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A New Science ParadigmA New Science Paradigm
 Thousand years ago:Thousand years ago:  

  Experimental Science  Experimental Science
      - - description of natural phenomenadescription of natural phenomena

 Last few hundred years:Last few hundred years:  
  Theoretical Science  Theoretical Science
      - Newton’s Laws, Maxwell’s Equations …- Newton’s Laws, Maxwell’s Equations …

 Last few decadesLast few decades::  
  Computational Science  Computational Science
      - simulation of complex phenomena- simulation of complex phenomena

 Today:Today:  
  e-Science or Data-centric Science  e-Science or Data-centric Science
      - unify theory, experiment, and simulation - unify theory, experiment, and simulation 
      - using data exploration and data mining- using data exploration and data mining
• Data captured by instruments Data captured by instruments 
• Data generated by simulationsData generated by simulations
• Data generated by sensor networksData generated by sensor networks
 Scientist analyzes databases/filesScientist analyzes databases/files

(With thanks to Jim Gray)(With thanks to Jim Gray)

2

2
2.

3

4

a

cG

a

a Κ−=












 ρπ



e-Science and Cyberinfrastructure?e-Science and Cyberinfrastructure?

 In 2003, the NSF published the ‘Atkins 
Report’ on ‘Revolutionizing Science and 
Engineering through Cyberinfrastructure’
 
 Report defined Cyberinfrastructure as:

• Grids of computational centers
• Comprehensive libraries of digital objects
• Well-curated collections of scientific data
• Online instruments and vast sensor arrays
• Convenient software toolkits



e-Science and  e-Infrastructure?e-Science and  e-Infrastructure?
Malcolm Read of JISC (e-IRG 2005)Malcolm Read of JISC (e-IRG 2005)

e-Infrastructure includes:e-Infrastructure includes:
 Networks (internet, light paths……..)Networks (internet, light paths……..)
 Computers (workstations, servers, HPC………….)Computers (workstations, servers, HPC………….)
 Access controls (security, AAA…………)Access controls (security, AAA…………)
 Middleware (metadata…………..)Middleware (metadata…………..)
 Finding tools (portals, search engines………) Finding tools (portals, search engines………) 
 Digital libraries (bibliographic, text, images, sound…Digital libraries (bibliographic, text, images, sound…

……)……)
 Research data (national and scientific databases, Research data (national and scientific databases, 

individual data……..)individual data……..)

““But little of this is universally available”But little of this is universally available”



Research InfrastructureResearch Infrastructure
 In the US, Europe and Asia there is a In the US, Europe and Asia there is a 

common vision for the research common vision for the research 
infrastructure required to support the        infrastructure required to support the        
e-Science revolutione-Science revolution

 Service Oriented Middleware Services and Service Oriented Middleware Services and 
Components plus high bandwidth Components plus high bandwidth 
academic research networksacademic research networks

 Powerful new tools to analyze research Powerful new tools to analyze research 
data and for knowledge management and data and for knowledge management and 
discoverydiscovery

 Open Access federation of research Open Access federation of research 
repositories containing full text and data repositories containing full text and data 



Grids in Industry (1)Grids in Industry (1)
 IBM Enterprise Grid Solutions  IBM Enterprise Grid Solutions  

 ““Virtualization” – the driving force behind Virtualization” – the driving force behind 
Grid computingGrid computing

 Infrastructure optimizationInfrastructure optimization
 Consolidate workload managementConsolidate workload management
 Provide capacity for high-demand applicationsProvide capacity for high-demand applications

 Resilient highly-available infrastructureResilient highly-available infrastructure
 Balance workloadsBalance workloads
 Enable recovery from failureEnable recovery from failure

 Emphasize reduction in TCO and Emphasize reduction in TCO and 
better ROI for businessesbetter ROI for businesses
 Different motivations in academia?Different motivations in academia?



