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Abstract

Three current NSF grants [the Pacific Research Platform (PRP), the Cognitive Hardware and
Software Ecosystem Community Infrastructure (CHASE-CI), and Toward a National Research
Platform (TNRP)] create a regional, national, to global-scale cyberinfrastructure, optimized for
machine learning research and data analysis of large scientific datasets. This integrated
system, which is federated with the Open Science Grid and multiple supercomputer centers,
uses 10 to 100Gbps optical fiber networks to interconnect, across 30 campuses, nearly 200
Science DMZ Data Transfer Nodes (DTNs). The DTNs are rack-mounted PCs optimized for
high-speed 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 open-source Kubernetes, enabling easy access to commercial clouds
as needed. | will describe several of the most active of PRP’s 400 user namespaces, which
support a wide range of data-intensive disciplines.



36 Years Ago,
NSF Adopted a DOE High-Performance Computing Model
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Launching the Nation’s Information Infrastructure:

NSFnet Supernetwork and the Six NSF Supercomputers

NSFNET 56 Kb/s Backbone (1986-8)
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gr 4 Supernetwork Backbone:
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From Supercomputer Centers to the NSFnet
to Today’s Commercial Internet
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Visualization by NCSA’s Donna Cox and Robert Patterson
PLATFORM Traffic on 45 Mbps Backbone December 1994



NSF’s PACI Program was Built on the vBNS
to Prototype America’s 21st Century Information Infrastructure

PACI National Technology Grid Testbed

Key Role T 7 7T Soaline " * 1 VBNS
of Miron Livny Nl /s VAZ =8 led to
& Condor , S e N\ 3

INTERNET-

Alliance Partners 4 Internet2 NOC
NPACI Partners e vBNS Connections:

v Supercomputing Projects ~— DS3 (45 Mbps)

o Virtual Reality Environments - ~— 0OC3 (155 Mbps)

PACI Communities: 0C12 (622 Mbps)
Cic SURA EPSCoR > «= 0OC48 (2.48 Gbps)
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Dave Bader Created the First Linux COTS 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

Machine One of 100 me motumer Spunten
8 b part of whet yevenccien) s
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Speediest in World

David Bader Selected to Receive the 2021 |[EEE @
p gp Computer Society Sidney Fernbach Award 2 - y//,\\‘
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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
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OptiPuter
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The OptlPuter

Exploits a New World
in Which

the Central Architectural Element
Is Optical Networking,

Not Computers.

Demonstrating That
Wide-Area Bandwidth
Can Equal

OptIPuter

DS Local Cluster Backplane Speeds
CO“aboratOry PI Smarr,
] 2002-2009
< SDSC
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Academic Research “OptIPlatform” Cyberinfrastructure:
A 10Gbps “End to-End” nghtpath Cloud
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Intruents

HPC

TeraGrid

End User
OptlPortal

Lightpath ) .
'ghtpa National LambdaRail

Campus LS i E e = 7
Optical | =tEay ' S

":‘;:; = Switch {. - ."‘ : 7| - ——ca

};" ";p s 7:' = ' I ; . YVRIIL 7L /;P?V,;;,r,rl‘ﬂ' 3 4

PACIIC RS EARCH Data Repositories & Clusters HD/4k Video Images



PRP Was Built on 15 Years of NSF Awards:

OptlPuter, Quartzite, & Prism

Quartzite Communications
Precursors to DOE Cofeiveara Led to NSF CC* Award
Defining DMZ in 2010 -‘ . |Quartzite  Verieon in 2013

NN Corefis Switch
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@ e rao2 - — " Pﬂsm@ucso ‘x-:n-m‘:: '..L :1v«‘l'--: :l:-: ------- i
a0 . —_— 1TOCSD Mal Campm ~
llmmerglass‘ e ; -
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£ 2 000
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Juniper

T320

il w%rcew
= 7‘_‘ Funded by To _. Packet Switch
) "M% NSF OptiPuter Grant Rotes
] gy and LCSD
Goals by 2008:
Pl Smarr, >= 50 endpoints at 10 GigE \ o -
>= 32 Packet switched i o T
2002-2009 >= 32 Switched wavelengths Pl Papadopoulos
)

