“Integrated Optical Fiber/Wireless Systems
for Environmental Monitoring”

Invited Keynote
UC San Diego Jacobs School of Engineering
Dean’s Council of Advisors Meeting

UC San Diego
May 12, 2022

Dr. Larry Smarr
Founding Director Emeritus, California Institute for Telecommunications and Information Technology;
Distinguished Professor Emeritus, Dept. of Computer Science and Engineering
5 ) Jacobs School of Engineering, UCSD
@l 11 http://lsmarr.calit2.net
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2002-2009: The NSF OptIPuter ITR Grant-

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

The OptlPuter A 10Gbps “End-to-End” Global-Scale Research Lightpath Cloud
Exploits a New World

in Which the TV S e - RN Gl
Central Architectural Element Sl sl @htaui - . """?é‘ % ¥ - A =

is Optical Networking, o T ‘—"'T :
Not Computers, g Sl = /) ¢ ~HD/4k Telepresence i S
to Support g
Data-Intensive
Scientific Research
and Collaboration

—

OptiPuter g\
& o Lightpath
NSF ITR Grant '
$13.5M
Pl Smarr, |
= v Co-Pls DeFanti, Optical
Wi Switch
bﬁ ol Papadopoulos, = : A
/ /| R s v ol
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2010-2020:

NSF Adopts the DOE Campus Networking Model For Data-Intensive Research

Science DMZ Coined in 2010 by ESnet

Network
Architecture
(zero friction)

Data Transfer Performance DOE
Nodes Monitoring
(DTN/FIONA) (perfSONAR) {

NSF
@ ESnet

http://fasterdata.es.net/science-dmz/
Slide Adapted From Inder Monga, ESnet

PRP
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NSF Campus Cyberinfrastructure Program
2012-2020

“Ki«rr

Has Made Over 340 Awards:

Across 50 States and Territories
Slide Adapted From Kevin Thompson, NSF



2015 Vision: The Pacific Research Platform Will Connect Science DMZs

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

(o o™ s NSF CC*DNI Grant
s @ $6.3M 10/2015-10/2020
o) | €5 coren ' In Year 7 Now

O CC-NIE awardee

_— - non CC-NIE awardee

‘ F (i, I NL. xt X -
) UCS - ‘J nersc ! ""
L .z ‘\A:e// Supercomputer ﬁ
X Centers R g™
Sarr Francisco I

Palo Alto

(P

PRP Partners include
Univ. of Hawaii System
Montana State Unlv

o PACIFIC RESEAR H

R PRPRCATEOR

pasthwgstam Univ, San Luis

NCAR Obispo

StarLight (GDC) {ucsa 4 = @ /

uic L = ‘,

Chamateon 24 Palm Desert _,,.

UvA w < | <

AARNet f . BN 3

KISTUKREONGt 08 —— ;

Univ. of Tokyo Nettos Sén Diego Centro , ;

NCSA @ ; ‘C aming* Ph f Mamas

Sameon Univ w . § Snttengen Papadofoulos Derér:

: ~ SDSC > Yo pl s IC0-P e anit?
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mh 8 BANATAO
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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
at Near Full Speed on Best-Effort 10G, 40G and 100G

[Flasnh Imputs Outped Netwurk Agpliance)

Software Specifications
Installation Instructions

Hardware Specifications

2021 - 2020 - 2019 - 2018 - 2017 - 2016 — 2015
o Add Up to 8 Nvidia GPUs Per 2U FIONA
www.pacificresearchplatform.org To Add Machine Learning Capability

Up to 192 TB Rotating Storage

PRP A
3 N SF s i 's Phi .
pAg'F'C,éES.EARC“ ; . FIONAs Designed by UCSD’s Phil Papadopoulos, John Graham, SDSC

PLATFORM i N Joe Keefe, and Tom DeFanti



2018/2019: PRP Game Changer!

