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PREFACE

Broadband Integrated Services Digital Network (B-ISDN) is conceived as an all-purpose
digital network supporting interactive and distributive services, bursty and continuous traffic,
connection-oriented and connectionless services, all in the same network. The concepts of
ISDN in general and B-ISDN in particular have been evolving since CCTTT adopted the firsr
set of ISDN recommendations in 1984. Thirteen recommendations outlining the fundamer:
principles and initial specifications for B-ISDN were approved in 1990, with Asynchronous
Transfer Mode (ATM) being the transfer mode of choice for B-ISDN.

It seems fair to say that B-ISDN concepts have changed the face of networking. The
expertise we have developed for a century on telephone systems and over a number oi
decades on packet networks is proving to be insufficient to deploy and operate the envisioned
B-ISDNs. Much more needs to be understood and satisfactorily addressed before ATM
networks can become a reality.

Tricomm'93 is dedicated to ATM nerworks. The technical program consists of invited papers
addressing a large subset of issues of practical importance in the deployment of ATM
networks. This is the sixth in a series of Research Triangle Conferences on Computer
Communications, which emerged through the efforts of the local chapter of IEEE
Communications Society.

We would like to thank all speakers who participated in the technical program, and, Mr. Len
Felton, IBM, for his keynote speech. Ms. Margaret Hudacko, Center for Communications
and Signal Processing, North Carolina State University, has patiently worked with us in the
organization of the conference, and we are grateful to her for making it all possible. We also
would like to thank Ms. Mary Safford, our editor, and Mr. John Matzka, both at Plenum
Press, for publication of the proceedings.

Yannis Viniotis
Raif O. Onvural
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3OME OBSTACLES ON THE ROAD TO ATM

Daniel Abensour, Jean Calvignac(*), and Len Felton

RTP Laboratory
IBM Corporation
Research Triangle Park, N.C.

* La Gaude Laboratory
IBM France

Abstract

The introduction of ATM will take place in the local environment first. ATM wiil
make very high speed LANs a reality. These future LANs will be based on swilches,
uniike their low speed predecessors which used shared media. ATM technology will
contribute to making the distinctions between LANs, MANs and WANs eveniually dis-
appear. ATM will also be the transport mechanism of choice for muitimedia.
However there are some alternatives to ATM. One of them is FCS which can piay
the role of a very high speed LAN and is positioned with respect to ATM in this
oaper. When it is realized, the vision of a "world wired with fibers” where the
videophones have replaced the conventional telephone sefs and where video-
conferencing are part of the normal working environment, will draw heavily upon
ATM. We are discussing some of the significant problems which remain to be solved
such as the distributed support of video-conferencing. The likely roflout of ATM pro-
ducts and the different approaches considered to address these problems are
addressed here.

Introduction

Two new magic words have recently appeared in the vocabulary associated with
high speed networking: ATM (Asynchronous Transfer Mode) and multi-media. The
latter refers to a new family of applications involving voice, video, still images and
data. The former is one of the technologies that satisfies some of the requiremern’

of multi-media applications, namely support of isochronous traffic. From a networi
standpoint, two of the key characteristics from these applications are a considerable
demand in bandwidth and, in some cases, a requirement for minimal delay. Today
the existing multi-media applications use separate networks for voice, video and

Asynchronous Transfer Mode Nenvorks, Edited by Y. Viniots
ind R.O. Onvural, Plenum Press. New York. 1993



data ana gaemonstraie a limited integration of functions. ATM has been conceived
and produced by the telecommunications carriers to accommodate the support of
voice, video and data in the same network. ATM, belonging to the packet switching
technologies' can offer a complete granularity of bandwidth and yet accommodate
isochronous traffic requirements.

It is worthwhile mentioning that when the first CCITT documents [1] were produced,
ATM was only presented as the transfer mode for implementing B-ISDN. Since that
time two things have become clearer:

* ATM has gained incredible momentum and the technology is now being “bor-
rowed” by a wide combination of industries with computer manufacturers at their
forefront. As a consequence it is now evident that ATM technology will first
appear in the Customer Premises Environment (CPE).

* In the carrier world ATM is definitely making more inroads than B-ISDN
(Broadband Integrated Services Digital Network). It is not clear when B-ISDN will
be offered by the carriers as a collection of services while ATM based services
(advertised that way) can be expected within a few years.

