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TheImpactof HeterogeneousBandwidth
ConstraintsonDHT-BasedMulticastProtocols

Abstract— We consider support for bandwidth-
demanding applications such as video broadcasting
using DHTs. We focus our investigationsby considering
the impact of heterogeneity in the outgoing bandwidth
capabilities of nodeson Scribe, a representative and rela-
tively mature DHT-based multicast protocol. We expose
important issuesthat arise due to the mismatch between
the ID space that underlies the DHT and the outgoing
bandwidth constraintson nodes.

I . INTRODUCTION

While DHTs were originally developedwith applica-
tionslikepeer-to-peer�le sharingin mind, therehasbeen
considerableinterestin recentyearsin applyingDHTs to
overlay multicastapplications[3], [7], [10], [13], [18].
In DHT-basedapproaches,the focusis on maintaininga
structurebasedonavirtual id space,andenablingscalable
andef�cient unicastroutingbasedon thenodeidenti�ers
- theunicastroutesarethenusedto createmulticastdistri-
bution trees.Thisapproachis in contrastto performance-
centricapproaches suchas [4], [8], [11], [16], wherethe
primary considerationwhile addinglinks to the overlay
topologyis applicationperformance.

Two principalreasonshave beenadvocatedfor a DHT-
basedapproach.First,DHTs providesa genericprimitive
thatcanbene�t awiderangeof applications,amongthem
overlay multicast. Second,the sameDHT-basedover-
lay canbeusedto simultaneouslysupportandmaintaina
largenumberof overlayapplicationsandmulticasttrees.
This couldhelpachieve lower overheadsascomparedto
constructingand maintainingseveral seperateoverlays.
While DHT-basedapproacheshavethesepotentialadvan-
tages,akey unknown is applicationperformance.Achiev-
ing goodperformancewith DHTsis anactiveandongoing
areaof research.

In this paper, we explore issuesin enabling high-
bandwidthbroadcastingapplicationsusing DHTs. Our
exploration is guidedby designlessonswe have learnt
from our experiencedeploying an overlay-basedbroad-
castingsystem[5]. In particular, we focusour investiga-
tion by consideringthe implicationsof a key issue- het-
erogeneousoutgoing bandwidthconstraintsof nodesin
theoverlay. Suchheterogeneityarisesdueto thepresence
of hostsbehindvariousaccesstechnologieslikecablemo-
dem,DSL andEthernet,assummarizedin Figure1.

Event Low Medium High Avg
Speed Speed Speed Deg
100Kbps 1.5Mbps 10Mbps
(deg. 0) (deg. 2) (deg. 10)

Sigcomm[5] 22% 2% 76% 7.64
Slashdot[5] 74% 4% 22% 2.28
Gnutella[17] 65% 27% 8% 1.34

Fig. 1. Constitutionof hostsfrom varioussources.“deg” refers
to our modelof how many childrennodesin eachcategory can
support. SigcommandSlashdotrefer to two differentbroad-
castswith anoperationallydeployedbroadcastingsystembased
onoverlaymulticast.Gnutellarefersto ameasurementstudyof
peercharacteristicsof theGnutellasystem.

We presentan initial evaluationof Scribe[10], a rep-
resentative andrelatively matureDHT-basedprotocolfor
overlay multicast. Our experimentsshow that imposing
bandwidthconstraintson Scribecanresultin thecreation
of distribution treeswith high depth,aswell asa signi�-
cantnumberof non-DHTlinks, i.e., links thatarepresent
in theoverlaytreebut arenotpartof theunderlyingDHT.
Treeswith highdepthareundesirableaslargerthenumber
of ancestorsfor anode,higherthefrequency of interrupts
dueto thefailureor departureof ancestors,andultimately
poorerthe applicationperformance.Non-DHT links are
undesirablebecausethey restrictthebene�ts of theroute
convergenceandloop-freepropertiesof DHT routing,and
incurmaintenancecostsin additionto thatof theDHT in-
frastructure.We �nd that a key causefor the issuesob-
served is the mismatchbetweenthe id spacethat under-
lies the DHT structureand nodebandwidthconstraints.
Althoughwebelievetheissuesarenotstraight-forwardto
address,wediscusspotentialwaysto solve theproblem.