Using Google’s Kubernetes to Orchestrate Containers Across the PRP

kubernetes

Applications o
-__II Node
Containers

}" al CLOUD NATIVE
PACIFIC RESEARCH COMPUTING FOUNDATION

PLATFORM



PRP’s Nautilus Hypercluster Adopted Kubernetes
to Orchestrate Software Containers and Manage Distributed Storage

Kubernetes (K8s) is an open-source system for

kU berI'IEtes automating deployment, scaling, and

management of containerized applications.

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,

S‘: p While We Measure and Monitor Network Use.”

. i --John Graham, Calit2/Ql UC San Diego

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

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

Built on Top of the Pacific Research Platform

'8 CI-New: Cognitive Hardware and Software Ecosystem
> @.’" Community Infrastructure (CHASE-CI)
- .' .
¢ Trwpet - For the Period September 1, 2017 — August 31, 2020

SUBMITTED — January 18, 2017

Pl: Larry Smarr

Co-Pls:

+ Tajana Rosing

» Ken Kreutz-Delgado
+ llkay Altintas

« Tom DeFanti

UCSD SDSU

— JACOBS SCHOOL OF ENGINEERING
NSF Grant for High Speed “Cloud” of 256 GPUs

For 30 ML Faculty & Their Students at 10 Campuses SDSC UC San Diego

for Training Al Algorithms on Big Data

; [ p
R
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2021-2024: Two CHASE-CI Follow-On Awards
Will Spread GPUs and Storage Across the USA

REGIONAL RESEARCH & EDUCATION NETWORKS IN THE UNITED STATES

PNNCH

< Proposed Extension of Nautilus 2021-2024

unieo |

New 56 GPUs + 216T8 St |\

' 32 GPUs + 21678 ' NESRASKA - ] s + " = '
168 GPUs + 70478 X = Starught ,-;,_

\ | ‘me-

A

New 8 GPUs + 21678

Sorus 27 e
' ‘f“‘ New 64 GPUs + 216T8 JIRTEAE ZN m'

— 300 GPUs + 1PB LeAeN
! y s New 32 GPUs + 308TB

{ ] J New 32 GPUs + FPGAs
l
Exlstlng CHASE-CI PSCoR New GPUs +
GPUs + Storage Storage

N, LEARN

Anum' ~ ancry CEN® CENIC A5, GPn Y

‘tz 3ROX ! ) KyRON D L
F 1 p k\[ M:RL AN mene @ vosen P mose= B LLAR Y N ‘ r\‘: ; ‘” A\ NJFdg
‘ | ":’f:_’” o : U > e So)( ) =N 4, l’{\m N et .h:_)
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2018-2021: Toward the National Research Platform (TNRP) -
Using CENIC & Internet2 to Connect Regional Optical Fiber R&E Networks

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

3-Year Grant SR
Funded = = |

by NSF GIGAPOP LA
$2.5M
October 2018 = .
Award #1826967 marcwae - Original

DRP
el

Pl Smarr
Co-Pls Altintas,
Papadopoulos,

Wuerthwein,
Rosing

LONES uu EDUCATION AKD RESEARCH NETWORK | e e

THE QT
—E_
: A N
Q2 I MEMBERS AND AFFITIATES g
5 S ) : <P CENIC/PW Link
P R@X UNM ARE-ONW Light Bcaanes CEN® CENIC OFLR A S GPN "-c-f:, (.«_5‘ (v ve— i:«-,;.'; GROMN,  LARN L% MERIA AN
“ i MOgry Terll Mosce R MEEN e NCREN o PSR uh e NOEISY. Mehem o n @ |varc  GneNer S e SoX¥ SUN  uwenay  ygwsn oy
PACIFIC RESEARCH . s S G- i inhte - K 208 S : NET,
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PRP’s Nautilus is a Multi-Institution Hypercluster
Connected by Optical Networks

