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Abstract

IP Multicastis a techniqee that cantransmitone copy of datatraffic to multiple recevers at onetime.
Becauseét cangredly save the network bandwidh consumptionaswell asmary applicatims areinherertly
multicast-basedt hasbeenaresearclhiocus sincetheideawaspraoposed However, becageof mary reasons,
suchasmanagmentsecurity inter-domainrouting,etc,it hasnotbeenwidely deployed.

Recently mary researcherhave put their researciHocus on Overlay Multicast. In Overlay Multicast,
thedatareplication multicastrouting, group managment,andotherfunctionsareall achievzed at application
layer Becausdt doesnot requireto chang the current Interret infrastructue, it caneasily be deployed.
Sincetheideawaspropsed,mary overday multicastideashave beenproposed.They differin multicasttree
formatian, undetayersuppat, etc.

In this pape, we did a systematiadesearcton availableoverlay multicasttechrologies. We classifythem
basedntheir differentcharactestics andpresenthedifferent ideasof theseprotocds.

1 Intr oduction

Mary Internetappications,suchasvideo-confeence tele-alucaton, require theundelayer network to sup
port multicastcommuncatiors.

ThoughIP-basedMVulticasttechnigue hasbeenpropasedfor morethan 10 years. Many prodemsare still
plagueingthewide deplbymentof multicag[17]: 1) pergroupstae maitaning 2) searity problems;3). Scalabé
addessallocation; 4). reliability, congestion control, flow cortrol probem; 5). slowly deplyment Until now,
asfaraswe canfind, only two ISPs;SprintandUUnethave commercia multicag offer.

Accordng to theendto-erd aguments[2]: Unlessimplemening somefunctionsat lower layer canachieve
large performancebendit that outweights the costof additional complity at lower level, we shoud pushthe
function to higher level aspossible.

Basedon this ideg recently, the reserchfocus of mulitcag hasbeenput on overlay multicast. In overlay
mulitcast techique the multicastgroup membersare connestedby an overlay multicasttree. All the multicag
functions, such asmembersip managenent, datareplication, areimplemerned at the end hosts. This metha
caneasilyaddessmostof the prablemsof IP-basednulticast. Becauset doesnot require ary modificaion to



the currert Internetinfrastrucure, it caneasilybe deployed. Inktomi [28] hasutilizedthis tecmiqueto provide
multicast senice to users.Their goalis to congruct aninfrastrucure that canprovide television-sizedaudience
aswell astelevisionlike qudity. Also, overlay hasthe following merits: adapable, robust,cusbmizabk and
standard.

However, overlay multicad technology is not asefficient asIP-bagd multicast. It will incur somedelay and
bandvidth pendties, lessstahility of multicasttree. Till how, mary overlay multicastrouting algorithms have
beenpropasedto utilize overlaytechriqueto provide scahbleandhigh quality multicastservice to applicatiors.
They differsin forming the multicast tree,maintairing multicag tree,andapplicableapplicatiors.

Thefollowing arethe possble multicastsessio charateridics:

1).Perfomancerequrements:conference high bardwidth low latengy; file trander, high bandwidh.

2).Gracéy degradable conferene, tolerateloss;file no.

3).Sessia lengh: conference shott; file transgr, long.

4).Groupcharacteristic: confaence,smallgroug content delivery, large group

5).Soure transmision: conferencing, Onesource, fixedrate.

However, therehasnot been doneary surey or summarywork abou theseprevious works abaut overlay
multicast. The goal of this projectis to provide a deepsurwy of thes available protocols In this paper, we
first give a rough clasdfication of available overlay multicag techique andthen presem the bast ideas abou
availableoverlay multicastprotowls,

Thepaperis organizedasfollows. In sedion 2, wewill give theclassfication of availablemulticastprotaocols.
Then,sectin 3will presentthedetailedideas of theseprotomls oneby one Finally, wewill drav ourcondusion
atsecton 4.

2 ClassificationOf Overlay Multicast

As shawn in Figure 1, we give the availableoverlay multicasttechiquesandtheir classfication. In section 3, we
will disaussthedetdls of theseprotocolsaccordng to this classification

Currertly, therearetwo brarchesof overlay multicast techiques: fixed nodesbased overlay and dynamic
nodes basedoverlay

In the fixed nodesbasedmulticad, it first strateyically places somenodes around the whole Intemet. Then,
accading to the appications’ requrement,thee nodes autoromouslyform overlay multicast treesto provide
multicast senice. Thereareadvantagesanddisadvantagesin this solution. Becauset usesthe fixed nodes, the
multicast treeis stalle and caneasly provide QoS senice to applicatiorns. However, the multicastsenice is
not flexible, andstill needsiSP support. Besides thos, the fixed nodes caneadly becomethe bottleneck. The
availablepropcsedideasinclude[9 19, 25,18, 11, 5].

