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1985: NSF Adopted a DOE High-Performance Computing Model

NSFNET 56 Kb/s Backbone (1986-8) Adopted TCP/IP

SDSC Was Modeled on MFEnet
PRP ) B SDSC
/ ) & 7’; f L ,.4:'-
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1997: NSF’s PACI Program was Built on the vBNS
to Prototype America’s 21st Century Information Infrastructure

PACI National Technology Grid Testbed

Key Role
of Miron Livny
& Condor

Alliance Partners

NPACI Partners
v Supercomputing Projects
o Virtual Reality Environments
PACI Communities:

Cic SURA EPSCoR
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VBNS
led to

INTERNET.

Internet2 NOC
vBNS Connections:
DS3 (45 Mbps)
0OC3 (155 Mbps)
0C12 (622 Mbps)
OC48 (2.48 Gbps)

National Computational Science ALLIANCE



1999: Dave Bader Created the First Linux PC Supercluster Roadrunner

on the National Technology Grid, with the Support of NCSA and NSF

NCSA Director Larry Smarr (left), UNM President William
Gordon, and U.S. Sen. Pete Domenici turn on the Roadrunner
supercomputer in April 1999
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UNM To Crank Up $400,000 Supercomputer Today

b
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David Bader Selected to Receive the 2021 |IEEE @
Y Computer Society Sidney Fernbach Award Oy Iy
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The 25 Years From the National Techology Grid

To the National Research Platform

The goal is a powertul, persistent,
distributed U.S. national resource
as usable in the future as the
NSF Supercomputer Center
standalone machines were in

the 1980s and 1990s.

ot 1548
F ‘] From I-WAY to the National Technology Grid, CACM, 40, 51 (1997)
PACIFIC RESEARCH

PLATFORM Rick Stevens, Paul Woodward, Tom DeFanti, and Charlie Catlett



2002-2009: The NSF-Funded OptlPuter Grant

Developed The Optical Fiber Connected Distributed System

Q The OptlPuter

4 | HolskYideo Cams Exploits a New World
EndUser e e HPC in Which
ey e ‘ = the Central Architectural Element
G is Optical Networking,
Not Computers.

TeraGrid

Demonstrating That
Wide-Area Bandwidth

Optical
Switch Can Equal
v Local Cluster Backplane Speeds
HD/4k Video Images
OptlPuter ——
$13.5M
R Pl Smarr, OptiPuter
\ Co-PlIs DeFanti, Papadopoulos, Ellisman, UCSD &—
Wy Project Manager Maxine Brown, EVL
PACIFIC RESEARCH 2002-2009
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2010-2022:

NSF Adopted a DOE High-Performance Networking Model

ScienceDMZ Coined in 2010 by ESnet NSF Campus Cyberinfrastructure Program
2012-2022

Network
Architecture
(zero friction)

Data Transfer Performance DOE
Nodes Monitoring
(DTN/FIONA) (perfSONAR) {
NSF
@ ESnet
http://fasterdata.es.net/science-dmz/ 3 % HmL
Slide Adapted From Inder Monga, ESnet Has Made Over 340 Awards:
: : Across 50 States and Territories
N Quartzite Prism

P\"@p Slide Adapted From Kevin Thompson, NSF
‘i"!,\' s
§ Nl
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2015 Vision: The Pacific Research Platform Will Connect Science DMZs

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

Pacific Research Platform

PacificWave CAiREN HPR e @. NSF CC*DNI Grant
o <. $6.3M 10/2015-10/2020

Internet2 PRP Participants

e  Seatte || (™ oo NIE awardee Extended - In Year 7 Now

o~ el 3 3 - non CC-NIE awardee : ]
4 ¥ . L ) LBNL,
\ UCSF | B nerscld o
el : B { ESnet -
G N Lx \_'\,/ Supercomputer
L Centers
San Francisco " Merced -
Palo Alte 7] & - { )
(™ QS50 Jose o,

