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Maestro: NASA ket Propulsion Laboratory

Hrst Seps Towards the Inter — Planetary Grid

Problem . .
- Smulate remote control and data collection I love this program. | have
— Qobal web accessto image data never felt so close to space
~ Multiplatform visualization exploration as | do when I'm
Solution poking around it. It isan awe
_ Multisite, multi-organizational collaboration 1NSPINNG mission and this
—  Open standard imaging technology software practically lets you
- JAVA Advanced Imaging and JAVA 3D touch it."
FESUH Email to JPL commenting on Java 3D
— Universal accessto scientific data & JN based Maestro software Java
— Real time public mvol_ve.:men.t In science and exploration Technology
— NASArecorded 109 million hitsin the first 24-hours Takes You
— 250,000 Maestro software downloads in 3 weeks
to Mars ¢
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What does HPTC mean @ SUn?

Perform mathematical modeling of natural phenomena (science and
engineering) or business processes (business optimization)

— Crash Smulation, Rsk Management, Hectronic Design, Gene
Modeling, Weather forecasting, etc.

Many possible types of work loads
— Transactions, Queries, Numerical, Visual/ Multi-media, Networking

Represent EARLY ADOPTERS often a leading indicator of future IT
requirements. (64bit, SMP, Web, Grid, graphics,....)



8000 @Gids using Sun technology
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Qn: HPTCVolume Leader
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Sun isthe volume leader based on IDC Data for 2003

CY2003: Technical server shipments 89,907 total
un #1 with 40.2% market share (36,156 units)

CY2003: Technical server revenue $5.4B total
un #3 with 18.3% market share ($981M)

IDCTechnical Server Tracker February 23 2004



Early Adopters




un HPTC Transforms Innovation
Into Qustomer Value

Products Solutions Genter Reference Qustomer Advanced
and Labs  Development of Excellence Architectures Ready Systems &
Technology Methodology ~ Proof of and Solutions Systems Services

Goncept




Farly Adopter Example: Interval Math

Goordinate research, partner and take it to market

Interval Components

Interval is a span of all numbers between two values [X, V]
Interval math manages numerical accuracy and stability issues
un Fortran has Interval Datatype and operations

Solver libraries are being researched

Interval algorithms exist

More scalable, and more efficient (fewer G~to solve)

The “Interval Problem”

Most textbooks say you can't solve nonlinear optimization
problems —true for point solutions only!!

Key Book: Gobal Optimization Using Interval Analysis
by Hdon Hansen, G William Walster ISBN: 0824740599




Hill dimb Optimization Example

Try hill climb algorithm on a difficult dataset, with very narrow
and specific optimal solutions—it's not a robust solution....

Telegraph poles on the prarie

l

Sample Prarie
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Interval Optimization Example

Interval solver tells you the range of the possible solution over
an interval, here we split the data into four intervals and evaluate
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Interval Optimization Example

Keep zooming in until the result isa small enough interval, and you
end up with a deterministic and correctly bounded solution

Zoom in on Maximum

Interval Driven True Solution

N = < TheAnswer
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The Srategic Need

for Shared Resources
Industries

Life Sciences

Hectronic Design

FHnancial Services
Automotive Manufacturing
Scientific Research

Gl and Gas Exploration
Telecommunications

Business Gomputing

Gomputing Tasks

Discovery Informatics, database queries

Smulations, verifications, regression testing

Risk and portfolio analysis, simulations

Crash testing simulations, stress testing,
aerodynamics modeling

Large computational problems, collaboration

Smulations, seismic analysis, visualization

Enhanced delivery of network services

Qid enabled enterprise applications, database and
transaction processing




Types of Q'id

dobal Enterprise  Quster Visual Desktop Sensor
Qid Qid Gid aid aid Qid

Trade Data GComputation and Data
Exchange Sorage Msualization Capture



The Value of GQid

The business benefits of GQid are those of

a network-wide consolidation
(across line of business boundaries and geographies)

— Enable a service-oriented, automated delivery of IT
— Improved utilization

Enables new capabilities and services
Lower operational costs of running IT

— Maximize productivity through optimal use of
horizontally or vertically scaled systems




S

un's Bvolutionary Gompute Q'id Srategy:

Expand existing capabilities and integrate new ones

Quster Gid Enterprise Qid dobal Gid

Resource Sharing Jva Web Services, Data Qid Trade Exchange

» Smplest Giid deployment + Resources shared within the enterprise « Resources shared over the Internet

« Optimal utilization of resources « Policies ensure computing on demand + Qobal view of distributed resources and data
« Enables new capabilities and services * GQves multiple groups seamless access to « Trade Bxchange for compute capacity and

* Lower operational costsfor IT enterprise resources data access

« Maximize productivity * Meets commercial enterprise standards « Foundation for Utility Computing



Q1d: Where Isyour reality today?

