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ABSTRACT
Fast and ef�cient large contentdistribution is a challengein the
Internetdueto its high traf�c volume. In this paper, we propose
ChunkCast,an anycast servicethat optimizeslarge contentdis­
tribution. We presenta distributed locality­aware directory that
supportsanef�cient queryfor largecontent.Our systemimproves
themediandownloadingtime by at least32%comparedto previ­
ousapproachesandemulatesmulticasttreeswithout any explicit
coordinationof peers.

1. INTRODUCTION
Over thelastfew yearstherehasbeenincreasingusageof

contentdistribution networks(CDNs)thatdeliver largevol­
umedataobjectssuchasvideoandsoftware. For example,
approximately70%of Tier 1 ISPtraf�c measuredin Europe
waspeer­to­peertraf�c [2]; yet, theconsiderablebandwidth
consumptionis not necessaryto satisfy the download de­
mand[15]. Thechallengefor CDNslike BitTorrent[1] that
transferlargeobjectsis to minimizethedownloadtimewhile
reducingnetwork bandwidthconsumption.

Thedownloadtimeandbandwidthcostsdueto download­
ing largeobjectsareaffectedby thestructureof CDNs. We
assumethattypical CDNspartitionlargeobjectsinto multi­
plechunks1 andchunksarestripedamongpeers.A peerin the
CDN actsasbotha client peeranda server peer. TheCDN
worksasfollows. First,aclientpeerthatwantsto download
anobjectperformsa lookupfor eachobjectchunk.A direc­
tory that storesmappingsbetweenobjectchunkandserver
peerlocationsreturnsall of thechunkserver peers.Second,
for eachchunk, the client peerselectsa chunkserver peer
from which to downloadthechunk. Finally, theclient peer
publishesthechunkinformationinto thedirectorysothat it
canlaterserviceobjectchunkrequestsasachunkserver.

Therearetwo problemsassociatedwith theCDN structure
aspresentedthataffect downloadtime andbandwidthcon­
sumption.First, thenumberof lookupsto thedirectorycan
be excessive. Supposean object is partitionedinto 10,000
chunks. The client peerrequires10,000lookups. If each
chunkwasreplicated10 times,a client would needto select
10,000server peersout of 100,000peers(in theworstcase)
to download chunks. Second,the structuredoesnot give
any guidanceon selectingpeersto downloadchunks(peer
selection). Moreover, it doesnot give guidanceon theorder
in whichchunksto download(chunkselection).

In summary, the state­of­the­artCDNs for large objects

1Multi-chunk downloading improves downloading time in prac-
tice [10] andby a factorof thenumberof partitionsin theory[21].
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have weaknesses.First,systemsoftendo not utilize locality
informationfor peerselection.Second,many systemsdonot
considertheorderof downloadedchunks,which canresult
in downloadingduplicatechunksinto the samelocal area.
Finally, somesystemsusea centraldirectory, which limits
scalability. Ourgoalis to addresstheseweaknesses.

In this paper, we proposeChunkCast, a novel anycastser­
vice that optimizes large content distribution. Figure 1
shows the architectureof ChunkCast. Client peerspub­
lish andlookupchunksusingChunkCastandthey download
chunksdirectly from otherpeers.ChunkCastis adistributed
locality­awareindexing structurefor large contentdistribu­
tion networksthat improvesdownloadingtime andnetwork
bandwidthconsumption.Thesystememploysanexpressive
anycastinterfacethatef�ciently guidesclient peerson peer
and chunk selectionchoices. Sincethe large contentdis­
tribution problemhassigni�cant impact,we claim that it is
worthwhileto build aspecializedindexing structurefor large
content.Ourcontributionsconsistof thefollowing:

� An anycastinterfaceexportspeerlocality andchunk
information reducingdownload time and bandwidth
consumptionsigni�cantly.

� An ef�cient implementationof theanycastinterfacere­
turns,in asinglerequest,thesetof serverpeersstoring
asetof chunksfor aparticularobject.

