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Abstract

The National Science Foundation is funding three grants which create a regional, national, to global-scale 

distributed supercomputer, optimized for machine learning research and data analysis of large scientific 

datasets. The Pacific Research Platform (PRP) is integrated with the Cognitive Hardware and Software 

Ecosystem Community Infrastructure (CHASE-CI) and Toward a National Research Platform (TNRP). This 

high-performance cyberinfrastructure uses 10 to 100Gbps optical fiber networks to interconnect across 30 

campuses nearly 200 Science DMZ Data Transfer Nodes (DTNs) endpoints, which are rack-mounted PCs 

optimized for 10-100Gbps data transfers, containing multicore CPUs, two to eight GPUs, and up to 256TB 

of disk each. Users’ containerized software applications are orchestrated across the highly instrumented 

PRP by Kubernetes. Currently over 400 user namespaces are active on the PRP, supporting a wide range 

of applications. 



1985-2000 NSF Funds Supercomputer Centers, NSFnet, vBNS, and PACI:

Creating the First Prototype of a National Research Platform

The PACI Grid Testbed

National Computational Science

1997

vBNS

led to 



Distributed Global Cyberinfrastructure 

to Support

Data-Intensive Scientific Research 

and Collaboration

OptIPuter

$13.5M

PI Smarr, 

Co-PI DeFanti

Co-PI Papadopoulos, Ellisman

2002-2009

2002-2009: The OptIPuter -

Can We Make Wide-Area Bandwidth Equal to Cluster Backplane Speeds?



2013-2015: Creating a “Big Data” Optical Backplane on Campus:

NSF Funded Prism@UCSD and CHERuB

Prism@UCSD, $500,000, Phil Papadopoulos, SDSC, Calit2, PI; Smarr co-PI

CHERuB, $500,000, Mike Norman,  SDSC PI

CHERuB



2010-2020: DOE & NSF Partnering 

on Science Engagement and ScienceDMZ Technology Adoption

Science 
DMZ

Data Transfer 
Nodes 

(DTN/FIONA)

Network 
Architecture 
(zero friction)

Performance 
Monitoring 

(perfSONAR)

ScienceDMZ Coined in 2010 by ESnet

Basis of PRP Architecture and Design

http://fasterdata.es.net/science-dmz/

Slide Adapted From Inder Monga, ESnet

DOE 

NSF

NSF Campus Cyberinfrastructure Program 

Has Made Over 340 Awards

2012-2020: 

Across 50 States and Territories



(GDC)

2015 Vision: The Pacific Research Platform Will Connect Science DMZs

Creating a Regional End-to-End Science-Driven Community Cyberinfrastructure

NSF CC*DNI Grant

$6.3M 10/2015-10/2020

In Year 5 Now
PI: Larry Smarr, UC San Diego Calit2

Co-PIs:

• Camille Crittenden, UC Berkeley CITRIS, 

• Philip Papadopoulos, UCI 

• Tom DeFanti, UC San Diego  Calit2/QI, 

• Frank Wuerthwein, UCSD Physics and SDSC

Map Source: John Hess, CENIC

Letters of Commitment from:

• 50 Researchers from 15 Campuses

• 32 IT/Network Organization Leaders

Supercomputer

Centers



Terminating the Fiber Optics - Data Transfer Nodes (DTNs): 

Flash I/O Network Appliances (FIONAs)

UCSD-Designed FIONAs Solved the Disk-to-Disk Data Transfer Problem  

at Near Full Speed on Best-Effort 10G, 40G and 100G Networks

FIONAs Designed by UCSD’s Phil Papadopoulos, John Graham, 

Joe Keefe, and Tom DeFanti

Two FIONA DTNs at UC Santa Cruz: 40G & 100G

Up to 256 TB Rotating Storage

Add Up to 8 Nvidia GPUs Per 2U FIONA

To Add Machine Learning Capability



2017-2020: NSF CHASE-CI Grant Adds a Machine Learning Layer 

Built on Top of the Pacific Research Platform

Caltech

UCB

UCI UCR

UCSD

UCSC

Stanford

MSU

UCM

SDSU

NSF Grant for High Speed “Cloud” of 256 GPUs

For 30 ML Faculty & Their Students at 10 Campuses

for Training AI Algorithms on Big Data

PI: Larry Smarr

Co-PIs:

• Tajana Rosing

• Ken Kreutz-Delgado

• Ilkay Altintas

• Tom DeFanti



Original PRP

CENIC/PW Link

2018-2021: Toward the NRP -

Using CENIC & Internet2 to Connect Quilt Regional R&E Networks

“Towards

The NRP”

3-Year Grant 

Funded 

by NSF

$2.5M

October 2018

PI Smarr

Co-PIs Altintas

Papadopoulos

Wuerthwein

Rosing

DeFanti

NSF CENIC Link



PRP’s Nautilus Hypercluster Adopted Kubernetes 

to Orchestrate Software Containers and Manage Distributed Storage

“Kubernetes with Rook/Ceph Allows Us to Manage Petabytes of 

Distributed Storage and GPUs for Data Science, 

While We Measure and Monitor Network Use.”

--John Graham, Calit2/QI UC San Diego

Kubernetes (K8s) is an open-source system for 

automating deployment, scaling, and 

management of containerized applications.

https://kubernetes.io/docs/concepts/overview/what-is-kubernetes/


PRP’s Nautilus Forms a Multi-Application Kubernetes Container-Orchestrated 

“Big Data” Storage and Machine-Learning Distributed Computer

Source: grafana.nautilus.optiputer.net on 11/3/2020 



100G NVMe 6.4TB

Caltech

40G 160TB HPWREN

40G 160TB

4 FIONA8s

Calit2/UCI

35 FIONA2s

17 FIONA8s

2x40G 160TB HPWREN

UCSD

100G Epyc NVMe

100G Gold NVMe

27 FIONA8s + 5 FIONA8s

SDSC @ UCSD

1 FIONA8

40G 160TB

UCR 40G 160TB

USC

100G NVMe 6.4TB

2x40G 160TB

UCLA

1 FIONA8  

40G 160TB

Stanford U

2 FIONA8s

40G 192TB

UCSB

4.5  FIONA8s

100G NVMe 6.4TB

40G 160TB

UCSC

PRP’s California Nautilus Hypercluster 

Connected by Use of CENIC’s 100G Network

10 FIONA2s

2 FIONA8

40G 160TB

UCM

40G 160TB HPWREN

100G NVMe 6.4TB

1 FIONA8  2 FIONA4s

FPGAs + 2PB BeeGFS

SDSU

PRP Disks

10G 3TB

CSUSB

Minority Serving Institution

CHASE-CI

100G 48TB

NPS

40G 192TB

USD



PRP/TNRP’s United States (Outside California) Nautilus Hypercluster

Now Connects 4 More Regionals and 5 Internet2 Sites



PRP

10G 35TB

U Amsterdam

Netherlands

40G FIONA6

100G 28TB

Korea/KISTI

Many GPUs

100G 35TB

U of Queensland

James Cook U

Australia
PRP’s Current 

International

Partners

PRP’s International Nautilus Hypercluster Is Adding International Partners 

Beyond Our Original Partner in Amsterdam

Transoceanic Nodes Show Distance is Not a Barrier 

to Above 5Gb/s Disk-to-Disk Performance



Operational Metrics: Containerized Trace Route Tool Allows Realtime Visualization 

of Status of PRP Network Links on a National and Global Scale

Source: Dima Mishin, SDSC9/16/2019

Guam

Univ. Queensland

Australia

LIGO

UK

Netherlands

Korea



Global Research Platform Workshops:

Designing for Global Collaborations of Data-Intensive Science

2nd Global Research Platform Workshop

September 20-21, 2021, Innsbruck, Austria

www.theglobalresearchplatform.net



PRP is Science-Driven:

Connecting Multi-Campus Application Teams and Devices

Earth 

Sciences

UC San Diego UCBerkeley UC Merced



Director: F. Martin Ralph

Big Data Collaboration with:

Source: Scott Sellers, PhD CHRS; Postdoc CW3E

PRP Accelerates Collaboration on Atmospheric Water in the West

Between UC San Diego and UC Irvine

Director, Soroosh Sorooshian, UCSD



Calit2’s FIONA

SDSC’s COMET

Calit2’s FIONA

Pacific Research Platform (10-100 Gb/s)

GPUsGPUs

Complete workflow time: 19.2 days52 Minutes!

UC, Irvine UC, San Diego

PRP Enabled Scott’s Workflow 

to Run 532 Times Faster! 

