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ApplicationsApplications
◆◆ Multimedia:Multimedia:

●● Telephony and VideoconferenceTelephony and Videoconference
●● GroupwareGroupware (CSCW)(CSCW)
●● Radio/TVRadio/TV broadcast and  VoDbroadcast and  VoD
●● GamesGames
●● GroupGroup VRVR

◆◆ Data base Data base replicationreplication
☞☞ simultaneoussimultaneous updateupdate

◆◆ Parallel computingParallel computing
☞☞ e.g. e.g. ConveyConvey intermediate intermediate resultsresults, GRID, GRID

◆◆ RealReal--time time newsnews
●● stock marketstock market
●● conferenceconference announcementsannouncements
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Applications Applications IIII

◆◆ NetworkNetwork control control infoinfo exchangeexchange
●● routing protocolsrouting protocols e.g. OSPFe.g. OSPF

◆◆ ResourceResource seeksseeks
●● autoconfigurationautoconfiguration: DHCP : DHCP agentsagents
●● ServicesServices: NTP, GK, DNS, ...: NTP, GK, DNS, ...

◆◆ ICMPv6ICMPv6
●● NeighbourNeighbour discoverydiscovery
●● RouterRouter AdvertisementsAdvertisements//SolicitationsSolicitations
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IP IP multicast service modelmulticast service model



10© 2002 Departamento de Ingeniería Telemática - Universidad Carlos III de Madriddll

Standard IPStandard IP multicastmulticast service modelservice model

• deliver packets to a set of hosts in the internet
that had previously joined a given group

• connection-less, unordered unreliable delivery
• difference unicast - multicast packet:

• destination_address = group address
• individuals free to join/leave group at any time

no restriction in # of members or groups.
• Sending to the group does not mean membership

Multicast addressesMulticast addresses
Group managementGroup management: MLD: MLD
Multicast RoutingMulticast Routing
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Multicast addressingMulticast addressing
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IPv4 IPv4 addresses vsaddresses vs IPv6 IPv6 addressesaddresses
◆ IPv6

● Unicast
☞ n per interface
☞ based on IEEE EUI-64

● Multicast

● Anycast
☞ an ID for a set of

interfaces. Deliver to the 
nearest one.

☞ undistinguishible from unicast

● Especial
☞ ::, ::1

◆ IPv4
● Unicast

☞ an ID for an interface
☞ explict assignment

● Broadcast
☞ limited: 255.255.255.255
☞ directed:  <net>11..1

● Multicast
☞ an ID For a set of

interfaces. 
☞ Deliver to all of them
☞ Clase D:

224.0.0.0 -
239.255.255.255

● Especial
☞ 0.0.0.0, 127.0.0.1
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IPv6IPv6 Multicast AddressesMulticast Addresses

FLAGSFLAGS
◆◆ 000T: T=1  000T: T=1  TransientTransient,  T=0  ,  T=0  WellWell--knownknown

SCOPESCOPE
◆◆ 0  0  reservedreserved
◆◆ 1  1  nodenode--locallocal scopescope
◆◆ 2  link2  link--locallocal scopescope
◆◆ 55 sitesite--locallocal scopescope
◆◆ 88 organizationorganization--local local scopescope
◆◆ E  global E  global scopescope
◆◆ F F reservedreserved --> > rest unassignedrest unassigned

11111111 FLAGS (4) Group ID (80+32 bits)SCOPE (4)

Format Prefix (FP)
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Reserved multicast addressesReserved multicast addresses
NodeNode--LocalLocal ScopeScope
◆◆ FF01:0:0:0:0:0:0:1     FF01:0:0:0:0:0:0:1     All Nodes AddressAll Nodes Address
◆◆ FF01:0:0:0:0:0:0:2FF01:0:0:0:0:0:0:2 All Routers AddressAll Routers Address