In this paper we describe the rationale for a roll out of ATM in the CPE. We also
describe and discuss some possible alternatives. We are focusing on some of the
technical problems created by the advent of ATM in the local environment, namely
the coexistence of ATM switches with PBXs and the evolution of the support of clas-
sical voice functions with the introduction of video-conferences. The reader is
referred to [2] for a detailed description of ATM.

Alternative Confiqurations in the local environment

Connectivity in_machine rooms

In modern machine rooms, connectivity is changing. Both in the main-frame envi-
ronment and in the super computer environment we are facing an increased and
an almost “any to any” type of connectivity. In the main-frame world, the advent of a
new and faster channel operating in conjunction with a dynamic non blocking
switching mechanism [3] allows any CPU to be connected to any other CPU using a
Channel To Channel (CTC) protocol and aiso allows any CPU to access any control
unit thru the switch. The corresponding paths are established in a dynamic fashion
and the set up of each connection is performed in a remarkably short amount of
time.

In the super computer world, a similar process has taken place. The HIPP] (High
Performance Paralilel Interface) standard [4] includes a "switch fabric” which allows
a dynamic connection of the various end systems. These systems can be heteroge-
neous supercomputers, archival storage devices, array DASDs, main-frame com-

' "Fast Packet Switching” is more and more often associated with ATM, even though other
technologies qualify to the name.
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Figure 1. Potential FCS based configuration.

puters or even workstations. The utilization of a HIPP! switch results in a quite
powerful but also quite expensive LAN model.

‘Ne will now see that the follow on to HIPP!, FCS (Fiber Channel Standard) [5] [6]
[7] can and will play the same roie, but in a much more affordable manner, and that
FCS could be a real aiternative to ATM in some cases. FCS was originaily con-
ceived by “channel” people as a replacement for HIPPI, IPI3 (Intelligent Periphera!
Interface) and SCSI (Small Computer System Interface) types of interfaces. However,
it rapidly became clear that FCS had real network attributes, at least in the local
area. FCS has a wide range of speeds, up to 1.0625 Gbps or full speed, but lower
speeds are also defined (half speed and quarter speed and even 1/8 speed). It
covers distances? up to 2 x 10Km. FCS initially had 3 modes of operation or classes
(class 1 is a point to point connection with guaranteed bandwidth, i.e. “circuit
switched” type service, class 2 is connection-less service with notification of
delivery or failure to deliver and class 3 is also a connection-less service with best
effort delivery which is equivalent to a datagram mode). It is interesting to note that
a class 4 has been recently proposed to support isochronous traffic, with the
support of multi-media applications in mind.

Figure 1 illustrates a potential configuration based on FCS. Computers and work-
stations are directly attached to the FCS switch and communicate through the
switch. As in the HIPPI case, it is expected that super computers and main-frames
will also be connected using standard protocols and using paths going through the
FCS switch. Again as in the HIPPI case, various devices can be directly attached ¢~

? 10 km between the FCS switch and an attached device results in a potential "diameter” of
20 km.
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Figure 2. Shared medium based LAN

the switch. Therefore, these devices are accessible by the various processors
represented. These devices may include disks arrays, frame buffers as well as print
and file servers. Machines like routers may be used to allow the “old” workstations
which do not have FCS adapters to communicate with the new systems and the role
of the router will be to perform the required routing and protocol conversion func-
tions. Not only will the workstations be able to communicate with each other but
they can also form a cl/uster. The group of c/lustered workstations can behave like a
single logical processor. This type of closely coupled processors has been devel-
oped in the past but typically each processor (or workstation) was using direct links
in a point to point fashion to connect to its neighbors (using proprietary protocols).
With a central FCS switch, these logical high speed links are defined through the
switch and provide an equivalent fully meshed configuration with FCS connections
(and using standard FC protocols). The FCS speed is a key ingredient for this-type
of application?®.

An important aspect of the utilization of FCS as a local network is that all the com-
munications with the outside are funneled through a singie or through multiple
"gateways”. Many different systems can provide the role of these communications
platforms.