Source: Scott Sellers, CW3E

See Sellars, eScience 2019

https://ieeexplore.ieee.org/document/9041726



The Open Science Grid (OSG) 

Has Been Integrated With the PRP

In aggregate ~ 200,000 Intel x86 cores 

used by ~400 projects

Source: Frank Würthwein, 

OSG Exec Director; PRP co-PI; UCSD/SDSC OSG Federates ~100 Clusters Worldwide 

All OSG User 

Communities

Use HTCondor for 

Resource Orchestration

SDSC

U.ChicagoFNAL

Caltech

Distributed 

OSG Petabyte 

Storage Caches



Co-Existence of Interactive and 

Non-Interactive Computing on PRP

GPU Simulations Needed to Improve Ice Model.

=> Results in Significant Improvement 

in Pointing Resolution for Multi-Messenger Astrophysics

NSF Large-Scale Observatories Are Using PRP and OSG 

as a Cohesive, Federated, National-Scale Research Data Infrastructure

NSF’s IceCube & LIGO Both See Nautilus 

as Just Another OSG Resource

IceCube Uses ~200 PRP GPUs

In Three Months!



PRP’s Nautilus GPUs

Supports a Broad Set of Science and Machine Learning Applications 

• Physics Usage is Community Data Analysis 

of NSF Major Facilities: 
• Large Hadron Collider 

• IceCube South Pole Neutrino Detector 

• LIGO Gravitational Wave Observatory

• SDSC and Qualcomm Institute Usage is 

Community Software Support

• CSE, ECE, SE, Neurosciences, & Music 

Department Usage - Individual 

Machine Learning Faculty Research Projects

3,110,765 GPU-Hours

Total Usage is Equivalent to Running 

355 GPUs 24/7 for 12 Months

UC San Diego by Department in 2020



Top 20 Nautilus GPU 

Namespace Applications Used Nearly 500 GPUs in 2020

Frank Wuerthwein, UCSD

osggpus [IceCube]

Mark Alber, UCR

markalbergroup

Nuno Vasconcelos, UCSD

domain-adaptation

Ravi Ramamoorthi, UCSD

ucsd-ravigroup

Hao Su, UCSD

ucsd-haosulab

Folding@Home

folding

Igor Sfiligoi, UCSD

isfiligoi

Xiaolong Wang, UCSD

rl-multitask

Xiaolong Wang, UCSD

rl-multitask

Xiaolong Wang, UCSD

self-supervised-video

Xiaolong Wang, UCSD

hand-object-interaction

Dinesh Bharadia, UCSD

ecepxie

Manmohan Chandraker, UCSD

mc-lab

Frank Wuerthwein, UCSD

cms-ml

Nuno Vasconcelos, UCSD

svcl-oowl

Vineet Bafna, UCSD

ecdna

Larry Smarr, UCSD

jupyterlab

Rose Yu, UCSD

deep-forecast

Nuno Vasconcelos, UCSD

svcl-multimodal-learningGary Cottrell, UCSD

guru-research



2020-2025 NRP Future:  SDSC’s EXPANSE 

Uses CHASE-CI Developed Composable Systems

~$20M over 5 Years

PI Mike Norman, SDSC



PRP/TNRP/CHASE-CI Support and Community:

• US National Science Foundation (NSF) awards to UCSD, NU, and SDSC 

 CNS-1456638, CNS-1730158, ACI-1540112, ACI-1541349, & OAC-1826967

 OAC 1450871 (NU) and OAC-1659169 (SDSU)

• UC Office of the President, Calit2 and Calit2’s UCSD Qualcomm Institute 

• San Diego Supercomputer Center and UCSD’s Research IT and Instructional IT

• Partner Campuses: UCB, UCSC, UCI, UCR, UCLA, USC, UCD, UCSB, SDSU, Caltech, NU, 

UWash UChicago, UIC, UHM, CSUSB, HPWREN, UMo, MSU, NYU, UNeb, UNC,UIUC, 

UTA/Texas Advanced Computing Center, FIU, KISTI, UVA, AIST 

• CENIC, Pacific Wave/PNWGP, StarLight/MREN, The Quilt, Kinber, Great Plains Network, 

NYSERNet, LEARN, Open Science Grid, Internet2, DOE ESnet, NCAR/UCAR & Wyoming 

Supercomputing Center, AWS, Google, Microsoft, Cisco


