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Abstract
In this paper, we present the design, rationde, and
basic mechanisms of the Information Discovery Graph
(IDG), a scalable multimedia resource diredory. Facing
the fundamental challenge of scaling with bah large
amourts of resources and large numbers of users, the
IDG is made up o a sdf-organzing herarchy of
information managers, each maintaining resource
information for spedfic topics or areas. Multimedia daa
sources register themselves with the IDG system and keg
the information up-to-date. Preliminary simulation results
demonstrate the approach’s promise. A number of open

research isaues are also addes=d.

1. Introduction

The Information Discovery Graph (IDG) is a
component of the Semantic Multicast projed [1]. The
goa of Semantic Multicast is to fadlitate distributed
collaborations by seleding and filtering content avail able
on the network. Seledions use aiteria such as user
interest and network bandwidth, bringing appropriate
material to the user’'s desktop. Semantic Multi cast aims at
providing a fast and intuitive method for conneding users
with content that matches both their interests and their
processng caoabiliti es. Spedfically, the IDG'srolein this
framework is to provide the diredory and seach
medhanisms to locate ay relevant content, such as video
streams dored in a database or a red-time multimedia
conference sessions on the MBone [2].

One of the principal goals of the IDG isto be &le to
handle large amounts of online multimedia information in
a scdable fashion. Not only should users be ale to find
information quickly, regardless of the amount of
information available, but the mntrol protocol used to
maintain the information diredory should aso have @&
littl e overhead as possble.

The IDG is based on a distributed cade, which can be
browsed by topic or seached for spedfic content. By
maintaining the resource information in a sorted mesh of
cades, the user can find information quickly. In this
paper we will discuss the eisting toos and their

limitations, and then explore the design of the IDG. Then,
we will describe simulations of the IDG that demonstrate
its corrednessand usefulness, and finally, we will present
idess of future reseach.

2. Current information discovery tools

The IDG design aims at addressng the challenge of
information seach in large-scde networks. We eped
that in the future Internet, orders of magnitude more
multimedia contents will be online that cover a diverse
range of topics. We therefore begin by exploring the
current tools used for discovering online multimedia
resources. In particular, we will highlight the limitations
of the present todls and architecture.

There ae two kinds of multimedia mntent avail able on
the Internet today: stored multimedia content, and live
(red-time) multimedia cntent. Currently, users find these
two kinds of resources by using dfferent sets of toadls, and
we will describe eab set separately.

2.1. Stored multimedia content

Information about stored multimedia ontent is
generaly not propagated to users and is not caegorized
using any spedfic mechanism. In most cases users look
for interesting content with a Web search engine. Existing
Web seach engines perform seaches by either counting
how often the seach terms occur on a page, such as
AltaVista' s approad, or by matching search terms against
a manually chosen caegory description, such as Yahoo's
approach. In the first case, the mntent must be textual to
permit effedive seaching; however, a large amount of
multimedia mntent is not text-based. In the second case,
the cdegories are fixed and are chosen by the seach
engine. In both cases the inherent problem of today’s Web
seach enginesis also introduced: poa scdability dueto a
centralized database. Scdability is a problem because
crawlers of individual Web seach engines must spend an
increasing amount of time discovering the new contents
that are added online everyday. The task becomes more
difficult as the amount of content continues to grow. In



additi on, over time many of the Web pages discovered by
crawlers get moved to dfferent locaions, or deleted
entirely. As a result, it has bemming increasingly
common to encounter stale links from a search engine’s
reply. Furthermore, becaise eat seach engine works in
isolation, a popular Web site often observes visits from
multiple adawlers, one for ead different seach engine,
resulting in increased network and Web server load.
Finaly, the lad of semantic content searching stems from
the inability of the seach engine to derive semantic
meaning from the resource using its text matching
algorithms. Web search engines provide a rudimentary
medhanism for categorizing stored multimedia mntent,
but it is not a sufficient architecdure for handling the
presumed growth of online multimedia content in the
future.

