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Abstract— Source Specific Multicast (SSM) is a viable solution for cur- ~ works with large numbers of sparse groups. Some other schemes
rent multicast applications, since the driving applications to date are one to try to achieve state reduction by forwarding state aggregation
many, including Internet TV, distance learning, file distribution and stream- e
ing media, etc. It brings many benefits in billing, address allocation, and [10' 12] Thal?r and Ha‘_ndley ?‘nalyze the aggregatablllty of f(_)r'
security. However, SSM still confronts the serious state scalability problem ~ Warding state in [12] using an input/output filter model of multi-
when there are a large number of simultaneous on-going multicast groups cast forwarding. Radoslavov et al. propose a|gori'[hms to aggre-

in the network. In this paper, we propose a protocol to improve the state ; it
scalability of Source Specific Multicast, which is called Aggregated Source gate forwardlng state and StUdy the bandwidth memory tradeoff

Specific Multicast (ASSM). We design the detailed ASSM protocol and show With_SimmationS in [10]. _BOt_h these works attempt to aggre_gate
that our solution can obtain significant multicast state and tree management ~ routing state after the distribution trees have been established.

_overhead _reduction yvhile achieving_ transparency to end-users, compatibil- Implementation of this per-router state aggregation is very com-
ity with existing multicast technologies and low overhead. L L . -
plex. In addition, it is still an open question how much aggre-
gation can be achieved or whether this approach is applicable in
|. INTRODUCTION rea' Systems_

IP Multicast has existed for more than one decade since To improve IP multicast state scalability, we have proposed a
Stephen Deering established the IP multicast model (also call&¢heme to reduce multicast state, which we agfiregated mul-
Any-Source Multicast (ASM)) in 1988 [5]. However, IP multi- ticast[6]. In this scheme, multiple multicast groups are forced
cast is still far from being widely deployed in the Internet. Thereto share one distribution tree, which we callaggregated tree
are many issues that have delayed it's deployment, such as schl-aggregated multicast, core routers need to keep state only per
ability, address allocation, billing, and security, etc. aggregated tree instead of per group. This can significantly re-

Recently, some alternative service models have been propos@dce the total number of trees in the network and thus reduce
to solve these problems. Among them, Source Specific Multiforwarding state. The trade-off is that this approach may waste
cast (SSM) [9] is dedicated to single source applications. Thextra bandwidth to deliver multicast data to non-group-member
rationale of SSM is that almost 90% of multicast applicationghodes. Clearly, aggregated multicast applies to different multi-
of immediate interest, such as file transfer and streaming multFast service models which employ a tree delivery structure, such
media, are single-source. Compared with Any-Source Multicasts ASM and SSM. In our earlier work [6, 7], we introduced the
(ASM), SSM is a much simpler paradigm, but it alleviates manybasic concept of aggregated multicast, and gave an analysis of the
deployment problems in billing, address allocation, and securitfrade-off between aggregation and bandwidth waste in general.

Like ASM, SSM utilizes a tree delivery structure, which is In this paper, we propose a protocol to improve the state scala-
constructed by means of explicit-join signalling to the sourcebility of Source Specific Multicast using the idea of aggregated
By doing so, very large multicast groups can be supported. Hownulticast, which we calAggregated Source Specific Multicast
ever, a tree delivery structure requires all tree nodes to maintalhSSM) We design the detailed ASSM protocol. It is simple,
per-group forwarding information, which increases linearly withtransparent to end-users, and compatible with existing multicast
the number of groups. The growing number of forwarding statéechnologies. Through simulations, we show that our solution
entries requires more memory and entails slower forwarding prdlan obtain Significant multicast state reduction and tree manage-
cesses since every packet forwarding action involves an addre@$nt overhead decrease with low bandwidth waste.
look-up. In other words, SSM still confronts the serious state The remainder of this paper is organized as follows. Section II
scalability problem when there are a large number of simultanegives a short review of SSM and aggregated multicast. Sec-
ous on-going multicast groups in the network. tion Ill describes the architecture of ASSM. Section IV designs

