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Ubiquity of Smart PhonesUbiquity of Smart Phones

We are 6.5 billion peopleWe are 6.5 billion people
First quarter of 2006 totalFirst quarter of 2006 total
mobile phone shipmentsmobile phone shipments
reached 226.7 million unitsreached 226.7 million units
In 2006,In 2006, 800 million800 million mobilemobile
phones will be soldphones will be sold
–– one person in eight on theone person in eight on the

planetplanet

4 times PC or TV sale units4 times PC or TV sale units

http://virtual.vtt.fi/virtual/proj2/dynamos/
http://virtual.vtt.fi/virtual/proj2/dynamos/
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Advances in Smart PhonesAdvances in Smart Phones
Greater onGreater on--board intelligence (software andboard intelligence (software and
hardware)hardware)
Larger onLarger on--device data storagedevice data storage
Better connectiviy to networks and other devicesBetter connectiviy to networks and other devices
Larger, clearer, colourful screensLarger, clearer, colourful screens
Easier programming of the onEasier programming of the on--board intelligenceboard intelligence
While retaining their original attributesWhile retaining their original attributes
–– Pocketable, reliable, inexpensive, simplePocketable, reliable, inexpensive, simple
–– Mobile voice communicationsMobile voice communications

Smart Phones in the Pervasive WorldSmart Phones in the Pervasive World

””Anywhere, anytime connectedAnywhere, anytime connected””

Many usagesMany usages
–– Information service end pointInformation service end point

–– Remoter controllerRemoter controller

–– Hub to the InternetHub to the Internet

–– ......

One common requirement:One common requirement: contextcontext--awarenessawareness
–– Shift in focus:Shift in focus: ““useruser--centric modelcentric model””

–– DeviceDevice’’s execution contexts execution context
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Context Provisioning on Smart PhonesContext Provisioning on Smart Phones

It is a challenging task:It is a challenging task:
–– EnergyEnergy--consuming function for energyconsuming function for energy--

constrained mobile devicesconstrained mobile devices
–– Integration of sensors in devices should notIntegration of sensors in devices should not

compromise the portability, usability, lifetime ofcompromise the portability, usability, lifetime of
everyday deviceseveryday devices

–– Device cost should be containedDevice cost should be contained
–– Some sensors are operative only in some specificSome sensors are operative only in some specific

environments (e.g., GPS)environments (e.g., GPS)

How to effectively support context provisioningHow to effectively support context provisioning
on smart phones?on smart phones?

OutlineOutline

MotivationsMotivations

Context provisioning strategiesContext provisioning strategies

Contory MiddlewareContory Middleware

EvaluationEvaluation

Current Status and Future WorksCurrent Status and Future Works
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Internal Context ProvisioningInternal Context Provisioning

Context providers:Context providers:
software components in charge of providing (i.e.,software components in charge of providing (i.e.,
sensing and processing) context informationsensing and processing) context information
directly integrated into applications or organized indirectly integrated into applications or organized in
toolkits (Context Toolkit [2]),toolkits (Context Toolkit [2]),
frameworks (TEA framework [6]),frameworks (TEA framework [6]),
middleware (RCSM [7])middleware (RCSM [7])

External context provisioning:External context provisioning:
infrastructureinfrastructure--basedbased

Service
infrastructure

Application

Context
acquisition

Context
dissemination

Sensors in the
environment

Application

Context
processing

and reasoning
Context
Provider

Context
Provider

Sensors on device

Shared context servers (Shared context servers (TCoSTCoS [4])[4])
Service infrastructures (Confab [5], JCAF [1])Service infrastructures (Confab [5], JCAF [1])
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External Distributed ContextExternal Distributed Context
Provisioning: InfrastructureProvisioning: Infrastructure--lessless

Abstraction of a distributed databaseAbstraction of a distributed database
Data are provided by context providers locatedData are provided by context providers located
on the nodes of a MANETon the nodes of a MANET

OutlineOutline

MotivationsMotivations

Context provisioning strategiesContext provisioning strategies

Contory MiddlewareContory Middleware

EvaluationEvaluation

Current Status and Future WorksCurrent Status and Future Works
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Contory Design PrinciplesContory Design Principles
TransparencyTransparency
Flexible and reliable context provisioningFlexible and reliable context provisioning
Common querying interfaceCommon querying interface
Push and pull access modePush and pull access mode
Modularity and extensibilityModularity and extensibility