PRP Partners include
Univ. of Hawai System
Mom.ma State Univ,

Internet2

San Luls

pstemn Univ,
NCAR Obispo
StarLight (GDC) { ucss 4 ; 7§ ucr 3
uIc Nt Los Angeles™—" e
Chameleon ; : =4 Palm Desert
AARNet L S X . ' e D ‘
KISTUKREONet Los -— : R
Univ. of Tokyo N"““ Sén Dnego Cen"o L 1% . » i
NCSA L ~'H"‘ ¥ C aming Phill Rpomas Frank
Clemson Univ - -“m“n",q’ Qrittengen Papadopoulos - p =) Wuerthwein
_ snsc P G Pl CasP) C0-Plsgalt Co-P1
{ Soio - . -3 S5 -
i Naodw this deagram mpessants & subse of sles and conmscion A il f’," UCB UC'
PRP } P
/| /| <? BANATAO
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2015-2022: UCSD Designs PRP Data Transfer Nodes (DTNS) --

Flash 1/O Network Appliances (FIONAS)

FIONAs Solved the Disk-to-Disk Data Transfer Problem
at Near Full Speed on Best-Effort 10G, 40G and 100G

Today’s
FIONA Roadrunner!

Software Specifications
Installation Instructions

Hardware Specifications

2021 - 2020 - 2019 - 2018 - 2017 - 2016 — 2015

https://pacificresearchplatform.org/fiona/

Add Up to 8 Nvidia GPUs Per 2U FIONA
To Add Machine Learning Capability
Up to 240TB Rotating Srorage

P |
Ph S Op
pAgmc éE;ﬁE{RC“ N FIONAs Designed by UCSD’s Phil Papadopoulos, John Graham, SDSC _ | N

PLATFORM 4'> ¢ Joe Keefe, and Tom DeFanti




PRP’s Nautilus is a Multi-Institution Hypercluster

Connected by Optical Networks

As of Sept 5, 2022

160 GPU & Storage FIONAs on 27 Partner Campuses
Networked Together at 10-100Gbps

Installed CPUs Installed GPUs Rotating Storage

THE QUILT _

P CENIC ape ">

PACIFIC RESEARCH
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2018/2019: PRP Game Changer!

Using Google’s Kubernetes to Orchestrate Containers Across the PRP

User
Applications

‘BRE!

PACIFIC RESEARCH
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kubernetes

Containers

CLOUD NATIVE
COMPUTING FOUNDATION

Node

‘Rh
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PRP’s Nautilus Hypercluster Adopted Open-Source Kubernetes and Rook
to Orchestrate Software Containers and Manage Distributed Storage

5] ROOK

kubernetes e et

your cloud-native environment.

Planet Scale

Designed on the same principles that allows Google to run billions of containers a week, Kubernetes can scale
without increasing your ops team.

“Kubernetes with Rook/Ceph Allows Us to Manage Petabytes of
Distributed Storage and GPUs for Data Science,

ﬁ;p While We Measure and Monitor Network Use.”

S --John Graham, UC San Diego

PACIFICVRESEARCH
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The PRP Web Site Provides Widely-Used Open-Source Services
For How to Join, Application Research, Development, and Collaboration

iji' PACIFIC RESEARCH

;‘ pLATFOR M WS - RANTS - TECHNOLOGY = COMMUNITY - MO / CONTAL
www.pacificresearchplatform.org

A BIG DATA FREEWAY

FOR RESEARCH
[matrix] Chat for Nautilus Users
Get Access JupyterLab for Nautilus

Docker and containers

v
GitLab Continuous Integration & Delivery

PRP Basic kubernetes U Belinae
PAgvrlcéc;;_ﬁRctl (0 Project information
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Five Major Components of

Nautilus Security

E Sn et Nautilus Uses ClLogon for Federated Identity
Already Adopted by Most Campuses
ENERGY SCIENCES NETWORK

Science DMZ Security - Firewalls vs. Router ACLs CU C’LOQOH

https://fasterdata.es.net/science-dmz/science-dmz-security/

/’FP?P\/ ...................

System namespace

visatewser  Policy-driven network security

| space

' . N cob | Namespace3 \ JCreéte

| i ' environment
,“I to
: i 3 collaborate
L' yen ||/ Define
:'l policies

‘ ''''''''''''''''''''''''''''''' /
PQP Network Performance and Security Analytics for

pacc Rescanc s | Open Data Platforms



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

Built on Top of the Pacific Research Platform

Stanford

UCSC AN
Foro (01 S RN ‘ .ﬂ.«._%" M

Caltech UCI UCR [@
UCSD SDSU

NSF Grant for High Speed “Cloud” of 256 GPUs
For 30 ML Faculty & Their Students at 10 Campuses
for Training Al Algorithms on Big Data

