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ScenarioScenario

•• Data sensors geographically Data sensors geographically 
distributeddistributed

•• Storage centers Storage centers 
geographically distributedgeographically distributed

•• Analytical resources Analytical resources 
geographically distributedgeographically distributed

•• Colleagues at different Colleagues at different 
institutions or research sitesinstitutions or research sites

•• Seamless integration of all Seamless integration of all 
resourcesresources

What infrastructure would youWhat infrastructure would you
need to make this possible?need to make this possible?

A Grid!A Grid!



DefinitionsDefinitions

•• “…“… uses the resources of many separate computers uses the resources of many separate computers 
connected by a network (usually the internet) to solve connected by a network (usually the internet) to solve 
largelarge--scale computation problemsscale computation problems”” –– WikipediaWikipedia

•• “…“… the illusion of a simple yet large and powerful selfthe illusion of a simple yet large and powerful self--
managing virtual computer out of a large collection of managing virtual computer out of a large collection of 
connected heterogeneous systems sharing various connected heterogeneous systems sharing various 
combinations of resourcescombinations of resources”” –– IBM RedbooksIBM Redbooks

•• ““Grid Computing enables virtual organizations to share Grid Computing enables virtual organizations to share 
geographically distributed resources as they pursue geographically distributed resources as they pursue 
common goals, assuming the absence of central location, common goals, assuming the absence of central location, 
central control, omniscience, and an existing trust central control, omniscience, and an existing trust 
relationship.relationship.”” –– Globus AllianceGlobus Alliance



The Evolution ofThe Evolution of
Grid TechnologyGrid Technology

•• HighHigh--Performance ComputingPerformance Computing
•• Cluster ComputingCluster Computing
•• PeerPeer--toto--Peer ComputingPeer Computing
•• Internet ComputingInternet Computing



HighHigh--PerformancePerformance
ComputingComputing

•• Traditionally known Traditionally known 
as superas super--computingcomputing

•• Specialized for Specialized for 
parallel processing parallel processing 
algorithmsalgorithms

•• Shared equally Shared equally 
among academia, among academia, 
research, and research, and 
commercial sectorscommercial sectors



Cluster ComputingCluster Computing

•• Originated 1994 Originated 1994 –– Beowulf cluster NASABeowulf cluster NASA
•• ClassificationClassification

–– HighHigh--availability availability –– fault tolerantfault tolerant
–– LoadLoad--balancing balancing –– simultaneous user basesimultaneous user base
–– HighHigh--performance performance –– computational usecomputational use

•• MassivelyMassively--parallel (2 to 1000parallel (2 to 1000’’s of nodes)s of nodes)
•• Commodity hardware (Intel, AMD, PowerPC)Commodity hardware (Intel, AMD, PowerPC)
•• LowLow--cost software (Linux, FreeBSD, MacOS)cost software (Linux, FreeBSD, MacOS)
•• Interconnected via highInterconnected via high--speed private networksspeed private networks
•• Shared storage SAN/NASShared storage SAN/NAS

•• System X at Virginia Tech System X at Virginia Tech –– 12.25 12.25 TflopsTflops, 7, 7thth fastest highfastest high--
performance computer in the world (Nov 2004, TOP500)performance computer in the world (Nov 2004, TOP500)



PeerPeer--toto--PeerPeer
ComputingComputing

•• Primarily used for distributed storage and Primarily used for distributed storage and 
filefile--sharingsharing

•• Early models (Early models (rcprcp, , scpscp, ftp), ftp)
–– Restricted to LANs, orRestricted to LANs, or
–– Limited to known peersLimited to known peers

•• InternetInternet--based modelsbased models
–– Centralized (Napster, Centralized (Napster, KazaaKazaa*)*)
–– Decentralized (Gnutella)Decentralized (Gnutella)

*100,000,000 downloads by 2004; 2*100,000,000 downloads by 2004; 2--million new downloads a weekmillion new downloads a week



CentralizedCentralized
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Internet ComputingInternet Computing

•• Volunteer or philanthropic Volunteer or philanthropic 
computing; utilizes personal computing; utilizes personal 
desktop computers desktop computers 
connected to the Internetconnected to the Internet

