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This paper describes some of the latest work in developing infrastructures 
that will provide customers with multimedia information. The paper dis- 
cusses the concept of providing enhanced multimedia network services 
based upon intelligent agents (IAs), and the attributes of a user interface. 
Examples of emerging and future intelligent agent technologies are dis- 
cussed, and delivery options for future enhanced multimedia services are 
examined. By evaluating trends in computer, networking, and multimedia 
processing technology, an approach is derived for creating and deploying 
enhanced multimedia network services. The paper concludes with exam- 
ples of key components of the proposed infrastructure. 

Introduction 

sion commercials describing some of the 
enhanced services that its network will pro 
vide in the not too distant future. For the pub 
lic to accept these services, the human inter- 
face must be natural, simple, and enjoyable to 
use. This paper explores the development of 
intelligent agents (M), also called personal 
assistants-the primary approach being taken 
to create this natural user interface. This 
approach has users interact with programs, 
databases, and even other users through soft- 
ware agents, which act as personal assistants to 
customize and automate certain functions for 
the user. These agents quietly perform simple 
routine tasks that might be tedious, repetitive, 
or burdensome to the user, such as monitoring 
stock performance or filtering email. 

Significant technological resources 
are required to implement intelligent agents 
and the enhanced services that they pro- 
vide, including high-quality multimedia data. 
For example, a teleshopper probably will not 
purchase a dress before seeing a high-quali- 
ty “real-life” display, such as a broadcast 
quality video. 

However, users are accessing data 
with a variety of personal computer equip 
ment having varying degrees of capability, so 
it will be up to the network to account for 

We are all familiar with AT&Ts televi- these hardware and software differences and 
often translate data for the user from one 
form to another. Similarly, network-based and 
third-party databases from which information 
is obtained will be using different storage 
methods, such as different compression tech- 
niques, so network equipment must quickly 
translate the data to the appropriate form for 
delivery, regardless of either the customer’s 
equipment or database storage system. 

We describe some of the latest work 
in developing infrastructures that will provide 
customers with multimedia information. This 
paper first discusses both the concept of pro 
viding enhanced multimedia network services 
based upon intelligent agents and the attri- 
butes of a user interface for the intelligent 
agents. Then it looks at examples of emerging 
and future intelligent agent technologies and 
the delivery options for future enhanced multi- 
media services. By evaluating trends in com- 
puter, networking, and multimedia processing 
technology, an approach is then derived for 
creating and deploying enhanced multimedia 
network services. The paper concludes with 
examples of key components of the proposed 
infrastructure. 

IA  Interfaces for Multimedia Services 
An important goal of current research 
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in user interfaces is providing intelligent interfaces to 
data, processes, and services, so that people can find and 
do-naturally-what they want, when they want, and with- 
out having to specify more than they want. Users should 
be able to interact in ways that are simple and intuitively 
sensible to them, even though they are getting and trans- 
mitting information using multiple modalities. 

Users should be able to interact with resources 
via speech or text in their own natural language, or via a 
stylus or pen with natural gestures. They should be able 
to receive information in ways that make the information 
easy to interpret, given their own requirements and the 
hardware and software resources available. And, while 
users should be able to specify preferred forms of pre- 
sentation, they should not have to determine for them- 
selves the best medium for the presentation or the 
details to achieve it. 

One way to provide users with such capabilities is 
by using intelligent agents in user interfaces. While the 
research area is still being defined, there are several crite- 
ria for intelligent agents: - Goal orientation: Users should be able to state what 

they want accomplished, rather than how they want it to 
be accomplished. The intelligent agent, in turn, should 
determine how to perform the necessary actions, with- 
out user supervision. 

users in specifying goals where necessary and provid- 
ing helpful feedback as appropriate, rather than just dis- 
playing simple, and often uninformative, error mes- 
sages. 

