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IBM-Google: Training next generation of computing skills

Google/IBM/NSF Academic Initiative
• Promotes open standards & Hadoop massive parallel 

- computing model
• Jointly provide compute platform of the future using IBM Blue 

Cloud
• Supported by the National Science Foundation: 

$4.95M in grants issued to 14 schools
• One of the largest production clouds in existence, with over 

1000 servers, ~ 1 PB Storage Space

Benefits
• Trains students with next generation computing skills
• Promotes advanced research & learning activities
• Allow users to tap into massive computing resources not 

previously available
• Providing Global Cloud Computing collaboration among WW 

universities
• lower the financial and logistical barriers for the academic 

community to explore this emerging model of computing

Fall 2007 – 2009, >850 students trained across >33 academic institutions
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2009 National Science Foundation Awardees

$449,995AstrophysicsUniversity of Washington

$150,000Topic-Partitioned IndexingCarnegie Mellon University

$200,000Statistical Machine TranslationUniversity of Maryland

$449,089Machine TranslationCarnegie Mellon University

$379,919DNA SequencingUniversity of Maryland

$190,000Visualization of Massive Ocean SimulationUniversity of Washington

$151,213Comparison of Hadoop with Commercial DB systemsMIT

$200,000Geospatial ImageryFlorida International University

$221,730Fuzzy Search QueriesUC Irvine

$190,001Visualization of Massive Ocean SimulationUniversity of Utah

$109,506Comparison of Hadoop with Commercial DB systemsUniversity of Wisconsin

$239,281Comparison of Hadoop with Commercial DB systemsYale University

$219,408Image ProcessingUniversity of Virginia

$450,000Dynamic Provisioning Strategies for Data Intensive AppsUC San Diego

$450,000Intelligent Information RetrievalUniversity of Massachusetts

$450,000Massive Graphs in ClustersUC Santa Barbara

$450,000LinguisticsPurdue University

Award AmountResearch TopicsInstitution
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Some technical details

� Hardware by Google, management software by IBM

� ~1000 physical servers, running virtualized 1:1 –
main goal is stability 

– User jobs can crash VMs – automatic restart

– Can run multiple VMs/server

� System is organized as one big Hadoop cluster

– Every user job is eligible to use entire cluster

– Internal scheduling manages sharing when there are 
multiple concurrent users
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Goal:  Create a Research cross strategy initiative to establish an environment for  innovation in Cloud 
Computing.  Harness the Research ‘living lab’ for high growth areas.  Harvest  Cloud Computing 
technology for client facing opportunities.

Approach: Use Virtualization and “cloud” as a technology enabler to deliver a Worldwide Research 
Computing Service as a means to unite I/T process and rapid technology delivery. 
RC2 defined as IBM Research intersection point. 

Collaboration: Overlay on Research Computing Cloud leveraging existing major initiatives.  Focusing on 
client-driven scenarios, and close partnership with GTS, SWG, and STG to maximize IBM integrated 
value proposition.  Intersect IBM Developer Cloud Roadmap.

Value:  Deliver  greater a more effective and efficient set of  I/T capabilities in support of Research and 
IBM priorities.  Showcase via real world application of cloud computing and virtualization technologies. 

Future Capabilities: Datacenter Optimization &  Management (Ensembles),  Catalog-based  I/T Services, 
Virtual Image management, Security Zones, Workload Optimization

Research Compute Cloud (RC2) Objectives

Greater IT Capabilities
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and fulfill On-Demand promise 
� Adjustable capacity
� Movable across Research Labs
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� Collaborative shared Images
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Terminology: Images, Instances, VMs
Create

Instantiate

Capture

Start/Resume

Stop/Suspend
/Snapshot

Update,
Customize,

Maintain

Image Instance VM

• Durable object - not

affected by VM execution
• Not bound to a runtime

environment or hypervisor

• Suitable for sharing

• Consumes storage

resources

• Volatile object - modified

as a side-effect of VM execution
• Bound to a specific runtime

environment (e.g. IP addr)

• Not suitable for sharing -

contains user-specific private

data (e.g. passwd, ssh keys)

• Consumes storage resources

• Temporal object - logical

computer running on a
hypervisor platform

• Uses an instance disk as the

backing store for its state

• Consumes server & network

resources

An Image Centric Compute Cloud RC2
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Image Management

� Virtual Image: pre-wired, pre-configured, productio n-ready software stack 
packaged inside virtual machine images designed to run under a VM 
hypervisor

– Contains customization logic

– Associated meta-data manifest describing capabilities and requirements

� Benefits

– Purposed, prepared and maintained by experts and IT staff

– Easier production usage by partners and customers

– Common management enablement

– Common patterns

– Fast replication, isolation

� Image Management

– Image Library

– Scalable image repository

– Tools for operating on images

Middleware
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Image Library: Manifest, Content and Version
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Security for Cloud Computing

� Mission critical workloads and sensitive business 
data will not migrate to the cloud, unless customer s 
are convinced that the cloud offers security and 
compliance guarantees that are equivalent or better  
than what they can provide themselves.

� Security and in particular, authentication , access 
control , isolation management , integrity 
management and image management are key 
enabling technologies for cloud computing.
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Findings: Fundamental Security Challenges

� What is unique about cloud computing security?

– Loss of physical ownership – “technological, cultural and psychological issue”
• Redefines boundaries of IT infrastructure, redefines “insider attacks”

– Large-scale multi-tenancy and dynamic nature of service deployment

• multiple tenants, frequency, higher probability for mis-configuration

– Complexity of reasoning and optimization: multiple layers & constraints
• Complexity implies the need for a framework to manage security

– Data loss risk: concentration of computing and data magnified risks caused

� Some “grading” of security strength may be required “gold, silver, 
bronze”

– Different levels of assurance, quantification of benefits, associated guarantees 
and compensation for SLA violation – legal and regulatory issues

– Tailored to different customers: enterprise, government/defense, academic
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Scenario: Isolation Between Test and Production Wor kloads

DB2IHS
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Physical Data Center

Production Environment
� Composite application (solution template) that runs  critical functions

� Integrity of application and data critical

Development Environment

� New version of the same application developed in pa rallel

� Development and testing need to be done in isolatio n to ensure potential problems/untested features do  not contaminate 
production environment

� Migration of deployment-ready new version into prod uction can be facilitated by virtualization 
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Research Compute Cloud Chargeback

An experimental  chargeback service to help recover  costs, and 
to encourage efficient use of cloud resources. 

– Capture, align, and apportion actual usage cost as a service 
provider.

– Gain experience in designing, delivering, and applying cloud 
economics

– Drive behaviors that can help lower, control, and predict 
expenses
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Chargeback announcement & # of destroyed instances
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Conclusions

� Multiple cloud testbeds at IBM

– IBM-Google cloud: primarily for education/scientific research

– RC2: Internal cloud at IBM Research

– Kittyhawk: Extreme scaling prototype

� Image management is at the center of general-purpos e 
clouds, whether it is RC 2 or Kittyhawk

� Chargeback mechanism necessary for efficient use of 
resources