More recently, another approach to bringing online
multimedia mntent to usersis by listing available content
on awell-known web server using a proprietary diredory,
such as Broadcast.com. Broadcast.com uses a centralized,
manually-categorized dredory of multimedia sources,
and users can retrieve interesting content by unicast. This
approach suffers smilar scdability problems.

2.2. Real-time content

Due to its time-sensitive nature, information about
red-time multimedia cnferences on the Internet, as
oppaosed to stored multimedia @ntent, is multicast to all
users. Multicast takes place on the MBone, a virtua
network built ontop o the Internet where IP multi cast has
been deployed. Information about multimedia anferences
is currently advertised using the Session Announcement
Protocol (SAP) [3], which aso oautlines bandwidth
guidelines for session announcements. These guidelines
suggest using a fixed amount of bandwidth on a single
well-known multicast address to periodicdly announce
existing content. It is the responsibility of a mntent
provider to advertise its content on this multicast address
Client programs, such as SDR [4], list content that has
been announced. These alvertisements time-out in SDR
after some gpropriate interval. There ae no intermediate
agents in the network, so there is no way to lean of the
existence of red-time content except by waiting to hea
diredly from the sources.

This approach results in a number of very good
feaures. SAP provides robustness and automatic error
recvery due to its oft-state listings of content and ladk
of intermediaries. Additionally, the lack of intermediaries
means dired source delivery and enables the user to
diredly sded relevant content. However, these
advantageous feaures also result in a few problems with
SAP. First, when a new client initially comes online, it
must wait patiently to lean about al existing
announcements. Currently it can take up to 30 minutes to

hea all available sessons [5], and this time an only be
expeded to grow as the number of content providers
grows. The delay is due to the fixed bandwidth used by all
sesgon announcements and the extreme sensitivity to
announcement padket losses. SAP dictates that only 200
bits per second of global bandwidth be used for content
announcements; thus for new clients, a dropped
announcement padket can result in a significant delay for
leaning of the eistence of an ongoing session. Seond,
there is no ordering of listings within the single channel.
Although provisions have been made in the Session
Description Protocol (SDP) to alow keywords [6], few
announcements currently use this option. Accordingly, a
user must scroll through a long, flat list to find interesting
content. When many more multimedia content providers
exist, this approach will not be feasible.

We would like aresource diredory that is sdable
enough to suppat many orders of magnitude more
resources than are aurrently supparted. It should handle
stored and red-time multimedia @ntent equally well,
have the ssmplicity and robustnessof SDR, and avercome
the lengthy client startup time and reduce sensitivity to
padket loss In addtion, items should be grouped
acording to content, so relevant resources can be eaily
locaed. These goals motivate the design of the IDG.

3. IDG design

To describe the design of the IDG, we begin by
describing the overall organizaion of the IDG. We then
discuss pedfic feaures of the IDG design.

3.1. Overall organization

The IDG is a diredory of multimedia cntent that
helps users rendezvous with data sources with multimedia
content in which the user is interested. The diredory is
organized around a taxonomy, which is a hierarchy based
on the semantic information of whatever content data is
available. Levels of the hierarchy represent a narrowing of
focus of the semantic caegories. Levels nea the top o
the hierarchy represent broad semantic caegorizaions,
such as “sports’ or “entertainment,” and the cdegories
lower in the hierarchy represent categories that are more
spedfic. Figure 1 shows a high-level view of the IDG
organizaion of a sample taxonomy.

The multimedia ntent is represented as a data
source. A record for eat data source is inserted into the
IDG hierarchy at a semantic caegory that best categorizes
the data source’s content. This matching process is
described in greder detail in Sedion 3.2.1. The data
source itself is resporsible for properly charaderizing its
content, as it has the most knowledge of the mntent.

Users, whether human beings or software agents, use
the IDG to find data sources that serve relevant content
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data. A user can find relevant data sources in two different
ways: the user may browse the IDG for listings of data
sources of interest, or the user may send a query for the
appropriate cdegory. The exad mechanism is described
below in Sedion 3.2.1. Once auser finds an appropriate
data source, it can contad the source diredly and recave
the content; the IDG is used only to conned data sources
and interested users.

