few minutes ... a notebook!

jovyan 614 PM X Jupyternaut 6:16 PM ¢

/generate tic tac toe game S o
&+ | have created your notebook

and saved it to the location

Jupyternaut ~ 614PM  : /home/jovyan/<|begin_of_box|>Tic
= Great, | will get started on Tac Toe Game In
your notebook. It may take a few Python<|end_of_box|>.ipynb. |

minutes, but | will reply here am still learning how to create
when the notebook is ready. In

the meantime, you can continue notebooks, so please review all
to ask me other questions. code before running it.

5/5/2026
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GitHub Repository for Today’s Tutorials

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

Hand over to Daniel for k8s hands-on

26
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