~200 FIONASs on 25 Partner Campuses
Networked Together at 10-100Gbps

Installed CPUs Installed GPUs Rotating Storage

THE QJ ILT
e | ITpALT Eﬁ

IIIIIIIIIIIIIIII
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The New Pacific Research Platform Video
Highlights 3 Different Applications Out of 600 Nautilus Namespace Projects

lceCube VR Systems WIFIRE

T)R\ PACIFIC RESEARCH
/

I PLATFORM

Pacific Research Platform Video: CITRIS

gﬁﬂ%‘g&;ﬁ*ﬁx https://pacificresearchplatform.org/media/pacific-research-platform-video/ sl el




2000-2012: HPWREN: NSF-Funded High-Bandwidth Wireless Network Cameras
and Meteorological Sensors on Top of San Diego Mountains for Environmental Observations

Source: Hans Werner Braun, High Performance Wireless Research and Education Network
High Performance Wireless Research NOTE

and Education Network (HPWREN) PI

. F 4 > ’_'v,’t ~

i T v

4 AN DIEGO SCRIPPS issrineries 3 SAN DIEGO STATE
PACIFIC RESEARCH N ™ D -y ! 5 AP / p y . ’
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2016-2022: PRP Upgrades HPWREN Data Servers,
Connects Them With CENIC/PRP Optical Fiber Backbone

CENIC/PRP Connects
UCSD and SDSU

Data Redundancy
— Disaster Recovery

High Availability

CENIC Extension to UCI & UCR

Data Replication Sites

UCI Antenna Dedicated
June 27, 2017
Vint Cerf, Louis Fox, Ramesh Rao

PACIFIC RESEARCH Frank Vernon, Larry Smarr

PLATFORM
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PRP, HPWREN, and WIFIRE are Partnering With

NSF-Funded SAGE to Create Smart Cameras for Early Wildfire Detection

A Software-Defined National Cyberinfrastructure for
Distributed Sensing: Moving Artificial Intelligence to the Edge

Pete Beckman, Eugene Kelly, Charlie Catlett, Ilkay Altintas, Scott Collis, Nicola Ferrier,
Raj Sankaran, Jim Olds, Valerie Taylor, Dan Reed, Frank Vernon, Joe Swantek, Mike
Papka, Bill Miller, Aaron Packman, Irene Qualters, and many more...

e ,! North“/cstcrn 'HE UNIVERSITY Of 5l Northern illinois

W= University CHICAGO e Universiy
) . Ze DISCOVERY
Argonnea @'gg @ UC San DlegO N[&[So(“)(fﬂE D\P\I PARTHERS

—

| | | i
' ' . HPWREN \\ ]
o aMm Neen By

a0 — el SDSC e {7

PRP S

Bh

?ﬁﬂ%ggﬁm Source: Charlie Catlett, Pete Beckman, Argonne National Lab




Using NSF-Funded SAGE Technology to Bring ML/AI to the Edge

For Smoke Plume Detection

P

Sky facing camera

Optical Rain Sensor
Additional Sensors

Mounting Point

Sensor Stevenson Shield

Rolative humidty | ] e : NVIDIA Xavier NX GPU
barometric pressure |

ambient temperature

Using Deep Learning Models : — Wireieas Network
. ) Microphone - 4G, 5G, WiFi
to Extract Spatio-temporal Information ——
from Stored Camera Imagery Sensor expansion
110/230V AC Power ports: PoE & USB
5 ang DeEonlg Ion theIEnge T Biharist ‘
to Detect Smoke Plumes In Real Time
= '—— Ground Facing Camera

HEXIRED ALERTll ildfire Building atop standard community software:

PYTSRCH 34

~\ y
T,'. . “+" TensorFlowLite %;,g,
» p
}f' 2l dg:r K3s ::ROS

PACIFIC RESEARCH
PLATFORM Source: Charlie Catlett, Pete Beckman, Argonne National Lab



