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Pervasive Applications

° Applications running in a mobile
environment (mobile users, mobile
devices)

* Wireless communication
* Massively distributed
* Highly dynamic due to mobility

° Support users in their activities
(services)

e Communication with changing
services in changing environments
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What Is pervasive adaptation?

e Definition

Pervasive adaptation is a process by which a Environment
pervasive application (or the environment

thereof) is modified for the purpose of

preserving a set of well-defined application

properties that are influenced by changes in

the application or the environment.

* Examples of application properties

Application functionality (adapt if the app.
ceases to function)

Performance (adapt is some performance
measure drops below some threshold)
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Typical System Model
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System Support

* Adaptation has to be triggered, planned and executed
What is the state of the art in terms of system support?

What are the basic principles of system support?

* Basic questions
Why do we adapt? — adaptation triggers
What is adapted? — subjects of adaptation
When do we adapt? — at which stage of the life-cycle of a system
Where do we adapt? — adaptation layers and modules

How do we adapt? — mechanisms for adaptation
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Why do we adapt? (adaptation triggers)

* Resource variability

Resources vanish (e.g. due to mobility or failure)

Resource quality varies (e.g. due to changing wireless bandwidth)
* User mobility

Users moving between different environments

Users switching between different devices
* Variability in user status

Changes in needs and priorities

Changes in behavior
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What is adapted? (adaptation subjects)

Application
Adapt functionality and performance
Exchanging / adding new components, changing parameters

Middleware / operating system
Adapt protocols, services, ... (performance, reliability)

User interfaces
Adapting the Ul to the devices on which it is running [Cai and Xue, 2006]

Environment

Adapting services and infrastructure to user and application behavior [Funk et
al., 2007, Geihs and Reichle, 2007, Look et al. 2006, Herrmann et al. 2008]

Content

Adapting content and presentation to device and network capabilities [Noble,
2000, Mohomed et al., 2004, Lemlouma and Layaida, 2004]
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When do we adapt?

* Design-time

Designing alternatives, e.g. different algorithms that are chosen in reaction
to some condition that will be evaluated at run-time

Compile-time

Linking modules depending on the environment and the application (e.g. in
sensor networks)

Deploy-time

Deployment of a compiled system in a specific environment. Creating
bindings between the components of the system.

* Run-time

Reactive — monitor environment (context) and apply adaptation in reaction
to changes

Proactive — predict the environment and apply adaptations proactively
[Rigole et al., 2007]
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Where Is the adaptation enforced?

* Transparency vs. awareness? Separation of concerns?

* Application (awareness)

Application has full control over adaptations (e.g. Rover
[Joseph et al., 1997])

Competing adaptations  unlikely to behave well [Noble
and Satyanarayanan, 1999, Efstratiou et al., 2002]

* Middleware / operating system (transparency)
Adaptation entirely done in the layers below the application

Adaptation decisions are transparent to applications
(enables legacy applications)

Specific needs of individual applications cannot be
accounted for

* Cross-layer adaptation [Adve et al., 2002, Lachenmann et
al., 2008]

Adapt. manager enable all layers to adapt cooperatively
Coordination of competing adaptations
Selection of best overall configuration  highly complex!

Middleware

System

Operating System

Application

System

System

Application

Middleware

Operating System .
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How Is the adaptation enforced?

* Parameter adaptation vs. compositional adaptation [McKinley et al.,
2004]

* Parameter adaptation

Adapting parameters in order to tune application behavior
E.g. TCP congestion window

* Compositional adaptation
Application is composed of exchangeable components
Adding new or changing functionality by exchanging components
Composing applications on the fly [Handte et al., 2007]
Allows much more far-reaching changes
Requires special system support
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Compositional Adaptation

* Architectural reflection (e.g. [Dowling et al., 2000])
System reflects on its own internal structure/composition
System is able to apply changes to its own structure/composition
Separation of concerns — factoring out adaptation-related code

Units of composition (UoC) are annotated with meta information describing
properties, architectural relations and possible adaptations

Meta information can be interfaces, QoS requirements, performance
characteristics, etc.

