Why Today’s Switches Can’t Handle Tomorrow’s Traffic

Bart W. Stuck
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Future Electronic and Optical Switch Designs
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Figure 3. Switching technology fol-
lows transmission technology.

universal information outlet (a la
the telephone system or the Xerox
advertisements of the early 1980s)
is desired by customers, vendors
don’t seem to think it’s practical.

On a brighter note, however,
more consensus in standards activ-
ity has been achieved with the
CCITT’s Synchronous Optical Net-
work (SONET) transmission stan-
dards, which were completed in
1988. The relatively rapid devel-
opment of SONET standards
(about three years) illustrates their
importance to the public carriers,
who are the standards’ principal
sponsors and who have already
deployed significant fiber in-
stallations.

SONET will be the basis for the
next wave of carrier transmission
standards and consists of a base
frame supporting a serial bit stream
rate of from 51.840 megabits per
second (OC-1) up to 255 times this
rate, or 13.2192 gigabits per sec-
onds. Note that this rate does not
even begin to tax the transmission
capabilities of a single optical fiber.

The importance of SONET is
that it permits a variety of different
subrates to be extracted directly
from the basic OC-1 bit stream—
including DSO (64 kbps), DSI
(1.536 Mbps), DS3 (28 DS1s) and
the European CEPT and T3 trans-
mission rates—without having to
demultiplex them in stages. This
capability allows digital cross con-
nect functions (for drop and insert,
grooming and consolidation) to
be built directly into SONET equip-
ment, thereby reducing the num-
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Figure 4. Tomorrow’s switches may
be based on the optical star coupler.

ber of circuit packs and increasing
overall reliability. Common cir-
cuit packs will reduce inventory
costs and simplify operations sup-
port such as board swapping and,
perhaps most important, will sim-
plify restoration and protection.
SONET-based equipment is already
available, or will be within the
next year, from a number of ven-
dors, including TranSwitch, Un-
isys Network Systems, Artel, T3
Technologies, Optilink, Telco Sys-
tems, DSC and Network Equip-
ment Technologies through its af-
filiate, Adaptive Corporation.

Fiber optic standards efforts.did
not end with SONET. The CCITT
and the U.S, Exchange Carrier Stan-
dards Association’s T1 Committee
also have a variety of interface and
higher-level framing standards ac-
tivities under way under the gen-
eral umbrella of either BISDN or
ATM (asynchronous transfer
mode). The point is that these will
be built on top of the framing
techniques that have already been
specified by SONET.

Although SONET facilitates the
transmission services that can han-
dle multimedia integrated voice,
text and image applications, these
applications cannot really come
to life without new switching archi-
tectures and related software. To-
day’s switching equipment is in-
adequate in several respects.

Today’s Switches vs.
Tomorrow’s Traffic

All of today’s PBX, public and
private network switches are de-

Figure 5. All of today’s switches use
the Von Neumann architecture.

signed for a single bit rate (64 kbps
for PBX and CO switches, chan-
nelized T1 for public and private
muxes) and use a single shared
control processor, which relies on
so-called von Neumann architec-
ture (see Figure 5). Examples in-
clude AT&T’s SESS or System 85/
75, NTI’s DMS-100 or SL-1,
N.ET’s IDNX and StrataCom’s
IPX. In all these systems, the bus,
switch matrix, and processor are
serially reusable resources—each
must finish one operation before
starting the next. Consequently,
each can become a bottleneck.
Advances in solid state technol-
ogy and in interconnection tech-
nology (i.e., interconnecting the
switch’s internal components) have
taken the form of higher clock
rates, more innovative bus designs,
additional stages of switching that
create more paths between inputs
and outputs (e.g., the time-space-
time division switching of the

Abbreviations and Acronyms Used in
This Article

ATM = Asynchronous Transfer Mode
BISDN = Broudbﬂnd Integrated Serv-
es Digital Network
Intornltlonal Telephone and
raph Consultative
ittee

CCITT =

camm
CCS - 100 Call Seconds
CEPT = Conference of European Postal
Telecom administrations
DS1 = Digital Service, Level 1
FDDI = Fiber Distributed Data Interface
HSCI = High-Speed Channel Interface
OSI = Open Systems Interconnection
SONET = Synchronous Optical Network
TCP/IP = Transmission Control Proto-
col/Internet Protocol
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N.E.T. IDNX) and the appearance
of so-called frame relay switches
(e.g., the StrataCom IPX). Although
these advances have improved
switch performance, they cannot
eliminate the fundamental one-
thing-at-a-time serial processor
bottleneck or the limitations of
single-bit-rate switching.