Managers are responsible for maintaining the
semantic caegories of the hierarchicd taxonomy. The
hierarchy is implemented as a olledion of multicast
groups. A number of managers listen to eadhy multicast
group; some managers aso listen to two groups, forming
the interconnections between the levels of the hierarchy.
The cdegories are merely listings of information of
semanticdly-related data sources. The listings are stored
by a manager, and eath manager is responsible for one or
more given semantic caegory. Note that managers are
logicd entities, not physicd entities; thus, a single
physicad machine may house several separate managers.

3.2. IDG features

We now discuss ome of the fedures of the IDG in
greder detail. In particular, we point out the robust and
fluid architedure that al ows all usersto register their own
data sources as particular aspeds of our architedure that
makes it well suited for diredory services.

3.2.1. Querying the IDG. Both users and data sources
need to locae managers within the IDG; users look for
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Figure 1. IDG layout of a sample taxonomy

managers to find interesting data sources, and data
sources locate the most fitting manager with which to
register themselves. This locdion processis the same for
both users and data sources and can happen by one of two
methods: manual traversal or querying a manager.

First, the IDG hierarchy can be manually traversed,
and a relevant manager manually selected. Traversa
means either pasdvely listening to a group for manager
descriptions (see Sedion 3.2.3), or it means asking a
group for a description of the hierarchy. Both ways reved
a list of managers listening to a multicast group and to
what subgroups, if any, they are nneded. If the
appropriate manager is not found in this group, the most
appropriate subgroup can be seleded and reaursively
traversed. This continues until an appropriate manager is
found.

Semnd, a seach query can be given to any manager.
This sach query attempts to find a match with a
manager’s smantic caegories or keywords listings for its
data sources. Managers can diredly respond to the query,
indicaing that the manager can appropriately handle the
request, or they may instead forward cueries to a sub-
multicast group. Additionally, since managers inform
their multicast group pees of their descriptions, a
manager has ome knowledge of its pee's, so its responses
need not be for just its own caegories or data sources.

For example, consider the sample taxonomy shown in
Figure 1. Suppose auser wishes to view a broadcast of a
golf tournament containing Tiger Woods and David
Duval. A query can be given to any topicd manager in the
well-known multicast group. This manager can use its



cade to match the query with the sports manager, and it
will forward the query to the sub-multicast group under
the sports manager. At this level, the golf manager would
pick up the query and respond dredly to the user. This
processis controlled by the matching mechanism between
gueries and managers, which is still under devel opment.

For both manual traversal and querying, users and data
sources nead not start at the top-level well-known
multi cast address Since the upper levels of the hierarchy
are not likely to change very often, users may cache their
knowledge of the hierarchy and start traversals or queries
at lower, more gpropriate levels. This cading of the IDG
hierarchy provides <dability; users traversing or
guerying the hierarchy will start at levels much closer to
likely data sources, reducing the amount of traffic
generated by each user. If the user’'s cade has dale
hierarchy data, the user can simply return to the top-level
well-known multicast address However, since this is the
starting point for new users as well, it is imperative to
take & much traffic out of the upper hierarchy levels as
possble to suppart scding of the number of users of the
IDG.

3.2.2. Data source registration. SAP cdls for data
sources to broadcast an advertisement of their content to
the well-known multicast addresson a periodic basis. Our
IDG design takes a dightly different approad; data
sources do not make anouncements to any multicast
groups, but rather they register themselves with a
manager. (In our design, managers may also share data
source registrations with other managers if the mntent
spans multiple semantic topics, allowing for more
effective user searches for interesting data. However, the
detail s of this sharing have not been fully explored, and
we leaveit asanitem for future reseach.)