ChunkCastbuilds an indexing structureon a structured
overlay. ChunkCastconstructsonly one indexing treeper
object;previoussystemsthatcreatedistributedindexescon­
structoneindexing treeperchunk.For ef�cient publishand
lookup,ChunkCastencodesa chunkasa bit in a bit vector
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Figure 2: Peer and chunk selection. The �gur e shows a snap-
shotof the chunksdownloadedby peers.The peersareordered
by the distancefr om peer 11. The symbol “x” representsthat
the peer has the chunk. There are thr eeapproachesof a di-
rectory shown in the �gur e. Approach(a) and (b) are previous
approachesand approach(c) is a newapproachwepropose.

wherethevectorrepresentstheentireobject. To exploit lo­
cality, we rely on the local convergence[7,14,22] property
of the structuredoverlay andlocationinformationencoded
with network coordinates[11]. Our preliminaryevaluation
shows that ChunkCastimprovesmediandownloadingtime
by at least32%whenpeerssimultaneouslydownloadanob­
jectandemulatesmulticasttreeswithoutany coordinationof
peers.

2. SUPPORTING EFFICIENT QUERY
Thegoal for a largecontentdistribution network queryis

to minimizebothdownloadingtimeandtotalnetwork band­
width consumption.Ideally, a client peerwould download
eachchunkfromaserverpeerthatisnearby(i.e. low network
latency distance),hashigh availablebandwidth,andis un­
loaded;thus,reducingthedownloadtime. Furthermore,only
oneclient peerwithin a local area/region would downloada
chunkfromaremotepeer;therebyreducingthetotalnetwork
bandwidthconsumption.We discusswhataretheproblems
of previousapproachesandproposeanew appraochbelow.

2.1 PreviousApproaches
Therearetwo previousapproaches.In the�rst approach,

a client peermakesa requestto a directoryto returna small
numberof server peers[1]. This approachdownloadsmany
chunksfrom a small numberof server peers. With this
approachbandwidthiswastedwhennearbyserverpeersexist
that storechunks,but the server peersare not includedin
the set returnedby the directory. As a result, chunksare
downloadedfrom remotepeerseventhoughcloserpeersthat
storechunksexist.

In thesecondapproach,a client peermakesa requestto a
directoryto returnasetof serverpeersthatstoreaparticular
chunk [3, 17]. The client peerthen downloadsthe chunk
from an optimal peer. The client peerrepeatsthe process
for subsequentchunksuntil all chunksaredownloaded.The
problemwith this approachis that it ignorestheorderwith
which chunksare downloaded. As a result, bandwidthis
wastedwhenmultiplenearbyclientpeersdownloadthesame
chunkfrom remoteserverpeers.

Figure 2 is a snapshotof the downloadingprocessand
illustratesthreedifferentapproaches:two describedabove
anda third approachthat combinesthe peerandchunkse­
lection. In thenetwork, client peer11 looksup server peers
to downloadchunks51 to 60 of an object. Note that peers
areorderedby thedistancefrom clientpeer11;serverpeer1
is thefarthestawayand10 is theclosest.With approach(a),
client peer11 requestspeersthat download the objectand
the directoryreturnsrandompeers(in this example,server
peer3 and4) dueto its lackof information.Thequeryspec­
i�es only theobjectinformation. Peer3 and4 arefar­away
server peers. With approach(b), client peer11 requestsa
setof server peershostingspeci�c chunks51 and52. The
directory returns1, 3, and 4, or a subset�ltered by some
rankingfunction. Theserverpeersarealsolocatedfaraway
from clientpeer11. Thisresultcomesfrom therestrictionof
chunksclient peer11 lookups. Ideally, we wanta directory
thatcanreturnnearbyserverpeersthatstoreany chunkpeer
11needs.With approach(c), thedirectorycandecidewhich
peersto returnfrom theentire(peer, chunk)points. In this
case,thedirectorycanreturnserverpeer9 and10,whichare
closeto client peer11. We call this approachanobject-level
chunkanycast.

2.2 Object­level Chunk AnycastQuery
Ideally the client peer wants to choosethe best (peer,

chunk)point shown in Figure2(c), wherethe chunkis one
of the chunksthe client peer needsto download. If the
clientpeerperformsparalleldownloading,it wantstochoose
the best p (peer, chunk) points. The client peerwantsto
know a peeramongthe peershaving chunksthat hashigh
bandwidth,spendssmalloverallnetworkbandwidth,andhas
many chunksit needsto download.

