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ABSTRACT

Fastand ef cient large contentdistribution is a challengein the
Internetdueto its high trafc volume. In this paper we propose
ChunkCast,an anycastservicethat optimizeslarge contentdis-

tribution. We presenta distributed locality-avare directory that
supportsanef cient queryfor large content.Our systemimproves
the mediandownloadingtime by at least32% comparedo previ-

ous approachesnd emulatesmulticasttreeswithout ary explicit

coordinationof peers.

1. INTRODUCTION

Overthelastfew yearstherehasbeenincreasingusageof
contentdistribution networks (CDNs) thatdeliver large vol-
umedataobjectssuchasvideo andsoftware. For example,
approximately70%of Tier 1 ISPtraf c measuredh Europe
waspeerto-peertrafc [2]; yet, the considerabldandwidth
consumptionis not necessaryo satisfy the download de-
mand[15]. Thechallengefor CDNslike BitTorrent[1] that
transfedargeobjectss to minimizethedownloadtime while
reducingnetwork bandwidthconsumption.

Thedownloadtime andbandwidthcostsdueto download-
ing large objectsareaffectedby the structureof CDNs. We
assumehattypical CDNs partitionlarge objectsinto multi-
plechunkg andchunksarestripedamongpeers.A peerin the
CDN actsasbotha client peeranda sener peer The CDN
worksasfollows. First, aclient peerthatwantsto download
anobjectperformsalookupfor eachobjectchunk. A direc-
tory that storesmappingsbetweenobjectchunkand sener
peerlocationsreturnsall of the chunksener peers.Second,
for eachchunk, the client peerselectsa chunk sener peer
from which to downloadthe chunk. Finally, the client peer
publisheghe chunkinformationinto the directorysothatit
canlaterserviceobjectchunkrequest@sa chunksener.

Therearetwo problemsassociateavith theCDN structure
aspresentedhat affect downloadtime andbandwidthcon-
sumption. First, the numberof lookupsto the directorycan
be excessve. Supposean objectis partitionedinto 10,000
chunks. The client peerrequires10,000lookups. If each
chunkwasreplicated10times,a clientwould needto select
10,000sener peersout of 100,000peers(in theworstcase)
to download chunks. Second,the structuredoesnot give
ary guidanceon selectingpeersto download chunks(peer
selection). Moreover, it doesnot give guidanceon the order
in which chunksto download(chunkselectior).

In summary the state-of-the-artCDNs for large objects

IMulti-chunk downloadingimproves downloadingtime in prac-
tice [10] andby afactorof the numberof partitionsin theory[21].
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Figure 1: ChunkCast architecture

have weaknessed-irst, systemsftendo not utilize locality

informationfor peerselection.Secondmary systemslonot
considerthe orderof downloadedchunks,which canresult
in downloadingduplicatechunksinto the samelocal area.
Finally, somesystemsusea centraldirectory which limits

scalability Ourgoalis to addressheseweaknesses.

In this paper we proposeChunkCasta novel arnycastser
vice that optimizeslarge contentdistribution. Figure 1
shaws the architectureof ChunkCast. Client peerspub-
lish andlookupchunksusingChunkCastandthey download
chunksdirectly from otherpeers.ChunkCasts adistributed
locality-avareindexing structurefor large contentdistribu-
tion networksthatimprovesdownloadingtime andnetwork
bandwidthconsumption Thesystememplo/s anexpressie
arycastinterfacethatef ciently guidesclient peerson peer
and chunk selectionchoices. Sincethe large contentdis-
tribution problemhassigni cant impact,we claim thatit is
worthwhileto build aspecializedndexing structurefor large
content.Our contributionsconsistof thefollowing:

An arycastinterface exports peerlocality and chunk
information reducingdownload time and bandwidth
consumptiorsigni cantly.

An ef cient implementatiorof thearycastinterfacere-
turns,in asinglerequestthe setof sener peersstoring
asetof chunksfor a particularobject.