The problem of state scalability has prompted recent researéhe detailed ASSM protocol. Section V provides a simulation
efforts in forwarding state reduction. Some architectures [8, 3ptudy. Then in Section VI, we have a discussion about the pros
aim to completely eliminate multicast state at routers using@nd cons of ASSM. Finally Section VIl summarizes the contri-
network-transparent multicast, which pushes the complexity tgutions of our work.
the end-points of the network. However, these application-
level multicast implementations are not very efficient since end Il. BACKGROUND
hosts generally do not have the routing information availabley  source Specific Multicast
to routers, instead they must rely on end-to-end measurements » ) ) )
to infer metrics to construct the multicast delivery tree. Some Source Specific Multicast (SSM) [9] is motivated by the cur-
schemes attempt to reduce forwarding state at non-branchii§nt large number of single source multicast applications. In
routers [13, 11, 4]. These non-branching-router dedicated ap@ct, it is an extension of Any-Source Multicast (ASM). ASM

proaches have limitations because they are designed only for nég-associated with the notion gfoup. Each group is identified
by a singleaddress(the IP class D address, from 224.0.0.0 to

This work was supported in part by grant from NSF and Cisco Systems. ~ 239.255.255.255). In SSM, each “group” is actually identified by



a combination of a source addressnd an IP address in the

232/8 (232.0.0.0 to 232.255.255.255) range (which is designated
as SSM destination address and reserved for use by source spe-
cific applications and protocols)&S, G). In SSM terminology,

this network service is referred as a “channel”. A host requests
receiving data from a channéb, G) by explicitly specifying
both S andG, not justG as in ASM. To differentiate from ASM,
“join” and “leave” are called “subscribe” and “unsubscribe” re-
spectively in SSM. And the subscribe/unsubsribe process is al-
most the same as join/leave in PIM-SM or CBT except that the
subscribe message is propagated toward the source, not the core
node. SSM alleviates many of the deployment problems of ASM

in the following aspects: Fig. 1. Domain peering and a cross-domain multicast tree, tree nodes: D1, Al,
(1) SSM defines channels on a per-source basis. This eliminates Aa, Ab, A2, B1, A3, C1, covering groufo (D1, B1, C1).

the problem of global allocation of SSM destination addresses.

And each source is independently responsible for resolving ad-

dress collisions. In conventional IP multicast, all the nodes in the above exam-
(2) SSM requires only source-based forwarding trees. Thiple that are involved within domain A must maintain separate
avoids the need for complex shared tree routing infrastructuretate for each of the three groups individually though their mul-
making it viable for immediate deployment. ticast trees actually have the same “shape”. Alternatively, in the
(3) SSM’s single source ownership of the channel gives a basieggregated multicast, we can set up a pre-defined tree (or es-
on which to charge and whom to charge: ISP charges source faablish one on demand) that covers nodes Al, A2 and A3 us-
net resources and source charges customers for service. Hoiwg a single multicast group address (within domain A). This
ever, it is much more difficult to identify an entity to bill for the tree is called amggregated tree(AT) and it is shared by more
network costs in ASM. than one multicast groups (three groups in the above example).
(4) SSM gives a better solution to the access control problenData from a specific group enters the transit domain at the traf-
When a receiver subscribes to @) G) channel, it only receives fic injecting node. It is then distributed over the aggregated tree
data sent by the sourc® By contrast, in ASM, any host can and forwarded by traffic exiting nodes to neighboring networks.
transmit to a group. Hence, it is more difficult to spam an SSMrhis way, core routers Aa and Ab only need to maintain a sin-

Domain A

Customer network, domain D

channel than an ASM group. gle forwarding entry for the aggregated tree regardless how many
groups are sharing it. Thus, aggregated multicast can reduce the
B. Aggregated Multicast required multicast state since a core router does not need to main-

tain state for individual groups. And the management overhead
for the distribution trees is also reduced because much fewer ag-

Aggregated multicast [6] is proposed to reduce multicast statéregated trees are established.
and it is targeted to intra-domain multicast provisioning. The key
idea of aggrggated mult_icast is tha}t, iqstead of constructing a tree » Group-Tree Matching in Aggregated Multicast
for each individual multicast session in the core network (back-
bone), multiple multicast sessions are forced to share a single The problem of matching groups to aggregated trees hides sev-
aggregated tree. eral subtleties. The set of the group members and the tree leaves

