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Abstiact

The rapid growth and coexistence of different
application domains, such as multimedia and electronic
commerce, present a signicant challenge to the
provision of their Quality of Sewice (QoS). To solve this
challenge, we need a unied QoS framework, which
allows exibility andrecon gurability .

In this paper, we present a recongurable
component-basedQoS framework, called , which
solvesthe challengeby partitioning the end-to-end QoS
setup processinto distributed QoS compilation and
runtime QoS instantiation phasesfor different types
of applications. Entities, sewicesand protocols of this
framework, suchasapplication-to-componenttranslator
and component-to-resources translators, achieve the
distributed QoS compilation and prepare all necessary
QoS structures for the end-to-end QoS setup. Other
capabilities of this framework, suchasa recon gurable
middleware and functional adaptation, achieve the
runtime instantiation of the end-to-endQoS setup.

We have implemented the rst prototype of this
framework and the results shav a feasible overhead of
the runtime sewiceinstantiation and recon guration for
differ ent applications and their QoSrequirements.

|. INTRODUCTION

Therapidgrowth andcoexistenceof differentapplication
domains, such as multimedia and electronic commerce,
presenta signi cant challengeto provision differentlevels
of Qo0S. The big questionis: “How should a unied
end-systemQoS framevork look like to allow different
applicationsto useit and achieve requiredQoS guarantees
without re-implementatiorf the underlyingQoSservices.

Current QoS frameworks are tailored towards speci ¢

1This work was supported by the National Science Foundation
under contract number 9870736, the Air Force Grant under contract
number F30602-97-2-0121, National Science Foundation Career
Grant under contract number NSF CCR 96-23867, NSF PACI
grant under contract number NSF PACI 1 1 13006, NSF CISE
Infrastructure grant under contract number NSF EIA 99-72884,
NSF CISE Infrastructure grant under contract number NSF CDA
96-24396, and NASA grant under contract number NASA NAG 2-
1250.

applications such as providing QoS guarantees for

multimedia services [1, 2, 3, 4, 5] with timing and
bandwidthrequirementsor for messagingservices[6, 7]

with reliability requirements. Hence, there is currently
no unifying framevork which would allow a clear QoS
speci cation, translation, and con guration of a QoS
framavork for different applications. Furthermore,the

QoS frameaworks lack a clean methodology of how to

specify QoS, how to compile QoS parametergor different
applicationshow to con gure andinstantiatecorresponding
end-to-endQoS pathduring the runtime, aswell ashow to

recon gureservicesn adistributedfashionwhenresources
becomescarce.The currentQoSframenorks have services
such as QoS monitoring and QoS adaptation, however,

theseservicesare tied to resourcemanagemenand data
adaptation.

In this paperwe presentiuni ed QoSframework, called

, anda methodologyof an establishmenprocesdrom

userQoSspeci cationthroughQoS compilationto runtime

end-to-end execution of end-systemservices con gured
accordingto theuserQoSspeci cation.

Our QoS frameawork differentiatesitself from existing
QoS framewvorks by (1) introducing a distributed QoS
translation and compilation process to prepare QoS
structures and mappings for runtime QoS setup; (2)
providing dynamic discosery and con guration protocols
to synchronizeservicesand resourceswhen establishing
end-to-endQoS during the runtime, and (3) expandingthe
data QoS monitoring and data QoS adaptationtowards
functionalcon guration andrecon gurationof servicesfor
provision of QoSguarantees.

Our solution takes a component-basedmiddlevare
approachand consistsof two phases: (1) distributed QoS
compilation phase which is performedin the off-line mode
of a consideredapplication,and (2) runtime instantiation
phase during which the applicationend-to-endservicesas
well asthe QoS-avaremiddlevareservicesaredynamically
con gured and setup accordingto userQoS speci cation.
In Section2, we outline the overall framework architecture
aswell asentitiesparticipatingin this framewvork. Section
3 expandsin detail on the distributed QoS compilation
phase the algorithms,servicesand protocolsachievzing the
desiredend-to-endQoS translation. Section4 discusses
the con guration and instantiationof end-to-endservices



accordingto the userQoS speci cation during the runtime
phaseln Section5, arunningexamplepresentsheusability

of the QoS framevork by describingconcretestructures,
servicesand protocolsin both phases. In Section6, we

presentheimplementationbasedon dynamicTAO [8] and

component-base®K system[9], and experimentswith our

rst prototypeof thisuni ed QoSframeawork. In the Section
7, relatedwork is brie y discussedWe concludein section
8 with lessondearnedfrom this framework.

