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ABSTRACT

This paperdescribesa project, called Gravity, thatis providing

supportfor building client-sideapplicationsout of dynamically
availablebuilding blocks. The purposebehindthis work is not

only to dealwith real-worldissuesalreadyfacing developersand

end-usersput to also work toward a grandervision. In this

vision, applicationsare built using context-awarearchitectures,
meaningthat context (e.g., location, environment,user task) is

usedasafilter to determinewhich building blocksarerelevantto

the applicationat any given time. The main conceptunderlying

this vision is dynamicallyavailablebuilding blocks,i.e., building

blocks that can appearor disappearat any time. The Gravity

technologydescribedin this paperis a starting point for such
research.

Categories and Subject Descriptors

D.2.6 [Software Engineering]: ProgrammingEnvironments—
graphical environments D.2.11 [Software Engineering]:
Software Architectures— languages K.6.3 [Management of
Computing and Information Systems] SoftwareManagement
— software development

General Terms
Design

Keywords
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1 INTRODUCTION

This paper describesa researchproject, called Gravity, that
envisionsa future whereall applicationsarebuilt from re-usable
building blocks, such as componentsand web services.This

future leads to the proliferation of building blocks beyond
software developersability to integratethem into applications
efficiently or effectively. This situationis further exacerbatedtyy

pervasivecomputingand ubiquitousnetwork connectivitywhere
literally all devicesoffer servicesfor dynamic integrationinto

client applications.

In responseto this, Gravity pushesa vision of client-side
applicationsthat easily and inexpensively undergo continual
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evolution and adaptation by using context (e.g., location,
environmentusertask) to dynamicallyfilter availablebuilding

blocks.Unlike currentclient-sidetechnology which providesfor

limited, semi-staticforms of change,such as the occasional
update from the software vendor or the rigid extension
mechanisnof the plug-in, the goal of Gravity is to enableclient-

sideapplicationgo evolveandadaptdynamicallywith respecto

virtually any and all changesn their design, deployment,and
usage,and to do so as a normal and seamlesspart of their

executionbehavior.To do this, Gravity currentlyfocuseson one
significant underlying assumption: that application building

blocksexhibit dynamicavailability. Specifically,this refersto the

situationwhereapplicationbuilding blocksappearor disappeaat

anytime and this cannot be controlled by the application.

The assumptionof dynamicavailability may appearfarfetched,
but computing trends, such as web services and pervasive
computing, are making dynamically available building blocks
commonplaceWeb servicespush applicationfunctionality into

network-basedservices and as a result push the inherent
unreliability of distributed systemsinto ordinary client-side
applications.Pervasivecomputing strives to embedcomputing
powerinto almostall imaginabledevices,eachof which is able
to offer servicesvia wirelessnetworksand other protocols.In

both of thesecases,service failures may occur, for example,
when a server crashesor when a user simply walks out of

wirelessnetworkrange.Likewise, applicationsmay haveto deal
with the situation when serversor network connectionsare
restored or when completely new services are discovered.

This paperdescribegheinitial stepsGravity hastakento address
issuesof dynamicavailability of building blocks by combining
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Figure 1: Currently, Gravity focuses on maintaining the
application's compositional consistency in response to changes
in the availability of components.
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component-orientedand service-oriented concepts into an
application framework.

2 APPROACH

Gravity views componenrientationand serviceorientationas
complementaryComponentrientationfocuseson composition
and independendeployment,while serviceorientationfocuses
on description discovery,anddynamicintegration.Currentwork
in Gravity investigates simplifying building and using
applicationswhosebuilding blocks may appearor disappeatrat
anytime.Figurel depictsthe focusof the currentwork (alongthe
top of the figure) and its relationshipto the overall vision. The
Gravity prototypeis implementedon top of the Open Services
Gateway Initiative services gateway platfdSh

2.1 Service-Oriented Component Model
The notion of a service-orienteccomponentmodel arisesfrom
the conceptsof service-orientegprogramming(SOP) In SOP,a
serviceis a contractof definedbehaviorandsemanticsA service
clientis not tied to a particularserviceprovider,instead,service
providers are interchangeablfl]. Service-orientedsolutions
follow a pattern that consists of service providers service
requesters and a serviceregistry. With respectto Gravity, a
componenimodelis definedas* serviceoriented”if it providesa
serviceregistry for publishingand discoveringservicesthat are
offered by component instances.

In Gravity, componentsare black boxes that provide specific
implementations of services and may also use services
implementedby other componentsA serviceis simply a Java
interface.The interfaceitself is not usedto derivethe associated
semanticsof the service; instead, service interfacesand their
semanticsare defined externally, such as in a specification
document, and any implementer of the service interface
guaranteego faithfully implementthe semanticsof the service
specification. Gravity's service registry contains referencesto
published servicesthat are implemented(i.e., provided) by
componentnstancesThe serviceregistryis globally accessible
to all componeninstancedor purposesf discoveringavailable
services.The service registry allows servicesto be registered
with an associatedset of properties(i.e., attribute-valuepairs).
Componentsearchfor availableservicesby performinga query
over the associatecpropertiesand the desiredserviceinterface
name.

