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Abstract— We consider the possibility that single-source multicast  In this paper we present a simple way to achieve this goal
(SSM) will become a universal multicast service, enablingarge-scale dis- through the use of SSM proxies. In our basic approach an
tribution of content from a few well-known sources to a geneal audience. . ’
Operating under this assumption, we explore the problem of bilding the _SSM group creator may authorize other “00_'9_5 to act as_prox-
traditional IP model of any-source multicast on top of SSM. Bward this  i€S for the group content. Group members join only a single
end, we design an SSM proxy service that allows any sender tffieiently ~ SSM channel, rooted either at the group creator or one of the

deliver content to a multicast group. We demonstrate the pdbrmance  ,qyias Any sender can then transmit data to the entireggrou
improvements this service offers over standard SSM and desbe exten-

sions for access control, dynamic proxy discovery, and muttast proxy ~PY unicasting it tO.the nearest proxy. Thi§ proxy relays th?
distribution. data to other proxies, and each proxy delivers the data to its

attached group members. All proxies operate at the applica-
tion level, and utilize SSM as a basic network-layer service
SSM proxies provide a multicast service that is complemen-
In the past several years, the Internet engineering and tary to standard SSM. Sessions with a dynamic set of senders
search communities have been exploring alternatives to #xperience no setup delay, and large numbers of senders can
current IP multicast model. This interest has been fuelede proxies to achieve both low delay and low routing state.
largely by deployment delays and the belief that current-mWReceivers have added fault tolerance as they may use their
ticast routing protocols (PIM-SM [1], MSDP [2], and MBGPchoice of proxies for the content. SSM proxies are also
[3]) are too complex. One promising new approach is Sourdeackward-compatible with standard SSM, so a single dsliver
Specific Multicast (SSM) [4]. With SSM, a multicast group isnodel may be used for all types of multicast applications.
associated with a specific source, and that source is the only
host that can transmit data to the multicast group. In cshtra Il. SSM BACKGROUND AND RELATED WORK

the current IP multicast model allows any source to transmitae has recently been a surge of interest in application-

to a group. level multicast protocols [5], [6], some of which use praxie
By restricting multicast in this manner, SSM has several ag gjstribute multicast content. However, these protonue
vantages compared to traditional IP multicast. From a se_rvithe opposite assumption of this paper, namely that mutticas
standpoint, SSM can guarantee a content-provider thallit Wi notbe generally available, and build application-level pro-
have exclusive access to its multicast groups. This means, {,cols on top of unicast. By assuming that SSM is generally
example, that unauthorized sources could not interruptla Myyvailable, we are able to more easily solve the problem of con

ticast of a live TV event. From an engineering standpoirfgyring proxies and efficiently delivering content.
SSM simplifies multicast address allocation and eliminates

network-layer source discovery. Thus, SSM overcomes W0 SSM and Single-Source Multicast

significant barriers to deployment. i< based | I brook and Cheriton’
Due to this promise, it is conceivable that SSM will become SSM Is based largely on Holbrook and Cheriton's Express

a universal multicast service, enabling large-scaleitistion protocol [7]. Both protocols define a multicastannelas the

of content from a few well-known sources to a general auo‘fpmb'r"’j‘t'on of a source addreSsand a group address. A

ence. However, SSM has been designed primarily for app Ibannel Is identified at the network layer @ G), m(_aaning
cations with one or a few sources who are known in advan ? nAEtW(t)r:k aIIowsglnIy sourcédtg ster:d :ihata on this chan;j
to group members, and doesn’t work as well for applications nother source” may send dala to tn€ same group ad-
with a dynamic or large set of senders. Thus, if SSM b T€SS, but this is con§|d_ered to be a a separate chasiner). .
comes widely-supported at the expense of traditional IRimul, ikewise, membership is based on channels, so that a receive
cast, then it becomes paramount to consider how we can b
efficient multi-sender multicast applications on top of SS licitly ioin both ch |
Looking at it another way, if we can efficiently support multi EXplicitly join both channels.

sender applications using an SSM infrastructure, then due tf(%ne (r)]f the lmajor advabnt.ages ?]f SSMd'fS that its deg,”'“‘?”
SSM'’s simplification of address allocation it may be prefelQ the ¢ anne concepto viates the need for any coordimatio
able to discontinue using current IP multicast protocols. when assigning multicast addresses. Each host can allocate

multicast addresses independently because the groupsaddre
This work was supported in part by the National Science Fatiod under Only needs to _be unique to the source. This is in contrast to
grants ANI-9977524 and NCR-9714680. the current suite of protocols needed to globally allocate a

