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Abstract

The global computational grids bring together dis-
tributed computation/communicationresources. Beyond
this, we envision the emergenceof global `servicegrids',
which provide a `market' of application-level distributed
servicesfor clientsto discoverandto request.In thispaper,
westudytheissueof wide-areaservicediscoveryin service
grids. We start with an existing basic wide-area service
discovery framework. The framework adoptsa scalable
architectureconsistingof a hierarchyof DiscoveryServers.
We then identify problemswith the basic framework, and
proposeour enhancementof queryresponsivenessandQoS
awareness. Thekey techniqueswe introduceinclude: (1)
theadditionof QoSfeedback capability to clients; and (2)
thecaching andpropagationof discoveryresultswith QoS
feedbacks in the discovery server hierarchy. With these
techniques,theenhancedservicediscoveryframework will
be faster in �nding quali�ed serviceproviders. Further-
more, it will selecta `good' (with respectto theQoSto be
delivered)serviceprovider for each queryingclient, based
onQoSfeedbacks.

1 Intr oduction

The emergenceof global computationalgrids brings
changesto the traditional paradigmof distributed com-
puting. It is now possiblethat one computationtask is
executedby autonomous,distributed, and heterogeneous
computingandcommunicationresources,virtually brought
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togetherby the grids. More importantly, a computation
or communicationresourcecanbe discovered on-demand
in the grids. If multiple `instances'of the resource(for
example,CPUor storagespace)arefound,oneof themwill
beselecteddynamicallybasedon thetheir currentloadand
capacity.

Taking onestepfurther, we envision the emergenceof
globalservicegrids on top of thecomputationalgrids. The
gridswill not justprovideraw computation/communication
resources.They will appearasa `market' of application-
level distributed services. Examplesof suchservicesin-
cludevirtual scienti�c laboratoryservices,virtual commu-
nity services,E-commerce,and multimediadatadistribu-
tion, processing,or storageservices. Theseserviceswill
be deployed in the wide-areaservicegrids, and can be
discoveredandrequestedby any networkedclients.

One challengein such a wide-areaservicegrid is to
build a scalableandef�cient servicediscovery framework.
The main requirementsfor sucha framework include: (1)
The distribution and managementof serviceinformation
shouldnotincurexcessiveoverheadandcreateperformance
bottleneck,with therapidincreaseof availableservicesand
queryingclients; (2) Responseto a servicequery should
be reasonablyfast. In particular, the query responsetime
should not always dependon how far away a service
provider is from thequeryingclient1; and(3) Thediscovery
result returnedto a client shouldbe likely to bring good
servicequality to the servicesessionthat follows, if there
exist multipleserviceprovidersof thesameservice.

In this paper, we proposeour solutionto the challenge
which meetsthe above requirements. It is basedon an
existing basicwide-areaservicediscovery framework. The
framework adoptsa scalablearchitectureconsistingof a
hierarchy of Discovery Servers. Furthermore,we identify
problemswith the basic framework, and proposeour en-
hancementof queryresponsivenessandQoSawarenessto
the framework. The key techniqueswe introduceinclude:
(1) theadditionof QoSfeedbackcapabilityto clients;and

1Instead,in our framework, queryresponsetime will dependmoreon
therequestfrequency of aservice.



(2) the cachingandpropagation of discovery resultswith
QoS feedbacksin the Discovery Server hierarchy. With
thesetechniques,the enhancedframework will be faster
in �nding quali�ed serviceproviders. Furthermore,it will
selecta `good' (with respectto the QoS to be delivered)
serviceprovider for eachquerying client, basedon QoS
feedbacks.

The rest of the paperis organizedas follows: Section
2 presentsa basicwide-areaservicediscovery framework
and identi�es its problems. This is the basison which
we proposeour query responsivenessandQoSawareness
enhancement.Section3 describesthe enhancementto the
basicframework in detail.Section4 showstheperformance
of the enhancedwide-areaservicediscovery framework,
using our initial simulation results. Section5 discusses
relatedwork andjusti�es thenovelty of our work. Finally,
Section6 concludesthispaper.