Switch based LAN model

We are suggesting that a switched based LAN mode! will be used for high speed
connectivity. The classical LANs using a shared medium approach seem to be at a
disadvantage when speed increases beyond 50-100 Mbps. Figure 2 depicts a clas-

® Obviously one of the key problems is the software required for the clustering (control pro-
grams and sub-systems). FCS role is to provide the necessary high speed connectivity and
FCS does that, but only that.
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Figure 3. Switch based LAN

sical shared medium based LAN where all the attached elements (workstations,
servers) compete for a common resource: the bandwidth of the shared medium.
Each element has an adapter which allows the attachment to the shared medium.
Zach adapter must work at medium speed, even if the connection between every
pair of attached elements offers only a fraction of the bandwidth of the medium
(shared resource). For example if the LAN is an FDD! ring at 100 Mbps and if two
workstations exchange data on the ring at, say 10 Mbps, the adapters must still
work at 100 Mbps. With higher speeds, it seems that there is a significant cost differ-
2nce. In addition the delay resuiting from the processing by each intermediate work-
station can also be significant when the two communicating nodes are separated by
many of these intermediate nodes. From a topology stand point, there are no real
differences between a “ring” and a switch based LAN given that rings are aimost
always using “wiring cabinets” and that their topology is actually more of a star than
anything else. The aggregate throughput of the shared medium type of LAN has an
upper limit determined by the bandwidth of the shared medium. The situation is
going to be quite different with a switch based LAN where it is possible to extend
the aggregate bandwidth in a virtuaily unlimited manner.

Figure 3 represents a model for a switch based LAN. Its major disadvantage is that
it requires a switch... and the means to control the switch. This is an added cost and
an added complexity. However, there are also advantages. With this approach the
complexity of each end node adapter is significantly decreased since it only has to
match the speed of the actual connection through the switch. Also, when a con-
nection is established between a pair of nodes, the corresponding “bandwidth”
resource is not shared. The aggregate throughput of the system can be increased
by the addition of other switches in cascade or in parallel. The FCS approach
follows this model and, as we shall see, so does ATM* The debate comparing

* For ATM there is another advantage. The ports attached to the switch do not have to have
the same speed. A server could use a much faster connection than a workstation. The
control mechanisms will make sure that the information transfer rates are matched (leaky
bucket for ATM).
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Figure 4. First phase of ATM in the local environment.

switch vs shared medium is not a new debate for LANs. There were similar dis-
cussions between PBXs proponents and LANs proponents at the time of the creation
of the earlier LANs. It seems that from a technical stand point the advantages of one
approach vs an other one go by cycles following the technology. But today for very
high speeds and with the advent of new switching technologies and new switch
architectures, all the indicators show an advantage to the switch based LAN.

ATM Rollout

Products using ATM will soon appear in the private local environment. Their intro-

duction will be staged and the following paragraphs describe a likely scenario of the
corresponding staging.

Stage 1

There are many motivations for ATM in the local environment. The key require-
ments that ATM address are the support of high bandwidth connectivity and the
support of multi-media applications. We show a possible system configuration in
Figure 4. This configuration is entirely local.

The ATM switches are systems which follow the new machine room model centered
around switches [8] but are extending it to make it a new LAN. Multi-media capable
workstations are attached to the ATM switches and communicate with each other
through the switch. Also attached to the ATM switch are servers (like multi-media
servers). Multiple workstations can have concurrent access to the server. We also
find routers attached to the switch, their main purpose is to accommodate the
existing LANs (Token Ring and Ethernet or even FDDI) and to allow connectivity
between the existing, non ATM capable, workstations with the new ones and the



new servers. The routers will have ATM adapters and will perform the necessary
conversions between the existing workstations and the new ATM 'capable work-
stations. :

There may be several ATM switches in the same local area and they will be irtc:

connected by high throughput ATM links as shown in the picture. Initially speeds
around 100 Mbps to 155 Mbps will be sufficient to interconnect the local ATM
switches. For the workstations speeds between 25 and 45 Mbps will be satisfactory
for several reasons. First a 45 Mbps link between a local ATM switch and a work-
station can provide the workstation with a non shared 45 Mbps connection and there
are few applications today requiring that much bandwidth. Second, the cost of the
adapter is strongly influenced by the physical front end part and quite obviousiy .
fiber interface requiring opto-electronics converters is more expensive than a lower
speed front end using only copper. Third, lower speeds can be accommaodated with
Unshielded Twisted Pairs (UTP) at reasonable distances (at_least in the local envi
ronment) and UTP saves costs of rewiring and installing new fibers. Connections i

servers and inter-switch links require higher speeds because of the multiplexing ot
several simultaneous connections over those links.