>= 300 Connected endpoints

2013-2015
5 T Pl Papadopoulos,
h, ; P 2004-2007
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9 Years Ago,

NSF Adopted a DOE High-Performance Networking Model

ScienceDMZ Coined in 2010 by ESnet NSF Campus Cyberinfrastructure Program
Basis of PRP Architecture and Design Has Made Over 340 Awards

Network
Architecture

(zero friction) D O E

Data Transfer Performance I
Nodes Monitoring
(DTN/FIONA) (perfSONAR) NSF

Quartzite 0 it
http://fasterdata.es.net/science-dmz/ Prism 2012-2020: _ _
Across 50 States and Territories

Slide Adapted From Inder Monga, ESnet v atJp
- ;-‘fa ‘\ av .“,o
PRP &S ESnet &
e . N
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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 )
w | .A$¢at'Jc O CC-NIE awardee In Year 6 NOW, Year 7 IS Fu nded
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Mom.ma State Univ,

astern Univ, Sc" Luis
StarLight (GDC { ucss 4 ; L .
uIc oht( ) SR Los Angeles™— e @
Chamaleon : . 24 Palm Desert
UvA Tuq'ﬂn \ - o ety ‘
AARNet
KISTUKREONet Los

Sl &
Univ. of Tokyo N"“"s Sén Dlego Centm p i,
NCSA Lagr ,‘C C amiig Phi | as Frank
Clemson Ly - @ SDSC Sphari ght’ 'llltndu Pdpado ulos Derant Wuerthwein
viié 01

P -‘“ ¥Coh Pl CasPl -l i Co-PI
S [ . { ] X
‘Q-;_; . Mot this dtesgram regeesesnts o sbaet of sdis and convmcs —20151019 e 2> UCB )
PRP ¢SRS
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2015-2021: UCSD Designs PRP Data Transfer Nodes (DTNS) --

Flash 1/O Network Appliances (FIONAS)

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

(Flash loput/ Outpet Netwark Appliancs)

Software Specifications
Installation Instructions

Hardware Specifications

2021 - 2020 - 2019 - 2018 - 2017 - 2016 — 2015
www.pacificresearchplatform.org

L

Add Up to 8 Nvidia GPUs Per 2U FIONA
To Add Machine Learning Capability

Up to 192 TB Rotating Storage

1) S i 's Phi :
pAnghES.EARC“ ; . FIONAs Designed by UCSD’s Phil Papadopoulos, John Graham, SDSC :

PLATFORM i N Joe Keefe, and Tom DeFanti




PRP’s Nautilus is a Multi-Institution Hypercluster
Connected by Optical Networks

180 FIONAS on 25 Partner Campuses
Networked Together at 10-100Gbps

Installed CPUs Installed GPUs Rotating Storage

916

THE QUILT |
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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

=
T g
Containers

CLOUD NATIVE
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PRP’s Nautilus Hypercluster Adopted Kubernetes to Orchestrate Software Containers
and Rook, Which Runs Inside of Kubernetes, to Manage Distributed Storage

@ ROOK

Open source file, block and object storage for
your cloud-native environment.

Battle-tested, production storage Cloud-native environment integration
Rook is based on an embedded version of Ceph, which Rook runs as a cloud-native service for optimal
has 10+ years of production deployments and runs some integration with applications in need of block, object, or
of the worlds largest clusters. file storage.
“Kubernetes with Rook/Ceph Allows Us to Manage Petabytes of Distributed Storage
and GPUs for Data Science,
PRP While We Measure and Monitor Network Use.”@f\-,— il
. , . i i =g Nauftilus
PACIEICRESEARCH John Graham, Calit2/QI UC San Diego et




PRP Provides Widely-Used Kubernetes Services

For Application Research, Development and Collaboration

° <
jupyterhub
@

A multi-user version of the notebook designed for companies, classrooms and
research labs

