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Preface

From June 19 to 23, 1995, leading international researchers on computer networks met at
SchloB Dagstuhl to discuss Architecture and Protocols for High Performance Networks. It
was the second workshop on this topic at the castle; the first one having taken place in
September 1993.

The purpose of the workshop was to bring together telecommunication engineers, computer
communication experts and multimedia application designers, three groups of people who not
very often talk to each other. All of the participants were experts in their fields, from many
different countries, and the presentations and discussions were at a very high level.

Although a wide range of problems was covered at the workshop, most of the contributions
centered around two major issues: ATM networking, and quality-of-service for multimedia
applications. It is expected that most of the bandwidth in future high-performance networks
will be used up by multimedia applications, transmitting digital audio and video. Traditional
networking protocols are not appropriate for these new applications; for example, they do not
provide guarantees on bandwidth, end-to-end delay or delay jitter, and they do not have
addressing schemes or routing algorithms for multicast connections. Also, the formal traffic
models published in the communications literature do not capture the properties of
multimedia streams very well. The presentations and discussions at the workshop addressed
these and many similar issues, and proposed interesting and innovative solutions.

This report is a collection of abstracts of all the presentations at the workshop. Its purpose is
to provide a quick overview of the topics. In order to keep the sessions informal, the partici-
pants were not required to submit a paper in advance. However, the organizers volunteered to
edit a volume of proceedings if potential authors were interested. And indeed, a selection of
high-quality papers will appear under the title "High-Speed Networking and Multimedia
Applications”, edited by the organizers of the workshop and to be published by Kluwer
Academic Publishers in December 1995.

The organizers wish to thank all the participants for coming to Dagstuhl, and for the many
lively and inspiring discussions. In the long evenings, many of us made new friends, and de-
cided to work together more closely in the future. And again, as in 1993, the Dagstuhl team
provided us with an excellent environment: this place is optimized for thinking.

Wolfgang Effelsberg, University of Mannheim, Germany

Otto Spaniol, RWTH Aachen, Germany

André Danthine, Université de Liége, Belgium

Domenico Ferrari, International Computer Science Institute, Berkeley, California, USA
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Abstracts of the Presentations

Per Gunningberg
Dept. of Computer Systems, University of Uppsala, Uppsala, Sweden
ATM as A Memory Interconnect in A Desk Area Network

ATM has been successfully used in Wide Area Networks and Local Area Networks. A
possible next step in this evolution is to use ATM for memory interconnect. This presentation
discusses how ATM can fulfill the functional and performance requirements and the
implications this will have for external ATM communication. We conclude that ATM can
meet the throughput requirements, but will have problems with the latency for the transfer of
small cache lines. This fixed 48 byte payload in ATM results in inefficient use of bandwidth.
Existing ATM adaptation layers do not have sufficient functionality and must be extended.
Using ATM internally has a limited synergy effect when connected to ATM based W ANs.

Don Towsley
Computer Science Department, University of Massachusetts, Amherst, MA, U.S.A.
Use of Multiprocessors in End System Protocol Processing

This is an overview of lessons learned in the use of multiprocessors for high performance pro-
tocol processing. Two approaches are packet level parallelism (PLP) and connection level
parallelism (CLP). Under the first, threads shepherd packets up and down the protocol stacks
concurrently. The second does the same but restricts at most one packet per connection.
Lessons learned include:

1) PLP has a difficulty in dealing with protocols such as TCP that provide in-order
semantics

2)  CLP has difficulty providing equal share of bandwidth to connections due to memory
reference behavior of connection

3)  For both PLP and CLP it is important to account for cache affinity when scheduling re-
sources such as processors, trends, buffers.