LinkLink--LocalLocal ScopeScope
◆◆ FF02:0:0:0:0:0:0:1     FF02:0:0:0:0:0:0:1     All Nodes AddressAll Nodes Address
◆◆ FF02:0:0:0:0:0:0:2FF02:0:0:0:0:0:0:2 All Routers AddressAll Routers Address
◆◆ FF02:0:0:0:0:0:0:4     DVMRP FF02:0:0:0:0:0:0:4     DVMRP RoutersRouters
◆◆ FF02:0:0:0:0:0:0:5     OSPFIGPFF02:0:0:0:0:0:0:5     OSPFIGP
◆◆ FF02:0:0:0:0:0:0:6     OSPFIGP  DRFF02:0:0:0:0:0:0:6     OSPFIGP  DR
◆◆ FF02:0:0:0:0:0:0:9     RIP FF02:0:0:0:0:0:0:9     RIP RoutersRouters
◆◆ FF02:0:0:0:0:0:0:BFF02:0:0:0:0:0:0:B MobileMobile--AgentsAgents
◆◆ FF02:0:0:0:0:0:0:DFF02:0:0:0:0:0:0:D AllAll PIM PIM RoutersRouters
◆◆ FF02:0:0:0:0:0:1:2FF02:0:0:0:0:0:1:2 AllAll--dhcpdhcp--agentsagents
◆◆ FF02:0:0:0:0:1:FFXX:XXXX  FF02:0:0:0:0:1:FFXX:XXXX  SolicitedSolicited--Node Node 

AddressAddress

SiteSite--LocalLocal ScopeScope
◆◆ FF05:0:0:0:0:0:0:2FF05:0:0:0:0:0:0:2 All Routers AddressAll Routers Address
◆◆ FF05:0:0:0:0:0:1:3       FF05:0:0:0:0:0:1:3       AllAll--dhcpdhcp--serversservers
◆◆ FF05:0:0:0:0:0:1:4       FF05:0:0:0:0:0:1:4       AllAll--dhcpdhcp--relaysrelays

VariableVariable Scope Multicast AddressesScope Multicast Addresses
◆◆ FF0X:0:0:0:0:0:0:101FF0X:0:0:0:0:0:0:101 NTPNTP
◆◆ FF0X:0:0:0:0:0:0:129FF0X:0:0:0:0:0:0:129 gatekeepergatekeeper
◆◆ FF0X:0:0:0:0:0:2:0000 FF0X:0:0:0:0:0:2:0000 --

FF0X:0:0:0:0:0:2:7FFDFF0X:0:0:0:0:0:2:7FFD
Multimedia Multimedia Conference CallsConference Calls

◆◆ FF0X:0:0:0:0:0:2:7FFE  SAPv1FF0X:0:0:0:0:0:2:7FFE  SAPv1 AnnouncementsAnnouncements
◆◆ FF0X:0:0:0:0:0:2:8000 FF0X:0:0:0:0:0:2:8000 --

FF0X:0:0:0:0:0:2:FFFFFF0X:0:0:0:0:0:2:FFFF
SAP SAP Dynamic AssignmentsDynamic Assignments
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ImportantImportant multicastmulticast addressesaddresses
◆◆ ff01::1 , ff02::1ff01::1 , ff02::1 AllAll--nodesnodes
◆◆ ff01::2, ff02::2, ff05::2ff01::2, ff02::2, ff05::2 All routersAll routers
◆◆ Solicited NodeSolicited Node address ofaddress of a a unicastunicast addressaddress: : SNSN( )( )

●● TheThe SNSN ofof anan IP IP addressaddress endingending withwith ..... ..... 
....XY:ZTUV....XY:ZTUV

isis::
FF02:0:0:0:0:1:FFFF02:0:0:0:0:1:FFXY:ZTUVXY:ZTUV

EVERY IPV6 NODE MUST:
• JOIN the SN associated to each unicast 

and anycast address of the node
• JOIN all-nodes
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ICMPv6 ICMPv6 Neighbour Discovery Neighbour Discovery (rfc2461)(rfc2461)
◆◆ ARP ARP function generalizedfunction generalized and included and included in ICMPv6in ICMPv6

☞☞ objetive: objetive: neighbourneighbour cache  <IP2 ,  IP2cache  <IP2 ,  IP2--linklink__addressaddress> > 
☞☞ IPv6 IPv6 mustmust knowknow thethe lengthlength of linkof link--level addresseslevel addresses
☞☞ based on multicastbased on multicast

●● 135135 Neighbour SolicitationNeighbour Solicitation LL(IP1)LL(IP1)--> SN(IP2)> SN(IP2)
☞☞ parametersparameters: <IP2, [IP1_: <IP2, [IP1_linklink__addressaddress]> ]> 
☞☞ duplicate duplicate detectiondetection
☞☞ bidirectionalbidirectional reachabilityreachability, , react to changesreact to changes

●● 136136 Neighbour Advertisement                Neighbour Advertisement                LL(IP1) <LL(IP1) <--IP2IP2
☞☞ parametersparameters: <IP2, IP2: <IP2, IP2--link_link_addressaddress>  >  
☞☞ unsolicitedunsolicited: : fastfast updatesupdates -->> allall--nodesnodes