Vv

GitLab Continuous Integration & Delivery

‘B
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Engaging More Scientists:
Newly Designed and Updated PRP Website

http://pacificresearchplatform.org

THE PACIFIC RESEARCH PLATFORM

The PRP is a partnership of more than 50 institutions, led by researchers at UC San Diego and UC Berkeley and includes the National Science Foundation,
Department of Energy, and multiple research universities in the US and around the world. The PRP builds on the optical backbone of Pacific Wave, a joint project
of CENIC and the Pacific Northwest GigaPOP (PNWGP) to create a seamless research platform that encourages collaboration on a broad range of data-intensive

fields and projects.

“ NEWS EVENTS THRP MAUTILUS RESOURCES MEDIA REPORTS PARTHERS Q




The PRP Web Site Has Detailed Information

On How to Join PRP’s Nautilus

START STORAGE DEVELOPMENT BACK TO NAUTILUS

Where to start .
Quick Start www.pacificresearchplatform.org

Policies X ;
- = Start - how to get access to the cluster and intros
\wailable Resources

» Get access: Getting authenticated in the cluster

l",'u.‘l
Contact ¢ Quick start: Basic info, links to external tutorials
» Policies: VERY IMPORTANT section! Please read to avoid issues running in the cluster
o Avallable resources: Additional resources vou can get in the cluster
* Tutorials - step-by-step tutorials lor working with the cluster
« Docker: Using docker locally, finding and building containers
» Basic kubernetes: Exrloding the system, running simpile pods
« Scaling and exposing: Scaling, load balancing, exposing services to outside
« Scheduling: Scheduling and requesting resources
« Hatch jobs: Running batch jobs
« Images: How to choose the right container image or build your own
» Storage: Using persistent storage in the cluster
* Running: running various kinds of jobs in the cluster efficiently
» Jupyter&Tensorflowz example: A comprehensive example on how to run the image we provide, containing most
o I8
‘ » popular python libraries for Ml

)
st

/ ' ;{.A « Running batch jobs
PACIFIC RESEARCH  Dealing with high /O
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2017-2020: CHASE-CI Grant Adds a Machine Learning Layer

Built on Top of the Pacific Research Platform for CISE Researchers

CI-New: Cognitive Hardware and Software Ecosystem
Community Infrastructure (CHASE-CI)

For the Period September 1, 2017 — August 31, 2020

- NSF Just Funded Two Extensions:
CHASE-CI ABR and ENS

PI: Larry Smarr, Professor of Computer Science and Engineering, Director Calit2, UCSD
Co-PIL: Tajana Rosing, Professor of Computer Science and Engincering, UCSD

Co-PI: llkn_\'r .\ltmtas, Chicf Data Science Officer, San Dicgo Supercomputer Center, UCSD
Co-PI: Tom DeFanti, Research Scientist, Calit2, UCSD

UCSD SDSU

NSF Grant for 256 High Speed “Cloud” GPUs
For 32 ML Faculty & Their Students at 10 Campuses
To Train Al Algorithms on Big Data

DD -
}P oy D@ UC San Diego T (g

PLATFORM




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

(13 . - .
Towards ' REc1oNAL RESEARCH AND EpucaTtioN NETWORKS IN THE UNITED STATES
The NRP” PACIFIC

3-Year Grant L ASRVARERE

Funded N— — ‘

by NSF GIGA PD Paeal

$2.5M "
October 2018

Award #1826967

Pl Smarr
Co-Pls Altintas
Papadopoulos ‘ < 4

Wuerthwein , B N 7
Rosing N Ly [ T .. s

J/ R A ew e ke ﬁ
DeFanti / ' X *xOC \

i |
LEAR
‘il-v’ Lut;unw ne vimufm Qe § Ao
SDSC Sl
QAT MEVBERT ARD NERILATES i G ERICIEINLL 111

P p IROX UNM - AREONW “Lignt icaanen CEN® CENIC OFR &5 GPN ¥w (& Gommn 08 GEON. ARN L&FU MRA - MAY
B ‘

a N MEgrs THOEIL  MoRe-c MKEN v L ~s Neviher ) et L (= s Oy o TN
PACIFIC RESEARCH RV, e ool gy NoREM il IS sh weeoncuins poESGY IR mox n © [oooe fooWer W e SOX SUN - Wenay s NET.!
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Next Step?