Martina Zitterbart

Institute of Operating Systems and Computer Networks
Technical University of Braunschweig, Braunschweig, Germany

Towards Integrated QoS Management

Decomposition of communication into generic building blocks: protocol subsystem, operating
system and network. Each block is comprised of resources and resource mangers. A QoS
manager takes care about the interaction among the blocks. Specific tasks of the QoS manager
are QoS mapping among the service interfaces of the building blocks and QoS control at the
provider service interfaces. This way. different types of services, such as guaranteed, statisti-
cal and best-effort services can be provided.

Additionally, a so-called Transport Gateway was presented which is in charge of the intercon-
nection among wireless networks and fixed networks. It consists of a Wireless Agent which
splits the end-to-end connection into two parts: across the wireless part and the fixed part.
This allows to select individually appropriate error and flow control mechanisms and thus, to
achieve a good overall performance.

Andreas Pombortsis
Department of Computer Science, Aristotle University, Thessaloniki, Greece

Some Thoughts about the Techno-Economical Problems of an Integrated Computing
and Communication Environment

The presentation tries to examine a small part of the spectrum of choices available to network
users and providers. In this framework it starts with a typical CAN and examines the problem
of forecasting the demand for broadband telecommunication services, the possibility for
global networking with ISDN and the migration alternatives to the integrating and interacting
of services based on existing technologies. The basic results are as follows: Advances in
existing technologies may extend the life cycle of existing networks and services and slow the
acceptance of new technologies. Probably ATM networks will coexist with existing STM-
based networks for a long time. A gradual transition from N-ISDN to ATM will support the
cost reduction of ATM and will further progress towards B-ISDN.

Jon Crowcroft
Computer Science Institute, University College London, London, Great Britain
Policy and Mechanism to Support Multiple IP or ATM Bearer Service Classes

THE IETF Internet Services Group and the ITU and ATM Forum have all devised an
(evolving) set of bearer services - in IP6 these are best effort, predictive and guaranteed, while
in ATM these are ABR, VBR and CBR (roughly). On a given path through a network created
by more than one provider, different business cases will create different policies for the mix,
strengths and types of guarantees. This talk is about mechanisms to support hierarchical
policies for providers, paths and reservations of different classes based on RSVP and CBQ.



Oliver Bonaventure
Institute Montefiore B28, Université de Liége, Liége, Belgium
Transport Protocols and Classes of Service in ATM Networks

This presentation looks at the currently defined service classes for ATM networks (CBR,
VBR, ABR) from a transport protocol's point of view. We show that the transport protocol
must be aware of the service class used by the notifying ATM connection. More specifically,
some mechanisms must or must not be present in the transport layer depending on the ATM
class of service used. Concerning CBR we show that spacing is really necessary in the ATM
adapter, but congestion control should not be provided by the transport protocol. We also look
at VBR, and particularly at the VBR traffic contract. We then look at ABR and VBR, and we
conclude that ATM is not comparable to the classical LAN and that the different classes of
service offer a different service to the transport layer.

Nicolas Georganas
Multimedia Communications Research Laboratory, University of Ottawa, Ottawa, Canada

Definitions, Merging, Splitting and Cell-Loss Bounds of Self-Similar Traffic on ATM
Queues

Definitions and comparisons of self-similarity; merging and splitting self-similar processes:
characterization of the resulting process; model of self-similar process constructed from "on-
off" sources; derivation of lower bounds for the buffer overflow probability and cell-loss
probability of self-similar traffic in a finite ATM buffer; derivation of cell-delay distribution.

Harmen van As
IBM Research Division, Zurich Research Laboratory, Riischlikon, Switzerland

Photonic Communication Networks: A Universal Infrastructure for the Information
Society

Continuous technological progress. ever-increasing demand, new services and applications as
well as severe economic pressure caused the creation of various stages of communications
networking. With photonic networks a new communication era appears at the horizon, in
which services can be integrated naturally and traditional networks can be included smoothly.
New properties such as optical transparency, high-capacity transmission over global distances,
optical by-pass switching and dynamic wavelength routing will allow to operate photonic net-
works in a flexible manner. In addition, the same network infrastructure can simultaneously
be used for terrestrial networks for mobile communications, for road and air traffic control as
well as for analog and digital television distribution.