I. INTRODUCTION

ing only channe(S, G) receives data fron§ but not from
. If a receiver wants to get data from both sources, it must



dresses along a hierarchical administrative structurg[fg] Sender S,

Currently, the IP address ran@82. = . * .x has been allo- Primary Channel (S3,Gy) W™ (PG
cated by IANA for single-source multicast applications, so Direct Channel (P,Gy . 2.
with SSM each host has at least 16 million separate channels AN (;)/
it can use. .

(R,,G,) \®

Another advantage of SSM is that it simplifies the network
core, with more complex services implemented at the network
edge. With SSM, routers provide only unidirectional, s@drc
specific multicast trees, and all other functionality — adr Fig. 1. Basic SSM Proxy Protocol
allocation, source discovery, and multiple-source sessiois
implemented at the application level. To participate in SSM
sessions, a host uses either IGMPv3 [10] or Cisco's URWelay for proxy-enabled hosts that would otherwise use the
intercept protocol [11]. session relay mechanism. A proxy can be any host and does

not necessarily need to be a sender.

Fig. 1 illustrates the basic parts of the SSM proxy protocol.
For sessions with multiple senders, Holbrook and Cheritgxihost joins an SSM session by choosing its nearest pfoxy
propose two solutions. In the first, an application uses ordyd joining that proxy'slirect channeldenoted P;, G;). The
one channel, called the session relay. All receivers joig trhost receives data from all sources over this channel, which
channel to receive data from any sender. Sources then rel@g standard SSM channel rooted at the proxy. Sending data
their data through the session relay to reach the group meseeurs in three steps, as designated in the figure. Firstiraso
bers. The advantages of this approach are that routing steit@oses the nearest proxy and unicasts its data to this proxy
is kept to a minimum and the relay can control access to tNext, the proxy relays this data by unicasting it to all other
channel. The disadvantage is that the delay from a sender foraxies. Note that the primary sendgris equivalent to proxy
group member may be much larger than if it used the shortggt, so it also receives this data. Finally, each proxy, inaigdi
path. the one that originally received the data, delivers the tiata
The second approach described by Holbrook and Cheritthie group members on its direct channel. All of the unicast
is to create a separate channel for each source. This improgemmunication can use either UDP or TCP, depending on the
the delay from a source to the receivers, but increases tigplication.

amount of routing state needed to support the application. | One additional protocol mechanism is needed to ensure effi-
addition, receivers need some method for discovering 8surgijent delivery among the proxies. In some cases, there may be
for the session, either statically (such as through a wel)pagroxies that have not been chosen by any members, for exam-
or dynamically (such as announcements through a sessiongie-when there are more proxies than members or proxies that
lay). are remotely located. When this is the case, any data sent to
the proxy wastes resources, since there are no members who
have joined the proxy’s direct channel. To avoid this over-
head, a so-calledangling proxysends a unicast message to
We are able to bridge the performance gap between a segch of the other proxies, notifying them that it has ceased t
sion relay and separate channels by using SSM proxies. reday data. The other proxies will not send data todhegling
multicast group establishes a set of proxies, each of wisichproxyuntil it re-activates itself.
the root of an SSM channel. Group members join the channele assume for now that all proxies are known in advance
for one proxy, and senders likewise transmit their data ® ofo all hosts, such as by announcing the proxies and their di-
proxy. The proxies then use both application-level prol®carect channels on a web page. We discuss dynamic proxy con-
and SSM channels to deliver the data to all the group mefiguration in Section 1V. Using static proxy configuration is
bers. Our use of proxies is based on previous work designisgmparable to how SSM is currently defined, except that only
a multicast routing protocol with multiple network-leveres proxies, and not sources, need to be identified. Choosing the

B. Multiple-Source Multicast

IIl. USING SSM RROXIES FORMULTIPLE-SOURCE
APPLICATIONS

[12]. nearest proxy can be simplified by separating them on the an-

] nouncement web page according to region. Alternatively, a

A. Basic Protocol host can ping several of the proxies and choose the one with
Each SSM session advertises a primary channel, denotie@ shortest response time.