In dynamic nodes-bagd overlay multicast,the groupmembersare self-arganizd into an overlay multicag
tree. The dataduplication multicastdataforwardng, andgroup memberananagenentandotherfunctionsare
all achiexedat groupmembersBecauseén large multicast groups, therewill happea frequentjoining or leaving
eventshappas, aswell the unexpectednetwork situaion, How to adap to this unexpectedchangeis oneof the
mainissuewe shoud congder. How to scalalty form anefficient multicag treeis anotherimportantissue.



[ Fixed Nodes Based Overlay

—Dynamic Nodes Based Overlay—

RON

vercast
catterCast
MX
-AMCast
End System Multicast
Mesh-First Based Approach
Banana Tree Protocol
 Unstructured Overla
01D
Tree-First Based Approach—{ Host Multicast
TBCP
Scalable Self-Organizing Overlays
HEM
CAN
[~ Stmectured Overlay Bayenx
Delaunay Triangnlation Overlays
Tapology-Aware node selection
| Topology-Aware Overla

Tapology Aware Grouping

Figurel: Classificatbn of Overlay Multicast



DynamicnodeshasedOverlaymulticag canbeeitherstruduredoverlaytechriqueor ungructuredoverlay. In
struduredoverlay, thenodescanbeinterconrectedtogeherattheapplicationlayer in somewell-defined manner
The protocols, suchasALMI, End-sysemmulticast,Yoid [13, 3, 12, 2, 8]belong to this kind of dynamic nodes
basel overlay multicasttechique.

For unstructured overlay multicag, someprotocolsmainly focus on building topology-aware overlay multi-
casttree,suchas|[10, 19].

Most overly multicast routing protocolsdo have detdled undelying topdogy information,they just usesthe
measuementmethalsto gettherelative distancebetweemodes.

In tree-firg apprach: membergirectly congruct an overlay treetopology for datadelivery, andaddtional
control links are monitored and maintaned to allow quick recovery from memberfailures. Suchas Yoid[8],
ALMI[13] aretreefirst appraach.

In mesh-firg approach: memberdistributedly congruct a mesh. Eachmemberthenpartidpates in a route
protocol on the meshtopdogy, and geneatesa sour@-spedic treeto all other membersbasel on the mesh
topdogy,suwch asNaradaB], andScatterast[q.

In centalized appraach: they usedsomefixed nodesto control the memberstp information of a whole
multicast group, helping the group membergo form anefficient overlay mutlicasttred13].

In Hierarchicalapprach,thememberdorm hierarchicd structurewhich canachieve goodscalaility [31][22].
It cangreatly dereasethe multicag treecontrol traffic aswell aseffectively absorbmostof dynamiccharacteris
tics.

3 MiscellaneousOverlay Multicast Routing Protocols

3.1 Fixed NodesBasedOverlay

This apprach ultili zes somefixed nodesto provide the multicag service to appications. Thesefixed nodes
are straegically placedaround Intemet. Usually, onedoman hasone or more nodes The multicast recevers
(group members) comectto the< fixed nodes to sendor receve multicad traffic. RON[18] was propcsedto
quickly deted andrecover pathoutaged usingoverlaytechrique. Though it doesnot dealwith overlay multicad
diredly, it providesgood diredions for afterward overlay researchwork. Overca#[11] is desgnedto provide
bandvidth sensiive multicast senice aswell asultilize the network bardwidth efficiently. In Scatte€ast[q, the
authorsfocus on how to provide scalalbe multicast service with heteogereousreceiwers. It usesthe appication
knowledgeto meetheteogereousrecaverss requrement.In [25, 1], theauthor mainly focuseson how to setup
efficient multicasttreewith degreelimitation aswell asdelaylimitation.

RON (Resilient Overlay Network)

RONJ18]'s main goal is to allow applicatiors to dete¢ and recover path outages and degraded performance
quickly andintegraterouting and path selecion with application moretightly. Network failurescanbe cateyo-
rized aslink failure andpathfailure. BGPtakes a long time (severd minuteg to corverge to a new valid route
andit is incambleof expressingfine-granedpoliciesaimedat uses or hogs. RONsarewell-suitedto providing



fine-graned policy routing. RON canimprove thereliahility of Intemetpacket delivery by deteding andrecov-
eringfrom outegesandpathfailuresmorequickly thancurrent inter-domainrouting protocols. A RON works by
deplbying nodesin different Internetrouting domairs. Eachnodeof RON monitorthe quality of the undelying
Intemetbetweerthemselesandusethis information to route paclets acardingto applicationspedfied routing
metricseithervia adired Interret pathor via otherRON nodes.