Federate ERN with TNRP/PRP/CHASE-CI

University of New Hampishire

Massachusetts Groes High Performance
..... ! Compuming Cemer

IWGth C
asbih { 1006b mmn@

New jersey Institute

Univirsity of Maine 100GY mnﬂ of Technology

1%+ ERE

Google

NJEdge

Data DMZ dge

KINBERE

Rutgeys University

N EASTERN
. REGIONAL
F:- p wm NETWORK

PACIFIC RESEARCH
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PRP is Science-Driven:
Connecting Multi-Campus Application Teams and Devices

Particle Biomedical
Physics ‘omics

ine
V.
puss - ~
(Cancer Ganomics Hub
A P Rrce ot the National Cancer instie 7 p
BN o
5

Telescope
Surveys

Ll ,'t-

INTERMEDIATE PALOMAR TRANSIENT FACTORY

Visualization, : ' e
Virtual Reality, [ & 4 . A 3 GITRIS
Collaboration - | o — < s

INST

SDSC P

UC San Diego UCBerkeley UC Merced



PRP Accelerates Collaboration on Atmospheric Water in the West

Between UC San Diego and UC Irvine

) M6 114 o3 0 108 e -1
Key Phenomena Causing Extreme Precipitation inthe Western U.S. (Ralph et al.
2014)

) P L s oo on

i
PERSIANN CD& 10 24 12 (mw/day)

Center for Western Weather
and Water Extremes

é CRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGO

Director: F. Martin Ralph

Big Data Collaboration with:

:.:-‘jf‘éffé“"*»._ Center for Hydrometeorology &

CHRS" : Remote Sensing

e’ University of California, Irvine

Director, Soroosh Sorooshian, UCSD

Source: Scott Sellers, PhD CHRS; Postdoc CW3E



Scott Sellars Rapid 4D Object Segmentation of NASA Water Vapor Data -

Machine Learning in Time and Space

NASA*MERRA V2 —
Water Vapor Data
Across the Globe

19800111 21

Object Detection,

) _ 4D Object Constructed
Segmentation and Tracking

(Lat, Lon, Value, Time)

Atmaspheric River: Dec 28ih, 2005 - Dec 30, 2005

s

. N
§«'- JOIX
; .; 1980 5
-50 :»: f 3
; 000 E
Lor:'.ude 5o Longitude
8O0 1000 1200 1400 1600 1800 2000 200
VT (kg m-15-1) 0
- o | | SDSC
} \oi? | Scott L. Sellars?, John Graham?, Dima Mishinl, Kyle Marcus?, llkay Altintas?, Tom DeFantil, Larry Smarr?,
/! i Joulien Tatar®, Phu Nguyen* Eric Shearer4, and Soroosh Sorooshian*
PACIFIC RESEARCH
PLATFORM

1Calit2@UCSD; 2SDSC; 30ffice of Information Technology, UCI; “Center for Hydrometeorology and Remote Sensing, UCI



PRP Enabled Scott’s Workflow

to Run 532 Times Faster!

See Sellars, eScience 2019
https://ieeexplore.ieee.org/document/9041726

Pacific Research Platform (10-100 Gb/s)
Complete workflow time: 19.2 days->52 Minutes!

