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For an asynchronous transfer mode (ATM) network to provide a wide range
of services, high-capacity and low-cost network elements are needed. The
capacity and cost of these elements are determined by the costs of the
underlying hardware and software devices necessary to build them: ATM
line cards, switching fabrics, and control structures. These devices, in turn,
are built upon the advanced technologies of digital devices, optics, algo-
rithms, and architectures. In this paper, we explore the applications of these
technologies to develop ATM line cards, ATM switching fabrics, and ATM

control structures.

introduction

Advances in the fields of integrated
circuits and fiber optics have led to the possi-
bility of people communicating and being
entertained as never before. Fax machines,
mobile phones, laptop computers, supercom-
puters, wide area networks, videophones, and
video distribution systems are common in the
marketplace. Now, the worldwide telecommu-
nications network must change to provide the
flexible, multi-service, high-capacity, and low-
cost communications these products will
require. One important change in the tele-
communications network is the introduction
of asynchronous transfer mode (ATM) tech-
nologies and systems.

ATM is the basis of the broadband
integrated services digital network (BISDN),
the international standard for the next gener-
ation telecommunications network. Unlike
time-slotted circuit-switched systems, such
as the 4 ESS® and 5ESS® switches, which
also are called synchronous transport mode
(STM) systems, ATM systems are based upon
a fixed-length packet or cell technique.

BISDN promises flexibility, service integra-
tion, and high bandwidth. ATM technology is
a flexible platform that can quickly imple-
ment new BISDN services, while providing
significant operations, administration, and
maintenance (OA&M) savings due to service
integration. The vision of voice, data, and
video services provided via a single network
is possible with ATM.

To implement this vision, an ATM
system should support a wide range of traffic
types. The system should be capable of sup-
porting:
= The lowsjitter restriction of high-
bandwidth, constant bit rate (CBR) traffic,
such as clear-channel leased lines and
video connections,

= The high burst rates of high-speed data
connections, which could generate bursts
of hundreds of cells, yet generate low cell-
loss rates, and

= High use for the most important types of
traffic mixes in a network, to keep the over-
all cost per service low.

To satisfy the needs of the telecommunica-

tions network, the ATM system should be

highly reliable, easily maintainable, gracefully

expandable, and cost-effectively evolvable.

AT&T has been working on high-
bandwidth statistical communications for a
long time, and was the first telecommunica-
tions equipment vendor to demonstrate high-
bandwidth packet communications, with live
customer traffic, in a wideband packet field
experiment. That work, and its later laboratory
extensions, were among the first steps toward
ATM.12 AT&T's broadband efforts are continu-
ing to pursue a set of ATM technologies
designed to meet emerging customer needs.

The AT™™ technologies for cell trans-
port are the ATM line cards, the ATM switching
fabric, and the ATM control structure, as
shown in Figure 1.
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Panel 1. Acronyms Used in This Paper

AIS — Alarm indication signal

ASN.1 — Abstract Syntax Notation language

ATM — Asynchronous transfer mode

BISDN — Broadband integrated services digital net-
work

CBR — Constant bit rate

CNM — Customer network management

DS3 — Data rate of 45 Mbits/s

FERF — Far-end receive failure message

GUI — Graphical user interface

HEC — Header error control

ISDN — Integrated services digital network

Mux/demux — Multiplexer/demultiplexer

0A&M — Operations, administration, and maintenance

0C-3 — Optical carrier rate of 155 Mbits/s on optical
facility

RAM — Random access memory

ST™ — Synchronous transfer mode

ST™M-1 — Synchronous transfer mode signal rate of
155 Mbits/s on optical facility

STS-1 — Synchronous transfer signal rate of
53 Mbits/s on electrical facility

STS3 — Synchronous transfer signal rate of
155 Mbits/s on electrical facility

vC — Virtual channel

VBR — Variable bit rate

VCl — Virtual channel identifier

vP — Virtual path

VPl — Virtual path identifier

vLSI — Very large scale integration

= The line cards are based on high-speed VLSI tech-
nology and optics to implement the ATM processing
functions.

= The switching fabric uses a cell-expansion network,
followed by a shared-memory switching fabric, that
allows the AT&T system to handle a wide range of
traffic types.