Key ideas:Key ideas:
–– Incorporation of multiple context provisioningIncorporation of multiple context provisioning

strategiesstrategies
–– Exploit ubiquitous connectivityExploit ubiquitous connectivity
–– SQLSQL--like querying interfacelike querying interface

Context ItemContext Item
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Context Query ModelContext Query Model
SELECT <context type>SELECT <context type>
FROM <source>FROM <source>
WHERE <predicate clause>WHERE <predicate clause>
FRESHNESS <time>FRESHNESS <time>
DURATION <DURATION <durationduration>>
EVERY <time>EVERY <time>
EVENT <predicate clause>EVENT <predicate clause>

SELECT temperatureSELECT temperature
FROM adHocNetwork(first3,3)FROM adHocNetwork(first3,3)
WHERE accuracy = 0.2WHERE accuracy = 0.2
FRESHNESS 30secFRESHNESS 30sec
DURATION 1hourDURATION 1hour
EVENTEVENT AVG(temperatureAVG(temperature)>25)>25

Example:Example:

ContoryContory Software ArchitectureSoftware Architecture
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ImplementationImplementation
Implemented in JavaImplemented in Java
–– Java 2 MicroJava 2 Micro--Edition (J2ME) with CLDC 1.1 andEdition (J2ME) with CLDC 1.1 and

MIDP 2.0MIDP 2.0
–– J2ME with CDCJ2ME with CDC

Development using Nokia Series 60 phonesDevelopment using Nokia Series 60 phones
and communicators Nokia 9500and communicators Nokia 9500
EventEvent--based platform:based platform: Fuego middlewareFuego middleware
(developed at HIIT)(developed at HIIT)
Ad Hoc Network Programming Support:Ad Hoc Network Programming Support:
Smart MessagesSmart Messages computing platformcomputing platform
(developed at Rutgers University)(developed at Rutgers University)

Smart Messages at a GlanceSmart Messages at a Glance
UserUser--defined distributed applications similar todefined distributed applications similar to
mobile agentsmobile agents
Composed of code, data, and execution stateComposed of code, data, and execution state
Execute on nodes of interest named byExecute on nodes of interest named by
properties (tags)properties (tags)
Migrate between nodes of interestMigrate between nodes of interest
–– SelfSelf--route at every node in the path during migrationsroute at every node in the path during migrations
–– Use geographical routing and contentUse geographical routing and content--based routingbased routing

Two Smart Messages implementations:Two Smart Messages implementations:
–– modified KVM, runs onmodified KVM, runs on iPAQsiPAQs
–– Java VM, J2ME CDC, runs on smart phonesJava VM, J2ME CDC, runs on smart phones
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MotivationsMotivations

Context provisioning strategiesContext provisioning strategies

Contory MiddlewareContory Middleware

EvaluationEvaluation

Current Status and Future WorksCurrent Status and Future Works

Ongoing EvaluationOngoing Evaluation

Middleware PerformanceMiddleware Performance
–– Latency and memory experimentsLatency and memory experiments

–– Energy consumptionEnergy consumption

Application prototypesApplication prototypes
–– DYNAMOS Sailing applicationDYNAMOS Sailing application

–– Traffic information applicationTraffic information application

Some preliminary results...Some preliminary results...
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MotivationsMotivations

Context provisioning strategiesContext provisioning strategies

Contory MiddlewareContory Middleware

EvaluationEvaluation

Current Status and Future WorksCurrent Status and Future Works

Current Status and Future WorksCurrent Status and Future Works

Prototype running on Nokia Series 60 andPrototype running on Nokia Series 60 and
Communicators Nokia 9500Communicators Nokia 9500
Ongoing implementationOngoing implementation
–– MultiMulti--hop ad hoc context providershop ad hoc context providers
–– LongLong--running queries processingrunning queries processing

Ongoing evaluationOngoing evaluation
–– More accurate energy consumptionMore accurate energy consumption

measurementsmeasurements
–– Applications development usingApplications development using ContoryContory
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