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Abstract—Before having a multicast event, information about top of SSM. This is important because, as mentioned above,
the event needs to be announced to prospective participants. In the success of large scale multicast content distribution partly

the current multicast service model, called Any Source Multicast ilahili ; ;
(ASM), It is achieved by exchanging this information on a well- depends on the availability of a robust session advertisement

known multicast group address. Researchers have developedMechanism. However, due to its potential large scale and
SSM, as an alternative multicast model in response to problems dynamism of announcement sources and receivers, supporting
with ASM. And therefore, the expectation is that SSM will soon the session announcements application on top of SSM is not
replace ASM in the inter-domain scale. _ straightforward.
cats O el s IHETETLY SpmepPe Ay, P8l In his paper, we propose an architecture to support session
straight forward task. But, success of large scale multicast content announcements application on top of SSM. Our architecture
distribution partly depends on the existence of a successful sessiondepends on using dedicated session announcements servers
announcements mechanism. In this paper we propose a mecha-(SASs). Each domain uses one (or several) SAS server(s)
nism to support multicast session announcements application on to support the application in the domain. In addition, SAS
top of SSM. servers in different domains form a hierarchy to provide an
inter-domain level support for the application. Moreover, these
. INTRODUCTION servers can also provide additional services for the application

Before having a multicast event, information about thsuch as grouping announcements based on some classification
event needs to be announced to prospective receivers. Ssciemes, searching for particular types of announcements, etc.
an announcement is necessary (1) to inform receivers abBirally we propose a number of modifications to improve
the existence of the event, and (2) to convey important cotive scalability and delay properties of session announcement
figuration information including the multicast addresses to lzplication.
used, media types, encoding format, bandwidth requirementsThe rest of this paper is organized as follows. In Section
the duration of the event, etc. Il we present previous work that covers session announce-

One approach for communicating this information is to lighents mechanism in ASM and the currently known many-to-
advertisements on a web page and expect prospective receiveasy support mechanisms in SSM. Section Il presents our
to visit this page. Web has been successfully used to advertiserarchical architecture for supporting this application in the
on-line content (both unicast and multicast) and has be88SM service model. Section IV presents our improvements
observed to be fairly scalable. However, with the proliferasn session announcement mechanism and finally the paper is
tion of residential broadband Internet access and continuiogncluded in Section V.
deployment of multicast service in the Internet, we expect
that both the number of multicast content providers as well , Il. PREVIOUS WORK
as the volume of multicast content will substantially incread® Session Announcements in ASM
in the near future. It is important to realize that the successin ASM, session announcements are communicated
of large-scale multicast content distribution in the Internein a well-known multicast channel, SAP.MCAST.NET
partly depends on the existence of a successful advertisem@24.2.127.254). Using a session directory tool, cabeld
mechanism. From this perspective, it is necessary to considaulticast users can create, send and receive announcements
new and alternative mechanisms for multicast content adver the well-known announcement channel. When a user wants
tisement. to create a session announcement, he/she usesitieol to

An alternative approach is to communicate these advertiggovide necessary information for the session announcement
ments using multicast. Currently, multicast is supported entry. Then, thesdr tool creates the announcement entry
the Internet using the Any Source Multicast (ASM) servicasing the Session Description Protocol (SDP) [9] and period-
model [6]. ASM supports both one-to-many and many-taeally announces it using the Session Announcement Protocol
many multicast applications. However, due to the complexi@AP) [10]. In addition,sdr listens to the SAP.MCAST.NET
of the required protocol architecture, the current ASM-basedidress for announcements by other users. When an announce-
multicast service in the Internet is far from being a robust senent is receivedsdr caches the information and presents an
vice in the inter-domain scale [3]. In response to this problempdated list to the user.
researchers have developed an alternative multicast servicBefore discussing the characteristics of session announce-
model, called Source Specific Multicast (SSM) [11], [5]. SSNnents application, it is worthwhile to briefly describe the
is mainly designed for single-source multicast applications. Axisting protocol architecture for ASM to gauge its complexity.
we present in Section II-B, it also provides a limited support tGurrently, the ASM service model is implemented by using
a group of multi-source applications. SSM eliminates most tiree protocols in the network. These are (1) Multicast Source
the problems for wide-scale deployment and the expectatiddscovery Protocol (MSDP) [12], used to communicate the
are that SSM will soon replace ASM in the inter-domaimctive source information to receivers in remote domains,
scale [2]. From the session announcements application pd@at Multi-protocol BGP (MBGP) [4], used to communicate
of view, this creates a need to support this application enulticast reachability among remote domains, and (3) Protocol