requests without having to learn an artificial query lan- 
guage or be limited by the constraints of a menu sys- 
tem. Spoken language, text input, or graphical inter- 
faces are often the preferred media for interacting with 
intelligent agents. - Adaptability. Intelligent agents should adapt to differ- 
ent users, both through direct requests and by “learn- 
ing” the patterns of a user’s behavior. - Autonomy: Intelligent agents should have some inde- 
pendent decision-making capabilities and should be 
able to choose among several strategies for accomplish- 
ing a user’s goals. 

agents communicate should be understandable, consis- 

- Cooperation: Intelligent agents should interact with 

- Expression: Users should be able to formulate 

- Integration: The interface through which users and 

tent, and tuned to the task at hand. Users should not 
have to remember details of the task in order to s p e  
cify their goals. - Security Intelligent agents often deal with informa- 
tion at varying levels of privacy, such as scheduling 
meetings, providing electronic mail, and analyzing 
financial information. Agents must be able to handle 
such information, including “learning” as they do so, 
in a secure way. 

Intelligent agent applications that meet some of 
these criteria are just beginning to be developed as 
research prototypes. Agent applications now entering the 
commercial market, such as Microsoft’s “Bob”* or 
Wildfire’s messaging assistant, tend more to represent 
simple personifications of existing user software func- 
tionality, although these agents will become more “intelli- 
gent” in the near future. 

The next section discusses some of the research 
prototypes for intelligent agent applications developed at 
AT&T and elsewhere, to give a flavor for the work cur- 
rently under way. Some additional areas for research also 
are discussed. 

Prototype Applications of IA  Technology 

in research environments to perform such essential but 
mundane tasks as filtering email, scheduling appoint- 
ments between individuals or among groups of people, 
locating expertise within a large organization, retrieving 
(sometimes called “mining”) information on the Internet, 
and managing personal messaging. While humans can 
perform these functions, the tasks are tedious and time 
consuming and, as such, are ideal for intelligent agent 
applications. 

Etzioni and Weld’s “Internet Softbot,”l for soft- 
ware robot, provides an integrated interface to global 
Internet services via an intelligent agent. This intelligent 
agent uses Internet resources such as “archie,” “gopher,” 
and “netfind” to enable users to access personnel and 
information sources by speclfying high-level requests. 

For example, the softbot can handle requests 
such as “Send the budget memos to Mitchell at CMU,” 
which involve determining which “Mitchell” the user 
is referring to, which document to send, which 
“Mitchell/CMU” address is the appropriate one, what 
medium to use in sending the document, what security 

Intelligent agent interfaces have been developed 
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measures are appropriate, and what to do under certain 
contingencies, such as “Mitchell” being out of town. 
Security and reliability issues are a particular focus of 
this research effort, as well as the importance of collabo- 
rating with the user to come up with a reasonable plan for 
satisfying the user’s goals. 

Designing agents that blend transparently into 
normal work environments is the goal of work on soft- 
ware agents that schedule visitors. In Kautz et al., 2 the 
“Visitorbot” prototype employs both task- and user- 
specific agents to plan a visitor’s presentations and meet- 
ings, using e-mail and a graphical interface to allow users 
to spec@ their constraints. Versions of this system are 
currently used to perform other mundane but time- 
consuming tasks, such as ordering books and orchestrat- 
ing pizza orders for group lunches. 

Intelligent agents that “learn” how to perform a 
task by watching users perform it themselves are exem- 
plified by the electronic mail reader agents proposed by 
Lashkari et al.3 This prototype e-mail filter employs per- 
sonal agents for each user, and these agents use machine 
learning techniques not only to learn from their “own” 
user, but also to learn from other users’ agents in cases 
where their user has not provided them with sufficient 
training material. 

For example, user A’s personal agent may learn 
that A always archives mail sent to a certain mailing list 
in a particular archive and may offer to perform this 
task automatically. When situations arise that A’s agent 
has not previously observed-for example, when A joins 
a new mailing list-A’s agent may ask other users’ 
agents what behavior their users exhibited in such cir- 
cumstances, and offer to provide the same actions auto- 
matically for A. 