•• Desktop computers idle Desktop computers idle 
approximately 95% of the approximately 95% of the 
their lifespantheir lifespan

•• Divide and Conqueror Divide and Conqueror 
approachapproach
–– Tasks broken into smaller Tasks broken into smaller 

subtaskssubtasks
–– Desktop executes subtasks Desktop executes subtasks 

during idle timeduring idle time
–– Desktop sends data back to Desktop sends data back to 

central server, which central server, which 
aggregates resultsaggregates results



SynthesisSynthesis
entrentréée Gride Grid

•• HighHigh--performance computingperformance computing
–– pioneered the use of pioneered the use of ““parallelparallel”” algorithmsalgorithms

•• Cluster computingCluster computing
–– demonstrated the nature of shared computing and demonstrated the nature of shared computing and 

storagestorage
–– load balancing protocolsload balancing protocols

•• PeerPeer--toto--peer computingpeer computing
–– distributed storage resource with no central distributed storage resource with no central 

authorityauthority
•• Internet computingInternet computing

–– geographically distributed virtual organizationgeographically distributed virtual organization
–– fabric of the project vanishes with                 fabric of the project vanishes with                 

completion of the taskcompletion of the task



CharacteristicsCharacteristics
of a Gridof a Grid

•• Resources thatResources that
–– are connected via a networkare connected via a network
–– are geographically distributedare geographically distributed
–– heterogeneous hardware and/or softwareheterogeneous hardware and/or software
–– managed transparently for performance and managed transparently for performance and 

fault tolerancefault tolerance
•• Illusion of a virtual organizations withoutIllusion of a virtual organizations without

–– a central authoritya central authority
–– a central controla central control

•• Explicit trust relationships between users Explicit trust relationships between users 
and resourcesand resources

•• A system that scales in space and timeA system that scales in space and time



Types of ResourcesTypes of Resources

•• Computation Computation 
–– utilization of computing cycles found on processors of the utilization of computing cycles found on processors of the 

machines on the gridmachines on the grid
•• Storage Storage 

–– to increase capacity, performance, sharing, and reliability of to increase capacity, performance, sharing, and reliability of 
datadata

•• CommunicationCommunication
–– to increase capacity, performance, and reliability of data to increase capacity, performance, and reliability of data 

communicationcommunication
•• Collaboration toolsCollaboration tools

–– to facilitate collaboration through conferencing, visualization,to facilitate collaboration through conferencing, visualization,
and data sharingand data sharing

•• Software and LicensesSoftware and Licenses
–– to share siteto share site--specific software and/or licensesspecific software and/or licenses

•• Special equipment, capacities, architectures, and policiesSpecial equipment, capacities, architectures, and policies
–– printers, imaging, sensors, or other local specialty resourcesprinters, imaging, sensors, or other local specialty resources



Grid IngredientsGrid Ingredients



Grid TopologiesGrid Topologies

•• Departmental GridsDepartmental Grids
–– localized to a specific group of peoplelocalized to a specific group of people
–– generally, same hardware and softwaregenerally, same hardware and software
–– designed for high throughput and high performance over a designed for high throughput and high performance over a 

dedicated networkdedicated network
•• Enterprise GridsEnterprise Grids

–– service to numerous groups within a single company or service to numerous groups within a single company or 
campuscampus

–– resource heterogeneity increasesresource heterogeneity increases
–– companycompany--wide local area networkwide local area network

•• ExtrapriseExtraprise GridsGrids
–– service to multiple companies, partners, and customers within service to multiple companies, partners, and customers within 

a particular domaina particular domain
–– domain based private networkdomain based private network

•• Global GridsGlobal Grids
–– established over the publicestablished over the public--InternetInternet



ResourceResource--basedbased
GridsGrids

•• Compute GridsCompute Grids
–– desktop nodesdesktop nodes
–– server nodesserver nodes
–– highhigh--performance computing clustersperformance computing clusters

•• Data GridsData Grids
–– performanceperformance--based distributed storagebased distributed storage
–– replication for faultreplication for fault--tolerancetolerance

•• Collaboration GridsCollaboration Grids
–– support for videosupport for video--conferencing, visualization and data sharingconferencing, visualization and data sharing