2 A Wide-Area Service Discovery Frame-
work

We �rst describethe basicwide-areaservicediscovery
framework. Then we will identify someproblemswith
the basicframework, which motivateour work. The basic
framework adoptsa hierarchy architecture,which hasbeen
recognizedas a scalableapproachto wide-areaservice
directoryorganizationandmanagement[2, 10,11,7].

2.1 BasicServiceDiscovery Ar chitecture

The architectureof the basicservicediscovery frame-
work is shown in Figure1. The wide-areaenvironmentis
divided into domainswith different ranges.More speci�-
cally, thedomainpartition is hierarchical,i.e. onedomain
consistingof multiple domainsat thenext lower level. The
key entitiesin the architectureinclude the serviceclients,
the Service Providers (SPs), and the Discovery Servers
(DSes).

� Serviceclientsquerytheservicediscoveryframework
for theprovidersof their requestedservices.A client
only interactswith its homeDiscovery Server (to be
de�nedshortly),i.e. theDiscoveryServerof thelowest
level domainwheretheclient resides.

� ServiceProviders (SPs)provideapplication-level dis-
tributed services. To advertise its service,eachSP
sendsservicead to the servicediscovery framework.
Similar to a client, anSPonly interactswith its home
DiscoveryServer.

� Discovery Servers (DSes)arekey entitiesin the ar-
chitecture.They actasbrokersbetweenserviceclients
andSPs. Thereis a DS in eachdomain. Due to the

hierarchicalpartition of domains,the DSesare also
organizedinto a hierarchy. In particular, eachof the
DSesat the lowestlevel is calledthehomeDSby the
hostsin that lowestlevel domain.To hidecomplexity,
an SP(a client) sendsservicead (servicequery)only
to its homeDS.However, to performwide-areaservice
discovery, therewill be exchangeof servicequeries
andserviceadsbetweentheDSes.

Discovery Server (DS)

Service Client

Service Provider (SP)

Level 3

Level 2

Level 1

Figure 1. Architecture of the Basic Service
Disco very Framework

2.2 BasicServiceDiscovery Mechanism

To describethe basicservicediscovery mechanism,we
usetheBerkeley ServiceDiscovery Service(SDS)[2] asa
reference.However, we omit the securityfeaturein SDS
for simplicity. Therearetwo key issuesin themechanism:
(1) lossyaggregationof serviceadsasthey arepropagated
up in the DS hierarchy, and (2) distributed servicequery
processing(routing)in theDShierarchy.

� Lossy aggregation of service ads involves the sum-
marization of local service ads by each home DS
beforesendingthemupto itsparentDS.TheparentDS
storesthesummarizedserviceadsfrom all its children
DSes. In turn, it further summarizesthe summarized
serviceadsbeforesendingthemup to its parentDS...
This lossyaggregationis performedrecursively in the
DS hierarchy, in order to prevent higher level DSes
from beingoverloadedby theotherwisefull servicead
propagationtraf�c. In SDS,theaggregationtechnique
is hashingandhashsummarizationvia Bloom�ltering
[2].

� Distrib uted service query processing(routing) in-
volves the forwarding of a servicequery in the DS
hierarchy, in order to �nd the DSeswhich storethe
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full servicead of a quali�ed SP. Figure 2 shows an
exampleof servicequery processing. Starting from
the homeDS to which a query is 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 parent DS, and so on
(steps2, 3). If thereis a match,the DS will forward
the query downward to the children DS(es) which
originally sentup thisquali�ed summarizedservicead
(steps4, 5). Fromthispoint, thequerymaybecoming
down alongmultiple `paths' in thehierarchy, because
theremay exist multiple quali�ed serviceads. Each
DSonsuchapathveri�es if thequeryhasarealmatch
with thecorresponding(andmoredetailed)servicead
maintainedby the DS. If not, the forwarding stops
(step5.b). Otherwise,the queryis forwardedfurther
downward (step5.a). Finally, all homeDSeswhich
havethefull andquali�ed serviceadswill returnthese
adsto theoriginalDS(step6). TheDSwill thenreturn
thediscovery resultsto thequeryingclient (step7).