1. FRAMEWORK

The unied QoS framevork is a component-based,
multi-tier middlewvare framewvork which consists of the
QoS-avareresourcananagemengndtheapplication-avare
servicemanagemerdsshowvn in Figurel.
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Figure 1: Reconfi gurable Component-based QoS Framework
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The QoS-aware resource management is basedon the
conceptof resource brokers which have the capabilitiesof
the QoS-avare resourceadmission,resenation, allocation,
enforcementand data adaptation. The QoS-avare
resourcemanagementelies on the QualMan system[10]
which deliversthe above capabilitiesfor CPU, memoryand
network resources.

The application-aware service management uses the
QoS proxy to provide capabilities such as component
con guration,componentdaptationtranslatiorbetweeran
applicationand underlying servicecomponentsaswell as
translationsbetweenQoS of componentsand the required
underlying resources. This paperconcentratesnainly on
the application-avare servicemanagemenpart of the
framavork becausethe QoS-avare resourcemanagement
is already publishedin [10, 11]. The framework
establisheshe QoS contractin two phases:(1) distributed
QoS compilation phase and(2) runtime instantiation phase.

The distributed QoS compilation phaseis performed
off-line and it preparesQoS parameterand structuresfor
a speci ¢ application. The goal of this phaseis to take an
application,representedby a functional graph,andits user
QoS requirements,and translateit into application and
systemQoSparametersDuring theruntime,theapplication
then takes these parametergo get a QoS contract from
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the underlying systemand networks or to adaptits QoS
contract.

The runtime instantiation phaseis performed online
andit hastwo major goals: (1) QoS setup of anend-to-end
QoS path accordingto given user QoS requirementsas
well asnegotiationof a QoS contractbetweenthe userand
the underlying systemand network; (2) functional QoS
adaptation and dynamic service reconfiguration during the
runtime.

[11. DISTRIBUTED QOS COMPILATION PHASE

The distributed QoS compilationphasedealswith QoS
translationdn multi-facetway. Thetranslationgangefrom
analytical translationsto measurement-basetlanslations
betweendifferent QoS parameters.This phaseruns before
a userrequestsan applicationwith a QoS contract. The
reasonwe needthis phaseis becausalifferentapplications
might require different QoS translations, structuresand
parameters.Hence,we needto examine (sometimeseven
instrument)the applicationand nd out the QoS relations
so that whenthe applicationentersthe runtime phasewith
the goal to achieve a QoS contract, the end-to-endQoS
instantiationcan be doneefciently. This is similar to the
languagecompilationconceptwhere an applicationsource
codeis optimizedandtranslatednto an executablecodeby
the languagecompiler so that during the runtimewe geta
highly optimizedandhigh-performanc@rogram.

The distributed QoS compilation phaserequires four
major speci cationsdone by the application designerin
orderto performthe compilationprocess:(1) Speci cation
of an applicationvia a functional graph which presents
feasible con gurations of service component$ and the
interactionsamong them; (2) Speci cation of relations
between user QoS parameters, given by the user of
an application, and the correspondingapplication QoS
parameters, represented via an application-specific
translator (TApp); (3) Speci cation of relations among
the application code, its services, and possible locations
of services (service component description), and (4)
Speci cationof application-speci cadaptation policies and
otherapplication-relateéhformationsuchasimportance.

Once these specications are in place, the QoS
compilation protocol executesasfollows:

First Step: The speci cationof the applicationvia the
functionalgraphis translatednto a setof component
configurations, dependendn multiple paths,speci ed
by thefunctionalgraph.

2\We decompose an application into a set of services and each
service will be represented and implemented by a component.
Hence, in the text the two terms 'service’ and 'component’ are
interchange-able.



