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Grid Computing
• Grid computing enables a set of resources (compute, data, network, 

viz, etc.) to be used by an application as an ensemble

• Cyberinfrastructure involves the coordinated aggregation of software 
and hardware technologies, human expertise, data, sensors, 
instruments, and other resources to provide a platform for enabling 
new discovery.

• Grid computing a fundamental technology for Cyberinfrastructure
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Grid Computing –
State of the Art

Grid Applications

Grid Resources
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� “ Gridification”  of community 
resources – hardware, databases, 
networks

� Focus on interoperability and 
development of (academic and 
commercial) “ production”  SW

� Development of “ First”  and in 
some cases, “ second”  responder 
applications

� Focus on unifying system 
software – Globus, TeraGrid 
CTSS, Unicore, etc.

Success metrics:
•  How many users?
•  How “ easy” ?
•  How capable?
•  How useful?
•  Value added by using Grid  technologies?



UCSD

SAN DIEGO SUPERCOMPUTER CENTER

Fran Berman

Do Plants Practice Grid Computing?
According to Nature , plants seem to optimize their 'breathing' by conducting simple 
calculations through a distributed computing scheme. "Plants appear to 'think', according to 
US researchers, who say that green plants engage in a form of problem-solving 
computation.“

…

  

Roland Piquepaille's Technology Trends 
How new technologies are modifying our way of life 

January 2004

Grid Computing -- A Work in Progress
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Today’s Presentation

• Grid computing -- State of the Art

• Grid applications and usage models

• First Responders

• Advanced Usage Scenarios

• Challenges and Opportunities

• Success -- How we’ll know when we get there
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Grid Applications 
and Usage Models
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First Responders

PRAGMA:  Pacific Rim Grid 
Middleware Consortium

grid software and 
applications

TeraGrid: 
National Production Grid 

Infrastructure

GEON:  
Geosciences

cyberinfrastructure

NEES:  Earthquake 
Engineering IT 

infrastructure coupling 
remote experiments and 

data

NSDL: Digital Library
technologies

distributed data archiving

NVO Sky Surveys:
National Virtual Observatory

data grid technologies

GriPhyN:
Grid Physics Network

data grid technologies
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Related Work – substantive academic and 
commercial focus  on some form of distribution 

and coordination

• Digital Libraries 

• Internet applications

• Network applications

• Enterprise computing

• Gaming

• Collaboratories

• On-Demand Computing

Seti-at-home
Distributed 

search
for extra-
terrestrial

intelligence

Everquest
On-line Role-Playing

Game

Pogo 
On-line

Gaming (bridge,
poker, etc.)
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Tomographic
Reconstruction

Shared Input data

Tasks

Raw Output

Post-processing

Final Output

Electron
Microscope

MCell as 
biologists see it

MCell 
as 

computer
scientists

see it

Feedback
Improves model

accuracy

Models 
provide
data for

simulation

Biological
modeling from 

physical samples

Simulation executed on 
available resources:
supercomputers to

lab clusters.

MCell code
developed to 

target wide
variety of 

technologies

MCell on the Grid

Coordinated
Computation

Parameter Sweep
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Advanced Usage Scenarios

• Adaptive applications
• Run anywhere
• Run where the turnaround time 

is the fastest
• Run anywhere a particular 

library is present
• Don’t bother me with the 

details of where I’m running

Information courtesy of Rich Wolski

• The Satisfiability Problem:  Given a 
boolean formula, find if it is satisfiable or 
prove otherwise.
• Application domains include circuit design, artificial 

intelligence, security, model checking and software 
testing, etc.

• GridSAT (Wolski et al.) is a Grid-friendly 
version of zChaff, a winner in the world 
satisfiability competit ion, developed to run 
adaptively on the Grid 

• GridSAT uses adaptivity to 
achieve performance

• GridSAT code is tightly coupled:  
Adaptive scheduler tries to 
execute on a single machine until 
program overwhelms local 
memory or until the problem has run 
so long that splitting it seems to be a 
good choice.