2.2 Supporting Framework

Gravity's service-orienteccomponentmodel doesnot, in and of
itself, simplify the complextasksof dealingwith dynamically
availablebuilding blocks; the Gravity frameworkplays a major
role.

Component Deployment. Gravity stressesthe concept of
“deploy at any time” since applications supporting dynamic
building block availability are alwaysin a stateof deployment.
This meansthat deploymentactivities are also possibleat run
time. The Gravity framework supports installation, update,
activation, and removal of components.

Application Design. Similarly to deployment,Gravity stresses
the conceptof “designat any time” sinceanapplication'sdesign
mustchangen responséo building block availability. For client-
side applications,the framework supportstwo kinds of design:
architectural (or compositional) and aesthetic. Architectural

designpertainsto the actual“node andarc” conceptf software
architecturewhereasaestheticdesignpertainsto graphicaluser
interfacecompositionand layout. The framework providesboth
automatedand user-directedsupport for both of these design
areas.Design supportis availableall the time, sinceit is not
possible to control when new building blocks arrive or depart.

Service DependencyManagement. Gravity simplifies support
for dynamic building block availability by introducing the
ServiceBinder as a mechanisnto automateservicedependency
managemerin its componenmodel.Using the ServiceBinder,a
developer only provides dependency meta-data about his
componentsand the instanceshe wantsto create,instead of
writing complexand error-proneservicemanagementode. The
meta-datausedby the ServiceBinder is containedin an XML
file, called an instancedescriptor which is essentiallyof list of
componentypesandinstancego create.Theinstancedescriptor
file is placed in the component deployment unit (i.e., JAR file).

For eachcomponentnstancedescribedn theinstancedescriptor,
the Service Binder createsan instance manager The instance
manager has four responsibilities:

« dynamically monitor the componentinstance'sservice
dependencies,

e create/destroythe componentinstancewhen its service
dependencies are satisfied/unsatisfied,

« bind/unbind required servicesto/from the component
instance when it is created/destroyed, and

* register/unregister any services provided by the
component instance after its required services are
bound/unbound.

Each instance manager actually representsthe intention of
creating a componentinstance and each tries to constantly
maintainthisintentionthroughouits lifetime, until it is explicitly
disposed.

The descriptionof an instance,inside the instancedescriptor,
includes the name of the classfor the component.the set of
servicesimplementedby the component,the set of properties
associatedvith the servicesanda setof servicedependenciefor
the componentinstance.Servicedependencieare characterized
by the fully qualified serviceinterface name,a propertyfilter,
cardinality, andbinding policy

Cardinality is usedto expressoptionality, suchas a zero-to-one
dependencyand also to expressaggregationsuchas a one-to-
manydependencyBinding policy is specifiedas either static or
dynamic and determineshow run-time service changesare
handledand how the componentinstancelife cycleis managed.
A staticbinding policy indicateshat dependencpindingscannot
changeat run time without invalidating the associatednstance,
whereasa dynamic binding policy indicatesthat dependency
bindings can change at run time.

Despite the relative simplicity of the meta-data,applications
using the Service Binder exhibit interesting auto-adaptive
characteristicsFor example,it is easyto describea dynamic
plugin-orientedsystem,suchasa web browser,usinga zero-to-
many dynamic dependencybetweenthe browser and plugin
services.This indicatesthat the web browsercan work without
any plugins and that it will automaticallyintegrateor remove
plugins as soon as they are installed or removed,respectively.
Any applicationusingthe ServiceBindercaneasilyexhibit auto-
adaptive behaviorin responseto dynamically installed and/or
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Figure 2: Gravity framework prototype usage scenario.

uninstalled components.

The following is an exampleof the XML representatiorof an
instance descriptor:

<bundle>
<instance
class="org.office.SpellCheckServicelmpl">
<property name="Language"
value="English" type="string"/>
<provides
service="org.office.svc.SpellCheckService"/>
<requires
service="org.office.svc.DictionaryService"
filter="(Language=English)"
cardinality="1..n"
policy="dynamic"
bind-method="addDictionary"
unbind-method="removeDictionary"/>
<linstance>
</bundle>

This exampledescribesa componentwhoseimplementatioris a
Javaclasscalled SpellCheckServicelmpl . An instanceof

this componenthas a languageproperty associatedvith it and
implements the SpellCheckService service interface.

Instances of this componenthave a dynamic one-to-many
dependency obictionaryService service interfaces.

