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Abstract

Distributed lookup services have predominantly
falleninto oneof two categgories:Gnutella-basedys-
temsand DHTs. In this paper we identify a set
of applicationsfor P2P lookup services,and ana-
lyze eachof their requirementsalonga commonly-
chosenset of dimensions. We shav that neither
Gnutellanor DHTs may provide the desiredtrade-
offs amongthesedimensions.We go on to demon-
stratea locally-omganized P2P lookup servicethat
matchesnorecloselywith theseapplicationrequire-
ments.

1 Introduction

The last few yearshave seenthe emegenceof dis-
tributedlookup servicesasperhapshemostpopular
applicationon peerto-peersystems.A lookup ser
vice is definedto be one that maintainsa dynamic
set of key-value associationsand permits queries
that requestvaluesassociatedvith keys. Existing
lookupservicedall into oneof two broadcateyories:
Gnutella-stylesystemsand Distributed hashtables
(DHTSs).

Systemsof the first kind, including Gnutella[g
and its variants, do not attemptto organize the
contentin the network. If a peernode hassome
(key,value) pairsit wantsto “insert”, it simply
storeghemitself. Consequentlyaqueryis answered
simply by flooding the network with the queryand
gatheringthe resultsobtainedat eachnode. In con-
trast,DHTs, suchasChord[ andCAN][5], organize
the network nodesinto a specifictopologyandcare-
fully place(key,value) pairsin the network to en-
ableefficient retrieval of queryanswers.

Both approacheshave their own adwantages.
Gnutellaprovidesarohustsystenthatadaptswvell to
highly dynamiccontentandto nodesconstantlyjoin-
ing andleaving the network. The strengthof DHTs
is their highly efficient search,and they are ideal
for searchingrare keys that have few values. Such
searchegendto beexpensve on Gnutellawhereone
would have to flood the entirenetwork.

In this paper we adwcatethe needfor a new
scheme,‘in between”Gnutellaand DHTS, to pro-
vide supportfor applicationsthat have an inherent
conceptof locality. We begin by examining some
(potential)realworld applicationsandtheir require-
mentsin Section2. We then look at how well
Gnutella and DHTSs satisfy theserequirementsin
Section3. In Section4, we provide a brief sum-
mary of onesuch“in-between”’scheme— the YAP-
PERSsystem3] — toillustrateourvisionof locally-
organizedP2Plookupservices.

2 Applications of P2P L ookup

We analyzeour proposedapplicationswith respect
to their requirementslongthefollowing axes:

e Queryingpower Thesetof keys usedto specify
asearchguerycouldvary widely, from asingle
key specifyinga restrictve “point” query to a
comple regularexpressiorrequiringall values
whosekeys matchtheregularexpression.

e Externaltopolay. Many applicationgnightre-
quire strict control over the peerto-peerover
lay network for reason®f security accesson-
trol, communicatiorefficiengy, or for establish-
ing notionsof locality.

e Partial lookup v/s Total lookup. Many appli-
cationsdo not desireall the valuesin the sys-



tem that matcha given query Typically, they
would like to be presentedwith the & “best”
answerdor the query which we call a partial
lookup. Thenotionof “best” is determinedy
theapplication,althoughmary applicationde-
siretheir searchresultsto be “near” the source
of thequeryin anexternally-specifiedopology
Suchapartiallookupis saidto requirelocality.

e LookupLatency The lateny requirementn
queriescan vary widely amongapplications,
from tensof millisecondsto afew seconds.

e Dynamismof Content. The rate at which con-
tentis addedto, removed from, or modifiedin
the lookup serviceinfluencesthe trade-ofs to
be madebetweenquery and updatecostsin a
lookupservice.

e Dynamismof Nodes. The rate at which nodes
themselesjoin andleave thenetwork is another
importantfactor If a nodeholds (key, value)
pairs, thesehave to be imported from or mi-
gratedto other nodesduring node joins and
leaves respectirely. Non-graceful failure of
nodeswould alsohave to be taken careof. In
addition, the systemwould have to maintaina
consistenstateunderdynamicconditions.

e QueryEfficiency Finally, all applicationsde-
sireasefficientalookupsolutionaspossibleal-
thoughvariousmeasure®f efficiengy arecon-
cewvable. We will considerthetotal bandwidth
consumptionper query as a measureof effi-
cieng.