Jean-Yves Le Boudec
Laboratoire Réseaux de Communication (LRC), EPFL, Lausanne, Switzerland
SCONE"' Scalability Enhancements for Connection-Oriented Networks

We consider the issue of increasing the number of connections that connection-oriented net-
works, such as ATM, can support. We describe one step that aims at reducing connection
awareness inside the network. To that end, connections between the same pair of access nodes
are grouped together and made indistinguishable inside the network. The concept of dynamic
virtual path trunk is introduced as a support mechanism, and it is shown how virtual path links
can be set up and maintained without additional round trip delays.

Zigmantas L. Budrikis

Australian Telecommunications Research Institute (ATRI), Curtin University of Technology,
Perth WA, Australia

Cell Transfer Protocol (CTP) - Vehicle for Support of Unresourced Bearer Capabilities
on ATM

Proposes creation of ATM layer bearer capability based on generic flow controlled transfer of
cells. Requires Generic Flow Control (GFC) at UNI (already in place) and GFC at NNI (still
to be defined). Proposes that classical sliding credit window, applicable globally to controlled
traffic class, be adopted as GFC at NNI. Introduces a quota based cell transfer protocol (CTP)
applicable to ATM switches and suitable for provision of the CCT bearer capability
efficiently.

André Danthine
Institute Montefiore B28, Université de Liége, Liége, Belgium
Is ATM a Continuity or a Discontinuity for the LAN Environment?

The answer is that ATM is a discontinuity. A LLAN (Legacy LAN) is a shared medium with
an access control but an ATM network is a shared throughput with an access control which
protects the traffic of the other connections. In an ATM network a connection traffic descrip-
tor is necessary to allocate the bandwidth . In LLAN there is no connection traffic descriptor.
In an ATM network each source must comply with the traffic defined in the contract. In a
LLAN there is no obligation but no guarantee of access. An ATM network may drop cells not
conforming to the contract while in a LLAN the access method avoids packet loss at the ac-
cess. ATM is a discontinuity even if IETF and ATM Forum are proposing solutions to allow
existing applications to be ported on an ATM LAN. But multimedia requires a new approach
due to the QoS and it is a pity that SAR and convergence sublayers are not separated.
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Michael Paterakis

Department of Electronic & Computer Engineering, Technical University of Crete, 731-00
Chania, Greece

Protocols for Voice/Data Integrated Channel Access in Microcelluiar Wireless Digital
Networks

We present the results of a study that explores the performance of two promising reservation
random access (RRA) protocols for transmitting voice packets over a common radio broadcast
channel in a microcellular radio environment. We examine the protocols with respect to voice
transmission under ideal and adverse channel conditions. In addition, we investigate the
ability of the protocols to support efficient voice/data channel access integration within the
system. The examined RRA protocols clearly mark the end of the voice contention period
(VCP), thereby enabling all of the terminals within the microcell to differentiate between
available voice and available data slots. Resolving the contending voice packets first enforces
the priority of the voice traffic. Each protocol can be combined with efficient collision
resolution random access protocols for transmitting data packets. Such a voice/data
integration mechanism eliminates the potential voice degradation caused by competition
between voice and data terminals for available slots. The results show that the combined
protocols provide stable and robust performance under adverse channel conditions and that
they can be employed to sustain voice/data channel access integration under heavy system
loading.

Aurel A. Lazar
Department of Electrical Engineering, Columbia University, New York, NY, U.S.A.
Xbind: A Binding Architecture for Multimedia Networks

Service creation, deployment and management is one of the key features of multimedia net-
working. We noted that such networks are based on open transport and management architec-
tures. However, network control is typically closed. The xbind Project proposes opening up
network control. The architecture proposed is based on an object-oriented model of the net-
work, where both logical entities and QoS abstract are used to realize (via binding) network
services.