Independent Multicast - Sparse Mode (PIM-SM) [7], used sender, it forwards it to all other relays for delivery. The
to create multicast forwarding trees between sources and melay nodes then forward the data to their local receivers. Our
ceivers. When a source starts sending out a session announaek in this paper resembles SSM proxies work in that we
ment, the edge router at the source site unicast encapsulatesifee a number of relay nodes to provide global support for
announcement in a PIM-Register message and forwards théssion announcements application. However, our approach
message to a dedicated router called Rendezvous Point (RBEs a hierarchical configuration of the proxies (SAS servers),
The RP may also act as an MSDP peer in the domain. Thisovides a detailed description of the relation among the prox-
router communicates the source activity with remote MSDEs in different levels of the hierarchy and includes a detailed
peers to inform the remote group receivers about the nel@scription of forwarding rules for session announcements.
source. Then the receivers in remote domains use PIM-SM

protocol to create a source specific tree toward the new source. I1l. SAS ARCHITECTURE

And finally additional announcement packets originating from In this section, we present an architecture to support multi-

the source propagate on this tree toward the remote recewE%%t session announcements on top of SSM. First we present

The forwarding trees established in the network are sensit ) ; P
to group activity. If there is no activity in the group for ar'i{Bprelay based mechanism to support the application in the

period of time, the state information in the routers expire a tralli-c?aﬁ?gﬁlri]r} -trr?: Tﬁt\gﬁ d%xraeailﬂi'g our architecture to support this
are removed from the forwarding tables. P '

Sdrbased session announcements application in the A -
service model presents some unique che?lﬁangessdffmaﬁic %—M Intrg—Domam support . )
is bursty and its announcement period is larger then the lifeFor intra-domain support, we use a dedicated Session An-
time of the corresponding multicast forwarding states in tH@ouncement Server (SAS) within each domain. Each network
routers. Therefore, when a&ar tool sends out announcements@Perator that provides SSM service in his/her domain main-
these announcements create a considerable amount of con@#is an SAS server. This server acts as a relay node for dis-
traffic in the network. First, the active source information fopeminating multicast session announcements to local receivers
the announcement originator site is communicated to rem@@ a well-known SSM channel. Individual end systems within
receiver sites. Then, the routers in the network create a muifie domain can use the session directory tedil to create
cast forwarding tree between the receivers and the source sied send their announcements directly to the SAS server via
Finally, this procedure is repeated every time when the soutd¢iicast. The SAS server caches and periodically forwards
site sends out a new burst of announcements. As a restiiese announcements on a well-known SSM channel until
the dynamic nature of thedr-based session announcement® Specified time (until the announced event starts/ends). On
mechanism makes it more difficult to support or significantl{he other hand, all local users, who are interested in learning
reduces the effectiveness of the application. In our previoggout future multicast events can use tue tool to join the
work [13], we conducted a long term monitoring of teér- Well-known SSM channel and learn this information from the
based multicast session announcements application. In f§ver. . o
monitoring, we measured the effectiveness of the applicationOne issue at this point is how to learn the address of an SAS
in the ASM service model. Considering the importance &ferver in a domain. A possibility is to define a naming conven-
session announcement for multicast content distribution, dign (e.g. sas.foo.com for a domain foo.com) for SAS servers
findings in this monitoring effort supports the common beligh each domain and then use Domain Name Service to resolve
that the current ASM-based multicast service model is n#itis name to the IP address. Another possibility would be to
robust enough to support this type of many-to-many multicasipply the SAS address information as part of the host configu-

application. ration either manually or through Dynamic Host Configuration
) . Protocol (DHCP). In addition to this the multicast address to
B. Many-to-Many Multicast Support in SSM be used has to be identified. Similar to gu-based multicast