Fig. 1 illustrates a hierarchical inter-domain network peeringare not always identical. A match iserfect or non-leaky
Domain A is a regional or national ISP’s backbone network, angnatch for a group if all the tree leaves are traffic injecting or
domain D, X, and Y are customer networks of domain A at aexiting nodes for the group, thus traffic will not “leak” to any
certain location (say, Los Angeles) and Domain B and C can bgodes that are not group members. For example, the aggregated
other customer networks (say, in Boston) or some other ISP'see with nodes (A1, A2, A3, Aa, Ab) in Fig. 1 is a perfect match
networks that peer with A. for multicast groupGy which has members (D1, B1, C1). A

A multicast session originates at domain D and has membersatch may also be kEaky match. For example, if the above
in domain B and C. Routers D1, Al, A2, A3, B1 and C1 formaggregated tree is also used for gratlp which only involves
the multicast tree at the inter-domain level while A1, A2, A3, Aamember nodes (D1, B1), then it is a leaky match since traffic
and Ab form an intra-domain sub-tree within domain A (therefor G; will be delivered to node A3 (and will be discarded there
may be other routers involved in domain B and C). Consider aince A3 does not have any state for that group). A disadvantage
second multicast session that originates at domain D and als leaky match is that some bandwidth is wasted to deliver data
has members in domain B and C. For this session, a sub-trée nodes that are not members for the group (e.g., deliver mul-
with exactly the same set of nodes will be established to carry it8cast packets to node A3 in this example). Leaky match may
traffic within domain A. Now if there is a third multicast session be unavoidable since usually it is not possible to establish ag-
that originates at domain X and it also has members in domaigregated trees for all possible group combinations. Thus, if we
B and C, then router X1 instead of D1 will be involved, but thewant to achieve more multicast group aggregation, some band-
sub-tree within domain A still involves the same set of nodeswidth waste might be introduced. Therefore, there is a trade-off
Al, A2, A3, Aa, and Ab. between aggregation and bandwidth overhead.

B.1 Concept



I1l. AN OVERVIEW OF ASSM ARCHITECTURE

In this section, we describe the architecture of ASSM. We
intend to propose a protocol to improve the state scalability
of SSM, aiming to obtain significant multicast state and tree
management overhead reduction while achieving transparency to
end-users, compatibility with existing multicast technologies and
low overhead. At the same time we try to require no modifica-
tions on core routers.

For SSM, a typical scenario is that multicast traffic distribu-
tion is performed between a source and many subscribers (or end
users) in different ISP networks, which are connected by means Fig. 2. An example environment for ASSM
of wide area networks, dransit domaing(TDs). Aggregated
multicast will be implemented in a domain, especially a tranSibacket reach a Destination MA router, it will be decapsulated
domain, to reduce multicast state. We call a domain which iménd distributed on the ISP networks. ' '
plements aggregated multicaskalticast Aggregation Domain
(MAD). To facilitate our discussion, in this paper, we demon- IV. THE ASSM PROTOCOL

strate ASSM implemented in a TD, that is, a MAD is a TD in the The ASSM protocol is based on transport level m m
rest of this paper. Multicast aggregation is performed inside a e protoco’ IS based on transport Ievel message com-

MAD (transparent to other domains) with multicast channels ag{;?u?é(ﬁ?tiﬁ?hg?\ﬂt\x%e%mé r:)cijlittaerrssé:r;hc:east;rz?cfg:srgT:’tlIiz) ég;\(/la
r incomin r rs and de-aggr . ' : o
gregated at incoming edge routers and de-aggregated at OUtgolgo%tmg messages and transmit data. MA routers are responsible

edge routers. Moreover, the multicast routing protocol in an IS o Components of multicast agareaation: manading arouns and
is independent of that in the MAD. An ISP can use any sourc%rees cgllectin rou membe%gchgn X r.nani uﬁa\tig 9 roE tree
specific multicast routing protocol. In the MAD, the underly- match'n otc gltgshopld be noted tha?t !n th'spsect'or? q[he tperms
ing multicast routing protocol is PIM-SSM (PIM-SM supporting ',,g’ u u o ! | i lon, the ,,
group” and “channel”, “subscribe” and “join”, “unsubscribe
SSM [2]). . ; T
and “leave” are exchangeable unless specified.

