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One Year In: The Pacific Research Platform is Now a

Working End-to-End Science-Driven DMZ-Connector
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The Demand Now: OSG Federates Clusters in 40/50 States:
Creating a Scientific Compute and Storage “Cloud”

Open Science Grid
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The Demand Now: Climate Data

UCSD/SIO Campus Climate Researchers Need to Download
Results from NCAR Remote Supercomputer Simulations

to Make Regional Climate Change Forecasts
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Demand Now: Real-Time Network Cameras on Mountains

for Environmental Observations and Fires

Source: Hans Werner Braun, High Performance Wireless Research and Education Network m-fr;"
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Why? 14 May 2014

San Diego County Red Mountain Fire Cameras
e Southeast (left) “Highway” Fire
 Southwest (center rear) “Poinsettia” Fire
 West (right) “Tomahawk” Fire




Demand Now Growing: Extending HPWREN'’s Wireless Reach
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HPWREN Users and Public Safety Clients

Gain Redundancy and Resilience from PRP Upgrade

» PRP CENIC 10G Link UCSD to SDSU TR
_ DTN FIONAs Endpoints e :
— Data Redundancy
— Disaster Recovery
— High Availability
— Network Redundancy
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Initially Proposed PRP Multi-Campus Science Driver Teams

 Biomedical
— Cancer Genomics Hub/Browser
— Microbiome and Integrative ‘Omics
— Integrative Structural Biology
— High-Resolution Microscopy

 Earth Sciences
— Data Analysis and Simulation for Earthquakes and Natural Disasters
— Climate Modeling: NCAR/UCAR
— California/Nevada Regional Climate Data Analysis
— CO2 Subsurface Modeling
 Particle Physics

 Astronomy and Astrophysics
— Telescope Surveys
— Galaxy Evolution
— Gravitational Wave Astronomy

e Scalable Visualization, Virtual Reality, and Ultra-Resolution Video




NSF Funded Over 100 Campuses to Build Local Big Data Freeways
Based on Community Input and on ESnet’s Science DMZ Concept

Source: NSF
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DOE ESnet’'s Science DMZ: A Scalable Network

Design Model for Optimizing Science Data Transfers

« A Science DMZ integrates 4 key concepts into a unified whole:

— A network architecture designed for high-performance applications,
with the science network distinct from the general-purpose network

— The use of dedicated systems for data transfer

— Performance measurement and network testing systems that are
regularly used to characterize and troubleshoot the network

— Security policies and enforcement mechanisms that are tailored for
high performance science environments

£ ESnet
'é! FASTERDATA KNOWLEDGEBASE

http://fasterdata.es.net/science-dmz/

Science DMZ
Coined 2010




Pacific Research Platform v1

http://pacificresearchplatform.org L
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kmayeshiro@ucdavis.edu (kevin mayeshiro)
drapp@ucsd.edu (Dave Rapp)
dart@es.net (Eli Dart)

ppapadopoulos@eng.ucsd.edu (Philip Papadopoulos)

Weekly PRP Network Engineer Call and Notes Subscription List (60)

bill.strossman@ucr.edu (Bill Strossman)

timothy.carlson@pnnl.gov (Timothy Carlson)
rpowagner@sdsc.edu (Rick Wagner)

robert.tannenbaum@ucsf.edu (Tannenbaum, Robert)

jjaraham@ucsd.edu (John Graham)
doan@usc.edu (Thanh Doan)

mvn@ucla.edu (Michael Van Norman)
dave@cenic.org (Dave Reese)
geoff@ucsd.edu (Geoff Davis)
pmurray@stanford.edu (Paul Murray)
jah@ucsc.edu (John Haskins)
darrell@cenic.org (Darrell Newcomb)
[vanreij@stanford.edu (Johan van Reijendam)
michael.duff@stanford.edu (Michael Duff)
mark.foster@nasa.gov (Mark Foster)
azher@hep.caltech.edu (Azher Mughal)
russ-harvey@ucr.edu (Russ Harvey)
ghidley@ucsd.edu (Hidley, Gregory)
[nielsen@ucsc.edu (Jason Nielsen)
dan.spanner@pnnl.gov (Dan Spanner)
warner@ucsc.edu (Jim Warner)
addlema@iu.edu (Hans Addleman)
ccrittenden@berkeley.edu (Camille Crittenden)

