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Abstract

IP Multicast is a technique that cantransmitonecopy of datatraffic to multiple receivers at onetime.

Becauseit cangreatly save thenetwork bandwidth consumptionaswell asmany applicationsareinherently

multicast-based, it hasbeenaresearchfocussincetheideawasproposed.However, becauseof many reasons,

suchasmanagement,security, inter-domainrouting,etc,it hasnotbeenwidely deployed.

Recently, many researchers have put their researchfocuson Overlay Multicast. In Overlay Multicast,

thedatareplication, multicastrouting, group management,andotherfunctionsareall achieved at application

layer. Becauseit doesnot requireto change the current Internet infrastructure, it caneasilybe deployed.

Sincetheideawasproposed,many overlay multicastideashave beenproposed.They differ in multicasttree

formation, underlayersupport, etc.

In this paper, we did a systematicresearchon availableoverlay multicasttechnologies.We classifythem

basedon theirdifferentcharacteristicsandpresent thedifferent ideasof theseprotocols.

1 Intr oduction

Many Internetapplications,suchasvideo-conference, tele-education, require theunderlayer network to sup-

port multicastcommunications.

ThoughIP-basedMulticast techniquehasbeenproposedfor morethan 10 years. Many problemsarestill

plagueingthewidedeploymentof multicast[17]: 1) per-groupstatemaitaining2) security problems;3). Scalable

addressallocation; 4). reliability , congestion control, flow control problem; 5). slowly deployment. Until now,

asfar aswecanfind, only two ISPs;SprintandUUnethave commercial multicast offer.

According to theend-to-end arguments[32]: Unlessimplementing somefunctionsat lower layer canachieve

large performancebenefit that outweights the costof additional complexity at lower level, we should pushthe

function to higher level aspossible.

Basedon this idea, recently, the researchfocus of mulitcast hasbeenput on overlay multicast. In overlay

mulitcast technique, themulticastgroup membersareconnectedby anoverlaymulticasttree. All themulticast

functions, such asmembership management,datareplication, are implemented at the endhosts. This method

caneasilyaddressmostof theproblemsof IP-basedmulticast. Becauseit doesnot require any modification to
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thecurrent Internet infrastructure, it caneasilybedeployed. Inktomi [28] hasutili zedthis techniqueto provide

multicast service to users.Their goal is to construct an infrastructure thatcanprovidetelevision-sizedaudience

aswell astelevision-like quality. Also, overlay hasthe following merits: adaptable,robust,customizable and

standard.

However, overlay multicast technology is not asefficient asIP-basedmulticast. It will incur somedelay and

bandwidth penalties, lessstability of multicast tree. Till now, many overlay multicastrouting algorithmshave

beenproposedto utilize overlaytechniqueto provide scalableandhigh quality multicastservice to applications.

They differs in forming themulticast tree,maintaining multicast tree,andapplicableapplications.

Thefollowing arethepossible multicastsession characteristics:

1).Performancerequirements:conference, high bandwidth low latency; file transfer, high bandwidth.

2).Gracely degradable: conference,tolerateloss;file no.

3).Session length: conference, short; file transfer, long.

4).Groupcharacteristic: conference,smallgroup; content delivery, large group.

5).Source transmission: conferencing, Onesource,fixedrate.

However, therehasnot been doneany survey or summarywork about theseprevious works about overlay

multicast. The goal of this project is to provide a deepsurvey of these available protocols. In this paper, we

first give a rough classification of available overlay multicast techniqueandthenpresent the basic ideas about

availableoverlaymulticastprotocols,

Thepaperis organizedasfollows. In section 2,wewill givetheclassificationof availablemulticastprotocols.

Then,section 3 will presentthedetailedideasof theseprotocolsoneby one. Finally, wewill draw ourconclusion

at section 4.

2 ClassificationOf Overlay Multicast

As shown in Figure1, we give theavailableoverlay multicasttechiquesandtheir classification. In section 3, we

will discussthedetails of theseprotocolsaccording to this classification.

Currently, therearetwo branchesof overlay multicast techniques: fixed nodesbased overlay anddynamic

nodes basedoverlay.

In thefixednodesbasedmulticast, it first strategically places somenodes around thewhole Internet. Then,

according to the applications’ requirement,these nodesautonomouslyform overlay multicast treesto provide

multicast service. Thereareadvantagesanddisadvantagesin this solution. Becauseit usesthefixednodes,the

multicast tree is stable andcaneasily provide QoSservice to applications. However, the multicastservice is

not flexible, andstill needsISPsupport. Besides those, the fixed nodes caneasily becomethe bottleneck. The

availableproposedideasinclude[9, 19, 25,18, 11, 5].