S: :,:i}.p
Bl

PACIFIC RESEARCH
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CI-New: Cognitive Hardware and Software Ecosystem

Community Infrastructure (CHASE-CT)
For the Period September 1, 2017 — August 31, 2020
SUBMITTED — January 18, 2017

Pl Larry Smarr, Calit2, UCSD
Co-Pls:

* Tajana Rosing, CSE, UCSD

* Ken Kreutz-Delgado, ECE, UCSD
+ llkay Altintas, SDSC, UCSD

* Tom DeFanti, QI, UCSD

NSF Has Funded Two Extensions:
CHASE-CI ABR-Smarr Pl &
CHASE-CI ENS-DeFanti PI

$2.8M

JACOBS SCHOOL OF ENGINEERING

SDSC UCSanDiego Qr




2018-2021: Toward the National Research Platform (TNRP) -
Using CENIC & Internet2 to Connect Quilt Regional R&E Networks

17 . - s
Towards REGIONAL RESEARCH AND EDUCATION NETWORKS IN THE UNITED STATES
The NRP” PACIFIC

3-Year Grant _Noxraest
Funded = = |
by NSF GTGAPOPL L
$2.5M
October 2018
Award #1826967

Pl Smarr
Co-Pls Altintas
Papadopoulos

Wuerthwein
Rosing g (fowwoee [l
DeFanti /s TR o

LONES uu EDUCATION AKD RESEARCH NETWORK e P () S - A e

THE QUIT
T
: o A BN
Q2 I MEMBERS AND AFFITIATES g
¥ s 3 : <P CENIC/PW Link
P ROX UNM-- AREONW “Lignt nochanes CEN® CENIC GFLR M0, GPN ¥ (& Goomn T GRON. WARN L&FW MeRIA. MAX
‘ . MOgn TETll  Mose-edl MEEN e NCREN PS b vewcodiu popdza. MR yox n @ vame  GooNer ¥ L So¥ SUN wengy N vl )
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Operational Metrics: Containerized Trace Route Tool Allows Realtime Visualization

of Status of PRP Network Links on a National and Global Scale
9/16/2019 Source: Dima Mishin, SDSC

Korea g<s"

Netherlands

G u am fiona-r-uva vian7 uvalight'net
k&s-dm-O& uog.edu_ . T P
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Some Examples of PRP Namespace GPU Usage for Earth Sciences Applications

Oct 1, 2021 to June 30, 2022

digits: Deep learning model for real-time wildland fire smoke detection
— UCSD [17,855 GPU-hrs]
« wifire-quicfire: Computation of Firemap from environmental datasets
— UCSD [15,306 GPU-hrs]
* udel-ambari: Studies on the Delaware coastal water
— UDel [5,736 GPU-hrs]
« environmental-analytics-group-usra: Machine learning applied to wildfire, air quality,
earthquake, floods, datasets
— USRA [503 GPU-hrs]
« ai-o0s: Train and evaluate deep learning models on MODIS and VIIRS sea surface temperature,

ECCO ocean model outputs, & PODAAC sea surface height
— UCSC [293 GPU-hrs]

* udel-erddap: Analysis of NOAA ERDDAP coast watch data
— UDel [107 GPU-hrs]

R

s ancH https://portal.nrp-nautilus.io/namespaces-g




PRP Accelerates by 532x Atmospheric Water Data-Intensive ML Workflow

Between NASA’s GES DISC MERRA V2 Archive Data Portal, UCI & UCSD

Object Detection, 4D Object Constructed
Segmentation and Tracking (Lat, Lon, Value, Time)
%;sb
% .
Director:

Soroosh Sorooshian

Director:
Scott Sellers, PhD CHRS; Postdoc CW3E F. Martin Ralph
2016-2019
Complete Workflo_w Time: PRP Namespace connect
19.2 days->52 Minutes!
b* p See Paper by Sellars, et al., IEEE eScience (2019)
‘R _ : L .
PACIFIC RESEARCH http://Ismarr.calit2.net/sellars_accelerating_image_segmentation.pdf
PLATFORM




PRP Portal to CASPER Open Source Tools/Libraries
Developed by PRP’s John Graham, UCSD

CASPER: Collaboration for Radio Astronomy
Signal Processing and Electronics Research

