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Abstract

The global computational grids bring together dis-
tributed computation/communicatioresouces. Beyond
this, we ervision the emegenceof global “servicegrids',
which provide a "market’ of application-level distributed
servicedor clientsto discoverandto requestin this paper
we studytheissueof wide-araservicediscoreryin service
grids. We start with an existing basic wide-alea service
discovery framavork. The framevork adoptsa scalable
architectuie consistingof a hierarchy of Discovery Serves.
We thenidentify problemswith the basic framevork, and
proposeour enhancemerdf queryresponsienesand QoS
awareness The key techniqueswe introduceinclude: (1)
the addition of QoSfeedbak capability to clients; and (2)
the caching and propagation of discovery resultswith QoS
feedbaks in the discovery server hierarchy. Wth these
techniquesthe enhancedservicediscovery framevork will
be fasterin nding quali ed serviceproviders. Further
more, it will selecta "good' (with respecto the QoSto be
delivered) serviceprovider for eadh queryingclient, based
on QoSfeedbaks.

1 Intr oduction

The emegence of global computationalgrids brings
changesto the traditional paradigmof distributed com-
puting. It is now possiblethat one computationtask is
executedby autonomousdistributed, and heterogeneous
computingandcommunicatiorresourcesyirtually brought
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togetherby the grids. More importantly a computation
or communicationresourcecan be discovered on-demand
in the grids. If multiple “instances'of the resource(for
example,CPUor storagespaceprefound,oneof themwill
be selecteddynamicallybasedon thetheir currentloadand
capacity

Taking one stepfurther, we ervision the emegenceof
globalservicegrids on top of the computationagrids. The
gridswill notjustprovide raw computation/communication
resources.They will appearasa "marlket' of application-
level distributed services Examplesof suchservicesin-
cludevirtual scienti c laboratoryservicesyirtual commu-
nity services,E-commerceand multimediadatadistribu-
tion, processingpr storageservices. Theseserviceswill
be deplo/ed in the wide-areaservice grids, and can be
discoveredandrequestedby any networkedclients.

One challengein such a wide-areaservicegrid is to
build a scalableandef cient servicediscovery framavork.
The mainrequirementdor sucha framavork include: (1)
The distribution and managemenbf serviceinformation
shouldnotincurexcessve overheadandcreateperformance
bottleneckwith therapidincreasef availableservicesand
gueryingclients; (2) Responsdo a servicequery should
be reasonablyfast. In particular the query responsdime
should not always dependon how far away a service
provideris from thequeryingclient; and(3) Thediscorery
resultreturnedto a client shouldbe likely to bring good
servicequality to the servicesessiorthat follows, if there
exist multiple serviceprovidersof the sameservice.

In this paper we proposeour solutionto the challenge
which meetsthe above requirements. It is basedon an
existing basicwide-areaservicediscovery framevork. The
framavork adoptsa scalablearchitectureconsistingof a
hierarchy of Discovery Serves. Furthermorewe identify
problemswith the basicframeawvork, and proposeour en-
hancemenbf queryresponsivenesand QoSawarenesgo
the framewnork. The key techniquesve introduceinclude:
(1) the additionof QoSfeedbackcapabilityto clients;and

Linstead,n our framework, queryresponsé¢ime will dependnoreon
therequestrequeny of aservice.



(2) the cachingand propagtion of discovery resultswith
QoS feedbacksn the Discovery Sener hierarcly. With
thesetechniquesthe enhancedramework will be faster
in nding quali ed serviceproviders. Furthermorejt will
selecta "good' (with respectto the QoS to be delivered)
servicepravider for eachqueryingclient, basedon QoS
feedbacks.