ChunkCasthuilds an indexing structureon a structured
overlay ChunkCastonstructsonly one indexing tree per
object;previous systemghatcreatedistributedindexescon-
structoneindexing treeperchunk. For ef cient publishand
lookup, ChunkCasencodes chunkasa bit in a bit vector
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Figure 2: Peer and chunk selection. The gur e shows a snap-
shotof the chunks downloadedby peers.The peersareordered
by the distancefrom peer 11. The symbol “X” representsthat
the peer has the chunk. There are three approachesof a di-
rectory shawvn in the gur e. Approach(a) and (b) are previous
approachesand approach(c) is a new approachwe propose.

wherethe vectorrepresentshe entireobject. To exploit lo-
cality, we rely on thelocal corvergence[7, 14,22] property
of the structuredoverlay andlocationinformationencoded
with network coordinateg11]. Our preliminaryevaluation
shaws that ChunkCasimproves mediandownloadingtime
by atleast32%whenpeerssimultaneouslylovnloadanob-
jectandemulatesnulticasttreeswithoutary coordinatiorof
peers.

2. SUPPORTING EFFICIENT QUERY

The goalfor alarge contentdistribution network queryis
to minimize bothdownloadingtime andtotal network band-
width consumption.ldeally, a client peerwould download
eachchunkfrom asenerpeerthatis nearby(i.e. low network
lateng distance) hashigh available bandwidth,andis un-
loadedthus,reducinghedownloadtime. Furthermoreonly
oneclient peerwithin alocal area/rgion would downloada
chunkfrom aremotepeer;therebyreducinghetotalnetwork
bandwidthconsumption We discussvhatarethe problems
of previousapproacheandproposea new appraoctbelow.

2.1 Previous Approaches

Therearetwo previousapproachesln the rst approach,
aclientpeermalkesarequesto adirectoryto returna small
numberof sener peerq1]. Thisapproacthdownloadsmary
chunksfrom a small numberof sener peers. With this
approactbandwidthis wastedvhennearbysenerpeersxist
that store chunks, but the sener peersare not includedin
the setreturnedby the directory As a result, chunksare
downloadedrom remotepeerseventhoughcloserpeerghat
storechunksexist.

In the secondapproacha client peermakesarequesto a
directoryto returna setof sener peerghatstorea particular
chunk|[3,17]. The client peerthen dovnloadsthe chunk
from an optimal peer The client peerrepeatshe process
for subsequenthunksuntil all chunksaredownloaded.The
problemwith this approactis thatit ignoresthe orderwith
which chunksare dowvnloaded. As a result, bandwidthis
wastedvhenmultiple nearbyclientpeerdowvnloadthesame
chunkfrom remotesener peers.

Figure 2 is a snapshotof the dowvnloading processand
illustratesthreedifferentapproachestwo describedabove
anda third approachthat combinesthe peerand chunk se-
lection. In the network, client peerl1 looksup sener peers
to download chunks51 to 60 of anobject. Note that peers
areorderedby thedistancerom clientpeerll; sener peerl
is thefarthestaway and10is theclosest.With approacha),
client peerll requestgeersthat downloadthe objectand
the directoryreturnsrandompeers(in this example,sener
peer3 and4) dueto its lack of information. Thequeryspec-
i es only theobjectinformation. Peer3 and4 arefaraway
sener peers. With approach(b), client peer11 requestsa
setof sener peershostingspeci ¢ chunks51 and52. The
directoryreturnsl, 3, and 4, or a subsetltered by some
rankingfunction. Thesener peersarealsolocatedfar avay
from clientpeerll. Thisresultcomesrom therestrictionof
chunksclient peerl1 lookups. Ideally, we wanta directory
thatcanreturnnearbysener peerghatstoreary chunkpeer
11 needs.With approachc), thedirectorycandecidewhich
peersto returnfrom the entire (peer chunk)points. In this
casethedirectorycanreturnsenerpeer9 and10,whichare
closeto client peerll. We call this approachan object-level
chunkanycast

2.2 Object-level Chunk AnycastQuery

Ideally the client peerwantsto choosethe best (peer
chunk) point shavn in Figure 2(c), wherethe chunkis one
of the chunksthe client peer needsto download. If the
clientpeemerformsparalleldownloading,it wantsto choose
the bestp (peer chunk) points. The client peerwantsto
know a peeramongthe peershaving chunksthat hashigh
bandwidth spendsmalloverallnetwork bandwidth andhas
mary chunksit needgo download.

To achieve the goal, we rst extendour queryto cover a
setof chunksandto returnsener peersthat satisfy certain
conditions.Our queryis asfollows:

Find a setof serverpees, ranked by someranking
function R, that store any one of the chunks(Cy, ...,
Cn) of anobjectO.

