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Campuses are experiencing an enormous increase in the quantity of
data generated by scientific instruments and computational clusters and
stored in massive data repositories. The shared Internet, engineered to
enable interaction with megabyte-sized data objects is not capable of
dealing with the typical gigabytes to terabytes of modern scientific data.
Instead, a high performance cyberinfrastructure is emerging to support
data-intensive research. Fortunately, multi-channel optical fiber can
support both the traditional internet and this new data utility. | will give
examples of early prototypes which integrate data generation,
transmission, storage, analysis, visualization, curation, and sharing,
driven by applications as diverse as genomics, ocean observatories,
and cosmology.
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Large Data Challenge: Average Throughput to End User

on Shared Internet is 10-100 Mbps
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OptIPuter Solution:

Give Dedicated Optical Channels to Data-Intensive Users

WAVELENGTH DIVISION MULTIPLEXING (WDM)
10 Gbps per User ~ 100x
e EXPLOITS Shared Internet Throughput

— ENORMOUS BANDWIDTH OF SILICA FIBER
— HIGH-GAIN WIDEEAND OPTICAL AMPLIFIERS

Source: Steve Wallach, Chiaro Networks
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The Global Lambda Integrated Facility--
Creating a Planetary-Scale High Bandwidth Collaboratory

Research Innovation Labs Linked by 10G Dedicated Lambdas




Academic Research OptIPlanet Collaboratory:
A 10Gbps “End-to-End” Light

Local or Remote
Instruments

¥ 5. National LambdaRat

Lightpaths

TeraGrid

amazon
webservices"

HD/4k Video Repositories


http://www.glif.is/

The OptlPuter Project: Creating High Resolution Portals
Over Dedicated Optical Channels to Global Science Data
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MIT’s Ed DelLong and Darwin Project Team Using
OptiPortal to Analyze 10km Ocean Microbial Simulation
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Global Bioaeochemical Cvcles and Climate




AESOP Display built by Calit2 for KAUST--
King Abdullah University of Science & Technology
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The Latest OptiPuter Innovation:
Quickly Deployable Nearly Seamless OptlPortables

45 minute setup, 15 minute tear-down with two people (possible with one)
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The OctlPortable Being Checked Out Prior to Shipping
to the Calit2/KAUST Booth at SIGGRAPH 2011

“  Photo:Tom DeFanti



3D Stereo Head Tracked OptiPortal:
NexCAVE

Array of JVC HDTV 3D LCD Screens
KAUST NexCAVE = 22.5MPixels

www.calit2.net/newsroom/article.php?id=1584
Source: Tom DeFanti, Calit2@UCSD




High Definition Video Connected OptlPortals:
Virtual Working Spaces for Data Intensive Research
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NASA Supports
Two Virtual
Institutes

Calit2Z@UCSD 10Gbps Link to
NASA Ames Lunar Science Institute, Mountain View, CA
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“Blueprint for the Digital University”--Report of the

UCSD Research Cyberinfrastructure Design Team

A Five Year Process Begins Pilot Deployment This Year

April 2009

NO Data cyberinfrastructure
Bottlenecks-
'DeSI n fOI’ digital curation
Gi gb't/ UCSD research :
Iganivs cyberinfrastructure
Data Flows

centralized disk

storage condo clusters

co-location facilities
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SDS( research.ucsd.edu/documents/rcidt/RCIDTReportFinal2009.pdf '



Calit2 Sunlight OptIPuter Exchange
Connects 60 Campus Sites Each Dedicated at 10Gbps
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UCSD Campus Investment in Fiber Enables

Consolidation of Energy Efficient Computing & Storage
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NSF Funds a Big Data Supercomputer:

SDSC’s Gordon-Dedicated Dec. 5, 2011

* Data-Intensive Supercomputer Based on
SSD Flash Memory and Virtual Shared Memory SW

— Emphasizes MEM and IOPS over FLOP
— Supernode has Virtual Shared Memory:
— 2 TB RAM Aggregate
— 8 TB SSD Aggregate

— Total Machine = 32 Supernodes
— 4 PB Disk Parallel File System >100

+ System Designed to Accelerate Access
to Massive Datasets being Generated in
Many Fields of Science, Engineering, Medicine,
and Social Science