The ability to learn from particular users and to 
generalize from other users’ behavior is important and 
useful property, allowing for the automation of cus- 
tomizing agents for individual users and permitting 
agents to collaborate in suggesting useful behavior to 
their users. 

agents are to do for them in a simple and effective way is 
the focus of an AT&T Bell Laboratories researcher’s 
work on intelligent agents in a messaging domain. This 
end-user programming approach to the problem of cus- 
tomizing agents permits users to program their messaging 

Enabling users to specify what their intelligent 

Panel 1. Abbreviations, Acronyms, and Terms 
AALl and AAL5 - ATM adaptation layers 
ATM - asynchronous transfer mode 
DCT - discrete cosine transform 
DMA - direct memory access 
DRAM - dynamic random access memory 
DSP - digital signal processor 
EMMITM interface - AT&T broadband multi- 

media access interface 
FIR - finite impulse response 
fps - frames per second 
G O B  - giga (billion) operations per second 
H.261- CCI’IT (ITU-TS) standard for video 

conferencing applications that specifies the 
compressed-data syntax for encoded video 
over Px64 ISDN lines 

HDTV - high definition television 
IA - intelligent agent 
JPEG - Joint Photographic Experts Group 
MM - multimedia 
MOPS - mega (million) operations per second 
MPEG - Motion Picture Experts Group 
NTSC - National Television Systems 

PC - personal computer 
PVP - programmable video processors 
RISC - reduced instruction set computer 
s?T - set-top terminal 
TCP/IP - transmission control 

VCP - video controller and processor 
VRAM - volatile random access memory 

Committee 

protocol/Internet protocol 

agent graphically, while an agent manager subsystem ana- 
lyzes the proposed rules for potential interactions with previ- 
ously defined rules, and warns users if contlicts are detected. 

messages from “Mom” and “Dad” are always to be put 
through immediately. Subsequently, the user may define 
the notion of “late night phone calls” and tell the messag- 
ing agent that these should not be put through but han- 
dled by voice mail. However, these rules potentially con- 
flict: What should the messaging agent do with “late 
night phone calls” from “Mom” and “Dad”? In this proto- 

For example, a user may initially specify that 
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type system, such conflicts are flagged and the user is 
prompted for a new rule to resolve the two conflicting rules. 

Agents that handle “referral chaining,” the prob- 
lem of efficiently locating people with particular types of 
knowledge or expertise, without inundating a user with 
irrelevant requests for information, are the focus of work 
by Kautz et al.2 and other Bell Laboratories researchers. 
“Pat” is an animated agent that tries to handle “referral 
chaining.” Pat assumes the availability of a database that 
lists people and their skills, using the AT&T common 
skills language, and proposes members of new project 
teams based upon skill specification and availability. 

Kautz et al. address the question of how con- 
strained referral chaining might be accomplished without 
the explicit maintenance of a skills database. They pro- 
pose mechanisms for inferring an individual’s areas of 
expertise by browsing technical memoranda and other 
personal documentation that is available online. 

human agent would not automatically have access to dif- 
ferentiates these intelligent agents from those that mere- 
ly perform repetitive tasks that people could perform for 
themselves. 

The ability to infer information an individual 

Future Directions of IA  Interfaces 

a good deal of commercial interest as well. A major prob- 
lem, though, is finding applications where technology 
exists to permit agents to take over certain human activi- 
ties or to go beyond them. In general, tasks that are repet- 
itive, require patience, detailed bookkeeping, and continu- 
ous monitoring appear to be likely targets for intelligent 
agent applications. 

For example, monitoring large amounts of data 
regularly to look for changes in trends or particular 
events, such as checking stock prices, scanning online 
want ads, or browsing Internet locations, are tasks for 
intelligent agents. As online catalog shopping becomes 
available, wide-ranging, automatic browsing of catalog 
items according to specified user constraints-for exam- 
ple, finding a fringed suede jacket for under $300 that 
comes in an extra-large size, a collapsible pet carrier that 
meets airline specifications for safety, an out-of-print book, 
or an interactive keyboarding tutoriakould be likely 
applications for intelligent agents. 