= The control structure allows for modular growth and
increasing service functionality.
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The first product based upon AT&T’s ATM technology is
the GCNS-2000, developed by the Operations System:
Data Business Unit. :

System Principles
AT&T’s design philosophy is to meet the long-
term, broadband service traffic needs with an expandable
and modular architecture that also meets the highest
performance standards. The various ATM line cards
(such as those interfacing DS-3, STM-1, STS-3c, 0C-3, etc.,
data streams) are plug compatible, which means various
input/output configurations can be mixed and matched
in one switching-unit shelf, using standard line-card slots
for a variety of line-card terminations. This flexibility will
meet the wide range of services and network configura-
tions proposed for ATM systems.
The ATM switch fabric architecture provides a
way to modularly construct large ATM fabrics out of ideal
performance memory modules, that is, modules in which
no input or output can block any other input or output to
affect overall delay/throughput performance. The archi-
tecture consists of a bufferless front-end cell expansion
into an array of shared-memory ATM modules, where
optimal buffering can be achieved. The overall architec-
tural design is based on several key features:
= Increased processing power of the ATM line cards,
= A front-end expansion/concentration network that pro-
vides self-routing, near-optimal and conflict-free distri-
bution of cells to the shared-memory switching fabric,
which eliminates internal congestion,

= A shared-memory switching fabric that requires mini-
mal RAM buffering to route traffic to the appropriate
output ports, and

= Buffered output port queuing that yields the best
delay/throughput performance.

These features are discussed in this paper.

The ATM control structure is based upon distrib-
uted processing for modularity and growth. The three-
level hierarchy of distributed processors map into the ATM
Protocol Reference Model. (For a description of the ATM
Protocol Reference Model, see “Network Aspects of
Broadband ISDN” in this issue). The overall architecture
is duplicated for reliability, and unique cell processing
algorithms allow hitless, or errorless, switching between
active and inactive units with minimal overhead. Finally,
the modularity of the architecture allows for the compo-
nents to independently evolve.



ATM Line Cards

Line cards provide the interface between the
physical media used to transport ATM cells and the ATM
switch fabric. The physical media may be either electri-
cal or optical, and there are many possible data rates and
signal formats (such as DS:3, STS-1, STM-1, 0C-3, etc).
Many types of line cards are needed to accommodate the
wide range of transport options.

Except for very high-rate signals, line cards gen-
erally contain multiple port interfaces per card, support-
ing multiple access or egress lines. Advances in device,
optics, and packaging technology are allowing more
functions and more ports to be packaged onto each line
card. Line cards are usually bi-directional, but there are
applications, such as one-way video on demand, in which
the source of a line card input is different from the desti-
nation of its output.

Figure 2 depicts some of the signal-processing
functions that could be performed by a quad, or four-
port, STM-1 line card. The functions for a generic line
card are described below.

Ingress Functions. For cells coming into the net-
work switch, ATM line card hardware first synchronizes
the various received signals with an associated recovered
clock. Then, the line card will locate the transmission
frame pattern, such as a DS3 or STM-1, and then strip the
transmission overhead from the signal. Next, the actual
ATM cell boundaries are located from the information in
the header error control (HEC) field. The HEC field also is
used to correct errors in the header or, if the errors are
too severe, the errored cells may be dropped entirely.
The ATM cell payload then is descrambled, meaning the
pseudo-random signals, inserted in the data stream for
clock recovery (also called 1’s density), are removed.

Cells are presented to the ATM switch fabric
before they are synchronized to the system cell clock.
This is done by passing the cells through an elastic store,
or expandable buffer, and inserting or deleting idle cells
as needed. Once cells from different input ports are syn-
chronized to a common clock, they can be interleaved to
form a higher-rate cell stream.

Several ATM processing functions also are per-
formed by line cards. For each virtual path (VP), that is,
a logical path through the network that can be changed
in real time, and for each virtual channel (VC) in a virtual
path, the received cells are counted, and the bandwidth
“policed” for excessive user throughput. This policing is
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Figure 1. Three key elements in AT&T’s ATM switching pro-
ducts are the ATM line cards, the ATM switch fabric, and the
ATM control structure. Line cards were developed to inter-
face a variety of electrical and optical media at a varlety of
rates. The cards also provide the ‘‘low-level’’ control func-
tions of the three-level control structure. The switch fabric
uses cell-expansion and concentration modules and a
shared-memory switching fabric to handle a variety of traffic
types with minimal buffering, providing low delay and
optimal throughput. The control structure includes line card
software, and two other levels of control, that are mapped
to the control functions required in each level and plane in
the ATM Protocol Reference Model.