Overcast

SameasRON, Overcas [11]is implemeried by somenodesat stratgic locationsin exiting networks. Its main
goalis wide-aeacontentdistribution. It is desgnedfor bandwiah intensive contentandlong-running contentto
beofferedto vastnumbe of nodes(largegroups). Themainfocusis to build distribution treesthatmaximizeead
nodes bandvidth from the souice and utilize the subdrate network topdogy effectively. The intemal overlay
nodes have permarmntstarageto facilitate the asyrchroroustime requrementof multicastcontent.

Themulticast treebuilding processworks asfollows. Whena nevw membemwantsto join a multicastgroup,
it first contactswith theroot of the availablemulticag tree. Theroot nodebecanesthe currert node.Then,after
cheding the current nodeandasits childrennodes the new memberpicks one that can provide the maximal
throughpu from the root to itself. A nodealsocanpeiliodicdly reevaluateits position in the tree by measuing
the bandwvidth to its currert siblings, parens andgrandgarens. To avoid loop, eachnodealsomaintans the list
of all the childrenunderitsdf in the hierachy (root path.

ScatterCast

For ScatterCat$6], it relies onacollectionof stratagically placed ScatteCastProxies (SCXs)thatcollabordively
providesthe multicast senice for ases#on. It partitions a hetepgen@ussetof sessbn partidpantsinto disjoint
grouwps at differentlocations. Eachgrou is servicedby a stratagically locatel SCX. Whenjoining a multicag

grouw, the client canfirst locate a nearty SCX andtap into the ses#n via the SCX (by unicastor locd area
multicast). The protocol Gossmeris usedby SCXsto locateeachothe in a decetralized mannerand self-

configue themsévesinto anadaptive andefficient overlay meshof unicastinterconrectiors. SCXsrun avariart

of a distance-\ector routing protacol on top of this meshstrudure and effectively build reverse-shatest-path
distribution tree  Using SCXSs, Scatterast can use application semantis to adapively modify the content in

orde to suit the need of the clients. This makesit very suit for the multicast sesgons with hetengen@us
requrement. In orderto dealwith parition, it usesselection algarithm to sele¢ a heartkeatgener#or. It send
hearbeatmessage along the meshperiadically. If a node cannot get heatbeatmessag for a long time, it

will re-cantactwith the heatbeatandrecomectthe meshagain To improve the multicasttreeefficiengy, SCXs
periadically probe with eachotherto evaluatethe usetilnes of adding new edgesor deletingedges.

RMX

In RMX][5], the auttors descibe a framework for providing reliade multi-point communicaéion basedScat-
terCastarchtectuie. Its focus is reakttime reliable multicast. Its main goal is to recorcile the heteogen®us
capailities andnetwork connestionsof various clients with the need for reliakility. RMX introducesthe notion



of semattic reliability. Eachreceiwer definesits own level of reliahility and decides how andto what degree
individual dataobjects might be trandormedandcompresed. RMX builds on top of Scattecastby integrating
appication-spedfic intelligene andsemantis into forwardng service.

RMX assunesthat there is a protacol that can help the co-locatedrecaverswith similar network charae
terigtics canself-arganiz into datagroups andstrategically placing RMXs to build overlay network acrossdata
groups. Thenotion of semantt reliability and ALF enalte application-specfic adapgationandtransbrmationof
thedatathatarrivesinto anRMX befareit is forwarded into other links.

AMcast

In [25], the author proposedAMcast, which usesa set of distributed Multicast Serviee Nodes(MSN) is usedl
to provide multicast serviesin overlay multicast networks. The pape [1] focuses on optimizing the acces
bandvidth of the MSN'’s interfacesand end{o-enddelay by usingthe apprgriate routing algorithmsin order
to maximizethe overlay sessims that canbe sened. Sereral algarithms are proposedto optimize the overlay
mutlicast senice:

1). CompactTreeAlgorithm s a heuristic algarithm to find a minimum diameter degree-limited spaniing
tree. The greedyalgarithm builds a spanning treeincremetally. Suppog d(v) is the lengthof the longest path
for v to other nodes in the partial tree. For eachv notin the treesofar, we addan edgee(u,v) u is chosnto
minimized(v) = c (e) + d(u). At eachstep they select v with thesmalles value of d(v) andaddit andupdatethe
residual degreeof e(u,v)to thetree.

2). BalancedCompactTreeis to find a treewith boundeddiameter degree-balancedspanning tree. Its god
is to maximizethe minimumvalueof residual degree. At eachstep,it findsthe M verticesthathave the smalles
values of d(v). Fromthis set,it selecs the vertex v with e(v) = (u,v), which maximizethe smalle of residual
degree of u andv.