I I . EVALUATION FRAMEWORK

Our evaluationis motivatedby videobroadcastingap-
plications. Suchapplicationsinvolve datadelivery from
a single sourceto a set of receivers. Further, they are
non-interactive,anddo not placea tight constrainton the
end-to-endlatency. We assumea constantbit rate(CBR)
sourcestream,and assumeonly nodesinterestedin the
contentat any point in time aremembersof thedistribu-
tion treeandcontributebandwidthto thesystem.

Theoutgoingbandwidthlimit of eachhostdetermines
its degree or fanout in the overlay multicast tree, i.e.,
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themaximumnumberof childrenthat it canforward the
streamto. We categorizehostsasbeingbehind: (a) con-
strainedlinks suchascableandDSL (few hundredKbps);
(b) intermediatespeedlinks suchasT1 lines(1:5 Mbps);
and(c) high-speedlinks (10 Mbpsor better).Giventypi-
cal streamingvideo ratesof theorderof severalhundred
kilobits per second[5], we quantizethe degreesof the
low, medium,andhigh speedhoststo 0, 2, and10. The
degree0 nodesaretermednon-contributors. For higher
speedconnections,thedegreeis likely to beboundedby
somepolicy (in view of the sharednatureof the links)
ratherthantheactualoutgoingbandwidth.Figure1 sum-
marizestheconstitutionof hostsseenfrom measurement
studies[17] andrealInternetbroadcastevents[5].

TheAverageDegreeof thesystemis de�nedasthetotal
degreeof all nodes(including thesource)dividedby the
numberof receivers (all nodesbut the source). In this
paper, wefocusonregimeswith anaveragedegreegreater
than1 whichindicatesthatit is feasibleto constructatree.

I I I . PASTRY /SCRIBE

While therehavebeenseveralDHT-basedproposalsfor
multicastin recentyears[9], [13], [18], [10], we choose
to focuson Scribe.Scribeis oneof themorematurepro-
posalsamongDHT-basedapproacheswith well-de�ned
mechanismsto honor per-node degree constraints. A
morerecentfollow-upwork SplitStream[3] buildson top
of Scribeandconsidersdatadeliveryalongmultiple trees,
ratherthana singletreeto improve theresiliency of data
delivery. While we draw on someof theextensionspro-
posedin Splitstream,weonly considersingletreedatade-
livery in this paper. We discusssomeof the implications
of multiple-treesolutionsin SectionVIII.

Scribeis built on top of thePastryDHT protocol[14],
andis targetedatsettingswhich involvesupportof a large
numberof multicastgroups.Eachgroupmayinvolveonly
a subsetof the nodesin the Pastrysystem,but members
in Pastrynot part of a particularmulticastgroupmay be
recruitedto beforwardersin any Scribetree.In thispaper
however, our evaluationassumesall participatingmem-
bersin Pastryarealsopartof theScribetree.

Each node in Pastry is assigneda unique 128-bit
nodeId which can be thoughtof as a sequenceof dig-
its in base2b (b is a Pastryparameter.) A Pastrynodein a
network of N nodesmaintainsa routingtablecontaining
aboutlog2b N rows and2b columns. The entriesin the
r th row of theroutingtablereferto nodeswhosenodeIds
sharethe�rst r digits with the local node's nodeId. The
routingmechanismis a generalizationof hypercuberout-
ing: eachsubsequenthop of the routeto the destination
shareslongerpre�xeswith thedestinationnodeId.

ScribeutilizesPastry's routingmechanismto construct
multicasttreesin the following manner: eachmulticast
group correspondsto a specialID called topicId . A
multicasttreeassociatedwith thegroupis formedby the
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Fig. 2. Issueswith heterogeneousdegreeconstraints. H ,M , and
Z representnodesof high, mediumand zero (non-contributor) de-
greesrespectively; (a) Entire subtrees(bottom) could be rejected
whenthesubtreeconnectedto thesource(top) is saturatedwith non-
contributors. (b) Depthcanbe poor with heterogeneousdegreecon-
straints.

unionof thePastryroutesfrom eachgroupmemberto the
topicId . Messagesare multicast from the root to the
membersusingreversepathforwarding[6].