In dynamic nodes-based overlay multicast,the groupmembersareself-organized into an overlay multicast

tree. Thedataduplication, multicastdataforwarding, andgroupmembersmanagementandotherfunctionsare

all achievedat groupmembers.Becausein large multicast groups,therewill happen frequentjoining or leaving

eventshappens,aswell theunexpectednetwork situation, How to adapt to this unexpectedchangeis oneof the

mainissuewe should consider. How to scalably form anefficient multicast treeis another important issue.
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Figure1: Classification of OverlayMulticast
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DynamicnodesbasedOverlaymulticast canbeeitherstructuredoverlaytechniqueor unstructuredoverlay. In

structuredoverlay, thenodescanbeinterconnectedtogetherat theapplicationlayer in somewell-defined manner.

Theprotocols,suchasALMI, End-systemmulticast,Yoid [13, 3, 12, 2, 8]belong to this kind of dynamicnodes

based overlaymulticasttechnique.

For unstructuredoverlaymulticast, someprotocolsmainly focus on building topology-awareoverlaymulti-

casttree,suchas[10, 19].

Most overly multicast routing protocolsdo have detailed underlying topology information,they just usesthe

measurementmethodsto gettherelative distancebetweennodes.

In tree-first approach: membersdirectly construct anoverlay treetopology for datadelivery, andadditional

control links are monitored andmaintained to allow quick recovery from memberfailures. Suchas Yoid[8],

ALMI[13] aretree-first approach.

In mesh-first approach: membersdistributedly construct a mesh.Eachmemberthenparticipates in a route

protocol on the meshtopology, and generatesa source-specific tree to all other membersbased on the mesh

topology,such asNarada[3], andScattercast[6].

In centralized approach: they usedsomefixed nodes to control the membership information of a whole

multicast group, helping thegroup membersto form anefficient overlaymutlicasttree[13].

In Hierarchicalapproach,themembersform hierarchical structurewhichcanachievegoodscalability [31][22].

It cangreatly dereasethemulticast treecontrol traffic aswell aseffectively absorbmostof dynamiccharacteris-

tics.

3 MiscellaneousOverlay Multicast Routing Protocols

3.1 Fixed NodesBasedOverlay

This approach ultili zessomefixed nodes to provide the multicast service to applications. Thesefixed nodes

arestrategically placedaround Internet. Usually, onedomain hasoneor morenodes. The multicast receivers

(group members) connect to these fixed nodes to sendor receive multicast traffic. RON[18] wasproposedto

quickly detect andrecover pathoutagedusingoverlaytechnique.Though, it doesnotdealwith overlaymulticast

directly, it providesgooddirections for afterward overlay researchwork. Overcast[11] is designed to provide

bandwidth sensitive multicast service aswell asultil ize thenetwork bandwidth efficiently. In ScatterCast[6], the

authorsfocus on how to provide scalable multicast servicewith heterogeneousreceivers. It usestheapplication

knowledgeto meetheterogeneousreceivers’s requirement.In [25, 1], theauthormainly focusesonhow to setup

efficient multicasttreewith degreelimitation aswell asdelaylimitation.

RON (Resilient Overlay Network)

RON[18]’s main goal is to allow applications to detect and recover path outages and degraded performance

quickly andintegraterouting andpathselection with application moretightly. Network failurescanbe catego-

rized aslink failure andpathfailure. BGPtakes a long time (several minutes) to converge to a new valid route

andit is incapableof expressingfine-grainedpoliciesaimedatusersor hosts. RONsarewell-suitedto providing
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fine-grainedpolicy routing. RON canimprove thereliability of Internetpacket delivery by detecting andrecov-

eringfrom outagesandpathfailuresmorequickly thancurrent inter-domainrouting protocols.A RON worksby

deploying nodesin different Internetrouting domains. Eachnodeof RON monitor thequality of theunderlying

Internetbetweenthemselvesandusethis information to routepackets accordingto application-specified routing

metricseither via a direct Internet pathor via otherRON nodes.

Overcast

SameasRON, Overcast [11]is implementedby somenodesat strategic locations in exiti ng networks. Its main

goalis wide-areacontentdistribution. It is designedfor bandwidth intensivecontentandlong-running contentto

beofferedto vastnumber of nodes(largegroups).Themainfocusis to build distributiontreesthatmaximizeeach

node’s bandwidth from the source andutilize the substratenetwork topology effectively. The internal overlay

nodes have permanentstorageto facilitate theasynchronoustime requirementof multicastcontent.

