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The price of success in the information age can be
measured in capacity, or sometimes, the lack of it. As
the information industry evolved, it filled the nation’s
fiber optic networks with a voluminous amount of
data. Corporate intranets led the charge in
information proliferation, followed by the mass-
consumer embrace of the Internet. High-speed PCs
further fueled the frenzy toward the New World of
connectivity.

The universal acceptance and adoption of
information technology systems quickly aged the very
backbones upon which they were built. Success
depleted the capacity of fiber networks that some 10
years earlier were considered practically immortal.

While fiber capacity neared exhaustion, the
demand for extremely high-capacity data
transmissions began to soar. The top rate of 2.4 Gb/s
that many embedded fiber networks generated could
not satisfy the corporate hunger to deliver greater
volumes of traffic at much higher rates.

Fortunately, the solution to the problem already
existed, at least in its fundamental stage. The trick
would be to meld an architectural approach that

could support today’s bandwidth needs while
gracefully growing with the demands of a network.

Simple solutions
One answer to the capacity dilemma had been
around for many years. Wave division multiplexing
(WDM) could double capacity by providing two
wavelengths that could be transmitted
simultaneously over a single optical fiber. But even

that increase would not solve the problem in
the long term. The optimum solution would
be built on the WDM design, but with
densely packed, parallel, discreet
wavelengths. The close alignment allows
more channels to fit on the same fiber.

“There are two major windows in the
optical fiber transmission where the losses
hit a minimum. One is 1300 nanometers
(nm) and the other is 1550 nm,” explains Joe
Berthold, vice president of network
architecture for CIENA Corporation. “The first
WDM systems put one channel at 1300 and
another at 1550. That gives you two channels
in one fiber. People started exploiting the
1550 band, and some systems put four

channels in that band, which were very widely
spaced. When you begin to pack those channels
much more closely together, that is dense WDM
(DWDM).”

Eight channels or above is generally considered
the DWDM operating level. CIENA started their
system with 16 channels and then jumped up to a 40-
channel system that is scalable to the incredulous
level of 96 channels. The benefits of that
magnification become clear in comparison to today’s
standard approach.

For instance, when a 16-channel DWDM system is
used to expand a 2.4 Gb/s embedded fiber system, it
will support 40 Gb/s transmissions unidirectionally.
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And CIENA’s 40-channel system boosts that rate up
to 100 Gb/s—equal to the capacity of ten OC-192
transmitters. 

Not the only game in town
Of course, DWDM is not the only way to increase fiber
capacity. The most obvious option is to lay more
fiber. 

“If you have a very short network distance, access
to the rights of way and plenty of time to arrange
construction, then burying new fiber is a good
option,” Berthold explains. “If you’re in an area where
access to the rights of way may be difficult, it’s not
always the best choice. For instance, in New York City,
even though you may have ductwork where you can
install the fiber, just getting into the city streets and
tying them up is difficult. 

“As the distances get longer, it is less of an option
because of the high cost in equipping a fiber system.
To transmit long distances, you have to do something
to regenerate or re-amplify the
signals. And that’s costly.”

Another option is to upgrade the
time-division multiplexing (TDM)
systems that most carriers already
use. Some TDM upgrades enable 2.5
Gb/s or even 10 Gb/s. In fact, TDM
generally is used in conjunction with
DWDM. But the decision to focus
solely on an enhanced TDM design
generally becomes an issue of
economics.

“It comes down to dollars and cents.
And that decision is based on what
type of fiber you have in the ground,”
Berthold explains. “Some fibers make
it extremely difficult to go to 10 Gb/s. They have
impairments of one type or another that limit how far
you can transmit at 10 Gb/s. It doesn’t mean you can’t
do it. It just means that you have to go to a full-digital
termination and regeneration much more frequently.”

Thanks to the erbium doped fiber amplifier (EDFA),
the reach of a signal boosted by DWDM can extend
up to 800 kilometers without the use of electronic
regenerators. When you do the math, it’s easy to see
that DWDM will likely come out ahead on a 2.5 Gb/s
system because it can amplify 40 channels and
supports 100 Gb/s while simultaneously saving
money on regenerators.

“This is a huge capacity,” Berthold adds. “It’s also
the most cost-efficient way to achieve that capacity

because you can amplify all the channels in the band
at once and at one cost.” 