3). Balancel DegreeAllocation is to achieve the beg-possble residual degreebalance. k is the multicag
sessbn fan-out. d_ais a degreeallocationfunction which meetsthe foll owing properties (1).theoverdl d_a(V)
is 2(k-1); (2). thereis atleasttwo vertices: d_af) =d_a) =1. In apartial degreeallocaion, theoveralld_a(V) is
lessthan2(k-1). It compuesa degreeallocationfunction thatmaximizethe smalles residual degree asfoll ows:
for eachv, d_af) = 1. while all the value of d_a(V) is lessthan2(k-1), it selecs a vertex that maximizethe
the minimum value of resdual degreeandincremen d_af). Whenselecting an edgee(u,\), thereare severd
algarithms: (1). ClosestPair (CP)algarithm, selectngtheclosestu andv. ; (2). CompacitComponeat Algorithm:
seleting the pair thatresutsin the smallest diamete comporentin the colledion of compaents

To satidy the the bourd diamder requrement,they use“loose degree allocation” (small increase of the
dagree) andallow the tree-building processto constuct a suitable tree satisfying the degreelimits imposedby
the loose allocation. Thiswill resultin aniterative overlay multicast routing algorithms. The simuldion shavs
thatICT algorithm,whencombiredwith looseningprocedureis moreeffective at producing smalldiamete trees
thanICP andICC. However, ICT’s greder effectivenesscomeswith a costof added compleity, asit iterates
through eachpossble startirg vertex in orderto find the besttree.



3.2 Dynamic NodesBasedMulticast

Accordng to whetherthe nodesof amulticag grouparenumbere in awell-definal mannerat applicationlayer,
we will have unstuctured overlay and strucured overlay. Unstrudured overlay multicastis the early reserch
focus of overlay multicast. End SystemMulticast [3]and Yoid [8] arethefirst two overlay multicasttechrique.
The strucured multicast, suchas CAN [19] and Bayew[9], are based on application content searding and
retrievingwhich is widely ultilized peerto-pee file sharirg. The maindravbad of overlay mutlicastis thatit

is not asefficiency asIP-bagd Multicastbecaisemutlicag multiple brarchesmay passthe samephysial link.

Recenty, severd works have beendoneto improve the efficient of overlay multicasttree[23, 24]. Theirideais
try to make the overlay multicasttreecongruen with the IP-multicast tree.

3.2.1 Unstructured Overlay

In dynamic nodes basedoverlay multicag, thefrequentjoining andleaving events thehostdeath andthechang
of network situaion all will make theoverlay multicasttreein anextremedynamicsituation. So,how to constuct
andmaintan the overlay multicast treeis one of the mostimportant issuewe needto cosicer whenwe costuct
an overlay multicad tree. Accordng to above, the undructured overlay canbe cateyorized into the following
appioache: meshfirst apprach,treefirst appioach,hieradical appoachandcentalizedapprach.

In mesh-firstapprach, all the group memberdirst form a mesh. Eachgroup membershauld keepall the
other group memberg(or partid) andthey alsoneal somemethodto avoid and detectmeshpartition. Then,
basel on the meshthey formed,they usesomeavailable IP multicastrouting method to setup anmulticast tree
which conrectsthe groupmembers

In constast,for tree-firstappoach,the memberdirectly setup anoveraly multicast treewhich connest all
thesemembers.Then,basedon somemechansms,they make the overlay mutlciastmorerobug to the dynamic
network erviromert. However, thetree-firg appioachleadsto complex mechamsms(suchasloop detection and
avoidane).

Someotherprooocols,suchas|[13, 12], they useacentalized pointto control the overlay multicasttree. The
centralizedpoint control the memberhip andhelp the groupmemberdo setup anefficient multicast tree.

Most of the above protocols only support small size multicag group  When the size of multicast group
increase,the control traffic managmentand multicast tree setyp have scalalbe problems. To avoid this, in
[31, 15], the authors propse to use heiardiical solutionsto provide multicast service to large group size. In
addtion, thehierachica structurealsocanabsrb thedynamicdetals of group memberswhich make theoverlay
multicast moreapplicable.

Mesh-First BasedApproach

End SystemMulticast

End-systemmulticag is oneof theearlyproposedoverlaymulticast protacols[J. It is aimedatcondructingsmall
andspasegroup Naradais the distributed protocol, by which the multicag grouyp membersself-arganize into
anoverlay strucureandselfimprove using adistributedprotocolin adynamic, unpredictable andhetengen®us



Intemetervironment. It optimizes the efficiency of the overlay routing treebasdon end-b-endmeasuement.