Therecan be mary sener peersthat storeary one of the
chunks(Cy, ...,Cy), sothedirectoryusesarankingfunctionrR
to returnthe mostrelevantresultsbackto theclient peer In
particular we supportan object-level chunk“anycast” that
returnsjn asinglerequestthenearbypeerdavingthelargest
setof chunksa client peerneeds. Traditional approaches
separat¢hechunkselection(which chunkto download)and
the peerselection(which sener peerto dowvnload from),
but with the anycastwe combinethe peerselectionandthe
chunk selectionto exploit peerlocality and differencein
downloadedchunks.

To implementthearycastqueryef ciently is challenging.
Naive designsare not scalablebecausehey canincur high
traf ¢ to maintainstateaboutwhichsenerpeersstorechunks
andto locatenearbysener peersthat storechunksthat the
client peerrequests.We presentthe designof an ef cient
andscalablesystemthatsupportghearycastquerynext.

3. DESIGN OF ChunkCast

In this section,we presentChunkCasta locality-avare
directorystructurethat supportsan object-level chunkary-
castqueryefciently. ChunkCasis a distributeddirectory
built on top of a structuredoverlay suchas Bamboo[18].
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Figure3: Chunk publication. Two nodessendpublish messages
whose elds arethe objectidenti er , the bit vector representing
chunk indexesto publish, the original node's network coordi-
nate (NC), and the IP address. This information is cachedby
the nodesin the path fr om the publishing nodeto the root.

Thestructuredverlayconsistentihasheanidenti er space
over a setof nodesin which eachnode(calleda root) is re-
sponsiblefor a portion of the identi er space. A specic
messag&hosedestinatiorisid is routedto therootof id. A
nodeparticipatingn thestructuredverlayusuallymaintains
O(logN) state(i.e. routing table)andthe pathfrom a node
to theroottakesO(logN) hops.In addition,eachnodein the
overlay maintainsa network coordinate.

An objectis referencedwith an objectidenti er, which
is a SHA-1 hashof the objectname. Differentobjectsare
likely to have differentroots. Each chunkis referenced
with a chunkindex togetherwith the objectidenti er. To
represenmultiple chunksof an object compactly we use
a bit vectorin our message$. An ith bit representanith
chunk. For example whenanobject(of 5 chunks)identi er
is OXFE32...27 and we want to representhe 1st, 3rd, and
5th chunkswe usethename(OxFE32...2710101).

To supporthearycastef ciently, ChunkCasmaintainsan
implicit indexing treeperobject,which savesresourcesFor
example,if a particularobjecthad10,000chunks,previous
systemdik e Coral[12] would createl10,000indexing trees,
but ChunkCastreatesone. Furthermoreijf therewere100
objects, theseprevious systemswould createone million
indexing treeswhereasChunkCastreatesl 00.

3.1 Chunk Publication

Publishingthelocationof objectchunksensurehatfuture
gueriesareableto nd senerpeers.Thepublicationprocess
needgo containenoughinformationsuchthatnearbysener
peersstoringa setof chunkscanbe identi ed. Moreover,
the processeedsto be scalable. We describethis process
below.

A senerpeerstoringachunkadvertisestslocationthrough
apublishmessagéo anearbyindex node. The peercanuse
Meridian [20], OASIS [13], or pingsto nd a nearbyin-
dex node. The publish messagecontainsthe IP address,
thenetwork coordinatge.g.,Vivaldi[11]) of theindex node
thatthe sener peerinitiatedthe publishthrougt?, the object
identi er, andthe bit vector representingchunksstoredat

2We usea simplerepresentatioin this paper but more compact
representationarepossible.

3We assumethat peersdo not have network coordinatesn gen-

the sener peer The index nodethat receves the publish
messagatoresthe statecontainedn the messagéocally in
its locationpointercache.