The emerging optical network
DWDM is possible because of the emergence of new
technologies. One of the most pivotal is the optical
amplifier, also known as the EDFA. This amplifier
boosts all channels equally, simultaneously and in a
pure optical mode.

EDFAs are fueled by a compound called erbium
that is incorporated into the fiber using a method
called doping. When energy is placed on this fiber,
the erbium ions are activated and, in turn, boost the
optical signals that are transmitted over the fiber.

The beauty of this approach is that it reduces the
need for costly signal regeneration units—optical
amplifiers are used instead. Signal regenerators
require a much more circuitous approach to signal
strengthening. They first must convert the optical
signals to electrical signals, boost them and then

convert them to the optical domain. The approach is
costly and cumbersome.

Although much of the focus is on the transmission
end, DWDM would not be viable without a selection
system that precisely separates the channels on the
receiving end. CIENA uses a filtration process called
an in-fiber Bragg grating. Imagine a length of fiber
that has been notched by exposure to an ultraviolet
element, creating what is called an interference
pattern. The notches form a pattern on the core of the
fiber. Think of the pattern of notches as a mirror. The
space between each of the mirrors determines which
channel is reflected and is clearly separated from all
of the others.

Such a fiber-grating system fulfills the promise of
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DWDM by receiving what has been transmitted.
Other issues of performance revolve around laser

technologies and the placement of amplifiers
throughout the network. Optical amplifiers produce
amplified spontaneous emissions that can decrease
the signal-to-noise ratio (SNR) and ultimately
degrade the signal.

The goal with DWDM is to deliver a continuous
amount of transmit power that keeps the laser stable
and the SNR at an optimum level.

“You need lasers that can be as stable as the
filters,” Berthold says. “If the laser is extremely stable
and the filter is extremely precise, then you can put
channels very close together.”

One advancement that will lead DWDM into future
applications is the way in which it uses multiplexers.
Today’s DWDM architectures form the foundation of
what will eventually become an optical network. Key
building blocks in that network are optical add/drop
multiplexers (OADMs). These versatile elements
empower carriers to customize traffic flow for
maximum efficiency and performance. While
electronic add/drop multiplexers must
terminate the entire optical signal,
optical add/drop multiplexers save
carriers money by only terminating a
selected subset of the optical channels
on the fiber. OADMs can be substituted
for optical amplifiers and give a
network flexibility by allowing traffic to
be dropped or added in up to four OC-
48 channels between DWDM terminals. 

OADM is the stepping stone to the
optical network because it can act as a
link that can be modified for different
network configurations.

Real world view
Beyond the gleaming nuts and bolts of a DWDM
system lies the stellar attraction: the real-world
application. One of the most dramatic applications is
Sprint’s recently announced selection of CIENA’s 40-
channel MultiWave Sentry™ 4000 that will initially
expand its network capacity by 250 percent and
ultimately up to 600 percent.

Sprint is the first interexchange carrier to launch a
40-channel DWDM system. One of the biggest
features of the MultiWave Sentry 4000 is that it is
scalable from 40 to 96 channels. 

The system interconnects with Sprint’s OC-48
SONET equipment and can support more than three
million phone calls over a single fiber pair. 

“One of the great things about DWDM is that it’s
incremental,” says Berthold. “Today, you could put on
a 40-channel system and equip it with just one
channel. Then you could add a second or third and
just keep populating it as the demand requires.

“If you had the traditional SONET/TDM
configuration and wanted to deploy a system that
had 10 Gb/s total capacity, on Day 1 you have to put
in the most expensive parts, the parts that deal with
the line system at 10 Gb/s. Then, as you need to put
additional capacity on the system, you add the
relatively inexpensive parts, which are the line cards.

“The DWDM system is equipped with amplifiers
that set up the link needed for one channel. But then
most of the additional cost is in the channel cards.
You only pay for them when the capacity is needed.
So, you get a system capable of 96 channels, but it
might only be equipped with eight channels, and
that’s all you’d pay for.”

Keeping the options open
The great majority of DWDM deployment has been in

North America, although other parts of
the world are beginning to embrace the
approach as well. CIENA products follow
an open-standard interface using the ITU
management standard called Telecom-
munications Management Network
(TMN). 

For now, carriers are preparing for a
domestic landslide in the demand for
bandwidth-hungry products, including
multimedia and high-speed access
products.

“Much of the fiber that’s deployed in
the country today is not going to support
40 Gb/s economically,” Berthold

explains. “This is where the DWDM technology is
offering a whole new advantage of carrying these
high-rate channels and making the networks much
less expensive.

