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CloudCloud MotivationsMotivations

�� TheThe cloudcloud as as anan alternativealternative toto classicalclassical: : 
�� Software Software applicationsapplications installedinstalled andand runningrunning locallylocally onon

personal personal computerscomputers, , 

�� Hardware Hardware environmentsenvironments ((e.ge.g. clusters) . clusters) installedinstalled
locallylocally forfor a a companycompany, a , a universityuniversity, etc., etc.

�� MotivationsMotivations
�� Remote, Remote, onon--demanddemand accessaccess toto computingcomputing resourcesresources

�� Configurable, Configurable, paypay--perper--use use resourcesresources

�� EaseEase thethe use use ofof servicesservices by by customerscustomers

�� TransparentlyTransparently handlehandle thethe configurationconfiguration ofof servicesservices
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CloudCloud ComputingComputing ModelsModels
IaaS PaaS SaaS

Infrastructure layer

Hardware, storage devices, OS, virtualization

Platform layer

Software platform, Web server, Application server

Software layer

End-user services, e.g. email
services
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CloudCloud EnvironmentsEnvironments

�� ExamplesExamples

�� IaaSIaaS cloudsclouds
�� StorageStorage servicesservices: : AmazonAmazon S3, S3, AT&TAT&T SynapticSynaptic

�� DatabaseDatabase servicesservices: : AmazonAmazon SimpleDBSimpleDB, Microsoft SQL , Microsoft SQL AzureAzure

�� ComputingComputing serversservers: : AmazonAmazon EC2, EC2, AT&TAT&T SynapticSynaptic ComputeCompute

�� PaaSPaaS cloudsclouds
�� Software Software developmentdevelopment environmentsenvironments: Microsoft : Microsoft AzureAzure, , 

GoogleGoogle AppEngineAppEngine

�� SaaSSaaS cloudsclouds
�� DocumentDocument editingediting andand communicationcommunication servicesservices: Microsoft : Microsoft 

BPOS, BPOS, GoogleGoogle AppsApps, HP , HP CloudCloud AssureAssure
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ProblemProblem StatementStatement

�� Similar Similar servicesservices providedprovided by by differentdifferent cloudsclouds
�� NotNot easyeasy forfor a a customercustomer toto compare compare thethe proposedproposed cloudsclouds

�� A A differentiatingdifferentiating elementelement betweenbetween cloudsclouds willwill be be thethe
qualityquality--ofof--serviceservice ((QoSQoS) ) andand serviceservice levellevel agreementagreement
(SLA) (SLA) guarantiesguaranties

�� ExistingExisting commercialcommercial cloudcloud solutionssolutions includeinclude somesome kindkind ofof
SLA SLA however:however:
�� SLASLA expressed withexpressed with vague vague termsterms ((e.ge.g. . ““smallsmall vs. vs. largelarge instancesinstances””))

�� FewFew QoSQoS aspectsaspects are are consideredconsidered ((e.ge.g. no . no guarantiesguaranties regardingregarding
performanceperformance))

�� No No automaticautomatic handlinghandling ofof dynamicdynamic variationsvariations ofof cloudcloud usageusage
((e.ge.g. . significantsignificant efforteffort requiredrequired fromfrom thethe customercustomer forfor cloudcloud
capacitycapacity planning)planning)
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Problem Statement (2)Problem Statement (2)

�� Current state of QoS in the cloud Current state of QoS in the cloud 
�� Goes against one of the main motivations of cloud Goes against one of the main motivations of cloud 

computing, i.e. the ease of use of services by computing, i.e. the ease of use of services by 
customerscustomers

�� Cloud computing still fails in providing dynamically Cloud computing still fails in providing dynamically 
elastic cloudselastic clouds

�� IntegrationIntegration ofof QoSQoS andand SLA SLA withwith thethe cloudcloud

�� AutonomicAutonomic control of elasticcontrol of elastic cloudsclouds
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Research DirectionsResearch Directions

�� SLAaaSSLAaaS ((SLASLA--aawwaarere SServiceervice))

�� NewNew cloudcloud model, orthogonal to IaaS, PaaS, model, orthogonal to IaaS, PaaS, 

SaaSSaaS

�� SLAaaS clearly exhibits its QoS and SLASLAaaS clearly exhibits its QoS and SLA

�� Service level objectives: QoS to guaranteeService level objectives: QoS to guarantee

�� Additional objectives: Economical cost and energy Additional objectives: Economical cost and energy 

footprint to minimizefootprint to minimize

�� Customers can easily compare different Customers can easily compare different 

clouds regarding their QoS/SLAclouds regarding their QoS/SLA
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Research Directions Research Directions ––

Autonomic Elastic CloudAutonomic Elastic Cloud
�� Clouds are complex distributed systems withClouds are complex distributed systems with

�� Variable scale, changing workloads, service compositionVariable scale, changing workloads, service composition

�� Autonomic elastic clouds from SystemAutonomic elastic clouds from System’’s and Controls and Control’’s points of views points of view
�� SS: : ““Models of computing systems are too simple, do not capture the Models of computing systems are too simple, do not capture the 

dynamism of distributed systems and the complexity of cloudsdynamism of distributed systems and the complexity of clouds””

�� CC: Accurate nonlinear modeling techniques (MBM, IEEE DSN 2010): Accurate nonlinear modeling techniques (MBM, IEEE DSN 2010)

�� SS: : ““Accurate models are too complex to use, require extensive calibrAccurate models are too complex to use, require extensive calibration ation 
and configurationand configuration””

�� CC: : Automated model calibration to render behavior variation, via Automated model calibration to render behavior variation, via 
systematic and scalable online monitoring techniques (WCO, ACM systematic and scalable online monitoring techniques (WCO, ACM 
Middleware 2008, PHZ, EuroSys 2009)Middleware 2008, PHZ, EuroSys 2009)

�� SS: : ““How to consistently handle different, and sometimes antagonist, How to consistently handle different, and sometimes antagonist, QoS QoS 
requirements (performance vs. availability)requirements (performance vs. availability)””

�� CC: Defining optimal control of cloud resources (SLOs and costs): Defining optimal control of cloud resources (SLOs and costs)
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