The overlay spaining tree condruction need two steps setting up meshandcongructing shatestpathtree
basa@ onthe mesh.Whena memberjoins a multicastgroup, it getsa partid list of group memberdrom some
well-know nodes. To overcame the dynamicnetwork and group situation, eachmemberneals to refresh the
membersip to othea membersalong the mesh. To avoid meshpartition, eachmemberkeers a list of deal
membersperiodcally deletea memberfrom the queue with someprobability, either ignore it, or adda new
link to it. To improve the meshquality, each membemeedsto probe othe membergeriadically. If addng one
link cangaingred utility, then addthelink. Thedropgang shoud have the following two desimable properties
stablity andpartition avoidance. To avoid count-to-infinity probdemsduring datadelivery process,eachmember
maintansthe paththatleads to ead destiration

BananaTreeProtocol

BananaTreeProtoml [21] is proposedto improve the performanceof Narada. The main algarithm it usedis
Switching Treesalgarithms, which is usedfor building andimproving the overlay mutlicad trees while obeying
ary givendeggreelimits. The nodes switchits parentsto redu treecostor lateng. It canswitchto its nearly
sibling or grardparent. Whena nodewantsto switchto a potertial paren, it shauld make surethatswitchoccuis
whenl). the potertial paren is not simultaneoudy attemptingto switchto anohernode 2). the potertial paren
is still the node’s sibling or grardparen. Experimeits shaov thatthe protocols canimprove the perfarmanceof
Narada:the costof overlay multicasttreeis lessthantwice of theaccoding IP multicasttree

Tree-FirstBasedApproach
Yoid

Yoid [8] is agenenl overlay network basedcontent distributiontoolkit, which addessirg applcationsasdiverse
asnetrews, streamingbroadcass, andbulk emaildistribution. Its aimis alsoto conrectthe smallmulticastavail-
ableislands andsenersproviding arudimertary architecturefor global multicast. It includesa full framewvork
for overlay multicastimplementation. It includesYTMP (Yoid Tree ManagenentProtoml, treeimeshcredion
and managemet), YDP (yoid distribution protocol, it contmols the reliable transmissionover the tree/meh),
YIDP(Yoid Identification Protoco| paclet, serder andreceaver identfication ) andyTCR yRTP, yMTCP, and
YMRTP (Yoid Transpot Layers).Its maingoalis to addressall the aspectsof multi-peer trarsmissiors: comec-
tivity, flow-control, reliahility, etc.

Thecoreof Yoid is atopology managmentprotocol: TYMP, which allowsa group of hods to dynamially
auto-configure into two topdogies: meshandtree. The tree andthe meshare creat@ sepaately Thetreeis
optimized for efficiency while the meshis for robutness The meshalsohasotherfunctions discovery of tree
partitions, distribution of content (whentreeis partiioned, detection andnotificaion of membemunreachalility,
verificaion of content reception. Eachmembercanhave several meshneighbors,which canavoid partition.

Yoid alsousesarendezvoushostto bootgrapgroupmembersnto multicag tree. It informsthe nev member
abou severalcurrentmembersaswell .



YTMP is the protocol to build andmaintainthe sharel treeandthe mesh.YTMP usestree-firstappioach.It
alsousesroot-pathto deted loop andavoidance.

Partition Discovery: If a memberfindsthatit becanesaroot, it peliodicdly broadcass an“l amthe root’
messag over the meshandinformsthe rendevous thatit is theroot. Then,thesenodes will join eadt other's
partitions.

Host Multicast

HostMulticast mainly dealswith the deploymentof multicag [2]. It usesHostMulticast TreeProtocd (HMTP)

conrectingmulticast islandsandprovide multicag senice to thoseplaceswheremulticag is not available. For

eachisland one memberhostis seled¢ed asthe DesigratedMember(DM). Different islands are comectedby

UDP tunnds betweenDMs. All the DMs run HMTP to self-organizeinto a bi-direction sharel tree. A specia

nodeis assgnedthe root of the tree. Eachgroup hasa Host Multicast Rendexous Point (HMRP). The new

membercangettheroot addessby quening HMRP. Then,stating from theroot, It getsthe childrenlist of the

root. Then,it picks the closestoneaspotertial parent. Then,it repeatsthis stepuntil the potential parer accepts
it. The potential parent decdeswhethe to accep a join request basedon its policy, bandvidth, traffic load,
etc. If the potertial parern rejecs it, it goes backup onelevel andresunesthe seard for parens. This process
stops whenit readesa leaf node, or a node thatis close thanall its neighbors. Thememberalso canadaft to

the chargesin the network cordition to switchthe parerts, detectandbreakrouting loops(usirg roat path) and
recover from network partition.

TBCP

TBCPJ[20]is ageneic treebuilding protocol whichis designedto build overlay spanningtreewhile redwcing the
convergencetime given the resticted membershp/topology information available. It is a treefirst, distributed
overlay spaniing treebuilding protacol whosestratayy is to placemembersn anearoptimal postion atjoining
time. Eitherthe new nodeor the canddatés children nodescanberedirectedto its child node In this protocol,
it assunesthat eachnode hasa fixed numbe of childrenit wantsto sene: fan-aut of the entity. Whenjoining
amulticastgroup the new memberepededly contactsthe canddate parentnodesfrom theroot. The canddate
parert nodethenrepliesthe new memberof its children nodes list. Basedon somecostfunction, the new node
evaluaesthe parern nodeaswell asthechildrennodes to select anjoining point. To improve theefficiency of the
tree,it usesthe conaptof domain eath doman hasits own root node. Whena new membemwantsto join one
grouwp, thejoin requesis first redirectedto its domainroot.