done by matching the customer’s input to the allocated
virtual path or virtual channel data rate, as determined by
the customer when the service was provisioned. If the
cell rate exceeds the provisioned rate, the cells either
can be dropped or they can be marked for possible elimi-
nation later, if they encounter congestion in the network.
Line cards also translate the incoming VP/vC
identifier (vp1/vCI) fields in each cell from the incoming
value, or address, to the outgoing value. The incoming
VPI/VC identifier is used to access, or index, a routing
table, which contains the destination-port code for the
cell. This destination-port code is then attached, or
prepended, to the cell for routing by the switching fabric.
ATM operation, administration, and maintenance (0A&M)
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Figure 2. The line cards in AT&T's ATM systems
provide a number of functions made possible In
recent years due to advances in device, optics,
and packaging technology. Some of the key
features provided by this example, for an STM-1
line card, inciude operations, administration,
and maintenance (0A&M) functions, elastic
store, cell scrambling and descrambling, syn-
chronous digital hierarchy (SDH) frame genera-
tion and overhead insertion, and virtual
path/virtual channel (VP/VC) translation and
policing.

functions, such as generating virtual path and virtual chan-
nel alarm indication signals (AISs), also are done by line
cards. Finally, the head error-control field is recalculated
for all cells whose headers are modified by the line cards.
Egress Functions. After cells are routed by the
switch fabric, which will be discussed below, they are
returned to output-line cards for further processing. If
an output-line card supports multiple output ports, cells
arriving from the switch fabric are demultiplexed to their
appropriate ports. OA&M functions also are performed,
such as generating a VP/VC far-end receive failure (FERF)
message, which informs the switch to discontinue send-
ing data when a line failure is detected. Any non-standard
ATM cell bits (such as prepended destination-code bits)
are removed, and the cell rate is adapted to the available
line rate by passing the cells through an elastic store and
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adding or deleting idle cells when necessary.

The cells are then scrambled, that is, pseudo-
random signals are inserted in the data stream for clock
recovery, and are packed into the payload signal of the
transmission format generated by the line card. The
resulting data stream is then converted into the line elec-
trical, or optical, signal for transmission to the next ATM
switch in the network, or to the end user.

ATM Switching Fabric

Broadband ATM cell switching has been exten-
sively studied at AT&T Bell Laboratories, where signifi-
cant contributions have been made in fundamental the-
ory, as well as innovative fabric designs.?~% Throughout
these research efforts, the critical issues of self-routing
interconnect, destination conflict resolution, queuing



arrangement, delay and throughput performance, and
switch complexity were studied carefully and now are
well understood.

Although various switches can, on paper, be
designed to large dimensions, technological and physical
constraints often impose a practical limit on their maxi-
mum size, say M x M. If we want a larger switch system,
say 2M x 2M, then multiple M x M switches have to be
interconnected. A conventional way to do so is to employ
three columns of M x M modules. This is an effective and
proven technique in circuit-switched systems, but a
hardware-expensive solution, nonetheless. Although each
individual switching module can be constructed as the
ideal cell switch, with optimum throughput, the complete
multiple-column switch fabric no longer reflects the opti-
mal design conceived for its individual switch modules. A
principal disadvantage in such multistage-buffered
approaches is the performance degradation due to inter-
nal congestion, usually arising from non-uniform traffic
loads. Therefore, it was our architectural goal to achieve
the same high performance expected of an ideal module

for the entire switch fabric, regardless of traffic conditions.

The switch fabric architecture is depicted in
Figure 3. The ATM switch fabric contains two stages, the
cell expansion and concentration network, and the
shared-memory switching fabrics. The expansion and
concentration network routes cells to the appropriate
shared-memory fabrics. The shared-memory fabrics pro-
vide the last stage of switching, and most of the queuing,
required for the ATM traffic.

Cell-Expansion Module. When the input cell arrives
at the shared-memory module, it is first processed by the
cell-expansion module. The cell-expansion network is
memoryless, that is, buffering is not used in this module.
Instead, all the input cells are cleared out in each time
slot in the next clock cycle, and there is no internal con-
gestion. Because the input cell is self-routing, due to the
prepended destination-port code, path conflicts are auto-
matically resolved without the need for a centralized con-
troller. The function of the cell-expansion network, there-
fore, is merely to transport cells to each concentration
module in every slot.