Themulticast treebuilding processworksasfollows. Whena new memberwantsto join a multicastgroup,

it first contactswith theroot of theavailablemulticast tree.Theroot nodebecomesthecurrent node.Then,after

checking the current nodeandasits childrennodes, the new memberpicks onethat canprovide the maximal

throughput from the root to itself. A nodealsocanperiodically reevaluateits position in the treeby measuring

thebandwidth to its current siblings,parents andgrandparents. To avoid loop, eachnodealsomaintains the list

of all thechildrenunderitself in thehierarchy (root path).

ScatterCast

For ScatterCast[6], it reliesonacollectionof strategically placed ScatterCastProxies(SCXs)thatcollaboratively

providesthemulticast service for a session. It partitionsa heterogeneoussetof session participantsinto disjoint

groups at different locations. Eachgroup is servicedby a strategically located SCX. Whenjoining a multicast

group, the client canfirst locate a nearby SCX and tap into the session via the SCX (by unicastor local area

multicast). The protocol Gossmeris usedby SCXs to locateeachother in a decentralized mannerand self-

configure themselvesinto anadaptive andefficient overlaymeshof unicast interconnections. SCXsrun avariant

of a distance-vector routing protocol on top of this meshstructure and effectively build reverse-shortest-path

distribution tree. Using SCXs,Scattercast can useapplication semantics to adaptively modify the content in

order to suit the needs of the clients. This makes it very suit for the multicast sessions with heterogeneous

requirement. In orderto dealwith partition, it usesselection algorithm to select a heartbeatgenerator. It sends

heartbeatmessages along the meshperiodically. If a node can not get heartbeatmessage for a long time, it

will re-contactwith theheartbeatandreconnectthemeshagain. To improve themulticasttreeefficiency, SCXs

periodically probe with eachother to evaluatetheusefulness of adding new edgesor deletingedges.

RMX

In RMX[5], the authors describe a framework for providing reliable multi-point communication basedScat-

terCastarchitecture. Its focus is real-time reliable multicast. Its main goal is to reconcile the heterogeneous

capabilities andnetwork connectionsof variousclients with theneed for reliability . RMX introducesthenotion
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of semantic reliability. Eachreceiver definesits own level of reliability anddecideshow and to what degree

individual dataobjectsmight be transformedandcompressed.RMX builds on top of Scattercastby integrating

application-specific intelligence andsemantics into forwarding service.

RMX assumesthat there is a protocol that canhelp the co-locatedreceiverswith similar network charac-

teristics canself-organize into datagroups andstrategically placing RMXs to build overlaynetwork acrossdata

groups.Thenotion of semantic reliability andALF enable application-specific adaptationandtransformationof

thedatathatarrivesinto anRMX before it is forwarded into other links.

AMcast

In [25], the author proposedAMcast, which usesa setof distributed MulticastService Nodes(MSN) is used

to provide multicast services in overlay multicast networks. The paper [1] focuses on optimizing the access

bandwidth of the MSN’s interfacesandend-to-enddelayby using the appropriate routing algorithmsin order

to maximizethe overlay sessions that canbe served. Several algorithms areproposedto optimize the overlay

mutlicast service:

1). CompactTreeAlgorithm is a heuristic algorithm to find a minimum diameter, degree-limited spanning

tree. Thegreedyalgorithm buildsa spanning treeincrementally. Suppose d(v) is the lengthof the longest path

for v to other nodes in the partial tree. For eachv not in the treeso far, we addan edgee(u,v). u is chosen to

minimized(v) = c (e) + d(u). At eachstep, they select v with thesmallest valueof d(v) andaddit andupdatethe

residual degreeof e(u,v)to thetree.

2). BalancedCompactTreeis to find a treewith boundeddiameter, degree-balancedspanning tree. Its goal

is to maximizetheminimumvalueof residual degree.At eachstep,it findstheM verticesthathave thesmallest

values of d(v). From this set, it selects the vertex v with e(v) = (u,v), which maximizethe smaller of residual

degree of u andv.

3). Balanced DegreeAllocation is to achieve the best-possible residual degreebalance. k is the multicast

session fan-out. d_ais a degreeallocationfunction which meetsthefoll owing properties: (1).theoverall d_a(v)

is 2(k-1); (2). there is at leasttwo vertices: d_a(v) = d_a(u) =1. In apartial degreeallocation, theoverall d_a(v) is

lessthan2(k-1). It computesa degreeallocationfunction thatmaximizethesmallest residual degree asfoll ows:

for eachv, d_a(v) = 1. while all the value of d_a(v) is lessthan2(k-1), it selects a vertex that maximizethe

the minimum value of residual degreeandincrement d_a(v). Whenselecting an edgee(u,v), thereareseveral

algorithms: (1). ClosestPair (CP)algorithm, selectingtheclosestu andv. ; (2). CompactComponent Algorithm:

selecting thepair thatresults in thesmallest diameter componentin thecollection of components.