2.3 Framework Usage Scenario
Figure 2 depicts several screen captures of the Gravity
frameworkin action.Snapshot2aand2b depictthe composition

and designenvironmentwhich works much like a typical GUI
rapid application design tool. Behind the scenes,though, the
application'scomposition connectionsare being automatically
managedand monitoredbasedon componeninstancemeta-data
descriptions. The list box along the left side contains the
available componenttypes and new componenttypes are
automaticallydiscoveredas componentactoriesareregisteredn
the underlyingserviceregistry. The composedapplicationis live
andthe usercanswitchinto run-timemodeat any time to useit,
as shown in figuréc.

Snapshot2c, 2d, 2e, and 2f depicta usagescenariowherethe
exampleapplication, a simple text editor, undergoesdynamic
changesat run time. The text editorin the figure is composedf
numerouscomponentsThe menu bar, buffer switcher, and file
selectorcomponentsill interactwith an“editor service”provided
by the editorcomponentFurther the buffer switcherimplements
a special “plug-in” service interface, defined in the editor
packagesothatit canreceiveeventsfrom the editor component
in order to updateits user interfacewhen buffers are opened
and/or closed. The file selectorusesa tree rendererservice
providedby anarbitrarycomponento renderthetreestructureof
the file system. This composition, depicted in figure3, is
maintained by the Gravity framework.

Figures2c and 2d depictthe transitionthat occurswhenthe tree
renderer dynamically disappears.Since an alternative tree
rendereiis available the frameworkautomaticallyrepairsthe file
selector'sbrokendependencyNotice that the new tree renderer
usespanelsto displaythe tree structure insteadof a treewidget



editor and framework instances.

like the original, but is otherwise functionally equivalent.
Figure2e depicts the result when the second tree renderer
dynamicallydisappearsSinceno otheralternativesare available,
the file selector'sdependencyis broken and the instanceis
invalidated. The framework replacesthe componentwith a
placeholder(currently an animated“under construction”icon).
The final snapshotin figure 2f showsthe result of a dynamic
arrival of a treerendererThe frameworkrevalidatesandrestores
a new file selector instance into the application.

3 RELATED WORK

Componentmodels ranging from COM [3] to CCM[9] share

conceptswith Gravity, but none explicitly support run-time

change®therthanvia programmatienethods Component-based
developmentenvironments, such as IBM's Eclipse[11] and

WREN[7], are also relatedto Gravity, but theseenvironments
assume that composition cannot occur during application

execution.

Service-orientedapproachesinclude OSGi and web services.
OSGi definesa frameworkto deploy servicesin a centralized
environment but leaves service dependencymanagementto
programmers. Web services target business application
interoperability.Web servicecomposition,asin BPEL4AWS|5],
is realizedthroughflow modelsthatrepresenbusinesgprocesses.
A web servicecompositioncan becomethe implementationof
anotherservice, thus hierarchyis supported.The web service
approach, however, does not support automated service
dependency management and does not cover deployment.

Composition language$8], such as CoML [2] leverage ADL

concepts (architectural description targeted towards
documentatiorand analysis)to define componentcompositions
that include scripts, coordination primitives, and adaptation
mechanismsScript executionperformstaskssuchascomponent
creation and wiring but is not oriented towards supporting
runtime dynamic changes.

Dynamically reconfigurable systems focus on reconfiguring
systems during execution6]. These systems use explicit
architecturemodels and map changesin these modelsto the
applicationimplementation.An exampleof such as systemis
ArchStudio[11] which is a suite that supports run-time
reconfigurationof applicationsfor an architecturalstyle called
C2. Dynamic reconfigurablesystemsprovide mechanismsto
changethe structureof a systembut do not focus on automatic
repairing upon changes.

Recentrelated researchincludes autonomic computing, which
promotessystemsthat self-monitor and self-heal,and proactive
computing,which promotessystemsthat try to anticipateuser
needsto trigger reconfiguration§l13]. Thesecomputingtrends
are mostly at a proposal stageand they focus on networked
applications,insteadof client applications.They do, however,
depend on context awarenessto some degree and could
potentiallyoffer someof the otherneededtapabilitiedepictedin
figure 1.

4 CONCLUSION

This paper describeda researchproject, called Gravity, that
supportsa new paradigmfor building client-side applications
wherebuilding blocksmay appearor disappeait any time, i.e.,
they exhibit dynamic availability. Gravity envisionsa world
whereintegrationdecisionsare simplified and automatedyhere
contextis usedto filter which building blocks are part of the
current application composition. Gravity supportsthis vision
using a service-orienteccomponentmodel and framework.The
Gravity prototype,describedn the paper,wasimplementedon
top of the OSGi services framework. Future work will

concentrateon creating predictableapplicationsin the face of
ambiguities (such as when multiple candidate services are
available), integrating context and semantics,and supporting
plastic[4] (i.e., fluidly dynamic) user interfaces.
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