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

1

2

3

4

4

5

5.a

5.b

6

7

6

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

2.3 Problemsin the Framework

Thebasicservicediscovery framework providesa scal-
ablesolutionto wide-areaserviceinformationdistribution
andmanagement.However, thereexist two problemsthat
still needto besolved.

� Potentially long query responsetime In the basic
servicediscoverymechanism,it is clearthatthequery
responsetime grows with the `distance' betweena
querying client and a quali�ed SP. The distanceis
measuredby thenumberof DSesthequeryhasto go
through(both up anddown) in the hierarchy. More-
over, since higher level DSes overseewider-range

domains,they may easilybe overloadedby the inter-
DS servicequerytraf�c. This in turn makesthequery
responsetimeevenlonger.

� QoS unawarenessThereis no explicit consideration
on theQoSto bedeliveredby a discoveredSP. In par-
ticular, if a query leadsto multiple discovery results,
thereis little informationthe framework could useto
predictwhichoneis likely to providegoodQoSto the
queryingclient.

Theseproblemsmotivate our work in bringing both
query responsivenessand QoS awarenessto the basic
framework.

3 Enhancement to the Service Discovery
Framework

In this section,we presentour enhancementof query
responsivenessandQoSawarenessto the basicwide-area
servicediscovery framework. The enhancementinvolves
modi�cations to serviceclients and to Discovery Servers
(DSes).

3.1 Enhancementto ServiceClients

The enhancementto serviceclients is the addition of
QoS feedback capability. During a servicesession,the
client-sidesoftwarecomponentwill monitortheQoSduring
the session,and generatea numericalaverageQoS level
observed by the client. The de�nition of QoS levels are
highly service-speci�c.However, in orderto beunderstood
by the DSeswhich areservice-independent,the QoSlevel
de�nition shouldconformto thefollowing simplerule: the
higher the QoS level, the better the QoS observed. Our
experiencewith a Video-on-Demandservice [12] and a
Distributed Visual Tracking service[5], which have very
differentde�nitions of QoSlevels,demonstratesthe feasi-
bility of implementingclient-sidesoftwarecomponentsin
this fashion.

Each client will then send the QoS feedbackto its
homeDS. This formsa feedbackloop betweentheservice
discovery framework andtheclients.

3.2 Enhancementto Discovery Servers

Our major contribution lies in the enhancementto the
DSes. We proposethe caching and propagation of ser-
vice ads with QoSfeedbacks in the DS hierarchy. More
speci�cally, a DS canmaintaina cacheof discovery results
- theserviceadsreturnedby thehomeDSesof their origin.
Furthermore,eachcachedserviceadwill beassociatedwith
QoS-feedbacksfrom clientsof this servicein the domain
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of the caching DS. The caching DS will then leverage
thesefeedbacksto respondto service queries from the
samedomain,andto selecta `good' SP(ServiceProvider)
with respectto potential servicequality for eachquery.
Therefore,theseupcomingqueriesfor the sameservice
will experienceshorter query responsetime, and incur
less query processingoverhead. More importantly, the
discovery result is morelikely to achieve satisfactoryQoS
in theservicesessionto follow.

By this approach,we try to achieve three goals: (1)
to lower the averagequery responsetime; (2) to improve
the sessionQoSfollowing a query; and(3) (which is less
addressed,)tomakethiscachedserviceadhelpfultoqueries
of asmany clientsaspossible.However, thethreegoalsare
notorthogonal.To achieve(1) and(2), theserviceadshould
becachedin a low level DS(for example,ahomeDS)close
to aqueryingclient,but thatwill limit thebene�ting clients
only to thosein thesamesmalldomain.On theotherhand,
if the servicead is cachedin a high level DS visible to a
widerrangeof clients,thequeryresponsetimewill become
longer. Moreover, the resultantsessionQoS may deviate
from what is predictedby the cachingDS. The reasonis:
the wider the rangea DS oversees,the more diversifying
(andlessusefulfor QoSprediction)QoSfeedbacksit tends
to receive.