◆◆ Efecto lateral:  emulación de Efecto lateral:  emulación de multicast multicast en medios NBMAen medios NBMA
☞☞ rfc2491 IPv6rfc2491 IPv6 overover NonNon--Broadcast MultipleBroadcast Multiple Access (NBMA)Access (NBMA)
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IPv6 IPv6 MulticastMulticast over Ethernetover Ethernet

◆◆ IPv6 IPv6 datagram encapsulated datagram encapsulated in in an Ethernet framean Ethernet frame
◆◆ MappingMapping IPv6 IPv6 multicastmulticast addressesaddresses toto Ethernet multicastEthernet multicast addressesaddresses::

◆◆ associationassociation notnot uniqueunique! IP ! IP mustmust discriminate discriminate according to the whole according to the whole 
addressaddress whetherwhether itit isis anan actual actual receiverreceiver ofof the multicast framethe multicast frame

ff xy zt uv ws

33 33

Dirección IPv6 multicast

xy zt uv ws

Dirección ethernet
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HostHost--router interactionrouter interaction: MLD: MLD
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IPv6 IPv6 GroupGroup ManagementManagement
◆◆ MLD : MLD : Multicast Listener Discovery Multicast Listener Discovery (RFC2710)(RFC2710)

☞☞ MLD MLD enables each enables each IPv6 IPv6 routerrouter to to learn which multicast addresses learn which multicast addresses 
have listeners on each of its directly attached linkshave listeners on each of its directly attached links

☞☞ KeepsKeeps a a listlist:  < :  < interfaceinterface, , multicastmulticast__addressaddress, , timeouttimeout >>

◆◆ Compulsory FuncionalityCompulsory Funcionality included included in ICMPv6 in ICMPv6 
☞☞ there is there is no IGMPno IGMP--v6 v6 
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IPv4    IPv4    vsvs IPv6 Control planesIPv6 Control planes

IPv4

ICMP IGMPv2

ARP

ethernet

IPv6

ethernet

ICMPv6

ND MLD

MulticastBroadcast Multicast
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MLDMLD MessagesMessages

◆◆ ICMPv6 MLD ICMPv6 MLD messagesmessages
●● 130 130 Group Membership QueryGroup Membership Query

☞☞ General General QueryQuery
☞☞ MulticastMulticast--AddressAddress--Specific QuerySpecific Query

●● 131     “             “          131     “             “          ReportReport
●● 132    “             “           Done132    “             “           Done
●● Max Max response response delay delay ((msms))

☞☞ (in (in queryquery) ) interval for Reportsinterval for Reports

Type Code
Max Response Delay

Checksum
Reserved

Multicast address

0    7            15               31
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Reserved = 0Max Resp Delay=1000

ExampleExample: : ICMPv6 ICMPv6 MLD General MLD General QueryQuery

Checksum=0Type=130 Code=0

Multicast address = 0

0 32 63

V=6 Flow Label = 0TClass=0 PayloadLength NH=0 HopL=1

Source = fe80::260:97ff:feba:bf81 

Destination = ff02::1  (all-nodes) 

NH=58 HextL=0 Type=5 Len=2 Value=0 (MLD) 1 (PadN) 0
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MLDMLD

Lan querier

query(0)
ff02::1

report (mcast_addr)
mcast_addr

Multicast packet flow
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MLDMLD

Lan querier

query (mcast_addr)
mcast_addr

done (mcast_addr)
ff02::2
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RouterRouter--router interactionrouter interaction: : multicast multicast 
routingrouting
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MulticastMulticast routingrouting
◆◆ CommunicationCommunication betweenbetween routersrouters:  :  

●● Exchange Exchange groupgroup membershipmembership informationinformation
●● Compute aCompute a spanning tree for each groupspanning tree for each group

◆◆ RoutersRouters listen listen toto allall thethe groupsgroups

◆◆ MulticastMulticast routingrouting protocolsprotocols::
●● Dense Dense ModeMode

☞☞ DVMRPDVMRP
☞☞ PIMPIM--DM DM 
☞☞ MOSPFMOSPF

●● Disperse Disperse ModeMode
☞☞ CBTCBT
☞☞ PIMPIM--SMSM
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MulticastMulticast routingrouting & IPv6& IPv6
◆◆ PIM PIM for for IPv6IPv6

●● ImplementationImplementation in KAMEin KAME
◆◆ RPC = ReverseRPC = Reverse Path CheckPath Check