When a data source registers with a manager, the
manager adknowledges the registration and creaes a soft-
state mnnedion with the data source. The manager will
eventually time-out the data source’s registration, so the
data source must periodicdly refresh its registration with
its manager, which the manager will adknowledge. This
process prevents the buildup of stale entries to data
sources that are no longer available, and it also alows
data sources to know that their managers are still alive,
providing a measure of robustness

It is important that the anouncement from a data
source be descriptive ewuch to alow proper
classficaion by managers. The data source itself will be
best able to provide such a description. Thus, the
responsibility for an accurate caraderization of the
multimedia datais on the aegor of the data source

3.2.3. Description announcements. Since adata source
does not diredly advertise its content to users, its manager
is responsible for doing the avertisement. Managers

periodicdly send their descriptions to the multicast
group(s) to which they are conneded. These descriptions
identify the manager and its placein the hierarchy and
aso include alist of keywords to charaderize the data
sources that have registered with the manager.

This srves two purpases. it provides a way for users
and ather managers to passvely lean the IDG hierarchy,
and it serves as a heatbed to ather managers to suppart
robust failure recovery. The first asped lets users lean
the IDG hierarchy without having to send queries to any
multi cast groups or managers; users that monitor a group
will eventually hea all manager descriptions for that
group at a minimal cost. This very closely approximates
the operation of SAP, and thus we @an reg the same
benefits of simplicity that this design entails. For
example, a dient program might passively colled
information about the IDG while the user is idle.
However, our design improves upon SAP by using
managers to aggregate and sSimplify data source
announcements into a single, more @mpad manager
description. Users can always get full information on data
sources by contacting the manager diredly. We thus
reduce the global multicast traffic both by using smaller
periodic announcement padkets and by only sending
lengthy data source information, via unicast, to users who
request it.

All managers in a multicast group will cache broadcast
descriptions in order to share their knowledge of the IDG
hierarchy. This means any manager can acarately
respond to queries. The manager description also serves
as a heatbea, which is nealed to suppart a robust failure
recovery scheme. If a manager is not head from after
some interval, other managers in the same group(s) will
assume the manager has failed. At this paoint, a failure
recovery mechanism starts. Ancther manager in the
multicast group (or the “lower” group, if the failed
manager bridged two groups) will be deded to take over
for the failed manager. “Taking over” entails assuming
control of the semantic caegories for which the failed
manager was resporsible. Data sources that were
registered with the old manager will re-register with the
new manager taking over for the old one. Note that at this
point, the new manager may try to reauit more managers
to help properly distribute the load (seeSedion 3.2.4).

3.24. Hierarchy fluidity. The IDG hierarchy is
completely dynamic; it changes as the registered data
sources come and go. This means that if a manager
reades me threshold of load o has too many data
sources registered, it may crede a new semantic
subcategory and delegate another manager to handle that
subcategory. It will then divest itself of data sources that
better fit the subcategory, instructing them to re-register
themsel ves with the new manager. Similarly, if a manager
finds itself below some threshold of load or data sources,



it may dedde that its caegory is too spedfic and is no
longer needed. In this case, it will passany remaining data
sources on to a manager of a more general category and
then terminate itself. This design scheme provides
maximal flexibility and scdability for the IDG; we do not
need to fully spedfy the entire manager hierarchy in
advance, as the managers will adapt to whatever data
sources there ae. As the amount of online multimedia
content increases, one can ssimply add more resources to
the information managers pod, and the IDG protocol will
utili ze as many managers as the work load demands.

4. Overhead modd

In order to compare our design to the achitedure
currently in place we need some sort of metric to
compare. We look at two such metrics. First, we cnsider
the time it takes a user to find a relevant data source
Then, we compare the global multi cast bandwidth used.

4.1. SAP search time

For globally announced sessions, SAP dictates that
only 200 bps are used for all announcements. Sources
announce their sessons at minimum once every 5
minutes, and announcement times increase diredly with
the number of sessions. To cdculate the time it takes for a
user to find the session in which they are interested, we
suppose that a user has ©me sense of what they are
interested in. The user will then listen for announcements
until the most interesting sesgon announcement arrives.
Since it is difficult to predict what the “most interesting
sesdon” is, we use the worst case of waiting until all
sesgons arrive, asauming no padket loss.