The field of intelligent agent interfaces is exciting 

As messaging software becomes more sophisti- 

cated, it also seems likely that enhanced messaging and 
scheduling services via intelligent agents will become 
increasingly popular. The personification of intelligent 
agents to enhance the user’s collaboration may require 
the blending of a real-time intelligent agent with a visual 
rendition of the intelligent agent’s results. In this envi- 
ronment, synthetic and live video, animation, and graph- 
ics must be dynamically composed. New multimedia net- 
work infrastructures and services will, of course, be 
required to create this environment. 

Realization of Intelligent Services 
We have discussed the desired attributes of a 

user’s interaction with an intelligent agent and speculat- 
ed on future directions of intelligent agent functionality. 
Next we consider how these new services are now deliv- 
ered and upon which platforms. In order to do so, trends 
in computers, networks, and multimedia processing tech- 
nology are considered. 

the operating system, application, and platform wars 
have been fought and won-by Microsoft and Intel. 
Further, they argue that the personal computer (PC) is 
the network access device of choice for all future multi- 
media service offerings-starting with voice telephony. 

ven by one dominating company for relatively long peri- 
ods of time. It would be reasonable to conclude that the 
PC will, therefore, take on an ever increasing user access 
role for everything from “plain old telephone service” to 
advanced multimedia services and applications. 

We need only look and observe other key tech- 
nologies and applications-available today-that support 
the case for this evolution. Armies of service and content 
providers are busy coding applications for PCs, and there 
are few barriers to entry for a service from a technology 
perspective. Indeed, applications such as telephone, 
multimedia conferencing, collaboration environments, 
and applications sharing are available today. 

However, despite its ever-growing strength, the 
PC today is not ideally situated as an access device. First, 
it is difficult to configure and to use. Anyone who has 
powered up a PC just to play a CD-ROM appreciates the 
simplicity of just hitting the “on” button of a regular 
audio CD player. 

Second, the PC’s lack of interoperability and its 

Computer Trends. Today, many pundits hold that 

Historically, the computer industry has been dri- 

AT(LTTI.:CHNICAI,JOUKNAL SEWEMKEWOCI‘OBEH 1995 71 



overly layered, interacting complexity also often defeat its 
use for networked multimedia applications. 

Third, the cost of software, the problems of 
keeping software up to date and functioning, and the 
array of overlapping product offerings also cause great 
angst within the user community. 

households include at least one PC, it still is used primari- 
ly for games and word processing. For multimedia ser- 
vices to become commercially attractive to the largest 
possible audience, they must be easier to access than 
they currently are by a PC. 

Others profess a more “balanced” perspective, 
pointing out that a mix of PCs, set-top terminals (SITS), 
and yes, even telephones will be used as access devices 
for some time to come. Again, a look at current or emerg- 
ing offerings reveals a wide variety of delivery platforms 
fashioned as SITS. An SIT is an interactive device on top 
of a television set that permits viewers to interact with a 
service via the television. In many instances, the nature 
of the STT attachment to the network is quite proprietary, 
at key levels of the communications stack. The effect by 
the vendor is to tightly control the selection of service 
and content providers, as well as to control the providers 
of end-user access platforms. 

Thus, while PCs today may lack the capabilities 
necessary to become ubiquitous multimedia network 
access devices, the proprietary nature of SITS also are 
out of step with industry trends toward open systems, 
and they certainly lack the processing capabilities that 
the trends in multimedia suggest will be necessary in 
the future. 