What is the effect upon your business?

No grid - Local grid — Enterprise grid — (Qobal grid

Ad Reality - Qurrent Reality — — Future Reality

Lagging - Gonforming — Exploiting — Leading — Pioneering

Falling — Surviving — Profiting - Investing



Q1d Gossing the Chasm

HPTChasled In
adoption of G1id
technologies

TeChn|031 C]usters
Gomputing Y

Enterprise
Qid \
dobal

Qid \

Early
adopters




Q1d Gossing the Chasm

HPTCmethodologies
and expertise are key
for Qid to crossthe
business computing

chasm
Technical dusters
Gomputing X«
Enterprise
Qid

Jobal
Qid

Early
adopters

Business
Gomputing



Enterprise Q'id System Gomponents

Jva Web Services

Business
Model

Technology
Foundation

Virtualized Physical Resources




What it takes

Thought Leadership

— Trade exchange model, Utility Computing, Reference Architectures,
Infrastructure Solutions, Qid Professional Services practice

- DARPAHPCS- High Productivity Computing System covers administration
and developer issues, not just peta-scale performance

Expertise
- HPTCexperience to assemble solution recipes out of technologies
— Professional servicesto architect, implement, manage

Technology

- Javaweb services, infrastructure and tools (ES, Java Sudio, OS5 J)

— Automatic cluster configuration (Sun Control Sation/ SDSCROCKS

— Optimal matching of workloads to resources (N1 Giid Engine)

— Automated provisioning of resources, applications and services (N1 Grid )

— Advanced platforms (SPARC, Opteron, Solaris, Linux, SAN/ NAS
Msualization)

Plus alllances and standards....



Alllances and
Sandards




QUn Qi1d Services Environment

y 4

dobal Qid Enabled

dobus
Toolkit

- Windehanme! cat sacte

e NAV/AN
Enterprise
System

Web Service
Enabled

Enterprise
Qid Enabled

Applications

Network Ehabled



Alllances and Sandards

Parthers

— Sun haswide ranging agnostic HW/ SW/ Services/ Channel alliances
- HPTCG@un has signed up more than 25 interconnect and grid partners

dobal Gid Forum — Q& - www.gridforum.org
- un led the creation of the G3-DRVIAA standard
- Qun holdsan Area Director position within G&3-

dobus Alliance - www.globus.org

- Many Qobustoolkit deployments are on Sun
— unisworking closely with Gobus on future developments

Enterprise Qid Alliance —www.gridalliance.org

- Qunisafounding member of the EGA
- The EGAisworking to specify and standardize Enterprise Giid solutions

DMTFand OASS

— Sun has many representatives and is working to make sure that future Gid
standards are truly open and royalty-free



Enterprise G'id Alllance | o1 Apil 2004

www.gridalliance.org N

Focus — Practical Solutions for Enterprise Gid

- Example: run General Ledger on a GQid (not scientific research grid!)
- Short term —database cluster grid and datacenter virtualization

- Medium term — combine to run technical applicationsin spare cycles
— Long term —global grid integration once standards have matured

Boarddevel Members
- BMC Ryjitsu-Semens, HP, Intel, NEC Network Appliance, Oracle, Sun

Initial Working Group Proposals

Reference Model —vocabulary, context, use cases

— CGomponent Provisioning — standardization

— Data Provisioning — standardized high level functionality

— Utility Accounting — use cases, data models, mappingsto standards
Qid Security — mapping to existing security standards

Rel ationships

- Many EGA member companies and people are members of other groups
— Adopt mature standards from G& DMTF, OASS TMF, SNIA ITIL...




@1d Solutions







SDSCROKstar Supercomputer
0 to #201 in under 2 hours!

SDECH FCCYstar”: A 128 node/ 256 CRFU x86 cluster, #201 in Top 500
Euilt live on the SC2003 snow floor in 100 minutes, adding a new

server every 30 seconcds, 200 jobs were suprnitied to the quele



Q1d Gomputing Gomponents

Both Horizontal Scale-out and Vertical Scale-up

Capability
CbmpUtl ng Qun Fre
Services anpre K
BE20K
Qun Fre
Qun Fre
UltraSPARC anpe O
E2900
Qun Fre
V880
Qun Fre
V480
Qun Fre
V440
Qun Fre
Blades " .
S e voos 1A32. AMD64 Prebuilt Racks Cb_pauj[y
un Fre™ (Opteron) Cbmputl ng

un Blade™ (S\PGA% UI traSPARC Services

Workstation



The @Q1d Architecture Dilemma:

Large memory SMP nodes or many thin nodes?

Workload scales vertically: The Deciding
Parallel codes. OpenMP Factor
Large Shared Memory —
Top Performance
Higher acquisition cost What do the
Lower development and workloads
management complexity & cost require?

