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ÅTCP/IP versus ISO Protocols

ïISO Committees disconnected with operational world

ïIETF solved and responded to real operational 
problems

ÅMPI community message-passing standard

ïJoint effort between research community and the 
major vendors (IBM, Meiko, Intel, TMC, Ncube)

ÅWeb

ïPioneered by research community

ïHTML and HTTP were a pragmatic compromise

successful standards efforts



ÅInitiated by the research community

ïDistributed, collaborative computing

ïHPC Centers

ÅSuccessful Grids in industry

ïFinance, Pharma, Oil & Gas

ïIntra-Grids in Business

ÅCloud Service providers

ïGoogle, Amazon, eBay, Yahoo and Microsoft

the grid community



Å Thousand years ago ςExperimental Science
ïDescription of natural phenomena

Å Last few hundred years ςTheoretical Science
ïbŜǿǘƻƴΩǎ [ŀǿǎΣ aŀȄǿŜƭƭΩǎ 9ǉǳŀǘƛƻƴǎΧ

Å Last few decades ςComputational Science
ïSimulation of complex phenomena

Å Today ςeScienceor Data-centric Science
ïUnify theory, experiment, and simulation 
ïUsing data exploration and data mining

ÅData captured by instruments
ÅData generated by simulations
ÅData generated by sensor networks

üScientist analyzes databases/files
üCommercial and academic applications

(With thanks to Jim Gray)

emergence of a new science paradigm
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http://es.rice.edu/ES/humsoc/Galileo/Images/Astro/Instruments/hevelius_telescope.gif


ÅGrid middleware and Web Services are becoming 
very complex and hard to use

üNeed to go back and look at needs of users

ÅRecognize the transition to data-centric eScience

ÅProvide support for domain scientists

ÅFocus on user and application requirements

ÅNeed for simplicity and ease of development

ÅLearn lessons from the Web

motivation



ÅHas tremendous momentum

ÅThe browser is the universal canvas for the 
delivery of information and functionality

ÅWeb protocols, technologies, and middleware 
are well supported by the IT industry

Å9ŀǎȅ ǘƻ ǳǎŜ ŎƻƭƭŜŎǘƛƻƴ ƻŦ Ψ²Ŝō нΦлΩ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛǎ 
maturing

Å9ƳŜǊƎŜƴŎŜ ƻŦ ά{ƻŦǘǿŀǊŜ-as-a-ǎŜǊǾƛŎŜέ 

the web



ÅUsers generate content on the Web

ïBlogs, wikis, photographs, videos, etc.

ïThey do not have to know HTML

ÅThey form communities

ïSocial networks, virtual worlds

ÅThey interact, collaborate, share

ïInstant messaging, web forums, content sites

ÅThey consume information and services

ïSearch, annotate, syndicate

users are both consumers and producers



ÅAnnotate, share, discover data

ÅCollaborate, exchange ideas over the Web

ÅCreate communities, social networks

ÅUse workflow tools to compose services

ǎŎƛŜƴǘƛǎǘǎ ǘƻŘŀȅΧ



example - connotea

search

find resources 
bookmarked by 

other users



ÅService composition as a 
way to build distributed 
applications
ïService-orientation

the web application platform

Yahoo pipes

Aggregate news about ñGrid Computingò



mashups: composing data and functionality

SensorMap
Functionality: Map navigation
Data: sensor-generated temperature, video camera feed, traffic feeds, etc.



ÅServices on the cloud
ïBlogging

ïData 
processing/transformation

ïContent upload, sharing, 
discovery

ïStorage, computation, 
messaging

the web application platform

http://ecrystals.chem.soton.ac.uk

Thanks to Jeremy Frey



ÅS3 is storage for the Internet
ïDesigned to make web-scale computing easier for 

developers

ÅProvides a simple Web Services interface to store 
and retrieve any amount of data from anywhere on 
the Web
ïΨ/w¦5Ω ǇƘƛƭƻǎƻǇƘȅ ςCreate, Read, Update and Delete 

operations

ÅUses simple standards-based REST and SOAP Web 
Service interfaces 
ïBuilt to be flexible so that protocol or functional layers 

can easily be added

amazonweb services: simple storage service (s3)



ÅIntentionally built with a minimal feature set
ïWrite, read, and delete objects containing from 1 byte to 

5 gigabytes of data each

ÅCan store unlimited number of objects 
ïEach object is stored and retrieved via a unique, 

developer-assigned key

ÅAuthentication mechanisms provided
ïObjects can be made private or public, and rights can be 

granted to specific users

ÅDefault download protocol is HTTP
ïBitTorrentprotocol interface is provided to lower costs 

for high-scale distribution

amazons3 functionality



ÅCompute on demand service that works seamlessly with their 
S3 storage service

ÅCreate Amazon Machine Image (AMI) containing application, 
libraries and data

ÅUse EC2 Web Service to configure security and network access
ÅUse EC2 to start, terminate and monitor as many instances of 

your AMI as you want
ïEach instance has:
Å1.7 GHz x86 Processor
Å1.75 GB RAM
Å160 GB local disk
Å250 MB/s network bandwidth

ÅUsed by Catlett and Beckman as capacity computing 
alternative to TeraGridΨ{tw¦/9Ω ŎŀǇŀōƛƭƛǘȅ ŎƻƳǇǳǘƛƴƎ ŦƻǊ 
emergency urgent response

amazonweb services: elastic compute cloud (ec2)



a grad student project using s3 and ec2

Gene Analysis Virtual

Lab Experiment

by Jong Youl Choi

at Indiana

(For Beth Plale and Sun Kim)



ÅProtocol-based integration

ïBased on the Web Services stack

ÅWS-* stack has become very complex

ÅDanger that Grid-* stack will become too complex

ïMuch effort on systems management specifications

ïHPC Basic Profile as the example of a domain-specific 
specification with industry adoption

ÅStandards adoption

ïWhy are major Grid users/software providers not 
more engaged with OGF?

ogf and standards for grid computing



ÅGoogle, Amazon, Yahoo, eBay and  Microsoft are 
ǘƘŜ ƳŀƧƻǊ Ψ/ƭƻǳŘ tƭŀǘŦƻǊƳΩ ǇǊƻǾƛŘŜǊǎ
ïAll have infrastructures of hundreds of thousands of 

servers

ïMany large data centers, distributed across multiple 
continents

ïHave developed proprietary technologies for job 
scheduling, data sharing and management

ïCare about power consumption, fault tolerance, 
scalability, operational costs, performance, etc.

ï¢ƘŜȅ ŀǊŜ ƭƛǾƛƴƎ ǘƘŜ άDǊƛŘ ŘǊŜŀƳέ ƻƴ ŀ Řŀƛƭȅ ōŀǎƛǎ

grids in industry



Å Estimated 450,000* servers 
distributed around the world

*source: Wikipedia

ÅGoogle File System - highly 
distributed, resilient to 
failures, parallel, etc.

Å Schedulers and load balancers 
for the distribution of work
ï¦ǎŜ ǘƘŜƛǊ ΨaŀǇ-wŜŘǳŎŜΩ 

middleware as parallel 
computational model

ÅWhat is financial/competitive 
advantage for them to adopt 
standards for these in-house 
developed solutions?

googleas an example