The rest of the paperis organizedas follows: Section
2 presentsa basicwide-areaservicediscovery framevork
and identi es its problems. This is the basison which

we proposeour query responsienessand QoS awareness

enhancementSection3 describegshe enhancemertb the

basicframenorkin detail. Sectiond shavstheperformance

of the enhancedvide-areaservicediscovery framework,

using our initial simulationresults. Section5 discusses

relatedwork andjusti es the novelty of our work. Finally,
Section6 concludeghis paper

2 A Wide-Area Sewice Discovery Frame-
work

We rst describethe basicwide-areaservicediscorery
framavork. Then we will identify some problemswith
the basicframenork, which motivate our work. The basic
framework adoptsa hierarchy architecturewhich hasbeen
recognizedas a scalableapproachto wide-areaservice
directoryorganizationandmanagemeri2, 10,11, 7].

2.1 BasicSelwvice Discovery Ar chitecture

The architectureof the basicservicediscovery frame-
work is shavn in Figurel. The wide-areaervironmentis
divided into domainswith differentranges. More speci -
cally, the domainpatrtitionis hierarchical,i.e. onedomain
consistingof multiple domainsat the next lower level. The
key entitiesin the architectureinclude the serviceclients,
the Service Providers (SPs), and the Discovery Seners
(DSes).

Sewice clients querytheservicediscovery framewvork
for the providersof their requestedervices.A client
only interactswith its homeDiscovery Sener (to be
de nedshortly),i.e. theDiscovery Senerof thelowest
level domainwheretheclientresides.

Sewice Providers (SPs)provide application-leel dis-
tributed services. To adwertiseits service,eachSP
sendsservicead to the servicediscovery framework.
Similar to a client, an SPonly interactswith its home
Discovery Sener.

Discovery Servers (DSes)are key entitiesin the ar-
chitecture.They actashrokers betweerserviceclients
and SPs. Thereis a DS in eachdomain. Dueto the

hierarchicalpartition of domains,the DSesare also
organizedinto a hierarcly. In particular eachof the
DSesat the lowestlevel is calledthe homeDS by the
hostsin thatlowestlevel domain.To hide compleity,

an SP (a client) sendsservicead (servicequery)only

toitshomeDS. However, to performwide-areaservice
discovery, therewill be exchangeof servicequeries
andserviceadsbetweerthe DSes.
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Level 2

Level 1

@ Discovery Server (DS)

O Service Client

O Service Provider (SP)

Figure 1. Architecture of the Basic Service
Disco very Framework

2.2 BasicService Discovery Mechanism

To describethe basicservicediscorery mechanismye
usethe Berkeley ServiceDiscovery Service(SDS)[2] asa
reference. However, we omit the securityfeaturein SDS
for simplicity. Therearetwo key issuedn the mechanism:
(1) lossyaggregation of serviceadsasthey arepropagted
up in the DS hierarcly, and (2) distributed servicequery
processingrouting)in the DS hierarcly.

Lossy aggregation of service ads involvesthe sum-

marization of local service ads by each home DS

beforesendinghemuptoits parentDS. TheparentDS

storeghe summarizederviceadsfrom all its children

DSes. In turn, it further summarizegshe summarized
serviceadsbeforesendingthemup to its parentDS...

This lossyaggraationis performedrecursvely in the

DS hierarcly, in orderto prevent higherlevel DSes
from beingoverloadeddy the otherwisefull servicead

propagtiontrafc. In SDS,theaggregationtechnique
is hashingandhashsummarizatiorvia Bloom Itering

(2].

Distrib uted sewice query processing(routing) in-
volves the forwarding of a servicequeryin the DS
hierarcly, in orderto nd the DSeswhich storethe



full servicead of a qualied SP Figure 2 shawvs an
example of servicequery processing. Startingfrom
the homeDS to which a queryis submitted(step1),
if no servicead (or summarizedservicead - if it is
a higher level DS) matchesthe query the DS will
forward the query up to its parentDS, and so on
(steps2, 3). If thereis a match,the DS will forward
the query downwad to the children DS(es)which
originally sentup this quali ed summarizedervicead
(steps4, 5). Fromthis point, thequerymaybe coming
down alongmultiple “paths'in the hierarcly, because
theremay exist multiple quali ed serviceads. Each
DSonsuchapathveri es if thequeryhasarealmatch
with the correspondingandmoredetailed)servicead
maintainedby the DS. If not, the forwarding stops
(step5.b). Otherwise the queryis forwardedfurther
downward (step5.a). Finally, all home DSeswhich
havethefull andquali ed serviceadswill returnthese
adsto theoriginal DS (step6). TheDSwill thenreturn
thediscoveryresultsto the queryingclient (step7).