To achieve the goal,we �rst extendour queryto cover a
setof chunksandto returnserver peersthat satisfycertain
conditions.Ourqueryis asfollows:

Find a set of serverpeers, ranked by someranking
function R, that store any one of the chunks(C1, ...,
Cn) of anobjectO.

Therecan be many server peersthat storeany one of the
chunks(C1, ...,Cn), sothedirectoryusesarankingfunctionR
to returnthemostrelevantresultsbackto theclient peer. In
particular, we supportan object­level chunk“anycast” that
returns,in asinglerequest,thenearbypeershavingthelargest
set of chunksa client peerneeds. Traditional approaches
separatethechunkselection(whichchunkto download)and
the peerselection(which server peer to download from),
but with theanycastwe combinethepeerselectionandthe
chunk selectionto exploit peer locality and differencein
downloadedchunks.

To implementtheanycastqueryef�ciently is challenging.
Naive designsarenot scalablebecausethey canincur high
traf�c tomaintainstateaboutwhichserverpeersstorechunks
andto locatenearbyserver peersthat storechunksthat the
client peerrequests.We presentthe designof an ef�cient
andscalablesystemthatsupportstheanycastquerynext.

3. DESIGN OF ChunkCast
In this section,we presentChunkCast,a locality­aware

directorystructurethat supportsan object­level chunkany­
castqueryef�ciently . ChunkCastis a distributeddirectory
built on top of a structuredoverlay suchas Bamboo[18].
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Figure3: Chunk publication. Twonodessendpublish messages
whose�elds arethe object identi�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.

Thestructuredoverlayconsistentlyhashesanidenti�er space
over a setof nodesin which eachnode(calleda root) is re­
sponsiblefor a portion of the identi�er space. A speci�c
messagewhosedestinationis id is routedto therootof id. A
nodeparticipatingin thestructuredoverlayusuallymaintains
O(logN) state(i.e. routing table)andthe pathfrom a node
to theroot takesO(logN) hops.In addition,eachnodein the
overlaymaintainsanetwork coordinate.

An object is referencedwith an object identi�er, which
is a SHA­1 hashof the objectname. Differentobjectsare
likely to have different roots. Each chunk is referenced
with a chunk index togetherwith the object identi�er. To
representmultiple chunksof an object compactly, we use
a bit vector in our messages.2 An ith bit representsan ith
chunk.For example,whenanobject(of 5 chunks)identi�er
is 0xFE32...27,andwe want to representthe 1st, 3rd, and
5thchunks,weusethename(0xFE32...27,10101).

Tosupporttheanycastef�ciently , ChunkCastmaintainsan
implicit indexing treeperobject,whichsavesresources.For
example,if a particularobjecthad10,000chunks,previous
systemslike Coral [12] would create10,000indexing trees,
but ChunkCastcreatesone. Furthermore,if therewere100
objects, theseprevious systemswould createone million
indexing treeswhereasChunkCastcreates100.

3.1 Chunk Publication
Publishingthelocationof objectchunksensurethatfuture

queriesareableto �nd serverpeers.Thepublicationprocess
needsto containenoughinformationsuchthatnearbyserver
peersstoringa setof chunkscanbe identi�ed. Moreover,
the processneedsto be scalable.We describethis process
below.

A serverpeerstoringachunkadvertisesits locationthrough
a publishmessageto a nearbyindex node.Thepeercanuse
Meridian [20], OASIS [13], or pings to �nd a nearbyin­
dex node. The publish messagecontainsthe IP address,
thenetwork coordinate(e.g.,Vivaldi [11]) of theindex node
thattheserverpeerinitiatedthepublishthrough3, theobject
identi�er, and the bit vector representingchunksstoredat
2We usea simplerepresentationin this paper, but morecompact
representationsarepossible.
3We assumethat peersdo not have network coordinatesin gen-

the server peer. The index nodethat receives the publish
messagestoresthestatecontainedin themessagelocally in
its locationpointercache.