To satisfy the the bound diameter requirement,they use“loose degreeallocation” (small increase of the

degree) andallow the tree-building processto construct a suitable treesatisfying the degreelimits imposedby

the loose allocation. This will result in an iterative overlay multicast routing algorithms. Thesimulation shows

thatICT algorithm,whencombinedwith looseningprocedureis moreeffectiveatproducing smalldiameter trees

than ICP and ICC. However, ICT’s greater effectivenesscomeswith a costof added complexity, as it iterates

through eachpossible starting vertex in orderto find thebesttree.
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3.2 Dynamic NodesBasedMulticast

According to whether thenodesof amulticast grouparenumbered in awell-defined manneratapplicationlayer,

we will have unstructured overlay andstructuredoverlay. Unstructuredoverlay multicast is the early research

focus of overlay multicast. EndSystemMulticast [3]andYoid [8] arethefirst two overlay multicasttechnique.

The structured multicast, suchas CAN [19] and Bayeux[9], are based on application content searching and

retrievingwhich is widely ulti lized peer-to-peer file sharing. Themain drawback of overlay mutlicastis that it

is not asefficiency asIP-basedMulticastbecausemutlicast multiple branchesmaypassthesamephysical link.

Recently, several workshave beendoneto improve theefficient of overlay multicasttree[23, 24]. Their ideais

try to make theoverlaymulticasttreecongruent with theIP-multicast tree.

3.2.1 Unstructur ed Overlay

In dynamic nodesbasedoverlaymulticast, thefrequentjoining andleavingevents,thehostdeath, andthechange

of network situation all will maketheoverlaymulticasttreein anextremedynamicsituation.So,how to construct

andmaintain theoverlay multicast treeis oneof themostimportant issuewe needto cosider whenwe costruct

an overlay multicast tree. According to above, the unstructured overlay canbe categorized into the following

approaches: mesh-first approach,tree-first approach,hierachical approachandcentralizedapproach.

In mesh-firstapproach,all the group membersfirst form a mesh. Eachgroup membershould keepall the

other group members(or partial) and they also need somemethodto avoid anddetectmeshpartition. Then,

based on themeshthey formed,they usesomeavailable IP multicastrouting methods to setup anmulticast tree

which connectsthegroupmembers.

In constrast,for tree-firstapproach,themembersdirectly setup anoveraly multicast treewhich connect all

thesemembers.Then,basedon somemechanisms,they make theoverlay mutlciastmorerobust to thedynamic

network enviroment. However, thetree-first approachleadsto complex mechanisms(suchasloop detection and

avoidance).

Someotherprococols,suchas[13, 12], they useacentralized point to control theoverlaymulticast tree.The

centralizedpoint control themembership andhelp thegroupmembersto setup anefficient multicast tree.

Most of the above protocols only support small size multicast group. When the size of multicast group

increase,the control traffic managementand multicast tree setup have scalable problems. To avoid this, in

[31, 15], the authors propse to useheiarchical solutions to provide multicast service to large group size. In

addition, thehierachical structurealsocanabsorbthedynamicdetails of group members,whichmaketheoverlay

multicast moreapplicable.

Mesh-First BasedApproach

End SystemMulticast

End-systemmulticast is oneof theearlyproposedoverlaymulticastprotocols[3]. It is aimedatconstructingsmall

andsparsegroup. Naradais the distributedprotocol, by which the multicast group membersself-organize into

anoverlay structureandself-improveusingadistributedprotocol in adynamic, unpredictableandheterogeneous
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Internetenvironment.It optimizes theefficiency of theoverlay routing treebasedon end-to-endmeasurement.

Theoverlay spanning treeconstruction needs two steps: setting up meshandconstructing shortestpathtree

based on the mesh.Whena memberjoins a multicastgroup, it getsa partial list of group membersfrom some

well-know nodes. To overcome the dynamicnetwork andgroup situation, eachmemberneeds to refresh the

membership to other membersalong the mesh. To avoid meshpartition, eachmemberkeeps a list of dead

members,periodically deletea memberfrom the queue, with someprobability, either ignore it, or adda new

link to it. To improve themeshquality, each memberneedsto probe other membersperiodically. If adding one

link cangaingreat utili ty, then, addthe link. Thedropping should have the following two desirableproperties:

stability andpartition avoidance. To avoid count-to-infinity problemsduringdatadeliveryprocess,eachmember

maintainsthepaththat leads to each destination.