Thestatestoredn thelocationpointercachds periodically
propa@tedtowardsthe root insteadof being immediately
forwarded,reducingthe costof the entire publish process
andimproving scalability A procesghatrunsateachindex
nodeperiodicallysendonemessag#o thenext hoptowards
the root, which is the parentnodein the index tree. The
messagecan containthe statefrom multiple sener peers,
so we amortizethe costof publishing. Furthermore not
all stateis forwarded ,insteadthe stateto forwardis chosen
eitherrandomlyor in a roundrobin fashion. Oncestateis
chosento be forwarded,eachnodein the paththatreceves
the statecachest locally. The cachedinformationis soft-
state.If the stateis notrefreshedvithin atimeout,thenode
removesthe statefrom thecache.In addition,for scalability
we limit the numberof entriesper object. If the list is
full, the index nodemay evict anentryin orderto accepta
new entry. Thevictim entryis selectedandomlyor by an
eviction function weightedby network coordinatedistance.
Evenwith thislossyaggreation,we canlocatenearbynodes
hostingchunkswell dueto local corvergence7,14,22].

Figure3 shovs anexampleof two sener peerspublishing
chunksfor oneobjectwith identi er OID. All nodesrepre-
sentedareindex nodes;the sener peersarenot shavn. To
begin, nodeE recevesapublishmessagérom asenerpeer
Thepublishmessagshovsthatthesenerpeerstoreschunk
3,4, and5. NodeE storesheinformationin its local cache.
Later, nodeE forwardsthe stateto nodeB. WhenB receves
thestate |t similarly storesheinformationin its local cache
andforwardsthe stateto nodeA. Finally, whenA receves
the state,it locally storesthe informationanddoesnot for-
ward statesinceit is the root of the objectidenti er OID.
As anotherexample,a differentsener peerinitiatesa pub-
lish messag®ia index nodeG. The messagshawvs thatthe
senerpeerstorexchunkl and5. Theinformationis storedat
G, C,andA. In theend,nodeA maintaingwo index entries
publishedrom E andG.

3.2 Chunk Lookup

To nd thelocationof chunksaclientpeersendsalookup
messagdo a nearbyindex node. The client peercanuse
Meridian [20], OASIS [13], or pingsto nd a nearbyindex
node. The messagespeci es an object identi er, a start
chunkindex to query a bit vectorto representherequested
chunksthenumberof senerpeerdp) to returnin theresult,
thenetwork coordinateof theindex nodethattheclient peer
initiated the lookup through,andthe client peerlP address.
As anoption,themessagearriessener peerdo ignore. For
example,whenthereare5 chunks,the startindex is 3, and
the bit vectoris 101, the client peeris interestedn the 3rd
and5th chunks. The client peersetsp; anexamplevalueis
the numberparallelconnectionghe client peermaintainsto
reducedownloadingtime. Additionally, the systemenforces
anupperboundon p to preventclientpeerdrom overloading
thesystem.

The lookup response&ontainsat most p sener peersthat
optimize a certainranking function, which is explainedin
Section3.3. Onceanindex noderecevesaquery it searches

eral. If thepeergarticipatan thesamenetwork coordinatesystem,
ChunkCastanusethe network coordinate®f the peers.Creating
network coordinate®ver the peerss a subjectof futurework.



OID, 00111, NC3, IP3root of OID
QOID, 10001, NC2, IP|

OID, 00111, NC3, IPb
Jo

OID, 10001, NC2, I1P2

IP3|NC3 3 IP2 NC2 )1
: ‘

OID, 00111, NC3, IP3 OID, 10001, NC2, IP)

lookup message formaobject id] start indelx bit vectdr NC |P]

|P3’OID Tovoil Ne |F#7\1"\‘ /om\ 1/00111 NCB 1B8]2
.

lookup response

message format ‘ 'P‘ NC‘ overla})

(IP[NC overlap -

Figure 4: Chunk lookup. Two nodessendlookup messages,
which consistof the object identi er , a bit vector representing
chunk indexesto lookup, the original node's network coordi-
nate (NC) and IP address,and the nhumber of matches. The
lookup on the left can be satis ed by the rst local node. The
lookup on the right is forwarded to the root, which returnsthe
result,sincethe rst local nodedoesnot contain two matches.