Dan Werthimer, Matt Dexter, Jonathan Kocz, Wei Liu, David MacMahon
University of California, Berkeley; and ~1000 collaborators
|Qpﬁn_SQULce|Hardware, Gateware, GPUware, Software

Libraries, Tools, Reference Designs, Lab Tutorials, Videos
Astronomy, Physics, Electrical and Mechanical Engineering, Medical Research

% Source: Dan Werthimer, T
ﬂ UC Berkeley e nnes heanee CASPER

CIFIC RESEARCH
PLATFORM https://casper.berkeley.edu/



Top 15 (Out of ~700) Nautilus Namespace GPU Users (>32 GPU-months)
Oct 1, 2021 to June 30, 2022: A Mix of LHC, IceCube, ML/AI Projects

Manmohan Chandraker, UCSD
mc-lab
Ravi Ramamoorthi, UCSD Group Hao Su, UCSD Xiaolong Wang, UCSD
ucsd-ravigroup osg-opportunistic ucsd-haosulab rl-self-sup

(=) Peak 5000GPUSs
15 Grafana

\ L' N S e/ | " '\ A
- ! . > o
= Pengtao Xie, UCSD Group Dung Vu, CSUSB
g 3 D ecepxie jupyter-lab csusb-mpi
PACIFIC RESEARCH Xiaolong Wang, UCSD David Haussler, UCSC Jeff Krichmar, UCI Xiaolong Wang, UCSD Frank Wuerthwein, UCSD
PACIFIC RESEARC ' . L
PLATEFORM Image-model braingeneers carl-uci ece3d-vision cms-ml




Top 15 (Out of ~700) Nautilus Namespace CPU Users (>110,000 CPU core-hrs)
Oct 1, 2021 to June 30, 2022: A Mix of Wildfire, COVID, IceCube, ML/AI Projects

ISECINIsRAEUISHIVIOSIDI | Ravi Ramamoorthi, UCSD
rl-self-sup ucsd-ravigroup

David Mobley, UCI Group Xiaolong Wang, UCSD Hao Su, UCSD
openforcefield 0sg-icecube rl-multitask ucsd-haosulab

15 Grafana

D Peakf2000 cPU dbres

.

|

1

A \ I/ | “ ,v v
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AN S "N e
v N T o ‘ |
\l v | ‘ ‘.x\ S 7 = V. Haud s :
4 f‘ - Vﬁ ".i~ ’ o | A s 2 v . \ ¥ ¥ ~ N ¥, oY
g e Xiaolong Wang, UCSD Jeff Krichmar, UCI System System
E ; Image-model carl-uci perfsonar elastiflow
. David Haussler, UCSC Adam Smith, UCSC Group
braingeneers baytemiz-navassist 0sg-opportunistic

¥ .‘ !
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Wil 7 g ! \ \‘ \ W J i
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AR VAR

o

Pengtao Xie, UCSD

PACIFIC RESEARCH
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The New Pacific Research Platform Video
Highlights 3 Different Applications Out of 700 Nautilus Namespace Projects

lceCube VR Systems WIFIRE

v, BB

T)R\ PACIFIC RESEARCH
/

I PLATFORM

B,_g’ 5:.5— "p Pacific Research Platform Video:
‘I www.thequilt.net/campus-cyberinfrastructure-program-resource/ CITRIS
gﬁg.‘r‘;:‘g‘l‘;ﬁx www.pacificresearchplatform.org INSTITUTE




The Open Science Grid (OSG)

Has Been Integrated With the PRP

Source: Frank Wirthwein,

OSG Exec Director; PRP co-Pl: UCSD/SDSC OSG Federates ~100 Clusters Worldwide
P o TN
s 16 . ‘ ‘ Q""' A7 Oltawb Montreal PE
OUTH @ SCONSIN ! O" MAINE NOVASCOTIA
All OSG User el
Communities o NEBRASKALR 'O
wevior © U@ited St
Use HTCondor for = o s
Resource Orchestration

—gcleS \RIZON A @ ‘ A l
S o @ ¥ o
EXA
HoliSton

HICond%r Caltech |t
= Wigh Throughput Compeling SDSC

2 Mexico
'. N » - " - i “XBC'W &4 Dominican
R A Distributed ROPULL @B o
= ". OSG Petabyte Guateml::a .
Storage Caches .

‘f‘ﬁ-. ) »i) Costa Rica 0 Cargcas

\ ) |\ :r,l. y Panama‘

% i In aggregate ~ 200,000 Intel x86 cores "‘ Venezvela

= - ¢

P ATFORM used by ~400 projects ca@Colombia '