Netwolking Considerations. Within a few years 
there probably will be even more intense competition 
among a larger number of major carriers to provide tradi- 
tional and enhanced local and long distance services. In 
addition, computer software industry leaders are poised 
to offer enhanced network services. Extensive deploy- 
ment of new broadband transport, cell-based switching 
technologies, and updated pricing methods by the carri- 
ers and others threaten to cannibalize the market and 
render the existing circuit-switched infrastructure irrele- 
vant to all services but basic telephony. Clearly, network 
providers must be able to adapt. 

attaching to CD-ROM drivers, expects the same services 

Fourth, although 30 percent of the nation’s 

The end-user, having become used to locally 

on a global proportion via a “sea-of-servers.” The ability to 
access information on a global scale and to collaborate 
with others and their intelligent agents-without regard 
to the underlying transport specifics-is essential to 
users. The notion of ubiquitous communications-any- 
time, anywhere-originally pioneered by the telephone, is 
being extended by multimedia demands to bring the dis- 
tant world much nearer to the user. 

Thus, it becomes clear that if the network can 
provide multimedia services almost as simply as it is to 
use a telephone or an SIT, while transparently providing 
the necessary processing capabilities, it will be in a posi- 
tion to make multimedia a commercial success. 

ceived value are two other important determiners for the 
successful adoption of enhanced multimedia network ser- 
vices. Processing video and audio signals in support of 
advanced services is demanding and costly from a compu- 
tational point of view. Yet many applications are pushing 
their platform “envelopes,” requiring faster processing, 
memory, and input-output. 

In some situations, an end user may not demand 
near-broadcast quality video. In others, such as entertain- 
ment or lengthy distance learning sessions, an end user 
may demand TV quality video and high fidelity stereo 
audio-or better. Contrary to many claims, PCs today are 
not able to meet the processing needs of these high-end 
applications. Nor do many PC users have the skills for this 
purpose, although it must be noted that in five years, soft- 
ware and hardware advances could change the situation. 

Multimedia Processing Technology. Price and per- 

Next Generation of Signal Processing 
There is emerging, for example, a new genera- 

tion of programmable multimedia digital signal process- 
ing chips (MM DSPs). These MM DSPs are replacing the 
first generation fixed-function variety found in set-top 
boxes and video conferencing coder-decoders. As the 
numbers of video and audio standards that must be sup 
ported grow, these MM DSP devices become increasingly 
important. The introduction of these low-cost MM DSPs 
enable the introduction of software-based, reasonably 
priced, dynamic-feature mixing. 

One would expect the evolution of these devices 
to follow the evolution of other DSP devices. Thus, we can 
assume that, eventually, the need for distinct types of MM 
DSP devices will be reduced, as the equivalent functionali- 
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ty is incorporated on PC and s?T main processors and 
input-output architectures are enhanced for multimedia 
data. However, for high-end performance needs, this will 
not occur for some time. 

The new generation of MM DSPs are incorporat- 
ing the necessary features and functionality to process 
both audio and video signal types. The programmable 
video processor (PW) portion of these next generation 
devices embodies significant flexibility features beyond 
the current generation. Several PVP features are 
described below. 

Programmable Video processors. High-performance 
programmable video processors, providing a platform for 
video compression and decompression for a variety of pop 
ular video compression standards, are becoming available 
from several chip vendors. The programmable video 
processor, an evolution of the previous generation of hard- 
coded video processing devices, has the advantage of being 
able to perform a variety of standard compression algo- 
rithms using the same hardware device. 

programmable core processor with several special-function 
hardware units, often operating autonomously and in paral- 
lel. These devices are used in coder-decoders and will be 
applied to emerging devices like digital video camcorders. 

The processing power needed to perform real- 
time video processing algorithms, particularly high-levels 
of compression, cannot be attained by today’s general pur- 
pose processors. Even when the general purpose proces- 
sor’s capabilities reach the level necessary to do a single 
video-stream compression and decompression at a specif- 
ic resolution, the PW will still be a better platform for 
even higher resolution processing and delay-sensitive 
applications, such as - High-definition television (HDTV); - More computationally intensive compression algo- 

- Multiple video-stream server applications; - Still image compression and decompression; and - Other computationally stressing real-time processing 