• GridSAT augments big resources 
with smaller ones to improve both 
turnaround time and cost

• Adaptive applications
• Run anywhere
• Run where the turnaround time 

is the fastest
• Run anywhere a particular 

library is present
• Don’t bother me with the 

details of where I’m running
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Adaptation to Dynamic Environments
• GridSAT scheduler understands 

batch queue submission and 
space-sharing

• Launches and periodically re-launches 
batch requests on batch-controlled 
resources

• When the resources come on-line, they 
report to the the scheduler

• The scheduling algorithm migrates work 
from slower machines to faster space-
shared processors

• Outcome:  Jobs running on 
slower resources make progress 
while batch jobs are in queue

5472XSATGglassybp-
v399-
s499089820

30837XUNSATRCrand_net70-2
5-5

6735507SATFPGAbart15

48776322UNSATFPGA6pipe.cnf

GridSATzChaffSolutionCategoryProblem

Experimental Platform:  GridSAT 
run on the GrADS testbed, a 

computer science-oriented Grid 
testbed distributed geographically 

across U.S. sites
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Not everything is a Grid Application

Compute capability (increasing FLOPS)
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Not everything is a Grid Application

Compute capability (increasing FLOPS)
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Computing

Traditional HPC Env

Data – Oriented Science Env

Data Storage/Preservation Env Extreme I/O Environment

NVOEOL

CiPres

SCEC
Visualization

ENZO
Visualization

CFD

Turbulence
field

Climate
SCEC

Simulation ENZO 
simulation

QCD

Protein 
Folding/MD

Turbulence
Reattachment

length

CPMD

Quantum
Chemistry

GridSAT

1. 3D + time 
simulation

2. Out-of-Core

Can’t be executed 
with good performance
 on Grid (I/O exceeds WAN)

Distributed I/O
Capable 

Lends itself to Grid

Could be targeted 
efficiently on Grid

Difficult to target 
efficiently on Grid
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Challenges in Realizing 
the Grid Vision

The problem is not the Grid 
vision, it’s the underestimation
of what it takes to get there …
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Challenges in Building Grids 

• Technical Challenges
• Scalability of grid 

infrastructure

• Security and fault tolerance– 
adapting to resource failure 
and performance variation

• Next generation programming 
models (real-time, on-
demand, adaptive, etc.)

• Grid programming 
environments:  libraries, 
compilers, schedulers, 
performance tools, etc.

• What went wrong?  How can 
I debug my Grid program?

• How can I be sure my 
program/data is secure?

• How should we coordinate 
resources so that the 
aggregate performance is 
acceptable?
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Challenges in Building Grids
• Legal Challenges

• How do we deal with varying 
institutional IP policies, open 
source policies, licensing 
policies, etc. 

• Logistical Challenges
• Who maintains the SW? 

• Who fixes the bugs?  

• Who documents the code?

• Who writes the manual?

• Who answers the phone? 

• What do I need to do to “ join 
the Grid” ?

• Who do I call when I’m having 
trouble?

• Will my institution/company 
allow me to contribute to open 
source software?

What do I need to do to “ join the 
Grid” ?

Who do I call when I’m having 
trouble?

Will my institution/company allow 
me to contribute to open source 
software?

By ?????
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Challenges in Building Grids 

• Ideological Challenges
• Commercial vs. academic community – 

should someone make a profit?

• Policy:  What is shared/private, 
free/charged for, centralized/distributed, 
etc.

• Who makes decisions? Who enforces 
decisions?  Do we need a “Grid U.N.”?

• Political challenges
• How to share resources across national 

boundaries?  

• How to ensure stable, persistent, long-term, 
adequate funding

• How to achieve scientific goals in the 
context of political constraints 

• Can I get an account in 
Egypt?

• What if I don’t want to 
run your application on 
my resources?