® Discovery Server (DS)
O Service Client
O Service Provider (SP)

Figure 2. Service Query Processing (Routing)
in the Basic Service Disco very Framework

2.3 Problemsin the Framework

The basicservicediscovery frameawvork providesa scal-
able solutionto wide-areaserviceinformationdistribution
and managementHowever, thereexist two problemsthat
still needto besolved.

Potentially long query responsetime In the basic
servicediscorery mechanismit is clearthatthequery
responsetime grows with the “distance'betweena
querying client and a quali ed SP The distanceis
measuredy the numberof DSesthe queryhasto go
through(both up and down) in the hierarcly. More-
over, since higher level DSes overseewiderrange

domains,they may easily be overloadedby the inter
DS servicequerytrafc. Thisin turn makesthequery
responsé¢ime evenlonger

QoS unawarenessThereis no explicit consideration
onthe QoSto bedeliveredby a discoreredSP In par
ticular, if a queryleadsto multiple discovery results,
thereis little informationthe framework could useto
predictwhich oneis likely to provide goodQoSto the
queryingclient.

These problems motivate our work in bringing both
guery responsienessand QoS awarenessto the basic
framawork.

3 Enhancement to the Serwice Discovery
Framework

In this section,we presentour enhancemenof query
responsienessand QoS awarenesgo the basicwide-area
servicediscovery frameavork. The enhancemeninvolves
modi cations to serviceclients andto Discovery Seners
(DSes).

3.1 Enhancementto Sewice Clients

The enhancemento serviceclientsis the addition of
QoS feedbak capability During a service session,the
client-sidesoftwarecomponentvill monitortheQoSduring
the session,and generatea numericalaverageQosS level
obsered by the client. The de nition of QoS levels are
highly service-speci c.However, in orderto beunderstood
by the DSeswhich areservice-independenthe QoSlevel
de nition shouldconformto thefollowing simplerule: the
higher the QoS level, the betterthe QoS obsered. Our
experiencewith a Video-on-Demandservice[12] and a
Distributed Visual Tracking service[5], which have very
differentde nitions of QoSlevels, demonstratethe feasi-
bility of implementingclient-sidesoftware componentsn
this fashion.

Each client will then sendthe QoS feedbackto its
homeDS. This forms a feedbackoop betweerthe service
discovery frameavork andtheclients.

3.2 Enhancementto Discovery Servers

Our major contrikution lies in the enhancemento the
DSes. We proposethe caching and propagation of ser
vice ads with QoSfeedbaks in the DS hierarchy. More
speci cally, a DS canmaintaina cacheof discovery results
- the serviceadsreturnedoy the homeDSesof their origin.
Furthermoregeachcachedserviceadwill beassociateavith
QoS-feedbackfrom clients of this servicein the domain



of the cachingDS. The caching DS will then leverage
these feedbacksto respondto service queriesfrom the
samedomain,andto selecta ‘good' SP(ServiceProvider)
with respectto potential service quality for eachquery
Therefore,theseupcoming queriesfor the sameservice
will experienceshorter query responsetime, and incur
less query processingoverhead. More importantly the
discovery resultis morelikely to achieve satishictory QoS
in the servicesessiorto follow.

By this approach,we try to achiese three goals: (1)
to lower the averagequery responsdime; (2) to improve
the sessionQoSfollowing a query; and (3) (which is less
addressedtp makethiscachedserviceadhelpfulto queries
of asmary clientsaspossible. However, thethreegoalsare
notorthogonal.To achieve (1) and(2), theserviceadshould
becachedn alow level DS (for example,ahomeDS) close
to aqueryingclient, but thatwill limit thebene ting clients
only to thosein thesamesmalldomain.On the otherhand,
if the servicead is cachedin a high level DS visible to a
widerrangeof clients,thequeryresponsgéimewill become
longer Moreover, the resultantsessionQoS may deviate
from whatis predictedby the cachingDS. The reasonis:
the wider the rangea DS overseesthe more diversifying
(andlessusefulfor QoSprediction)QoSfeedbackst tends
to receve.