To achievethesegoalsandalleviatethecon�icts between
themin themeantime,we introducethreestrategiesin the
following subsections.

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

The �rst strategy is hierarchicalcachingand propagation
of service ads. Hierarchical caching has been used in
cooperative web content caching [1]. Interestingly, in
servicediscovery, we also �nd it a very useful technique.
It canbeperformedtogetherwith thenormalservicequery
processing(describedin Section2.2). Even better, since
service ads are of uniform and much smaller size, the
disadvantageof high latency and bandwidthconsumption
in webcontentaccessbecomesmuchlesssigni�cant. The
operationsof hierarchicalserviceadcachingandpropaga-
tion areasfollows (Figure3):

� Servicead cachingand propagationA servicequery
leadsto a servicesession. After the servicesession
completes,the client will generatea QoS feedback
aboutthecompletedsession,andreturnit to theservice
discovery system(step1). The servicead with QoS
feedbackwill thenbepropagatedup theDS hierarchy
(step2): at eachlevel startingfrom theclient's home
DS, the DS either cachesthis servicead with QoS
feedback- if it has not yet done so; or updatethe
associatedaccessfrequency andQoSfeedback- if the

serviceadis alreadycached.Thisupwardpropagation
will terminateat the DS which originally found this
service ad in its cache; or, if the service ad was
found in the homeDS of the correspondingSP, the
propagation will terminateat the DS of the highest-
level QoS-similardomain(to bede�ned shortly). The
replacementpolicy for the servicead cacheis based
on the items' accessfrequency. In addition, when a
DS deletesa cachedservicead, it also moves it one
level up to its parentDS.

� Service query processingA client's service query
(step 3) is forwardedup the DS hierarchy (step 4).
At eachlevel, besidesnormal query processing(i.e.
checking the query against stored service ad sum-
maries), the DS will also check if there are cached
serviceadsthatsatisfythisquery. If acachehit occurs,
theDS will selectoneof thequali�ed cachedservice
ads,basedon theQoSfeedbacksassociatedwith each
of them,andreturnit to thequeryingclient (step5.a);
otherwise,the normalqueryprocessingwill continue
(step 5.b). For the QoS-feedback-basedselection,
there exist different policies - for example: always
selectingtheonewith thehighestQoSfeedbackvalue;
or randomlyselectingoneof thosewhoseQoSfeed-
backvaluesarebeyond somethreshold. [8] provides
a comparative study on the effectivenessof different
selectionpolicies.

Discovery Server (DS)
Service Client
Service Provider (SP)
Completed Service Session

1

1 1

Highest Level QoS�

2

2

3

4

5.a

5.b

Similar Domain

Figure 3. Operations of Hierar chical Service
Ad Caching and Propagation

The new query processingoperationscan be easily
extendedfrom the basicservicequery processingopera-
tions. Therefore,theadditionaloverheadintroducedis not
signi�cant, comparingwith the performancegain in query
responsetime. Moreimportantly, thepropagationof service
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ad with QoSfeedbackis self-adaptivewith respectto the
placementof cachedserviceadsin the DS hierarchy. Via
the operation,a cachedservicead is able to move `up'
and`down' dynamicallyin the DS hierarchy, basedon its
currentquery frequency. If clients in a domainrequesta
certainservicefrequently, thenits serviceadwill soonsettle
down at a DS closeto theseclients. Copiesof the same
servicead at higherlevel DSeswill gradually`evaporate',
whentheir accessfrequency decrease.On the otherhand,
for a lessfrequentlyrequestedservice,its servicead tends
to stayin ahigher-level DS,wherethequeryfrequency will
again build up - from a wider rangeof clients.Existenceof
thesameserviceadat lower level DSestendto betransient,
dueto thelow queryfrequency.