As discussed in the previous section, ASM supports basiession announcements (SAP.MCAST.NET), SAS servers can
one-to-many and many-to-many applications but does ngte a reserved multicast address, SAS.MCAST.NET for the
perform well in the inter-domain. SSM, on the other handpplication. Therefore, an SAS server sas.foo.com forwards
is mainly designed for one-to-many applications. The curreatinouncements on (sas.foo.com,sas.mcast.net) SSM channel
approaches for supporting many-to-many applications on tepd the local users join this channel to receive the announce-
of SSM include (1) using multiple SSM channels, one for eaghents.
sender [11], (2) using an application layer relay mechanismA potential problem with this approach is that the SAS
in the application [11], and (3) using SSM proxies mectserver may become a single point of failure for the application.
anism [14]. These approaches have efficiency issues if Wéhen a SAS server fails, this failure affects the session
want to use them for session announcements on top of SSMnouncement application for everyone in the domain. In
In this application, the number of session announcing sitesder to minimize the effect of such potential failures we
can be potentially large and their addresses may be unknowam use multiple SAS servers in the domain. In this case,
in advance. Therefore in the case of multiple SSM channelad users chooses one of these servers to send and receive
approach, it is not easy to use a separate SSM channel for ese$sion announcements. Server selection can be done at host
source to support the application. In a relay-based approachcomfiguration time or can use support from DNS. If an end
the other hand, each source sends its announcements to a neay experiences a problem with the current SAS server, then
node which then forwards these announcements to interedtedshe can switch to another one in the domain. In addition,
receivers on a well-known SSM channel. Even though theach SAS server uses two SSM channels for the application:
mechanism works fine for a small group of sources, usirfd)) sasl.mcast.net, for communicating session announcements
a single relay node for the entire multicast infrastructure t8 end hosts and (2) sas2.mcast.net, to communicate its
not scalable. Finally, the SSM proxies work aims to providecal announcements to other SAS servers in the domain.
a generic support for multiple sender applications on top ®herefore, each SAS server joins the second SSM channel
SSM. In this work, a number of relay nodes form a megsas2.mcast.net) of every other SAS server in the domain to
in the network. Whenever a relay node receives data framceive the complete list of local announcements generated in



it. Then, each cluster chooses a leadsriSe?, for the
second level of the hierarchy and this leader exchanges session
announcements with the leaders of other clusters to support
session announcements globally. ContraryStdS; servers
running in stub domains$ AS, servers running in backbone
networks do not cache any announcements but directly relay
them to their receivers. We expect the numberSofSieed

sasl: 10411 servers to be relatively small and well-known to each other.

(sasl,s)

end-hosts (sas2,s)
%D (sas3,s)

=S sa2: 10.1.1.2 When a backbone provider installs &h4Sked server, he
sas3:10.1.1.3 cad
learns the host names of the current set dfS;c** servers op-
c: sasl.mcast.net — For end—hosts to join and receive announcements H H initiali Qlead
s: sas2.mcast.net — For SAS servers tjo communicate announcements eratlng In. Othe.r b.aCkbone. netWOka and Inltlallzesm;a
_ _ _ _ _ server with this information. Later on, eadSie?? server
Fig. 1.  Using muitiple servers in a domain. periodically sends the list o§ ASi°?¢ servers to each other to

help maintain the complete list. In Figure 2 shows an example
hierarchical deployment scenario for SAS servers.

In the hierarchical model, each SAS server uses one or
more SSM channels to forward session announcements to
others:

e C: used to forward session announcements to local receivers.
For a SAS; server, the receivers ofS@.S;,c) SSM channel

are the end systems in the domain and forSahS, server,

the receivers of §A45,,c) are SASl*? servers in local
domains.

e s used to forward announcements to other SAS servers
(siblings) in the same domain. For $AS'¢ server, we
represent this channel as

. In addition, SASi? servers use a third channel to
Domain1 & o G forward cluster-local session announcements to ohesgieed
servers in remote domains. Moreover, end systems and
SASleed servers use unicast to forward announcements to
Fig. 2. A hierarchical architecture for inter-domain support. their parent servers. As a result, session announcements orig-
inating from any end system in any domain can be commu-
nicated to all potential receivers in any other domain in the

the domain. Finally, each SAS server forwards its announdgulticast infrastructure. ,

ments to the receivers joined to their own sasl.mcast.net SSMN the above presentation, we build an overlay network

channel. As a result, end hosts will be able to receive @chitecture by installing SAS servers in each stub domain

the available local announcements independent of which lo@&d connecting them to the ones in transit/backbone domains
SAS server they use. Figure 1 shows an example domaipd form a global announcement infrastructure. We assume
having three SAS servers to support session announcemén@ these servers are owned and maintained by the network