To achievethesegoalsandalleviatethecon icts between
themin the meantimewe introducethreestratgiesin the
following subsections.

3.2.1 First Strategy: Hierar chical Cachingand Propa-
gation of Sewice Ads

The rst strat@y is hierarchicalcachingand propagtion
of serviceads. Hierarchical caching has beenusedin

cooperatre web content caching[1]. Interestingly in

servicediscovery, we also nd it a very usefultechnique.
It canbe performedtogethemwith the normalservicequery
processingdescribedin Section2.2). Even better since
service ads are of uniform and much smaller size, the
disadwantageof high lateny and bandwidthconsumption
in web contentaccesdecomesnuchlesssigni cant. The
operationf hierarchicalservicead cachingand propag-

tion areasfollows (Figure3):

Sewice ad cachingand propagationA servicequery
leadsto a servicesession. After the servicesession
completes,the client will generatea QoS feedback
aboutthecompletedsessionandreturnit to theservice
discovery system(stepl). The servicead with QoS
feedbackwill thenbe propagtedup the DS hierarcly

(step2): at eachlevel startingfrom the client's home
DS, the DS either cachesthis servicead with QoS
feedback- if it hasnot yet done so; or updatethe

associate@ccessrequeny andQoSfeedback if the

serviceadis alreadycached.This upward propagtion
will terminateat the DS which originally found this
servicead in its cache; or, if the service ad was
found in the home DS of the correspondingSR the
propagtion will terminateat the DS of the highest-
level QoS-similardomain(to be de ned shortly). The
replacemenpolicy for the servicead cacheis based
on the items' accesdrequeng. In addition,whena
DS deletesa cachedservicead, it also movesit one
level uptoits parentDS.

Sewice query processingA client's service query
(step 3) is forwardedup the DS hierarcly (step4).

At eachlevel, besidesnormal query processing(i.e.

checking the query against stored service ad sum-
maries),the DS will also checkif thereare cached
serviceadsthatsatisfythis query If acachehit occurs,
the DS will selectoneof the quali ed cachedservice
ads,basednthe QoSfeedbacksssociatedavith each
of them,andreturnit to the queryingclient (step5.a);

otherwise the normal queryprocessingvill continue
(step 5.b). For the QoS-feedback-baseselection,
there exist different policies - for example: always
selectingheonewith thehighestQoSfeedbackalue;
or randomlyselectingone of thosewhoseQoS feed-
backvaluesare beyond somethreshold.[8] provides
a comparatre study on the effectivenessof different
selectiorpolicies.

HighestLgvel Qos ¢~ s TTTmeeeeeeee-
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Figure 3. Operations of Hierarchical Service
Ad Caching and Propagation

The new query processingoperationscan be easily
extendedfrom the basic service query processingopera-
tions. Therefore the additionaloverheadntroducedis not
signi cant, comparingwith the performancegain in query
responséime. Moreimportantly thepropagtionof service



ad with QoS feedbackis self-adaptivewith respectto the
placemenbf cachedserviceadsin the DS hierarcly. Via
the operation,a cachedservicead is able to move "up'
and down' dynamicallyin the DS hierarcly, basedon its
currentquery frequeng. If clientsin a domainrequesta
certainservicefrequently thenits serviceadwill soonsettle
down at a DS closeto theseclients. Copiesof the same
servicead at higherlevel DSeswill gradually evaporate',
whentheir accesdrequeny decrease On the otherhand,
for alessfrequentlyrequestedervice,its servicead tends
to stayin ahigherlevel DS, wherethe queryfrequeng will
again build up - from awider rangeof clients. Existenceof
thesameserviceadatlower level DSestendto betransient,
dueto thelow queryfrequeng.

