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Nautilus: Past and the future!

. Nautilus has been the K8S infrastructure of PRP for the last 5+ years
and incubator for a lot of the ideas that led to a successful Category

Il system proposal to the NSF.

. Category Il system has operations funded for 5 years and longer
with the possibility of a renewal. Provides the support for Nautilus
going forward.

. Introduces several new hardware options - composable hardware,
FPGA hardware, and a significant addition of FP32 GPUs => Nautilus
continues to be the K8S infrastructure of NRP at present and will
continue in the future!
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The NSF Cat-ll Program

o NSF supports via the Cat-Il program novel systems ideas.
« 3 year “testbed” phase
« The Pl owns the resource and has (some) freedom regarding who uses it.
- No requirements for making it available via any specific allocation mechanism.
« |tis expected that not all features work on day 1.
- 3 years of experimentation & development of features
« 2 year “allocation” phase
« The resource is made available via an NSF supported allocation mechanism.
« The solicitation mentions the possibility of an additional 5-year renewal

« lIdeal program to target addition of innovative hardware to Nautilus and use the testbed
phase to build a user base for the new hardware (like FPGAs). Also, funds Ops for
duration of project
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NATIONAL RESEARCH PLATFORM
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HPC/HTC Resource
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A10 288 NVIDIA FP32 GPUs .
80GB A100 64 NVIDIA FP64 GPUs
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"%"""\ Life Sciences
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o Seed) Systems Engineering
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Composable & Scalable Innovation
J Open to Campus Resource Integration

Open Community Support Model

Campus-Scale Instrument integration

BYOR & BYOD

Any Data, Anytime, Anywhere

«INT

Distributed Data Infrastructure
National Scale Content Delivery Network
50TB 100Gbps NVMe Caches in 8 locations
4.5PB Distributed Data Origin across 3 Sites

5-year project: $5M for Acquisition and Deployment; $7.25 for Operations and Maintenance

Pl = Wuerthwein; Co-Pls: DeFanti, Rosing, Tatineni, Weitzel
Funded as NSF 2112167
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/ Nautilus’ >19,000 CPU Cores and ~1,300 GPUs
PRP/BYOR Partnerships Provided GPUs and CPUs 2017-22
PNRP added 288 A10s at UN-L and MGHPCC and 72 A100s at UCSD in 2022/23 J\L
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PNRP contribution to Nautilus
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PNRP contribution to Nautilus

Composable System

Total Nodes Composable
Each CPU node

GPUs 64x NVIDIA A100

FPGAs 32x XILINX U55C

Cores 1792

Memory 10TB
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How to compose nodes

. Composition is done by hand by admins
. Composition of FPGA and GPUs are done by GigalO User Interface

. Exporting NVMe uses JSON and a tool on the NVMe node
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Nautilus

. System managed with kubernetes

- Logins managed by eﬂ CiLogon

. Truly federated resource!
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Bring Your Own Resources

. Researchers and providers can add their own resources

. Researchers provide hardware maintenance, power, cooling,
networking

. NRP admins support the OS and above

. 5 minutes and a single ansible command from bare Ubuntu OS to
Nautilus node

. Storage drives management and volumes creation in kubernetes

. Ansible : https://gitlab.nrp-nautilus.io/prp/nautilus-ansible
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https://gitlab.nrp-nautilus.io/prp/nautilus-ansible

BYOR Status: Hardware on NRP is globally distributed

J ¥

NRP integrates hardware in USA, EU, and Asia

"3ode _ |
% Q. v Hardware in many unusual locations

v
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System Software

e Services are also hosted in Kubernetes, such as the OSDF caches

User Processes OSDF Cache Monitoring
User Container Container Container

Scheduling Kubernetes

Host Host OS

Credit: Derek Weitzel, UNL
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User Access

. All access to PNRP is through ClLogon federated login

. Institutions enforce their own rules, but most use two
factor login

. No passwords are ever transferred to PNRP, only OAuth
tokens from ClLogon
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Nautilus User Management

. Initial user login with ClLogon
. Cluster admins can promote users to namespace admins