Domain2

application on top of SSM. operators of the corresponding domains. However, such an
. infrastructure can be built and operated by a third party aiming
B. Inter-Domain Support to provide on-line advertisement services for commercial

The above mechanism supports exchanging session purpose [1]. Note that this alternative deployment scenario
nouncements within a domain. In order to communicate thesienplifies issues related to organization of the global SAS
announcements in the inter-domain scale, we need to connaftastructure. Finally, a potential alternative to our SAS-
SAS servers in different domains to each other. One wiéwased advertisement architecture is to have individual content
is to have each SAS server join the SSM group of eveproviders to install their own announcement servers in different
other SAS servers in other domains. But, as the numbecations in the Internet. However, this approach creates more
of multicast-enabled domains increases in the Internet, tisimte overhead in the network (less scalable) and requires
approach becomes unscalable. more management overhead (more costly) and is therefore

An alternative approach is to use a hierarchy of SAS servarst desirable. A similar trade-off has been observed for
in the inter-domain. This hierarchy can be in accordance witteb/content caching and resulted in birth of several commer-
the underlying network provider hierarchy or it can be basaiial companies that built a global caching infrastructure to
on geographical proximity. In this paper we develop a twprovide web/content caching services on top of the Internet [1].
level hierarchy among SAS servers but extending it to higher

levels is straightforward. In addition, for ease of reference, we IV. IMPROVING ON SAP
use a subscript to indicate that a servefAS; belongs to In the current ASM model, SAP-based session announce-
level i in the hierarchy. ments have significant scalability problems: (1) due to the

In this model, a number of topologically or geographicallgisaccord between the multicast forwarding state lifetime
close-by domains form a cluster. In each cluster, we used SAP announcement periodicity, SAP incurs a significant
additional SAS server(s) in the second (upper) level of tlwerhead on the underlying multicast network infrastructure,
hierarchy. First, each domain having multip}ed.S; servers and (2) due to the global nature of the application and the
chooses one as the leader, callgdSi**?. This leader then mechanisms used to limit resource (bandwidth) usage, SAP
exchanges session announcements withSahS;, sending introduces delays in receiving a complete set of announce-
the local ones to it and receiving the remote ones froments for the end systems. In this section, we present our



Server Channels Tt Sends OnT Info Tt Sends ]| Channels It Joins

SASlead 11" (SASLad ¢ cJsUyr (SASLead 7) of remote SASLe? servers
(SASlkead 5) clJpP (SASs, s) of sibling SAS, servers
(SASkead r) cls

SAS, (SAS-, ¢) cJs (SASLead 5) of SASLead server
(SASa, s) C (SAS3, s) of sibling SAS> servers

SAStead " (SASTead ¢) cJsyr (SAS-2, ¢) of its parentSAS, server
(SAStead 3) cyr (SASy, s) of its sibling SAS; servers

SAS, (SAS1,¢) CU S (SAS32,c) of its parentSASy server
(SASy, s) C (SAStead 5) of SASiead server

(SAS1, s) of its sibling SAS; servers
TABLE |

CHANNELS SAS SERVERS JOIN AND SEND ON

approaches to help with these scalability issues.

A. Reducing the Network Overhead iat = interval/no-of_ads. )
Multicast forwarding states maintained in routers have a sof#Vith this modification, as the number of announcements
state life time (180 seconds by default). If an on-tree rout#icreases, the frequency of sending out an announcement from