However, in orderto achieve good QoS predictionfor
service queries,the propagtion of servicead with QoS
feedbackshouldbe keptwithin certainlevels of DSes.For
thisreasonye proposeheconcepbf QoS-similardomain
A QoS-similardomainis a domainin which a majority of
the clients tend to obsenre similar QoS provided by the
sameSP For example, domainsat the lowest level are
usuallyQoS-similardomainswith relatively homogeneous
network connectionfor eachclient in the domain. Upper
level domainsmay also be QoS-similar However, the
higherthe domainlevel, the lessthe similarity it tendsto
exhibit.

Therearetwo possiblewaysto determineif a domain
is QoS-similar First, it may be manually de ned by
the domain administratar Second,in a more automated
approachDSesat differentlevels may periodically check
if theirdomainsareQoS-similar Thisis doneby checking
the degreeof similarity amongQoS-feedbackat eachDS,
with respecto somepublic “benchmark'services A home
DS checksQoSfeedbackdrom the clients;while a higher
level DS checksthe aggregjated QoS feedbacks,.e. the
average QoSlevel reportedby its childrenDSes.The QoS-
predictability of a domaintendsto changeonly at a large
time scale- for example, in the magnitudeof hours or
days. Therefore the “similarity check' doesnot have to be
performedrequently andwill notincursigni cant runtime
overhead.

With the conceptof QoS-similardomains the propag-
tion operationsshould only be performedbetweenDSes
of QoS-similardomains. As shavn in Figure 3, service
adswith QoS feedbacksare only propagtedbetweenthe
DSesrangingfrom a homeDS to the DS of the highest-
level QoS-similardomain. Beyond the highest-leel QoS-
similar domain,the QoSfeedbackdecometoo diversi ed
to predictfutureservicequality for theclientsin suchawide
rangedomain.

3.2.2 Second Strategy: End-to-End Propagation of
Sewice Ads with QoS Feedbacks

We canfurther propagte serviceadswith QoSfeedbacks,
sothatevenmoreclientscanbene t fromthem.Wepropose
the secondstratgy: end-to-endoropagation of serviceads
with QoSfeedbacksThemaindifferencebetweertheend-

to-endpropa@tionandthepropagtiondescribedn Section
3.2.1is the propagtion direction: the latter is vertical

- betweenDSes at different levels; while the former is

horizontal- betweerDSesatthe sameevel.

More speci cally, if a client reportsgood QoS about
an SPto its homeDS, the homeDS will startthe end-to-
endpropagtion, in additionto the hierarchicalservicead
cachingandpropagtion. The DS sendsthe corresponding
servicead with QoSfeedbackbadward to the homeDSes
alongthepathleadingto the SR Theintuitionis: if clientsin
adomain obsenegoodQoSpravidedby anSR thenit is
verylikely thatclientsin eachintermediatedomainbetween

andthe homedomainof the SPwill alsoreceve good
QoSprovidedby the SP

Highest Level QoS
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Figure 4. Operations of End-to-End Service
Ad Propagation (the Hierarchical Propagation
Triggered Is Also Shown

The operationsof end-to-endservicead propagtion is
shovn in Figure 4. The servicead with QoS feedback
is propagted from the home DS of client toward the
home DS of service provider (stepsl, 2.a, 3, 4.a).
However, to avoid redundany, the propagtionwill stopif
anintermediateDS (for example,the DS of domain  in
Figure4) alreadycacheghis servicead. In addition,notice
that the end-to-endpropagtion also triggers a seriesof
hierarchicalpropagtions: eachDS at the lowestlevel will
alsopropa@tethe serviceadwith QoSfeedbackupward in
the hierarcly (steps2.b, 4.b). Thehierarchicalpropagtion
will stopeitherat a higherlevel DS which alreadycaches



thisservicead,or atthe DS of the highest-l@el QoS-similar
domain.

With both hierarchical(vertical) and end-to-end(hori-
zontal) propa@tions,serviceadswith QoS feedbacksawill
quickly spreadthrougha wide rangeof domains. Com-
paringwith a hierarchical-propaation-only approachthis
combinedapproachwill benet a larger rangeof clients.
Thebene tsincludebothafasterdiscovery of an SR anda
betterQoSin theservicesessiorto follow.