Tablel summarizesherequirementsf thediffer-

entapplicationsalongtheseaxesaswe now proceed
to describehe applicationsn detail.

2.1 FileSharing

File-sharingsystemsare arguably the most popular
applicationof peerto-peertechnology The barrier
to using a centralizedsolution hasbeenmorelegal
thantechnologicalasevidencedby the superiomper
formanceof Napsterascomparedo Gnutella.How-
ever, P2P solutions are also desirablewhen there
is no clearbusinessincentive to investin a central

'We note that we could concevably alter the definition of
the key in orderto corvert partial lookupsinto total lookups,
for example,by someha ensuringhatonly the “best” answers
have thesamekey, but suchmanipulations notalwayspossible.

sener, when the sharedcontentis dynamic, or if
nodedrequentlymove in andout of thesystem.

In termsof queryingpower, clientswould require
fuzzy searchto dealwith misspellingsasalsoallow
for morestructuredscheman the key. For exam-
ple,anMP3 musicfile couldhave multiple attributes
suchasthe songtitle, artist, album, genreandyear
and clients could poseconjunctive querieson some
subsetof the attributes. A client eventually wants
only afew locationsof thesamdfile for apointquery
However, theseew locationsshouldbethe“best” for
thatclientin termsof network lateng or bandwidth.

2.2 Local Directory Services

With theincreasingocuson wirelessroaminginter
net accessthe vision of a future whereone roams
arounda city with a handhelddevice andconnecto
nearbycomputerswill soonbe a reality. In sucha
setting, an importantapplicationareais the use of
P2Pfor providing local directoryinformation. Busi-
nessessuch as restaurantsyretail stores,or movie
theatresijn anareacould run their own computeras
partof a global P2Pnetwork and“publish” relevant
information. Thussomeonavalking by with awire-
lessdevice canposequeriesof theform “Find all the
Italian restaurant#n this areawith a currentwaiting
time lessthan 10 minutes”, or “find all shopsin the
areasellingkitesunder$50”

Locality is critical. A client’s physical loca-
tion is an inherent part of every query and the
desiredsubsetof answersis requiredto be phys-
ically nearthe sourceof the query Thoughthe
meta-informatiorassociateavith content(e.g. busi-
nessitems) would be fairly stable,the contentit-
self may changevery frequently As an example,
the movies being screenedat a theaterwould not
changerapidly, but the numberof availableseatdor
a particularshaving could. Directoriesarenaturally
well-structuredandhierarchical,and queriescanbe
treatedas simple point queries,or queriesover all
keys within a directorysubtree.

2.3 P2P Cooperative Caching

P2P cachinghasbeenproposedas a meansof re-
lieving a web sener of someof its burden, espe-
cially whenthe sener is confrontedby flashcrowds



File Sharing| Local DirectoryService| Cooperatie Caching| ReferralSystems
Partiallookup Vv Vv Vv
with locality
ExternalTopology v
QueryingPower fuzzy point/range point
LookupLateny O(1s) O(1s) 0(0.01s)
ContentDynamism Low High High
NodeDynamism High Very Low High Low

Tablel: Summaryof applicationrequirements.

[4]. Theideais that a client in needof a piece
of contentcontactsother clients“near” it which al-

readyhave the content,anddownloadsfrom one of

them,insteadof requestinghe contentfrom theweb

sener. In thisfashionwe reapthebenefitof avirtual

cachecontainingall the contentthat all the clients
have downloaded,while keepingthe solutionmuch

morecost-efective thansettingup realproxy caches
acrossll clients.

Locality is importantasa client needgo identify
the“best” cachedcopy in termsof lateny andband-
width. The procesf finding a cachedcopy or de-
ciding thatno cachedcopy is available mustbe fast
(on the orderof tensof milliseconds).Otherwise a
userswebbrowsingsessiomwould beexcruciatingly
slow. PointqueriesarethenormaswebURLsforma
uniqueidentifier For a given URL, the contentmay
changefrequently e.g., headlinenews or ads. The
lookup serviceshouldthusbe ableto invalidateold
versionsandregisternew versionsefficiently.