A key issuewith Scribeis that thenumberof children
of a nodeA in the Scribetreecanbe ashigh as the in-
degreeof thenodein theunderlyingPastryinfrastructure
– that is, the numberof nodesin Pastry which use A
as the next hop when routing towardsthe topicId . In
general, this may be greaterthan is permitted by the
node's bandwidth constraints. In order to tackle this
overloadingof nodes,the authorsof Scribe/SplitStream
haveproposedtwo mechanisms:

� Pushdown:Whenever anoverloadednodeA receivesa
requestfrom a potentialchild X , it candrop an existing
child C, if X is found to be more“desirable”asa child
thanC. The orphanednode(eitherC or X ) cancontact
one of the children of A as a potentialparent,and this
processgoeson recursively. Choosingthecriteria to de-
terminewhich child of A (if any) thatX shoulddisplace
is animportantissue.Wediscussfurtherin SectionV.
� Anycast.If all nodesin thesystemhavenon-zerodegree
constraints,pushdown is guaranteedto terminatesince
leaf nodeswill always have capacity. However, in the
presenceof non-contributor (degree0) nodes,pushdown
could endat a leaf that doesnot have capacity. This is
tackledby an anycastprocedurewhich providesan ef�-
cientway to locateanodewith freecapacity[3].

IV. ISSUES WITH HETEROGENEOUS CONSTRAINTS

Our evaluation of Scribe focuseson the following
concernsthatarisewith heterogeneousdegreeconstraints:

� Rejections: The treeconstructedby a protocolcould
attainsub-optimalcon�gurations,as for exampleshown
in Figure2(a). Here,thesystemasa wholehassuf�cient
bandwidthresourcesto enableconnectivity to all nodes.
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However, thesubtreerootedatthesourceis saturatedwith
non-contributors, and the bandwidthresourcesof nodes
in the disconnectedsubtreesremainsunutilized. Nodes
in the disconnectedsubtreesareeventually rejected, or
forcedto exit themulticastsession.
� High Depth: An optimal con�guration in terms of
depthis onewherethenodesthatcontributethemost(i.e.
highestdegree) form the highestlevels, with lower de-
greenodesat lower levels. In theabsenceof mechanisms
thatexplicitly favor constructionof suchtrees,a protocol
could producetreesof high depthsuchasshown in Fig-
ure2(b). Webelievethatthedepthmetricis importantasit
signi�cantly in�uencesapplicationperformance.In gen-
eral, in anoverlaymulticastapplication,theperformance
seenby a nodedependson two factors:(i) the frequency
of interruptionsdueto thefailureof anancestor, or dueto
congestiononanupstreamlink; and(ii) thetimeit takesa
protocolto recover from theinterruptions.Thefrequency
of interruptionsanodeexperiencesin turndependsonthe
numberof ancestorsthenodehas,or thedepthof thenode.
� Non-DHTLinks: While thetwo concernsabove apply
to performance-centric protocolsas well, DHT-based
designsneedto dealwith additionalconcernswith regard
to preservingthe structureof the DHT. In particular,
while the pushdown andanycastoperationsdescribedin
Section III help Scribe cope with heterogeneousnode
bandwidthconstraints,they may result in the creationof
parent-childrelationshipswhich correspondto links that
are not part of the underlyingPastry overlay. We term
suchlinks asnon-DHTlinks. We believe thesenon-DHT
links areundesirablebecause:(i) the routeconvergence
andloop-freepropertiesof DHT routingno longerapply
if non-DHT links exist in signi�cant numbers;and (ii)
such links require explicit per-tree maintenancewhich
reducesthe bene�ts of DHTs in terms of amortizing
overlaymaintenancecostsover multiplemulticastgroups
(andotherapplications).

V. TECHNIQUES EVALUATED

We presenttwo variantsof the pushdown algorithm
that we evaluatedin Scribe. The �rst policy, Preempt-
ID-Pushdownis basedon thepolicy implementedin [3],
andis not optimizedto minimizedepthin heterogeneous
environments. The second policy, Preempt-Degree-
Pushdown, is a new policy that we introducedin Scribe
to improvedepthin heterogeneousenvironments.