Hierar chical Approach

NICE

NICE[31] wasdesgnedto scaleoverlay multicad to large groups. It is basedupona hierarchial clustering of
the applicationlayer multicastpeersand canbe usead to produce a numberof different datadelivery treeswith
spedfic properties. NICE construcs a hieraichicaly-connectel control topdogy which conrectsall the group
membersThedatadelivery pathalsowill follow this strudureandno addtional compuations areneead. most
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membersarein the bottom of the hieracchy andmaintainonly stae of a constantnumberof otha membersThe
membersatthevery top of the hierarchymaintan stateof O(logN) other members.

Thelowestlevel of the hieraichy s layer0. In eachlayer, the hostsarepartitionedinto a setof clusers.Each
cluster hasaleade, which hastheminimumdistanceto all othe hostin this cluster Theclusterleades of all the
clustersin layerLi join layerLi+1. Thehosthierarchycanbe usedto definedifferentoverlay structuresfor the
control anddatadelivery paths Becawsethe sizeof cluste is fixed (betweerk and2*k ). Usingthis method the
protocol caneffectively redwce the numberof refredy messagsandnumbe of host every hostneedto keep.

It alsoassunesthatthereis a Rendevous Point (RP)thatis the leade of the highestlayer of the hierarchy
Whena new memberjoins, it first contactsthe RR. The RPwill reply it with the membersn the highest layer.
Then,the nev membemwill selectthe closest member Then,the closestmembermwill inform the new member
with thelist of numbersn thel level lower. Usingthis method thenew membercaniteratively useshis procedire
to find its LO cluster. The cluger maintenaceis doneby eachmembermeriodcally sendng HeartBeaimessag
to peermemberswithin the samecluster. The cluster leadets HeartBeaimessagelsoincludesthe membersof
higher level cluger. If amembemwantsto leave, it send Remore messagéo all clustes to whichit is joined. If
thecluste leade leaveswithout notification, theremairing memberswithin the cluserwill indepencently seled
a new leader The simulation resuls showthat NICE cansuppat wide-aeasize multicag group with lower
overhead.

ScalableSelf-Organizing Overlays

The target of [22] is to form an overlay with tensof thousand of nodes. The key contribution is to apply the
hierachy to overlay managenentto achieve scalaility without degrading the qudity of the resuting overlay.
Unlike NICE, It is based on two-level overlay. The topdogy is partiionedinto clugters. Eachcluger hasa
unique represenative nodecalled headnode. It is basedon two techmiques: clusteringand meshmanagemet.
Clusteing deds with building the hieraichy dynamically by forming the clusters. Meshmanagenentdetemines
how the nodesat the samelevel arecomectedto eachother; how the clusersare conrectedto eachother, how
thenodesareconrectedto eachother. For meshmanag@ment,t extendsthe Naradato managemesh.Simulatian
resut showsthatit canredwe the bandwidh requrementfor control traffic and hierarcchicd overlaysabsabs
chargesbetterthanflat overlays.

Centralized Approach
ALMI

ALMI is tamgeted to the multicast appications with smallgroups[13. An ALMI sessio congsts of a seson
controller and multiple sesgon members. The sessim controller handes memberregistration and maintains
the multicag tree Whena new memberjoins or leave one multicastgroup, it needsto contact the controller.
Then, the controller retums a list of peeing points from which the membershoud accep conrectionrequests
andthe parent to which the new membershoud initiate a comection. It ensuesthe efficiency of the multicag
treeby periodicaly calcuating a minimum spanning tree basedon the measuementupdatsreceived from the
all the membersand inform the newv parentand children’s ID. To colled measuements,the cortroller neec
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eachmemberto monitor a setof othea membersandrepat. Usingthis centalized contrd apprach,it greatly
simplifiesthe routing problem compaedto the distributedappraches.

HBM (Host-Based Multicast)

In Host-Bagd Mutlicast[13, it distinguishes Core membergCM) and non-core membersonCM). The CMs
form a distribution tree It assumegha RendezvoudPoint (RP) knows CMs and nonCMs and the distance
betweerthem.andit cancomputethe overlay multicast topdogy andinformsthe members

In the pager[12], it usesthreemethodso keeprobust: 1). addRedundntVirtual Links (RVL). if amember
getsmessag bothfrom treeandRVLs, it informsthe RVL to stop Otherwise RVL bewmmesits parentnoce. 2).
FastFailure Discovery andRecwvery. 3).Adaption: to have stabe trarsit nodes while ungableonesaremovedto
theleavesof thetopology. They proposedseveraltopologiesto conrectall the membershus,tree,ring, star, etc.