The Open Science Grid Delivers to Over 50 Fields of Science

2.4 Billion Core-Hours Per Year of Distributed High Throughput Computing

250 M

’

-
200 M
150 M
100 Mil
S50 Ml
( ceesrsBERERRERRERERE
Ui | 200

‘BRh

PACIFIC RESEARCH
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NCSA Delivered
~35,000 Core-Hours

Total Core Hours per Month

Per Year in 1990 | -
Y
| H\!. - dosa

!'ly | ""'l'

A

N y
. | 11 2
= S ' ulilliiiiiy
B = S 2 & ! 5.0 LA 1
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5 1 % e g | ! 1
| ...‘< . ! : 1 ] !
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." ' w  gridunesp
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2009 2018 2019 202 2021 2022

- ligo

- OV

total ~
6.78 Bil
5.66 Bil
1.57 Bil
348 Mil
334 Mil
284 Mil
259 Mil
225 Mil
200 Ml
137 Mil
ag.amil
80.1 Mil
77.9Mil

76.8 Mil

More Than 1 Million GPU-Hours
on PRP Used via OSG Integration
Within the Last 2 Years

HTCondSr

Software Suite

https://gracc.opensciencegrid.org/dashboard/db/gracc-home



NSF Large-Scale Observatories Are Using PRP and OSG
as a Cohesive, Federated, National-Scale Research Data Infrastructure

_,
I CELUE

GPU Simulations Needed to Improve Ice Model.
=> Results in Significant Improvement
iIn Pointing Resolution for Multi-Messenger Astrophysics

GPUSs are ideal for the workload ' I
Many independent photons + mnenn‘ model ks simple =7 b d p
(scatter, absorb, change ice layer or hit s DOM) O 3 CeCU e Use U to
Simulate each photon with an ndepe«éen thread

: Only interrupt parallelism when a photon hits a DOM and -4 "."'.: 300 Of PRP’S 500

signal needs to be stored (very rare!)

GPUs are O(~100) faster than CPUs for this workioad - G P US In 202 1!

: NSF’s IceCube & LIGO Both See Nautilus
PLATEORM as Just Another OSG Resource




Running a 51k GPU Burst for Multi-Messenger Astrophysics

with IceCube Across All Available GPUs in AWS, Azure, and Google Clouds

Number of Cloud GPU Instances over time (mins)

50000

40000 1

30000 1

20000 1

Number of Running GPU VMs

10000 1

PRP

PACIFIC RESEARCH
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- Claimed Slots

50 100 150 200
Time in Minutes

Peaked at 51,500 GPUs

~380 Petaflops of fp32

Each color is a Different
Cloud Region in US, EU, or Asia.

Total of 28 Regions in Use

This Demo Used Just the Standard HTCondor Tools
8 Generations of NVIDIA GPUs Used

Demonstrating a Pre-Exascale, Cost-Effective Multi-Cloud
Environment for Scientific Computing: Producing a fp32
ExaFLOP hour worth of IceCube simulation data in a single
workday

Authors: Igar Sfiligoi David Schaltz Senedikt Riede: Ezank Wyerthwein Steve Barnet

Authors info & Claim



2017: PRP 20Gbps Connection of UCSD SunCAVE and UCM WAVE Over CENIC

2018-2019: Added Their 90 GPUs to PRP for Machine Learning Computations

Calit2
, ji ‘:«r
\
UC Merced WAVE (20 Screens, 20 GPUSs) UCSD SunCAVE (70 Screens, 70 GPUs)
& ' g:) See These VR Facilities in Action in the PRP Video
/ ; | /|

PLATFORM Leveraging UCM Campus Funds and NSF CNS-1456638 & CNS-1730158 at UCSD



HPWREN: 15 Years of NSF-Funded Real-Time Network Cameras

and Meteorological Sensors on Top of San Diego Mountains for Environmental Observations