☞☞ LinkLink--Local Local addressesaddresses, , likelike IGP IGP protocolsprotocols: RIPNG, OPPF6 : RIPNG, OPPF6 
☞☞ AvoidAvoid multiplemultiple LinkLink--locallocal
☞☞ BGP4+ global BGP4+ global unicastunicast addressesaddresses

◆◆ ScopingScoping in in addressaddress causes causes troubletrouble
☞☞ Differences multicastDifferences multicast--unicastunicast : : organisationorganisation--locallocal
☞☞ unicastunicast scopescope should match multicast scopeshould match multicast scope

–– PIM PIM RegisterRegister
–– CandidateCandidate--RPRP--AdvertisementAdvertisement to Bootstrap Routerto Bootstrap Router (BSR)(BSR)
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MBONEMBONE

◆◆ Experimental Experimental Multicast BackboneMulticast Backbone
◆◆ Uses Uses forfor videoconferencingvideoconferencing

☞☞ mbonembone toolstools: : vicvic,, vatvat,, sdrsdr,, wbwb, ..., ...portedported toto IPv6IPv6
◆◆ TunnelsTunnels
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MulticastMulticast//Unicast tunnelsUnicast tunnels

◆◆ EnableEnable interconnectioninterconnection ofof multicastmulticast islandsislands throughthrough nonnon--
multicastmulticast networksnetworks

◆◆ ExampleExample: IPv6 : IPv6 onon IPv6 IPv6 unicast encapsulationunicast encapsulation

NonNon-- MulticastMulticast
networknetwork

Multicast netMulticast net Multicast netMulticast net

TunnelTunnel

dst=dir IP unicast, NH = IPv6 (41) dst=dir IP mcast, NH = UDP (17) UDP header..
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TrendsTrends
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SourceSource--Specific Multicast Specific Multicast (SSM)(SSM)
◆◆ “many“many--toto--many” problem too complexmany” problem too complex

☞☞ rere--focus on:focus on:
–– “few“few--toto--few” (closed videoconferences):  PIMfew” (closed videoconferences):  PIM--SM + MSDPSM + MSDP
–– “1“1--toto--many” (broadcast content delivery networks): SSMmany” (broadcast content delivery networks): SSM

☞☞ ideas moving to IPv6ideas moving to IPv6
◆◆ ConceptConcept

☞☞ receivers suscribe a “Channel”  = < S, G >  rather than a groupreceivers suscribe a “Channel”  = < S, G >  rather than a group G G 
☞☞ routing based on destination + source addressrouting based on destination + source address

◆◆ AdvantagesAdvantages
☞☞ no need to manage globally unique groupsno need to manage globally unique groups

• alocation is local to the source
☞☞ base for base for access controlaccess control: only S sends to <S,G>: only S sends to <S,G>
☞☞ No need for RPNo need for RP en PIMen PIM--SM SM nor MSDPnor MSDP between domains to notify between domains to notify 

active sourcesactive sources
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SSMSSM
◆◆ ElementsElements

●● IGMPv3                  IGMPv3                  -->              MLDv2>              MLDv2
●● PIMPIM--SSM               SSM               -->              PIM>              PIM--SSM for IPv6SSM for IPv6

☞☞ compatible with a PIMcompatible with a PIM--SM backboneSM backbone
●● Subrange reserved for SSM:Subrange reserved for SSM:

☞☞ 232.0.0.0232.0.0.0--232.255.255.255232.255.255.255

IGMPv3 under development = IGMPv2 adapted to SSM
New messages:

1. GROUP_SOURCE_REPORT(S,G)  =>  Inclusion: ({S},G)
2. GROUP_SOURCE_LEAVE(S,G)    => Exclusion:({S},G)

IETF Drafts
<draft-ietf-ssm-overview-02.txt>
<draft-ietf-pim-sm-v2-new-04.txt>

Proyecto IST GCAP
Implementación KAME
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ConclusionsConclusions
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ConclusionsConclusions
◆◆ MulticastMulticast serviceservice importantimportant for its applicationsfor its applications

●● growing native support growing native support in in research networksresearch networks
●● limitedlimited commercialcommercial developmentdevelopment todaytoday

◆◆ ProtocolsProtocols
●● Fundamental Fundamental elementelement in IPv6in IPv6

☞☞ signalingsignaling, , resource locationresource location
●● EvolutionEvolution parallel to development parallel to development in IPv4in IPv4

☞☞ notnot essentialessential differencesdifferences ::
–– administrativeadministrative scopingscoping VSVS hophop--limitlimit

☞☞ futurefuture: SSM: SSM