3.2.2 Structured Overlay

Becaug the availableoverlay multicastshave thefoll owing shotcomings: 1). Thegroupmembersieedperiodi-
cally annaunceits estimaed distancefrom othe nodesandevery node maintdns the statefor eachothe node in
thetopdogy; 3). whentopology charges,every nodeneedso leam the informationquickly. Strucued Overlay
techrique caneffectively dealwith those problems.

Bayeux:

Bayeuxis an architecture for Scalabé and Fault-tolerant Wide-area Data Dissemindion[9]. Its goal is for
streaming multimeda applcationswith arbitrarily large receiver groups. Bayeuxis anefficient, souice-speific,
explicit-join, and applcation-laye multicastsystan that provides scahbility to large numberof receiers with
failure tolerancein routas and network links using a prefix-basedrouting schene inherited from an existing
applcation-level routing protocol called Tapestry Bayew also provides spedfic mechafsmsto provide load
balarcing acrassreplicatedroot nodesaswell asmoreefficient bardwidth conrsumptian by clustering recevers
by identffier.

It usesthe natural hierarchyof Tapesty routing to forward packetswhile conservingbandwidh. In Tapesty,
eachnode has namesindependet of their locaion and sematic propeties, in the form of fixed-lengh bit-
segence.Eachnodehasneighbor map,which incrementallyroute overlay messaggto the degination ID digit
by digit. The neighbor mapshave multiple levels, whereeachlevel repregntsa matching suffix up to a digit
postion in the ID. Whenrouting, the nth hop shaesa suffix of atleag length n with the dedination ID. To find
the next router, we look at theits (n+1)th level map,andlook up the entry matchirg the value of the next digit
in thedestiration D, whichwill givesusthe next hopaddess.This guamanteeghatit will take at mostLog_bN
logical hops to arrive at the destiration (sygem hasN nodes, using bas b). In addtion to this, Tapestryalso
providesasetof fault-tolerancemechaimsmswhich allows routesto quickly routearourd link andnodefailures.
Tapestryfacilities the multicastby forwardng pacletsaccoding to suffixesof listener IDs. The nodelD bas
definesthefan-out usal in the multiplexing of datapaclets to different paths on ead route.
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To maitaih themutlicad tree, It utilizesdedicatedsenersin the network infrastrud¢ureto helpcorstructmore
efficient datadistribution trees.

Content-AddressableMulticast

It is designedto suppat large group sizewithout restricting the senice modelto a single souce. It is basedon
Conten AddressibleNetworks(CAN)[19].

In CAN, the nodesform avirtual d-dimensioral CartisianCoordnatespace. Every nodeowns a portion of
thetotd space. Basedon this algorithm, we caneliminate the needfor a multicast routing algolithm to constuct
distribution trees Thevirtual coordnatespae is usedto store(key, value)pairs asfollows: to store a pair (K1,
V1), key k1l is deteministically mappednto apoint (x,y) using s uniform hashfunction. Then,thepair (K1, V1)
is storal at (x,y). The nodesself-arganizeinto anoverlay network thatrepresens this virtual coordinate space.
Two nodes areneigtborsif their coordinatespanoverlap alongd-1 dimensonsandakut along one dimersion.
using its neighbor coordnateset,a noderoutesa messagdowardits destnationby simplegreed forwarding to
the neighbor with coardinatesclosest to the destiration coordinate The CAN congruction processis asfoll ows:
1) first the new nodemustfind anodealrealy in the CAN; 2). Next, usingthe CAN routing mechansms,it must
find anodeswhosezonewill besplit; 3). Finally, the neighborsof the split zonemustbe notified sothatrouting
canincludethenewx node

CAN-basedMulticasthastwo steps 1). The memberf the group first form a groupspecific “mini” CAN.
2). Multi castirg is achieved by flooding over the mini CAN. Firstly, Using awell-know hashfunction, the group
addiessG is deteministically mappel onto a point, say(x,y). andthe nodeoneC (the whole CAN) thatowns
the point (x,y) senesasthebootdrap nodeasthe constuction of G_g. Thisis dore by repeding theusud CAN
congruction processwith (x,y) asthebootgrapnode Every nodeonly maintansthe numberof groupsit belongs
towhichis independet of thenumberof traffic sour@sin themulticad group Becaiseall thememberof group
G belongto theasso@tedCAN C_g,themulticaging to G is achieved by flooding onthe CAN C_g.