BananaTreeProtocol

BananaTreeProtocol [21] is proposedto improve the performanceof Narada. The main algorithm it usedis

Switching-Treesalgorithms,which is usedfor building andimproving theoverlaymutlicast trees while obeying

any given degreelimits. The nodes switch its parents to reduce treecostor latency. It canswitch to its nearby

siblingor grandparent. Whenanodewantsto switchto apotential parent, it should make surethatswitchoccurs

when1). thepotential parent is not simultaneously attemptingto switchto anothernode; 2). thepotential parent

is still the node’s sibling or grandparent. Experiments show that the protocols canimprove the performanceof

Narada:thecostof overlay multicast treeis lessthantwice of theaccording IP multicasttree.

Tree-First BasedApproach

Yoid

Yoid [8] is a general overlay network basedcontent distributiontoolkit, which addressing applicationsasdiverse

asnetnews,streamingbroadcasts,andbulk emaildistribution. Its aimis alsoto connectthesmallmulticastavail-

ableislandsandserversproviding a rudimentary architecturefor global multicast. It includesa full framework

for overlay multicastimplementation. It includesYTMP (Yoid TreeManagementProtocol, tree/meshcreation

and management), YDP (yoid distribution protocol, it controls the reliable transmissionover the tree/mesh),

YIDP(Yoid Identification Protocol, packet, sender andreceiver identification ) andyTCP, yRTP, yMTCP, and

yMRTP(Yoid Transport Layers).Its maingoal is to addressall theaspectsof multi-peer transmissions: connec-

tivity, flow-control, reliability , etc.

Thecoreof Yoid is a topology managementprotocol: TYMP, which allowsa group of hosts to dynamically

auto-configure into two topologies: meshand tree. The treeand the mesharecreated separately. The tree is

optimized for efficiency while the meshis for robutness. The meshalsohasotherfunctions: discovery of tree

partitions,distribution of content (whentreeis partitioned), detection andnotification of memberunreachability ,

verification of content reception. Eachmembercanhave severalmeshneighbors,which canavoid partition.

Yoid alsousesarendezvoushostto bootstrapgroupmembersinto multicast tree.It informsthenew member

about severalcurrentmembersaswell .
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YTMP is theprotocol to build andmaintaintheshared treeandthemesh.YTMP usestree-firstapproach.It

alsousesroot-pathto detect loop andavoidance.

Partition Discovery: If a memberfinds that it becomesa root, it periodically broadcasts an “I am the root”

message over the meshandinforms the rendezvous that it is the root. Then,thesenodes will join each other’s

partitions.

Host Multicast

HostMulticast mainly dealswith thedeploymentof multicast [2]. It usesHostMulticast TreeProtocol (HMTP)

connectingmulticast islandsandprovide multicast service to thoseplaceswheremulticast is not available. For

eachisland, onememberhost is selected asthe DesignatedMember(DM). Different islands areconnectedby

UDP tunnels betweenDMs. All the DMs run HMTP to self-organizeinto a bi-direction shared tree. A special

nodeis assignedthe root of the tree. Eachgrouphasa Host MulticastRendezvous Point (HMRP). The new

membercanget theroot addressby querying HMRP. Then,starting from theroot, It getsthechildrenlist of the

root. Then,it picks theclosestoneaspotential parent. Then,it repeatsthis stepuntil thepotential parent accepts

it. The potential parent decideswhether to accept a join request basedon its policy, bandwidth, traffic load,

etc. If thepotential parent rejects it, it goes backup onelevel andresumesthesearch for parents. This process

stops whenit reachesa leaf node, or a node that is closer thanall its neighbors.Thememberalsocanadapt to

thechangesin thenetwork condition to switch theparents,detectandbreakrouting loops(using root path), and

recover from network partition.

TBCP

TBCP[20]is ageneric treebuilding protocol which is designedto build overlay spanningtreewhile reducing the

convergencetime given the restricted membership/topology informationavailable. It is a tree-first, distributed

overlayspanning treebuilding protocol whosestrategy is to placemembersin a nearoptimalposition at joining

time. Either thenew nodeor thecandidate’s childrennodescanberedirectedto its child node. In this protocol,

it assumesthat eachnode hasa fixednumber of childrenit wantsto serve: fan-out of the entity. Whenjoining

a multicastgroup, thenew memberrepeatedly contactsthecandidateparentnodesfrom theroot. Thecandidate

parent nodethenreplies thenew memberof its childrennodes list. Basedon somecostfunction, thenew node

evaluatestheparent nodeaswell asthechildrennodesto select anjoiningpoint. To improvetheefficiency of the

tree,it usestheconceptof domain, each domain hasits own root node. Whena new memberwantsto join one

group, thejoin request is first redirectedto its domainroot.

