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The White House Announcement

Has Galvanized U.S. Campus CI Innovations

Hews

White House launches big data R&D effort

NSF and DARPA are among the agencies looking to harness the power
of large volumes of data
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The OptiPuter Creates a Big Data Global Collaboratory
Built on a 10Gbps “End-to-End” nghtpath Cloud
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http://www.glif.is/

Calit2 Sunlight OptiPuter Exchange
Six Years of Experience with Campus 10G Termination
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Prism@UCSD Prototype

NSF Quartzite Grant
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Rapid Evolution of 10GbE Port Prices

Makes Campus-Scale 10Gbps Cl Affordable

* Port Pricing is Falling
* Density is Rising — Dramatically
* Cost of 10GbE Approaching Cluster HPC Interconnects

$80K/port
Chiaro
(60 Max)

$ 5K
Force 10
(40 max) ~$1000

(300+ Max)
" [ s 400
@
48 ports Arista
- 48 ports
2005 2007 2009 2010 >
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Arista Switch Becomes Central Switching Point
for 10Gbps Wavelengths




Arista Enables SDSC’s Massive Parallel

10G Switched Data Analysis Resource

Radical Change Enabled by

Arista 7508 10G Switch Pair
768 10GbE Capable

(480 10GbE Provisioned)

e ‘mimiziea NFS/ZFS
: £==—= = Commodity
Trestles -l == =5 Storage
100 TF Hef== E==t=— 075PB
Cloud 76
Storage
Oasis Parallel File System > 6 PB Raw
178 » 64 OS5 servers each at 2x10GbE
+ » b0GB/sec achieved to/from Gordon on 32 085S
« » 100GB/sec total BW available (3 File Systems)

. SDSC



Quickly Deployable Nearly Seamless OptiPortables
Provide 10G Visualization Termination Device

45 minute setup, 15 minute tear-down with two people (possible with one)
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End User FIONA Merges Gordon I/O Nodes and

Data Oasis Storage Nodes into the OptiPortable

* FIONA * Gordon
— Flash Drive Space: 1.4TB — Flash Drive Space: 4TB
— Ethernet: 20Gbps — Ethernet: 20 Gbps
— Local Disk Space: 18TB — Local Disk Space: 0TB
— Flash-to-Net: 2GB/sec — Flash-to-Net: 3GB/sec
(est) (measured)
— Disk-to-Net: 600-700MB/s — Disk-to-Net: 2GB/s (requires
Oasis /O servers)
— OptlPortable Scalable Vis — No Vis
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How a Campus Can Terminate the GLIF:

NSF Has Awarded Prism@UCSD Optical Switch
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Global Access
to On-Campus Resources

* Protein Data Bank
* Center for Computational Mass Spectrometry




Remote Users Need Access to Protein Data Bank:
2010 FTP Traffic

PDB Has >80,000 Structures
Supported by NSF for 35 Years

bt
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Ol e I s

Il RCSB PDB | PDB]

159 million 34 million 16 million
entry downloads entry downloads entry downloads

&

Source: Phil Bourne, UCSD



UCSD Center for Computational Mass Spectrometry

Becoming Global MS Repository

ProteoSAFe: Compute-intensive MassIVE: repository and
discovery MS at the click of a button identification platform for all
MS data in the world

=== Computational Mass Spectrometr NEE ' Ao
: P Y roteome

UCSD Cumpqter S_cience and Engineering, U ersity af Califarnia,

Tool selection

Tool: @ nsPecT O Ms-alignment © PepMovo

eresearch

Spectrum file: Browsa.. R SELECT SERVER-SIDE FILES B} B}
statistics
Description:
Members 1544
Instrument: E5|-ION-TRAP -
Cysteine pratecting group: carbamidomethylation(+57) - Protease: Trypsin - Groups & Projects 355
Parent mass tolerance: 2 Da hetween © and 2.5 lon tolerance: 0.5 Dg between O and 1 Data Size (uncaompressed) 23.3TB
J Data Files 13,264,659

'.ﬁ.llowed Post-Translational Modifications

baxirmal number of PTMs permitted in a single peptide @ 1

Mass (Da)

[ ocidation 15,9994 My
[T Lysine methylation 14,0266 K
[C] Pyroglutamate Formation -17.0305 Q
[Z] Phosphorylation 79.9793 STY

National Institutes of Health
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Campus User Access
to Remote Resources