Once a Wildfire is Spotted, PRP Brings High-Resolution Weather Data

to Fire Modeling Workflows in WIFIRE

Source: llkay Altintas, SDSC 7 BN

W3

Real-Time
Meteorological Sensor

W PRP

Weather Forecast

Landscape data
WIFIRE Firemap| <. °

o oo ! r2ihsd o
‘ g . e (o TR
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e v e
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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 Senbga December 2017 '

PACIFIC RESEARCH

llkay Altintas, SDSC WIFIRE PI
PLATFORM


http://firemap.sdsc.edu/

Can We Extend the Open Source Kubernetes PRP/NRP

EURECOM

5G Direct Access:
Real-t lﬂt:lTlp emen
OpenAirinterfac

itation on

C \l)

Z Fraunhofer

‘BRh
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to Include Open Interface Wireless Systems?

—

(17
OPEN AIR

= INTERFACE

JRAN
kubernetes
71 CLOUD NATIVE

ke wl COMPUTING FOUNDATION

WXCOM 5G Open RAN System

: Qualcomm joins the board of the
, Qualcomw ' OponAlrlnterfoce Softwore Alliance

End-to-End Open Source 56 from
OpenRAirinterface accelerated by
the Riling T1 Telco Card

getng 10x data rates by hardw acceleraton for 5G

Openness mnovatlon cnd flexibility

Open RAN explained g ericsson.com

Plus Many Other Companies...
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As future wireless technologies move towards terahertz frequency, we see much
higher capacity, but lesser coverage, which leads network densification with fronthaul
and backhaul, that requires fiber based links connect radio units (Physical layer) to
distributed units (MAC/R:C and baseband layers) to centra units (where PDCP/IP
routing combined with Al/ML algorithms run for data analytics). Network Densification
and Network Disaggregation is going to drive interesting architecture for coupling
optical fiber platforms into future wireless.



2021-2026 NRP Future: PRP Federates with

NSF-Funded Prototype National Research Platform

Massachusetts)Green .
g HPC Center

HPC/HTC Resource
32 ALVEO FPGAs ”?/m_

|
288 NVIDIA FP32 GPUs l =3
48 NVIDIA FP64 GPUs A - 35
Tbps WAN |0 Capabilities . . . '
Configurable Low Latency HPC Fabric '”?/ . ; B?taslpten5|ve S&E
X S npmn ife Sciences
1 5 Physical Sciences
. Systems Engineering
| Disaster Response

. / Multi-Messenger Astrophysics

' Composable & Scalable Innovation

: , "%' """"" f-"'" = Open to Campus Resource Integration
Distributed Data Infrastructure \\/\ f«b 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

\ A
DRP
%‘ ; ".-. 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)



Proposed PRP/NRP — OpenAirinterface 5G/6G End-to-End

National-Scale Optical Fiber / “Future Wireless” Testbed

MassachusgttsJGreen ,
- HPC Center
= |

l. = |'%Y.
CENIC | . o
UC San Diego @ U Nebrask;_,. Lincoln | ' NYU WIIIIREFCESS

NYU WIRELESS is an innovative
academic research center with a focus
on 6G and beyond, and from
mmWave to Terahertz

JACOBS SCHOOL OF ENGINEERING UNIVERSITY of NEBRASKA-LINCOLN
Center for Wireless (ommunications

| ] College of Engineering

| ADVANCED TELECOMMUNICATION ENGINEERING LABORATORY

L, S ,
- > s <
n SDSC, UC'San Diego_ "« - . . _ . o oase (
. iR

OPEN Ai R \)

s INTERFACE

YEARS
>
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PRP/TNRP/CHASE-CI Support and Community:

« US National Science Foundation (NSF) awards to UCSD, NU, and SDSC
» CNS-1456638, CNS-1730158, CNS-2100237, CNS-2120019, oy
ACI-1540112, ACI-1541349, OAC-1826967, OAC-2112167 @
> OAC 1450871 (NU) and OAC-1659169 (SDSU) Ao
« 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

PRP
Bl
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