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Creating a Tightly-Coupled, Yet Highly Distributed

Cyberinfrastructure for Big Data Analysis

Vision:
Use Optical Fiber to Connect
Big Data Generators and Consumers,
Creating a “Big Data” Freeway System

“The Bisection Bandwidth of a Cluster Interconnect,
but Deployed on a 20-Campus Scale.”
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The OptlPuter
Exploits a New World
in Which
the Central Architectural Element
Is Optical Networking,
Not Computers.

Distributed Cyberinfrastructure

to Support
pt u te r Data-Intensive Scientific Research

and Collaboration
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Integrated “OptlIPlatform” Cyberinfrastructure System:
A 10Gbps Lightpath Cloud
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2000-2015 Using UCSD Campus as Development Prototype:

NSF OptlPuter, Quartzite, Prism Awards
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Quartzite Communications
Core Year 3
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Goals by 2008:

>= 50 endpoints at 10 GigE
>= 32 Packet switched

>= 32 Switched wavelengths
>= 300 Connected endpoints
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Before the PRP: ESnet’s ScienceDMZ Accelerates Science Research:

DOE & NSF Partnering on Science Engagement and Technology Adoption

ScienceDMZ Coined in 2010 by ESnet NSF Campus Cyberinfrastructure Program
Basis of PRP Architecture and Design Has Made Over 250 Awards

Network
Architecture
(zero friction)

DOE

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

Quartzite MR o
http://fasterdata.es.net/science-dmz/ Prism — n 2@ g
2012 2013 14 2015 2016 2017 2018

Slide Adapted From Inder Monga, ESnet NWAP
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PRP Participants
O CC-NIE awardee
— non CC-NIE awardee
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2015 Vision: The Pacific Research Platform Will Connect Science DMZs
Creating a Regional End-to-End Science-Driven Community Cyberinfrastructure

| Pacific Research Platform
Pacific Wave CaiREN HPR
f CENIC

NSF CC*DNI Grant
$6.3M 10/2015-10/2020
In Year 5 Now

F
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Pl. Larry Smarr, UC San Diego Calit2
Co-Pls:

Camille Crittenden, UC Berkeley CITRIS,
Tom DeFanti, UC San Diego Calit2/Ql,

Philip Papadopoulos, UCI

Frank Wuerthwein, UCSD Physics and SDSC

Letters of Commitment from:
* 50 Researchers from 15 Campuses
« 32 IT/Network Organization Leaders

ESnet: Given Fast Networks, Need

DMZs and Fast/Tuned DTNs

SDSC {3858
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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

Two FIONA DTNs at UC Santa Cruz: 40G & 100G 3 Add Up to 8 Nvidia GPUs Per 2U FIONA
Up to 192 TB Rotating Storage To Add Machine Learning Capability

st ¢ . _ <V
a1 uue @ FIONAs Designed by UCSD’s Phil Papadopoulos, John Graham, SDSC "t—)
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2017-2020: CHASE-CI Grant Adds a Machine Learning Layer

Built on Top of the Pacific Research Platform

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

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

B SUBMITTED — January 18, 2017
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: Ken Kreutz-Delgado, Professor of Electrical and Computer Engineering, UCSD
Co-PIL: Ilkay Altintas, Chicf Data Science Officer, San Dicgo Supercomputer Center, UCSD

SIS R ) Co-PI: Tom DeFanti, Research Scientist, Calit2, UCSD
Caltech UCI UCR [g
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

Q”P SO ® UCSanDiego P
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2018-2021: Toward the National Research Platform (NRP) -
Using CENIC & Internet2 to Connect Quilt Regional R&E Networks

- ~ RecioNAL RESEARCH AND EDUCATION NETWORKS IN THE UNITED STATES
Towards PACIFIC

The NRP” noxThvest
3-Year Grant 0
Funded

by NSF . :
$2.5M =
October 2018 PACIFIC WAVE &4 Orlgma'l PRP
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2018/2019: PRP Game Changer!