its own localindex for sener peerswhoserankis amongthe
top p. If oneindex nodein the querypathhasp suchsener
peersthe requesttanbe satis ed by theindex node. Oth-
erwise,the index nodeforwardsthe requestfurther toward
theroot. Theindex nodeexcludesnodesonthelist to ignore
in queryingits localindex. Whenp sener peerinformation
is collectedor the messagarrivesat theroot, aresponses
returnedo theclient peervia theindex nodethatit initiated
therequesthrough. Thecollectionof p senerpeersontains
peersthatstoreat leastoneof therequested¢hunks.Subse-
guentookuprequestsvouldneedo beissuedo nd missing
chunks. Theresult,a setof up to p recordscontainingthe
IP addressesf sener peers,network coordinatesof index
nodesthe sener peerpublishedthrough,andthe numberof
chunksmatchedjs returnedbackto the client peerthrough
theindex nodethatthe client peerinitially contacted.
Figure4 shavs anexampleof locatingchunksfrom object
OID. The information storedat index nodesA, B, C, E,
andG is the sameasthat shavn in Figure 3; no sener or
client peersare shovn. A client peerissuesa lookup via
index nodeD. It requestdo nd onesener peerthatstores
ary chunkbetweenchunks4 and5. NodeD forwardsthe
requestto B sinceit doesnot storeary index information.
Node B knows a sener peerthat storesat leastone of the
requestecdhunks. SinceB cansatisfythelookup, it returns
the sener peerlocationinformation to the client peervia
nodeD andthelookupmessagés notforwardedfurther. As
anotherexample,a differentclient peerissuesa lookup via
index nodeF. It requestso nd two sener peersthatstore
ary chunkamongchunks3, 4, and5. NodeF forwardsthe
lookuprequesto C. NodeC knows only onesener peerthat
satis esthelookuprequest.So,it piggybacksts resultto the
lookupmessagandforwardsit to A. A searchethetoptwo
nodesbasedon a ranking function amongthe nodesin its
local index andthe sener peerspiggybacledin the lookup
messageNodeA returnsa lookupresponse&ontainingtwo
sener peersbackto therequestingclient peervia nodeF. If
theroot nodeA couldnot nd enoughsener peersto meet

the lookup requestrequirementsit would have returnedall
thesener peerinformationit did nd.

3.3 Ranking Function

ChunkCashastwo rankingfunctions. The rst function
optimizesthe overlapbetweerthebit vectorof asener peer
thatpublisheschunksandtherequestedit vectorof aclient
peerslookup query In this case we rely on the local con-
vergencepropertyto achieve locality. The secondfunction
optimizesclosenessyhichis de ned by distancen thenet-
work coordinatespacebetweertheclientpeerandthesener
peerhostingthe chunk. Exploring differentranking func-
tions (e.g.,a hybrid of the abare two rankingfunctions)is
objectof futurework.

4. APPLICATION

Wedescribéhow aclientpeerusesChunkCasto ef ciently
andquickly downloadchunks.A client peersendsalookup
messagéo ChunkCastlt setsp of themessagéo atleastthe
numberof parallelconnectionst uses.ChunkCastesponds
with a setof p sener peersthat satisfy the lookup query
Thelookupresponsehowever, doesnot containthe chunks
storedby eachsener peer Insteadthe client peercontacts
eaclreturnedsenerpeerto requesthemostup-to-datdist of
chunksstored. Excludingchunkinformationin the lookup
responsesigni cantly reducesthe load on ChunkCastby
reducingthe size of lookup results. After the client peer
gathersinformationaboutthe chunksthat eachsener peer
stores,it downloadschunksfrom multiple sener peersin
parallel. Finally, whendownloadinga chunkcompletesthe
clientpeersendsapublishmessagé& ChunkCasadvertising
thedownloadedchunk.

A clientpeereissuesookuprequestsFirst,whenasener
peerhasnomorechunksto sene, theclientpeerissuesanew
lookuprequesto nd areplacementSecondsinceaqueryis
very cheapin ChunkCastthe client peerperiodicallyissues
new lookup requests. When the client peer nds a new
sener peercloserthanthe sener peerit dovnloadsfrom,
it switchesfrom the existing sener peerto the newv sener
peer Thisform of downloadingemulatesffective multicast
distribution. If achunkis downloadedn alocalareaanother
peerin the sameareais notlikely to downloadthechunk.

Theinformationobtainedrom ChunkCasis ahint. When
theclientpeercontactghesenerpeerit may nd thesener
peerunresponsie; the sener peermay have left the system
or beslow to respond Whenasener peerleavesthesystem,
therelatedindex entriesexpire afteratimeout. Meanwhile,
the client peer can specify to avoid such sener peersin
thelookup message Therefore the stalenes®f the entries
doesnot affect the systems effectiveness. A sener peer
may be slow to respondif it is overloadedor the available
bandwidthbetweenthe client peerand the sener peeris
low. Additionally, the sener peermayrejectthenew chunk
requestentirely In thesecasesthe client should specify
thesesener peersasnodeso ignorein thelookupmessage.