* PRP Uses CENIC

100G Optical Fiber O
to Link UCSD, SDSU @
& UCI HPWREN - m
Servers

— Data Redundancy
— Disaster Recovery
— High Availability
— Kubernetes

Handles Software
Containers and

ata CENIC

Hans Werner Braun, Frank Vernon - _
HPWREN Pls — :
SOUR P, ‘

o SAN DIEGO STATE

o
PACIFIC RESEARCH =7 H SAN DIEGO / 2y "t’
PACIFICRESEARCH  UC SanDiedo SDSC ot am OCEANOGRAPHY Calit UNIVERSITY

SCRIPPS issrirerion o



NSF-Funded WIFIRE Uses PRP to Couple Wireless Edge Sensors to
Supercomputers to Enable to Fire Modeling Workflows

Source: llkay Altintas, SDSC /7 %

W3

Real-Time
Meteorological Sensors

Weather Forecast

PACIFIC RESEARCH
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WIFIRE’s Firemap Provides Public Website

Combining Satellite Fire Detections with GIS

WIFI12f &

= SoCaI Wildfires Sept6 2022

+ M
- Q Palmdae
o7 : —T]
T\ santa Gt %
Aq M= \ / 4
b - \ ™
q@ :s_uvuvm-y“ ; . >1‘
) v “!Ug.__ N .
Lumand Ok LA (i
N 2 b .-..,_-j;'-; — ~fd , .
? b S A ey e e L
i El'Mant ! ,; g £ A
lorAnmln w..f'.z:'uvms}-“ e e S
4 Pomona__ ’ ~ Yacalps
Santa Momica Y e \1\‘ 4 ~
"_:_“ - ar N » 4 ) ] "i;'nynmv
o’ = —Bamging
Hemet

N San Clemeants

Satellite Detections
Last 12 Hours
Last 12 to 24 Mours

Bl

PACIFIC RESEARCH
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Last 24 to 48 Hours
‘ Last 2 %0 7 Days

@® Streets SAN DIEGO

SUPERCOMPUTER CENTER

SDS

Topography

Satellite

Weather

cameras

Fuels

=! Fires

Active Perimeters
Historlcal Fires =)

Satellite Fire Detections - VIIRS
Satellite Fire Detections - MODIS
Satellite Fire Detections - GOES

Satellite SWIR - GOES O

SMoKe Analysis W

SE<H<H<H<

Satellite Imagery

GOES GeoColor @

NASA GIBS =)

Population and Housing

EARTHDATA Global Imagery Browse Services (GIBS)

oren access ror orensaence Fire Information for Resource Management System (FIRMS)



WIFIRE’s Firemap Was Heavily Used by Public For California Wildfires

October 2017 through December 2017

800K+ unique visitors and 8M+ hits

Napa/Sonoma Fires San Diego Lilac Fire
October 2017 December 2017

’ e . . :
S8A y y . < !

spuw s
Ar Quality Statiors
Measurerent: FM2.5

waln SAN DIEGO
PACIFIC RESEARCH http://firemap.sdsc.edu @ SDSC e am
V\/ ' F IRF

PLATFORM



http://firemap.sdsc.edu/

PRP is Building on NSF-Funded SAGE Technology

to Bring ML/AI to the Edge For Smoke Plume Detection

Source: llkay Altinas, SDSC, HDSI

e Optical Rain Sensor
' H Sensor Stevenson Shield ﬂ\ <4‘ Josce

Relative humidity __Jq— 7 Wa: e

barometric pressure [

Sky facing camera

Additional Sensors
Mounting Point

NVIDIA Xavier NX GPU

ambient temperature
- .1 Wireless Network
Training Data: Archive of Microphone - 4G, 56, WiFi
25,000 Labeled Wireless Camera Images Sensorpexsp;nsisog
; : 110/230V AC Power ports: Po
of Wildland Fires Bttt
FlgLib & SmokeyNet: Dataset and Deep Learning Model W—— Ground Facing Camera
for Real-Time Wildland Fire Smoke Detection & éSage
Aot ol A~ it o Building atop standard community software:
www.mdpi.com/2072-4292/14/4/1007 g™ i PYTSARCH &n
PRP namespace digits W ¥ TensorFlowLite gpency

JSDSCEN AN, | K3S ::ROS
PR S—— . |
_ Source: Charlie Catlett, Pete Beckman, Argonne National Lab

PRP e

PACIFIC RESEARCH
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http://www.mdpi.com/2072-4292/14/4/1007
http://www.mdpi.com/2072-4292/14/4/1007