More formally, given

N = number of announcements
R =max(300 (8*N*ad_size)/limit), in seconds
limit ranges from 200bgs to 2Kbps; see[3]

Then, the seach time for SAPis
STep=N*R

Thus, the seach time is linea in the number of
announcements being made.

4.2. DG search time

Using the IDG, the time to get an interesting session is
the amount of time it takes to locate amanager containing
interesting sessions plus the time to retrieve dl data
source listings from that manager. The time to locae an
interesting manager is the ast of a path from the roat of
the IDG to that manager. Along that path, we will retrieve

al manager listings at ead level. Given an average
branching fador of b in the IDG and a depth d seach, the
cost of reating some particular manager isb-d. The exad
time to get to this manager will vary by some mnstant
fador. This fador will acount for the bandwidth
available to the end user and the delay in processng any
reguests. Oncethe best manager has been located, it sends
the sesgon descriptions to the user.
Thus, given

B = branching factor of IDG (managers per level)
D = depth of manager with “interesting” results
K = number of announcements per manager

Then, the search time for the IDG is given as
STidg =B*D+K

To make our cdculations, we asumed that each
manager will have 50 data sources registered with it, and
that there will be 5 managers at eat particular level. This
is a worst case bound; the amortized cost of seaching
should adually be lessin most cases, since the user will
often look in the same locations of the IDG that he or she
arealy has cached from previous aches. (This ideaof
spatial cading is described further in Sedion 5.1.) The
comparison of seach time between the IDG and SAP is
shown in Figure 2.

Thus, in the IDG, the search time depends on the depth
of the deepest manager, which, in a treg is
logarithmicdly related to the number of data sources.
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Figure 2. Search time comparison

4.3. Global multicast bandwidth comparison

SAP uses a onstant amount of global multicast
bandwidth: 200 bps. However, defining a constant value
in a protocol does not lend itself to scding well.
Moreover, we ague that if there is enough bandwidth to



suppat many large multicast sessions, that some fradion
of that bandwidth should be aalable to a session
diredory. We auld put such a modificaion into SAP, but
this would only be atemporary fix to the problem, as it
would still neglea the issue of organization.

To compare the global multicast bandwidth used by
SAP to the amount used by the IDG, we assume that each
multicast group uses a @mnstant amount of bandwidth, as
SAP does for the single multicast group. If ead manager
contains a fixed number of data sources, the number of
multi cast groups in the IDG will be linealy related to the
number of managers. Since the number of managers is
also proportional to the number of data sources, we
determine that the global multicast bandwidth grows as a
small fradion of the number of data sources. This was
confirmed by our simulation results (see Sedion 4.4
below).

Again, for

K = announcements per manager
N = number of announcements
M = number of managers = N/K

Our total global bandwidth used is
BW = M*(200bs)

This is on the order of the number of data sources,
which is unaccetable for general deployment. We
describe future work measures that will reduce the global
multi cast bandwidth in Sedion &

4.4, Smulation results

We implemented our IDG model in Parsec a scdable
simulation language developed at UCLA. We used this
simulation to get a preliminary indication of how well our
model works. We have not yet refined the simulation to
allow simulations involving thousands of managers and
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Figure 3. Multicast bandwidth usage

data sources. The simulations we have run involved 45
90, 135, and 180 entities. In these simulations, 22% of the
entities were managers, 66% were data sources, and the
remaining 12% were routers. Routers srved to simulate
padket flow in the network.

To simplify the experiments, when a manager had 2 o
more data sources, it would begin to expand the manager
hierarchy. Since data sources do not contribute to the
global multicast bandwidth, this effedively simulates
many more data sources in the IDG. Each simulation was
run for 10,000 seconds, and the multi cast bandwidth used
was recorded. As e in Figure 3, our simulations © far
exadly match the expeded bandwidth usage.

