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=Blild spanning trees rooted at each
sender of eachigroup

= Reverse Path Broadceasting (RPB)

= Truncated Reverse: Path| Broadcasting
(QURE))

= Reverse Path Multicasting (RPIV)

Parent Link

(on shortest path to source)

Child Links

(to other routers)

Leaf Subnet

=iSimple approaches (flooding and ST
modifications) don/t scale so well

= Twoe Types of Distribution: Technigues:
— Source-Basediliree Approaches
=build a distributien treerrooted at eachirsender
—Shared Tree Approaches

=one shared tree per group thatthosts' must
attach to

=Blild a simplex spanning tree for each
potential source [really source subnet]

= Given multiple senders; per group, implies
a different deliveny: tree for each sournce

= RPB Operation

—for each each received packetNieas
received on the link on thersherestpath

back to the source, forwarditerall’out the
receivina link

=USes both source and destination
addresses

= Algorithm;:
—look up source addressiin routing takle
—compare route entiyAwithirecevinginteriace
—if wrong| interface, drep;

—for each outgoing interfacewithrgrotp
members downstream, forwardigacket




=different tree for each source (source
address identifies tree)

= tree is shortest path fiiom: source to
destination: (fastest deliveny)

= packets spread over multiplerlinks;
leading to better network: Utilization

7 Shortest path toward A

=

Multicast Routers

Leaf subnets




=Packet duplication due to floading

= No/use ofi global topology: information: or
dynamic group membership

= Specialized forwarding algerithm:

— RPF (reverse-pathNiewanding);

=\USe IGMP information to determing
Wwhich, leaf subnets contain members

= Routers dont deliver to subnets withno
membErs

= Results:

—saves some bandwidtiyonr LANS, but dees
not address duplication acressranches of
distribution tree

=improvement to RPB (“extended RPB>):

—Userrouting protoecel to detect which; of:
neighors inks are parent links

— can| cut: dewnisemerpacket duplication

= | eaf subnets with ne memlers; still see
traffic

= How to take advantage‘effgretprinfo?

=Eflhance RPB (TRPB) so that tree
bramnches are activated only when
MECESSArY

= More precisely, tree branches only: serve:

—subnets with groupimemers

—routers and subnets‘along the shortest path
to those subnets




=RP) supports notion of “pruning’*where
neuters can send messages indicating
they shieuld noet receive traffic

= S0, use TRPB algorithm for first packet to
(source, group) pair

= |eaf routers with no‘greup MEMBENS
send “prune’’message 6n parentlink
(“broadcast and prune’’appreach)

=B6th topelogy and group members may.
change over time

= Thus, prune state contains a kill timer,
and must be refreshed periodically.
(example of soft: state)

= If kill timer expires BUE more traffic
arrives, it is treated anew:(Usingf FRPB
initially)

=Rowters discovering| new: members; for
groups they have pruned may send graft
messages to cancel existing prune state

= Grafits are reliably delivered

—endlnedes cant*easily determinediirargreli
was lost or the sendeFstoppedisending

=(Opstream) routers receiving prune
messages store them (“prune state”)

= Routers with' noslocall group members
and that have received prunes on each
child may, in turn; send prune on| their
parent links

= Cascade of prunes results inronly *five””
tree being used (to activEWEcevers)

=16 long: join time unreasonable (prune
staterkeeps data filom flowing)

= 00 short: back toward TRPB! (extra
traffic overhead)

= Solution, use longer values [default:2
hours] with prune cancellation messages
(grafts)

=Viulticast packets still periodically
breadcast to all routers

= Each router must maintain (S,6)) routing
or prune state

= Biggest problem 1S when|thereris sparse
membership across big| Iternet
(intermediate routers held state)




=lapproaches to handle multicast groups =ldea is to construct a single tree (per
Withrssparse’ membership (widely. group) that each source and receiver
distributed) attaches to [spanning tree per group]

= keepi state for receivers present: rather = Routers maintain only’ (*,6)) state, not:
than the reverse (assume nen- (S,G) state, leading te better scaling
membership rather than membership) especially with many senders

= do not keep state for eachseurce = Do not require periodictieoding

=\leads to traffic concentrations near core =PDEnse Mode Protocols
set ofirouters, (routers on shared tree) —hanawidth plentiful,, receivers are densely

= May/ result in suboptimal routing to e ed

source — assume: membershipy correct for mistakes

= Sparse Mode Protecols

—bandwidth expensiveseceIVersiarersparsely
distributed

—assume not members, reqUifeNoIns

=iDistance \/ector =DVIVIRP (distance vector approach)
=Canfies (cost, direction) infermation —source-based trees using RPM
—eachinede has partialinfermation: —slpperts tunnels (1R/IP'across unicast nets)

— computatientisidistributed; relies on

o tormodiates = PIM-DM (distance Vector approach)

—uses unicast routing| tables
= Link State

—multicasts topology informatientiorall routers

—source-based trees using RERM

—does not compute child INtERFACES
—each router computes shortestipaths




=VIOSPF (link-state approach) =Ll-SV (PIM Sparse Mode)
=ioruanels —USes unicast routing protecel infermation
— SPitrees built on-demand using entire —routersimust explicitly join shared tree
topolugy databass — userendezveus peints (RP) o) SoUrces to
—no initiall floodings USes explicittjoin MEEt receivers
—not RPF based —routers must know RP:Set for region
—joins are unicast towardiRE:

—can switch dynamically to SeUFcesbased tree

=ICBil (Core Based Trees) =Use of unicast routing tables
—USes unicast routing protecel infermation —PIIV=SM and PINM-DM, CBilf

— never swiiches o) source based trees = Link state or distance-vector
—DV: DVMRP,, [SEMOSPE
= Soft (DVMRP, PIM)terhard (CBil) state

= Sparse (PIM-SM, CBT),\BDensei(BAV/MRP)

—tree branches arebi=directional; nospecial
unicast encapsulation

=\/ith multicasting, very easy: tosend ='Assign TTL thresholds to each link:
traffic.all over —if\(packet TTL < threshold) drop packet

= \Would'like tol limit using|scope control: —recallino ICMP timelexceeded for multicast

— 1ITLC scope: user I valuenn IR packets io = [Tl Threshold Conventions:

limit number of fieps traversed
: ) —0: same host, 1: same subnet
—Admin scope: allocate centaiP address

ranges, and do not forward them —15: same site, 63: samEe liegionN(West coast)

—127: worldwide, 191: wordWwide;limited bw:

— 255: unlimited scope



=€2n use TTL as a basis for searches

= Expanding ring| search:
— 1> start with TTL=1
— 2> multicast queny awalt iesponse
— 3> i No responseNincEasenE
—4> if TTL reaches max; failliie

—5> go to step 2

='ASsociate scope limitations with special
addiiess ranges (the 239/8 address block)

= Key' properties [REC 2365]:

— packets addressed teradmin scoped
addresses do not cressiadmin; boundaries

—admin scoped multicast addresses are lacally
assigned; may be re-used inrdifferent
administrative regions

=ANL scoping requires “successive
containment™*property and will not work
withroverlapping regions

= |n addition, routers which discard TiL-
expired packets may not be capable of
pruning sources, leading ter eExcessive
bandwidth consumption

=Reuters support per-interface scoped IP
multicast boundaries

= Does, not' forward packets: in either
direction acress boundary,

= Senders use adminiscoped destination
addresses, limiting overall distrbution