Using Kubernetes to Orchestrate Containers Across the PRP

GOOGLE OPENSOURCESITS Gt

-

SECRET WEAPON IN CLOUD 27 sdecente
A AY -
COMPUTING  [wEiRES = -
“Kubernetes is a way of stitching together ,
a collection of machines into, e
basically, a big computer,”

--Craig Mcluckie, Google
and now CEO and Founder of Heptio

. Kubernetes, an open-source software project that started at
Google, has exploded in popularity and is now used by at least
54% of the Fortune 500. pgys|INESS Rosalie Chan Jan. 27 2019

INSIDER

DR -
PRP &0
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"Everything at Google runs in a container
--Joe Beda,Google




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, P
PRP While We Measure and Monitor Network Use.” ‘ﬂ’
PACIFIC RESEARCH --John Graham, Calit2/QI UC San Diego —
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Security Technologies Utilized in the

PRP / CHASE-CI Nautilus Hypercluster

 ClLogon Federated Authentication
« Secure Namespaces for Multi-Institution Collaborations

« Calico Policy-Driven Network Security

PP &t



Nautilus Uses ClLogon for Federated Identity

Already Adopted by Campuses

Cl CiLogon

Nautilus requests access to the following information. if you do not approve this raquest, do not proceed.

+ Your ClLogon username

» Your name

« Your email address

+ Your usemame and affiliation from your identity provider

Select An Identity Provider:

Gaoldgzmiths, University ¢f Lordon
Calegical Survay of Savana
Garzaga Unnearsty

Cangles

Search: | |

Remember this selection:

Log On

By wolecing Leg OnF, yeu agree 10 SILooon's privacy oolicy

For questiong aboul this site, please see the FADS or send emall 10 hedp @ cliogan.org,
: Knaw your re ibilities for using the CilLog ios
(s 1 Suee acknowledgements of suppor for this site
o Nl
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Nautilus Namespaces

Enable Secure for Multi-Institution Collaborations

PRP
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System namespace
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Nautilus is Using Calico

For Policy-Driven Network Security

Policy-driven network security

"A micro-firewall for every workload" minimizes attack

900000
surface

Perimeter security (edge firewalls) has been demonstrated
time and again to be insufficient. That's why we built a
security layer into Calico that enables developers and
operations staff to easily define with fine granularity which
connections are allowed, and which are not. These rules
implement and extend the Kubernetes Network Policy API -
but also work on all other platforms supported by Calico.
They might separate development from production
workloads, or limit access to a specific restricted service to
ensure regulatory compliance. A distributed algorithm calculates which rules are required on each node in the

cluster and updates them dynamically as workloads are created and terminated. As a result, malicious actors - or
ng just errant applications - are detected and stopped before they can cause damage.
‘N
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Installing FIONAs Across California in Late 2018 and Early 2019
To Enhance User’s CPU and GPU Computing, Data Posting, and Data Transfers

~

UC Santa Cruz xiM

/ /!
PACIFIC RESEARCH
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PRP’s California Nautilus Hypercluster Connected

by Use of CENIC 100G Network

PRP Disks 2x40G 160TB 100G NVMe 6.4TB 40G 192TB
E—— 40G 160TB i Y s
CHASE-CI 40G 160TB 00G e 6.

*= July RT 1 FIONAS C C T0G 318 40G 192TB
4 FIONASs*

40G 160TB

15-Campus Nautilus Cluster: 40G 160TB
4360 CPU Cores 134 Hosts 100G NVMe 6.4TB

~1.7 PB Storage 4.5 FIONAS8s
SDSC @ UCSD 407 GPUs, ~4000 cores each
8 FIONASs + 5 FIONASs

100G Gold NVMe

NPS
100G 48TB
100G Epyc NVMe / o U
- Lz
40G 160TB
Jest FPGAs + 2PB BeeGFS 720G 16075 UCSF ——
1 FIONAS* 2 FIONA4s — 40G 192TB -
17 FIONASs 100G NVMe 6.4TB I < CITRIS SDSC ‘,t- )
35 FIONAZ2s S F‘:\S\:mﬁ?




PRP/TNRP’s United States Nautilus Hypercluster FIONAs
Now Connects 4 More Regionals and 3 Internet2 Storage Sites

RF(‘IO\' AL RESEARCH AND EDUCATION NETWORKS IN THE UNITED STATES
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PRP Global Nautilus Hypercluster Is Rapidly Adding International Partners
Beyond Our Original Partner in Amsterdam

Transoceanic Nodes Show Distance is Not a Barrier
to Above 5Gbh/s Disk-to-Disk Performance
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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
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PRP’s Nautilus Forms a Multi-Application
Powerful Distributed “Big Data” Storage and Machine-Learning Computer

Installed CPUs Installed GPUs Installed Memory (TB) Clister Capaaity

563 2.305PB

Requested CPUs Allocated GPUs Requested memory (TB) b el

816 TB

) ' ;i)

] » ]

o < her ”

/ A W,

|/ . .
Source: grafana.nautilus.optiputer.net on 1/27/2020 "t
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PRP is Science-Driven:
Connecting Multi-Campus Application Teams and Devices