hutton@ucsd.edu (Hutton, Thomas)
eff.haferman@gmail.com (Jeff Haferman)
[hess@cenic.org (john hess)
kollross@illinois.edu (Matthew Kollross)
[madden@ucsd.edu (Jim Madden)
[mschopf@iu.edu (Jennifer Schopf)
celestea@usc.edu (Celeste Anderson)
delaat@uva.nl (Cees de Laat)
lyy@uci.edu (Jessica (Jie Yun) Yu)

brad@ucsc.edu (Brad Smith)
r-butler@illinois.edu (Randy Butler)
[meyer@ucsd.edu (Meyer, Jon)

michael.kilpatrick@ucsf.edu (Michael Kilpatrick)
manish.sompura@ucsf.edu (Sompura, Manish)
pepin@clemson.edu (James Pepin)
pradulov@indiana.edu (Predrag Radulovic)
gpeek@ucsc.edu (George Peek)
erik.mccroskey@berkeley.edu (Erik McCroskey)
paolini@engineering.sdsu.edu (Chris Paolini)
newman@hep.caltech.edu (Harvey Newman)
sbellamine@cenic.org (Sana Bellamine)
[silvest@usc.edu (John A Silvester)

[sonstro@ucsc.edu (Joshua Sonstroem)

[dweekley@ucmerced.edu (Jeffrey Weekley)

tdefanti@ucsd.edu (DeFanti, Tom)
ishnell@berkeley.edu (Jack Shnell)
bvincent@stanford.edu (Bruce Vincent)
schylerb@uw.edu (Schyler Batey)

tboerner@ncsa.illinois.edu (Tim Boerner)
vpolichar@ucsd.edu (Polichar, Valerie)
Ismarr@ucsd.edu (Larry Smarr)
mleeoh@gmail.com (Jysoo Lee, KISTI)
pschmitz@berkeley.edu (Patrick Schmitz)
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The Campus FIONAs — Flash I/O Network Appliance:

Linux PCs Optimized for DMZs over Distance

FIONASs Are
Science DMZ Data Transfer Nodes (DTNSs) &
Optical Network Termination Devices

Phil Papadopoulos & Tom DeFanti
Joe Keefe & John Graham

Typical FIONA Rack-Mount Build:

Cost $8,000 $20,000
Intel Xeon Haswell E5-1650 v3 6-Core 2X E5-2697 v3 14-Core
T RAM 128 GB 256 GB
‘ I SSD Flash SATA 3.8 TB SATA 3.8 TB
Network Interface 10/40G 2x40G or 100G
QURECOMM (MSTIT
GPU none NVIDIA Tesla K80. . =,
SDS( RAID Drives 0to 200TB (add ~$100/TB); $$ NVMe for 100G




PRP MaDDash: Point-to-Point Bandwidth Map

GridFTP File Transfers-Note Huge Improvement in Five Months

[l Throughput >= 5000Mbps

fiona.cac.washington.edu
dtn0.noc.ucdavis.edu
fiona-dtn.net.berkeley.edu
netw-fiona.stanford.edu
fiona.ucsc.edu
fiona-dtn-1.ucsc.edu

dtn.ultralight.org

ps-40g-gridftp.calit2.optiputer.net

fiona.sdsu.edu

Throughput < 5000Mbps ] Throughput <= 1000Mbps

January 29, 2016 PRPV1 (L3)

Unable to retrieve data [ Check has not yet run

Green is Disk-to-Disk
In Excess of 5Gbps

dtnl.rci.montana.edu
fiona.cac.washington.edu
dtn0.noc.ucdavis.edu
netw-fiona.stanford.edu
ucm-fiona00.ucmerced.edu
fiona-dtn-1.ucsc.edu
dtn.ultralight.org
fiona.tools.ucla.net
dtn-main,ucr.edu
fiona.oit.uci.edu
ps-40g-gridftp.calit2.optiputer.net

fiona.sdsu.edu

June 6, 2016 PRPV1 (L3) &
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[ Throughput >= 5000Mbps Throughput < 5000Mbps [} Throughput <= 1000Mbps Unable to retrieve data [l Check has not yet run




$295 1Gb/s FIONette DTN: ~$1,000 with 2TB Flash

(Takes 6 hours to fill at ~1Gb/s)

ZOTAC ZBOX M-series MI523 Nano - Corei3 6100U 2.3 GHz-0
GB-0GB

Mfg, Part: ZBOX-MI523NANO-U | CDW Really works, thanks to ESnet’s

ZOTAC OO 4283836 | UNSPSC: 43211520 TCP DTN tuning and tweaking!