by (S1,G1) and a set of proxie®,, P...P,, whereP, = S;. Note that neither the senders nor the receivers have to in-

The primary channel is used for backward-compatibilityhwitteract with more than one proxy. This has several advantages
standard SSM hosts. Standard SSM receivers join this chanfiest, it allows SSM proxies to remain backwardly-compltib
and receive all session data. Likewise, standard SSM sendeith standard SSM hosts. Standard SSM hosts can send or
use this channel as a session relay. Proxies are used teeredaceive all data through the primary channel. Second, this



feature eliminates the case where a sender must replicate it
data in order to send it to the proxies. We explicitly want to
avoid this scenario so that we may support senders with lim-
ited available bandwidth. We also want members to join to
only one proxy so that they have control over choosing the
best proxy. Finally, our protocol design makes it easierge o
timize delivery between proxies.

Delay Ratio
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Compared to using a session relay, SSM proxies reduce de-
lay because a source can reach local group members dire€ity2. Avg Delay for SSM Proxies: Random Placement, Flatdet 40
through a nearby proxy. This is shown in Fig. 1, where sender Members
S» sends data directly to local members via prdxy whereas
with session relay all data would go througih Clearly, there ya| for all metrics is within 10% of the mean value.
will be some cases where delay increases when using proxies\ote that this experiment setup allows us to compare SSM
but the overall effect is to reduce both the maximum and av%froxies to SSM with either a session re'ay or with Separate
age delay across all members of the group. The more proxi@gnnels for each sender. Using a session relay is equivalen
a session uses, the greater the chance that delay will be Clgﬁjsing asing'e proxy located at the primary Sender, arngusi

to that of a separate SSM channel. separate channels is equivalent to using shortest-pat. tre
Using proxies also reduces state compared to using sepa-

rate SSM channels. Recall that a router must keep a sepafate Experiment Results: Delay

routing entry for each channel. Thus if a.separate channel iS\Ne conducted experiments over both flat and transit-stub
needed for every sen_der, some routers will hav_e one entry ﬁ:gtworks, choosing the proxies either randomly or from
every source. By using proxies, we reduce this in the WoréFnong the senders. For the latter strategy, the number gf pro
case to one entry for every proxy. In fact, the worst-case sGgq g configured as enaximum and may be less than this
nario for SSM proxies is rather unlikely to occur as long aSmount if there are fewer senders
membgrs choose their nearest proxy. In this case, the ChanI'n all our experiments, delay generally decreases as more
nels will not overlap a_nd rout(_ars will need only one entry pedroxies are used. Fig. 2 shows the average delay ratio for
group, the Same as W't_h Session relay. i SSM proxies using random placement on a flat network with
SSM proxies also eliminate the setup delay incurred Whgp members. Results with smaller numbers of members are
the set of senders is dynamic. When separate channels &iga with a single proxy, delay can be twice that of using
used fpr each sender, a new sender’s identity first needs tos%%arate SSM channels, and actually increases slightly ahe
advertised through the session relay, and then members n§§£jond proxy is added. As more proxies are added, the delay

to join its new channel. With SSM proxies, this setup delay [g.creases because there is a greater chance that a sender and
completely eliminated. A new sender simply transmits data fo ceiver will both use proxies near to the shortest path.eNot

its nearest proxy, and this data is immediately relayedo@gr i, these results are not directly comparable with a sessio

members. , . lay, because proxies are not necessarily placed wheresende
Finally, using SSM proxies improves the fault tolerance of;¢ |ocated.

