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Motivation

Traffic Monitoring System                      Inventory Management System
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Motivation

Varying Workloads

vs.

Varying Workloads

vs.vs.

Traffic Monitoring System                      Inventory Management System
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Motivation

Varying Workloads

vs.

System Evolution

ÅNew streets / bus lines

ÅNew features and services

ÅUpgraded cameras

vs.

Varying Workloads

vs.vs.

System Evolution

ÅNew supermarket stores

ÅNew features and services

ÅUpgraded RFID readers

vs.

Traffic Monitoring System                      Inventory Management System
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Motivation

Traffic Monitoring System                      Inventory Management System

Software systems increasingly complex and dynamic

Must be reconfigured at run-time more and more frequently

Component instances, application configuration 

Deployment topology, resource allocations

Two issues: 

Determine WHEN exactly reconfigurations are necessary?

Determine WHAT exactly each reconfiguration should do?
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Example: Elastic Resource Provisioning

Load 

Fluctuations

SLAs
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Example: Elastic Resource Provisioning

Load 

Fluctuations

SLAs

Expand / shrink resources on-the-fly

ÅWhen exactly should a reconfiguration be triggered?

ÅWhich particular resources should be scaled?

Å How quickly and at what granularity?
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Semantic Gap Problem

VMM

Host

VM VM VM

VMM

Host

VM VM VM

VMM

Host

VM VM VM

OS

JVM

Java EE

EAR EAR

Complex Software Stacks

ÅMultiple layers

ÅHeterogeneous

Applications

ÅMultiple tiers

ÅMultiple resource types

Resource

Allocation

End-to-end QoS metrics

Application SLAs

Resource Allocations in 

Each Tier & Each Layer?
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State-of-the-Art

Hard to predict the effect of dynamic changes on the system                        

performance and resource demands

Rely on simple trigger-based ñbest effortò adaptation mechanisms      

OR

Avoid need for adaptation by over-provisioning resources

Consequences: Poor resource efficiency

Rising energy costs for IT systems

1600% increase by 2025  [Gartner]

Rising global CO2 emissions of ICT sector

Today: ca 3%, Increase to 10% expected in 10 years [EU]
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Descartes Research Group

Modeling methods for predicting at run-time the effect of 

dynamic changes on the system Quality-of-Service (QoS)

Current focus: availability and performance                               

(response time, throughput and resource/energy efficiency)

Model-based algorithms and techniques for autonomic 

system adaptation during operation

Goal: 

End-to-end QoS guarantees 

High resource/energy efficiency

Low operating costs
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