Thestatestoredin thelocationpointercacheisperiodically
propagatedtowardsthe root insteadof being immediately
forwarded,reducingthe cost of the entire publish process
andimproving scalability. A processthatrunsat eachindex
nodeperiodicallysendsonemessageto thenext hoptowards
the root, which is the parentnodein the index tree. The
messagecan contain the statefrom multiple server peers,
so we amortizethe cost of publishing. Furthermore,not
all stateis forwarded,insteadthestateto forward is chosen
eitherrandomlyor in a roundrobin fashion. Oncestateis
chosento beforwarded,eachnodein thepaththat receives
the statecachesit locally. The cachedinformationis soft­
state.If thestateis not refreshedwithin a timeout,thenode
removesthestatefrom thecache.In addition,for scalability
we limit the numberof entriesper object. If the list is
full, the index nodemayevict anentry in orderto accepta
new entry. The victim entry is selectedrandomlyor by an
eviction functionweightedby network coordinatedistance.
Evenwith thislossyaggregation,wecanlocatenearbynodes
hostingchunkswell dueto local convergence[7,14,22].

Figure3 showsanexampleof two serverpeerspublishing
chunksfor oneobjectwith identi�er OID. All nodesrepre­
sentedareindex nodes;theserver peersarenot shown. To
begin, nodeE receivesapublishmessagefrom aserverpeer.
Thepublishmessageshowsthattheserverpeerstoreschunk
3, 4, and5. NodeE storestheinformationin its local cache.
Later, nodeE forwardsthestateto nodeB. WhenB receives
thestate,it similarly storestheinformationin its localcache
andforwardsthe stateto nodeA. Finally, whenA receives
the state,it locally storesthe informationanddoesnot for­
ward statesinceit is the root of the object identi�er OID.
As anotherexample,a differentserver peerinitiatesa pub­
lish messagevia index nodeG. Themessageshows thatthe
serverpeerstoreschunk1and5. Theinformationisstoredat
G, C, andA. In theend,nodeA maintainstwo index entries
publishedfrom E andG.

3.2 Chunk Lookup
To �nd thelocationof chunks,aclientpeersendsalookup

messageto a nearbyindex node. The client peercan use
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 representtherequested
chunks,thenumberof serverpeers(p) to returnin theresult,
thenetwork coordinateof theindex nodethattheclientpeer
initiated the lookupthrough,andtheclient peerIP address.
As anoption,themessagecarriesserverpeersto ignore.For
example,whenthereare5 chunks,thestartindex is 3, and
the bit vectoris 101, the client peeris interestedin the 3rd
and5th chunks.Theclient peersetsp; anexamplevalueis
thenumberparallelconnectionstheclient peermaintainsto
reducedownloadingtime. Additionally, thesystemenforces
anupperboundon p to preventclientpeersfrom overloading
thesystem.

The lookupresponsecontainsat most p server peersthat
optimizea certainranking function, which is explainedin
Section3.3. Onceanindex nodereceivesaquery, it searches

eral. If thepeersparticipatein thesamenetwork coordinatesystem,
ChunkCastcanusethenetwork coordinatesof thepeers.Creating
network coordinatesover thepeersis asubjectof futurework.
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Figure 4: Chunk lookup. Two nodessend lookup 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 number 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 returns the
result,sincethe �rst local nodedoesnot contain two matches.

its own local index for serverpeerswhoserankis amongthe
top p. If oneindex nodein thequerypathhasp suchserver
peers,the requestcanbe satis�ed by the index node. Oth­
erwise,the index nodeforwardsthe requestfurther toward
theroot. Theindex nodeexcludesnodesonthelist to ignore
in queryingits local index. Whenp server peerinformation
is collectedor themessagearrivesat theroot, a responseis
returnedto theclient peervia theindex nodethatit initiated
therequestthrough.Thecollectionof p serverpeerscontains
peersthatstoreat leastoneof therequestedchunks.Subse­
quentlookuprequestswouldneedtobeissuedto �nd missing
chunks. The result,a setof up to p recordscontainingthe
IP addressesof server peers,network coordinatesof index
nodestheserver peerpublishedthrough,andthenumberof
chunksmatched,is returnedbackto theclient peerthrough
theindex nodethattheclientpeerinitially contacted.