Particle Biomedical
Physics ‘omics

Telescope

Surveys

Visualization, e :
Virtual Reality, : ' 3 CITRIS
Collaboration < it

INST

UC San Diego UCBerkeIey UC Merced

SDSC P



100 Gbps FIONA at UCSC Allows for Downloads to the UCSC Hyades Cluster

from the LBNL NERSC Supercomputer for DESI Science Analysis

Precursors to
LSST and NCSA

250 images per night.
530MB per raw image

300 images per night.
100MB per raw image

NSF-Funded Cyberengineer
120GB per night Shaw Dong @UCSC 800GB per night

Source: Peter Nugent, LBNL

Receiving FIONA -
Professor of Astronomy, UC Berkeley S -1= Feb 7, 2017 ‘:ml "ﬁ QE.RKEL.ErY LA‘B’

F p &
dn 5 ~-- 25V,
o, 7 CENIC @ ESnet SDSC <% 0P




Global Scientific Instruments Will Produce Ultralarge Datasets Continuously

Requiring Dedicated Optic Fiber and Supercomputers

Large Synoptic Survey Telescope (LSST)
3.2 Gpixel Camera
Tracks ~40B Objects,
Creates 1-10M Alerts/Night
Within 1 Minute of Observing
1000 Supernovas Discovered/Night

KN Archive Site

NCSA hi . Satellite Processing Center
Archive Conter
L.SUO'I

CC-IN2P3, Lyon, France

Owrs Bedwman Provcsasten o (0%
» Freneh Al

Data Access Center

Data ALcess g Uter Services

Dedicated Long Haul
Networks

Two reduedant 100 Ghit kaks fro
¢

DD p
}ﬁ | Use PRP-Like CI to Connect NCSA Repository
PLATEORM To Remote Astronomy Big Data Analysis Users?




Collaboration on Atmospheric Water in the West

Between UC San Diego and UC Irvine

Center for Western Weather
and Water Extremes

é CRIPPS INSTITUTION OF OCEANOGRAPHY
AT UC SAN DIEGO

Director: F. Martin Ralph

Big Data Collaboration with:

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

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

CHRS" : Remote Sensing

e’ University of California, Irvine

Director, Soroosh Sorooshian, UCSD

D —— G e s n o —_ -~ Source: Scott Sellers, PhD CHRS; Postdoc CW3E

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



Rapid 4D Object Segmentation of NASA Water Vapor Data -

“Stitching” 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)

Atmosghenc River: Cac 28th, 2008 - Dec 30, 2008

I.;lLil_ud‘:

-

Terwthuse) =

Proazgial o il

=15C =100 -5u Q » 100 150
Lorg ude

330 1000 1200 1400 1600 1300 2000
0T (kg i)

Wi\ o | | SDSC
b,v‘.-_.. it } Scott L. Sellars?, John Graham?, Dima Mishinl, Kyle Marcus?, llkay Altintas?, Tom DeFantil, Larry Smarr?,
/| /

L J
i il Joulien Tatar®, Phu Nguyen* Eric Shearer4, and Soroosh Sorooshian* ’l“‘)
PACIFIC RESEARCH . . . .
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PRP Shortened Workflow From 19.2 Days to 52 Minutes -
532 Times Faster!

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

UC, Irvine UC, San Diego
SDSC’s COMET GPUs '_4,._/*“-;\.3
] ay ,
: - Y

Calit2’s FIONA

Eyp Calit2's FIONA
AL

PLATEORM Source: Scott Sellers, CW3E




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
40 '%‘ @ 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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California Public-Private Partnership Plan
To Scale Fixed Wireless With CENIC Optical Fiber Backhaul

Google Earth

/]

PACIFICVRESEARCH
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NSF Large-Scale Observatories

Are Beginning to Utilize PRP Compute Resources

—
||:"__:U o=

SouTH POLE NEUTRIND DBSERVATORY

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

GPUs are O(~10 aster t CPUs for this workioad
‘B ¥
adnl i V’
A Ll
PACIFIC RESEARCH
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Number of Requested PRP Nautilus GPUs
Has Gone Up 4X in 2019

I e ofrequested GPUs by namespace [

n

200

00

52

0
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Xiaolong Wang, UCSD

Using Grafana to Track PRP Requested GPUs Robot ML
10/1-12/31/19

Hao Su, UCSD Nuno Vasconcelos, UCSD Padhraic Smyth, UCI
Al in Robotics OOWL Synthetic Data ML Language ML
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) Jeff Krichmar, UCI Alex Feltus, Clemson Frank Wuerthwein, UCSD