Domenico Ferrari
Computer Science Division, University of California at Berkeley, Berkeley, CA, U.S.A.
Service Models for Integrated Services Networks

The talk reviewed and compared some service models that have been proposed for service in-
tegration within the Internet community, the ATM community, and the Tenet Group. The
services were classified, to facilitate the discussion, into essential and additional, the essential
being the "best-effort" services for non-real-time traffic and the "deterministic guaranteed"
ones for real-time traffic. The emphasis was on what QoS parameters and what additional
services (e.g., multicast, setup type, media scaling. and others, besides any "intermediate"
services, i.e., those falling into the gap between the two essential extremes) have been pro-
posed in the approaches that were reviewed. The conclusion was that the differences in the
QoS parameters are very small, and those among the additional services somewhat larger but
not very large; the conjecture was put forward that the latter are most explainable with the
different stages of development reached by the various proposals. Thus, there is good
potential for a conveyance of the Internet and ATM technologies in the area of integrated
services offerings, but a large amount of experimental work remaining to be done with real
applications to see whether we are on the right track.

Fouad Tobagi
Dept. of Electrical Engineering, Stanford University, Palo Alto, CA, U.S.A.

Constant Quality Video Encoding and Evaluation of Networks Carrying Multimedia
Traffic

In order to achieved a given video quality at all times, the encoder parameters must be appro-
priately adjusted according to the scene content. We propose a video encoding scheme which
maintains the quality of the encoded video at a constant level. This scheme is based on a
quantitative video quality measure, and it uses a feedback control mechanism to control the
parameters of the encoding. We also evaluate various networks carrying video traffic. We take
into account the end-to-end delay and consider a wide range including low delay for
interactive communication. We measure the effect of packet delay and thus packet loss in
terms of rate and duration of glitches. We also evaluate the effect of data traffic (bursty and
non-bursty) on the quality of video.

Ernst Biersack
Institut EURECOM, Sophia-Antipolis, France
Scaleable Video Server Architectures

Scalability is an important requirement. It is necessary to allow to adapt to an increase in (i)
the number of videos stored and (ii) the number of clients concurrently demanding service.

We propose a video server architecture that distributes each video over all server nodes
(application level striping). Our approach achieves perfect load balancing independent of the
request pattern and addresses scalability.

An important aspect to resolve is reliability. In order to avoid that the failure of a server node
affects the replay of the video at the clients, we propose to use redundant information. Redun-
dancy can also be used to deal with transmission problems in the network such as data being
lost or delayed.



Doug Shepherd
Computer Centre, Lancaster University, Lancaster, Great Britain
Support of Multimedia Servers in Heterogeneous Environments

This talk addresses the issues of scalability and support for heterogeneous clients within a net-
worked multimedia storage architecture that employs server replication as a technique to in-
crease both storage and I/O bandwidth. Two conventional load balancing techniques, file
replication and network striping, are examined with the conclusion that neither are truly
scalable. A hybrid load balancing technique is proposed that combines the ideas of network
striping and file replication that exploits the characteristics of multi-resolution compression to
divide files into a number of compressed components, each of which can be stored and
replayed independently. This approach has the advantage that it also provides storage support
for client heterogeneity as data stored in multiple resolutions can be combined to meet the
QoS requirements of clients, hence reducing load and increasing the number of streams that
can be serviced.

Wolfgang Effelsberg
Computer Science 1V, University of Mannheim, Mannheim , Germany
Chaos with QoS

Current networks do not support Quality of Service concepts (QoS). There were many recent
proposals from the research community how QoS parameters should be specified, and how
guaranteed bandwidth, delay. jitter and loss could be provided. both from the Internet com-
munity and from the ATM standardization bodies. However, these schemes are incompatible,
and many basic questions are still unsolved: How could application QoS parameters be
mapped to network QoS parameters? Should the QoS interface be based on the contract
model, or should applications be adaptive to the network load? Can media scaling be
combined with multicast filtering? It is argued that an overall QoS architecture is needed
rather than just interface parameters, and that the most appropriate model is a contract with
[lower bound, upper bound] parameters.