•• Utility GridsUtility Grids
–– maintained and managed by a commercial service providermaintained and managed by a commercial service provider
–– compute resources acquired on a percompute resources acquired on a per--need basisneed basis
–– application resources that are purchased on a perapplication resources that are purchased on a per--use or peruse or per--

minute basisminute basis



ApplicationApplication
CharacteristicsCharacteristics

•• Perfect ParallelismPerfect Parallelism –– computations run computations run 
autonomously (Monte Carlo Simulations)autonomously (Monte Carlo Simulations)

•• Data ParallelismData Parallelism –– operations performed operations performed 
on data simultaneously (db searches)on data simultaneously (db searches)

•• Functional ParallelismFunctional Parallelism –– multiple multiple 
operations are performed simultaneouslyoperations are performed simultaneously

Optimized for parallel 
execution

Not capable of parallel 
computation

Fibonacci Series (1, 1, 2, 3, 5, 8, 13, 21,…)
F(k+2) = F(k+1) + F(k)



Questions to ask?Questions to ask?
When thinking GridWhen thinking Grid

•• Identity and AuthenticationIdentity and Authentication
–– Is this user who he says he is?Is this user who he says he is?
–– Is this program the right program?Is this program the right program?

•• Authorization and PolicyAuthorization and Policy
–– What can the user do on the grid?What can the user do on the grid?
–– What can the application do on the grid?What can the application do on the grid?
–– What resources are the user and or application What resources are the user and or application 

allowed to access?allowed to access?
•• Resource DiscoveryResource Discovery

–– Where are the resources?Where are the resources?
•• Resource CharacterizationResource Characterization

–– What types of resources are available?What types of resources are available?



Questions to ask?Questions to ask?
When thinking GridWhen thinking Grid

•• Resource ManagementResource Management
–– Which resource can be used at what time and for Which resource can be used at what time and for 

what purpose?what purpose?
•• Accounting/Billing/Service Level AgreementAccounting/Billing/Service Level Agreement

–– How much of the resources is being used?How much of the resources is being used?
–– What is the rating schedule?What is the rating schedule?
–– What is the SLA?What is the SLA?

•• SecuritySecurity
–– How do I make sure that this is done securely?How do I make sure that this is done securely?
–– How do we know if we have been compromised?How do we know if we have been compromised?
–– What steps are taken once a security breach is What steps are taken once a security breach is 

detected?detected?



Grid Computing ModelGrid Computing Model
(the Globus view)(the Globus view)

•• Software stack Software stack 
consisting ofconsisting of
–– StandardsStandards
–– ProtocolsProtocols
–– APIs and SDKsAPIs and SDKs

•• Loosely based Loosely based 
on the Internet on the Internet 
modelmodel



AnalogyAnalogy

Translation Software Stack

“Hello”

“Hola” “Ciao” “Hallo”

Spanish Italian German Russian

“ОКЛИКАТЬ”

Greetings Application



A detailed viewA detailed view……

•• ApplicationApplication –– protocols protocols 
targeted at a specific targeted at a specific 
application or class of application or class of 
applicationsapplications

•• CollectiveCollective –– protocols for protocols for 
systemsystem--wide deployment wide deployment 
(versus local)(versus local)

•• ResourceResource –– protocols to protocols to 
initiate and control initiate and control 
sharing of local resources sharing of local resources 
(GRAM, GridFTP, GRIS)(GRAM, GridFTP, GRIS)

•• ConnectivityConnectivity –– protocols protocols 
for gridfor grid--specific network specific network 
transactions (IP, DNS, transactions (IP, DNS, 
WSDL); Security WSDL); Security 
implementation (GSI)implementation (GSI)

•• FabricFabric –– protocols and protocols and 
interfaces to resource interfaces to resource 
being sharedbeing shared



BiophonyBiophony
Grid PortalGrid Portal

•• Data sensors geographically Data sensors geographically 
distributeddistributed

•• Storage centers Storage centers 
geographically distributedgeographically distributed

•• Analytical resources Analytical resources 
geographically distributedgeographically distributed

•• Colleagues at different Colleagues at different 
institutions or research sitesinstitutions or research sites