Figure4 showsanexampleof locatingchunksfrom object
OID. The information storedat index nodesA, B, C, E,
andG is the sameasthat shown in Figure3; no server or
client peersare shown. A client peerissuesa lookup via
index nodeD. It requeststo �nd oneserver peerthatstores
any chunkbetweenchunks4 and5. NodeD forwardsthe
requestto B sinceit doesnot storeany index information.
NodeB knows a server peerthat storesat leastoneof the
requestedchunks.SinceB cansatisfythelookup,it returns
the server peer location information to the client peervia
nodeD andthelookupmessageis not forwardedfurther. As
anotherexample,a differentclient peerissuesa lookupvia
index nodeF. It requeststo �nd two server peersthat store
any chunkamongchunks3, 4, and5. NodeF forwardsthe
lookuprequestto C.NodeC knowsonly oneserverpeerthat
satis�esthelookuprequest.So,it piggybacksits resultto the
lookupmessageandforwardsit to A. A searchesthetoptwo
nodesbasedon a ranking function amongthe nodesin its
local index andtheserver peerspiggybacked in the lookup
message.NodeA returnsa lookupresponsecontainingtwo
server peersbackto therequestingclient peervia nodeF. If
the root nodeA couldnot �nd enoughserver peersto meet

the lookuprequestrequirements,it would have returnedall
theserverpeerinformationit did �nd.

3.3 Ranking Function
ChunkCasthastwo rankingfunctions. The �rst function

optimizestheoverlapbetweenthebit vectorof aserverpeer
thatpublisheschunksandtherequestedbit vectorof aclient
peerslookup query. In this case,we rely on the local con­
vergencepropertyto achieve locality. The secondfunction
optimizescloseness,which is de�ned by distancein thenet­
work coordinatespacebetweentheclientpeerandtheserver
peerhostingthe chunk. Exploring different ranking func­
tions (e.g.,a hybrid of the above two rankingfunctions)is
objectof futurework.

4. APPLICATION
Wedescribehow aclientpeerusesChunkCasttoef�ciently

andquickly downloadchunks.A client peersendsa lookup
messageto ChunkCast.It setsp of themessageto atleastthe
numberof parallelconnectionsit uses.ChunkCastresponds
with a set of p server peersthat satisfy the lookup query.
Thelookupresponse,however, doesnot containthechunks
storedby eachserver peer. Instead,theclient peercontacts
eachreturnedserverpeertorequestthemostup­to­datelist of
chunksstored. Excludingchunkinformationin the lookup
responsesigni�cantly reducesthe load on ChunkCastby
reducingthe size of lookup results. After the client peer
gathersinformationaboutthe chunksthat eachserver peer
stores,it downloadschunksfrom multiple server peersin
parallel.Finally, whendownloadinga chunkcompletes,the
clientpeersendsapublishmessagetoChunkCastadvertising
thedownloadedchunk.

A clientpeerreissueslookuprequests.First,whenaserver
peerhasnomorechunkstoserve,theclientpeerissuesanew
lookuprequestto�nd areplacement.Second,sinceaqueryis
very cheapin ChunkCast,theclient peerperiodicallyissues
new lookup requests. When the client peer �nds a new
server peercloserthan the server peerit downloadsfrom,
it switchesfrom the existing server peerto the new server
peer. This form of downloadingemulateseffectivemulticast
distribution. If achunkisdownloadedin alocalarea,another
peerin thesameareais not likely to downloadthechunk.

TheinformationobtainedfromChunkCastisahint. When
theclientpeercontactstheserverpeer, it may�nd theserver
peerunresponsive; theserver peermayhave left thesystem
or beslow to respond.Whenaserverpeerleavesthesystem,
therelatedindex entriesexpire aftera timeout. Meanwhile,
the client peer can specify to avoid such server peersin
the lookupmessage.Therefore,thestalenessof theentries
doesnot affect the system's effectiveness. A server peer
may be slow to respondif it is overloadedor the available
bandwidthbetweenthe client peer and the server peer is
low. Additionally, theserver peermayrejectthenew chunk
requestentirely. In thesecases,the client shouldspecify
theseserverpeersasnodesto ignorein thelookupmessage.

5. PRELIMIN ARY EVALUATION
We discusshow ChunkCastperformscomparedto other

systems.We �rst describetheexperimentsetupandpresent
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%.