SSM delivery. Ifa n_1ember_is uns.aFisfied With its performance a girect comparison with session relay can be made by
or if its proxy fails, it can simply join the direct channelrfa  y1acing proxies only at senders: in this case using a single
dlffe_rent proxy. If the primary s_ender fails, the sessiom C8yroxy is equivalent to using an SSM session relay. Fig. 3
continue by using the other proxies. shows the average delay ratio for SSM proxies for this case,
using a flat network and a group of 40 members. Here the de-
lay ratio decreases more rapidly, depending on the number of
We evaluate the performance of SSM proxies by compaenders. This experiment demonstrates that it is benefiicial
ing them to standard SSM using either session relay or sepasession to dynamically configure proxies as more senders
rate channels for each sender. For our experiments, we usataze. The number of proxies can be controlled, if desired,
static model in which we generate a random graph and choaséng mechanisms discussed in the next section.
nodes to act as members and senders. We use both flat ar@ur results are better for hierarchical graphs than for flat
transit-stub random graphs, and vary the number of membeaggaphs, as illustrated in Fig. 4. With hierarchical gragheré
senders, and proxies. For each experiment we measure dédag better chance that proxies are aligned with the shortest
and bandwidth cost, using shortest-path trees as the basetiath between a source and receiver. We suspect even more
for comparison across different graphs and groups. We rimprovement will be seen by placing proxies at a domain’s
each experiment until the width of the 95% confidence intelporder router rather than at the sender.

C. Performance Evaluation
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Fig. 6. Dynamic Proxy Configuration

Fig. 4. Avg Delay for SSM Proxies: Sender Placement, TreBgib Net-

work. 40 Members sociated with the primary channel acts as the group manager.

This sender maintains a set of authorized proxies and peri-

odically multicasts the set on @ontrol channeldenoted by
C.2 Experiment Results: Bandwidth Cost (S1,G2). The period of this advertisement can be relatively
Iarr%e in order to reduce overhead; delaying an update sim-

We used the same experiments described above to mea : .
the bandwidth cost of SSM proxies. The bandwidth cost re Y rré(reans that new members will stay on the primary channel

n

resent.s the resources used to send packets frpm a s.ender(t)o%e control channel is advertised via the usual SSM mech-

group; thus if three packets are sent to three differentipgx _ . ; : i
anism (i.e. a web page), and all proxies, sources, and Erseiv

itmay be possible for one link to be counted three times. join the control channel in order to obtain the updated prox
Fig. 5 shows the average cost ratio for a flat network wig b proxy

: . t. Hosts that wish to act as proxies contéictvia unicast
40 members and a variable number of senders and promes.ﬁ P B

this figure shows, the average cost ratio increases when c i drder to be authorized and added or removed from the set.
pared to the session relay approach, to a maximum of abg

ig. 6 shows an example of proXy; asking to be authorized
. . X . . X as a proxy, with other proxies and members listening on the
1.4. With a transit network the increase is a little steepéh proxy P 9
a maximum of about 1.8.

control channel.
. . . In the event that the primary sender fails, proky takes
The bandwidth cost increases as more proxies are usedg P Y praky
cause unicast distribution among proxies is rather ineiffici

\%r the role of the primary sender for the purpose of authori

. : .ing new proxies. Since the ordering of the proxy list is fixed,

In section IV we show how this cost can be reduced by usi &% P . L 9 proxy
i . o e ure recovery is deterministic.

multicast between the proxies. As it is, these results elis
a major factor.in band\_/vidth consumptjon, which is delivgring  access Control
data to dangling proxies. Our experiments show that when ) . -~
delivery is not optimized in this manner, the cost ratio gan i _ 1€ basic SSM proxy protocol implements the traditional
crease to 6 when the number of senders and proxies are H5inodel of any-source multicast, and thereby avoids setup

large but the number of members is small. delays. There are some applications for which this is the cor
rect choice to make, but others will want to maintain control
IV. EXTENSIONS over which sources can transmit data to a session.

To support access control, the group creator maintains a
list of authorized senders and transmits this list perialtijc

An application may want to avoid configuring proxies irto the proxies. Unlike the proxy list, the access contralifs
advance and instead choose senders to act as proxies as théyneeded by proxies and must be updated more frequently
become active. To support dynamic proxies, the sefdeas- in order to reduce setup delay. For these reasons, we sug-

A. Dynamic Proxy Configuration
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gest that the_ primary sender manage a sepa[aI(_ess channel study proxy placement within hierarchical networks by gsin
(S1,Gs), which is joined only by proxies. The primary sendef, o e accurate models of internetwork topologies and more
Sh perlod|cally muItlcgsts the set of authorized senders &n ﬂb_recise placement policies. We are also interested in eixglo
channel, plus immediately multicasts the new set wheneveﬁbw we can use SSM proxies to enhance reliability and con-

changes. gestion control mechanisms for multicast, similar to RMX [5

Finally, the basic SSM proxy protocol is also a useful platfo

for investigating alternative content distribution atelgtures.
To reduce the bandwidth cost of the SSM proxy protocalearly any group communication protocol (e.g. Narada [6] or

we can replace the unicast proxy distribution with multicasRMX) could be used for proxy distribution. We plan to inves-

as illustrated in Figure 7. Each proxy maintains a separatgate various communication algorithms to determine \whic