SecondStep: The set of componentcon gurations

(result of the rst step) together with (a) the

speci cation of relations between user QoS

requirements and application QoS parameters
inside of the application-speci ctranslatoy (b) the

speci cation of relations betweenapplication code,

componentsand location, and (c) the speci cation

of application-speci ¢ adaptation policies and

application-related information, are translated
into the QoS-aware component specification

(QoSCSpec). This translationis performedby the

application-to-component translator as shavn in the

Figure2.
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In this step,the QoSCSpeconsistsof the following

information: (1) application information such as
name and requestpriority, (2) adaptationpolicies
suchas dropping policies for transportcomponents,
(3) dependencieamongcomponentsgxpressedvia

QoS-basedcon gurations, and (4) per component
QoS speci cations, including the locations of the

componentswithin the consideredplatform. Note

that the result of this stepis a set of component
con gurations,labeledwith correspondingpplication
QoS,andpossiblelocationsof componentsFigure3

shavs the QoSCSpestructure.
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Figure 3: QoS-aware Component Specifi cation (QoSCSpec)

Third Step: The QoS-based con gurations in
QoSCSpeanustbe translatednto the corresponding
system QoS parameters and their resource
requirements (e.g., CPU or network bandwidth).

This is achieved either by analytical translations
if arny exist or by the probing service, performing
measurement-basedtranslations. Analytical

translationsprovide translationsbetweenapplication
QoS parametersand the network QoS parameters

For example, we can translateuser frame rate and
frame size parametersinto a required network

bandwidth [12].  The probing service runs the
applications possibleQoS con gurationsin a lightly

loaded ernvironment and measuresthe amount of

requiredresourcedor eachservicecomponent. The
resultis storedin the eld “ServiceComponentQoS
Speci cation' of the QoSCSpestructure.

The result of the overall QoS compilation phaseis the
QoS-aware component specification structure (QoSCSpec),
including all the QoS-avare con gurations and their
corresponding resource requirements. The dynamic
downloading and distributed probing are the underlying
mechanismsor resourcepro ling in the compilationphase.
QoSCSpedor an applicationcan be storedat the initiator
site (e.g., client) and/or initiatee site (e.g., sener) and/or
intermediatesites.For example,if we have a powerful client
(e.g., workstation), then the QoSCSpecstructure can be
storedat the client site. On the otherhandif the clientis a
thin client (e.g., palm pilot ), thenthe QoS structurecould
be storedat a speci ¢ sener, suchasthe discovery sener
or the sener of the correspondingapplication,or it canbe
distributed.

V. RUNTIME INSTANTIATION PHASE

The runtime instantiation phase needs to provide
(1) a QoS setup protocol for the applications setup of
end-to-endQoSguaranteegaccordingto speci ed userQoS
parametersand (2) adaptation services during the runtime
of applicationsn caseof changedesourceavailability.

The QoS setup takes rst a user request(e.g. a service
descriptionwith required QoS parameters)and basedon
theinformation,it looksupin the QoSCSpestructurewhat
are the correspondingcomponentcon gurations and their
QoS/resourceequirementsSereral con guration pathscan
beresultof thislook-up step.With this result,the QoSsetup
entergheservice configuration discovery protocol. Oncethe
appropriatecon guration pathis found, resourceesenation
and allocation protocol can be executedin an end-to-end
fashion[10].

Note that a con guration discovery protocol can be
executedin multiple ways. For example, the protocol
can pick one con guration out of the set of possible
con gurations satisfying given user QoS, and the

SNetwork QoS parameters are subset of the system QoS
parameters.



componentsare then down-loaded and con gured at
individual nodes along the end-to-endpath. Another
possibility is to use a discorer sener where the
con gurations in QoSCSpecare stored, and the most
appropriatecon guration path can be found locally on
this sener.  Once a con guration path is found, the
individual components are down-loaded to individual
nodes and con gured accordingly This solution is a
centralizedsolution. Thereexists alsoa distributed solution
which requires that the sender has all corresponding
con gurations available, and the sendersendsa request
over multiple con guration pathsto down-load, con gure
individual componentson the path nodes,and to collect
informationaboutthe end-to-endperformanceof individual
con gurations.Therecever chooseghebestcon guration.

The distributed solution delivers a con guration path
which is closestto the given QoS requestbecausethe
discovery will be based on the most recent resource
availability information. However, this approachalso
requiresa lot of overheadas multiple con guration paths
might needto be pursuedand a lot of resourceshlocked
before a nal decisionfor an applicationis met. The
single con guration path selectionis the fastestand lowest
overheadapproachhowever, it is alsothe mostinaccurate
solutionto the con guration path problem. Therefore,we
selectedat this time thediscovery senerapproachwhichwe
describebelow.