Hierar chical Approach

NICE

NICE[31] wasdesignedto scaleoverlay multicast to large groups. It is basedupona hierarchical clustering of

the application-layer multicastpeersandcanbe used to producea numberof different datadelivery treeswith

specific properties. NICE constructs a hierarchically-connected control topology which connectsall the group

members.Thedatadelivery pathalsowill follow this structureandnoadditional computationsareneeded.most
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membersarein thebottom of thehierarchy andmaintainonly stateof aconstantnumberof other members.The

membersat thevery top of thehierarchymaintain stateof O(logN) other members.

Thelowestlevel of thehierarchy is layer0. In eachlayer, thehostsarepartitionedinto asetof clusters.Each

clusterhasa leader, which hastheminimumdistanceto all other hostin thiscluster. Theclusterleadersof all the

clustersin layerLi join layerLi+1. Thehosthierarchycanbeusedto definedifferentoverlay structuresfor the

control anddatadelivery paths. Becausethesizeof cluster is fixed(betweenk and2*k ). Usingthis method, the

protocol caneffectively reducethenumberof refresh messagesandnumber of hosts every hostneedto keep.

It alsoassumesthat thereis a Rendezvous Point (RP)that is the leader of thehighestlayerof thehierarchy.

Whena new memberjoins, it first contacts the RP. TheRPwill reply it with the membersin the highest layer.

Then,the new memberwill selectthe closest member. Then,the closestmemberwill inform the new member

with thelist of numbersin thel level lower. Usingthismethod, thenew membercaniteratively usesthisprocedure

to find its L0 cluster. Thecluster maintenanceis doneby eachmemberperiodically sending HeartBeatmessage

to peermemberswithin thesamecluster. Thecluster leader’s HeartBeatmessagealsoincludesthemembersof

higher level cluster. If a memberwantsto leave, it sends Remove messageto all clusters to which it is joined. If

thecluster leader leaveswithout notification, theremaining memberswithin theclusterwill independently select

a new leader. The simulation results showthat NICE cansupport wide-areasizemulticast groupwith lower

overhead.

ScalableSelf-Organizing Overlays

The target of [22] is to form an overlay with tensof thousands of nodes. The key contribution is to apply the

hierarchy to overlay managementto achieve scalability without degrading the quality of the resulting overlay.

Unlike NICE, It is based on two-level overlay. The topology is partitioned into clusters. Eachcluster hasa

uniquerepresentative nodecalled headnode. It is basedon two techniques: clustering andmeshmanagement.

Clustering deals with building thehierarchydynamicallyby forming theclusters.Meshmanagementdetermines

how thenodesat thesamelevel areconnectedto eachother; how theclustersareconnectedto eachother; how

thenodesareconnectedto eachother. For meshmanagement,it extends theNaradato managemesh.Simulation

result showsthat it canreduce the bandwidth requirementfor control traffic andhierarchical overlaysabsorbs

changesbetterthanflat overlays.

Centralized Approach

ALMI

ALMI is targeted to the multicast applications with small groups[13]. An ALMI session consists of a session

controller andmultiple session members. The session controller handles memberregistration andmaintains

the multicast tree. Whena new memberjoins or leave onemulticastgroup, it needsto contact the controller.

Then,the controller returns a list of peering points from which the membershould accept connectionrequests

andtheparent to which the new membershould initiate a connection. It ensuresthe efficiency of the multicast

treeby periodically calculating a minimumspanning treebasedon themeasurementupdatesreceived from the

all the membersand inform the new parentand children’s ID. To collect measurements,the controller needs
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eachmemberto monitor a setof other membersandreport. Using this centralized control approach,it greatly

simplifiestherouting problem comparedto thedistributedapproaches.

HBM (Host-BasedMulticast)

In Host-Based Mutlicast[12], it distinguishesCoremembers(CM) andnon-coremembers(nonCM).The CMs

form a distribution tree. It assumesthat RendezvousPoint (RP) knows CMs and nonCMsand the distance

betweenthem.andit cancomputetheoverlay multicast topology andinformsthemembers.

In thepaper[12], it usesthreemethodsto keeprobust: 1). addRedundantVirtual Links (RVL). if a member

getsmessagebothfrom treeandRVLs, it informstheRVL to stop. Otherwise, RVL becomesits parentnode. 2).

FastFailureDiscovery andRecovery. 3).Adaption: to havestable transit nodeswhile unstableonesaremovedto

theleavesof thetopology. They proposedseveraltopologiesto connectall themembers:bus,tree,ring, star, etc.