WehaveimplementedChunkCastonBamboo[18]. Chunk­
Cast usesVivaldi [11] as its network coordinatesystem.
We have alsoimplementedpeersthatuploadanddownload
chunksby usingChunkCast.

We examinethreesystems.The �rst system,calledRan-
dom, is similar to a conventionalarchitecture,suchasBit­
Torrent,thatperformsrandompeerselection.Therootnode
of eachchunktracksall thelocationsof replicasandthelo­
cationqueryreturnsa randompeerhostinga replica. The
secondsystem,called ConstrainedLocality, is a systemthat
usesa locality­awarestructuredoverlay like Shark[3]. The
lookup interfaceof thesystemallows queryingof only one
chunk at a time. The third systemusesChunkCast as an
indexing servicefor largecontent.

Werunourexperimentsusingaclusterof 40IBM xSeries
PCsconnectedby Gigabit Ethernet.We useModelnet[19]
to emulatea wide­areaphysical topologythat imposesnet­
work latency andbandwidthconstraints.In addition,weuse
a4000­nodeAS­level network with 50distinctstubscreated
by the Inet topologygenerator[9]. Theclient­stublink ca­
pacity is 10Mbps,the stub­stublink capacityis 100Mbps,
andthe stub­transitlink capacityis 45Mbps. Note that the
client bandwidthis cappednot to exceed10Mbps. For all
experiments,we run 180 index nodeslocatednext to 180
peers.Running200peersor moreis not possiblefor other
systemscompareddueto overloadin the cluster, although
ourChunkCastcansupportsuchscalewell.

In anexperiment,eachpeerretrieves1000chunks,eachthe
sizeof 256KB.Initially, all thechunksareplacedin onenode,
andall theother179peersbegin downloadingchunksat the
sametime. The peeropensfour connectionsto download
chunksin parallel.ForRandomandConstrainedLocality, the
peerissuesfour lookuprequestsin parallel.For ChunkCast,
thepeerissuesa lookupquerywith p = 4.

After downloadingachunk,thepeerimmediatelyregisters
thechunkinformationto publishto thecolocatedindex peer
andservesit uponrequest.Usingthissetup,wemeasurethe
time to downloadchunks,thebandwidthusageof theclient,
andthebandwidthusagein thenetwork.

5.2 Results
Figure5 showstheeffectivenessof ChunkCastin support­

ing fasterdownloadingof chunks. The mediandownload
time of ChunkCastdecreasesby 32% comparedto Con­
strainedLocalityand decreasesby 38% comparedto Ran­
dom. All peersdownload chunksfasterwith ChunkCast.
ChunkCasthelps peerseffectively locate chunksthat are

 0

 200

 400

 600

 800

 1000

 1200

 1400

 1600

 1800

 2000

 0  20  40  60  80  100  120  140  160  180

D
at

a 
tra

ns
fe

rre
d 

(M
B

)

Peers

ChunkCast
ConstrainedLocality

Random

Figure6: Bytestransferr ed for eachpeersortedby the amount
of data transferr ed.

 0

 20000

 40000

 60000

 80000

 100000

 120000

 140000

 0  20  40  60  80  100  120

B
an

dw
id

th
 (K

B
/s

)
Time (minute)

ChunkCast
ConstrainedLocality

Random

Figure7: Bandwidth consumptionover entirenetwork links.

downloadedby nearbypeers.
Figure6 shows the datatransferredby eachpeer, sorted

by theamountof dataserved. With ChunkCast,someof the
peersserve moredatacomparedto ConstrainedLocalityor
Random.This is becauseChunkCastconstructsdistribution
pathssimilar to aneffective multicasttree. Only onechunk
is downloadedto a local areaandthechunkis distributedto
nodesin the local area. To lessenthe skew, the peerscan
employ the fair­sharingmechanismlike Tit­for­Tat asused
in BitTorrent.However, thisfairnessmechanismis notapart
of theanycastservice,which is our focus.