Interactive Virtual Reality Viewing of San Diego County “Digital Twin”
Includes Live Feeds From 200 Meteorological Stations

0.5 meter Image Resolution
2 meter Elevation Resolution

Chief Porter
was appointed
Director,
California Department
of Forestry and Fire
Protection
by Governor
Gavin Newsom on
M; oD January 8, 2019

PACIFIC R[SEZ\RCH
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Source: Jessica Block, Calit2




Community Building
Through Large-Scale Workshops

| thloﬁal Research PlatformWorkshop
Montana State University | August 7 & 8, 2017

THE QUILT _

W THE GLOBAL RESEARCTHNENEN @éi
JBLATFORM KSHOP— Vi g8 SRS

~ Bbtornbor 17 19 \|| Yo B T oll0. CA 2019 NSF, NRP, and The Quilt - Workshops and Meetings
VInatitute - mﬂn on Hall ‘ -' September 23 - 26, 2019

P p 2GRP Workshop 3GRP Workshop ANRP Workshop
Bl September 20-24, 2021 October 10-11, 2022 February 8-10, 2023

PACIFIC RESEARCH
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Community Building Though

Inclusion and Diversity

Grants _
— 3 Female co-Pls |
— 1 Hispanic co-PlI §

Campuses i o
— 16 Minority- Servmglnstltutlons (MSIS) Using PRP

— 20 EPSCoR States Have Campuses Using PRP
*  Workshops

— NRP2 Workshop Steering Committee 80% Female
— Multiple MSI, EPSCoR Focused Workshops

‘Bl

PACIFIC RESEARCH

PLATFORM

2NRP Montana State Unlve.rsity MSI Workshop



The Next Four Phases

Of the Creation of a National Research Platform

R

PACIFIC RESEARCH

PLATFORM



2021-2024 NRP Future |I: Funded Extension of Nautilus
1000 GPUs and ~10,000 CPU Cores Distributed over Networks—2022

CHASE-CI ENS, Tom DeFanti PI
CHASE-CI ABR, Larry Smarr Pl
$2.8M

U. Nebraska-L '

) : ) 160 GPUs over GPN
/ . o
/ ~—
/ over B 16 GPUs over NYSERNet
/ SROEM over CEING U S. Dakota + SD State | ,x Moas : ’,
/ \ N K, 21GPUS over MREN
// \/' "-\ N ‘ | 9 GPUs over GPN et S = U Delaware '
5 12 GPUs over NYSERNet

—“\
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2021-2024 NRP Future I: Funded Extension of Nautilus
~6 PB Nautilus Ceph Storage Over Networks—2022
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2021-2026 NRP Future ll: PRP Federates with SDSC’s EXPANSE

Using CHASE-CI Developed Composable Systems

>< P A N S —  COMPUTING WITHOUT BOUNDARIES
- L 5 PETAFLOP/S HPC and DATA RESOURCE
SDSC
HPC RESOURCE XS EOE LONG-TAIL SCIENCE
13 Scalable Compute Units Multi-Messenger Astronomy

Genomics

@ 728 Standard Compute Nodes
Earth Science

- 52 GPU Nodes: 208 GPUs ~$20M over 5 Years

Pl Mike Norman, SDSC

4 Large Memory Nodes Social Science
INNOVATIVE OPERATIONS
DATA CENTRIC ARCHITECTURE — |Composable Systemsl
REMOTE CI INTEGRATION | - ;
12PB Perf. Storage: 140GB/s, 200k IOPS }” ‘ p High-Throughput Computing
Fast /0 Node-Local NVMe Storage _ FHTOR gtience Gateways
|7PB Ceph Object Storagq 2 \/ Interactive Computing
High-Performance R&E Networking sL «aid Containerized Computing
Cloud Bursting

Heterogeneous Resources



2021-2026 NRP Future lll: PRP Federates with

NSF-Funded Prototype National Research Platform

Massachusett‘s)Green _
HPC Center

Rl

)',;-:'.

