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Abstract

In every field we see an exponential rise of Big Data, which in turn is
demanding new technological solutions in visualization, machine
learning, and high performance cyberinfrastructure. | will describe how
my NSF-funded Pacific Research Platform (PRP), which provides an
Internet platform with 100-1000 times the bandwidth of today’s
commodity Internet to all the research universities on the West Coast,
IS being designed from the Big Data application needs of multi-
institutional research teams from particle physics to climate to human
health. NSF is also funding a Cognitive Hardware and Software
Ecosystem Community Infrastructure (CHASE-CI) to be built on top of
the PRP, adding GPU and non-von Neumann machine learning
capabilities to enable distributed Big Data Analytics. The next stage,

s Well underway, is understanding how to scale this prototype

% 3 cyberinfrastructure to a National and Global Research Platform. ‘il_"
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The 30-Year Quest to Create a Tightly-Coupled,

Yet Highly Distributed “Computer” for Big Data Analysis
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30 Years Ago-NSF Created
a Weakly-Coupled National “MetaComputer”

NSFNET 56 Kb/s Backbone (1986-8)
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NSF’s PACI Program was Built on the vBNS
to Prototype America’s 21st Century Information Infrastructure
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SAN DIEGD SUPERCOMPUTER CENTER K
led to

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)

‘R

PACIFIC RESEARCH =
PLATFORM National Computational Science ALLIANCE




Vision:
Use Optical Fiber to Connect
Big Data Generators and Consumers,
Creating a Big Data Tightly-Coupled Distributed “Computer”

“The Bisection Bandwidth of a Cluster Interconnect,
but Deployed on a 20-Campus Scale.”
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NSF’s OptIPuter Project: Proving Wide-Area-Networks
Could Be as Fast as Cluster Backplanes for Data-Intensive Researchers
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So Why Don’t We Have a National

Big Data Cyberinfrastructure by Now?

“High-speed data lines crossing the nation are the equivalent of
six-lane superhighways, Bement said.

But networks at colleges and universities are not so capable.”

“Those massive conduits are reduced to two-lane roads at
most college and university campuses,”

Improving cyberinfrastructure, he said, “will transform the capabilities of

campus-based scientists.”
-- Arden Bement, director of the National Science Foundatio

National Science Foundation
Advisory Committee for Cyberinfrastructure

PRP Task Force on Camnus Bridging
/

PACIFIC RESEARCH Final Report, March 2011
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Based on Community Input and on ESnet’s Science DMZ Concept,
NSF Has Funded Over 100 Campuses to Build Local Big Data Freeways
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Creating a “Big Data” Freeway on Campus:

NSF-Funded CC-NIE Grants Prism@UCSD and CHeruB
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Terminating the Fiber Optics - Data Transfer Nodes (DTNS):

Flash I/O Network Appliances (FIONAS)

John Graham, Calit2
UCSD Designed FIONAs
To Solve the Disk-to-Disk
Data Transfer Problem
For Big Data
at Full Speed
on 10G, 40G and 100G Networks

FIONette—1G, $1,000
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How UCSD DMZ Network Transforms Big Data Microbiome Science:

Preparing for Knight/Smarr 1 Million Core-Hour Analysis
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Logical Next Step: The Pacific Research Platform Creates

a Regional End-to-End Science-Driven “Big Data Superhighway” System
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We Measure Disk-to-Disk Throughput with 10GB File Transfer

4 Times Per Day in Both Directions for All PRP Sites

PRPGridFTP
Il Throughput >= 5000Mbps Throughput < 5000Mbps Il Throughput <= 1000Mbps Unable to retrieve data