does not receive any data packets for a particular multicd8e SAS server will also increase. In return, this will help
group during this time, it drops the Corresponding rnu|tica§@freSh the soft state Ilf_etlme of the forvyardlr]g states in the
forwarding state and forgets about the group. If the datguters and prevent their premature expiry. Figure 3-a shows
forwarding periodicity of a source is larger than 180 second§€ relation between the number of announcements and inter-
each time the source wants to forward a packet, it initiat@gnouncement delay for an average announcement size of 500
a new forwarding tree establishment process in the netwoRtes and announcement bandwidth limit of 4000 bps. Accord-
This periodic tree establishment introduces significant ovéfg to this figure, with a careful inter-announcement timing,
head for the network and substantially reduces the robustn8g multicast forwarding states can be maintained by having
of the application. as few as 2 announcements at an SAS server. Since the SAS
SAP [10] regulates the periodicity of session announcgervers will function as a proxy for a domain, we expect that
ments. This way, it attempts to control the overall bandwidfiese servers will easily have several dozen announcements to
requirement of the application on a single SAP channgend periodically and therefore will greatly help in avoiding
The default bandwidth limit suggested by the protocol e scalability problem that SAP-based session announcement
4000 bps. Each announcement originator is expected to liseplication suffers currently. .
to other announcements and determine the total number ofA second issue is the multicast state overhead incurred
current announcements and use this information to comp®e¢ the application. In ASM, depending of the configuration
the periodicity of its own announcements. More specificall@f multicast routers in the network (PIM-SM Shortest-Path-
for a given bandwidth limit)imit, (in bps) and announcementlree Switch Over threshold configuration [7]), each session
size,ad_size the announcement intervaterval, is computed announcing source may potentially have its own shortest path
as multicast tree between itself and the receivers. As the number
interval = maz (300, (8 xno_of _ads*ad_size) /limit). (1) Of announcement sites increases, this will cause a significant
} ] increase in the amount of forwarding state kept in the network.
Then anoffsetis calculated based on theterval as On the other hand, in our SAS-based infrastructure, only
_ ; (s a small number of the serversSAS, servers) use SSM
of fset = random(interval  2/3) = (interval [3). (2) channels with global scopes and incur state 3verhead in the
Finally, the next announcement timig is computed as backbone of the networkSAS, servers, on the other hand,
. , use local § AS7, c) SSM channels to forward the complete set
tn = teurrent + interval + of fset. () of announcements (both local and remote ones) to their local
According to Equation 1, the interval between two consecteceivers. Since the scope of these SSM channels is domain-
tive session announcements is at least 300 seconds. Howdeegl, they do not create any scalability problems in terms of
this is larger than the lifetime of multicast forwarding statethe overall forwarding state overhead in the network. Figure
kept by routers. As a result, each time the source sergid compares the amount of forwarding state incurred by the
out an announcement, it initiates a new forwarding tree gurrent approach and our SAS-based approach. In this figure,
the network. As we mentioned previously, this incurs mome present results of our simulations that were designed to
overhead to the network and affects the robustness of #t@mpare the forwarding state overheads on a simple two-tier
application. In addition, even if the source site has sever@lansit-stub) network topology. We created a synthetic two-
announcements, to the best of our knowledge, sietool tier network topology with 615 nodes (120 stub domains each
sends out these announcements as a burst, with a simildth 5 nodes on average and 5 transit domains each with 3
time interval (300 seconds minimum) between two consecutibackbone nodes on average) using the Georgia Tech Internet
bursts. Topology Modeler (GT-ITM) tool [15]. We used ns-2 network
In our architecture, we require that SAS servers adagimulator [8] to simulate ASM-based and SAS-based session
a slight modification to this approach. Instead of sendirmnnouncement applications with increasing number of session
announcements as a burst, SAS servers spread the annouaiceeuncement sources and receivers; and counted the number
ments over atntervaland send them as a stream of announcef forwarding states created in the network. According to
ments with the inter-announcement timat) between two the figure, in ASM, as the number of session announcing
subsequent announcements being sources increases, the amount of forwarding states in the
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Fig. 3. Evaluations

network increases significantly. However, in our SAS-basedlated to our hierarchical architecture. We have also proposed
approach, all the announcements are communicated over sheeral modifications on the Session Announcement Protocol
proposed SAS-based overlay infrastructure which impose{SAP) to improve the overhead and delay properties of session
fairly constant and relatively small amount of forwarding statennouncement application.

overhead in the network. Supporting many-to-many applications on top of SSM is
. . . important as the current ASM service model is not robust
B. Reducing the Delay in Receiving Announcements and will soon be replaced by SSM. Also, for the success

According to SAP specification, as the number of arsf multicast content distribution, there is a need of an ef-
nouncements exchanged in a SAP channel increases, fiftfive session announcement mechanism on top of SSM.
interval for each announcement will also increase. From titur work in this paper targets this problem and presents a
receivers point of view, this will increase the delay to receivetgierarchical architecture to support session announcements on
complete set of announcements exchanged within the changgh of SSM. Even though our discussion in this paper builds
In order to reduce this delay, the SAP protocol specificatigftound multicast, we believe that our architecture provides a
recommends caching available announcements by using fibbust and scalable mechanism for advertising both unicast-
termediate proxiesSdr tools running at end systems wouldand multicast-based digital content on the Internet.
then contact these proxies to download the currently available
announcements and use them to populate their announcement REFERENCES
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