It should be noted that address discrimination
can be performed at both the cell-expansion module and
the concentration module. Studies indicate that for small
switching systems, address discrimination is more
efficient at the concentration module; for large systems,

ATM switch fabric architecture
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Figure 3. The expansion and concentration modules route
cells to the appropriate shared-memory switching fabric. The
expansion module Is memoryless, and routes the cells to
the concentration module. This module, in tum, requires a
small amount of buffering, since it provides 32 inputs and
eight outputs to the shared-memory switch fabric.

it is more efficient at the cell-expansion module. We
describe the former situation here.

The cell-expansion module copies an incoming
cell to all of the output ports leading to the concentration
modules. For example, if the module is 4x4 (four inputs
and four outputs), a single input would be written to all
four outputs, that is, transported to all four concentration
modules connected to the cell-expansion module.

Concentration Module. The concentration module,
in turn, funnels the cells into an associated shared-
memory switch fabric. Unlike the cell-expansion module,
which is connected to multiple concentration modules,
each concentration module is connected to only one
shared-memory module (excluding redundancy for relia-
bility). Since the expansion module broadcasts the cell to
multiple concentration modules, each concentration
module first must determine the address of the cell, and
drop any cell not destined to its shared-memory module.
The appropriately addressed cell is then routed to the
shared-memory fabric. A small amount of buffering is
required in the concentration modules, since the module
accepts 32 inputs, but delivers only eight outputs in one
cell time, or clock cycle. The 32x8 concentration is possi-
ble due to the statistical nature of data transmission,
wherein not all of the inputs will be active at the same
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Random access

Figure 4. AT&T’s ATM shared-memory module architecture
is shown in this illustration. Input cells are routed to the
multiplexer/demultiplexer, and header information is routed
to the address control, while the user data Is stored in RAM
until processing is completed. Then the user data is read
from RAM to the muttiplexer/demultiplexer for transmission.

time. Therefore, since the chance of contention is statisti-
cally small, only a small amount of buffering is required.
The control consists of a single queue with up to 32
‘writes’ and eight ‘reads’ to the queue in one cell time.

There are three basic approaches for providing
the queuing in an ATM switch: at the input port, through-
out the fabric, or at the output port. It has been shown
that the best possible delay/throughput performance for
an ATM switch is achieved by output queuing,’ that is, by
providing any queuing after the switching functions are
performed. This approach has been taken by AT&T. Most
cell buffering in the ATM switch is done at the shared-
memory modules, and the optimal output-queuing design
of the shared-memory modules ensures the best
delay/throughput performance for the entire switch.

Therefore, the input cell arrival rate to the
switching fabric has no effect on the design of either the
cell-expansion network or the cell-concentration net-
work. This is because the input cells are cleared into the
concentration modules on a slot-by-slot basis. The only
effect is on the sizing of the buffer space, inside the con-
centration module, to handle the statistically small amount
of contention expected at this 32x8 stage, and the buffer
space required for the shared-memory module.

Shared Memory Module. The general architecture of
the 20-Gbits/s shared-memory module is shown in
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Figure 4. The ATM fabric cells (53-byte ATM link cell
enveloped in a larger fabric cell) arrive at and leave from
each module synchronously. The shared-memory module
writes arriving cells into, and reads leaving cells out of, a
single, large random-access memory (RAM). It should be
emphasized that there is no buffer-specific RAM—thus the
name, shared memory. Indeed, the entire RAM in the
shared-memory module could be used for buffering, if
necessary. The high-bandwidth RAM is accessed via a wide
parallel bus. By controlling the addresses for the RAM read
and write operations, logical output buffers for each of
the module outputs can be created, as required, within
the single physical RAM.

The data path is composed of a multiplexer/
demultiplexer (mux/dmux), a wide data bus, and the large
RAM. The mux/demux multiplexes the incoming and out-
going cell streams onto the wide data bus. The data bus
also is connected to the RAM data inputs—which could, as
noted, be as wide as an entire fabric cell—to achieve the
high RAM access bandwidth. The address control block
uses copies of the switch fabric headers as input to gener-
ate the RAM address information. The operations of each
module are pipelined, that is, an operation is divided into
subprocesses that are processed simultaneously.

In each cell time, the 8x8 (for eight inputs and
eight outputs) shared-memory module performs eight
write operations (one for each arriving cell) and eight
read operations (one for each leaving cell). In general,
the address control logically contains an output control
queue associated with each module output. Each output
control queue holds the RAM addresses of all the cells
stored in the RAM destined for a particular module out-
put. The process of possibly dropping cells that exceed
the customer’s contract is controlled by the terms of the
provisioning process, the size of the RAM, and, of course,
by ever-changing network conditions. If conditions are
favorable, the customer’s cells will not be dropped.