5. PRELIMIN ARY EVALUATION

We discusshow ChunkCasperformscomparedo other
systemsWe rst describehe experimentsetupandpresent
results.

5.1 Experiment Setup
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Figure 5: CDF of download time. ChunkCast impr ovesdown-

load time of all peers. The median download time impr ovesby
at least32%.

Wehaveimplemente€hunkCasbnBambod18]. Chunk-
CastusesVivaldi [11] asits network coordinatesystem.
We have alsoimplementedheersthat uploadanddownload
chunksby usingChunkCast.

We examinethreesystems.The rst system,calledRan-
dom is similar to a cornventionalarchitecture suchas Bit-
Torrent,thatperformsrandompeerselection.Therootnode
of eachchunktracksall thelocationsof replicasandthelo-
cationqueryreturnsa randompeerhostinga replica. The
secondsystem,called ConstainedLocality is a systemthat
usesa locality-avarestructuredoverlay like Shark[3]. The
lookupinterfaceof the systemallows queryingof only one
chunkat a time. The third systemusesChunkCast as an
indexing servicefor large content.

We run our experimentausinga clusterof 40 IBM xSeries
PCsconnectedy Gigabit Ethernet. We useModelnet[19]
to emulatea wide-aregphysical topologythatimposesnet-
work lateng andbandwidthconstraintsin addition,we use
a4000-nodeAS-level network with 50 distinctstubscreated
by the Inet topologygeneratof9]. Theclient-stublink ca-
pacity is 10Mbps,the stub-stublink capacityis 100Mbps,
andthe stub-transitink capacityis 45Mbps. Note thatthe
client bandwidthis cappednot to exceed10Mbps. For all
experiments,we run 180 index nodeslocatednext to 180
peers. Running200 peersor moreis not possiblefor other
systemscompareddue to overloadin the cluster although
our ChunkCastansupportsuchscalewell.

In anexperimentgachpeemetrieves1000chunksgactthe
sizeof 256KB.Initially, all thechunksareplacedn onenode,
andall theother179peersbeagin donvnloadingchunksatthe
sametime. The peeropensfour connectiongo dowvnload
chunksn parallel. ForRandomandConstrainedLocalitythe
peerissuedour lookuprequestsn parallel. For ChunkCast,
thepeerissuesalookupquerywith p = 4.

After downloadingachunk thepeerimmediatelyregisters
thechunkinformationto publishto the colocatedndex peer
andsenesit uponrequest.Usingthis setupwe measurehe
time to downloadchunks the bandwidthusageof theclient,
andthe bandwidthusagen the network.

5.2 Results

Figure5 shavstheeffectivenesof ChunkCasin support-
ing fasterdownloadingof chunks. The mediandownload
time of ChunkCastdecreasedy 32% comparedto Con-
strainedLocalityand decreasedy 38% comparedto Ran-
dom. All peersdownload chunksfasterwith ChunkCast.
ChunkCasthelps peerseffectively locate chunksthat are
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Figure 7: Bandwidth consumptionover entire network links.

downloadedby nearbypeers.

Figure 6 shaws the datatransferrecby eachpeer sorted
by theamountof datasened. With ChunkCastsomeof the
peerssene more datacomparedo ConstrainedLocalityor
Random.Thisis becaus&€hunkCastonstructglistribution
pathssimilar to an effective multicasttree. Only onechunk
is downloadedo alocal areaandthe chunkis distributedto
nodesin the local area. To lessenthe skew, the peerscan
emplo the fair-sharingmechanisniik e Tit-for-Tat asused
in BitTorrent. However, thisfairnessmechanisnis notapart
of thearycastservice whichis our focus.