5. Current status and future work

In addition to the simulation, we have developed a
prototype implementation of the IDG in Java, including
the infrastructure & well as a simple user front-end (see
Figure 4). We have dso creded a speda manager to
encgpsulate SDR sources, which could be used for
incremental deployment. Our implementation provides
the re functionality of our design, but it neeals to be
developed further. In addition, we list below a number of
issues deserving of future reseach.
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5.1. Scaling in spatial dimension

The IDG fixes the delays in locaing interesting data
sources by letting the managers maintain a sorted mesh of
cades. These caties are tempora cades; they allow
efficient seaches based on semantics and save having to
wait to hea information diredly from content source
However, these caches do not addressthe spatial locdity
of a user or data source It may be that a source is
providing content for only a limited region, so the
announcement should be registered locdly, and not sent



globally. Also, it is undesirable to have every topic group
multi cast globally, or to have a dient make many queries
to managers widely distributed aaossthe Internet.

Either TTL or administrative scoped multicast can be
useful tools in addressng the issue of scding in spatial
dimension. A good aitline of administrative scoping can
be found in [5]. This reference dso shows how scoping
can be used to help suppart locdized multimedia sessions.
The same @ncept should apply to IDG design. A locd
manager, or set of locd managers, could bah manage
locdly scoped data sources and provide a cabe of
interesting gobal sesgons.

5.2. Reduction of multicast bandwidth

Our design has made an exad tradeoff with the SAP
architedure. By reducing user seach time, the IDG has
incressed the multicast bandwidth used. Our original
efforts were direded towards optimizing the session
locaion experience While the quality of seach has
increased, the overheal costs are larger than we like. We
plan to seehow, by changing our growth assumptions, we
can fix thisissue. For instance, it may not be the cae that
managers hold a mnstant number of data sources, which
changes the dynamics of how the overheal grows. There
also may not be afixed number of managersin ead level
of the tree These issues depend partly on how the
taxonomy is defined to organize the managers.
Ultimately, we hope that our global bandwidth usage will
be logarithmicdly related to the number of data sources.

5.3. Kohonen nets

In the current design, a new data sourceisinserted into
the IDG wherever the managers determine it is most
appropriate. The managers determine this by using
heuristics guch as keyword matching. This may or may
not be alequate for red usage. As ciety changes with
time, new areas of interest can quickly arise. It might be
desirable to have asystem that could automaticdly detect
and incorporate such changes. One type of neura
network, the Kohonen net [7], has been used to classify
Usenet newsgroup articles [8]. Under this system, the
Kohonen network placel articles together on a fedure
map based on their relevance to ead other. This system
worked dffline to produce the results. We ae
experimenting to see if an online system could be
developed to enhance the IDG with a dynamicdly
growing and adjusting mesh of keywords for content
caegorizaion. Initial experiments suggest that the
information contained within a data source description is
inadequate for this purpose, athough other similar
methods may be more succes<ul.

5.4. Database sear ch methods

We have done littl e research on what seach methods
can or will be used by managers to handle queries. As
another asped of the Semantic Multicast projed,
reseachers at the University of Illinois a Chicago are
investigating using relevance feedbadk to improve
database queries [9]. Exadly what, if any, query
medhanisms are supparted by managers has yet to be
dedded. If a manager contains only a few data sources, it
is reasonable to send the user all data sources and let the
user filter them. However, alowing the user to seach
using charaderistics such as s sdon bandwidth
requirements and broadcast times would also be useful.

5.5. Security

Seaurity isa common issue in any open system, and is
yet to be well addressed in our design. There ae several
areas in which the IDG infrastructure is vulnerable to
attadk. First, as one can do to a seach engine with a web
page, a user can falsely insert thousands of session
announcements aaossthe IDG. Whil e the open design for
making announcements cannot prevent this, we can at
least curb this behavior by requiring some aithorization
before announcements are submitted. The IDG is aso
open to attad if someone atempts to “hijadk” a session
announcement. Public key encryption can help establish
“ownership” of a session announcement and prevent this
problem. Additionally, a data source ca deted a
mali cious manager by querying the manager and checking
to seeif its own description is returned. Both Web seach
engines and SAP can suffer similar attadks, and we
adknowledge the need for good seaurity in any session
diredory. Many security issues have been discussd in
[10], and the ideas therein are goplicable to the IDG.