System Architecture

Meta
information

adapt /
exchange Manager

e

Binding /
interaction

introspect



Compositional Adaptation — Units of Composition

* Component-based software
Component as the unit of composition/adaptation

Individual components can be substituted with other components
providing the same interface

* Aspect-oriented software
Cross-cutting aspects not encapsulated in any object / component
Aspects as the unit of adaptation

* Service-oriented architectures
Workflow glues together services from the environment

Service and workflow as the unit of composition/adaptation
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Context Awareness

* Context

“Context is any information that can be used to characterise the
situation of an entity. An entity is a person, place, or object that is
considered relevant to the interaction between a user and an
application, including the user and applications themselves.” [Dey,
2001]

Information about the state of environment, user, and system
* Context-awareness and adaptation
Closely related — adaptation is based on changes in context

Context information is basic input data for most adaptation
processes

m Distributed Systems ” University of Stuttgart
' Research Group IPVS



Basic Adaptation Model
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Component-based Adaptation

Example: PCOM [Becker et al., 2004]
Components as first-class objects
Architectural model

Configuration graph — components and their dependencies

Meta information can contain provided interfaces, required interfaces,
required resources, provided quality, required quality

Meta information is termed “contract”

Adaptation

Trigger: A component C becomes
unavailable

Adapt by finding alternative
component that fulfills the contract C,

Recursively find components below C’

C,

-7
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Aspect-oriented Adaptation

* Aspects as first-class objects

* Assumption: Adaptation concerns affect multiple elements in the system

E.g. a new algorithm for encrypting data has to replace the old one wherever
encryption is needed

Cross-cutting concerns
* Adaptation

Advice — piece of code that needs to be executed in a number of different
places in the overall program but is specified only once

Weaving an aspect at well-defined join points at the level of classes, methods

etc.
Pointcut — specifies the places in
the code where an advice has to Pointcut:
be applied (join points) pointcut set() : execution(* set*(*) );
Language-based concept
Possible at run-time Advice:
after() : set() { Display.update(); }
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Task-driven / Activity-based Adaptation

* Tasks as first-class objects [Sousa et al., 2006, Rigole:2006]
Explicit representation of user tasks

Task = set of required services + qualitative preferences + execution
state

User-specified task represents user intent!

* Adaptation: System calculates efficient resource allocations for a task
at run-time

Query task to determine when the system is behaving acceptably
(achievement of goals, fulfilment of quality requirements)

Automatically map tasks into the capabilities available in the ubiquitous
environment

Choose among alternative system reconfigurations at runtime
Allow users to move their activities to another environment
Configure new environments for the task
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Task-driven Adaptation
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Plan-driven Computing

* Plans as first-class objects [Look et al., 2006]
Directed acyclic graphs  only sequences possible
Proprietary plan language (Planlet)

* User specifies a goal manually
System selects plan based on goal (match goal and resource constraints)
Context guides the selection of user preferences (statically defined)
User preferences guide the selection of plans and resources
Plans can have abstract tasks  resolved by selecting other plans

* Adaptation

Component failure  application suggests alternative plan that still achieves
intended goal

Remapping of resources
Automatic configuration of the environment
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Plan-driven Computing

Plan Plan B Plan
Monitor Executor Selector
Resource -
Resource
Database Manager Plan

Library

[Look et al., 2006]
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Flow-based Adaptation [Herrmann et al., 2008]

* Behavior of an entity (person or object) modeled as a flow
Built on workflow technology (BPEL)  powerful process language
Tasks map to services/resources and people in the environment
Flow is attached to entity
Goals and constraints modeled in the flow
Modeling the temporal dimension of a pervasive application
* Flow is synchronized with real-world behavior of the entity
Use activity sensing to find out what people are actually doing
* Sophisticated integration of context into flows
Context-based constraints
Context-based selection of services and people
* Flow + environment adaptation, flow evolution
* Other aspects: adaptable HCI, security, distribution
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Flow-based Adaptation

* Flow is adapted whenever it deviates from the real world
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Flow-based Evolution
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Flow-based Adaptation — Architecture
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Summary

* Parameter and compositional adaptation
* Compositional adaptation implies architectural reflection
Changing composition of the system to improve/maintain functionality/performance
Different units of composition (components, aspects, services, tasks, ...)
* Components, aspects, services
No temporal representation of the application
Reactive adaptation based on current snapshot
* Tasks, plans
Modeling user tasks as first-class objects (instead of application architecture)
Map tasks to resources / services
* Flows
Modeling temporal aspects
Adaptation and evolution of applications
Proactive adaptation
HCI, security, distribution, activity sensing, ...
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Open Questions / Challenges

How are (the results of) adaptations tested?
No time for testing, user is immediately subjected to the system

* How can we asses the trustability of adapted software?

* How can a number of concurrent adaptation processes be coordinated to
make sure that the overall outcome is consistent and non-oscillating?

e How can we deal with uncertain context data?

* What if something unforeseen happens?
No adaptation available for a specific situation
Give control back to the user?

e Stability vs. agility

Distributed Systems University of Stuttgart
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