UC, Irvine UC, San Dlego

0,

GPUs SDSC’s COMET GPUS

Calit2’s FIONA

ﬁyp Calit2’s FIONA
‘Rh

PACIFIC RESEARCH

PLATFORM Source: Scott Sellers, CW3E



The New Pacific Research Platform Video
Highlights 3 Different Applications

lceCube VR Systems WIFIRE

P

- A ‘ N

—_—

o @ cecuse

SR AT S A aszm

- i : - } e
.“ ) ’._& ,‘
y o ) - :
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. - ]
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T)R\ PACIFIC RESEARCH

I PLATFORM

B,g' :;.:— " p Pacific Research Platform Video:
‘I www.thequilt.net/campus-cyberinfrastructure-program-resource/

PACIFIC RESEARCH ifi
PLATFORM www.pacificresearchplatform.org
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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

d "'eg@ NEW MEXIC( @ s N
EXA
Hohton

~ HTCond%r Caltech = ©
e T G | spsc

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 '



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

| P

SouTH POLE NEUTRIND DBSERVATORY

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

GPUs are ideal for the workload
Many independent photons « scattering model & simple
(scatter, absoch, change ice layer or hits DOM) 22
Semsiate each photon with an independen theaad W) O
Only interrupt paralielism when a photon bits a DOM and !
sigral needs 10 be stored {very rarel)

GPUs are O(~100f faster than CPU for ths workioad

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



2017-2019: HPWREN: 15 Years of NSF-Funded Real-Time Network Cameras
and Meteorological Sensors on Top of San Diego Mountains for Environmental Observations

Source: Hans Werner Braun,
HPWREN PI

a SDS( s SCRIPPS wsrirsron o BB SAN DIEGO STATE

PACIFIC RESEARCH UCSan [)il'f.{()

PLATEORM SUPER(OMPUTER (ENTER OCEANOGRAPHY o UNIVERSITY



PRP Optical Fiber Connects Data Servers for

High Performance Wireless Research and Education Network (HPWREN)

HPWREN Web Server
sccess to camera lmages
T T T T T T

* PRP Uses CENIC
100G Optical Fiber
to Link UCSD, SDSU
& UCI HPWREN
Servers

— Data Redundancy

- DIS&SteI' Recovery ‘ . " ‘ ’.'?"“{surf."‘-, Z y ) 7' 20000501 2003.12.27 :x(v;(w::
: < LR Data From Hans-Werner Braun

w00k 10X Increase During Wildfires ]
15000

10000 =

1P adbdresses acesing servers per day

S000 -

n 1 ¢ixtes)
200906-18 20120314 2004-12.09

— High Availability W

— Kubernetes Handles RS
Software Containers Ny '
and Data P =

Palomar Ohseérvatory®

M'f ondido

MMt Woodson

Source: Frank Vernon, ¥ i b UCI Antenna Dedicated

P p Hans Werner Braun HPWREN i\ 246 June 27, 2017
4 0 '%‘ @ SCRIPPS issrireron s i . SAN DIEGO STATE
uc Sanchs‘o SDSCase E : ' "”Caht A UNIVERSITY

PACIFIC RESEARCH AN AP
PLATFORM SUPERCOMPUTER CENTER OCEANOGRAPHY



Once a Wildfire is Spotted, PRP Brings High-Resolution Weather Data
to Fire Modeling Workflows in WIFIRE

Source: llkay Altintas, SDSC /7 %

W3

Real-Time
Meteorological Sensors

Weather Forecast

PACIFIC RESEARCH
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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

PACIFIC RESEARCH
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http://firemap.sdsc.edu/

NeuroKube: An Automated Neuroscience Reconstruction Framework

Uses Nautilus for Large-Scale Processing & Labeling of Neuroimage Volumes

NeuroKube |

oml eSS N
jupyter a8
o' | } o | e Q
i parallel Process -
H;'l' ot “v‘.u' ) “. arlh 4 2, o o

Figure 2. NeuroKube Framework Architecture

| Volume Data |

l ! Flesystern

| Superresolution | _
Figure 4. Workflow Steps Al

[ Classes | D2
NCMIR -
SDSC A

Instances

‘R | Reconstruction ,,_‘__I

PACIFIC RESEARCH
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Visuakzation ‘Rdlaz,’y

' Original
Upsampling =

—

Scaffold

Figure 5. VEM Superresolution (Scale Bar 250nm)

Figures 2, 4, & 5 in “NeuroKube:

An Automated and Autoscaling Neuroimaging Reconstruction Framework

Using Cloud Native Computing and A.l.,”
Matthew Madany, et al. (accepted to IEEE Big Data '20)



Computer Vision-Based Approach

Provides the Potential to Automatically Generate Labels Using ML

Subset of Neurites from
Cerebellum Neuropil
Extracted & Rendered
in 3D with Structures
of Interest Labeled

Figures 1 & 14 in “NeuroKube:
An Automated and Autoscaling
Neuroimaging Reconstruction
Framework using
Cloud Native Computing
and A.l.”