Raj Yavatkar
Dept. of Computer Science, University of Kentucky, Lexington, KY, U.S.A.
An End-System Architecture for QoS Guarantees over High-Speed Networks

A considerable amount of work_is in progress for providing QoS guarantees for network traf-
fic. However, relatively little work has been done in the area of extending QoS guarantees to
applications running on an end-system. We introduce a framework for managing end-system
resources (CPU, NIA, bus/I/O bandwidth, --) in an integrated fashion. The architecture called
AQUA (Adaptive Quality-of-Service Architecture) is designed to provide average rate
guarantees on rate of progress by individual applications and provides mechanisms for
application-level adaptation in the presence of changing resource requirements and arrival of
new applications.



Gurudatta Parulkar
Dept. of Computer Science, Washington University, St. Louis, MO, U.S.A.
QoS Guarantees within Endsystems

We have introduced a framework for providing QoS guarantees for multimedia applications
within the endsystems. The framework consists of four components: 1. QoS specification at a
high level by applications using a small number of parameters; 2. QoS mapping which is a li-
brary (automated mechanism) that maps application QoS specifications into resource requiré-
ments; 3. QoS enforcement which ensures that an application gets its share of resources; 4. A
protocol implementation model which works with QoS framework.

We have created Real-Time Signals in NetBSD OS which allows QoS enforcement in a Stan-
dard Unix OS. RT-Signals also ensure that the number of context switches is reduced.

Ahmed Tantawy
IBM T.J. Watson Research Center, Yorktown Heights, NY, U.S.A.
Building End-to-End Multimedia Systems

Most characteristics of multimedia traffic and services are still unknown. The best way to un-
derstand and quantify them in a realistic manner is to build experimental testbeds. We have
built an end-to-end multimedia system, including all the major components from the server
(or a real-time MPEG-2 video source) to the client (PC- or set-top-box). We have adopted a
modular design approach in order to enable the comparison of different approaches to the de-
sign and implementation of the various functional components. We have focused on the use of
existing cable TV plants as a delivery medium and we have identified several issues in this
area.

Ralf Steinmetz,
IBM European Networking Center, Heidelberg, Germany
Reservation of Resources in Advance

Today's resource reservation schemes allot to make a reservation "from now until an undeter-
mined point in time". However, many applications (like conferencing) and situations in which
we are involved, require semantics like reservation styles as "from 3 p.m. until 4:15 p.m.
every Monday". This presentation aims to provide a first application-driven framework for
such a generic reservation scheme. A set of so far unsolved research issues arises; examples
are: How shall a reservation be extended if the applications/users want to make use for a
duration longer than the one specified? How do we cope with failure if something already
reserved is not any longer "available"?



Heinrich Stiittgen

Broadband Multimedia Communication, IBM European Networking Center
Heidelberg, Germany

Resource Allocation vs. Traffic Adaptation in Multimedia Communication

The paradigms are used to provide traffic or flow control, namely resource allocation and traf-
fic adaptation. The presentation compares and clarifies the existing and novel traffic control
techniques according to their suitability for real-time traffic like variable rate video streams.
In particular we show the delay penalty introduced by ATM traffic sharing and first results of
an adaptive, loss traffic control technique called media scaling.

Georg Carle

High Performance Networking Group, Institute of Telematics, University of Karlsruhe
Karlsruhe, Germany

Towards High Performance Group Communication Services in ATM Networks

The efficient provision of reliable multipoint services remains a major unresolved issue. A
novel framework for support of reliable group communication in ATM networks is presented,
consisting of two adaptation layer protocols in combination with a Group Communication
Server. The Reliable Lightweight Multicast Protocol (RLMCP) is a simple and efficient
protocol for the Service Specific Convergence Sublayer of AAL 5, featuring frame-based
retransmission in selective repeat and go-back-N mode. The Reliable Multicast ATM
Adaptation Layer (RMC-AAL) additionally offers cell-based retransmissions and cell-based
forward error correction FEC). Results of a performance evaluation are presented which allow
to identify the scheme most appropriate for a given scenario.