Output Queuing. When multiple cells arrive simulta-
neously, for the same output port in the 8x8 switch, they
have to be buffered. The output can only serve one cell at
a time. As previously noted, it has been shown that the
best possible delay/throughput performance is achieved
by buffering, or queuing, at the output port. That is, all
cells in each time slot are swept through the switch fabric
to their destinations such that, if several cells arrive at the
same time at the same output, they can be buffered in
respective output queues. They are not delayed by, nor do



they delay, cells destined for other outputs. The compari-
son between delay-throughput performance for input
queuing, versus output queuing, is shown in Figure 5.

Consequently, the shared-memory fabric is a
20-Gb/s ATM output-buffered switch module. If the
switch is expanded later, the concentration modules and
the shared-memory modules can be reused.

ATM Control Structures

The control structure is based on the mapping
of the control functions—required by each layer and
plane in the ATM Protocol Reference Model—into a
three-level hierarchy of distributed control processors.
The mapping takes into account the characteristics of
the control functions, such as the required response
time, processing needs, and expected reliability. It also
identifies corresponding control processors with the
associated execution environments.

First, the low-level control functions in the
three-level control hierarchy are associated with the
ATM layer, and are performed by processors residing on
the ATM line cards. As previously described, the control
functions performed here include source policing,
VPI/VCI routing, traffic and performance measurements,
and error detection and reporting. A powerful micropro-
cessor with a real-time execution environment and a
fast scheduling and dispatching algorithm implements
these functions on each line card. The line card-based
microprocessors communicate with the higher-level
processors using a functional, message-based interface
that hides many of the hardware-specific characteristics
of the line cards from the higher levels.

The middle level of control in the hierarchy
provides operational and administrative control for the
ATM fabric and the line cards, including basic connec-
tion management, measurements collection, and event
reporting. It also is responsible for the reliable opera-
tion of the ATM fabric and line cards, providing fault
recovery and diagnostics.

The reliability requirements on public switch-
ing systems have led to duplexed (side 0/side 1) archi-
tectures. This is also true for ATM systems. In the event
of an error in one side, the other side can take over
instantly, since both sides normally operate in lock step.

For the duplex hardware, when fault recovery
detects a fault in the active side, it switches to the stand-
by side, initializes the newly active side, and returns the

Figure 5. This figure shows the delay/throughput for input
versus output queuing. If input queuing is employed, the
waiting time increases significantly with an offered load of
0.5. With output queuing, a similar waiting time Is not
reached until an offered load of 0.8 is experienced. Thus,
AT&T's ATM technology uses output queuing based on sta-
tistical probability.

unit to service. Then fault recovery initiates a diagnosis
of the faulty unit. This procedure leads to a high level of
availability for the transport hardware. These functions
are implemented by a highly reliable, fully duplicated
processor, with a real-time execution environment that is
capable of continuous operation and fast response time.

Operating practices often result in occasional
side switches, so that each side can be routinely tested.
This is known as routine exercises. In the event that an
active side detects a fault while the inactive side is com-
pleting its testing procedures, the unloaded inactive
side takes over the switching operation from the loaded
active side in a short period of time. The GCNS-2000,
for example, handles this feature with a fast synchroniza-
tion procedure.,

The control software is designed for reliable
operation by using a number of fault-tolerant techniques:
data is continuously validated by background audit pro-
grams and software execution errors are detected, lead-
ing to corresponding recovery actions, including the
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automatic escalation to progressively higher levels of ini-
tialization. The communication between the middle-level
control processor and the processors at the next higher
level is performed by a functional message-base interface
using the Abstract Syntax Notation 1 (ASN.1).

The high-level control in the control hierarchy
provides several functions corresponding to the higher
layers in the ATM Protocol Reference Model. One func-
tion is the operations and administration of one or sev-
eral ATM nodes. This includes configuration and provi-
sioning control, measurements, event reporting, data-
base access, and customer network management (CNM).
The control is implemented, on one or more UNIX-based
processors, with BaseWorX software, a standard inter-
face for application packages, and a graphical user inter-
face (GUI) on a computer workstation. Another function
at this level is to provide the control needed for switched
services, including signal processing and call control.
This is implemented by several highly reliable proces-
sors with real-time execution environments.

