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Grid Computing or Computational Grids
The Concept

* “The Grid’” —Distributed, high performance
computing and data handling infrastructure that
incorporates geographically and organizationally
dispersed, heterogeneous resources which are
persistent and supported.

* The Analogy - Just aswe*plug’ into theelectrical
power network when we want electricity, we
should be able to “plug” into the * Internet/I ntranet”

and “comput€e’ from grid.

B
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Origin

ARPANET 1970s

Meta Computers

National Machine Room Concept

Supercomputing Conference Demo
(GUST I-way etc., 1995-
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Emerging
Production
__ Grids

NASA Tnformatioft Powe Source: lan Foster, Argonne National L ab.




Grid

Applications

Programming Tools/Problem Solving
Environment

Common Services

Grid Fabric/Infrastructure

GRID

Globus Toolkit Argonne Nationa Lab. 1SI/USC)
Legion Univ Virginia
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Grid

Applications

Programming Tools/Problem Solving
Environment

Common Services

Grid Fabric/Infrastructure

GRID

Globus Toolkit Argonne Nationa Lab. 1SI/USC)
Legion Univ Virginia
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Globus Toolkit

*Grid Service Layer
*Grid defact standard

Version 1.1.3: Solaris7, AlX(4.21& 4.3.3),IRIX 6.5
Red Hat Linux 6.1, UNICOS/mk2.0.4 (T3E) etc.

Version 1.1.4: AlX4.2.1, Red Hat Linux 6.1, IRIX 6.5
Verson2.0: 2002 4

Linux Kernel 2.4, IRIX 6.5, Solaris

Version3.0 1BM OGSA)
WG ( 2003 1
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| ___NASA |nformation Power Grid (IPG)_ . =

Discipline Specific Portals and :
Scientific Workflow Management Systems —"—]

Toolkits: Visualization, Data Publication/Subscription, etc.

Applications: Simulations, Data Analysis, etc. ’
Execution support: Globus MPI, Condor-G._ CORBA

Grid Common Services: Standardized Services an sources Interfaces
c
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I:lz Globus services,

.uCllJ?tersI t Distributed Resources SR, GrdrTP
national supercompute
faciﬁties P tertiary storage national user facilities
. Condor pools P .

network
caches

High-speed Networks and Communications SerViCes| comee. sii jonnston, NASA AMES

Programming Technology/
Problem Solving Environment

CACTUS
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L ayered structure of the framework

Applicatio Numerical application, unaware
of thegrid
CACTUS Grid-aware parallelizing- and
communication-algorithms
5 Distributed high-performance
implementation of MPI

Basic information about job, infrastructure,
authentication, queues, resources, etc.
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User selects
dgsired functionali

g

Symbolic
Manip App

ode created...

|4

AMR
)y (GrACE, eic) /1
I MPI layer 3 1/O layer 2
MDS/Remote | JIERON y

Spawn 1

Remote Steer 2

— Globus Metacomputing Services
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Cactus User Community
Using and Developing Physics Thorns

umerical Relativity Other Applications
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Courtesy:Edward Seidel, AEI)

Cactus Developer Community
Developing Computational Infrastructure

Grants and Projects
DFN TiKSL/GriKSL
EU GridLab
NSF KDI ASC
NSE GrADS

Many Benefits
Visualization
Parallel 170

Remote Computing

Current core team:

Gabrielle Allen, David Portal
Rideout, Tom Goodale, Optimization
Thomas Radke, Kashif Rasul, Experts

John Shalf, lan Kelley
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Examples of what can be done now

e Three Current Examples, work Now: Building blocks for the
future
- Dynamic, Adaptive Distributed Computing
« Increase scaling from 15 - 70%
- Migration: Cactus Worm

- Spawning

> OC-12 line

5 (But only 2.5MB/sec)

SDSC IBM SP NCSA Origin Array
1024 procs 256+128+128
5x12x17 =1020 5x12x(4+2+2) =480
Dynamic Adaptation: Number Won
of ghostzones, compression, ... ] “Gordon Bell Prize” 2001 =

Grid (Applications)

Multi Discipline
PC MPP

Embarrasingly Paralld
(Monte Carlo, Parameter Survey etc.)

Application Layer
( Condor Nimrod CACTUS)

- PetaByteClass Storage
( /
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Grid

Distributed computing
On-demand computing
Data intensive applications
Collaborative computing
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Distributed Supercomputing

NCSA
Origin

caltech = Starting point: SF-Express parallel
Exemplar  simulation code (Battle Simulation

* Globus mechanisms for
— Resource allocation
Mavi — Distributed startup
SP — /O and configuration
— Fault detection

= 100K vehicles (2002 goal) using 13
computers, 1386 nodes, 9 sites
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SF-Express Distributed Interactive Simulation: Caltech, USC/ISI

10



OVERFLOW simulation: NASA Ames

Globus services

Argonne SGI 02000
(Hllinois)

ARC SGI 02000
= AllRights Reserv((%‘;l)ii&trliojl% LIMITED 2003

DOE X-ray grand challenge: ANL, USC/I1SI, NIST, U.Chicago|

Application Example:

Ibmographic reconstruction
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Source: lan Foster, ArgonneNational L ab.
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National Center for Microscopy and I maging Research(SDSC)
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| Virtual Observatory VO)

- . multi-Petabyte
40,000 square degreesis 2 Trillion pixels
Oneband (at 1 sqarcsec) 4 Terabytes

Multi-wavelength 10-100 Terabytes
Time dimension >> 10 Petabytes
- Data Mining

< NVSS 20c

— ﬁ
7 All Rights Reserved, Copyright FUJITSU LIMITED 2003 .