However, in order to achieve good QoS predictionfor
servicequeries,the propagation of servicead with QoS
feedbackshouldbekeptwithin certainlevelsof DSes.For
thisreason,weproposetheconceptof QoS-similardomain.
A QoS-similardomainis a domainin which a majority of
the clients tend to observe similar QoS provided by the
sameSP. For example, domainsat the lowest level are
usuallyQoS-similardomains,with relatively homogeneous
network connectionfor eachclient in the domain. Upper
level domainsmay also be QoS-similar. However, the
higher the domainlevel, the lessthe similarity it tendsto
exhibit.

Thereare two possibleways to determineif a domain
is QoS-similar. First, it may be manually de�ned by
the domainadministrator. Second,in a more automated
approach,DSesat different levels may periodicallycheck
if their domainsareQoS-similar. This is doneby checking
thedegreeof similarity amongQoS-feedbacksat eachDS,
with respectto somepublic `benchmark'services.A home
DS checksQoSfeedbacksfrom theclients;while a higher-
level DS checksthe aggregatedQoS feedbacks,i.e. the
averageQoSlevel reportedby its childrenDSes.TheQoS-
predictabilityof a domaintendsto changeonly at a large
time scale - for example, in the magnitudeof hours or
days.Therefore,the`similarity check' doesnot have to be
performedfrequently, andwill not incursigni�cant runtime
overhead.

With theconceptof QoS-similardomains,thepropaga-
tion operationsshould only be performedbetweenDSes
of QoS-similardomains. As shown in Figure 3, service
adswith QoSfeedbacksareonly propagatedbetweenthe
DSesrangingfrom a homeDS to the DS of the highest-
level QoS-similardomain. Beyond the highest-level QoS-
similar domain,theQoSfeedbacksbecometoo diversi�ed
to predictfutureservicequalityfor theclientsin suchawide
rangedomain.

3.2.2 Second Strategy: End-to-End Propagation of
ServiceAds with QoSFeedbacks

We canfurtherpropagateserviceadswith QoSfeedbacks,
sothatevenmoreclientscanbene�t fromthem.Wepropose
thesecondstrategy: end-to-endpropagationof serviceads
with QoSfeedbacks.Themaindifferencebetweentheend-
to-endpropagationandthepropagationdescribedin Section
3.2.1 is the propagation direction: the latter is vertical
- betweenDSes at different levels; while the former is
horizontal- betweenDSesat thesamelevel.

More speci�cally, if a client reportsgood QoS about
an SPto its homeDS, the homeDS will start the end-to-
endpropagation, in additionto the hierarchicalservicead
cachingandpropagation. TheDS sendsthecorresponding
serviceadwith QoSfeedbackbackward to thehomeDSes
alongthepathleadingto theSP. Theintuition is: if clientsin
adomain

�

observegoodQoSprovidedby anSP, thenit is
verylikely thatclientsin eachintermediatedomainbetween

�

andthe homedomainof the SPwill alsoreceive good
QoSprovidedby theSP.

Discovery Server (DS)
Service Client
Service Provider (SP)
Completed Service Session

Highest Level QoS�

Domain D'

Highest Level QoS�

Highest Level QoS�

SP

1

2.b

3

2.a

4.b

4.a

c

Similar Domain

Similar Domain

Similar Domain

Figure 4. Operations of End­to­End Service
Ad Propagation (the Hierar chical Propagation
Trig gered Is Also Shown

The operationsof end-to-endservicead propagation is
shown in Figure 4. The servicead with QoS feedback
is propagated from the home DS of client � toward the
home DS of serviceprovider ��� (steps1, 2.a, 3, 4.a).
However, to avoid redundancy, thepropagationwill stopif
an intermediateDS (for example,theDS of domain

���

in
Figure4) alreadycachesthis servicead. In addition,notice
that the end-to-endpropagation also triggers a seriesof
hierarchicalpropagations:eachDS at the lowestlevel will
alsopropagatetheserviceadwith QoSfeedbackupward in
thehierarchy (steps2.b,4.b). Thehierarchicalpropagation
will stopeitherat a higher-level DS which alreadycaches
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thisservicead,or at theDSof thehighest-level QoS-similar
domain.