3.2.2 Structur ed Overlay

Becausetheavailableoverlaymulticastshave thefoll owing shortcomings: 1). Thegroupmembersneedperiodi-

cally announceits estimateddistancefrom other nodesandevery nodemaintains thestatefor eachother node in

thetopology; 3). whentopology changes,every nodeneedsto learn theinformationquickly. StrucuredOverlay

techniquecaneffectively dealwith those problems.

Bayeux:

Bayeux is an architecture for Scalable and Fault-tolerant Wide-area Data Dissemination[9]. Its goal is for

streaming multimedia applicationswith arbitrarily large receiver groups. Bayeuxis anefficient, source-specific,

explicit-joi n, andapplication-layer multicastsystem that providesscalability to large numberof receivers with

failure tolerancein routers and network links using a prefix-basedrouting scheme inherited from an existing

application-level routing protocol calledTapestry. Bayeux alsoprovidesspecific mechanismsto provide load-

balancing acrossreplicatedroot nodesaswell asmoreefficient bandwidth consumption by clustering receivers

by identifier.

It uses thenatural hierarchyof Tapestry routing to forward packetswhile conservingbandwidth. In Tapestry,

eachnodehasnamesindependent of their location and semantic properties, in the form of fixed-length bit-

sequence.Eachnodehasneighbormap,which incrementallyroute overlay messages to thedestination ID digit

by digit. The neighbor mapshave multiple levels, whereeachlevel representsa matching suffix up to a digit

position in theID. Whenrouting, thenth hopsharesa suffix of at least length n with thedestination ID. To find

the next router, we look at the its (n+1)th level map,andlook up theentry matching thevalue of the next digit

in thedestinationID, which will givesusthenext hopaddress.This guaranteesthat it will take at mostLog_bN

logical hops to arrive at the destination (system hasN nodes,usingbase b). In addition to this, Tapestryalso

providesasetof fault-tolerancemechanismswhichallows routers to quickly routearound link andnodefailures.

Tapestryfacilities the multicastby forwarding packetsaccording to suffixesof listener IDs. The nodeID base

definesthefan-out used in themultiplexing of datapackets to different paths on each router.
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To maitain themutlicast tree,It utilizesdedicatedservers in thenetwork infrastructureto helpconstructmore

efficient datadistribution trees.

Content-AddressableMulticast

It is designedto support large group sizewithout restricting theservice modelto a single source. It is basedon

Content AddressableNetworks(CAN)[19].

In CAN, thenodesform a virtual d-dimensional CartisianCoordinatespace. Every nodeownsa portion of

thetotal space.Basedon this algorithm, wecaneliminate theneedfor a multicast routing algorithm to construct

distribution trees. Thevirtual coordinatespace is usedto store(key, value)pairs asfollows: to store a pair (K1,

V1), key k1 is deterministically mappedonto apoint (x,y) using suniform hashfunction. Then,thepair (K1, V1)

is stored at (x,y). Thenodesself-organize into anoverlay network that represents this virtual coordinate space.

Two nodes areneighborsif their coordinatespanoverlap alongd-1 dimensionsandabut along onedimension.

using its neighbor coordinateset,a noderoutesa messagetowardits destinationby simplegreedy forwarding to

theneighbor with coordinatesclosest to thedestinationcoordinate. TheCAN construction processis asfoll ows:

1) first thenew nodemustfind a nodealready in theCAN; 2). Next, usingtheCAN routing mechanisms,it must

find a nodeswhosezonewill besplit; 3). Finally, theneighborsof thesplit zonemustbenotifiedsothatrouting

canincludethenew node.

CAN-basedMulticasthastwo steps: 1). Themembersof thegroup first form a groupspecific “mini” CAN.

2). Multi casting is achievedby floodingover themini CAN. Firstly, Usingawell-know hashfunction, thegroup

addressG is deterministically mapped onto a point, say(x,y). andthe nodeoneC (the whole CAN) that owns

thepoint (x,y) servesasthebootstrapnodeastheconstruction of G_g.This is done by repeating theusual CAN

constructionprocesswith (x,y) asthebootstrapnode. Everynodeonly maintainsthenumberof groupsit belongs

to which is independent of thenumberof traffic sourcesin themulticast group. Becauseall themembersof group

G belong to theassociatedCAN C_g,themulticasting to G is achievedby flooding on theCAN C_g.

Summary of Structur ed Overlay:

BothTapestry andCanrely onanembedding of thenodesin avirtual addressspace.Theneighborsof thenodein

thespace areselectedsuchthat theoverall network is structuredin thewell-definedmanner. However, Tapestry

based multicast only supports single source basedmulticast. It usesanexplicit protocol to setup andteardown

a distribution treefor thesource nodeto thecurrent setof receiver nodes.