‘l\” - d Matthew Madany, et al.

S ',. N (accepted to IEEE Big Data '20)
p . N 7' 1 LN ‘
s

. [0 RS IR |

=

(Scale Bur 2uan)

DD
p\?gp Volumetric Electron Microscopy (VEM)

Data with Colorized Labels
PACIFIC RESEARCH
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Top 20 GPU Users Out of 400 Nautilus Namespace Applications:
Together They Consumed Nearly 500 GPUs in 2020

Frank Wuerthwein, UCSD Manmohan Chandraker, UCSD
osggpus [lceCube] mc-lab

Xiaolong Wang, UCSD Xiaolong Wang, UCSD
rl-multitask rl-multitask

Number of requested GPUa by nameface

Xiaolong Wang, UCSD
self-supervised-video

Nuno Vasconcelos, UCSD I

600 Gary Cottrell, UCSD I svcl-multimodal-learning

guru-research

400

100

200

100

avm

0116

e Al 0218

/01 (Al 05/ arz/ie

0516 orm

onm

2 i g Y
b ] one 10/ 10/16 n/m /18
Mark Alber, UCR Nuno Vasconcelos, UCSD Dinesh Bharadia, UCSD
markalbergroup domain-adaptation ecepxie
Xiaolong Wang, UCSD Vineet Bafna, UCSD Frank Wuerthwein, UCSD
hand-object-interaction ecdna cms-ml

¥

Folding@Home
D folding
PACIFIC RESEARCH Igor S.fi”.Q.Oi'.UCSD
PLATFORM isfiligoi




PRP Y6Q4
Top 15 CPU Nautilus Namespace Users (>50,000 CPU Core Hours)

IIkay_AItmta;, .UCSD Xiaolong Wang, UCSD
wifire-quicfire
rl-self-sup

Hao Su, UCSD David Mobley, UCI John Dung Vu, UCSD Frank Wuerthwein, UCSD Ravi Ramamoorthi, UCSD
ucsd-haosulab openforcefield igrok-elastic osggpus [IceCube] ucsd-ravigroup

- N\ \ . ¥ ' r ” : ¥ WA A' v
e B < h' - e S8 - . P -
WL
W . Dinesh Bharadia, UCSD Xiaolong Wang, UCSD
| ‘ ) Xiaolong Wang, UCSD Larry Smarr, UCSD ecepxie Image-model
S e rl-multitask jupyterlab
PAZ‘.IFI‘ A E;ch David Haussler, UCSC Xiaolong Wang, UCSD Adam Smith, UCSC
“IFIC RES . LS ! )
braingeneers ece3d-vision baytemiz-navassist
PLATFORM J y




Peak vs. Total CPU Nautilus Namespace Usage

Y6Q4

48 CPU-cores Used 24x7

3000
2500 braingeneers #
2000
L
o
S
T 1500
m .
o eopenforcefield
1000 wifire-quicfire «
ece3d-visich  ucsd-haosulab .
® abaytemiz-navassist

500
é o0 2 .
) <48 CPU-cores in One FIONA
0 w-r‘ |

0 100000 200000 300000 400000 500000 600000 700000 800000 900000

f-‘l‘.; B
bn p CPU Hours
i 5N

PACIFIC RESEARCH
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ML/Al Namespace examples

R

PACIFIC RESEARCH
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PRP’s Nautilus GPUs

Supports a Broad Set of Science and Machine Learning Applications

3,110,765 GPU-Hours

m CSE
= ECE
® Physics
SDSC
m Ql
® Neurosciences
m SE
m HDSI

® Music

Total Usage is Equivalent to Running

355 GPUs 24/7 for 12 Months
‘R

PACIFIC RESEARCH
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UC San Diego by Department in 2020