A. ServiceCon®guiation Discovery Protocol

The con guration discovery protocol nds the best
possiblecon guration pathandallocatesindividual service
components among distributed nodes such that each
componentvill have sufcient availableresourceso satisfy
requestedoS. To achieve this goal, eachnodeincludesa
servicecon gurationentity andthedistributedcon guration
protocol enforces the interactions among the service
con gurationentitiesshovn in Figure4.

Our con guration protocol performs the following
steps: First, prerequisiteor alternatve componentsandthe
corresponding QoS component-to-resourcedranslators
(TCom) of the initiating nodeare found in the QoSCSpec
and dynamically down-loaded according to the current
available resources. Second,on behalf of the requested
application, a query is issuedto the discovery sener for
available requiredservicecomponentgSC) on distributed
nodes. Third, the discovery serviceinside the discorery
sener proposessuitable con guration path node(s)as the
resultof a queryto the initiating node. The initiating node
contactsthe proposednode(s), passesthe corresponding
dependeng graph,andwaits for the noti cation of success
or failure. Forth, a distributed node determinesif the
requiredcomponentsare alreadyin the nodeor not. If the
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requiredcomponentsarenot in the node,the nodecontacts
the componentrepository to dynamically down-load the
components. Fifth, the node contactsthe local resource
brokers asking the current available resources. During

this step, the component-to-resourcganslationis actie.

This translation utilizes the compiled information about
the relationsbetweencomponentsand resourcesstoredin

QoSCSpec,as well as online resourceusagemonitoring
andtranslation.If aresources insufcient (e.g. aresource
utilization is over a threshold), recon guration needsto

occur Sixth, the result of the componentallocationon a
distributednodeis sentbackto theinitiating node.

The compleity of the service con guration protocol
dependson application domains which require different
componentsunningon variouslocationsin the distributed
ervironment. For example, to provide QoS for the
Messaging Service, the service con guration engine
has to locate the appropriate locations of messaging
routers which forward a messageto anotherrouter and
synchronouslydeliver a messageto their intendedtamget
[13]. On the otherhand,for a distributed omni-directional
visual tracking system [14], the service con guration
discovery hasto locate an appropriategatavay to control
switching capabilitiesfrom one camerasener to another
accordingto client'srequest.The messagingoutersandthe
omni-directional gatevays are examplesof con guration
pathnodeswith correspondingervicecomponents.

Note, that after the con guration discovery protocol,
the end-to-endresourceresenation and allocationprotocol
execute$, using various resourcebrokers as describedin

“Our QoS framework performs in an heterogeneous
environment, hence some nodes such as thin clients might



[10].

B. Integrated AdaptationModel

Adaptationsare necessaryin our framevork due to
the following two reasons:First, the resourceresenation
usesan optimistic approachfor resourceresenation which
meansthat resourcesare resered only for minimum QoS
guarantees. If the resered resourcescannot satisfy the
requiredburstsduring the executiontime, adaptationhave
to take place.Secondpur QoSframevork wasdesignedor
heterogeneousnvironmentswherenodescanhave different
types and levels of resourceavailability and usage. For
example, for somenodes,a resourceresenation doesnot
malke sensehencein orderto provide applicationQoS,we
will deploy adaptatiorservicesin the middlevareto adjust
theresourcaallocationin caseof availability changes.

The adaptatioomodelconsistsof anintegrationof data,
and functional adaptationcapabilities, assumingadaptve
andrecon gurableapplications.

Data adaptation is a resource-leel adaptatiorwhich is
resource-speci c. An amountof a resered resourcecan
be dynamically adjustedbasedon data-speci cadaptation
stratgyies(e.g. drop of paclets,skip a CPU cycle) provided
by a resourcebroker. If a low-level adaptationcannot
reconcile QoS violation, functional adaptationwill take
placefor componentecon guration[14].

Functional adaptation(QoS Proxy adaptation) is the
component-leel adaptationwhich deals with component
recon gurations. This adaptationserviceis part of the
Service Con guration Entity as shavn in Figure 1. The
causefor a new con guration path can be a component
allocation failure, component-resourceresenation or
allocationfailure, QoS degradation,QoSupgradeand QoS
violation.

This functional adaptation service looks up in the
QoSCSpecstructurea new componentcon guration that
satis esthecurrentavailableresources.