Summary of Structur ed Overlay:

Both Tapesty andCanrely onanembedéhg of thenodesdn avirtual addessspace. Theneighborsof thenodein
the spae areselectedsuchthatthe overall network is structuredin the well-defined manner However, Tapesty
bas@ multicag only suppats singe soure basedmulticast. It usesanexplicit protocol to setup andteardown
adistribution treefor the soure nodeto the curren setof receiver nodes

Delauray Triangulation Overlayg30] is anaherkind of struduredoverlay. Its mainideais to assgn eat
nodewith alogical coodnatein a plane Then,basel onthis logica addressspae, it forms a overlay multicag
treewhich connest all the members It shaesthe samemeritsasBayew and CAN: neal no routing algorithm
andscaldle to large groupsize.
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3.2.3 Topology-Avare Overlay
Topology-Aware node selecton[23]

For overlay applicatiors, the perfomancewill be improved if the application-level conrectivity betweenthe
nodes in this networks is congruentwith the undelying IP-level topology. In this paper, the authors propcsed
BINNING schemewherely nodss partition themseVesinto differentbins so thatthe nodeswithin the samebin

h arerelaively closeto eachothe. Thestraegy is simple(requiring lesssupyort), scalalke (no global knowledge
neeakd) and completdy distributed. This soluion requires a set of well-known Landmarkmachine spreal

acros the Internet. Eachnode measurs the distarce (round-trip time) to this setof well- known landmarks
andindependatly seleds a partiaular bin basel on thesemeasuements.Therange of possible latency valuesis

dividedinto anumter of levels. Then,it augmens thelandmak ordeling of anodewith alevel vector: onelevel

numbercorrespomling to eachlandmarkin the ordering. The nodeswho have the samevalue of level vectorare
growpedinto onebin. The paper apples this methodinto structuresoverlays suchas CAN, pasty, aswell as
unstucturedoverlays, suchasend-ystemmulticag, andsener seledion.

Topology Aware Grouping (TAG) [24]

It is for groupwith large numberof memberslts goalis to exploit the underlying network topdogy information

to build efficient overlay networks amongmulticast group members.This relesesthe memberfrom exchang-

ing end-b-endmeasuements. Eachnen memberof a multicast sessbn deteminesthe path from the root of

the sesionto itsdf, andusespath overlapinformationto partidly traversethe overlay datadelivery tree and
detemineits parert andchildren. It seleds asa parert the destnation whoseshorestpathfrom the souce has
maximal overlap with its own path,to reduceincreasein numbe of hops over a unicastpath while satisfying

loose bandvidth congraints. EachTAG nodemaintairs the Family Table (FT), which includesthe parer node

andthechildrennodesaswell asthe path from rootto them (spath). Whena nev membemantsto join agrouwp,

it sends ajoin requestto theroaot. Then,theroot bagins from itself to seach for a node which have the maximal
prefix of spah asthe new member

4 Summary and Conclusion

In this paper, we do a surwey of available overlay multicast techrique. Thoughoverlay multicag protocols have
mary merits,we think that IP-basé& multicag is a goaod chocefor apgicationsthat canrot toleratedelay some
loss,andrequire high throughpu with upper-boud: audo-videocornferendng andIintemetgameswhile overlay
multicast appioachis greatfor thoseapplications thatcantoleratedelay andcannot tolerateloss,suchasemail
andfile trander.

Asdisassedn previoussectians,theavailable techrique canbecatayorizedinto two parts:fixednodeshasel
overlay or dynamic nodesbasel overlay. They have their own prosandcons Fixed nodesbasal multicast can
provide stabk multicad serviae to appications. However, it needgpreset multicast senice nodesto achieve this.
Besideshis, these prest nodes caneasly becane the bottlenecks So,the reseach focus of fixed nodes basel
overlayis to evenly distre the multicasttraffic amongthes fixed nodes.
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For dynamic nodes basedmulticast, all the dynamic membersself-organize into an overlay mutlicasttree
which comectsall the group membersBecausef the dynamic network situationandthe dynamic groupmem-
bershp situaion, the multicag senice basa on this techriqueis not stalle. How to form an efficient multicag
tree and maintainthe multicag tree are the resaarchfocus The tree maitainance costis usually very high to
overcanethe group memberstp manag@mentandavoid partition.

Most of the available work focuseson how to form a multicast treeaswell ashow to maintain the multicag
tree. For small size multicastgroup mostof the available solutions give us goodresut. It canovercane most
of theinherentproblemsof IP-basedVulticast. However, for large sizegroup how to provide scalalte multicag
service using Overlaytechmique is aresarchissue which needausto moreworks. Besides this, few of thework
dealswith QoSisswe in multicasttreeforming process.This is alsoanothe topic which canneedmoreresearch.

In condusion, overlay multicastis still new resarchdiredion of multicast. How to effectively utilize the
overlay tecmique is a future reseach topic, suchasthe issue aboutsecuity, QoS, multicag tree stakbility
issue appication layer routing, etc. With the moreandmoreuserscanfeel the advantageof multicast,the days
of fully deploymentandutili zationof multicastin Internetcommuniy will comesoon.
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