• What am I willing to pay 
for?
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Next-Generation
Challenges
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Policy – The Grid as a social system

• The Grid as a social 
system:  Aggregate 
user behavior must 
not destabilize the 
system
• Grid users seek 

individual application 
performance – what 
“rules of the road” do we 
need to put into place to 
ensure stability?
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Allocations – The Grid as an economic 
system

• The Grid as an 
economic system:  
Users want “ end-to-
end”  performance – 
computer cycles, 
network bandwidth, 
data storage must be 
balanced
• “ Multiple currencies, 

multiple users” problem

      Social, 
economic, 
political policies 
for the Grid are 
uncharted 
territory
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Organization – Beyond “ Communities of 
Friends”

Site Coordination Committee
Site Leads

Project Director
Rick Stevens

(UC/ANL)

Technical Coordination Committee
Project-wide Technical Area Leads

Clusters
Pennington

(NCSA)

Networking
Winkler
(ANL)

Grid Software
Kesselman (ISI)
Butler (NCSA)

Data
Baru

(SDSC)

Applications
WIlliams
(Caltech)

Visualization
Papka
(ANL)

Performance Eval
Brunett

(Caltech)

…

Chief Architect
Dan Reed
(NCSA)

Executive Committee
Fran Berman, SDSC (Chair)

Mike Levine, Ralph Roskies, PSC
Jim Poole, CIT

Rob Pennington, NCSA
Rick Stevens, UC/ANL

Charlie Catlett, ANL, +TEPs

Technical Working Group
• Are we creating an extensible 
cyberinfrastructure?

External Advisory Committee
• Are we enabling new science?
• Are we pioneering the future?

Institutional Oversight Committee
Frieder Seible, UCSD
Richard Herman UIUC

Dan Meiron, CIT (Chair)
Robert Zimmer, UC/ANL

User Advisory Committee
• Are we effectively supporting 
good science?

NSF MRE 
Projects

Internet-2
McRobbie

Alliance UAC
Sugar, Chair

NPACI UAC
Kupperman, Chair

NSF ACIRNSF Review Panels

Policy Oversight Objectives Architecture

Currently 
being 

formed

Executive Director /
Project Manager

Charlie Catlett (UC/ANL)
Project Engineer

Pete Beckman (UC/ANL)

ANL CITt NCSA SDSC

PSC NCAR
Operations

Sherwin
(SDSC)

User Services
Wilkins-Diehr (SDSC)

Towns (NCSA)

Implementation

TeraGrid
Management

Structure,
Circa 2004

PSC Purdue IU TACC

ORNL
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Accessibility -- Advanced User 
Environments

     Every 14 year old 
gamer regularly uses 
more sophisticated 
user environments 

than most scientists

    Today’s RPG games 
provide robust, 

interactive, dynamic, 
distributed 

environments with 10’s 
of thousands of users

     Gaming technologies 
demonstrate 

sophisticated adaptation 
to available resources 

(home PCs, cable 
modems)

Today’s “ high-tech”  
user portals

Today’s “ low-tech”  
RPG games



UCSD

SAN DIEGO SUPERCOMPUTER CENTER

Fran Berman

Gaming User Interfaces can be used to 
provide broader access to the Grid

• “ Back-end”  custom gaming 
server(s) can be replaced with 
more powerful technologies 
(high-end computers,  grid 
environments, community data 
bases, etc.)

• Re-usable “ grid services”  can 
link sophisticated user 
environments to a wide spectrum 
of computational and data 
management environments

• Gaming technologies can be 
used to promote collaboration
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Knowing 
When We Get There
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Measuring Success

• What is good software?

• What are adequate 
resources?

• How much time should be 
spent on learning/using 
technology, and how much 
time should be spent on 
pursuing science? (tech:
science ratio …)

• What modes of failure are 
unacceptable?

Establishing clear and 
quantifiable metrics of success 
critical to the success of Grid 

Computing and 
Cyberinfrastructure

Taking a Strategic Approach
•  What will the Grid look like in 10 
    years?
•  How do we want to use the Grid 
    in 10 years?
•  What Research, Development, 
   and Deployment projects should 
   we invest in now to make this 
   happen?
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Successful Infrastructure
• The Grid should be as easy to use as 

our cars

• All components should work together to 
provide end-to-end performance

• Things should be basically where you 
expect them to be – you can get in 
almost any car and drive it with a 
minimum of effort

• There should be an instruction manual 
that’s user friendly

• It should be relatively easy to find 
someone who can fix it when it breaks

• It’s more about where you’re going than 
whether your car is working
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Thank You 

Common Infrastructure

NPACI Grid 
Middleware

NPACI, TeraGrid 
Grid Applications

Resources

Middleware

Grid Applications

www.sdsc.edu