January 29, 2016 July 21, 2017
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Jupyter Has Become

the Digital Fabric for Data Sciences

JUPYTOT Larws st st ooe -
counies s n .
JUPYLEt Mecame Expiorng the Lerwnz Sywtem
srarcnl e The Jupyter Notebook
jupyter The Jupyter Netebook is an open-source web application that allows
you to create and share documents that contain live code, equations,
Weicome 13 the Saemsiimaen, Saise .- : : . \ / :
— s = visualizations and narrative text. Uses include: data cleaning and
—— 3 transformation, numerical simulation, statistical modeling, data
RS- ' . visualization, machine leaming, and much more
/I~ 7 (==
Language of cholce Share notebooks Interactive cutput Big data Iintegration
The Notebook has suppart for over Notebooks can be shared with Your code can preduce rnch Leverage big data tools, such as
40 programming languages others using email, Dropbox, GitHub interactive output: HTML, images, Apache Spark, from Python, R and
including Python, R, Julla, and and the Jupytar Notebook Viewe videos, LaTeX, and custom MIME Scala. Explore that same daia with
X Scala types pandas, scikit-learmn, ggplot2
"
TensorFlow.
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PRP UC-JupyterHub Backbone Connects

FIONAs At UC Berkeley and UC San Diego

Source: John Graham, Calit2

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

research labs

PRP Partners include:
Univ. of Hawaii System
Montana State Univ.
Northwestern Univ.
NCAR
MREN
StarLight
uIiC
Chameleon
UvA
AARNet
KISTI/KREONet
Univ. of Tokyo
NCSA
Clemson Univ.

Goal: Jupyter Everywhere
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We Aggressively Use Kubernetes

to Manage Containers Across the PRP

COOGLEOPENSOURCES TS o s posiona o orey |
SECRET WEAPONIN CLOLD g *
COMPUTING "

“Kubernetes is a way of stitching togethera =
collection of machines into, basically, AL

a big computer,”
--Craig Mcluckie, Google.

"Everything at Google runs in a container," 5 sd:ié
--Joe Beda,Google R Bamrher 2, 2017
PRP r<J CLOUD NATIVE &ty

PLATFORM Lo COMPUTING FOUNDATION



Rook is Ceph Cloud-Native Object Storage
‘Inside’ Kubernetes

5 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.

PRP

P AT EORM https://rook.io/
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PRP’s First 2 Years:
Connecting Multi-Campus Application Teams and Devices

Particle Biomedical
Physics ‘omics
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Telescope Earthquake
Surveys Engineering
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Visualization,
Virtual Reality,
Collaboration




Data Transfer Rates From UCSD Physics Building Servers
Across Campus and Then To Chicago’s Fermilab

Utilizing UCSD Prism Campus
Optical Network

Arista Gateway Switch

2017-08-22 13:24:00

2.0 Gbps
2.2 Gbps
8.0 Gbps

0bps

33.5 Gbps
1.8 Gbps

w711 Mbps

0bps

13:40
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Cancer Genomics Hub (UCSC) Was Housed in SDSC, But NIH Moved Dataset

From SDSC to Uchicago - So the PRP Deployed a FIONA to Chicago’s MREN

Aggregate Outbound Firewall Bandw May 20 12

»
Fri Sat Sun Mon Tue vied Thu
From 2012/05/24 16:02:25 To 2012/05/31 16:02:25

Aggregate Outboend Fireezll Bandwidth

June 2013 ‘ -

Wesk 23 Neek 24 Week 25 Week 76
From 2013786761 09:45:24 To 2813/07/61 §5:48:24

i WEbownd FEFRAL Sonbiih Genomic Data Commons heralds

el Jan 2016 new era of data sharing for
\, cancer research JyigIRISus I

) |'® ] . 56 June 6, 2016 =
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PACIFIC RESEARCH Week 01 Week week B3 week 04 Data Source: David Haussler,
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PRP Now Enables
Distributed Virtual Reality

WAVE@UC San Diego WAVE @UC Merced
é ! ) Transferring 5 CAVEcam Images from UCSD to UC Merced:
PACIFIC RESEARCH 2 Gigabytes now takes 2 Seconds (8 Gb/sec)
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Collaboration on Atmospheric Water in the West

Between UC San Diego and UC Irvine

Center for Western Weather
and Water Extremes

() SCRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGO

Director: F. Martin Ralph Website: cw3e.ucsd.edu

Big Data Collaboration with:

~ s+~ (Center for Hydrometeorology &

.