The different processors in the control hierarchy
have different characteristics that match the needs of the
functions they perform. They provide real-time or time-
sharing environments, depending on the response time
desired. They can provide open interfaces for program-
ming customer-specific applications; reliable operation
with high-availability, for example, call processing; and
reliable transaction operation, such as operations and
administration. The distribution of control among proces-
sors, and the well-defined interfaces between the three
levels of processors in the hierarchy, lead to a modular
and flexible control architecture that can evolve with the
ATM network.

Cell Transport Performance

ATM cells are of fixed length. Cell traffic will have
certain performance characteristics, due to the switch’s
incoming and outgoing link bandwidth restrictions (such
as whether they are DS3, STS-1 etc.) and the resulting
traffic queuing. Unlike input-buffered fabrics that can

Table |. Utllization Comparisons

Fabric Type Dedicated Buffering Shared Buffering
Allowed Link
Utilization % 88%
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suffer from head-ofline, or input-side, blocking, and
Banyan fabrics that have internal link contention, output-
buffered fabrics allow the incoming traffic to flow to the
outgoing buffer/link without contention. In such a sys-
tem, buffers are only required for those cases when
traffic from multiple inputs are simultaneously destined
for a single output, such as if there is output contention.

The size of the output buffer needed is depen-
dent on the allowed cell-loss rate, incoming link utiliza-
tion, the characteristics of incoming traffic, and the
buffering technique. A 10~ cell-loss rate and 80 percent
incoming link load, for example, requires 45 cell buffers
at each output port of a dedicated output-buffer system
for random traffic. If the incident traffic is not random,
but is instead bursty, such as when long packets are bro-
ken into a series of cells, then holding the output-buffer
size fixed, and holding the cell-loss probability constant,
results in a decreased system throughput. In fact, burst
size, link utilization, and cell-loss probability are interre-
lated. For a given cell buffer size and technique, increas-
ing the incident-burst size, or increasing the link utiliza-
tion, or decreasing the cell-loss probability, will degrade
one or both of the remaining parameters.

The only way to avoid this situation in dedicated
output buffering systems is to increase the output buffer
size. In other words, larger output buffers are required to
carry increasingly bursty traffic at high-utilization and
low cell-loss rates. In fact, the output queue size scales
almost linearly with burst size, given the same cell-loss
rates and link utilizations.

For example, if a switch routinely experiences
burst rates of 10 cells in a row, and there is a high proba-
bility of multiple bursts, the switch might require, say, 50
output buffers. In a linear fashion, then, a switch experi-
encing bursts of 100 cells would require a linear increase
to 500 output buffers, which greatly increases the hard-
ware cost of the switch.

Another method to handle the problem of bursty
traffic, and the one used by AT&T to reduce the linearity
problem, is that of sharing the output buffers between
the outputs. In other words, use one shared buffer for all
of the outputs, such that space unused by one output can
be reused by another output. The impact of such a tech-
nique is shown in Table I for a traffic type consisting of a
mean-burst length of five cells, a 10~ 10 cellloss rate, a
fabric size of 8x8, and total buffer of 8000 cells. The
shared-buffering technique allows almost twice the link



utilization as the dedicated buffering technique for this
traffic type. Consequently, systems designed with a
shared-buffering technique are better able to support a
wide range of services with a minimal amount of buffer-
ing and, consequently, with minimal switch cost.

Due to these theoretical findings, the AT&T sys-
tem uses memory-based modules that implement
shared-output buffering. These architectures provide
ideal delay/throughput performance characteristics and
use a minimum of buffering for any traffic type or mix,
such as constant bit rate and variable bit rate (VBR). Addi-
tionally, the AT&T system will incorporate delay and loss
priorities to segregate traffic types and provide another
level of congestion control.

Summary

AT&T’s ATM technology has been designed to
provide a wide range of services in an efficient and cost
effective manner. The ATM line cards can be inter-
changed on a single shelf, providing flexible configura-
tions. The ATM switch fabric has ideal output-buffering
performance for up to 20 Gbits/s, and near ideal perfor-
mance for systems larger than 20 Gbits/s. The fabric has
the ability to carry random and bursty traffic at high-load
and low cell-loss rates as appropriate. No fabric rear-
rangement or central processor routing is required. The
ATM control structure is modular and extensible. The
system is duplexed for reliability and fault tolerance.
These technologies provide the basis of AT&T’s ATM-
based products, such as the GCNS-2000, the ATM Cross-
connect, and the Broadband Switching System-2000.
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