� Preempt-ID-Pushdown:Whena saturatednodeA re-
ceivesa requestfrom a potentialchild X , X preemptsa
child C of A if X sharesalongerpre�x with thetopicID
thanC. Further, the orphanednode(X or C) contactsa
child of A and continuesthe pushdown if the orphaned
nodesharesa pre�x matchwith the child. However, if
no child of A sharesa pre�x with theorphanednode,we

continuewith the pushdown operationby picking a ran-
dom child of A.1 An anycastoperationis employed if a
leafnodeis reachedwithoutaparentbeingfound.
� Preempt-Degree-Pushdown:Here,nodedegreerather
than node id is the primary criterion in the pushdown.
When a saturatednode A receives a requestfrom a
potential child X , X preemptsthe child (say C) of A
which has the lowest degree, provided X itself has a
higherdegreethanC. Theorphanednode(X or C) picks
a randomchild of A thathasa degreeequalto or greater
than itself and continuesthe pushdown. An anycast
operationis employed if a leaf nodeis reachedwithout a
parentbeingfound.

While Preempt-Degree-Pushdown can improve the
depthof treesproducedby Scribecomparedto Preempt-
ID-Pushdown, it can lead to the creationof a larger
numberof non-DHT links given that the id is no longer
a key criterion in pushdown. Further, Preempt-Degree-
Pushdown itself cannotcreateperfectly balancedtrees
- for example, if nodeA hasa lower degreethan node
X , thereis no mechanismin placefor X to displaceA.
Doing sowould requirefurtherdeviation from theDHT-
structure,andthe creationof additionalnon-DHT links.
In fact, we believe it is not easyto constructtreeswith
both low depth, as well as a low fraction of non-DHT
links. Wediscussthis furtherin SectionVII.

VI . EVALUATION DETAILS

We usetheoriginal ScribeandSplitstreamimplemen-
tation [15] for our experiments.In theScribeimplemen-
tation,Scribe-level links weremaintainedseparatelyfrom
the underlyingPastry links. Thus, if Pastrychangedits
routing table (due to its own optimizations),the Scribe
level link wouldappearto beanon-Pastry(i.e. non-DHT)
link afterwards.In orderto avoid suchover-counting,we
associatea DHT or non-DHT�ag with a Scribelink only
whenit is �r st established. 2

Our experimentsuse a Poissonarrival patternand a
Pareto-distributed stay time for clients. Thesechoices
have beenmotivatedby group dynamicscharacteristics
observedin overlaymulticastdeployments[5] andMbone
measurements[2]. Our experimentslast for a durationof
1000seconds,andassumea meanarrival rateof 10 joins
persecond.Further, our experimentsassumenodeshave
ameanstaytimeof 300seconds,aminimumstaytimeof

1This is a slight departurefrom [3], whereananycastoperationis
employedif nochild of A sharesa pre�x with theorphanednode.We
have observed betterperformancein depthin homogeneousenviron-
mentswith our optimization.The intuition is thatpushdown tendsto
do betterat �lling up nodeshigherin the tree,while anycasttendsto
chooseparentsatmorerandomlocationsin thetree.

2 It is possiblethatPastryroutetablechangescantransforma initial
non-DHTScribelink into aDHT link. However, theprobabilityof this
happeningis verysmall.
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Fig. 3. Fractionof non-DHT links (meanover the session)in ho-
mogenousenvironmentsfor variousvaluesof nodedegreeandb, the
baseof thenodeIDs in Pastry.
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Fig. 4. Distribution of fan-in/in-degreeof 0� nodesin Pastry. The
Y-Axis is the in-degreeof Pastry routing tables. The X-Axis is the
numberof 0� nodesthathaveanin-degreelessthanaparticularvalue.
Eachcurvepresentsthedistributionatdifferenttimesduringthesimu-
lation. Thereexistsasharpskew – indicatingasmallnumberof nodes
with high in-degree– whichpersiststhroughoutthesimulation.