The QoS Proxy adaptationprovides application-leel
recon gurationaswell asmiddlevare-level recon guration
basedon different applicationdomains. For example,the
formatof a VoD applicationmaybe changedrom MPEG-II
streamingto MJPEG streamingwith the recon guration
of the encoderand decodercomponentn the sener side
and the client side respectiely. The replacemenbf the
encodingand decodingcomponentds an example of the
application-leel recon guration. In case of messaging
application, insertion of an interceptorin the middlevare

not need reservation for al resources as they do not share some
resource (e.g., CPU on the palm pilot). Our end-to-end resource
allocation protocol takes thisinto account.
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Figure5: Integrated Adaptation

invocation path for intercepting messageinvocations or
switching from a router proxy to anotherrouter proxy are
examplesof themiddlevarerecon guration.Figure5 showvs
theintegratedadaptatiormodel.

V. EXAMPLE OF QOS COMPILATION AND
RUNTIME INSTANTIATION

A. DistributedQoSCompilationPhase

In the framevork, an application developer is
responsibldo specifythefollowing information:

Application functional graph represents
dependenciesamong possible combinations of
componentgo form an application. Figure 6 shavs
anexampleof a Video-on-Deman@VoD) application
functional graphwith three servicecomponents
(Retrieval Service), (Display Service),and
(TranscodingService). The visual graph is then
internally translatedinto two con guration paths

[( ) ( )] as shavn in Figure
6.
(SCl,SC3,SC2)

Figure 6: Application Functional Graph

Application-speci ¢ translator (TApp) contains
rules to map users required QoS to different level
of application QoS parameters. Table 1 shavs an
exampleof a VoD Translato?.

*We are currently providing templates to the application
devel opersto create the tranglations.



UserQoSlevel

Framerate | Framesize(pixel)

High 30fps

320x240

240x160

2. Con guration Resource Proling translates all

con gurations generated by the application-to-

Medium 20fps componenttranslatorinto requiredsystemresources
using the probing service. Note that two more
con gurations in this step come from choices of
physical nodes  or for the servicecomponent
., ,and representheamountof a
requiredresource,a resourcetype , anda physical

node,respectiely.

Table1 Example of a VoD Translator

Application's sewice component description
includesthe servicename (e.g. MPEG-II player),
its logical location (e.g. the directory containing
the service componens implementation), and (
physicallocation(e.g. the nodes).Table2 represents
an example of some VoD's service component

descriptions.Similar to TApp, we provide a template ( , , ) ( )
to the applicationdeveloperfor a servicecomponent ( , Y , -
description.
Svc.Comps Name Directory | Nodes ( ' ' ) ( )reens
MPEG-II player | /VoD/player| N1 ( , ey , .
MPEG-II sener | /VoD/sener N2
MediaGatevay | /VoD/MeGa| N3, N4 ( , ) ( Yyeens ( ,
Table2 VoD’s Service Component Description for Components U
( ; ; ) ( )
( il il H H y il
Once the above speci cations are in place, the QoS ( ) ( )
compilation protocol executesasfollows: ( ’ ’ Y

1. Application-to-Component Translator uses the

combinednformationprovidedby (1) theapplication
functional graph in Figure 6, (2) the application-
speci ¢ translatorin Table 1, and (3) the service

The result of this translationis also storedin the
QoSCSpec structure.Figure 8 shavs theresultof the
component-resourcgro ling correspondingo some

componentlescriptionin Table2 andtranslatest into con gurationsgeneratedh the previousstep.

asetof QoS-basedon gurations.Figure7 shavsthe

resuItingapplication-to-componemtanslationé The VoD Candidate Configurations| VoD Distributed Resource Requirements
result of this translationis storedin the QoSCSpec (s Scofl <(cPU'110%), (Bandwidth' 1200kbps),
structure. LNy 2N, N, N,
(CPU 220%). (Bandwidth 2200kbps)>
User QoS leve{AppQoS-1 |AppQoS-2|  [Service ComponentsName| Directory. Nodes (SCQOSl s QOS-LSC onl <(chN 110%), (BandwidthN 1200kbps),
+ + ! '
st BERN I = LNy BN T 2N (crU"220%), (Bandwidth" 3200kbps),
(Bandwidth 3100kbps), (CPU" 315%),
N
(Bandwidth  2200kbps)>

(scffi sc gﬁ’%
(scfff sc gﬁ’ﬁ;

(SN ek 2
(SN ek 2

Figure 8: VoD Components Resource Profi ling for Two
Confi gurations

B. RuntimelnstantiationPhase

During the runtime phasea user provides a service
description(userQoS)asfollows:

Figure 7. Application-to-Component Trandation

81n this example, we do not consider any adaptation policies.