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



UCSD’s Information Technology Services Adapted PRP FIONAS8s
To Support Data Science Courses

Instead of Spending ' 10248(03 gJTSX 1080Ti

i, 0000 arlen Co Sy o 36 RTX 2080Ti & RTX Titan
Commercial Clouds:

309 Courses over 15 Quarters - e 246 nodes

$15M vs. $375K ST o AR 1004 CPU cores
At least 34,000 enroliments o Bieeill—l commnany. 8.5TB RAM

e 96TB Flash Storage

e 10/25/40G Networking

A'“ h I'
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UC San Diego DSMLP

Data Science / Machine Learning Platform

Student-focused GPU/CPU cluster for:
— Undergraduate & Graduate Coursework

Ny \ .
— For-Credit Independent Study f O PyTorcn

. . TensorFlow
— Thesis/Dissertation Research SO Catfe
— Capstones & Projects el o0
Research-Driven Architecture jupyter  =0Coo7
Managed by Central IT Services \9’ o’
rﬁtNuml’y
S, <
ANACCONMDIA NVIDIA
e

~= > . i {
S‘:—-: r -@| g UCSanDiego \joqn oo
o s Bl - Jacobs School of Engineering
BAL
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Coursework Activity Patterns

WI18 Instructional GPU Utilization

125.00% B %GPUs in Use
100.00%

75.00%
Independent Study,
s0.00% | For-credit Research,
External Barter

25.00%

0.00% .l aom BVREES 1, 2 Db IS PRI
WO Wi w2 W3 w4 W5 we W7 w8 W9 Wit Wil w12

Bj p
‘HRh
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DSMLP Courses by Division, Term

" . Marine Sci
B Professional Sch
il Biological Sci
30 B Physical Sci
HDSI
B SocSci
20 B JSOE
10

(
2 FA17 WI1B SP18 FA18 WI19 SP19 FA19 WI20 SP20 SU20 FA20 WI21 SP21 SU21 FA21
Rl
/]

‘N
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DSMLP Courses, Enrollments by Term

u #Courses
1 #Students
1 3, 3
mm :
_ | 3613
§ g 2o g g
3 " 2504 £
g §_ 4 -
g M6 . @ | ,
netlIEER e -
1128 1188 "
382 1

FA—17 W|-18 SF;18 FA‘18 WI‘19 SP'1§ FA-19 Wi20 SPV2.0 SUZO FA-éO WIV ‘1 SP-2.1 SUE1 FA721
Quarter
S:jj , g:) IT SERVICES
e e UCSanDi
an Diego
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Community Building
Through Large-Scale Workshops

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

2NRP Montana State University | August 6 & 7, 2018

——— . e ‘ . THE QUILT .
SY“THE GLOBAL RESE | 2 = gy |
: PLATFORM l RKSHOP L!ﬁ'vv ; ' NATIONALRéSEARCH

l #olla, CA 2019 NSF, NRP, and The Quilt - Workshops md M( Ulngx
H \ e
September 23 - 26, 2019

» ;:}jg 2nd Global Research Platform (2GRP) Workshop Minneapolis, MN
el September 20-24, 2021
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Community Building Though Inclusion and Diversity:
Workshops With Minority Serving Universities

2NRP Montana State Umver5|ty

F 1] — CITRIS

PACIFIC RESEARCH fBANATA.O
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The Next Three Phases

As We Approach a National Research Platform

R
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2021-2024 NRP Future I: Proposed Extension of Nautilus

Sirens 1 \
CNET | NETWORK

UN". + GPN 7 & N .::'“n \ v ‘. PAINE =
\/ |

New 56 GPUs + 216TB N A

32 GPUs + 21678 | werwon /" 8 GPUs + 256TB ||
168 GPUs + 70478 ’ New 72 GPUs A ”WMH"“':’-‘; p
. () NewIZGEUS £ ZAGIR, " New 32 GPUs + 216TB