2.4 Social Networks

A fertile but nascentareafor P2P applicationsare
SocialNetworkswhereevery peernodeis connected
directly to all of their friends. Simple applications
of social networks include inviting all friends and
friendsof friendsto a party[1], or areferralsystem
whereapeerlooksfor expertsonasubjectasfew de-
greesremoved from it aspossible. Socialnetworks

ontop of asocialnetwork cannotalterthe topology
at will. In Table 1, we demonstratehe properties
necessaryor a referralsystem. A reputation-based
file-sharingsystemwould demonstratéhe samere-
quirementsasa normalfile-sharingsystemtogether
with theneedfor completecontroloverthetopology

3 Why not Gnutellaor DHTS?

With the propertiedistedin the previous sectionwe
now amgue that neither Gnutellanor DHTs match
the requirementsof the applicationsspecifiedear
lier. Table 2 offers a letter gradeto indicate how
well Gnutellaor DHTs matchthe various applica-
tion requirementsve have outlined, with the final
columnindicating the ideal trade-of that the appli-
cationwould like to make.

Gnutellacan provide very flexible queries,easy
adaptabilityto partial lookupswith locality, andco-
existencewith arbitaryexternaltopology For exam-
ple, in orderto implementlocal directory services,
we would wantto ensurethat nodesthat are physi-
cally closearealsoclosein theoverlay Gnutellaalso
adaptswell to contentand nodedynamismsinceit
maintainsverylittle distributedstate.However, these
systemareveryinefficientbecausef thebandwidth
andmessagin@verheadassociateavith eachquery
This inefficiency canprove to be severe enoughto
preventthe overall systemfrom scalingup to alarge

can also be the basisof building reputation-basednumberof nodesandrenderit impracticalor expen-

systemsvhereeachpeeronly connectdo otherpeers
it trusts.Suchconstructiorcaneasilycontrolor min-
imize the impact of malicious behaiour. Clearly
social networks have one dominatingproperty: ex-
ternaltopology The connectiontopology is given
or dictatedby othercriteria. A lookup servicebuilt

sive.

In contrast, DHTs offer efficient lookup at the
expenseof the other properties. Point queriesare
the main kind of queriessupported althoughrange
gueriescan also be supportedwith acceptabldoss
in performance.Iln DHTs suchas Chord, the only



Gnutella DHTs ApplicationRequirement
Partial lookupwith locality A B-C A
ExternalTopology A F (Chord)C (CAN) A
QueryingPower A C B
LookupLateny
Total Lookup C A C
Partial Lookup B B A
ContentDynamism A B B
NodeDynamism A C B
QueryEfficiengy D A B-C

Table2: Application Requirementsindthe Quality of Solutionsoffered.

way of supportinganexternaltopologyis to treatthe

externaltopologyasa “network layer” andbuild an

additionaloverlay on top of this layerto implement
DHTs. Suchanadditionallayer can,by itself, push

the querylateny to unacceptabléengths.CAN can

supporexternaltopologiesalittle bettersinceall of a

nodes neighborsarenearthenodein thehashspace.
However, supportingan arbitrary externaltopology

is still hard and may lead to poor and unbalanced
CAN configurations.

Equally problematicis the needto capturelocal-
ity and provide partial lookup in a DHT. One way
to do sowould be to ignorethe locality requirement
for lookup, and simply requirethe originator of the
guery to processall the returnedanswersand fil-
ter out thoseanswersthat are not necessary Such
a methodologyhasmary dravbacks;we fail to ex-
ploit thefactthatnot all anwersneedto be produced
for a query leave ourseles opento hot-spotissues
if all the answersare storedat a single node, and
do not have locality of accesssincerelevant index
entriesare not storedcloseto the nodeswhich re-
quirethem.An alternatve solutionwould beto offer
coarse-grainedbcal searchby using somekind of
locality information, suchas a zip code, as part of
thekey, but suchsolutionsdo not work for all appli-
cations. Although DHT lookupsareefficient, query
lateng canstill beratherhighin absolutderms.Per
formanceoverheadin dynamicconditionsis worse
than in Gnutellafor two reasons. One, more dis-
tributedstatemustbemaintainedandsuchstatemay
be sharedbetweennodesarbitrarily far away in the

tentin the systemand keepit balancedacrossthe
nodes.Furthermoredealingwith non-gracefufail-

uresrequireseven more overhead. Gnutellanodes
areresponsibldor only theirown contentandtaking
theircontenoffline alongwith themis acceptabléor

mary applications.