{CHRS" : Remote Sensing

e’ University of California, Irvine

Director, Soroosh Sorooshian, UCSD Website http://chrs.web.uci.edu

”ﬁ‘fﬂ%“p‘éﬁ?{‘& Source: Scott Sellers, CW3E



Major Speedup in Scientific Work Flow
Using the PRP

Pacific Research Platform (10-100 Gb/s)
Complete workflow time: 20 days=>20 hrs->20 Minutes!

UC, Irvine UC, San Dlego

SDSC's COMET G P U S

H'e\l-‘ 2 = ® V)
B
e R EARCH Source: Scott Sellers, CW3E ‘t
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Using Machine Learning to Determine

the Precipitation Object Starting Locations

MERRA-2 IVT >750 CONNECT Objects - Starting Locations

1 Janua{y 1980l - Augulst 2016
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Jaffe Lab (SIO) Scripps Plankton Camera
Off the SIO Pier with Fiber Optic Network
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Over 300 Million Images So Far!
Requires Machine Learning for Automated Image Analysis and Classification

Source: Jules Jaffe, SIO

Phytoplankton: Diatoms

Zooplankton: Copepods "’l—"
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New NSF CHASE-CI Grant Creates a Community Cyberinfrastructure:

Adding a Machine Learning Layer Built on Top of the Pacific Research Platform

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

Lip For the Period September 1, 2017 — August 31, 2020
RINSF
(@s SUBMITTED — January 18, 2017

A

-

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

Co-Pl: Ken Kreutz-Delgado, Professor of Electrical and Computer Engineering, UCSD
Co-PI: Ilkay Altintas, Chief Data Science Officer, San Diego Supercomputer Center, UCSD
Co-PI: Tom DeFanti, Research Scientist, Calit2, UCSD

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

F* 75@ JACOBS SCHOOL OF ENGINEERING
/) /I

SDSC UCSanDiego «i0P
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Machine Learning Researchers

Need a New Cyberinfrastructure

“Until cloud providers are willing to find a solution
to place commaodity (32-bit) game GPUs into their servers
and price services accordingly,
| think we will not be able to leverage the cloud effectively.”

“There is an actual scientific infrastructure need here,
surprisingly unmet by the commercial market,
and perhaps CHASE-CI is the perfect catalyst to break this logjam.”

--UC Berkeley Professor Trevor Darrell

E. D
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Adding GPUs to FIONAs
Supports PRP Data Science Machine Learning

Eight Nvidia GTX-1080 Ti GPUs

~$13K
& p 32GB RAM, 3TB SSD, 40G & Dual 10G ports
Ml

PACIFIC RESEARCH
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UCSD Adding >350 Game GPUs to Data Sciences Cyberinfrastructure -

Devoted to Data Analytics and Machine Learning

UC San Diego

ITSERVICES ‘

88 GPUs
for Students

LCSD Cognitive Scier
JACOBS SCHOOL OF ENGINEERING

Open Science Grid

48 GPUs for
OSG Applications

SDSC &«

e N AN —

70
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SunCAVE 70 GPUs
WAVE + Vroom 48 GPUs

Qr

QUALCOMM INSTITUTE

" FIONA with
- 8-Game GPUs

CHASE-CI Grant Provides
96 GPUs at UCSD
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The Rise of Brain-Inspired Computers:

Left & Right
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The Future of Supercomputing Will Blend Traditional HPC and Data Analytics

Integrating Non-von Neumann Architectures

“High Performance Computing Will Evolve
Towards a Hybrid Model,

Integrating Emerging Non-von Neumann Architectures,
with Huge Potential in Pattern Recognition,
Streaming Data Analysis,
and Unpredictable New Applications.”

Horst Simon, Deputy Director,
U.S. Department of Energy’s E(
Lawrence Berkeley National Laboratory )

S, DEPARTMENT OF

'ENERGY
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Calit2’s Qualcomm Institute Has Established a Pattern Recognition Lab
For Machine Learning on GPUs and von Neumann and NvN Processors

o S R Rl K = E T 7 A
., T R g 14 & =) . W

"1 N _ S(_)urce: Dr. Dharmgndra Modha'
PLATFORM Founding Director, IBM Cognitive Computing Group



Our Pattern Recognition Lab is Exploring Mapping

Machine Learning Algorithm Families Onto Novel Architectures

. Deep & Recurrent Neural Networks (DNN, RNN)