Workload scales horizontally:

Acquisition Serial and parallel codes: MP
Qost / CPU omplexity Optimized Throughput
st /| PU Lower acquisition cost

Higher development and
management complexity & cost



Interconnect Gomponents
Mapping Out Bandwidth and Latency

10ns
Laten%/ L oad/Store
I(I nvert | nstruction
og scale) o
100ns Memory Proximity
Library 9.6 - 57 GB/s B N
Cal 1-0.1us —
1us Myri/IB/QIFL  $XX,XXX
YA 04_48GBs
10-1ps
10us $x,xxX
100us
0.1 1 10 100 1000

Gigabytes/sec Bandwidth (on logarithmic scale)



Interconnect Gomponents

Estlmated(7:’

L atency 10ns

(inverted
log scale)

100ns

1lus

10us

100us

Cut Bandwidth and Latency

Approximate performance numbers

PCI-X 133 PCI-Express

Speed X8 Speed ‘.'
Limit Limit
SMP
V20z
SMP
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E6900 SMP
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. Linux MPI call
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Gigabytes/sec Bandwidth (on logarithmic scale)
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High End Visual System Bvolution

Trend: Disaggregation and Virtualization of Components

Application Integrated
Visual
Systerrn

XA Sever
SAN or Xinerama, MDU, CAVEIb; etc,
Storage Networ k

Systerrn

3DGaphics
Daphics /

Startineg point: Aoplications run on single systern witn rencerinc
] Il

|
cistriputed across rmultiple 3D CGraphics Acceleraiors and hardwired display



High End Visual System Bvolution

Virtualize and Distribute 3D Display Capability

e Integrated
P\fﬁ;,led P
Syster
XSenver / o
SAN or Aheramal, MU, GAVEb; ete
Storage Networ k
Systerrn -
—
Video
\/rrll alize Cisplay: Applications run on single systern with renclering

iz
| across rmultiple 3D Crapnics Accelerators anc Virtualizecd Cisplay



High BEnd Visual Q'id System

Virtualize and Distribute 3D Accelerators

High Bandwidth Giid Interconnect

-\ -

AosEler ator

SAN or
Networ k

XIAESErver @penEs
3D server
— Aneramen VIBURCAVEIL eic
ctorage
Systerr
Aib ‘ Video

Application Servers

3D server

Applications run on Flign Capacity Enterprise Server with renclering
distriputed via Crid Engine across a visuzal grid of multiple 3D server nodes



High BEnd Visual Q'id System

Virtualize and Distribute Application and Visualization

-\ -

AosEler ator

High Bandwidth Giid Interconnect

SAN or
Networ k

XAESanver ©penEt P
3D server
— Aneiama VDU CAVHE L) ELE:
ctorage
Systerr B
Aib Video

Applications virtualizecd using Crid Engine on a cluster of any rind of servers witn
rendering cistriouted across mllIFJOIeS D server nodes



The University of Texas at Austin

Visualization at the ACES Visualization Lab

Msualization for a range of applications
iIncluding computational fluid dynamics,
bioinformatics and geophysical modeling

Gomplex rendering and multiprocessing of
graphics and images for researchers
In a diverse range of fields

un Are VB80z and a Scalable Distributed Qun
Hre 6800 visualization system



QUn GQ1d Reference Architectures

Proven Solutions, Updated Regularly

Qid
System
Software

Gompute
and
Visualization

Data



Implementing a G'id Solution

GCompute Qid Infrastructure Solution

— un Hre V20z based Compute G'id Rack System — Opteron
— un Are E25K Qupercluster — 144 SPARC cores/ node

- Qustomer Ready Systems factory built to specification

- SarterQuster for Bioinformatics —low cost entry point

Q'1d Reference Architecture

— Designed, tested, tuned, benchmarked and documented
— Opteron with Goit Bhernet, Myrinet and Infiniband
— Scalable NFSusing clustered QFS

— un BluePrint: Implementing Qobus on Solaris
Q1d Professional Services Worldwide Practice

— Workshop, architecture assessment, design and implementation



Case Sudy: CellTech,
Life Sciences

Better

— Up to 99% Utilization

— Heterogeneous resources
Faster

- 6-10x Improvement in productivity
Cheaper

— Lower cost of software licenses

*2un enanled us to reet our peak dernarnc)
turnaround recuirernents and run
algoritnms thai sirmply weren't possiole before”

— Alan rFlart, Celltech



n's Q'id Ecosystem

Alllances

dobal Qid Practice

Qid System Software

Q'1d Data Center

Data Compute sual




Q'1d Bverywhere

un's HPTO GQid Srategy

“Qid BEverywhere.”

www.sun.com/ solutions/ hpc/