Oneremainingproblemis how to identify the "next-hop'
DS on the path from a DS to an SP One possibility is
to leveragethe underlyingnetwork routing information,as
well astheDomainNameSystem(DNS). First, we propose
anew Resouce Recod (RR)type DS’ in the DNS system.
A DNSlookupfor ahost with thenew RRtypewill return
theaddres®f host 'shomeDS.Thisis similarto otherRR
typessuchasMX, whichreturnstheaddres®f host 'smail
exchanger Then,to determinethe "next-hop' DS on the
pathtowardanSR thecurrentDS (1) callsatraceioutelike
routineto nd thenext router onthepath[9]; (2) performs
aDNS lookupfor usingthe 'DS' RRtype;and(3) if the
DNS lookup returnsa DS differentfrom the currentDS,
thenit is the "next-hop' DS to propagteto; otherwisethe
currentDS goesbackto step(1), with the TTL (Time-To-
Live) value[9] incrementedy one for the traceioutelike
routine.

3.2.3 Third Strategy: QoS FeedbackProbing

The rst and secondstratgjies are push-basedi.e. the
serviceadswith QoSfeedbacksarepropagtedproactvely
to DSesfor future queries. In this section,we proposea
pull-basedstratgy. The stratayy is usefulwhena service
guery doesnot experienceary servicead cachehit while
it is forwardedup in the hierarcly; andthe query nally

resultsin multiple discovery resultsreturnedoy homeDSes
of the quali ed SPs(via the basicquery processingsteps

in Section2.2). Theseresultsarewithout QoS feedbacks.

Therefore the DS which originally acceptghe queryfrom
aclientmayhave to make arandomselection.The penalty
is thepotentiallyunsatisactoryQoSfor thequeryingclient.
We proposehestratgyy of QoSfeedbackprobing,which
providesadegreeof QoSpredictabilityatthe price of some
additionallateng and overhead. As shavn in Figure 5,
aftera DS hasrecevedthe discovery results(without QoS
feedbacksjor a servicequery the DS will sendouta QoS
feedbak probing messge for eachservice ad receved.
Similarto theend-to-enderviceadpropagtion,eachprob-
ing messagevill be propagtedto the intermediateDSes
toward the SP designatedy the correspondingervicead
(stepsl, 2). If anintermediatddSdoesnotcacheheservice
ad of the SR, the probing messagewill rst be forwarded
up in the hierarcly (step 3), until it reachesthe highest

level QoS-similardomain; and then be forwarded again

towardthe SP(step4)... If oneof the DS traversedcaches
the servicead of the SR it will returnthe associatedQoS
feedbacko theoriginal probingDS (step5).

HighestLevel QoS
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Highest Lgvel QoS B
Similar Dimain Highest Level-QoS =~~~ -~ ___
R Simlar Domain ° -

@ Discovery Server (DS)
O Service Client
O Service Provider (SP)

Figure 5. Operations of QoS Feedback Prob-
ing (Only Showing the Probing for Oneof the
Disco very Results)

The probing DS will then usethe collectedQoS feed-
backsto selectoneof the candidateSPs,whichiis likely to
bring good QoSfor the queryingclient (step6). However,
comparingwith the rst and the secondstratgies, the
stratgy of QoS feedbackprobing has more limitations.
First, it is less predictve: the returned QoS feedbacks
may wrongly indicate the sessionQoS for clientsin the
currentdomain. This is dueto a lack of justi cation for
QoSsimilarity betweerthe currentdomainandthe domain
wherethe QoS feedbackis found. Second,The probing
overheadand lateng is non-trivial. For this reason,we
may limit the numberof DSesto traverseduring the QoS
feedbackprobing;andthe original probingDS only selects
from the SPswhoseQoS feedbacksare found within that
limit.

