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FDDI serves as a migration

platform from older

networking media to a new

generation of high-speed,
optical-based devices that

will transform networks.

WITH WINDOWS-INTENSIVE and muld-
media applications coming online,
high-speed LANs are becoming the
norm. Network managers have many
alternatives to consider when deciding
the best way to achieve the necessary
throughput rates. These alternatives
include the many FDDI technologies
combined with new and traditional
Ethernet and Token Ring configurations.

The physical and dat link layers of
the ISO reference model — layers 1 and
2 respectively — are no place for pro-
prietary vechnology. There are three fully
specified sundards competing at these
layers: Ethernet (IEEE 802.3), Token
Ring (IEEE 802.5) and FDDI (ANSI
X3T9.5). Further standardization is occur-
ring within the FDDI standard, and
newer, faster optical sandards are in the
works. There is littie room for products
that do not tout compliance with at least
one of the three established technologies.

FDDI is the standard of standards. It
represents the paradigm of successful

o

standards consensus, specificadon and
implementation. Even more interesting
is the fact that, even though it was
developed for use with fiber opuc cable,
it is also finding widespread acceprance
for use with shielded and unshielded
twisted-pair (STP and UTP). FDDI, in
addition to its role as the premier high-
speed, multivendor interconnect LAN
standard, is thus serving as a migraton
platform from older nerworking media
to the new generation of high-speed,
optical-based networking devices that
will transform communications networks
during the next decade. Chief among
these is Synchronous Opdcal Nerwork
(SONET), which is specified to achieve
speeds as high as 2.5 Gbps.

However, it is premature to pro-
nounce the slower Ethernet and Token
Ring technologies as dead. Most organ-
izatons will initially implement FDDI
for high-speed backbones rather than
as a technology to provide high-speed
communications to individual deskrops.
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For several years, industry analysts
have been recommending that organiza-
gons soing fiber optc cable whenever
they string any cable at all. Much of this
“dark” fiber has lain dormant alongside
thin and thick co-axial and TP cable for
years, waiting for FDDI to mature. With
the dramadc increase in support for FDDI
during the past 2 years, much of this dark
fiber has been brought into use, but
many system administrators are waiting
for the “break-even poinc.” This is the
point in dme when it will cost about
the same to use FDDI as it costs to use
Token Ring and Ethernet.

Chipcom estimates that it costs about
$1,000 to $1,400 per deskrop to insmil
FDDI, while costs for Ethernet and
Token Ring are around $500. Other
studies have placed the cost for
companywide implemenadon of FDDI
at about $5,000 per workstadon. Net-
work managers continue to string fiber
— the cost of the acrual media is insig-
nificant compared to the cost of FDDI

network interface cards (NIC) and

; concentators. But neither the gradually

dropping costs nor the need for greater
throughput has propelled them into
enterprisewide FDDI implemenaton.

 Copper And FDDI

. Whether or not to implement fiber is
. further complicated by the fact that the

ANSI X3T9.5 committee is establishing
subsess to the FDDI standard for STP and
UTP. This is an important technology
thac is now receiving belated arendon,
in large part because FDDI over fiber has
not shown the rapid drop in cost that
many anticpated. In fact, companies such
as Cabletron Systems are acuvely recom-
mending that customers saing STP for
inidal implemenadon of FDDL

FDDI over rwisted-pair made its
debut neardy 2 years ago when Chipcom
and SynOpdcs Communicadons simul-
@anecously announced that they had suc-
cessfully achieved 100 Mbps on STP. At
Interop 90, both companies proved the

technology on the show floor. Less than
a year later, Crescendo Communicadons
announced that it had successfully imple-
mented FDDI over UTP. Now this
remarkable technology has been officially
endorsed and is being actively pursued by
the members of the Unshielded Twisted
Pair Development Forum, whose
members include Crescendo, AT&T
Microelectronics, British Telecom,
Fibronics, Hewlett-Packard and
Ungermann-Bass.

The ANSI FDDI committee is ex-
pected to reach a decision by Aprl on
what is now being touted as “low-cost
FDDL."” The process is reminiscent of the
10Base-T smandardizaton actvity hosted
by the [EEE 4 years ago. At that ame, a
large group of vendors was intent on
pushing through an Ethernet over
twisted-pair specificadon and several
vendor proposals were under consider--.
adon. The [EEE, since it was dealing w:
the already-esablished Ethemet technoi~
ogy, was able to quickly reach a deasion,
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Copper-based technologies are being integrated with FDDI backbones.

formalize the sandard and eswmblish the
playing field.