90 seconds,anda parameterof � = 1 in the Paretodis-
tribution. This correspondsto a steadystategroupsizeof
about3000members.Finally, given that our focusis on
bandwidth-sensitive andnon-interactive applications,we
simply considera uniform-delaynetwork modelthrough-
out thispaper.

VI I . EMPIRICAL RESULTS

We presenttheresultsof experimentswith Scribewith
bothhomogeneousandheterogeneousdegreeconstraints.

HomogeneousEnvir onments: Weassumethatall nodes
have a degreeH . Figure3 plotsthefractionof non-DHT
links within theScribetreeasa functionof H . Thereare
3 setsof bars,eachsetcorrespondingto a differentvalue
of H . Eachsetconsistsof barsof 2 shades,correspoding
to differentvaluesof b, thebaseof thenodeIDs in Pastry.
Eachbar representsthe meanof threeruns. We �nd the
fraction of non-DHT links is high andover 40% for all
con�gurationsweevaluate.

We now discusstwo factorsthat contribute to the cre-
ationof non-DHTlinks in Figure3. Considera topicID
of 00:::00. Let 0� representthe nodeswhoseIDs match
thetopicID in the�rst digit (thatis, the�rst digit is 0 and
therestof thedigitsarearbitrary).A join or reconnectre-
questfrom any nodein Scribeshouldberoutedin the�rst
hopto a0� node,sincewewouldliketo matchat leastthe
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Fig. 6. Fractionof non-DHTlinks Vs. AverageDegreein heteroge-
neoussettings.Thefractionof non-contributorsis �x edat50%.

�rst digit of thetopicID . So,if therewereno pushdown
operations,giventhereverse-pathnatureof treeconstruc-
tion in Scribe,all parentsin a Scribetree would be 0�
nodes.

A �rst factorleadingto thecreationof non-DHTlinks
is that thetotal bandwidthresourcesat the0� nodesmay
not besuf�cient to supportall nodesin thetree. Let b be
thebaseof thenodeIDs in Pastry, andAD betheaverage
degreeof the nodesin the system. Then, the 0� nodes
representa fraction 1

2b of the total nodesof the system,
andwe expectthemto only beableto supporta fraction
AD
2b of the nodesin the system. Thus,we expect to see

1� AD
2b links thathavenon-0� nodesasparents.Suchlinks

arelikely to benon-DHTlinks. This is because:(i) these
links musthave beencreatedby pushdown operationsas
describedabove;and(ii) therearenoexplicit mechanisms
in placeto preferchoosingDHT links duringapushdown.

From this discussion,we expect the numberof non-
DHT links to beequalto 1 � H

2b in a homogeneousenvi-
ronment,whereall nodeshaveadegreeH (astheaverage
degreeAD = H ). While this partially explainsFigure3,
thefractionof non-DHTlinks is signi�cantly higherthan
our estimate.In particular, if H � 2b, thenwe would not
expect to seeany non-DHT links. However, even when
H = 16 andb = 2 sothatH � 2b, non-DHTlinks con-
stituteover40%of thelinks in thetree.Webelieve this is
dueto a secondfactorthat contributedto the creationof
non-DHTlinks, aswediscussin thenext paragraph.

Figure4 plots theCDF of thefan-insof the0� s in the
systemat varioustimesduring the simulation. The fan-
in of a nodeis the numberof othernodesin the system
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that have this nodeasa neighborin Pastry. We seethat
thereis asigni�cant skew in thefan-insof the0� s. Dueto
theskew, Scribejoin requestshit the0� s non-uniformly,
causinga muchlarger numberof pushdowns, andhence
non-DHTlinks. Thisalsoresultsin poorutilizationof the
availablebandwidthresourcesatmany of the0� nodes.

We have investigatedpotential factorsthat may have
led to the skew. For instance,we consideredwhether
it resultedfrom the uniform delay model used in our
simulations. Preliminary experimentsindicate that the
skew existsevenwith topologieswith non-uniformdelays
generatedusing the GeorgiaTech simulator reportedin
[10]. We believe that the skew arisesdue to Pastry's
join and repair mechanismsin which a new nodepicks
up routing tableentriesfrom othernodesin the system.
While this reducesjoin/repair times and overheads,it
makes nodesthat joined earlier far more likely to be
picked as neighborsas comparedto other nodes. We
deferto futurework anexaminationof how fundamental
theskew is to thedesignof Pastry/Scribe,andwhetherit
canbeeliminatedusingsimpleheuristics.