In a MAD, multiple multicast channels from ISPs are aggre- In order to distinauish diff i1 ; dd
gated into a single aggregated tree. The addresses of aggre—n ordgerto distinguish ditrerent lypes of messages, we add an

gated trees in the MAD are transparent to the global Interne dd't'oréal pre]?)x to ‘? message name. (I;or ?Sull\'l/l thl?\l sut()jscrlp-
and thus are independent of the multicast addresses ISPs use.ﬁ{éﬂvgnsu rsinlo |o|£1 ;ntiss;ges are gnf(i)ned?)?ASZTvl ;
deliver packets from ISPs to the MAD, some address “transl:g' séparately. or the messages gefined 1o pro-

tion” scheme is needed in the incoming edge routers. Howeve ,COl' we add a prefid, such a®-JOIN A-ACK A-LEAVE and

we can not change the multicast channel address in the pac 'tMOVE
header, since thg outgoing edge routers will not be ab!e to disx  source MA Routers
tinguish the multiple multicast channels in order to redistribute i )
packets to ISP networks. To solve this problem, one possibility is Since PIM-SSM is employed in the MAD, each aggregated
to use IP encapsulation, which will introduce some overhead dugee has only one Source MA router and multiple Destination
to additional processing time and bandwidth waste. HoweveMA routers. In order to do aggregation, the Source MA router
currently, it is the most affordable solution, because almost aff€€ds to maintain group membership, leaf nodes of aggregated
widely-spread operating systems support native IP-over-IP turff€®S and group-tree mapping. Based on a group-tree matching
nelling. Another possibility is to use MPLS, which will reduce lgorithm (which will be described in Section IV-F), the Source
processing time and bandwidth waste significantly. To be spd//A router can determine which tree to use for each group.
cific, in this paper, we illustrate ,.’-\SS.M using !P encapsulation. B. Source Advertisement
IP encapsulation/decapsulation is done in the edge routers
connecting ISPs and the MAD. These edge routers are called A multicast source is declared over the Internet by sending
Multicast Aggregatiorrouters (MA router for short hand). Cor- a global multicast directory service an SDR advertising message
respondingly, we call MA routers with incoming traffic (to the (containing the source and the group addreéSge& ). Any end-
MAD) as Source MA routers, and those with outgoing traffic asuser who is willing to subscribe to a channel will query the di-
Destination MA routers. Source MA routers collect multicastrectory service in order to know the source and group addresses.
packets coming from the ISP networks and distribute them o -
the right aggregated tree. And the Destination MA routers re-%' Local Hosts Subscribing To A Channel
ceive traffic from the MAD and forward into the ISP networks. Fig. 3 plots the subscription procedure of a local h@st
An example environment for ASSM is shown in Fig. 2. When a local hosR located in any ISP wants to subscribe to
For the ISP networks, an MA router behaves just like a normah multicast channel, identified bys, G), it will send an SSM
multicast router, subscribing/unsubscribing to a multicast charM-JOIN(S, G) message toward the sour§e
nel following the ISP employed multicast routing protocol. In If the channel(S, G) is already distributed inside the ISP do-
the MAD, MA routers act as a key role of multicast aggregationmain, then the local protocol implementation will provide a func-
When a multicast packet is delivered to a Source MA router, ition to intercept the request and add the new receiver to the corre-
will be encapsulated in a multicast address directed to the cosponding multicast tree (like branch grafting in PIM-SSM). Oth-
respondent aggregated tree and then transmitted. As a multicastvise, the message will reach the MA rouldy.



M-JOIN(S, G)
A-JOIN(S, G)
A-ACK(Ms, T)
M-JOIN(Ms, T)

1: A-MOVE((SG), (Ms,T")
2: M-JOIN(Ms, T)

SRR

Fig. 3. The subscription procedure of R to (S, G) Fig. 5. The tree switching process. Chan(g]G) will be distributed by7",
since only the left side ISP has receivers for such group.