7 (o4
SDSC Source: Mike Norman, Allan Snavely SDSC



Gordon Bests Previous
Mega I/O per Second by 25x




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)

.l/ $ 400
Arista
- 48 ports
2005 2007 2009 2010 >

r (04
SDSC Source: Philip Papadopoulos, SDSC/Calit2




Arista Enables SDSC’s Massive Parallel

10G Switched Data Analysis Resource

10Gbps
OptlPuter

3 Radical Change Enabled by

Arista 7508 10G Switch

Triton

e ====——=/—=!' Commodity
Trestles = === Storage

2000 TB

Oasis Procurement (RFP) > 50 GB/s

* Phase0: > 8GB/s Sustained Today
Gordon . * Phase |: > 50 GB/sec for Lustre (May 2011)
Phase Il: >100 GB/s (Feb 2012)

SDSC Source: Philip Papadopoulos, SDSC/Calit2
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The Next Step for Data-Intensive Science:
Pioneering the HPC Cloud

sara

HPC Cloud Computing

Self Service and Dynamically Scalable

High Performance Computing (HPC) on amazon
webservices"

Magellan . SDSC Eloud

3 l.l 3. DEPARTMENT OF

Hah 'NEBULA Cloud Computing Platform




Data Oasis —
3 Different Types of Storage

HPC Storage (Lustre-Based PFS)

» Purpose: Transient Storage to Support HPC, HPD, and Visualization
* Access Mechanisms: Lustre Parallel File System Client

Project (Traditional File Server) Storage

» Purpose: Typical Project / User Storage Needs
» Access Mechanisms: NFS/CIFS “Network Drives”

Cloud Storage

» Purpose: Long-Term Storage of Data that will be Infrequently Accessed
* Access Mechanisms: S3 interfaces, DropBox-esq web interface, CommVault




Examples of Applications

Built on UCSD RCI

- DOE Remote Use of Petascale HPC

* Moore Foundation Microbial Metagenomics Server
* NSF GreenLight Instrumented Data Center

* NIH Next Generation Gene Sequencers

 NIH Shared Scientific Instruments

SDSC " (g



Exploring Cosmology With Supercomputers,

Supernetworks, and Supervisualization

Source: Mike Norman, SDSC

Intergalactic Medium on 2 GLyr Scale

* 40963 Particle/Cell
Hydrodynamic
Cosmology
Simulation

* NICS Kraken (XT5)
— 16,384 cores
* Output

— 148 TB Movie Output
(0.25 TB/file)

— 80 TB Diagnostic
Dumps (8 TB/file)

Science: Norman, Harkness,Paschos SDSC
Visualization: Insley, ANL; Wagner SDSC

ANL * Calit2 * LBNL * NICS * ORNL * SDSC "t




Two 64K
Images
From a
Cosmological
Simulation
of Galaxy
Cluster
Formation

Providing End-to-End CI
for Petascale End Users




Using Supernetworks to Couple End User’s OptiPortal

to Remote Supercomputers and Visualization Servers

ource: Mike Norman, Rick

Wagner, SDSC Argonne NL
v DOE Eureka
' @: 100 Dual Quad Core Xeon Servers
= O 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

_-h ‘%iﬂﬂz
4 5 A
SDSC o K

1 visualization

ESnet
10 Gb/s fiber optic network

NSF TeraGrid Kraken g[8I0 EE1ilela

Cray XT5
_ 8,256 Compute Nodes | § / 4
Calit2/SDSC OptlPortal1 99,072 Compute Cores el - ,_
20 307 (2560 x 1600 pixel) LCD panels 129 TB RAM raq ‘ ‘
10 NVIDIA Quadro FX 4600 graphics ' .

cards > 80 megapixels
10 Gb/s network throughout

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




Most of Evolutionary Time

Was in the Microbial World

f You
Bacteria Archaea Eucarya | A,
Green Here
Filamentous Slime
Spirochetes Dagteria Entamosbae Melds Apimals
G Methanosargina Fungi
ram :
, - Methanobacterjurh Halgphiles
Protsobaciqre MFWE* Methanococgu Plants
Cyancbacter# v ion e
Planctomyce?® Thermoprotgus
* Pyrodicticusg Flagellates
Bacteroides :
Cytophaga ) Trichomonads
Thermotoga Microsporidia
Aquifex Diplomonads