Cluster-based HPCCluster-based HPC



Intra-Organization HPCIntra-Organization HPC



Virtual OrganizationsVirtual Organizations





The 451 Group AnalysisThe 451 Group Analysis

 See 5 levels of Grids:See 5 levels of Grids:
 Level 1 – Proofs of concept, trialsLevel 1 – Proofs of concept, trials
 Level 2 – Single application runningLevel 2 – Single application running
 Level 3 – Siloed Grids, multiple applicationsLevel 3 – Siloed Grids, multiple applications
 Level 4 – Inter-departmental GridsLevel 4 – Inter-departmental Grids
 Level 5 – Enterprise-wide GridsLevel 5 – Enterprise-wide Grids

 Early adopters of computing Grids:Early adopters of computing Grids:
 Financial servicesFinancial services
 Pharmaceutical companiesPharmaceutical companies
 Oil & GasOil & Gas
 ManufacturingManufacturing
 TelCosTelCos



Financial GridsFinancial Grids



Grids in industry (2)Grids in industry (2)

 Google, Amazon, Yahoo, eBay and  Microsoft Google, Amazon, Yahoo, eBay and  Microsoft 
as major ‘Cloud Platform’ providersas major ‘Cloud Platform’ providers
 All have infrastructures of hundreds of thousands All have infrastructures of hundreds of thousands 

of serversof servers
 Many large data centers, distributed across multiple Many large data centers, distributed across multiple 

continentscontinents
 Have developed proprietary technologies for job Have developed proprietary technologies for job 

scheduling, data sharing and managementscheduling, data sharing and management
 Care about power consumption, fault tolerance, Care about power consumption, fault tolerance, 

scalability, operational costs, performance, etc.scalability, operational costs, performance, etc.
 They are living the “Grid dream” on a daily basisThey are living the “Grid dream” on a daily basis



Google as an example …Google as an example …
 Estimated 450,000* servers distributed Estimated 450,000* servers distributed 

around the worldaround the world
 Google File System - highly distributed, Google File System - highly distributed, 

resilient to failures, parallel, etc.resilient to failures, parallel, etc.
 Schedulers and load balancers for the Schedulers and load balancers for the 

distribution of workdistribution of work
 Use their ‘Map-Reduce’ middleware as Use their ‘Map-Reduce’ middleware as 

parallel computational modelparallel computational model
 What is financial/competitive advantage for What is financial/competitive advantage for 

them to adopt standards for these in-house them to adopt standards for these in-house 
developed solutions?developed solutions?

* source: Wikipedia



Amazon Web Services:
 Simple Storage Service S3

 S3 is storage for the Internet
 Designed to make web-scale computing easier for 

developers

 Provides a simple Web Services interface to 
store and retrieve any amount of data from 
anywhere on the Web
 ‘CRUD’ philosophy – Create, Read, Update and 

Delete operations

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

can easily be added 



Amazon S3 Functionality
 Intentionally built with a minimal feature set

 Write, read, and delete objects containing from 
1 byte to 5 gigabytes of data each

 Can store unlimited number of objects 
 Each object is stored and retrieved via a unique, 

developer-assigned key

 Authentication mechanisms provided
 Objects can be made private or public, and 

rights can be granted to specific users

 Default download protocol is HTTP  
 BitTorrent protocol interface is provided to lower 

costs for high-scale distribution  



Amazon Web Services:Amazon Web Services:
Elastic Compute Cloud EC2Elastic Compute Cloud EC2

 Compute on demand service that works Compute on demand service that works 
seamlessly with their S3 storage serviceseamlessly with their S3 storage service

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

 Use EC2 Web Service to configure Use EC2 Web Service to configure 
security and network accesssecurity and network access

 Compute cost ‘subsidized’ by Christmas!Compute cost ‘subsidized’ by Christmas!



  EC2 Web Service EC2 Web Service 
 Use EC2 to start, terminate and monitor Use EC2 to start, terminate and monitor 

as many instances of your AMI as you as many instances of your AMI as you 
wantwant

 Each instance has:Each instance has:
 1.7 GHz x86 Processor1.7 GHz x86 Processor
 1.75 GB RAM1.75 GB RAM
 160 GB local disk160 GB local disk
 250 MB/s network bandwidth250 MB/s network bandwidth

 Used by Catlett and Beckman as capacity Used by Catlett and Beckman as capacity 
computing alternative to TeraGrid computing alternative to TeraGrid 
‘SPRUCE’ capability computing for ‘SPRUCE’ capability computing for 
emergency urgent responseemergency urgent response



Industry and Standards?Industry and Standards?
 Why don’t they care about Grid standards?Why don’t they care about Grid standards?