Serge Fdida
Laboratoire MASI, Université Paris 6, Paris, France
Multicast Transport Protocol for Multimedia Cooperative Applications

Besides Throughput and Delay issues, new functionalities are required for multimedia coop-
erative applications. We address first the reliability semantics associated with multicast
conversations and emphasize the need for a new semantic named "Statistical Reliable
Multicast". This solution allows to relieve the sender from monitoring the state of each single
receiver. enable to scale properly with large groups size and perform efficiently on
nonbroadcast networks.

We then present the key features associated with the algorithm designed to provide a statisti-
cally reliable multicast, adding also mechanisms to cope with AGI (Active Group Integrity)
requirements. Finally, issues such as the influence of the underlying network topology and the
interest of a hierarchical approach (such as Group Communication Servers) are discussed.



Andres Albanese
ICSI - International Computer Science Institute, Berkeley, CA , U.S.A.
Priority Encoding Transmission (PET)

The key idea is an encoding scheme that will recover the most important information of a
message no matter which packets are lost or intentionally deleted in a transmission. By the
judicious use of ensure encoding in the application, PET achieves greatly improved
performance, enabling statistical multiplexing of video images, and graceful acquisition or
degradation. This is done without adding excessive overhead in terms of network capacity
(20%) or delay (a group of pictures), and effectively decreasing transmission cost per channel.
For more, tune in URL http:www.ICSI.Berkeley.edu/PET .

Peter Martini

Fachbereich 17 - Mathematics and Computer Science, University of Paderborn
Paderborn, Germany

Real-Time Communication in IEEE 802 High Speed LANs & MANSs

The presentation compares the performance of the IEEE 802 protocols DQDB (IEEE 802.6)
and Demand-Priority LAN (IEEE 802.12) in terms of the price to be paid by normal-priority
traffic for the support of high-priority traffic. Additionally, it includes results for FDDI.

It turns out that the Demand-Priority LAN fails for large distances and/or small frames. In
contrast to this, DQDB and FDDI yield excellent results for all scenarios studied in our simu-
lations. This holds both for the average delays and for the frame loss characteristics of normal
priority traffic.

Phuoc Tran-Gia

Distributed Systems, Institute of Computer Science, University of Wiirzburg
Wiirzburg, Germany

Performance Aspects of Video Transmission in ATM Systems

MPEG is a standard for video in ATM systems, under discussion in different bodies of stan-
dardization. The presentation discusses performance aspects like cell blocking estimation, J-
frame alignments, multiplexing, etc., concerning video the transmission in ATM systems
using MPEG encoding techniques. It is shown that in some cases exact queuing system
analysis can be applied to investigate cell loss accurately and simple traffic characterization
methods can be efficiently used to describe video traffic in ATM environments.
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Demetres Kouvatsos
Dept. of Computing, University of Bradford, Great Britain
Performance Modeling and Analysis of ATM Networks

The indices of dispersion for counts and intervals are widely recognized as appropriate meas-
ures for characterizing bursty, correlated ATM traffic. However, the analysis of such systems
is complex and is often found to be intractable. The talk described a novel approach to study
of a GI*/D/1/N queue with general correlated traffic, in that the arrival process is not modeled
upon any particular type of traffic source. The analysis exploits properties of the batch
renewal process, which is the least biased choice given only measures of indices of dispersion
which might be expected to result from actual traffic measurement. Closed form expressions
for basic performance distributions, such as queue length and waiting-time distributions as
well as blocking probability and burst-length distributions were derived. Numerical examples
were presented for studying the effect of correlation of the arrival process on the performance
metrics of a multibuffered ATM switch architecture. Comments on implication of the results
as "building blocks" for the analysis of general ATM networks were given.