M-LEAVE(S, G)
A-LEAVE(S, G)
M-LEAVE(Ms, T)
M-LEAVE(S, G)

s wn e

other subscribers for channg?, G). When there are no other
subscribers),. is required to send aA-LEAVE S, ) message
T to M, and delete the staieb, G) and the mapping froniS, G)
to (M,,T) (assumeg My, T) is used to deliver data for channel
(S, G)). Moreover,M,. may be no longer interested in receiving
(M,,T) when there are no subscribers to any group inside the
aggregated tree. In this cas¥,. is also required to unsubscribe
from (M, T') by sending aM-LEAVE M, T') message.
As in the subscription procedure, AALEAVE S, G) message
might cause tree switching, because it is possible that the pre-
Fig. 4. The unsubscription procedure of R from (S, G) vious aggregated tree is not good for chan{#IG), since the
membership is changed.
] S In ASSM, Source MA routers keep track of group member-
M, needs to know which aggregated tree is distributing ChanShip. When a Source MA router detects the number of sub-

nel (S, G). In order to obtain this information, it sends_ a trans-geripers for a channel drops @it will unsubscribe fron(S, G)
port level messagl-JOIN(S, G) to S. Such message will never i the local ISP.

reachS. Instead, it will be intercepted by the MA routéi,

which connects the ISP of the source and the MAD. E. Tree Switching
M, will check if it has state for channél, G). If yes, it will

look up the aggregated tree used 6t G), say,(Ms, Ty) (each

aggregated tree is actually a normal SSM tree, which is ident o - ) . . :

fied by the combination of an MA router and an assigned tre oth Ioc_a_l hpst10|n|_n_g and leaving m|ght trigger this operatu_)n.

address). By running a group-tree matching algorithm (which To minimize additional messages, in ASSM, the tree switch-

will be described in Section IV-F)}7, may obtain a better ag- ing is simply to ask a memb_er to unsubscribe from its_ original
gregated tree fotS, G), denoted bfo 7). In this case, the aggregated tree and subscribe to another tree. Considering the

other subscribers of chann@, G) should be notified to switch possible Qata loss during the switc_hing procedure, itis su.ggested
trees. which is described in éection IV-E. Theh sends back to subscribe to the targeted tree first and then unsubscribe from

anA-ACK(M,, T') message td/,.. If M, has already subscribed the old tree.

to aggregated tre@\/,, T'), no further operations are needed ex- I 0rder to switch a multicast chan/r(eir, G) from aggregated
cept M, records the mapping frorS, G) to (M., T). For the Uee(Ms,T)t0 aggregated tre€/, "), we define message-
other case, if\/, has not yet subscribed (@, T), it simply ~ MOVE((S, &), (M, T")). M, will send this message via the tree

grafts to the tree using ai-JOIN(M,, T) (M,,T) to all receivers notifying of the change. It should be
In the above we assume thaf ii;\s fhe state oS, Q). If noted that while all other ASSM protocol messages are unicast,

this is not true M, will allocate an aggregated tree address, sa hiéionziﬁlzqsﬂgf:?ihe tree switching process. Each Destina
(M, T), for (5, G), then it sends back A-ACK(M;, T) mes- tion E/.IA router receivingA-MOVE (S C?) p(M T’j) may be re-
sage tal/,.. On receiving thé&-ACKmessage)/,. sets up the ag- . . o Sp) T NES .y’
gregated tre¢)M.,, T) by sending-JOIN(M,, T). On the ISP quired to ¢) subscribe t_(iMs,T )ifitis notin Fhe tree; {7) un-
side, M needs to subscribe to chanii8] G) through a classical subscribe from M, T) if there are no subscribers to any group
SSM M-JOIN(S, G) message towarél inside the aggregated tr¢&/,, T'). M, also needs to update its

’ ' internal group-tree mapping. As a result, the chaiifey) will

be aggregated to the multicast channels transmitted/by 7").
It should be noted that the original tré@/,, 7)) may become
Fig. 4 shows the unsubscription procedure of local st empty, then it's information will be deleted from/,; the tar-
When an MA routerM,. receives an unsubscription messagegeted tree may not exist, in this case, the tree has to be set up and
M-LEAVES, G) from a local hostR, it will check if there are the corresponding tree information will be installed\#.

