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mn Cloud Computing

1. R e s o u rpmwdedas services
2. lllusion of infinite resources

3. Usage-based pricing model ->
New and connected business models




mn Think Ecosystems:
People, Services, Things
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Machine-based

Computing

Human-based

Computing

S. Dust dar,Virtdalizing $ofinvane gnd i
Humans for Elastic Processes in Multiple Clouds i a
Service ManagementP e r s p e ¢ tintematianal
Journal of Next Generation Computing, 2012
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mnConnecting machines and people

Machine/Human
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Resource elasticity
Software / human-based
computing elements,

multiple clouds

&F" Costs & Benefit

Elasticity

elasticity
rewards, incentives

%

Quality elasticity
Non-functional parameters e.g.,
performance, quality of data,
service availability, human
trust



mn Vienna Elastic Computing Model

dsg.tuwien.ac.at/research/viecom

Resource elasticity

Social Compute Unit
Individual Compute Unit

A Multi-dimensional

Elasticity

A Service computing
models

Quality elasticity

A Cloud provisioning

models (o >

Quality of Service

Performance

Costs and Benefits elasticity

Costs and Benefits Return on Oppertunity

Schahram Dustdar, Hong Linh Truong: Virtualizing Software and Humans for Elastic Processes in Multiple
Clouds- a Service Management Perspective. IINGC 3(2) (2012)
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mn Elasticity in computing T broad view

Demand elasticity
Elastic demands from consumers

Output elasticity
Multiple outputs with different price and quality

Input elasticity
Elastic data inputs, e.g., deal with opportunistic data

Elastic pricing and guality models associated
resources



mn Diverse types of elasticity requirements

A Application user: nlf the cost 1 s greater
ascale-i n action for keeping costs 1in

A Software provider: fiResponse time should b
varying with the number of users.

A Developer: fiThe result from the data a
certain data accuracy under a cost
many resources should be used for

A Cloud provider: fAWhen availability is hi.:i
time, and the cost is the same as for availability 80%, the cost should
i ncrease with 10%. o
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HVAC (Heating, Ventilation, Air Conditioning) Ecosystem
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Water Ecosystem
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Air Ecosystem
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Monitoring
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4§ Chiller Performance Metrics
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Managed City Governance Service Oriented Architecture
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mn Specifying and controling elasticity

% Schahram Dustdar, Yike Guo, Rui Han,

Benjamin Satzger, Hong Linh Truong:
Programming Directives for Elastic
Computing. IEEE Internet Computing 16(6):
72-77 (2012)
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I High Level Description of Elasticity

Requirements

SYBL (Simple Yet Beautiful
Language) for specifying
elasticity requirements

SYBL-supported requirement
levels
Cloud Service Level
Service Topology Level
Service Unit Level
Relationship Level
Programming/Code Level

#SYBL.CloudServicelLevel

Consl: CONSTRAINT responseTime <5 ms
Cons2: CONSTRAINT responseTime <10 ms
WHEN nbOfUsers > 10000

Strl: STRATEGY CASE fulfilled(Cons1) OR
fulfilled(Cons2): minimize(cost)

#SYBL.ServiceUnitLevel
Str2: STRATEGY CASE ioCost < 3 Euro :
maximize( dataFreshness)

#SYBL.CodeRegionLevel
Cons4: CONSTRAINT dataAccuracy>90%
AND cost<4 Euro

Georgiana Copil, Daniel Moldovan, Hong-Linh Truong, Schahram Dustdar, "SYBL: an Extensible Language for Controlling
Elasticity in Cloud Applications"”, 13th IEEE/ACM International Symposium on Cluster, Cloud and Grid Computing (CCGrid),

May 14-16, 2013, Delft, Netherlands
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I High Level Description of Elasticity

Requirements

Current SYBL implementation

In Java using Java annotations
@SYBLAnnotation(monitoring=Afid, constraints=A

iIn XML

<ProgrammingDirective><Constraints><Constraint
name=c1>...</Constraint></Constraints>...</ProgrammingDirective>

as TOSCA Policies

<tosca:ServiceTemplate name="PilotCloudService"> <tosca:Policy name="St1"
policyType="SYBLStrategy"> St1:STRATEGY minimize(Cost) WHEN high(overallQuality)
</tosca:Policy>...

Other possibilities
C# Attributes
[ Programmi ngAttribute(monitoring=Afid, constr ali
Python Decorators

@ProgrammingDecorator(monitoring,constraints,strategies)

Georgiana Copil, Daniel Moldovan, Hong-Linh Truong, Schahram Dustdar, "SYBL: an Extensible Language for Controlling
Elasticity in Cloud Applications"”, 13th IEEE/ACM International Symposium on Cluster, Cloud and Grid Computing (CCGrid),
May 14-16, 2013, Delft, Netherlands



B Mapping Services Structures to
Elasticity Metrics_.._....____________
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n Multi-level Control Runtime:

Generating Elasticity Control Plans

Algorithm 3 Constraint enforcement

Input: graph - Cloud Service Dependency Graph
Output: ActionPlan
: violatedConstraints = find AllViolated Constraints(maodel )
while size(violatedConstraints) > 0 do
for each level in cloudService AbstractionLevel do
violatedConstraintsL=select Constraints(violatedConstraints, level)
actionSet=evaluateLevelEnabled Actions(graph, violatedConstraintsl)
Action=findAction(actionSet) with max(constraints fulfilled - violated)
Add action Action to ActionPlan
violatedConstraints = findAllViolated Constraints(graph,
estimated ActionEffect(Action))
end for

i A ol e

@

10: end whilereturn ActionPlan

Monitoring APIs

Elasticity-enriched
cloud service
description Solve Conflicting - Abstract Plan W
_ Dependency Graph ‘Elasticity “Set of reqmrements‘ Generate
Initial deployment 'Requirements ~ to be enforced | Action Plan API.call_i(); ’
g
Programming-level ™
elasticity requirements " Cloud APIs based Plan
openstac Translate into Cloud API

) CloudAPl.call_i1(); [ and Monitoring API calls
SlipStream™ CloudAPl.call_i2();

I| | I I e J
Amazon EC2 T
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mn Elasticity Model for Cloud Services

Moldovan D., G. Copil,Truong H.-L., Dustdar S. (2013). MELA:
Monitoring and Analyzing Elasticity of Cloud Service. CloudCom
2013

Elasticity Pathway functions: to characterize the

of elasticity behavior from a general/particular view
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Bl MELA -- Elasticity Monitoring as a
Serv

Framework API
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Daniel Moldovan, Georgiana Copil, Hong-Linh Truong, Schahram Dustdar, MELA - MELA: Monitoring and Analyzing
Elasticity of Cloud Services. CloudCom 2013