Courtesy:Dr.JimGray,Microsoft ROSAT ~keV ~ GB 6cm

Time and Spectral Dimensions
The Multiwavelength Crab N

X-ray,
optical,
infrared, and
radio
views of the nearby
Crab Nebula, which is
now in a state of chaotic
expansion after a
supernova explosion
first sighted in 1054
A.D. by Chinese
Astronomers.

MR THE ESUrtesy of Robert Brunner @ Cal Tech.
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Sloan Digital Sky Survey (SDSS

For the last 12 years agroup of astronomers
has been building atelescope (with funding
from Sloan Foundation, NSF, and a dozen
universities). 90M$.

Y 2000: engineer, calibrate, commission: now public data

— 5% of the survey, 600 sq degrees, 15 M objects 60GB, %2 TB raw.

— This dataincludes most of the known high z quasars.
— It hasalot of scienceleftinit but....

New the datais arriving:

— 250GB/night (20 nights per year) = 5TB/year.

— 100 M stars, 100 M galaxies, 1 M spectra.

Courtesy:Dr.JimGray,Micr osoft

All Rights Reserved, Copyright FUJITSU LIMITED 2003

Mega Computing L.Smarr

SETI@home

fightAIDS@home Entropia, Scripps
Folding@home (Stanford Univ )

Genome@home (Stanford Univ )

Grid
Entropia Parabon United Devices
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The Search lor
Extraterreatrial lntelligence at HOME

Grid Forum Key players

-NASA:Information Power Grid W. Johnston
-DOE: ASCI DISCOM?Z2 Program
Science GRID
ANL GlobusProject 1. Foster
NERSC H. Simon
NGI Integrated Grid Architecture
-NSF:National Technology Grid NCSA UIUC),
Metasystems Thrust (SDSC NPACI UC San Diego)
-DOD:HPC Modernization Program
Application- Oriented
GriPhyN(NSF)
NEESgrid ANL, Michigan,NCSA,UIUC,USC)
Earth System grid (DOE)
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Source:National Institute of Informatics
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As of October, 2002
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oNSF
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Distributed Terascale Facility 53M$
2001

13.6 Tflop/s + >450 Thytes + >40Gbps
NCSA, UCSD, ANL, Caltech SUN, IBM, Intel, Qwest
Comm. Myricom, Oracle

Enhanced Terascale Facility

2003

NSF Middleware Initiative (12M$)
Deployment

Univ. Chicago,l SI/USC,Univ. Illinois,Univ. Wisconsin

All Rights

NSF Enhanced Terascale
Facility (ETF) Project

TERAGRID

Data Coliection Analysls = (usters

CALTECH:

ARL
Visunlfzation

NCEA: P5C
Computefatensie Heteragrneity
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- UNICORE (PLUS) Germany)

FECIT
- EuroGRID EU) - Global GRID GGRID
- eScience U.K\)

= All Rights Reserved, Copyright FUJITSU LIMITED 2003

Eurogrid: European Testbed for
GRID Applications

» Technology Development: based on UNICORE
project

* HPC—Research GRID infrastructure: integrate
HPC center resources

* Domain-specific GRIDS: application—specific
interfaces and functions, evaluation of specia
GRID solutions

» Development and integration of new software
components for productization and deployment
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Source Karl Solchenbach, Pallas




EUROGRID :Partners

HPC Centers Users

* CSCS Manno (CH) » Deutscher Wetterdienst
» FZ Jdilich (D) * EADS

* ICM Warsaw (PL) * debis Systemhaus

« IDRISParis (F) (AS'star.1t Partner)

« Univ Bergen (N) Integration

Univ Manchester (UK) [ |» Pallas (Project Coordinator)
* FECIT (Assistant Partner)

Volume: 33 person years, 2 MEuro funding( European Commission Grant
Schedule:2000/11 2003/10

= All Rights Reserved, Copyright FUJITSU LIMITED 2003

Source Karl Solchenbach, Pallas

Domain-specific GRID

Bio-Grid Meteo-Grid CAE-Grid

Computation portal ASP solution for Coupled simulations of

on demand localized aircrafts(e.g. structure

to bio-molecular o
weather prediction and electromagnetism)

applications
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Source Karl Solchenbach, Pallas
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UNICORE

. 1997 —2002

. Pallas FLE FECIT)
+ Funding 400

e Eurogrid

Unicore Globus
2002 —2003
EU

FLE: Fujitsu Laboratories Europe

GRIP)

_| FECIT:Fujitsu European Center for Information Technology
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Clients (User's Workstation anywhera)

Jobh Preparation Job Monitoring

Unsafe Internet
{SSL/https)

| Gateway (Site A) | Gateway |Site B)

Authentication

Safe Intranet @

Authentication

(TCP/http) | UNICORE Server | UNICORE Server |
: Authorization Authorization ;
I Job Management Job Management
. Data Transfer Data Transfer '
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WorkFlow

Do Construc
If Construct

. — i
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Complex

1 Grid Compuitng
2 Global Grid Forum
3

4

Data Grid
6
7 Grid Web Service

1

Open Grid Service Architecture, Globus3.0

(8) NAREGI Project

Grid Project
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