S1: [Service Name = Video on Demand



[Data Type = Streaming Video
[Format = MPEG-II

[Quality = High ]l]]
[Accessibility = "Public"]

Once the service descriptionis given, the QoS setup
follows:

1. QoSCSped.ookup: QoS setup usesthe information
in the service description to look up in the
VOD QoSCSpecstructure the possible component
con gurationsandtheir resourcaequirementsBased
on the user QoS speci cation “High” in the service
description,correspondingo the quality level
in our example, we retrieve all service component

con gurationswith level:

( : ) ( )i ( :
( , , ) ( )y
( ’ ’ ’ ’ ’

( : ) ( )y
( ’ ’ ’ ’ ]

2. Sewice Con guration : The service con guration
discovery protocol determinesthe most appropriate
con guration out of the returned result from the
QoSCSpeclook up using one of the possible
approaches:

(&) A con guration is selectedfrom the returned
set of con gurations. If servicecon guration
discovery protocol cannot congure the
distributedservicecorrespondindo the selected
con guration, the next con guration in the
returnedQoSCSpeaan be selected. Figure 9
presentgpossiblecon gurations. Con guration
(1) in Figure9 will beselectedrst.

Figure9: Ordered Service Confi guration

(b) Multiple  con gurations, returned from
QoSCSpec, are initiated and con gured

simultaneously Figure 10 illustrates service
con guration discovery protocol in distributed
fashion.

Figure 10: Distributed Service Confi guration

(c) The service con guration discovery protocol
contactsthe discover sener to return the most
appropriatecon guration path.

VI. IMPLEMENTATION AND EXPERIMENTS

Our QoS framework is implementedas a CORBA
service,basedon the dynamicrecon gurablemiddlevare,
called “dynamicTAO” [8], in the 2K system, and the
resourceresenation model in the QualMan [10] system.
Both our framework and the dynamic’RO, run on
distributed nodesconnectedvia a 10 Mbps Ethernet. The
distributednodetypesare:node (1) SunUltra-2 workstation
with two 200MHz processorand256MB memory node (2)
two Sun Ultra-2 workstationswith one 200MHz processor
and 128MB memory node (3) Sun Ultra-1 workstation
with one 143MHz processorand 128 MB memory and
node (4) SunUltra-1 workstationwith one143MHz,and64
MB memory All machinesare running Solaris2.6 UNIX
operatingsystem.

We present experimental results in three different
scenarios:

Scenariol: A useronthenode (1) requestdifferent
applicationservices: (1) VoD service, (2) a simple
"Hello World' text return service, (3) a monitoring
service,and (4) a concurreng service. Within this
scenariowe illustratethe con guration overheadin
termsof down-loadingdelaytimeswhencon guring
and dynamically down-loading different sizes of
servicecomponents. Figure 11 shows the result of
different elapsed down-loading times for service
componentswith sizes: 16.5 KB (concurreng
service), 23.2 KB (text return service, version 1),
44.7 KB (text return service,version2), 109.3KB
(VoD service),and 277.9 KB (monitoring service).
The average elapseddown-loading times from the
smallestto the largest service componentsare on
averagel34.29,144.53,161.46,291.85and 451.81
ms. Figure 12 illustrates the proportions of the
down-loadingtimes correspondindo the sizesof the
servicecomponents.
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(Confi guration Overhead) Setup | AtoCtrans.| Svc.alloc. | Other Total
casel 0.16ms 565.71ms| 77.17ms| 643.05ms
case? 0.14ms 873.54ms| 76.00ms| 949.70ms
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Scenario 3: The case (1) con guration of the VoD
applicationis switchedto the case (2) con guration.
=0 1 Within this scenariowe illustratetherecon guration
a0l ] overhead of the functionaladaptationrepresentetly
the runtime servicecomponentinsertion. Figure 14
shaws the recon gurationoverheadwith 25 trails of
a media gatavay componentinsertion. The size of
the mediagatevay servicecomponents 110KB. The
averagerecon gurationtimeis 301.73ms. Comparing
theresultsin this scenariowith theresultsin scenario
1, we can concludethat the major overheadof the
functionaladaptatiorcomesfrom the dynamicdown-
loading time which variesmainly due to the service
componenssize.
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Figure 12: Relation between Service Component Size and
Down-loading Overhead