What have the PRPv1 and FIONAs Done in Year 17

Connected >16 DMZs at 10G and 40G, demonstrating disk-to-disk GridFTP
at ~7.5G and 12.5G respectively, and 900Mb at 1G (Caltech’s FDT is faster)

Thus showing BEST EFFORT TCP works amazingly well over regional and
national distance by putting the appropriate FIONA right at the border
router (international distance to UvA, NSCC, AARnet, KISTI, others, next).

Engaged a lot of network engineers and scientists and techs, got them
working together; engaged their ClOs too

Provided a means to isolate disk-to-disk performance issues with daily
monitoring and detailed tracking

Motivated several campus adoption models for science use (extend DMZ,
provide DMZ computer rooms, go into the cloud or to SC centers?)

Offered security strategies in the absence of campus firewalls, especially
for instruments; motivated a lot of discussion! ‘,l:?




PRP is NOT Just for Big Data Science and Engineering:

Linking Cultural Heritage and Archaeology Datasets

Building on CENIC’ s Expansion

uw/ Pacific Research Platform

TO Libraries, Museums, UCD I;’:::ﬁ: Immediate Archaeology Partners
and Cultural Sites »
[ - o, Corning '“St:;,:'tf;z PRP Participant, CC-NIE
’er eley 1 - v PRP Participant, non CC-NIE
) .JEsn\é.t Q Future PRP Participant
“In an ideal world 3 ~DoF Labs/
—_ _ .
~— Qakla
Extremely high bandwidth to Stanford SFm’ S @
! h*—————\ff
move large cultural heritage A~ S
datasets around the PRP cloud for P -
Internet2
. . . . .. NREN
processing & viewing in CAVEs i
around PRP with Unlimited Storage * Luis \g)
for permanent archiving.”
-Tom Levy, UCSD o o\ Riverside (s UCR

* Institutions with
Active Archaeology Programs

San Diego %\ -2} El Centro

-y

usc ) (, UCLA
~ ,ucsp [ sbsu

Note: This diagram represents a subset of sites and connections.



PRP Links

Creates Distributed Virtual Reality

PRP

WAVE@UC San Diego MerWAVE @UC Merced




Linking Libraries at UCB, UCLA, UCM and UCSD
with the PRP and FIONA CAVE Kiosks

48 Megapixel CAVE Kiosk for UCSD UCSD Library Review, June 24 Megapixel UCM Library WV
Library Installation, July "l_



3D Reconstructions from NCMIR X-ray Microscopic Computed

Tomography Facilitates Development of Bioinspired “ Tough” Materials

UCR researchers are modeling the
teeth (radula) of marine snail,
Cryptochiton Stelleri, to engineer
new biomimetic abrasion resistant

composites

NCMIR X-ray
Microscope
(XRM)
Zeiss Versa 510

MicroCT reconstructions of Chiton radula. Chiton radula have evolved to incorporate an iron
oxide mineral, magnetite, making them extremely hard and magnetic. Images courtesy of
Steven Herrera, Ph.D., Kisailus Biomemetics and Nanostructured Materials Laboratory, UC

UCSD/NCMIR Riverside UC Riverside

Fiona/Data Transfer Node (DTN) Fiona/Data Transfer Node (DTN)
PRP Facilitated Collaborative

Data Transfer 10Gbps
mi—— 4
n ! XRM Data Sets are 100+ GBs i) !
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FIONAS in the Middle and Ends of the Wormhole

NCMIR

MNational Center for Microscopy and Imaging Research
https://ncmir.ucsd.edu
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Pacific Research Platform
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Next: National Research Platform and Global Research Platform
Building on CENIC/Pacific Wave Connections and GLIF
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PRP Support:

« US National Science Foundation (NSF) awards CNS 0821155 and
CNS-1338192, CNS-1456638, ACI-1540112, and 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

e DOE ESnet