August Casaca
INESC, Lishon, Portugal
An ATM-based Customer Premises Network for the Residential Environment

An architecture for the Customer Premises Network (CPN) based on ATM and applicable to
residential and small business environments is described. The proposed solution consist of a
distributed architecture and it is based on a shared medium with an access mechanism charac-
terized by a Move headed First Served discipline, allowing also the establishment of access
priorities. This discipline suits well the variation on the sources traffic parameters, typical of
ATM, keeping on the other hand. the level of simplicity required by the target environments.

In more complex applications, the traffic concentration in each network node is achieved by
ATM mergers, which have a decentralized contention mechanism to allow the evaluation of
which input has the highest priority before each cell transmission.

Otto Spaniol
Department of Computer Science 4, Aachen University of Technology, Aachen, Germany
High Speed and Mobility

"High Speed" and "Mobility"...do these things fit together when we mean by "mobility" the
more or less continuous communication made by constantly moving locations and effected by
wireless (radio) communication [but not the so-called "nomadic" mobility which is
characterized by plugging at different locations]. It is shown that indeed there is an inherent
conflict - and there remain a lot of things to do in research and development in order to reach
a certain compromise. A lot of design decisions, e.g. protocol stacks, will need to be rather
completely redesigned.
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Stephen Pink
Swedish Institute of Computer Science, Stockholm, Sweden
A Flexible Network Protocol for High Speed and Wireless Links

Today's network protocols are either datagram or virtual-circuit based, have fixed size
headers, are based on unicast routing paradigms and see the stationary end-system as
predominant. IP6 (IP Next Generation) could produce a hybrid VC/datagram architecture, but
at the penalty of very large headers. We propose a new protocol (NP++) that allows the sender
to send large addresses as frequently as necessary, trading off robustness for bandwidth on, for
example, low speed wireless links. The header is made up of "chunks" that can be sent
independently! Also. routing in NP++ uses multicast as primary with unicast as a special case.
Mobile has to "join multicast groups” that have only one member; this provides unicast
service.

Adam Wolisz
Institute for Telecommunication, Technical University Berlin, Berlin, Germany
Wireless Access to High Speed Networks

The need for (constrained) mobility causes increasing interest in wireless LANs, a pico-cell
based kind of radio networks. Capacity (processing power, memory, battery) constrained ter-
minals need relatively high bandwidth for asymmetric communication with higher use at
downlink. Wireless LANs are to be seen as an access network to high speed (ATM) networks.
One of the promising approaches is tunneling either ATM traffic of the UNI services over the
WLAN as contrary to IP type of connectivity. Research topics concerning MAC requirements,
link layer. mobility support have been addressed. Simulation experiments show that emerging
WLAN will not support properly that traffic of short ATM-like cells. Also forwarding mecha-
nism is pot suited to extend the coverage in the radionet. Thus tunneling of UNI services. and
using multicast to several base stations to support quick handover, together with asymmetric,
partially FEC based link protocols may be part of the direction.

Benoit Macq

Lab. de Telecommunications et Teledetectio, Université de Louvain
Louvain-la-Neuve, Belgium

Conditional Access and Copyright Protection

Service Providers (SPv) intend to promote contracts with Users (U) through a mechanism
which gives them certification of the U validity (the U will pay) and which allows them to ad-
dress a wide market. U, from his side, would like to avoid unsolicited services and would like
to preserve his anonymity (he does not want anyone to know what he is looking for). These
contradictory requirements can be implemented by protocols using smart cards and Trusted
Third Parties (TTP). The copyright issues of SPv may also make use of the TTP for monitor-
ing pirate copies, if the original ones are labeled by a resistant watermark.
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