The tree switching is an operation performed by a Source MA
g_)outer in order to improve aggregation. As we mentioned above,

D. Local Hosts Unsubscribing From A Channel
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F. Group-Tree Matching

In ASSM, to decide a good compromise point between aggre-
gation and overhead, groups are aggregated based on a group-
tree matching algorithm, and more precisely, on an overhead
function that we apply on each aggregated tree. BotIOIN
andA-LEAVEmessages will trigger the matching algorithm.

40000 -

20000 [=------

F.1 Overhead function

Number of mulricast state entries at core routers

0

We denote an overhead function associated to an aggregated 0
tree as

10000
Average number of concurrent active groups

u:A— V, (1) Fig. 6. Number of multicast state entries at core routers vs number of concurrent
active groups at simulation steady state.

where A is the set of all possible aggregated trees & a
value set.

Since we are trying not to deal with core routers, we nee@Ur previous group models developed in [7]: the random node-
to use overhead functions that will take into account only theveighted model. In this model, each node is assigned a weight,

information in MA routers. One example overhead function iswhich is the probability of the node to participate in multicast
defined as sessions. In the target network, core routers will not be mem-

Z n(G) bers for any multigast group and thys are assigned yvéighﬂy
GeaT) other_edge router is assigned a ng@l@tor 0.8 according to the
_ (2) real-time traffic of its corresponding core router. For a router,
l9(T)| < n(T) more traffic means more participation in the network communi-
where g(T) is the group set which use tfBandn(G) denotes ~ cation, thus there is higher probability for it to join a group.
the number of Destination MA routers which want to receive data In our simulation experiments, multicast session requests ar-
from G. |g(T)| is the size ofg(T) andn(T) is the number of rive as a Poisson process with arrival rateSessions’ life time
MA subscribers tdl’. If we assume all multicast sessions havehas an exponential distribution with average'. At steady
same bandwidth request, this function can be interpreted as ti§éate, the average number of session&Vis= \/u. Perfor-
fraction of wasted data, the data which is delivered to unwantefhance data is collected after steady state is reached (e.g. after
MA routers in “leaky match” (defined in Section 11-B.2). In 7' = 10/u). The group-tree matching algorithm used in our ex-
other wordsy(T') is the relative bandwidth waste transmitted by Periments is described in Section IV-F.2, but we use total band-
T to MA routers. width waste instead of relative bandwidth waste (mentioned in
We use function (2) asan approximation of the total bandwidtﬁection |V—F1) in order to illustrate real bandwidth overhead.
waste onT’, though it will overestimate the waste, since we as- We design experiments to evaluate the state reduction,
sume each core router has the same waste as MA router. In tifdn/leave latency, and tree maintenance overhead of ASSM by
real implementation, we will be able to determine good controFomparing with PIM-SSM without aggregation (native PIM-

uw(T)=1-

thresholds which reflect the actual bandwidth waste. SSM). In our experiments, we vary the bandwidth overhead
threshold (represented ath) from 0 to 0.3 for ASSM. Fig. 6
F.2 A Matching Algorithm plots the change of multicast state at core routers with the number

of concurrent active groups. We can see that ASSM scales with
The average number of concurrent groups: the number of mul-
. . ticast state entries at core routers increases with the number of
As membership changes for a grofi{because join or leave), groups for both native PIM-SSM and ASSM, but the increase for

the Source_MA routen/, computes thm_(T) function for the . ASSM is much less than that of native PIM-SSM (even for per-
corresponding aggregated tree. When it goes beyond the give

threshold, the groug- will be switched to another aggregated €t mateh kth = 0), the number of state entries is oriy700

i The t ted tree is ch . d that th instead of86000 when there aré000 groups), which means
ree. thelargeted tree Is cnosen in a greedy way, So thal the Sy, -, |e55 state need to maintain at core routers. In addition,

of the oygrh_ead functions for all the aggregated trees rooted We can also see that as bandwidth overhead threshold is lifted,
M, is minimized. the number of multicast state entries reduces, which means more
aggregation is achieved if more bandwidth is sacrificed. When
bth = 0.3 and the average number of group9i¥0, the state

In this section, we provide a performance evaluation of theeduction ratio is almo$t0% (from 86000 for PIM-SSM t07820
ASSM protocol through simulations. for ASSM).