There will be ac least two ANSI FDDI
over TP standards specified as subsets to
X3T9.5. One will be for Category 5 STP,
a high-quality twisted-pair such as [BM's
Type 1 and Type 2 cable, which [BM
recommends for 16-Mbps Token Ring
and other technologies requiring bit rates
as high as 100 Mbps. The other will be
for Category 3 UTP, which will be suit-
able over shorter distances — probably
less than 100 meters — but which will
include most grades of UTP currendy
installed. Final standardizagon for Cat-
egory 3 will likely take considerably
longer than Category 5 standardizadon.

But according to Bill Redman, LAN
communications analyst at the Garmer
Group, a market research company in
Stamford, Connecticut, you should also
be on the lookout for a possible Category
4 — or Level 4, as it is sometimes called
— specificadion from ANSI.

“People have tended to classify
unshielded twisted-pair as voice grade or
data grade,” says Redman. “But now
we're getting away from that terminol-
ogy. Both can carry dama, but Level 4,
which used to be considered data grade,

is now referred to as super rwisted-pair, |
while voice grade is now simply UTP.” i
~ Category 4 would specify what is re-
' quired to qualify as super twisted-pair,
while Category 3 will draw the line for
the lowest quality UTP that can handle
the FDDI dam rate.
| “Unfortunately,” adds Reedman, “a lot
| of the installed base of UTP is unusable,
~ because cable records are not up-to-date
or the quality of the cable is poor.”
Redman estimates that 90 percent of the
total installed base of twisted-pair wiring
| is unshielded. “It’s 2 huge, exciting
market,” says Redman. “] am very en-
couraged about the prospects for FDDI
over UTP.”
Mario Mazzola, president and CEO of
Crescendo, agrees that FDDI over UTP
. will be a huge and important market.
“It's what the users have been waiting
for,” he declares. Statistics from
Dataquest, 2 market research company
in San Jose, California, support the ob-
servation, showing that, of all the cable
installed in 1990 and 1991, UTP moved
up from 34.7 percent in 1990 to 52.9 per-
cent in 1991, while STP dropped from
632 percent to 44.2 percent during the
same time frame.

In addidon, since extra lengths of UTP
traditionally are pulled when phone
wiring is installed in a new building, the
copper infrastructure already exists in
many buildings for 100 Mbps to the
deskrop.

“The labor involved in installing
new cable is the bulk of the cost of
implementing FDDIL,” says Mazzola.

“Caregory 5 FDDI is now implemenable,

while it'll sall ke ome for Category 3.

Crescendo aalls its UTP technology the
Copper Distributed Data Interface
(CDDI) and is aiready selling 2 concen-
trator and an adapter for Sun Micro-
systems’ bus, Sbus. CDDI meets FCC
standards for class A applications or

bemer over daragrade wiring up to 100
meters in length.

“] already know that we'll be able to
extend the technology over Category 5
cable to handle SONET OC-3 speeds,”
claims Mazzola. The Opdcal Channel-3
specification, at 155.52 Mbps, or abour 1.5
dmes the speed of FDDI, is the inital rate

. at which SONET is expected to be

implemented. “But I'm confident that
we can reach as high as 200 or 250
Mbps,™ he says.

Cabletron estmares thar it will have
ANSI-compliant Category 5 products
available this summer. Motorola reports
that only a single chip in its ANSI
FDDI-compliant chipset will have to
be changed to accommodate the
new twisted-pair sandards, so tdme-to-
market will be minimal Digical, which
worked with Motorola when it devel-
oped the DEC FDDI chipset, is already
supporting FDDI over STP in its
DECconcentrator 500, using a transmis-
sion scheme jointly developed with
Motorola, Advanced Micro Devices,
Chipcom and SynOptcs.

Interoperability among FDDI on fiber
optic cable, UTP and STP will not be a
problem. Digital and friends demon-
strated interoperability of the group's STP
transmission scheme with FDDI over
fiber at Interop '91. In additon, inter-
operability tests are ongoing for the
industry at Advanced Micro Device's
Advanced Nerworking Test Center in
Sunnyvale, California, as well as in a
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True rmﬂing'at the data link Iayér-—examntlﬂad by Kﬁlﬁani‘i éfhamttch—has only fewﬂhr
become available. Shown here is the Etherswitch architecture.

program hosted by the University of
New Hampshire.