 See competitive advantage in their proprietary See competitive advantage in their proprietary 
infrastructure, proprietary servicesinfrastructure, proprietary services

 No need for interoperation between companiesNo need for interoperation between companies
 Will not see map-reduce tasks from Google being Will not see map-reduce tasks from Google being 

offloaded to Amazon’s infrastructure any time soonoffloaded to Amazon’s infrastructure any time soon
 Security and privacy are still major concernsSecurity and privacy are still major concerns
 Probably still cheaper for them to maintain their Probably still cheaper for them to maintain their 

own infrastructure than to offload to someone own infrastructure than to offload to someone 
else’selse’s

 There are some possibilities for standardizationThere are some possibilities for standardization
 WS-Management standards could reduce the WS-Management standards could reduce the 

operational cost of large collections of commodity operational cost of large collections of commodity 
infrastructure components - motherboards, disks, infrastructure components - motherboards, disks, 
network hubs, etc.network hubs, etc.



Customer demand can drive Customer demand can drive 
interoperability solutionsinteroperability solutions

        Example of SecurityExample of Security
 Customers want secure access/confidentiality no Customers want secure access/confidentiality no 

matter what service they usematter what service they use
 No competitive advantage in doing simple No competitive advantage in doing simple 

security in a proprietary waysecurity in a proprietary way
 Customer demand is forcing Microsoft’s Passport, Customer demand is forcing Microsoft’s Passport, 

Google’s ID, Liberty Alliance, OpenID to interoperate Google’s ID, Liberty Alliance, OpenID to interoperate 
 More complicated ‘VO’ scenarios are yet to be More complicated ‘VO’ scenarios are yet to be 

proven widely usefulproven widely useful
 Cross organization trust, credential delegation, id Cross organization trust, credential delegation, id 

federationfederation
 Work has already started in this space e.g. WS-Work has already started in this space e.g. WS-

Trust, WS-PolicyTrust, WS-Policy
 VOs required for academic/research collaborationsVOs required for academic/research collaborations
 Perhaps B2B scenarios like Supply Chains could Perhaps B2B scenarios like Supply Chains could 

provide commercial driver for their wide adoptionprovide commercial driver for their wide adoption



Open Access Research RepositoriesOpen Access Research Repositories
 Repositories will contain not only full text Repositories will contain not only full text 

versions of research papers but also ‘grey’ versions of research papers but also ‘grey’ 
literature such as technical reports and thesesliterature such as technical reports and theses

 In addition, repositories in the future will also In addition, repositories in the future will also 
contain data, images and softwarecontain data, images and software

 There will be many types of repository There will be many types of repository 
software and more powerful interoperability software and more powerful interoperability 
protocols such as OAI-OREprotocols such as OAI-ORE

 Libraries and researchers can add value by Libraries and researchers can add value by 
creating composite services as ‘eResearch creating composite services as ‘eResearch 
Mashups’Mashups’

 Currently over 1400 OAI-compliant repositories Currently over 1400 OAI-compliant repositories 
and more than 20 different types of softwareand more than 20 different types of software



Institutional Repositories?Institutional Repositories?



ORE - Augmenting interoperabilityORE - Augmenting interoperability
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Sustainability?Sustainability?
 Interoperable network of National, Interoperable network of National, 

Institutional and Subject RepositoriesInstitutional and Subject Repositories
 National Repositories are supported by National Repositories are supported by 

GovernmentsGovernments
 Institutional Repositories are the major Institutional Repositories are the major 

role for university libraries in the futurerole for university libraries in the future
 Subject  Repositories will be supported Subject  Repositories will be supported 

by Research Funding Agenciesby Research Funding Agencies

 Deep interoperability such as OAI-Deep interoperability such as OAI-
ORE will be essential given ORE will be essential given 
hetereogeneity of repository softwarehetereogeneity of repository software



Towards a Sustainable Towards a Sustainable 
Research Infrastructure?Research Infrastructure?

 IT Infrastructures are still considered a IT Infrastructures are still considered a 
competitive advantagecompetitive advantage
 Optimization and better utilization of the infrastructure Optimization and better utilization of the infrastructure 

brings more moneybrings more money

 Companies are trying to take advantage of their Companies are trying to take advantage of their 
proprietary infrastructures to build new services proprietary infrastructures to build new services 
and competeand compete
 Why would they want to standardize now?Why would they want to standardize now?

 Could some commercial ‘Cloud Services’ be a Could some commercial ‘Cloud Services’ be a 
part of the sustainable e-Infrastructure?part of the sustainable e-Infrastructure?

 Research Repository component of the Research Repository component of the 
infrastructure has ‘natural’ sustainability model?infrastructure has ‘natural’ sustainability model?
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