The typical PW is based on a high-performance 

rithms; 

tasks. 
Evolution of the PVP. The programmable video 

processor is a great improvement over hard-coded video 
processors. Hard-coded solutions were created because, 
given a particular technology, greater performance typi- 
cally can be achieved with a hardwareonly solution, as 

compared to a hardware/software solution. The main dis- 
advantage of hardcoded solutions is that a new device 
needs to be designed for each video compression/decom- 
pression algorithm-a particularly difficult situation since, 
in the rapidly evolving video processing area, new com- 
pression standards are continuously emerging. 

assist the hard-coded processor. One is the use of para- 
meterized control over the compression/decompression 
algorithm. For example, a Joint Photographic Experts 
Group UPEG) processor may allow different image res- 
olutions, selectable quantization tables, and table-driven 
Huffman coding. 

Another technique for lower development costs 
for hard-coded processors was the development of video 
processing building blocks, since many video compres- 
sion techniques are built upon similar algorithms, such 
as the discrete cosine transform. This approach led to 
hard-coded processors being built from individual 
devices, resulting in a low level of integration and a high 
and recurring design cost. 

~ypicai PVP Architecture. The programmable video 
processor builds on the idea of video processing building 
blocks. A programmable control-core, surrounded by 
various hardwareassist blocks, with some blocks operat- 
ing autonomously and in parallel, comprise the typical 
PW architecture. 

video processor are: 

speed, general purpose reduced instruction set computer 
(RISC) used to control the other PW blocks. Not involved 
with data movement and operations on a pixel-by-pixel 
basis, it generally controls video data flow and makes 
processing decisions on a video macroblock level. 

Multi-pipe arithmetic unit. This block is used for 
high-speed arithmetic processing such as discrete cosine 
transform 0, quantization, and macroblock differ- 
encing for estimating interframe motion. It usually has a 
local high-speed memory or register file. 

Memory interface. A wide interface to dynamic ran- 
dom access memory (DRAM) or variable random access 
memory (VRAM), 32 or 64 bits wide, it has direct memo- 
ry access @MA) features to use maximum data transfer 
rates to and from the arithmetic unit local memory or 
register file. 

Several techniques have been developed to 

The major blocks of a typical programmable 

Programmable control core. This is typically a high- 
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Huffman Encoder/Decoder. A hardware logic block, 
it is used to perform variable length encoding and decod- 
ing of the quantized DCT coefficients. Although the actu- 
al encoding values differ, this process is used in H.261, 
JPEG, and Motion Picture Experts Group (MPEG-1 and 
MPEG2) coding schemes. 

video interface. The video interface provides the 
necessary real-time interface to video encoder and 
decoder circuitry from the local memory or the register 
file. Pre- and post-filtering options are included to provide 
the needed interpolation or decimation to match video 
signal representations. To accomplish this, logic for hori- 
zontal subsampling, or finite impulse response (FIR) fil- 
tering, and temporal (frameto-frame) filtering on video 
inputs, as well as horizontal oversampling and noise 
reduction of video outputs, is provided. 

Comparison of Processors 
General purpose processors lack the hardware 

assist blocks and multiple memory ports found in a PVP. 
The PVP technology will itself be driven towards higher 
levels of integration and lower cost due to its integration 
into consumer video appliances, such as camcorders, 
TVs, and SITS. 

The processing power needed to perform video 
processing algorithms in real time, particularly compres- 
sion, cannot be attained by today’s general purpose 
processors. Even when the general purpose processor’s 
capabilities reach the level necessary to perform a single 
video-stream compression and decompression at a s p e  
cific resolution, the PW is still a better solution. 

processor (VCP) hardware, although specialized for 
video processing, provides tremendous processing 
power. For example, Integrated Information Technology 
Inc. rates its VCP processor at 4 giga-operations per sec- 
ond (GOPS). Because of their specialized memory inter- 
faces and bus structure, video processors are capable of 
transferring large amounts of video data to the various 
processing blocks of the specialized programmable 
video processors. 