We shav the bandwidthconsumptiorover entirenetwork
linksin Figure?7. Thebandwidthconsumptiorof ChunkCast
quickly increasedo the sustainabléhroughput. Therefore,
ChunkCastanquickly initiate downloadingto a full speed.
In addition, by using ChunkCastthe bandwidthconsump-
tion is sustainedhroughouthe downloadingperiod,allow-
ing peersto nish downloadingsoonerthanwith the other
schemes.With the otherschemesthe bandwidthincreases
slowly andgraduallydecreasesfterit reachegpeakusage.
Anotherinterestingobsenationis that ConstrainedLocality
andRandontontinueto useconsiderabl®andwidthfor pub-
lishing chunk information, sincea tree is constructedper
chunk. On the contrary ChunkCastusesvery little band-
width afterthe downloading nishes, sincethe chunkinfor-
mationis compactlyrepresentedndatreeis constructedor
entirechunks.

6. RELATED WORK

The major differencebetweenChunkCastand previous
approachess thatwe supportan objectchunkanycastwith
which aclient peercanef ciently nd nearbypeershosting
ary chunkthe client peerneeds. In addition, we createan



indexing treeperobject.

Onepopularlarge contentdistribution programis BitTor-
rent[1]. The BitTorrentclientsreceive randompeersfrom
a centraldirectory called a tracker, which maintainsa list
of peersstoringobjects. The directorydoesnot guidepeers
in nding nearbypeersthat storeneededchunks. Instead,
the peersshould nd good peersby actually downloading
chunksandopportunisticallytrying new peers.

CoBlitzisaHTTP-basedDN thatsplitsa le intosmaller
chunksand cacheshosechunksat distributed nodes[17].
Thesystemis basedn unstructureaverlaythatmapseach
chunkto anode. In CoBlitz, the gatevay nodethathandles
clients' requestaneedsto query chunksin a certainorder
The designof CoBlitz is revisedwith experiencefrom the
wide-areadeployment[5]. Their new designconsideration
canalsobeapplicableto peershatuseChunkCast.

Shark]3] makesuseof Coral[12], whichusesadistributed
index over a DHT to nd nearbycopiesof dataand help
reduceorigin sener bandwidth. Althoughiit is distributed,
Sharkis limited in its ability to nd nearbypeershosting
chunksbecauseclients needto query the node holding a
speci ¢ chunkin acertainorder

The Juliacontentdistribution network [4] is a systenthat
addslocality-avarenesso unstructureccontentdistribution
systemdike BitTorrent. As the downloadingprogressesa
peergathersinformationaboutwhich peersare closerthan
others.Then,it choosego downloadmorechunksfrom the

nearbypeersit learnedof asthe downloadingprogresses.

This approactdoesnot rely on anindex serviceasours,so
anewly joined peeris forcedto go throughthis navigation
processeven thoughthere are alreadypeerswith chunks.
With ChunkCastthe newly joined peer canimmediately
downloadchunksfrom nearbypeers.

SplitStrean|8] builds onemulticasttreeperstripeandan
additionalsparecapacitygrouptree. Theorphanedhodesise
the sparecapacitygrouptreeto nd peersthatcanforward
stripesthey want. The systememplg/s ananycastprimitive
thatperformsdepth rst searchin thetree. The primitive is
notdesignedo supportaqueryof alargenumberof chunks,
andthe searchcanpotentiallyvisit all nodesn the systemif
gueriedchunksarerare.

Theinformedcontentdelivery [6] addressetoolsto rec-
oncile differencesof downloadedcodedsymbolsbetween
a pair of nodesto exploit perpendiculaiconnections. The
focusof the studyis to compactlyapproximateandto rec-
onciledowvnloadedsymbolsfrom alargesymbolspacde.g.,
onemillion symbols). Bullet [16] usesan overlay meshto
pushdata. Thesystermdistributesary dataitemto beequally
likely to occuratary nodeandrecosersmissingitemsusing
approximatereconciliationtechniques.Both systemsoper
ateto increasehediscrepang of downloadecchunkswhich
maximizegheeffectivenes®f theperpendiculaconnection.

7. CONCLUSION

Fastandef cient large contentdistribution is a challenge
in the currentinternet. In this paper we arguethatbecause
of its big impacton performanceand network usage,it is
necessaryto devise a specializedindex serviceoptimized
for large content. We proposeChunkCastan anycastser
vice thatexploits locality for large contentdistribution. Our
preliminaryevaluationshawvs that ChunkCastmprovesme-
diandownloadingtime by atleast32%comparedo previous
approacheandeffectively createsa multicasttype distribu-

tion whenpeersdownloadchunkssimultaneously We plan
to evaluatethe effectivenessof suchan anycastservicein
diverseervironmentsettings.
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