Earth is a Microbial World:
For Every Human Cell
There are 100 Million Microbes

Tree of Life Derived from 16S rRNA Sequences

7 (04
Source: Carl Woese, et al




The New Science

of Microbial Metagenomics

THE NEW SCIENCE OF
METAGENOMICS

NRC R t: Revealing the Secrets of Our Microbial Planet “The emerging field
eport. of metagenomics,

where the DNA of entire
communities of microbes
is studied simultaneously,

Metagenomic
data should be

made publicly presents
available in the grea.test oppgrtunlty —
international perhaps since the invention of
archives as the microscope —
idl to revolutionize understanding
rapl .y as of the microbial world.” —
possible.

National Research Council
March 27, 2007




Calit2 Microbial Metagenomics Cluster-
Next Generatlon Optically Lmked Science Data Server
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Calit2 CAMERA:

Over 4000 Registered Users From Over 80 Countries

Community Cyberinfrastructure for Advanced Microbial Ecology Research and Analysis

Poccun
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Creating CAMERA 2.0 -

Advanced Cyberinfrastructure Service Oriented Architecture

Collaboration | CAMERA | CAMERA | Datalintegration! DataAccess ! Data ¢ Public Datasets
Portlets i Data i  Semantic Services | Portlets i Annotation | S ource:
{ Ingestion | Database | Genomic
Account i Pipelines . Query Data i  KEPLER i  Contextual Data C AM E RA CTO
Management ! H ccDB ; Interface { Management | Workflows | Markup .
Portiets | : i Tools i | Language Mark Ellisman
)

" BLAST,etc. (GCDML

mﬂmnmmmu e Minimum Information about a
Complete Workflows \ "Genomic
Standards
\ Consortium

Domain Application Tools Data Integration Tools

Frve
o Obl L

Ontology for Biomedical Investigations

2 "1

& camera

Marine Microbiol Ecalogy

&0




The GreenLight Project:

Instrumenting the Energy Cost of Computational Science

 Focus on 5 Communities with At-Scale Computing Needs:
— Metagenomics
— Ocean Observing
— Microscopy
— Bioinformatics
— Digital Media

« Measure, Monitor, & Web Publlsh = e
Real-Time Sensor Outputs ! ARISTA Rl S

[ (@] o1 Compurems |
— Via Service-oriented Architectures — '
— Allow Researchers Anywhere To Study Computing Energy Cost
— Enable Scientists To Explore Tactics For Maximizing Work/Watt

 Develop Middleware that Automates Optimal Choice
of Compute/RAM Power Strategies for Desired Greenness

« Data Center for School of Medicine lllumina Next Gen
Sequencer Storage and Processing

- (04

. b,

<12
SDSC Source: Tom DeFanti, Calit2; GreenLight PI 2 &



GreenLight Project:
Remote Visualization of Data Center

L4




GreenLight Projects
Airflow dynamics
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Cost Per Megabase in Sequencing DNA
Is Falling Much Faster Than Moore’s Law

$10,000

:m A \, A\

MR Moore's Law

HHum“m“HH“ National Human

||||| ||||| Genome Research
Institute

genome.gov/sequencingcosts

www.genome.gov/sequencingcosts/



BGIl—The Beijing Genome Institute
is the World’s Largest Genomic Institute

gl v ~_______KINMUA

* Main Facilities in Shenzhen and Hong Kong, China
— Branch Facilities in Copenhagen, Boston, UC Davis

* 137 lllumina HiSeq 2000 Next Generation Sequencing Systems

— Each lllumina Next Gen Sequencer Generates 25 Gigabases/Day

« Supported by High Performance Computing and Storage
— ~160TF, 33TB Memory

— Large-Scale (12PB) Storage :il}




From 10,000 Human Genomes Sequenced in 2011
to 1 Million by 2015 in Less Than 5,000 sq. ft.!