SSM channel, called @lay channelfor relaying data to the are best adapted to our approach.

other proxies. The identifier for each proxy’s relay channel

is distributed through either static or dynamic configurati REFERENCES

Each proxy then joins the relay channel for each of the othigl Stephen Deering, Deborah Estrin, Dino Farinacci, VaroBaon, Ching-

proxies, provided it is not dangling. Senders continue t un Sgﬂgn';"ﬂ’iﬁgdck/'lnglngc"é’)e,\';l“;IAA”USL‘;T”&C&? for Wide-Area Migast

cast data to their nearest proxy, as with the basic protdd®. 2 pino Farinacci, Yakov Rekhter, David Meyer, Peter Lathfs Hank

proxy then sends a copy of the packet on its relay channel so Kimer, and Jeremy Hall, “Multicast Source Discovery Patb

; ; ; (MSDP),” Internet Draft: work in progress, July 2000.
that it reaches the other proxies. Finally, each proxy sémels (3] T Bates Y. Rekhter, R. CHandra, and D. Katz. “Multimosl Exten-

packet on its direct channel. sions for BGP-4,” RFC 2858, June 2000.
We implemented this extension and repeated our expdfi- H. Holbrook and B. Cain, “Source-Specific Multicast fd?,1 Internet

: _ : : : Draft: work in progress, November 2000.
ments from Section IlI-C to gauge its effectiveness. Th Yatin Chawathe, Steven McCanne, and Eric A. Brewer, “RNR¢liable

change has no effect on the delay experienced by members, Multicast for Heterogeneous Networks,” IBEE INFOCOM 2000.

but does decrease the bandwidth cost of proxy distributidfl. Yang hua Chu, Sanjay G. Rao, and Hui Zhang, “A Case For Brstef

Fig. 8 shows the cost ratio for a flat network with 40 memberﬁ ,'\Dﬂgt_'%é}fé'ritgnnﬁ'(\fj%@ﬁg{gfggfe“é?&%ESS Multicast: Kiag Mul-
ti- \

and a variable number of senders and proxies. Using mu ticast Economically Viable,” irACM SIGCOMM August 1999.

cast reduces the cost such that the ratio stays relativelyrfth [8] S. Kumar, P. Radoslavov, D. Thaler, C. Alaettinoglu, But, and
ds 1.2. Recall that with unicast. the ratio asezd M. Handley, “The MASC/BGMP Architecture for Inter-domainu\4

never exceeds e @ with-uni ! ) : EEE!_ ticast Routing,” inACM SIGCOMM August 1998.

up to 1.4 (see Fig. 5). Similar results are seen with traretit n[9] D. Thaler, M. Handley, and D. Estrin, “The Internet Mahist Address

works. where the maximum cost is reduced from 1.8 to 1.4. Allocation Architecture,” Internet Draft: work in progres December

C. Multicast Proxy Distribution

The overhead introduced by usi lticast consists of 2000.
€ overnead introaucead by using multicast consISts of an ¥g) Brad Cain, Steve Deering, Bill Fenner, Isidor Kouvelasd Ajit Thya-
tra SSM channel for each proxy. garajan, “Internet Group Management Protocol Version MF&V.3),”

Internet Draft: work in progress, January 2001.

[11] Cisco Systems, “Source Specific Multicast with IGMPVGMPv3lite,
V. CONCLUSIONS ANDFUTURE WORK and URD.” Cisco documentation.

We have demonstrated how SSM proxies can UE@] Daniel Zappala and Aaron Fabbri, “An Evaluation of SkthMulti-
s . . . cast Trees with Multiple Active Cores,” imternational Conference on
application-level protocols to implement traditional IRkt Networking, ICN'01 July 2001.
cast on top of an SSM. This enables an SSM infrastructure to
efficiently support applications with a dynamic and potaihi
large set of senders. We have shown how the basic proxy pro-
tocol may be augmented with dynamic proxy configuration,
access control, and multicast proxy distribution.

Several areas remain open for future research. We plan to