•• Seamless integration of all Seamless integration of all 
resourcesresources

Environmental Acoustic Pattern MatchingEnvironmental Acoustic Pattern Matching



BiophonyBiophony
Grid PortalGrid Portal

•• Environmental Acoustic Environmental Acoustic 
MonitoringMonitoring
–– Embedded microphoneEmbedded microphone
–– Sampling every 30 minutes Sampling every 30 minutes 

for 30 secondsfor 30 seconds
–– Conversion to *.wav file Conversion to *.wav file 

formatformat
–– Raw data sent to MSU data Raw data sent to MSU data 

storestore
–– Metadata sent to LNO Metadata sent to LNO 

Metacat databaseMetacat database



BiophonyBiophony
Grid PortalGrid Portal

•• OrnithologicOrnithologic (bird) (bird) 
pattern matchingpattern matching
–– Analyze signal using Analyze signal using 

DSP/Matlab workbenchDSP/Matlab workbench
–– Match unknown Match unknown 

dataset to a known dataset to a known 
signature filesignature file

?



BiophonyBiophony
Grid PortalGrid Portal

•• User logs onto portal User logs onto portal 
(single sign(single sign--on)on)

•• Selects known Selects known 
signature signature file(sfile(s))

•• Performs data search Performs data search 
via Metacat for via Metacat for 
unknown acoustic unknown acoustic 
file(sfile(s))

•• Performs acoustic Performs acoustic 
matching on HPC; matching on HPC; 
match probability match probability 
identified to useridentified to user

•• Performs detailed Performs detailed 
analysisanalysis

User ScenarioUser Scenario



BiophonyBiophony
Grid PortalGrid Portal

System AuditsSystem Audits
& Provenance& Provenance



BiophonyBiophony
Grid PortalGrid Portal

•Portal
•Metadata
•Security

•Sensors
•Data Store

•HPC
•Matlab
•Visualization

•Web Interface

System ArchitectureSystem Architecture
& Topology& Topology



OtherOther
Grid ProjectsGrid Projects

•• TeraGrid TeraGrid 

•• Network for Earthquake Engineering Network for Earthquake Engineering 
and Simulationand Simulation

•• Biomedical Informatics Research Biomedical Informatics Research 
NetworkNetwork

•• EcoGridEcoGrid



GridGrid
OrganizationsOrganizations

•• Globus AllianceGlobus Alliance
–– Globus Globus ToolkitToolkitTMTM –– Reference Reference 

implementation implementation of the grid architecture of the grid architecture 
and grid protocolsand grid protocols

–– http://www.globus.orghttp://www.globus.org
•• NSF Middleware Initiative (NMI)NSF Middleware Initiative (NMI)

–– Supports the design, development, testing, Supports the design, development, testing, 
and deployment of middleware for HPCand deployment of middleware for HPC

–– http://www.nsfhttp://www.nsf--middleware.orgmiddleware.org
•• GRIDS CenterGRIDS Center

–– Grid Research Integration Deployment and Grid Research Integration Deployment and 
Support Center Support Center –– part of NMIpart of NMI

–– http://www.gridshttp://www.grids--center.orgcenter.org
•• Global Grid ForumGlobal Grid Forum

–– Main standards body governing the worldMain standards body governing the world--
wide grid communitywide grid community

–– http://www.globalgridforum.org http://www.globalgridforum.org 



RecommendedRecommended
TextsTexts

•• Grid Computing: A Practical Guide to Technology and Grid Computing: A Practical Guide to Technology and 
ApplicationsApplications
–– AhmarAhmar AbbasAbbas
–– Charles River MediaCharles River Media ©© 20042004

•• Introduction to Grid Computing with GlobusIntroduction to Grid Computing with Globus
–– Luis FerreiraLuis Ferreira et al.et al.
–– IBM Redbooks IBM Redbooks ©© 20042004

•• Enabling Applications for Grid Computing with GlobusEnabling Applications for Grid Computing with Globus
–– Bart JacobBart Jacob et al.et al.
–– IBM Redbooks IBM Redbooks ©© 20032003

•• Grid Services Programming and Application EnablementGrid Services Programming and Application Enablement
–– Luis FerreiraLuis Ferreira et al.et al.
–– IBM Redbooks IBM Redbooks ©© 20042004
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