With both hierarchical(vertical) and end-to-end(hori-
zontal)propagations,serviceadswith QoSfeedbackswill
quickly spreadthrougha wide rangeof domains. Com-
paringwith a hierarchical-propagation-onlyapproach,this
combinedapproachwill bene�t a larger rangeof clients.
Thebene�ts includebotha fasterdiscoveryof anSP, anda
betterQoSin theservicesessionto follow.

Oneremainingproblemis how to identify the`next-hop'
DS on the path from a DS to an SP. One possibility is
to leveragetheunderlyingnetwork routing information,as
well astheDomainNameSystem(DNS).First,wepropose
anew ResourceRecord (RR)type`DS' in theDNS system.
A DNSlookupfor ahost � with thenew RRtypewill return
theaddressof host � 'shomeDS.This is similar to otherRR
typessuchasMX, whichreturnstheaddressof host � 'smail
exchanger. Then, to determinethe `next-hop' DS on the
pathtowardanSP, thecurrentDS(1) callsa traceroute-like
routineto �nd thenext router � onthepath[9]; (2) performs
a DNS lookupfor � usingthe`DS' RR type;and(3) if the
DNS lookup returnsa DS different from the currentDS,
thenit is the `next-hop' DS to propagateto; otherwisethe
currentDS goesback to step(1), with the TTL (Time-To-
Live) value[9] incrementedby onefor the traceroute-like
routine.

3.2.3 Third Strategy: QoSFeedbackProbing

The �rst and secondstrategies are push-based, i.e. the
serviceadswith QoSfeedbacksarepropagatedproactively
to DSesfor future queries. In this section,we proposea
pull-basedstrategy. The strategy is usefulwhena service
querydoesnot experienceany servicead cachehit while
it is forwardedup in the hierarchy; and the query �nally
resultsin multiplediscoveryresultsreturnedby homeDSes
of the quali�ed SPs(via the basicquery processingsteps
in Section2.2). Theseresultsarewithout QoSfeedbacks.
Therefore,theDS which originally acceptsthequeryfrom
a client mayhave to make a randomselection.Thepenalty
is thepotentiallyunsatisfactoryQoSfor thequeryingclient.

Weproposethestrategy of QoSfeedbackprobing,which
providesadegreeof QoSpredictabilityat thepriceof some
additional latency and overhead. As shown in Figure 5,
aftera DS hasreceivedthediscovery results(without QoS
feedbacks)for a servicequery, theDS will sendout a QoS
feedback probing message for eachservicead received.
Similarto theend-to-endserviceadpropagation,eachprob-
ing messagewill be propagatedto the intermediateDSes
toward the SPdesignatedby the correspondingservicead
(steps1,2). If anintermediateDSdoesnotcachetheservice
ad of the SP, the probingmessagewill �rst be forwarded
up in the hierarchy (step 3), until it reachesthe highest

level QoS-similardomain; and then be forwardedagain
toward theSP(step4)... If oneof theDS traversedcaches
the servicead of the SP, it will return the associatedQoS
feedbackto theoriginalprobingDS(step5).

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

Highest Level QoS�

Highest Level QoS�

Highest Level QoS�

SP
c

1

2

4

5

3

6

Similar Domain

Similar Domain

Similar Domain

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

The probingDS will then usethe collectedQoS feed-
backsto selectoneof thecandidateSPs,which is likely to
bring goodQoSfor thequeryingclient (step6). However,
comparingwith the �rst and the secondstrategies, the
strategy of QoS feedbackprobing has more limitations.
First, it is less predictive: the returnedQoS feedbacks
may wrongly indicate the sessionQoS for clients in the
currentdomain. This is due to a lack of justi�cation for
QoSsimilarity betweenthecurrentdomainandthedomain
wherethe QoS feedbackis found. Second,The probing
overheadand latency is non-trivial. For this reason,we
may limit the numberof DSesto traverseduring the QoS
feedbackprobing;andtheoriginal probingDS only selects
from the SPswhoseQoSfeedbacksare found within that
limit.