Reinforcement Learning Oncogenomics LHC CMS
PACIFIC RESEARCH Nuno Vasconcelos, UCSD Mark Alber Group, UCR
PLATFORM Crowdcounting Image ML Quantitative Modeling in Biology




The Open Science Grid (OSG)

Has Been Integrated With the PRP

Source: Frank Wirthwein,

OSG Exec Director; PRP co-Pl; UCSD/SDSC

All OSG User
Communities
Use HTCondor for
Resource Orchestration

‘{:.l | ry‘i)
A :
/

/|
PACIFIC RESEARCH
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OSG Federates ~100 Clusters Worldwide
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| Toronto viT

Mexico

Distributed
OSG Petabyte
Storage Caches
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In aggregate ~ 200,000 Intel x86 cores
used by ~400 projects
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The Open Science Grid Delivers

1.8 Billion Core-Hours Per Year to Over 50 Fields of Science

Total Core Hours per Month
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CENTER FOR
HIGH THROUGHPUT

COMPUTING

Running a 51k GPU Burst for
Multi-Messenger Astrophysics

with IlceCube Across
All Available GPUs in the Cloud

Frank Wirthwein - OSG Executive Director, PRP co-PI
Igor Sfiligoi - Lead Scientific Researcher

UCSD/SDSC

)i P INTERNET.
- SAN DIEGO
PLATFORM SDSC SUPERCOMPUTER CENTER


http://pacificresearchplatform.org/
http://pacificresearchplatform.org/

The In-Cloud Network Testing

Ahead of Time

In-Cloud Storage Showed Great Scalability

Exceeded 1 Tbps
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The U.S. Network Testing

Ahead of Time

Cloud to PRP/TNRP/OSG/12 Networking in US
Is Good But Not Great.
At Least as Compared to the In-Cloud Networking

Oo

(4

20 Gbps

15-35 Gbps

Legend:
Blue dots are PRP/I2 On-Prem DTNSs,
Yellow are Edge of Cloud Regions

» p

EM {0l One of the Reasons for Pre-Staging the Inputs Inside of the Clouds ‘il”
PACIFIC RESEARCH
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The Global Network Testing

Ahead of Time

Cloud to On-Prem International Networking

7.32 Gbps 14-24 Gbps

Legend:
Blue dots are PRP On-Prem DTNs
Yellow are Edge of Cloud Regions

Slide Source: Frank Wirthwein, Igor Sfiligoi




The ldea

* Integrate All GPUs Available for Sale Worldwide into a

Single HTCondor Pool
— Use 28 Regions Across AWS, Azure, and Google Cloud
for a Burst of a Couple Hours, or so
* IceCube Submits Their Photon Propagation Workflow to

this HTCondor Pool.

— The Input, Jobs on the GPUs, and Output are All Part of
a Single Globally Distributed System

— This Demo Used Just the Standard HTCondor Tools

_ Run a GPU Burst Relevant in-Scale
& 2D for Future Exascale HPC Systems
al

PACIFIC RESEARCH

PLATFORM




Science with 51,000 GPUs

Achieved as Peak Performance

Number of Cloud GPU Instances over time (mins)

50000 1 =l Each Color is a Different
g Cloud Region in US, EU, or Asia.
2 40000 -
A Total of 28 Regions in Use
S 30000 1
3 20000 { Peaked at 51,500 GPUs
§ 10000 -
~380 Petaflops of FP32

Time in Minutes

Summary of Stats at Peak - 8 Generations of NVIDIA GPUs Used

V100 P100 P40 P4 T4 M60 K80 K520
Num
) GPUS 9.2k 7.2k 2.1k 0.5k 4.6k 10.1k 12.5k 5.4k
}i‘jf‘gp PFLOP32s 1322 68.1 25.2 2.5 38.6 48.8 51.6 12.4
RLE

PACIFIC RESEARCH
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2020-2025 NRP Future:

SDSC’s EXPANSE Will Use CHASE-CI Developed Composable Systems

_XPANS

SDSC
HPC RESOURCE

; 13 Scalable Compute Units
@ 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

—  COMPUTING WITHOUT BOUNDARIES

5 PETAFLOP/S HPC and DATA RESOURCE

XSEDE

' LONG-TAIL SCIENCE
Multi-Messenger Astronomy

Genomics
Earth Science
Social Science

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

INNOVATIVE OPERATIONS
| Composable Systems|
High-Throughput Computing
Science Gateways
‘é. ‘.L \/ Interactive Computing
.arid - Containerized Computing

Cloud Bursting

REMOTE CI INTEGRATION B., p

PLATFORM

Heterogeneous Resources



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 AR
» 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
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