HPC/HTC Resource
32 ALVEO FPGAs . o
288 NVIDIA FP32 GPUs 2>
48 NVIDIA FP64 GPUs E .
Tbps WAN |0 Capabilities ‘ Hge

Configurable Low Latency HPC Fabric 3 - _ ., Data Intensive S&E
U "%‘ 2 Life Sciences
{ ' Physical Sciences

Systems Engineering
Disaster Response
. / Multi-Messenger Astrophysics

SDSC, UC:San Diego,_ " « . . _ _ A P’ " Composable & Scalable Innovation
’ , }‘ """"" ,f-"" = Open to Campus Resource Integration
Distributed Data Infrastructure \»\,\ - Open Community Support Model
National Scale Content Delivery Network "\ Campus-Scale Instrument integration
50TB 100Gbps NVMe Caches in 8 locations BYOR & BYOD

4.5PB Distributed Data Origin across 3 Sites Any Data, Anytime, Anywhere

@ 4 :.) NSF Award OAC #2112167 (June 2021) [$5M Over 5 Years]
4 Pl Frank Wuerthwein (UCSD, SDSC)

PACIFIC RESEARCH

PLATFORM Co-Pls Tajana Rosing (UCSD), Thomas DeFanti (UCSD), Mahidhar Tatineni (SDSC), Derek Weitzel (UNL)



2022-2027: NRP Future IV — Open Wireless 5G/6G End-to-End

National-Scale Optical Fiber / “Future Wireless” Testbed

Massachuse.tts)Green ,
——HPC Center
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JACOBS SCHOOL OF ENGINEERING UNIVERSITY of NEBRASKA-LINCOLN NYU WIRL l”if')ﬁ,h uiw innovative
Center for Wireless Communications SChAaRIC heseaich CRntay Wikl o focus
on 6G and beyond, and from
‘. o, b P w: '{] ] Colloge of Engineering mmWave to Terahertz
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NASA Open Science Program

with PRP Team Guidance Could:

 Present a Talk at UCSD Feb 2023 4NRP Conference on NASA Open Science
« Set up a PRP ML-Enabled Workflow for Selected Earth Satellite Datasets
— Build on Scott Sellars Experience with MERRA V2
» Develop Jupiter PRP-Enabled Notebooks for NASA Open Science Algorithms
— Use Existing JupyterLab Namespace to Get Started
« Create a PRP Gateway to NASA Open Science Software Tools
— Build on John Graham CASPER Gateway
 Chose a NASA HEC System and Federate with PRP/NRP
— Build on PRP/Expanse Federation Experience
« ldentify Current NASA Researchers Using OSG CPUs for Data Analysis
— Extend to PRP GPUs and FPGAs for ML/Al Analysis
« Join Forces with PRP on Selected MSI Campuses
— Build on 15 Years of Calit2/SDSC & PRP Experience

S: :,:i}.p
Bl
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PRP’s Support and Community:

R

PACIFIC RESEARCH

PLATFORM

National Science Foundation (NSF) awards to UCSD: OB
. CNS (1456638, 1730158, 2120019, 2100237), ACI (1540112, 1541349), OAC(1826967, 2112167) - @5‘
Department of Defense DURIP to UCSD e ,‘
UCSD: Calit2 & its Qualcomm Institute; and UCSD’s Research IT and Instructional IT

UCB CITRIS and the Banatao Institute

UC Office of the President

Partner Campuses: UCB, UCSC, UCI, UCR, UCLA, UCD, UCM, UCSB, USC, Caltech, Stanford, NU, UWash,

UChicago, UIC, UHM, UWM, IU, NPS, CSUSB, CSUS, SDSU, SJSU, UMC, UMo, UArk, MSU, NYU, UNL, UNM,
SDakSU, Uok, UNC, UTA, WSU, FAMU, FIU, Clemson, UDel, UGuam, JCU, KISTI, UVA, AIST, NTU, UQ, UTokyo

Computing Partners: San Diego Supercomputer Center, LBNL/NERSC, NCAR/UCAR & Wyoming
Supercomputing Center, NASA NAS/USRA, Texas Advanced Computing Center, MGHPCC, NSCC, Open
Science Grid, Chameleon Cloud, SLATE, AWS, Google Cloud, Microsoft, Cisco, Juniper, Arista

Network Partners: CENIC, Pacific Wave/PNWGP, FRGP, StarLight/MREN, HPWREN, The Quilt, Great Plains
Network, KINBER, LEARN, NYSERNet, OARnet, FLR, Internet2, DOE Esnet, AMPATH, AARNet, CESnet,
KREOnet, PIREN, SURFnet, SCLR, SingAREN