We show thebandwidthconsumptionover entirenetwork
links in Figure7. Thebandwidthconsumptionof ChunkCast
quickly increasesto thesustainablethroughput.Therefore,
ChunkCastcanquickly initiate downloadingto a full speed.
In addition,by usingChunkCast,the bandwidthconsump­
tion is sustainedthroughoutthedownloadingperiod,allow­
ing peersto �nish downloadingsoonerthanwith the other
schemes.With theotherschemes,thebandwidthincreases
slowly andgraduallydecreasesafter it reachespeakusage.
Anotherinterestingobservation is thatConstrainedLocality
andRandomcontinuetouseconsiderablebandwidthfor pub­
lishing chunk information, sincea tree is constructedper
chunk. On the contrary, ChunkCastusesvery little band­
width after thedownloading�nishes, sincethechunkinfor­
mationis compactlyrepresentedandatreeis constructedfor
entirechunks.

6. RELATED WORK
The major differencebetweenChunkCastand previous

approachesis thatwe supportanobjectchunkanycastwith
which a client peercanef�ciently �nd nearbypeershosting
any chunkthe client peerneeds. In addition,we createan



indexing treeperobject.
Onepopularlargecontentdistribution programis BitTor­

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

CoBlitz isaHTTP­basedCDNthatsplitsa�le intosmaller
chunksandcachesthosechunksat distributednodes[17].
Thesystemis basedon unstructuredoverlaythatmapseach
chunkto a node. In CoBlitz, thegateway nodethathandles
clients' requestsneedsto query chunksin a certainorder.
The designof CoBlitz is revisedwith experiencefrom the
wide­areadeployment[5]. Their new designconsideration
canalsobeapplicableto peersthatuseChunkCast.

Shark[3] makesuseof Coral[12], whichusesadistributed
index over a DHT to �nd nearbycopiesof dataand help
reduceorigin server bandwidth. Although it is distributed,
Sharkis limited in its ability to �nd nearbypeershosting
chunksbecauseclients needto query the nodeholding a
speci�c chunkin acertainorder.

TheJuliacontentdistribution network [4] is a systemthat
addslocality­awarenessto unstructuredcontentdistribution
systemslike BitTorrent. As the downloadingprogresses,a
peergathersinformationaboutwhich peersarecloserthan
others.Then,it choosesto downloadmorechunksfrom the
nearbypeersit learnedof as the downloadingprogresses.
This approachdoesnot rely on an index serviceasours,so
a newly joined peeris forcedto go throughthis navigation
processeven thoughthereare alreadypeerswith chunks.
With ChunkCast,the newly joined peer can immediately
downloadchunksfrom nearbypeers.

SplitStream[8] builds onemulticasttreeperstripeandan
additionalsparecapacitygrouptree.Theorphanednodesuse
thesparecapacitygrouptreeto �nd peersthatcanforward
stripesthey want. Thesystememploys ananycastprimitive
thatperformsdepth�rst searchin thetree. Theprimitive is
notdesignedto supportaqueryof a largenumberof chunks,
andthesearchcanpotentiallyvisit all nodesin thesystemif
queriedchunksarerare.

The informedcontentdelivery [6] addressestools to rec­
oncile differencesof downloadedcodedsymbolsbetween
a pair of nodesto exploit perpendicularconnections.The
focusof the studyis to compactlyapproximateandto rec­
onciledownloadedsymbolsfrom alargesymbolspace(e.g.,
onemillion symbols). Bullet [16] usesan overlay meshto
pushdata.Thesystemdistributesany dataitemto beequally
likely to occuratany nodeandrecoversmissingitemsusing
approximatereconciliationtechniques.Both systemsoper­
ateto increasethediscrepancy of downloadedchunks,which
maximizestheeffectivenessof theperpendicularconnection.

7. CONCLUSION
Fastandef�cient largecontentdistribution is a challenge

in thecurrentInternet. In this paper, we arguethatbecause
of its big impact on performanceand network usage,it is
necessaryto devise a specializedindex serviceoptimized
for large content. We proposeChunkCast,an anycastser­
vice thatexploits locality for largecontentdistribution. Our
preliminaryevaluationshows thatChunkCastimprovesme­
diandownloadingtimeby atleast32%comparedto previous
approachesandeffectively createsa multicasttypedistribu­

tion whenpeersdownloadchunkssimultaneously. We plan
to evaluatethe effectivenessof suchan anycastservicein
diverseenvironmentsettings.
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