For a general purpose processor to perform 
equivalent video compression/decompression algorithms 
as a video processor, it would need to perform approxi- 
mately 4 GOPS. Today’s general processors, however, are 
capable of several hundred mega-OPS (MOPS). If general 

This combination of video controller and 

purpose processor performance continues to increase at a 
similar rate as indicated in the recent past, the processors 
will reach a comparable level of performance with VCPs 
within 10 years. 

provides a solution today for real-time compression and 
decompression of full-frame rates of 30 frames per second 
(fps) , full-resolution video images. The programmability 
allows various compression algorithms to be performed 
on the same processing platform. General processors will 
eventually have enough processing power to challenge 
the programmable video processor in today’s applications. 
However, more processing intensive applications and mul- 
tiple video-stream server applications will allow the pro- 
grammable video processor to remain an important 
device for video compression and decompression for 
some time to come. 

In summary, the programmable video processor 

Creating the Services Infrastructure 

users desire an affordable, simple, low-maintenance, 
and personalized portal into enhanced multimedia 
network services. Collaboration with other people or 
intelligent agents and exploiting information that is 
widely distributed and independent of the underlying 
transport are essential. 

Processing capacity must be sufficiently robust to 
support the intelligent agents’ activities in tailoring informa- 
tion presentations to the user and accepting requests from 
the user. Information objects span audio, video, graphics, 
images, and data types. For example, video composition 
may be performed for presentation to the user, while user 
video input may be processed for gesture recognition. 

A network infrastructure supporting multimedia 
may be constructed by focusing on affordable end-points 
with intelligent agent user interfaces, and attached net- 
work intelligence close to users at the “edges” of the net- 
work, to support intelligent agents on behalf of many 
users. In doing so, AT&T may create differentiators from 
the competition by providing end-to-end enhanced multi- 
media network services to the end-user. 

From the discussion above, we assert that many 

Examples of Infrastructure Building Blocks 

proposed infrastructure and speculates on the future of 
these components. 

This section reviews existing components of the 
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Figure 1. AT&T’s EMMITM access interface, to the right of the 
workstation, provides broadband multimedia access that is 
independent of any type of attached host workstation, 
whether it is based on UNIX,* MS-DOS* with Windows,* or 
Macintosh* operating systems. 

Access: Endpoints and Network Edges. Essential for 
widespread acceptance of multimedia services is the provi- 
sion of broadcast-quality video, CD-quality audio, and easy- 
teuse application-specific collaboration facilities. A glimpse 
of the multimedia quality required may be gleaned from 
the early multimedia applications of the broadband asyn- 
chronous transfer mode (ATM) infrastructure. 

Let’s look at just one such device, AT&T 
Advanced Technology Systems’ E M M P  broadband multi- 
media network access interface (see Figure 1). The EMMI 
operation is independent of any specific type of attached 
host workstation, regardless of whether it is based on the 
UNM,* MSDOS* with Windows,* or Macintosh* operating 
systems. The EMMI interface has attributes of both a net- 
work edge device and a customer endpoint device and, 
thus, is called a network edgepoint. 

The EMMI interface directly accepts National 
Television Systems Committee (NTSC) video, line-level 
stereo audio inputs, and also computer data from an 
attached host. Similarly, the EMMI interface generates 
NTSC video, CD-quality stereo line outputs, and computer 
data to an attached host. The EMMI interface appears to 
an attached host as a host network interface, providing 
standard TCP/IP transport over ATM, 

based upon the JPEG motion compression algorithm. 
Audio and video information is mapped directly onto 
ATM using ATM adaptation layers AALl and AAL5, 

The EMMI video compression technique is 

respectively. The EMMI interface is controllable from 
the local host, from a remote EMMI host, or from within 
the network itself. 

Because of it’s high fidelity video and audio, the 
EMMI interface is initially being used in broadband 
multimedia experiments, trials, and production systems 
for telemedicine, distance learning, and business and 
scientific applications. It is likely that these high-end 
applications may provide a hint of the expected perfor- 
mance needs for future wide-spread use of enhanced 
multimedia network services. 