Delaunay Triangulation Overlays[30] is another kind of structuredoverlay. Its main ideais to assign each

nodewith a logical coodinatein a plane. Then,based on this logical addressspace, it formsa overlaymulticast

treewhich connect all themembers. It sharesthe samemeritsasBayeux andCAN: need no routing algorithm

andscalable to large groupsize.
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3.2.3 Topology-Aware Overlay

Topology-Aware nodeselection[23]

For overlay applications, the performancewill be improved if the application-level connectivity betweenthe

nodes in this networks is congruentwith the underlying IP-level topology. In this paper, the authors proposed

BINNING schemewhereby nodes partition themselvesinto differentbinssothat thenodeswithin thesamebin

h arerelatively closeto eachother. Thestrategy is simple(requiring lesssupport), scalable (noglobal knowledge

needed) and completely distributed. This solution requires a set of well-known Landmarkmachines spread

across the Internet. Eachnode measures the distance (round-trip time) to this set of well- known landmarks

andindependently selects a particular bin based on thesemeasurements.Therange of possible latency valuesis

dividedinto anumberof levels. Then,it augments thelandmark ordering of anodewith a level vector:onelevel

numbercorresponding to eachlandmarkin theordering. Thenodeswho have thesamevalue of level vectorare

groupedinto onebin. The paper applies this methodinto structuresoverlays, suchasCAN, pastry, aswell as

unstructuredoverlays,suchasend-systemmulticast, andserver selection.

TopologyAware Grouping (TAG) [24]

It is for groupwith large numberof members.Its goal is to exploit theunderlying network topology information

to build efficient overlay networks amongmulticast groupmembers.This releasesthe memberfrom exchang-

ing end-to-endmeasurements.Eachnew memberof a multicast session determinesthe path from the root of

the session to itself, andusespathoverlap information to partially traversethe overlay datadelivery treeand

determine its parent andchildren. It selects asa parent thedestination whoseshortestpathfrom thesourcehas

maximaloverlap with its own path,to reduceincreasein number of hops over a unicastpath, while satisfying

loose bandwidth constraints. EachTAG nodemaintains the Family Table(FT), which includestheparent node

andthechildrennodesaswell asthepath from root to them (spath). Whena new memberwantsto join a group,

it sends a join requestto theroot. Then,theroot begins from itself to search for a node which have themaximal

prefix of spath asthenew member.

4 Summary and Conclusion

In this paper, we do a survey of available overlay multicast technique. Thoughoverlay multicast protocolshave

many merits,we think that IP-based multicast is a good chocefor applicationsthat cannot toleratedelay, some

loss,andrequire high throughput with upper-bound: audio-videoconferencing andInternetgameswhile overlay

multicast approachis greatfor thoseapplications thatcantoleratedelay andcannot tolerateloss,suchasemail

andfile transfer.

Asdiscussedin previoussections,theavailable techniquecanbecategorizedinto two parts:fixednodesbased

overlay or dynamic nodesbased overlay. They have their own prosandcons. Fixed nodesbased multicast can

providestable multicast service to applications.However, it needspreset multicast service nodesto achieve this.

Besidesthis, thesepreset nodes caneasily becomethebottlenecks. So,the research focus of fixednodes based

overlay is to evenly distre themulticasttraffic amongthese fixednodes.
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For dynamic nodesbasedmulticast, all the dynamic membersself-organize into an overlay mutlicast tree

which connectsall thegroup members.Becauseof thedynamic network situationandthedynamicgroupmem-

bership situation, themulticast service based on this technique is not stable. How to form anefficient multicast

treeandmaintainthe multicast treeare the research focus. The treemaitainencecost is usually very high to

overcomethegroup membership managementandavoid partition.

Most of theavailable work focuseson how to form a multicast treeaswell ashow to maintain themulticast

tree. For small sizemulticastgroup, mostof the availablesolutions give us goodresult. It canovercomemost

of theinherentproblemsof IP-basedMulticast. However, for largesizegroup, how to providescalable multicast

serviceusing Overlaytechnique is a researchissue which needsusto moreworks.Besides this, few of thework

dealswith QoSissue in multicasttreeforming process.This is alsoanother topic which canneedmoreresearch.

In conclusion, overlay multicast is still new researchdirection of multicast. How to effectively utilize the

overlay technique is a future research topic, suchas the issues aboutsecurity, QoS,multicast tree stalability

issue, application layer routing, etc. With themoreandmoreuserscanfeel theadvantageof multicast,thedays

of full y deploymentandutili zationof multicast in Internetcommunity will comesoon.
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