Scenario 2: The VoD application is requested
by a user Within this scenario,we demonstrate
instantiation times used for two different QoS
con gurations: case (1) VoD sener connectgo the
VoD clientdirectly, andcase (2) VoD sener connects
to the VoD client via its gatevay. The resultsin
Figure 13 shav that the smallestoverheadcomes
from the application-to-componerfAtoC) translation
time which is currentlyimplementedasthe lookup of
pre-speci edQoScompilations.The largestoverhead
is the serviceallocationtime which dealsmainly with
dynamic down-loading of service componentson
distributed nodes. QoS setupin case (2) needsmore
time for serviceallocationthanthe QoSsetupin case
(1). Thereasoris thatin case (2) notonly VoD client o s m e )
and VoD sener are allocatedon the client and the "

sener nodesrespectiely, but alsotranscodingservice
hasto beallocatedon the VoD gatavay node.
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Figure 14: Reconfi guration Overhead for a VoD Application

VII. RELATED WORK

Different researchgroups consider middlevare-based
QoS provision. Some propose the QoS provision

Valuesplottedin the Figure13 comefrom theaverage
valuesof 25trials presentedn the Table3.



functionalitiesas a middleware itself while otherspropose
QoSfunctionsasservicesn amiddleware.

WashingtonUniversity's TAO system[15] developed
real-time CORBA-compliant ORB focusing on the
optimization of real-time methodinvocationsin the ORB
itself. OMG's Audio/Video Streamingand Messaging
Serviceg16, 13] have beenproposedor QoS provision in
distributed multimediaapplicationsand objectinvocations,
respectrely. Microsoft's COM Non-Blockingmethodcalls
[17] provide asynchronousmethod invocation similar to
OMG's Messagindservice.

BBN's QuO project[6, 7], integratedwith AQUA [18]
framavork provides fault tolerance and dependability
QoS for CORBA objects invocations.  While BBN
mentionedbroaderangeof QoSparametergxtendingfrom
multimediaapplicationssuchasframerateandframesizeto
otherQoSparametersuchassecuritylevel, reliability, and
availability, they do not considera uni ed recon gurable
QoS framework. University of Illinois’ EPIQ project[19]
proposes an end-to-end QoS managementarchitecture
which managesdifferent dimensionsof QoS. This work
is theoretically interesting and sharesthe same goal of
our resourcetranslation; however, it does not address
QoS provision for distributed component-basedystems.
Lancastes Adapt project [5] provides an adaptation
QoS middleware via openbindings. QoS managemenis
done directly via manipulationsof object graphs which
representthe underlying end-to-endcommunicationpath.
While Adapt project sharespartsof our QoS framework's
objectie, they do not considerQoS provision for different
applicationdomains.

While our framavork sharesthe samegoal as
the CMU's Darwin project [20] to provide application-
oriented QoS, basedon underlying resourcemanagement
mechanisms, our framevork provides a complete
methodologyfor QoScompilationandruntimeinstantiation
aswell asconcretemodelsfor the application-to-component
QoStranslation,dynamicservicecon guration, distributed
resourceallocation and resenation, and integrated QoS
adaptations.

VIII. CONCLUSION

Our component-basedQoS framawork, , s
a light-weighted, recon gurable frameawork. is
light-weightedin the sensethat it can be tailored to run
on different nodes with different resource availability
exibly. The running application, using this framework,
is also light-weightedand receves servicesand resources
accordingto its request.It meansthatwith our framewvork
we canprovide a“What you needis whatyou get” behavior.
Furthermore, our results indicate that the framevork is
exible and effective. = The application-to-component

QoS-avare translationduring the QoS compilation phase
helpsthe runtime phaseto provide multiple levels of QoS
aspectsfor different application domainsin an efcient,
speedyand e xible manner Flexibility is alsosupportedyy
the availability of adaptve component-basedpplications
and recon gurablemiddlevare. The integratedadaptation
model provides a broaderrangeof adaptationgo satisfya
users QoSrequirements.

In summary the partition of the end-to-endQoS setup
processnto QoScompilationandruntimeQoSinstantiation
phasesproved to be a very useful approachto achieve a
unied QoS framework for different applications. Our
presentedmethodologytowards a uni ed QoS frameawvork
also triggers new researchdirections in areas such as
QoS specication, QoS compilers, distributed QoS
con gurations,andotherswhich we will be pursuingin the
futurework.
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