Redman points out, however, that it
will not be as easy as many vendors

claim. “We're all watching closely as the |

players test their technologies over
greater and greater distances.”

Light And Dark

The migraton to optical networks for
most organizations likely will entail mix-
ing fiber opuc backbones with copper
media and older Ethernet and Token
Ring technologies. The next several
years will bring technology that pushes
bit rates across copper to the limit and
provides Ethernet and Token Ring dama
link packet bridging and switching speeds
that keep these standards viable. In chis

way, the lower cost technologies will
remain competitive even in the face of

dropping costs for optical-based ner-

working devices.
Figure 1 shows how copper-based

technologies are being integrated with |
| the first commercial Fiber Optic Ethernet
defines three “entities” that can be |

FDDI backbones. The FDDI standard

arrached to the fiber optc ring:
1. Single-amachment stations (SAS).
2. Dual-amachment statons (DAS).
3. Concentrators.
The SAS connects to only the primary
ring, yielding a low=-cost implementadon.

' The DAS connects to both the primary

and secondary (backup) rings for a more

' expensive but redundant configuradon.

FDDI concentrators have DAS porss
for connection to the ring as well as DAS

:

L

o

and SAS ports to connect oth
devices into the ning, includingad
concentrators. When concentrators ar
cascaded, it is usually in a hierarchical tret
configuration, with the concentrato:
artached to the FDDI backbone at the
root of the tree.

Concentrators also support connec-
tions to Ethernet and Token Ring

- networks. With products such a:

Ungermann-Bass' Access/One hub
the concentrator becomes 2 single mod-

L ule that is plugged into the hub tc

integrate Ethernet and Token Ring

¥ waffic, supported by other Access/One
~ modules, into the ring. The Access/One
1 hub also allows integration of 10Base-T
- modules with its FDDI module, yielding

a flexible, modular 10Base-T hub thar
integrates into an FDDI backbone using

| an architecture remarkably similar to the
| twisted-pair/fiber combination that

esaablished SynOptcs several years ago.
The difference now is that these are fully

| sundards-compliant product available in

easily expandable configuracons thar.can
be upgraded to newer technologi '
Most of the other nerworking cuz:
panies, such as Advanced Computer
Communicadons, Cabletron, Chipcom,
Network Resources, Network Systems,
Proteon, SynOptics and 3Com, are
taking the modular approach as well,

making the migration path from low-

- speed copper to high-speed copper to

fiber oprics as inexpensive and flexible

as possible.
Manufacturers of NICs are also exhib-

| idng the modular, upgradable approach

to implementing FDDI. For example,
Codenoll Technology, which inroduced

interface in 1982, implements a daught-

¥ erboard architecture on its adaprer cards

thar allows upgrades in the field Simi-
larly, Raylan is selling Etherner and
Token Ring fiber optic NICs that
compete pricewise at the upper end of

| the 10Base-T Ethernet NIC price spec-

trum. These allow organizations to

' implement fiber opdc cable now while

continuing to use existing LAN tect
gies until the break-even point, w

. will become cost-effective to switch over
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to optcal technologies for good. All chat
will then be required are upgrades to
adaprers already in use.

Transmussion speed from device to
device is not the only consideracon
when increasing throughput across the
LAN. Many have heard the story of the
nertwork manager who, under pressure
from his boss to speed access to a server
on a cerrin floor of a building, throws
out the Ethernet backbone between
floors and puts in an expensive, high-
speed FDDI backbone, only to discover
zero improvement. The problem rurns
out to be that the Ethernet subnetworks
on cach floor need to be properly seg-
mented to reduce collisions.

If we assume that the problem is ac
the physical and data link layers of
the network, a lot can be accomplished
by changing how sub-LANs are config-
ured and managed. These solutions range
from using the new breed of low-cost
10Base-T hubs to moving to different
daca link bridging, roudng and switch-
ing technologies.