. Delegate user addition to specific namespaces to their admins. So XYLab
namespace admin can add all their project members to their namespace
(without Cluster admin intervention)

Open Namespace manager in a browser, select the namespace:

Your current status in the cluster: admin

’Namospacc name Create namespacel

Select your namespace:

names pace

Scroll to the bottom, type in the user's name or email, and cilick the "Add user" button:

W Delete the namespacel Mail all User name or email Add user|
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Nautilus Jupyter Optons

() * [¢] [%] Demo.ipynb e |+

Q| B + X O [ » m C » Markdown v # Python 3 (ipykernel) O

« JupyterHub service, use o L

- .
Name . Last Modified SCITOKen Demo
In this demo, you will learn how to:

(] [] (] ° (]
I n St I t u t I O n a I C re d e n t I a | S V I a » i e s * Request a demo credential from the SciTokens demo issuer.

* Examine a token

 Validate a token
‘ I O O n « A bonus exercise where you can earn a Badge!
— This demo is to give an idea what it is like to develop with SciTokens.
# You don't need to install the scitokens library in Binder, it's already installe
# !pip install scitokens

 Jupyter pods using, GUI w/ i

Getting your first token

[ ]
We will first create a simple function to retrieve a token from demo.scitokens.org. Normally it
would require a private key, as well as a public key posted on a website. For now, we will use

demo.scitokens.org since it is easier. Most issuers will use oauth to get a token.

[ 1: # Specify an algorithm for signature
# ES256 = Elliptic Curve with SHA-256

. ‘ t m J t r I m n t # getToken will return a signed token with the payload
def getToken(payload: dict):

data = json.dumps({'algorithm': "ES256", 'payload': payload})
resp = requests.post("https://demo.scitokens.org/issue", data=data)
return resp.text

[} [} [}
W C O n I g I I I G I t a Lets create a simple token with your email address. Enter your email address below to create a

personalized token. This will print out the token in it's raw (base64 encoded) form.

|+ pavload = {
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Automating applications deployment: Gitlab CI/CD

COMMIT UNIT TEST REVIEW STAGING PRODUCTION
> le o———t-eeo- S B S ‘S
l BUILD INTEGRATION TESTS

CODE
@ CI PIPELINE CD PIPELINE

RELATED CODE

Credit: Dmitry Mishin, SDSC
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Utilization monitoring
Prevent resource wastage

A single user can't submit more than 256 pods violating the following limits:
GPU: > 0.4

CPU:0.2-2

Memory: 0.2 - 1.5

http://cilogon.org/serverA/users/10844

Pod N % GPU utilization (1 is % CPU utilization (1 is % Memory utilization (1 GPUs CPUs
od Name
100%) 100%) is 100%) requested requested
atlas/v4cvmfs-starlight-
0.00 0.00 0 4.00

bbdbéb78c-5j667

http://cilogon.org/serverA/users/11152391

Pod N % GPU utilization (1 % CPU utilization (1 % Memory utilization (1 GPUs CPUs
od Name

is 100%) is 100%) is 100%) requested requested request
ecewcsng/ece-wcsng-ant-array- 0.00 0.00 0 32.00

6c44d6888f-87hwp
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Monitoring: Prometheus, Inmon TS, Perfsonar, Elasticsearc
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tcp/5853

trustestablish (TCP/2573)
a21-an-1xbs (TCP/4597)
httpx (TCP/41... 175.0kbit/s
pkt-krb-ipsec... 354.2kbit/s
tcp/4540 15.6kbit/s
netwatcher-db (TCP/3204)
tcp/5978

postgresql (T.
psbserver (TCP... 3.7Mbit/s
kafka (TCP/9092)

metatude-mds

195.1kbit/s

per 60 minutes 1 5Mbit/s
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Summary

. The PNRP builds upon the successful PRP and NRP communities

- Nautilus system substantially eased the deployment of the new PNRP
resources

. Provides innovative hardware and software for exploring wide range of S&E
research

. BYOR allows users to add their hardware to the system

. Provides opportunities for system administrators to learn about emerging
systems software

. Users have access at various levels - from easy Jupyter notebook access to
full deployments going from development to production (w/ Gitlab).
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