4 Simulation Results

In this section,we presenbur initial simulationresults.
We shav theimprovementn bothqueryresponsienessand
sessionQoS achieved by the enhancedservicediscorery
framevork. The wide areaernvironmentwe simulateis
showvn in Figure6. Thedomainsarepartitionedinto afour-
level hierarcly. The correspondingDS hierarcly is also
shavnin the Figure.

We assumethat there are 20 different servicesin the
simulatedervironment. For eachservice , we deplo/ed

replicatedSPsfor , and is randomlydistributedin
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Figure 6. Simulated Wide-Area Environment

. We male surethat for eachlevel-3 domain (with
a dotted-line border), thereis no more than one SP for
eachservice. The popularity of eachservice, measured
in numberof requestger minute, is randomlydistributed
in requestger minute. For eachservicequery the
clientthatmalkesthequeryis randomlyselectedrom oneof
thelevel-1 domains.For eachservicesessiorthatfollows a
query thedurationof the sessions randomlydistributedin
minutes. We alsoassumehat eachDS hasa cache
with the capacityto storethe serviceadsfor ve different
serviceg(notethat for eachservice,theremay be multiple
serviceadsfor thereplicatedSPs).Finally, thehhighestievel
QoS-similardomainsarelevel-2 domaingwith dashed-line
borders) and , aswell aslevel-3domains and

Sewvice query responsiveness:We simulatethe above
scenariofor a period of 4000 minutes. As a comparison,
we alsosimulatethe samescenariaunderthe basicservice
discoveryframework. For eachservicequery thenumberof
DSesinvolvedin the queryprocessings recorded.We use
the numberof DSesinvolvedin a queryasanindicationof
gueryresponsieness.Table 1 shaws the averagenumbers
of DSesinvolved amongqueriesfrom eachof the level-
2 domains, under the basic (row 1) and the enhanced
(row 2) servicediscovery frameavorks. The resultsshav a
signi cant improvementin queryresponsienesainderthe
enhancedramenork.

SessionQoS: To demonstratemproved sessionQoS,
our simulationfocusesn oneof the services We simulate
the following scenarioin Figure 7: service hastwo
replicatedSPs: in domain and in domain
The averagerequestratefor is 60 requestgper minute.
Eachrequestis madeby a client from a randomlychosen
domain. Eachsessiorof service will requireoneunit of

localresourceonthe SPandoneunit of end-to-enchetwork
bandwidthbetweerthe SPandtheclient. Thetotalamount
of eachresourceis randomly distributed between50 and
300 units. Here, a resourcecan be the local resourceon
or , or the bandwidthof arny backbonenetwork
segmentshavn in Figure7. For simplicity, we assumehat
service only hastwo QoSlevels- "1' and™0'. A service
sessiomresultsin QoSlevel "1', if andonly if bothits local
andnetwork resourceequirementsiresatis edthroughout
thesessionptherwise thesessiorresultsin QoSlevel "0'.

| Framavork/Domain| A [ B | C | D | E | F |
Basic 421394414048 45
Enhanced 1621119171920

Table 1. Average Number of DSes Involved
in a Query - in Each Level-2 Domain and
under the Basic and Enhanced Framework,
Respectivel y

(O  Any Host in This Domain

Figure 7. Simulated Scenario to Show Bet-
ter Session QoS Achieved by the Enhanced
Framework

We again comparethe basicand the enhancedservice
discovery frameaworks. The formeris QoS-unavare;while
the latter is with QoS feedbackcapability Therefore,be-
tweenthetwo replicatedSPs,a DS in the basicframeavork
justrandomlyselectsoneto returnto eachqueryingclient;
while aDSin theenhancedramenork usesQoSfeedbacks
(in the form of averageQoSlevels)to selectan SP In our
simulation, we adoptthe following policy in selectingan
SP:select with probability ; while
select with probability ( )
is the QoSfeedbaclassociateavith the serwcead for

C )



Table2 shavs the averageQoSlevel of servicesessions
obsenedby clientsin eachlevel-2 domain,underthe basic
and enhancedservicediscovery framework, respectiely.
We notice that in every domain,the averagesessionQoS
achievedby theenhancedrameawork is betterthanthe QoS
achievedby thebasicframeawvork.