6. Related work

Aswe stated ealier, the fundamental goal of this work
is to explore the design space of a scdable, robust,
effective, and efficient information discovery service
infrastructure. The most widely used todl for information
discovery today is Web seach engines. As we pointed out
in Sedion 2, however, al existing Web seach engines
suffer from two common defeds:. the inability to derive
adequate semantic meaning from the content; and, more
fundamentally, the pooa scdability of a ceitralized
system. Given the phenomenal growth of the Internet over
the last few yeas, which predicts a @rresponding
phenomenal growth in online mntent, we believe that a
distributed information infrastructure will be necessary to
provide scdable information discovery services.

An ealier reseach effort to build a scdable Internet
information discovery service is Harvest [11]. The design



of Harvest includes a few major components. Gatherer,
Broker, Index Subsystem, and Replicaor. Gatherer runs
at content providers' sites to summarize locd content for
efficient export to the Broker. The Broker colleds inputs
from all sources and uses the Index Sulsystem to build a
spaceefficient index database. To make the index widely
avail able, the Repli cator builds a weakly consistent, wide-
area file system to hold the broker index database. In
short, Harvest offers information discovery service by
replications of a central index database, while our IDG
design aims at building a distributed seach database to
scde well with the Internet growth.

Similarly, the Domain Name System (DNS) is the
largest distributed database aurrently deployed on the
Internet. DNS service provides an esential component in
daily network operation, and the design hes <aed
adequately with the Internet growth. The DNS system is
composed of avery large set of autonomous rvers, eat
in charge of name-to-address mapping services of a
different domain. The system achieves robustness by
server replicaion, and it achieves sdability by heavy use
of cading, which is based on the asumption that name-
to-address mapping changes $owly. One undesirable, but
perhaps necessary, drawback of the DNS system is that
the ettire system is manudly configured. Network
operators dedde on the exad structure of DNS name
space configure the servers for eadh name domain,
manually input server addresss as the way to set up the
interconnedion among servers, and manually maintain the
name database.

IDG design haes borrowed a few key fedures from the
successful design of DNS, but also with one fundamental
difference The IDG system is made up o a large set of
autonomous information managers, ead in charge of
different topicd contents. For efficient operation, the IDG
also plans on heavy use of cades of query results that do
not change frequently. However, IDG is aso
fundamentally different from DNS by moving away from
manual configuration. Instead of a fixed name space
IDG's hierarchicd mesh of semantic information will
gradually adjust itself as the information contents are
added o deleted. Instead of configuring a server
hierarchy, IDG will draw information managers from a
pod of autonomous srvers made available by network
providers and clients and placethem at proper points in
the semantic structure & the demand warrants. In short,
IDG design aims a building a self-configured,
continuously re-organizing server infrastructure to
adchieve the goal of scdability and robustness.

7. Conclusions

We have presented the initial design and simulation
results of the Information Discovery Graph, one
component of the Semantic Multicast projed. The IDG is

responsible for providing diredory services for
multimedia sessions, both stored and red-time, and for
organizing the sesdons acording to semantic content.
Data sources can register with the IDG, and users can
browse or query for sessions by semantic content. The
IDG overcomes limitations of current multimedia
diredories (conventional Web seach engines and the
MBone's SDR tod) to provide a robust and scdable
diredory service Our ssimulation confirms our model in
terms of the global multi cast bandwidth overhead incurred
by IDG. Having developed the framework and a basic
model, we an move forward with our ideas of future
reseach on spatia caching, scoping, applying Al
techniques to improve seaching heuristics, using
relevance feedbadk to improve querying, and exploring
seaurity issues raised by a global deployment of the IDG.
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