To handle tomorrow’s needs for
multiple bit rates on demand,
switches will have to break the
serial processor bottleneck and
adopt radically different designs.
Tasks that are performed sequen-
tially by serially reusable resources
in today’s switches will be distrib-
uted among multiple resources op-

Ethernet station listens, and if all
is quiet transmits a 64-byte pream-
ble then listens for the signal to
return to see if it is garbled. If the
signal comes back ungarbled, the
station goes ahead with its trans-
mission; if it is garbled, at least
one other station is trying to trans-
mit, and both stations stop and
retry. As long as there aren’t too
many stations trying to access the
bus simultaneously—a problem
switch designers refer to as conten-
tion—Ethernet works fine.
Speeding up the clock rate—say
from 10 to 100 Mbps—will not
commensurately increase the Eth-
ernet’s throughput, since the 64-

erating in parallel and byte itted for 51.2
By iti ism and con- i ds at 10 Mbps must
currency, the basic processing rate  become a 640-byte preamble trans-

of each element stays the same,
but the total system throughput
rate increases.

The Limits of LANs

Distributed control is not a new
idea. The simplest Ethernet LANs
take advantage of it, with each
LAN station controlling its own
access to the shared bus. Each

mitted for 51.2 microseconds at
100 Mbps. More transmission capac-
ity is being used to control station
access, making less available for
information transfer.

On the other hand, the design
of token-ring LANs does permit
performance to improve commen-
surately with clock rate increases.
In a token-ring LAN, control is

also distributed, but the maximum
signal propagation delay—that be-
tween the two adjacent stations
on the ring that are furthest
apart—is much less than that be-
tween the two stations on the ends
of an Ethernet bus. FDDI and the
802.6 standard DQDB are exam-
ples of token-passing techniques
that can successfully increase their
performance with increases in the
clock rate.

But the single-processor bottle-
neck reappears as soon as any type
of LAN server is added. Because
a server must serially process each
station’s request, contention will
occur when the number of stations
or the number of their requests
exceeds the server’s ability to han-
dle them. Adding more servers
will not solve the basic problem,
since the device that allocates re-
quests among the multiple servers
is now the potential bottleneck.

The central switch design prob-
lem isn’t really quantitative but
qualitative. New switching fabrics
are crucial not just because larger
files are being transferred more
frequently at higher speeds, but
also because these transfers will

Speeding up Old Switch Designs

Analog ‘crossbar switching 'is ‘al-
most _as old as voice telephony,
but switch designers have recently
resurrected it. Embedding cross-
point : armys in silicon can dramati-
cally increase the speed of the old
design. One approach is discussed
in a'recently published paper by
G. J.:Scott and C. J. Anderson of
IBM. (see “A GaAs 16x16
MESFET Crosspoint Switch at 1700
Mbps,”
pean Conference on Optical
Communications September ' 11-
15, 1988, Bnghton England, pp
280-283.)

The authors “describe a cross-
point electronic switching fabric
connecting any of 16 inputs to any
of 16 outputs, with the connection
done usmg solxd state gallium
arsenide transistors. Each port can
handle up to 1.7 gigabits per sec-
ond, resulting in a total switch

. Proceedings,” 14th Euro-

_This exceed: th throughput of

'today s common control switches.

For example, AT&T’s 4ESS has
100,000 ports, each capable of 64
kbps, resulting in a total switch
capacity of 6.4 gigabits per second.
Although Scott and Anderson’s de-
sign looks promising, ‘it will ‘be
difficult to build a solid state cross-
point switch large enough to han-
dle tens of thousands of inputs and
outputs. Noise, timing, power dis-
sipation, and interconnection tech-
nology (of internal switch compo-
nents) all limit this approach to
relatiyely small switches.

Even if these scaling problems
were successfully addressed, the
fundamental problem of a single
controller remains—in this case it

quired to arbitrate
for paths through the switcha

vary bly in their band-
width and bit rate requirements.
Tomorrow’s switches will have to
handle concurrently the multiple
bit rates and bandwidth require-
ments of voice, data, video and
image traffic.

Design Issues for New Switches
One of the only principles of con-
ventional switch design to remain
unshaken is the engineering deci-
sion to maintain switching func-
tions in network nodes rather than
in terminal devices. The need for
switches will persist until unlim-
ited bandwidth eliminates the need
to aggregate network traffic and
until network traffic can route it-
self. In the meantime, today’s de-
signers of tomorrow’s switching
fabrics must face two important
issues: the choice of packet over
circuit switching to achieve the
desired concurrency and parallel-
ism and the need for new switching
protocols and related software.

It now appears that packet switch-
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