HeterogeneousEnvir onments: Our experimentswith
heterogeneousenvironmentswere conductedwith 50%
of the nodesbeing non-contributors (degree0), and for
various averagedegree values. Changingthe average
degree value resultsin a different fraction of nodesof
medium(degree2) andhigher (degree10) degree. Fig-
ure 5 comparesthe depth of the Scribe multicast tree
createdwith the Preempt-ID-Pushdownand Preempt-
Degree-Pushdownin heterogeneousenvironments. The
depthis computedasfollows: wecomputethemeandepth
of anodeby samplingits depthatdifferenttimeinstances,
andthencomputethemediansacrossthenodes.Theop-
timal mediandepthfor any of the plottedcon�gurations
(not shown in thegraph)is about4. Thetop2 curvescor-
respondto Preempt-ID-Pushdownand Preempt-Degree-
Pushdown. Preempt-ID-Pushdownperformssigni�cantly
worsethanoptimal,which is asexpectedgiventhat there
arenomechanismsin placethatoptimizedepthin hetero-
geneousenvironments. Preempt-Degree-Pushdownper-
forms better than Preempt-ID-Pushdownbut is still far
from optimal. This is consistentwith our discussionin
SectionV.

Figure6 showsthefractionof non-DHTlinks from our
simulationsfor Preempt-Degree-Pushdown,andPreempt-
ID-Pushdown.Thefractionof non-DHTlinks isover80%
for a rangeof averagedegrees. We believe both factors
that we discussedwith homogeneousenvironments– in-
suf�cient resourcesat 0� nodes,andthe skew in the in-
degreeof Pastry– havecontributedto thecreationof non-
DHT links. Further, asdiscussedabove, evenif theskew
couldbecompletelyeliminated,we would still expectto
see1 � AD

2b non-DHT links dueto insuf�cient resources
at0� nodes,whereAD is theaveragedegreeof thenodes

in thesystem.
A third important factor that could causenon-DHT

links in heterogeneousenvironmentsis that it may be
desirableto use non-0� nodesas parentsto minimize
the depthof trees. For example,in an environmentwith
nodesof degreeH , L , and0 (H > L), theoptimaldepth
treerequireshaving all nodesof degreeH at thehighest
levels in the tree, and thus as interior nodes. However,
only a fraction 1

2b of nodesof degree H are likely to
be 0� nodes. Thus, optimizing for tree depthin Scribe
could potentially result in a larger fraction of non-DHT
links due to the need to use non-0� nodesof degree
H as interior nodes. Consequently, we would expect
Preempt-Degree-Pushdownto have a higher fraction of
non-DHT links as comparedto Preempt-ID-Pushdown.
However, bothpoliciesperformsimilarly. Webelieve this
is becausethe other two factorscausingnon-DHT links
dominatein ourexperiments.

Summary: Our experimentswith Scribeindicatestrees
producedhave a high depth,anda large fractionof non-
DHT links. Therearethreefactorsthatcausethecreation
of non-DHT links with Scribe. First, the bandwidthre-
sourcesof nodesthatshareapre�x with thetopicId may
not be suf�cient to sustainall nodesin the system.Sec-
ond,minimizingdepthof treesin Scriberequiresutilizing
higher degreenodes,even thoughthey may not sharea
pre�x with the topicId . The third factor is a skew in
thein-degreeof Pastry. We believe theskew is a resultof
speci�c heuristicsemployedin Pastry, andcanpotentially
be minimized. However, we believe the �rst two factors
arefundamentalto themismatchof nodebandwidthcon-
straintsandnodeids with DHT-baseddesigns. Further,
simpleanalysisshowsthatthe�rst factoralonecouldlead
to the creationof 1 � AD

2b non-DHT links, whereAD is
theaveragedegreeof thesystem,andb is thebaseof the
nodeIDs in Pastry.