* GLIF

* Experimental Particle Physics

* Ocean Observatory Initiative

* Remote Supercomputing

* Creating Regional Climate Forecasts




The Global Lambda Integrated Facility--
Creating a Planetary-Scale High Bandwidth Collaboratory

Calit2 Linked to GLIF by Campus 10G Dedicated Lambdas

GLIF Map 2011; Global Lambda Infegrated Facility ~ Visualization by Robert Patterson, NCS-A. University of lilinois at 'Urhana—(_:hampalgn Data Compilation by Maxine D. Brown, University of lilinois at Chicago  Texture Retouch by Jeff Carpenter, NCSA  Earth Texture, visibleearth.nasa.gov.  www.glifis @

www.glif.is/publications/maps/GLIF_5-11_World_2k.jpg



The CERN Large Hadron Collider
CMS Experiment

* 1to 10 Petabytes of raw data per year
* 2000 Scientists (1200 Ph.D. in physics)

— ~ 180 Institutions in ~ 40 countries
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Aggregate Data Rate Leaving LHR-CMS

Can Exceed 30 Gbps

4,000

CMS PhEDEX - Transfer Rate
96 Hours from 2012-09-30 11:00 to 2012-10-04 11:00 UTC
| | | | | | | | | |
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LHC Has Optical Networks Connecting
Tier-1 and Tier-2 Sites with CERN

Source: Frank Wirthwein, UCSD



The Open Science Grid

A Consortium of Universities and National Labs
to share resources and technologies to advance Science
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Current UCSD CMS Tier 2 Data Rate

Already Peaks at 2.5 Gbps

CMS PhEDEX - Transfer Rate
132 Hours from 2012-09-28 23:00 to 2012-10-04 11:00 UTC
| | | |
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NSF’s Ocean Observatory Initiative (V)l

Has the Largest Funded NSF Cl Grant

QCEAN OBSERVATORIES INITIATIVE

Science

Science Program Operations

25 to 30 Year Multi-scale Sustained

Ocean Presence

OOl CI Grant: INnt:gn}:;tid "
30-40 Software Engineers Marine
Housed at Calit2@UCSD Operations

Cyber

Construction Program Operations

5 Year

Real-time Bidirectional
Instrument Network

Implementing
Coastal/Global Organizations

Cyber ¥
Infrastructure | SEETSRIICL S
Regional

Source: Matthew Arrott, Calit2 Program Manager for OOI CI



NSF’s Ocean Observatory Initiative
is Creating 10G Sensornets
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OOl Cl is Built on Dedicated

Optical Infrastructure Using Clouds

Source: John Orcultt, : , : 10 GBE
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Using Supernetworks to Couple End User’s OptiPortal

to Remote Supercomputers and Visualization Servers

Source: Mike Norman,

Rick Wagner, SDSC Argonne NL
¥l DOE Eureka
: @: 100 Dual Quad Core Xeon Servers
B Ol 200 NVIDIA Quadro FX GPUs in 50

Quadro Plex S4 1U enclosures
3.2 TB RAM

Real-Time Interactive
Volume Rendering Streamed
from ANL to SDSC

" ESnet
P n. Wl 10 Gb/s fiber optic network

& B 2 Wi, -
o] T OLETe

visualization

NSF TeraGrid Kraken B1aa181FEY ]2

Cray XT5
8,256 Compute Nodes | | / 4
Calit2/SDSC OptiPortal1 99,072 Compute Cores el
20 30” (2560 x 1600 pixel) LCD panels 129 TB RAM

L1

10 NVIDIA Quadro FX 4600 graphics
cards > 80 megapixels
10 Gb/s network throughout

SDS( *ANL * Calit2 * LBNL * NICS * ORNL * SDSC




Regional Climate Change Simulations:

Downloading Supercomputer Simulation Data to SIO

GCMs ~150km
downscaled to
Regional models ~ 12km
Regional Climate Model e e e e s s

Global Climate Model

CMIP3
40N
8 1 McMmiPs
n
models
4
07 72 96 128 144 180 192 240 255 258 288 320 360 480 640 -
n longitudes
8 -
n
models
4 ]
0- 18 19 20 21 24 26 30 31 35 38 39 40 45 48 56 60 62 80 95 i
n levels
oW The number of GCM’s

has grown to more than 20
Figure 1: insert stuff here (from international Centers)

| s000¢ ‘B note increased resolution
e CMIP5 vs CMIP3 GCMs

20 -10 6 110 2L 30 . ‘
Dan Cayan, Suraj Polade, Alexander Gershunov, Mike Dettinger, David Pierce "l_’
e