| A B]C|]DJE]JF]
Basic | 0.72] 0.71] 0.73] 0.73] 0.71 | 0.70
Enhanced| 0.83 | 0.84 | 0.85 | 0.84 | 0.85 | 0.85

Table 2. Average QoS Level of Service Ses-
sions - in Each Level-2 Domain and under
the Basic and Enhanced Framework, Respec-
tively

Although it is still simple and initial, our simulation
doesshaw the effectivenessof the proposedenhancement
to the basicservicediscovery framavork. More comple
anddetailedperformancenalysiss our on-goingwork.

5 RelatedWork

Servicediscovery in a networked ervironmenthasbeen
an active researchopic in recentyears. The IETF Service
Location Protocol (SLP) [3] de nes the basicarchitecture
for all brokerage-basedervicediscovery framevorks. The
Discovery Agent(DA) in SLP correspondo the Discovery
Sener (DS) in our framework. In addition, using SLP
glossarywe implicitly assumehatin our framework, there
is a User Agent (UA) running on eachclient, and there
is a ServiceAgent (SA) running on eachserviceprovider
(SP). However, SLP was originally designedfor service
discovery within one administratve domain, such as an
intranet ratherthanin awide-areagrid ervironment. There
have beenwide-areaextensionsto SLP [6, 2]. However,
noneof themaddresghe issuesof servicead cachingand
QoSfeedback.

The hierarcly hasbeenrecognizedas an ef cient and
scalablearchitecturdor wide-areanformationdistribution
and discovery [2, 10, 11, 7]. We regard the Berkeley
SDS|[2] asour “base'servicediscovery framavork. Other
framavorks[10, 11] alsoadopta similar lossyaggreation
approacho control higherlevel discovery sener load and
bandwidth consumptiondue to service ad propagtion.
Again, noneof theseframevork addresghe issuesof QoS
awarenessandservicead cachingin the hierarcly. Onthe
other hand, hierarchicalcachinghas beenintroducedfor
web contentcaching[1]. Interestingly we nd it alsoan
effective techniquein servicead caching;andeven better
someof its disadwantageslisappeam this context.

Application-lesel arycast[8, 13] is alsorelatedto QoS-
aware servicediscovery. It involvesthe selectionof repli-

catedSPsbasedn their currentservicequality or capacity

However, existing application-l@el anycastsystemg8, 13]

focusmore on the selectionpolicy and mechanismrather
than on the more active discovery capability As a result,

the QoSfeedbackwwill only bene t clientswithin thesame
domain. On the contrary our enhancedervicediscovery

framavork further propagtesthe service ads with QoS
feedbacks bothvertically andhorizontally sothatawider

rangeof clients canbene t in both query responsieness
andsessiorQosS.

Finally, a network-level anycast schemeis proposed
in [4]. It is more discovery-orientedcomparingwith its
application-leel counterpartsHowever, thelayerit works
atintrinsically limits theeffectivenessn bringinggoodend-
to-endapplication-leel QoSto clients.

6 Conclusion

In this paper we study the issueof wide-areaservice
discovery in emeqging servicegrids. Basedon an existing
wide-areaservice discovery framewvork, we proposeour
enhancemenbf service query responsienessand QoS
awareness.On the client side, we proposethe generation
of QoSfeedbacksaboutcompletedservicesessionspnthe
Discovery Sener side,we proposethe cachingandpropa-
gation of serviceadswith QoS feedbacks.The enhanced
servicediscovery framenork is scalablewith respecto the
numberf serviceproviders,discovery seners,andservice
gueries. Furthermore,it achieves shorterquery response
time, lower processingverheadandbettersessiorQosS.

Currentservicediscovery systemsfocus on the distri-
bution and matching of serviceinformation and service
gueries,with lessemphasison domain-dependergession
QoS. On the other hand, currentapplication-l&el anycast
systemdocuson QoS-avareselectionof replicatedservice
providers,whoselocationsareassumedo be known. Our
work addresseboth problems,and providesan integrated
solution.
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