Proprietary Sequencing Technolog | Outsourced Business Mod

Designed and Optimized for Whole A Turnkey Service Enabling Customers
Human Genome Sequencing Quality, to Outsource WGS — Samples In,
Cost and Scale Research Ready Data Out
@ ‘ S
ﬁﬂ_
Samples to CG I brurmant Lab:

Frep and Sequencng

Dt Certer
Research-Ready Assembly and Analysis

Data Updcaded ﬂ

Desktop Anahysis

4 Million Newborns / Year in U.S.



Needed: Interdisciplinary Teams Made From

Computer Science, Data Analytics, and Genomics

The $1,000 Genome, The $1M Interpretation

Dr. Kevin Davies is the Editor in Chief at Bio-IT World. He will be presenting The 51,000
Genome, The 1,000,000 Interpretation.

Copenhagenomics

CPH, Genomics Conference on Improving Life = June 14-15, 2012




Calit2 Brings Together
Computer Science and Bioinformatics

Center for Algorithmic and Systems Blology

#1.1 E.r
; % National Biomedical NCMIR i
Mg‘ R Computation Resource m E ra
t an NIH supported resource center
Mo Mecroteol Erosogy
at San Diego, an NIH supported resource center

|‘_‘| n1 Eﬂn g fnr :::truc.tural Gﬁnﬂrmns

(% INSTITUTE FOR GENOMICS AND BIOINFORMATICS
T) University of California, Irvine

lifechips

university of california,
wwwlifechips.org




GreenLight Project Allows for Testing of

Novel Architectures on Bioinformatics Algorithms

( CoNVEY Convey Computer™ Corporation Ships to First
Customer:_University of California, San Diego

New Convey HC-1™ System to Boost Performance
of Bioinformatics Application

June 23, 2009

“Our version of MS-Alignment [a proteomics algorithm] is more than
115x faster than a single core of an Intel Nehalem processor, is more
than 15x faster than an eight-core version, and reduces the runtime for
a few samples from 24 hours to just a few hours.”

—From “Computational Mass Spectrometry in a
Reconfigurable Coherent Co-processing Architecture,” IEEE Design &

Test of Computers, Yalamarthy (ECE), Coburn (CSE), Gupta (CSE),
Edwards (Convey), and Kelly (Convey) (2011)

http://research.microsoft.com/en-us/um/cambridge/events/date2011/msalignment_dateposter 2011.pdf
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Using UCSD RCI
to Store and Analyze Next Gen Sequencer Datasets

Data Volume Final Comment
HiSeq 2000 200G run

Image Data 327TB 0
Intensity Data 2TB 0 Optionally transferred
, 1|byte/base (raw) assuming

Base Call / Quality Score Data 250 GB 250 GB gseq generation offline

Alignment Output 6 TB (3 TB) 1.2TB | Remove intermediate files
GA;, 920G run

Image Data 6.9 0 Optionally transferred

Intensity Data 0.93 (.93

Base Call / Quality Score Data 0.17 0.17

Alignment Output 1.27TB 218

Stream Data from Genomics Lab to GreenLight Storage,
NFS Mount Over 10Gbps to Triton Compute Cluster ‘iﬂ

Source: Chris Misleh, SOM/Calit2 UCSD



NIH National Center for Microscopy & Imaging Research

Integrated Infrastructure of Shared Resources

Telemicroscopy Resources:
Osaka Univ., Oxford Univ.,

The Jackson Labs
T

Development Production 3
Systems Triton

Storage Systems Petascale Resource
Resources _—

Storage
e et Resources
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UCSD Planned Optical Networked

Biomedical Researchers and Instruments

« Connects at 10 Gbps :
— Microarrays
— Genome Sequencers

CryoElectron
Microscopy Facility

San Diego
Supercomputer — Mass Spectrometry
Center — Light and Electron

Microscopes
— Whole Body Imagers

— Computing
— Storage
Cellular & Molecular ==
Medicine East M
Calit2@UCSD
GreenLight
Data Center 5 I
Bioengineering _
Radiology
Imaging Lab Cancer Center
National
Center for E—
Microscopy &
Imaginpgy Center for La Jalla Pra
Molecular Genetics

Pharmaceutical Cellular & Molecul l-l"
Sciences Building Leichtag eMig{dne \7\/22? o

Biomedical Research
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