Scripps Institution of Oceanography, UC San Diego, USGS Water Resources Disciplin




High Performance Connection

Among On-Campus Resources

* Optically Connected Clusters

* Connecting to Cross-Campus Clusters

* Connecting Clusters to Supercomputers and Clouds

* Connecting Scientific Instruments to Data Centers and Vis




UCSD Scalable Energy Efficient Datacenter (SEED):

Energy-Efficient Hybrid Electrical-Optical Networking

Electric Packet Switch Electric Packet Switch Optical Circuit Switch
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Pod Switch 1 Pod Switch 2 Pod Switch 3 Pod Switch 4
S —— | | | | Y ——— — [ [ |
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* Build a Balanced System to Reduce Energy Consumption

— Dynamic Energy Management
— Use Optics for 90% of Total Data Which is Carried in 10% of the Flows

 SEED Testbed in Calit2 Machine Room and Sunlight Optical Switch

* Hybrid Approach Can Realize 3x Cost Reduction; 6x Reduction in
Cabling; and 9x Reduction in Power

PRISM Principle inside of a Data Center
Pls of NSF MRI: George Papen, Shaya Fainman, Amin Vahdat; UCSD




UCSD Remote Cluster High Speed Connection Example

[SDSE cluste FSJ '/" \

. : Visualization
Molecular simulations | \

' Drug design
[CTBP clusters] Structural biology
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Computational Biology / McCammon group



Calit2 Community Cyberinfrastructure for Advanced
Mlcroblal Ecology Research and Analysis (CAMERA)

Source Phil Papadopoulos SDSC CaI|t2
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Access to Computing Resources Tailored by

User’s Requirements and Resources

SDSC

Advanced

CAMERA
HPC Platf
Core HPC atiorms

Resource

CODON'S”

amazon
web services

7 Windows Azure

NSFIDOE
TeraScale

&t

Source: Jeff Grethe, CAMERA



NIH National Center for Microscopy & Imaging Research

Integrated Infrastructure of Shared Resources

Telemicroscopy Resources: Neuroinformatics Resources
Osaka Univ., Oxford Univ.,

The Jackson Labs
r———

Production Triton

Storage Systems Petascale Resource
Resources e

Systems

-
e
OptlPortal e——r
Tiled Display —
.
e

California Institute of Telecommunications
and Information Technology

*,

Storage
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Ultra-wide Field
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Source: Steve Peltier, Mark Ellisman, NCMIR
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UCSD Next Generation Sequencer Example:

Professor Trey Ildekar

Leichtag/Sequencer Storage

Next Gen
Sequencers

Generate
~1TB/Run

Calit2/Storage SDSC/Triton ‘1(‘ ) 4

SDSC Source: Chris Misleh, Calit2/SOM



Cytoscape Genetic Networks
On Vroom-64MPixels Connected at 50Gbps

Calit2 Collaboration with Treyv Ildekar Group



Potential UCSD Optical Networked

Biomedical Researchers and Instruments

* Connects at 10 Gbps :
— Microarrays

CryoElectron

Microscopy Facility SOMAP —
San Diego — Genome Sequencers
Supercomputer — Mass Spectrometry

Center

— Light and Electron
Microscopes

— Whole Body Imagers

— Computing
Cellular & Molecular === Storage
Medicine East N
Calit2@UCSD
Bioengineering - )
Radiology ~—
Imaging Lab Cancer Center
National .
Center for C I'eatl n g
Microscopy La Jolla Pro .
& Imaging | Center for Detailed Plan

Pharmaceutical Cellular Genetics ° w
Sciences Buildin e ular oo muiecuiar ‘ ’l‘ ’
g Medicine West

Biomedical




PRAGMA
A Calit2 Partner for Future GLIF Experiments

2 le?” | U Wisconsing il ’ﬁ,
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Build and Sustain
Collaborations

Advance & Improve
Cyberinfrastructure

Through
Applications

P

CP¥ gs=me- NSF Has Renewed PRAGMA
e for 5 More Years in
a New Grant Through Calit2@UCSDB
Pls: Peter Arzberger, Phil Papadopoulos
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