Network Infrastructure. The required underlying 
network infrastructure must provide for a seamless inte- 
gration of networks with different transport capabilities 
carrying a variety of “standard” multimedia information 
streams and control protocols. Processing is required 
within the infrastructure to support the intelligent agent 
capabilities described above. 

among various multimedia representations, to meet 
endpoint or transport constraints, may be considered a 
special case of intelligent object or intelligent data filter- 
ing. An example of this concept of intelligent data filter- 
ing is the case where data representation is trans- 
formed based upon user preferences, network capacity, 
and real-time constraints. 

The filtering may be trivial, such as sending an 
icon instead of an entire image, or more complex, such 

Transcoding and multimedia composition 
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Figure 2. An intelligent node is a network 
infrastructure that provides a seamless inte- 
gration of multimedia information, flexible 
multimedia processing (video composition and 
audio bridging), and multimedia session cap  
ture, edit, and access. 
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as extracting critical parameters of interest to the user 
from large amounts of transmitted information. The filter- 
ing may evolve over time, based upon the system “learn- 
ing” due to prior user interactions. 

A network infrastructure that provides a seam- 
less integration of multimedia information, flexible multi- 
media processing (video composition and audio bridg- 
ing), and multimedia session capture, edit, and access is 
called an intelligent node (see Figure 2.). The intelligent 
node incorporates a multiprocessor architecture, featur- 
ing the next generation in programmable multimedia sig- 
nal processors to create a platform for enhanced multi- 
media network services. Such a node is not like the 
switchedcentered nodes of traditional telephony, but is a 
server-based application associated with the network and 
tightly coupled in function to the customer. 

The intelligent node provides a powerful session 
reservation, scheduling, and control system using exten- 
sible World Wide Web-based cross-platform user inter- 
faces. User presentation of the multimedia streams pro- 
duced by the intelligent node is intended to scale from 
single-display multimedia workstation environments 
through large-scale multiple-display systems with sever- 
al channels of audio. 

facilitate its role as a dynamic intermediary between the 
application and currently available network capability. The 
intelligent node services accept the application and ses- 
sion-specified multimedia requirements for fidelity or qual- 
ity of service and negotiate with the underlying network 

The services provided by the intelligent node 

resource management agents on how to best accommo- 
date the specified needs. Only if a reasonable negotiation 
of communication parameters cannot be concluded will 
application involvement be necessary. 

Conclusion 

being performed to develop intelligent agents, as well as 
some of the underlying multimedia infrastructures being 
developed to implement them and the services they per- 
form. Ultimately they will make interacting with the 
AT&T network natural and simple enough so that the 
many enhanced services envisioned, and those yet to be 
envisioned, will become a commercial reality. 

were reviewed in order to give the reader a feel for where 
we are in the maturation process, as well as for some of the 
research directions being undertaken. It is clear that to 
achieve the goals of simple and natural interaction, and to 
provide creative new services, AT&Ts network must inter- 
act with its users with video, audio, data, and images. 

It is also clear that AT&Ts network must be able 
to deal with a wide variety of user equipment that is capa- 
ble of different levels of performance and adhere to multi- 
ple standards and data formats. We’ve described some of 
the new key technologies that are being developed to 
handle multiple mediums, as well as some of the new 
technology that allows us to process video data in a very 
flexible manner. 

We have described some of the critical work 

Some of the prototype intelligent agent applications 

This new technology is being incorporated into 
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new equipment, which is capable of interacting with a vari- 
ety of communications and data, such as compression 
standards, and is flexible enough to deal with a spectrum 
of user capabilities. A particular example of a high-quality 
multimedia access device, AT&Ts EMMI multimedia 
interface, was briefly introduced. We can expect to see 
continued efforts on both natural and simple-to-use intelli- 
gent agent network user interfaces and the underlying 
infrastructure for providing enhanced network services. 

(Manuscript approved August 1995) 
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