4 Simulation Results

In this section,we presentour initial simulationresults.
Weshow theimprovementin bothqueryresponsivenessand
sessionQoS achieved by the enhancedservicediscovery
framework. The wide areaenvironment we simulate is
shown in Figure6. Thedomainsarepartitionedinto a four-
level hierarchy. The correspondingDS hierarchy is also
shown in theFigure.

We assumethat there are 20 different servicesin the
simulatedenvironment. For eachservice ��� , we deployed

�

� replicatedSPsfor ��� , and �

� is randomlydistributedin
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Figure 6. Simulated Wide­Area Envir onment

���������

. We make sure that for eachlevel-3 domain(with
a dotted-lineborder), there is no more than one SP for
eachservice. The popularity of eachservice,measured
in numberof requestsper minute, is randomlydistributed
in

� 	
���
���

requestsper minute. For eachservicequery, the
clientthatmakesthequeryis randomlyselectedfrom oneof
thelevel-1domains.For eachservicesessionthatfollowsa
query, thedurationof thesessionis randomlydistributedin

�����������

minutes.We alsoassumethat eachDS hasa cache
with the capacityto storethe serviceadsfor � ve different
services(notethat for eachservice,theremay be multiple
serviceadsfor thereplicatedSPs).Finally, thehighestlevel
QoS-similardomainsarelevel-2domains(with dashed-line
borders)� and � , aswell aslevel-3domains� and ��� .

Service query responsiveness:We simulatethe above
scenariofor a periodof 4000minutes. As a comparison,
we alsosimulatethesamescenariounderthebasicservice
discoveryframework. Foreachservicequery, thenumberof
DSesinvolvedin thequeryprocessingis recorded.We use
thenumberof DSesinvolvedin a queryasanindicationof
queryresponsiveness.Table1 shows theaveragenumbers
of DSesinvolved amongqueriesfrom eachof the level-
2 domains, under the basic (row 1) and the enhanced
(row 2) servicediscovery frameworks. The resultsshow a
signi�cant improvementin queryresponsivenessunderthe
enhancedframework.

SessionQoS: To demonstrateimproved sessionQoS,
our simulationfocuseson oneof theservices.We simulate
the following scenarioin Figure 7: service � has two
replicatedSPs: ����� in domain

�

and ����� in domain � .
The averagerequestrate for � is 60 requestsper minute.
Eachrequestis madeby a client from a randomlychosen
domain.Eachsessionof service� will requireoneunit of

localresourceontheSPandoneunit of end-to-endnetwork
bandwidthbetweentheSPandtheclient. Thetotal amount
of eachresourceis randomlydistributed between50 and
300 units. Here, a resourcecan be the local resourceon

����� or � ��� , or the bandwidthof any backbonenetwork
segmentshown in Figure7. For simplicity, we assumethat
service� only hastwo QoSlevels - `1' and`0'. A service
sessionresultsin QoSlevel `1', if andonly if bothits local
andnetwork resourcerequirementsaresatis�edthroughout
thesession;otherwise,thesessionresultsin QoSlevel `0'.

Framework/Domain A B C D E F
Basic 4.2 3.9 4.4 4.0 4.8 4.5

Enhanced 1.6 2.1 1.9 1.7 1.9 2.0

Table 1. Average Number of DSes Involved
in a Query ­ in Each Level­2 Domain and
under the Basic and Enhanced Framework,
Respectivel y

II

I

III

A

B

C

D

E
F

SPX

SPY

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 frameworks. The former is QoS-unaware;while
the latter is with QoSfeedbackcapability. Therefore,be-
tweenthetwo replicatedSPs,a DS in thebasicframework
just randomlyselectsoneto returnto eachqueryingclient;
while aDSin theenhancedframework 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 theQoSfeedbackassociatedwith theserviceadfor �����

( ����� ).
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Table2 shows theaverageQoSlevel of servicesessions
observedby clientsin eachlevel-2 domain,underthebasic
and enhancedservicediscovery framework, respectively.
We notice that in every domain,the averagesessionQoS
achievedby theenhancedframework is betterthantheQoS
achievedby thebasicframework.