Ethernet networks that use co-axial

10Base-T Ethernet networks using |

structured wiring hubs. 10Base-T uses
UTP to connect individual nodes to a
hub, while thin and chick Ecthernet
lengrhs support multiple nodes with a bus
topology. 10Base-T hubs are connected
hierarchically, resulting in strongly struc-
rured wiring topologies that are easy to
toubleshoot and manage. Bortenecks
can casily be detected and eliminared by
adding more layers to the hierarchy.
The success of topologies using these
hierarchically arranged stars has caused
many industry observers to predict
that adidonal thin and thick co-axal
cable will find limited use in the
furure. Thick and thin co-axial cable

- sall have che advantge, however, of

transmission over greater distances with-
out a repeater, as well as the bus top-
ology. Many companies make 10Base-T
hubs. These companies include Cable-
won, David Systems, Gandalf Systems,
Hughes LAN Systems, Network Re-

sources, SynOpdcs, Ungermann-Bass
and 3Com.

Bridging and roudng at the daa link
layer is also used to improve nerwork
performance and manageabilicy. Wich
transparent bridging and rouong, end
nodes know nothing about how the
frames they send will cross the network.
Bridges build tables of which nodes
are on which side, and pass or block
frames accordingly. Transparent bridges
may also implement the spanning tree
algorithm, as specified by the [EEE
802.1 commirtee, to automagcally con-
figure an optimal path for the frame
through the network without the pos-
sibility of frames aaveling in endless loops
around the LAN.

Other technologies, such as source
routing transparent (SRT), support
both transparent roudng and end-node
involvement in frame roudng. When
the end node is involved, it specifies the
route the frame is to travel through
the network in the frame header, and the
routing devices route it through the LAN
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accordingly. If that informadon does
not exist, the routing is handled 7\
parently by the internetworking d,

Though IBM designed and first impie-
mented source routing for Token Rung,
the [EEE 802 committee is standardizing
it, and companies such as CrossComm
and Netronix are active in promotng it.

Digiral has found great success with
its DEChub 90, DECbridge 90, DECserver
90 and DECrepeater 90 Ethernet prod-
ucts. The bridge, repeater and server
(terminal) modules plug into the hubs
and support co-axial and twisted-pair
connections. Multiple hubs can be
connected with co-axial cable.

True roudng at the dama link layer —
that is, receiving a frame at one port and
roudng it out one of several other pors
— has only recendy become available.
This so-called packet-switching (really
frame switching) is becoming a popular
technology and is being championed by
companies such as Kalpana,

The Kalpana Etherswitch architecrure
appears in Figure 2. The Etherswitch
consists of three main components
system module, Ethernet packer
essors (EPP) and cross-point swucc..
marrix. At power-up, the system mod-
ule learns the location of each end node
and sets up an address mble on each EPP.
Once the address tables are made, all
future frames are directy switched by the
EPPs through the cross-point switch
matrix. Each EPP module contains
512 KB of RAM to hold up to 25¢
Ethemnet addresses. Additdonal memon
can hold up to 1,500 addresses.

Though the Etherswitch support:
Ethernet only, other nerwork type:
can be interfaced to the device using
frame manslation outside the device. Bu
“FDDI is very limited, in our view,"” say:
Larry Blair, vice president of marketin
at Kalpana. “The key to increasin;
network performance is in massivel
subnetting the network." This involve
structured wiring topologies and heaw
use of bridges, switches and routers
Kalpana regards its greatest competitior
as comung from the network layer route
manufacturers, such as Cisco Syste'
Wellfleet, and from FDDI itself.

“FDDI will have a stunted growrth,
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says Blair. “Token-passing schemes are
inherentdy limited. because it’s difficult to
subdivide the nerwork. And routers are
too expensive.”

Blair is not alone in his unflagging
endorsement of Ethernet. Other compa-
nies, such as Allied Telesis and Xircom,
continue to build thriving businesses on
the standard, while Digital is only now
reluctantly acknowledging the existence
of Token Ring.

But Bill Clark, FDDI product man-

"

ager at Cabletron, is not so wholehearred
in his endorsement of the Kalpana
technology. “Even giving every worksta-
gon 2 full, switched 10 Mbps won't be
enough for the multimedia applications
we're just now beginning to see,” he
says. “For that, you need FDDI's 100
Mbps. It always comes down to

bandwidch.”

THE DECISIONS ARE DIFFICULT but not
impossible. Even if the wrong decisions

are made, the nice thing about the
lowest networking lavers is that they are
so sandardized Nerwork managers are
always provided with 2 migradon path if
they stick with standards. And it is
virtually impossible to network vourself
into a comer if the devices are ANSI-
or IEEE-compliant.
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