. Graph Theoretic

. Reinforcement Learning (RL)

. Clustering and other neighborhood-based

. Support Vector Machine (SVM)

. Sparse Signal Processing and Source Localization

. Dimensionality Reduction & Manifold Learning

. Latent Variable Analysis (PCA, ICA)

. Stochastic Sampling, Variational Approximation
}i ', p . Decision Tree Learning S .
"Ag'm RF§F£RC** Institute "t)
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Brain-Inspired Processors
Are Accelerating the Non-von Neumann Architecture Era

Mar. 29, 2016

Lawrence Livermore and IBM collaborate to
build new brain-inspired supercomputer

LLg Lawrence Livermore National Laboratory

Air Force Enlists IBM Research to Build
Neuromorphic Supercomputer

Michael Feldman | June 26, 2017 14:01 CEST

R “On the drawing board are collections of 64, 256, 1024, and 4096 chips.
F‘“ p ‘It’s only limited by money, not imagination,” Modha says.”
/| /]

iy
ACIFIC RESEARCH Source: Dr. Dharmendra Modha t
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Next Step: Surrounding the PRP Machine Learning Platform

With Clouds of GPUs and Non-Von Neumann Processors

¥64-TrueNorth
Cluster

64-bit GPUs

Extreme Science and Engineering

,
Discovery Environme v

~ R NSF [
g L S <
T 4

Microsoft Installs Altera FPGAs
into Bing Servers &
384 into TACC for Academic Access

ject Catapult

S Microsoft

HIGHLY SCALABLE NEURAL

COMPUTING

MSU

CHASE-CI
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Amazon Boosts Cloud-Computing Performance
With New, GPU-Accelerated AWS Instances

———

G ,ll E]
maramazon
webs

gy ervices

Google's First Machine Learning Chip (TPU)
Is 30x Faster Than CPUs And GPUs

BUILDING AN ALCHIP SAVED
GOOGLE FROM BUILDING A\
DOZEN NEW DXTA CENTERS
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PRP Hosted

The First National Research Platform Workshop on August 7-8, 2017

ﬂ MONTANA
STATE UNIVERSITY
Seattle * -~ TS
Pnrlla:?d ; ;o’g@éé .
N e > Co-Chairs:
AT IR T . Gy Larry Smarr, Calit2
SanFrar:claoo" " \ Denver : 1
e < & Jim Bottum, Internet2
Los Angeles. * Phognix Atanta
Dallas/Ft. Worth » |
Houston»
150 Attendees

P i S
J i\ C/\l April 23-26

S U M M l T Washington DC
; p Announced in |12 Closing Keynote:
/]

N/ Larry Smarr “Toward a National Big Data Superhighway” ‘it‘}
PLATFORM on Wednesday, April 26, 2017



Expanding to the Global Research Platform
Via CENIC/Pacific Wave, Internet2, and International Links

Korea Shows Distance is Not the Barrier
to Above 5Gb/s Disk-to-Disk Performance g

Singapore \\ o

Dsaft 7-26-17

Australia”

GLIF Map 2017: Global Lambda Integrated Facility Visualization by Robart Patterson, NCSA, University of lilinols at Urbana-Champaign Data Compilation by Maxine Brown, University of Hiinois at Chicago Texture Retouch by Jeff Carpenter, NCSA Earth Texture, visibleearth.nasa.gov W



Now That We Have a Tightly-Coupled,

Yet Highly Distributed “Computer” for Big Data Analysis

There Are So Many Open Research Questions.
How To:
« Encourage Application Teams to Adopt It?
« Strengthen Cybersecurity
« Tightly Integrate Cloud Providers
« Scale Both Technically and Socially?
p « Plus Many More...
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Our Support:

 US National Science Foundation (NSF) awards

» CNS 0821155, CNS-1338192, CNS-1456638, CNS-1730158,
ACI-1540112, & ACI-1541349

* University of California Office of the President CIO
« UCSD Chancellor’s Integrated Digital Infrastructure Program
« UCSD Next Generation Networking initiative
e Calit2 and Calit2 Qualcomm Institute
« CENIC, PacificWave and StarLight
DOE ESnet
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