We conduct our simulations in a network abstracted from a We measure the number of M-JOIN and M-LEAVE messages
real network topology, Abilene backbone [1], which has 12 corao examine the join/leave latency. The results for M-JOIN mes-
routers. Since there are no edge routers in the backbone, wages are illustrated in Fig. 7. The figure shows a similar trend
attach an additional node as an edge router to each core routetto Fig. 6: the more active groups and the more wasted band-

Given the absence of large scale real multicast traces, we awddth, the less M-JOIN messages. And the number of M-JOIN
forced to develop membership models that exhibits a locality anthessages decreases dramatically for ASSM. In Fig. 7, when
correlated group preferences. In our simulation, we use one 6th = 0.3 and the average number of group9i0, the reduc-

Here, we present a very simple group-tree matching algorith
based on function (2).

V. SIMULATION STUDY
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/ our simulation results, we can see that significant state reduction
25000 |- nagg PHSOM —— / ] (up to 90%) achieved while at reasonable bandwidth waste (less

ASSM, bth=0.2 ----8--
20000 f=------ ASSM, bth=0.3 —-=-- _

ASSM, bth=0.1 - - *- - than 30%)
(2) A balanced view of join/leave latency. In ASSM, when a
16000 [ : e host subscribes to a channel, if the MA router which intercepts
N R R 7 ] its subscription message is already on the expected tree, the join
/ latency will be much shorter than in traditional SSM. In the other
] S I S ey case, due to the two-step subscription process (detailed in Sec-
i L , tion IV-C), the join latency will be a little bit longer. Thus, if we
° 0 o oo oo os 000 can achieve enough aggregation, the average join/leave latency
will be significantly reduced. We have observed this in our sim-
Fig. 7. ‘Numb_er of M-JOIN messages vs number of concurrent active groups ify|ation results.
50 time units of simulation steady state. (3) Simplicity vs optimal solutions. The group-tree matching
10000 . algorithm in MA routers determines the aggregation of multicast
‘ - groups. To minimize bandwidth waste while maximizing state
e e e . and tree management overhead reduction, we need to use a com-
g / plex algorithm which considers the whole network topology and
R i o all the tree structures. However, in our ASSM design, simplicity
is one of our main concerns. A suboptimal method can also help
us to choose appropriate control thresholds.

Number of M-JOIN messages

6000 [~

4000 [~

Number of multicast trees

2000 [~

VII. CONCLUSIONS ANDFUTURE WORK

— In this paper, we propose ASSM to solve the state scalabil-
Average number of concurrent aive groups ity problem of SSM. We design the detailed ASSM protocol
Fig. 8. Number of trees vs number of concurrent active groups at simulatiof:?md show that it 'S_ S|mple_, transparent to end—usgrs (and even
steady state. to the core routers in transit domains), and compatible with cur-
rent multicast technologies. We also analyze some trade-offs in
the protocol design. Through simulation results, we can see that
tion of M-JOIN messages is aroufid’ (from 27850 for native ~ ASSM can achieve significant multicast state and tree manage-
PIM-SSM 10650 for ASSM). For M-LEAVE messages, we get ment overhead reduction and join/leave latency decrease at low
almost the same figure as Fig. 7, since an M-LEAVE message abandwidth waste.
ways corresponds to as an M-Join message in a long enough sim4we are now in the process of implementing ASSM protocol in
ulation period. Less M-JOIN/M-LEAVE messages mean smalleUnix systems, and we will set up a testbed for real application
join/leave latency. scenarios, which will allow us to better evaluate the performance
In the ASSM protocol description, we did not discuss the is-of ASSM.
sue of tree maintenance, which is managed by PIM-SSM itself.
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