T unn‘l“ CAAREN
:|| M | Ay s 5

e - 8 GPUs + 2PB ' NTERNE YRON 1 Clemson U + SCLR
100619278 | [ New 64 GPUs + 216TB S sceus |
 3eeus | - [/~ " News GPUs +216TB
300 GPUs + 1PB

New 32 GPUs + FPGAs .
Existing CHASE-CI EPSCoR New GPUs + [HE QU ,
GPUs + Storage Institutions Storage ra
- e

CHASE-CI ENS, Tom DeFanti PI (NSF Award # 2120019)

1 } X )

i L\ L. New32GPUs +308TB

100G 19278 '

CHASE-CI ABR, Larry Smarr Pl (NSF Award # 2100237)
$2.8M
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2021-2026 NRP Future lI:

PRP Federates with SDSC’s EXPANSE

Using CHASE-CI

_XPANS

SDSC
HPC RESOURCE

13 Scalable Compute Units

Developed Composable Systems

COMPUTING WITHOUT BOUNDARIES

5 PETAFLOP/S HPC and DATA RESOURCE

XSEDE

' LONG-TAIL SCIENCE
Multi-Messenger Astronomy

@ 728 Standard Compute Nodes
BN 52 GPU Nodes: 208 GPUs
4 Large Memory Nodes

DATA CENTRIC ARCHITECTURE

12PB Perf. Storage: 140GB/s, 200k IOPS
Fast /0 Node-Local NVMe Stora
|7PB Ceph Object Storag
High-Performance R&E Networking

% PR

Genomics
Earth Science
Social Science

~$20M over 5 Years
Pl Mike Norman, SDSC

INNOVATIVE OPERATIONS
| Composable Systems|
High-Throughput Computing
Science Gateways
Interactive Computing
aria - Containerized Computing
Cloud Bursting

REMOTE CI INTEGRATION B., p

PLATFORM

.é..i..v

Heterogeneous Resources



2021-2026 NRP Future lll: PRP Federates with

NSF-Funded Prototype National Research Platform

HPC/HTC Reséurce - Massaé;\usgtt‘s)Greeﬁ :
32 ALVEO FPGAs }m_ \"'F":;Jﬂ;?c lCenter

288 NVIDIA FP32 GPUs
48 NVIDIA FP64 GPUs ;

o - = < H ]
Tbps WAN IO Capabilities )' pa{ ,

Configurable Low Latency HPC Fabric > . Data Intensive S&
N e "%"' ~  Life Sciences
"’\‘ B ' Physical Sciences
- Gk : . . Systems Engineering
\ " 4 e . Disaster Response
SDSC T "_‘:7,‘_’__" ~ A B - 5 : . / Multi-Messenger Astrophysics
g . s
\ SDSC, UC:San Diego\ S R 'm _ | 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
‘i I ‘ rl‘;)
%‘ : ".-  NSF Award OAC #2112167 (June 2021) [$5M Over 5 Years]
A 4 Pl Frank Wuerthwein (UCSD, SDSC)

PACIFIC RESEZ\RCH

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



PRP’s Support and Community:

* National Science Foundation (NSF) awards to UCSD: : @
> CNS (1456638, 1730158, 2120019, 2100237) OAC (1540112, 1541349, 1826967, 2112167) ~ A

. UCSD; Calit2/Qualcomm Institute; and UCSD’s Research IT and Instructional IT

+ UCB CITRIS and the Banatao Institute

+ UC Office of the President

*  Partner Campuses: UCSC, UCI, UCR, UCLA, UCD, UCM, UCSB, USC, Caltech, Stanford, NU, UW, UChicago,
UIC, UIUC, UHM, UWM, IU, NPS, CSUSB, CSUS, SDSU, SJSU, UMC, UM, MSU, NYU, UNL, UNM, UNC, UTA,
WSU, FAMU, FIU, Clemson, UD, UG, UU, 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, NSCC, Open Science Grid,
Chameleon Cloud, SLATE, AWS, Google Cloud, Microsoft

* 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

R
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