Although this ATM model is conceptually very close to the FCS model described
above, some major differences exist. ATM and FCS are intrinsically different, ATM
uses a fixed 53B cell size while FCS, when operating in its "packet switching” mede
uses variable frame sizes. FCS can also operate in an almost “circuit switching’
mode. More significantly, FCS has no networking background and no “communi-
cation carriers” support. Its design point was different. For example the optimization
of the data transfer between disks and processors at the record level may invoive
very different algorithms than the ones used in the protocols associated with the
transfer of data across a wide area network. ATM and the complementary architec-
tures associated with it [9] are paying a iot of attention to the control of the network.
Functions like topology service, directory service and route computation are
required in a widely spread network. If FCS is indeed used as a LAN or a collectior
of interconnected LANs then the same functions will have to be provideds.

What are the reasons for the utilization of ATM as a LAN in the local environment?
We can consider the following:

+ Natural evolution to a very high speed connectivity
» Isochronous traffic support
» Potential adapter cost advantage

« Common interface (eventually) for LANs, MANs and WANSs...

High speed and isochronous traffic support are indeed functions inherent to ATM.
This gives ATM a real advantage over FDDI since ATM can operate at gigabit
speeds. To accommodate isochronous traffic, FODI-II is required, but FDDI-ilI does
not really exist. The adapter cost advantage can result from a) the significant AT

' The same control mechanisms could conceivably also be adapted to, and used with FCS.



volumes and b) the relative simplicity of the adapters. The utilization of the same
technolagy to interface a LAN or a MAN is indeed desirable but may not materialize
for quite some time. The ATM interfaces on Figure 4 are all in the local environment
and are not standardized by the carriers. On the other hand, the interfaces toward
the public network must follow the various carriers’ standards. Within the local envi-
ronment, ail speeds and physical interfaces will result initially from agreements
petween various CPE manufacturers. Currently the ATM forum is contemplating
several different physical interfaces:

» 45 Mbps with DS3 framing

+ 100 Mbps with 4b/5b encoding (using some of FDDI physical front end)
+ 155 Mbps SONET OC3

» 155 Mbps with 8b/10b encoding (a la FCS but with different speed)

It is almost certain that this list will be extended and that some of the above inter-
faces will not be very successful. For example it is clear that a transmission over
Unshielded Twisted Pairs (UTP category 3) at high speed rates (45 Mbps) is highly
desirable and extremely likely to happen, while the intricacies of using DS3 framing
and formatting (with all the wrap-tests mechanisms and the various levels of alerts)
are not really required in the local environment.

In the carrier world, SONET OC3 and OC12 are the interfaces considered at this
time. To accommodate the existing carrier networks it is also possible that DS3¢
ATM access be offered.

Note that the speeds considered in the local environment are not very different than
FDDL. Yet it is reasonable to expect the support of very high speeds, in the gigabit
range, for the applications justifying those transfer speeds, like some of the sought
after FCS applications.

Stage 2

The local networks described above will be geographically dispersed and most
often will need to get interconnected. Several possible approaches can be consid-
ered. Figure 5 shows the utilization of routers. These routers are using high speed
private links for their interconnections. These links will normally be dedicated T1 or
T3 links, but it is also conceivable to use public switched networks services for
these interconnections. The choices offered today in the United States are High
Speed Circuit Switched (HSCS) for switched T1 and switched T3, Frame Relay and
SMDS. If the nature of the application demands isochronous traffic support then the
choice is more limited and only HSCS meets the requirements, given that neither
Frame Relay nor SMDS supports isochronous traffic’.

§ E3 in Europe

7 |IEEE 802.6 describes two modes of operations: pre-arbitrated and queued-arbitrated. The

pre-arbitrated mode could lend itself to the support of isochronous traffic but Bellcore had
elected not to support it in SMDS.



other networks

Figure 5. Interconnection of local ATM networks with routers.

For some low bandwidth applications Narrow band ISDN coulid aiso be used since it
is circuit switching and, by definition, supports isochronous traffic. But then the
related bandwidth would be limited to a maximum of ISDN Primary. In all cases,
with this approach, the routers will have to adaot the ATM traffic to the wide area
networks links used. Using routers to provide support for a wide area network has
many limitations. A richer and more complete approach is shown in Figure &
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Network
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Figure 6. Interconnection of locai ATM networks with bandwidth managers.