VI I I . POTENTIAL SOLUTIONS

We discusspotential ways of addressingthe issues
raisedin theprevioussection:

ID-Degree Correlation: A naturalquestionis whether
changingthe randomid assignmentof DHTs, and in-
steademploying an assignmentwherenodeids arecor-
relatedto nodebandwidthconstraintscanaddressthe is-
sue.To evaluatethepotentialof suchtechniques,wecon-
siderCorrelated-Preempt-IDheuristic,wherenodeswith
higherdegreesareassignednodeIds which sharelonger
pre�xeswith thetopicId . Figure5 showsthatthispolicy
indeedis ableto achievedepthscloseto theoptimaldepth
of 4, while Figure6 shows it cansigni�cantly lower the
fractionof non-DHT links. However, while sucha solu-
tion couldwork in scenarioswheretheDHT is primarily
usedfor aspeci�c multicastgroup,disturbingtheuniform
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distributionof DHT nodeIdscanbeundesirable,andcan
adverselyaffect routingpropertiesof DHTs [1]. Further,
DHT'sareparticularlyusefulin scenarioswherethereis a
sharedinfrastructurefor awidevarietyof applicationsin-
cludingmulticastsessions.In suchscenarios,it is dif�cult
to achieve a correlationbetweennodeid andnodedegree
assignmentsacrossall trees.
Multiple Trees: Anotherquestionis whetherthe issues
involvedcanbetackledusingthemulti-treedatadelivery
framework usedto improve theresiliency of datadelivery
andfor bandwidthmanagement[3], [11]. In this frame-
work, 2b treesareconstructed,with thetopicIds of ev-
ery treebeginningwith a differentdigit. Eachnodeis an
interior nodein theonetreewhereit sharesa pre�x with
thetopicId , andis a leafnodein therest.Wenotethata
directapplicationof themulti-treeapproachcannotsolve
the problem- if nodesbelongto multiple degreeclasses
to begin with, then,eachof thetreeswill continueto have
nodesof multipledegreeclasses,andtheissuespresented
in thispapercontinueto beaconcern.
Multiple Treeswith Virtual Servers [12]: Onepotential
practicaldirectionfor solving the issueswith DHTs is to
combinethemulti-treedatadelivery framework with the
conceptof virtual serversproposedin [12]. Theideahere
is that a nodecan acquirea numberof ids proportional
to its degree, and then use the multi-tree datadelivery
framework above. The trade-off then is that we arenot
completelyconcentratingtheresourcesof ahigherdegree
nodein onetree,rather, we aredistributing it acrosssev-
eral trees,therebygiving up on thepolicy of interior dis-
jointness.We believe this maybea promisingdirection,
andtheimplicationsof this trade-off wouldbeinteresting
to evaluate.

IX. SUMMARY AND DISCUSSION

In this paper, we have consideredthe impact of het-
erogeneityin outgoingbandwidthconstraintsof nodeson
Scribe.Our resultsindicatethattreesproducedby Scribe
have a high depth, as well as a signi�cant fraction of
non-DHT links . A key causeis the mismatchbetween
the id spacethat underliesthe DHT structureand node
bandwidthconstraints.Onepotentialdirectionto address
theissuesis by combiningthemultiple treedatadelivery
framework [3] with thenotionof virtual servers[12].

Thisworkhasbeenmotivatedby lessonswelearntfrom
deploying an overlay-basedbroadcastingsystem[5]. In
addition to the particular issuethat we have considered
in this paper, our experiencehasalsohighlightedthe im-
portanceof consideringfactorssuchasheterogeneityin
nodestabilities, as well as NATs and �re walls. These
concernspertainto both performance-centricandDHT-
based designs– however, we believe they areharderto
addressin the DHT context given the structureimposed
byDHTs. Althoughtherehasbeensigni�cant progressto-
wardsdemonstratingtheperformancepotentialof DHTs,

with regardto delay-basedmetricssuchasRelativeDelay
Penalty, webelievetheseotherissuesneedtobeaddressed
beforea compellingcasecanbemadefor theviability of
DHTs to enablingperformance-demandingbroadcasting
applications.
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