A B C D E F
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 Level­2 Domain and under
the Basic and Enhanced Framework, Respec­
tivel y

Although it is still simple and initial, our simulation
doesshow the effectivenessof the proposedenhancement
to the basicservicediscovery framework. More complex
anddetailedperformanceanalysisis ouron-goingwork.

5 RelatedWork

Servicediscovery in a networkedenvironmenthasbeen
anactive researchtopic in recentyears.The IETF Service
LocationProtocol(SLP) [3] de�nes the basicarchitecture
for all brokerage-basedservicediscovery frameworks. The
DiscoveryAgent(DA) in SLPcorrespondto theDiscovery
Server (DS) in our framework. In addition, using SLP
glossary, we implicitly assumethatin our framework, there
is a User Agent (UA) running on eachclient, and there
is a ServiceAgent (SA) runningon eachserviceprovider
(SP). However, SLP was originally designedfor service
discovery within one administrative domain, such as an
intranet,ratherthanin awide-areagrid environment.There
have beenwide-areaextensionsto SLP [6, 2]. However,
noneof themaddressthe issuesof servicead cachingand
QoSfeedback.

The hierarchy hasbeenrecognizedas an ef�cient and
scalablearchitecturefor wide-areainformationdistribution
and discovery [2, 10, 11, 7]. We regard the Berkeley
SDS[2] asour `base'servicediscovery framework. Other
frameworks[10, 11] alsoadopta similar lossyaggregation
approachto control higher-level discovery server load and
bandwidth consumptiondue to service ad propagation.
Again, noneof theseframework addressthe issuesof QoS
awarenessandservicead cachingin thehierarchy. On the
other hand, hierarchicalcachinghasbeenintroducedfor
web contentcaching[1]. Interestingly, we �nd it alsoan
effective techniquein servicead caching;andeven better,
someof its disadvantagesdisappearin thiscontext.

Application-level anycast[8, 13] is alsorelatedto QoS-
awareservicediscovery. It involvesthe selectionof repli-

catedSPsbasedon their currentservicequalityor capacity.
However, existingapplication-level anycastsystems[8, 13]
focusmoreon the selectionpolicy andmechanism,rather
thanon the moreactive discovery capability. As a result,
theQoSfeedbackswill only bene�t clientswithin thesame
domain. On the contrary, our enhancedservicediscovery
framework further propagates the service ads with QoS
feedbacks- bothverticallyandhorizontally, sothata wider
rangeof clients can bene�t in both query responsiveness
andsessionQoS.

Finally, a network-level anycast schemeis proposed
in [4]. It is more discovery-orientedcomparingwith its
application-level counterparts.However, the layer it works
atintrinsicallylimits theeffectivenessin bringinggoodend-
to-endapplication-level QoSto clients.

6 Conclusion

In this paper, we study the issueof wide-areaservice
discovery in emerging servicegrids. Basedon an existing
wide-areaservicediscovery framework, we proposeour
enhancementof service query responsivenessand QoS
awareness.On the client side,we proposethe generation
of QoSfeedbacksaboutcompletedservicesessions;on the
Discovery Server side,we proposethecachingandpropa-
gation of serviceadswith QoSfeedbacks.The enhanced
servicediscovery framework is scalablewith respectto the
numbersof serviceproviders,discoveryservers,andservice
queries. Furthermore,it achieves shorterquery response
time, lowerprocessingoverhead,andbettersessionQoS.

Currentservicediscovery systemsfocus on the distri-
bution and matching of service information and service
queries,with lessemphasison domain-dependentsession
QoS.On the otherhand,currentapplication-level anycast
systemsfocusonQoS-awareselectionof replicatedservice
providers,whoselocationsareassumedto beknown. Our
work addressesboth problems,andprovidesan integrated
solution.
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