We claim thatwhattheseapplicationgeally need
is a different set of trade-ofs, asillustratedin the
right-mostcolumnof Table2. Applicationsarewill-
ing to sacrificethe ability to performcompletelyar-
bitrary queries andto maintainsomeamountof dis-
tributedstate in exchangdor goodsupportfor exter
nal topologiesandlow-lateny partial-lookupswith
locality,. We now demonstratea solution that ad-
dressesheserequirements.

4 An Alternativee YAPPERS

YAPPERS(Yet AnotherPeefto-PeERSystem)is a
first attemptat building an“in-between”schemehat
triesto combineGnutella-styldloodingwith DHTSs.
Conceptually YAPPERStakes ary arbitary overlay
asinput. It then partitionsthe nodesinto a fixed
numberof buckets by applying a hashfunction to
eachnodes IP address.Figure 1(a) givesa simple
examplewhere YAPPERSpartitionsthe nodesinto
justtwo hashbuckets: circlesandsquaresOncethe
nodeshave beendivided, YAPPERSorwardssearch
gueriesbetweentwo nodesof the samehashbucket
if thesenodesareneareachotherin theoriginal over-
lay. Figurel(b)illustrateshow theseforwardingsin-
ducetwo searchnetworks: one circle network and

physicalnetwork. Two, datamigrationis necessary one squarenetwork. In effect, YAPPERScreatesa

as nodesjoin and leave in orderto keepthe con-

4

fixed numberof smallerGnutellanetworks that re-



(a) Raw overlay

(b) Induced search networks

Figurel: YAPPERSdivide nodesn theraw overlayinto two bucketswhich inducetwo searchhetworks.

spectghe nodeproxmitiesin the original overlay
To perform a (key,value) pair insertion or a
query for a particularkey, a node simply contacts

an externaltopology with locality requirementon
answers,or requiring low-lateny partial-lookups
will benefitfrom usinglocally-omganizedookup ser

the closestnodethat is assignedhe corresponding vices. Locally-omganizedservicesprovide exactly

hashbucket. YAPPERS,n constructinghe smaller
searchnetworks, actuallyensureghatthereexists at
leastone memberof eachsearchnetwork within a
certainnumberof hopsof eachnode.For examplein

Figurel, eachnodecanfind a circle or squarenode
within onehop. Thusfrom eachnodes perspectie,

all operationsare essentiallyperformedon a small
DHT thatconsistsof nodeswithin a certainnumber
of hops.Detailscanbefoundin [3].

5 Analysisand Conclusion

YAPPERS ,beinga locally-omganizednetwork built
on top of Gnutella,bringswith it Gnutellas adwan-
tages,including the ability to work with arbitrary
topologies,to optimize for partial lookupsand ex-
ploit locality of reference Sincecontentis organized
locally andleadsup to a global searchstructure we
have low-lateny partial-lookupswith the querying
power limited only by the granularityat which the
buckets are built. When contentand nodesare dy-
namic,theamountof work involvedin maintaininga
consistenstateis higherthanin Gnutellabut is still
manageablespeciallygiventhefactthatall suchin-
teractionsrequiredare purely local. Datamigration
issueson nodefailurescanbe handledcleanlyby re-
quiringthe“owner” of contentto ensurdts availabil-
ity. This schemas efficient sincethe owneris close
to the locationwherethe contentis storedand will
automaticallypecomeawareof ary nodefailures.

In conclusionwe claim thatary applicationwith

the right trade-ofs required by theseapplications
while often providing a more efficient solutionthan
plain Gnutella.
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