“The wide-scale deployment of DWDM is
happening at a very fast pace. The largest carriers are
all doing national-scale network build-outs with
DWDM. All the major routes in their networks have at
least one DWDM system.”

The rate at which the technology is being
embraced is very telling about its perceived future
potential. Such enthusiasm for DWDM begs the
question about coming innovations. If this is the
basis for optical networks, how far and how fast must
we go to get there?

MultiWave Sentry™ 4000



The future looks rosy for the bandwidth enhancer of
the fiber optics network, also known as dense
wavelength division multiplexing (DWDM). With
carriers looking for faster ways to transmit more data
at cheaper costs, no other technology can live up to
the challenge quite like DWDM. 

“In 1995, the total capacity of a single fiber was 2.5
Gb/s. In 1998, the capacity has gone to 96 times that
of 2.5 Gb/s,” says Mat
Steinberg, director of
optical networking for ryan
hankin kent. 

“You’re also seeing
carriers redesign their
entire switched networks.
They are looking at packet-
based or cell-based
switching instead of circuit-
switching. That’s getting
away from the traditional
telephone network,”
Steinberg says. “Companies
like Sprint are looking to do
that in about three-to-five years. All the other carriers
are trying to do something similar, as well. You’ve got
incredible capacity coming on-line, and you’ve got
carriers that want to use their embedded plant more
efficiently.”

That transformation is pushing equipment
spending through the roof. Worldwide consumption
of open-link DWDM systems came in at $626 million
in 1996. By 2001, that number is expected to
skyrocket to $4.64 billion, an average annual growth
rate of 49%. While 90% of the 1996 spending came
from North American consumption, watch for DWDM
to take on a more international presence, especially
in Europe and the Pacific Rim.

“Japan is expected to have the fastest DWDM
growth rate, from 1%—or $9 million—in 1996, to
143% per year in 2001,” says Stephen Montgomery,
president of ElectroniCast Corporation. “By the year
2001, we expect them to spend $790 million on

DWDM equipment, which would represent 17% of the
market.

“The growth won’t just be in Japan,” Montgomery
adds. “In the last few years, China has deployed fiber
cable between each major province and each major
city. But the problem is that their fiber count is still
very low. We’re not talking about hundreds of
installed fibers. We’re talking less than 10 installed

fibers, maybe two or four fibers per cable, which is
more than adequate right now. But, in 10 years, we
see them having a demand for more.”

Complementary style
The enormous capacity that only DWDM can provide
may be the hottest thing going. But how well do they
work with existing telecom equipment? 

“It makes a beautiful fit,” says Joe Berthold, vice
president of network architecture for CIENA
Corporation. “One of the reasons these systems are
so successful is that they are so simple. They do not
require any fundamental change in network
architectures. It appears as if the fiber just magically
got magnified. We call it virtual fiber.”

CIENA embarked on the DWDM market with its
MultiWave®1600. The product dramatically enhanced
performance by applying 16 wavelengths of OC-48 to
a single fiber. By placing a 16-channel DWDM unit on
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a 2.5 Gb/s fiber, the transmission rate swells to 40
Gb/s. Consequently, the number of voice or data calls
that a fiber strand can handle jumps from 32,000 to
512,000. The feat is even more remarkable
considering that the performance is magnified up to
sixfold with CIENA’s MultiWave Sentry 4000, which
delivers 40 channels and scales up to 96. 

From an operations standpoint, the appeal is the
ease of installation.

“You simply connect the unit to the existing
SONET equipment,” Berthold explains. “The SONET
equipment does everything it did before. The only
addition is that now you have new network
management elements.”

Managing the 
high-speed network
High at the top of many carriers’ wish lists is an 
easily managed performance-monitoring system. Too
many current designs require ancillary software
additions that complicate monitoring and raise the
price. 

“When CIENA introduced their system a couple of
years back, they had the foresight to accommodate
the software requirements of the carriers,”
Montgomery explains. “Other manufacturers fell
short and put the weight of software management on
their customers. So the carriers were actually in the
process of either putting together their own software
or hiring an outside firm to do it. 

“CIENA and some other vendors saw this as
important from the very beginning. Because of that,
they have a leg up on the industry, and that’s one of
the major reasons why they are successful.”

Network management programs are a point of
distinction for DWDM systems. CIENA made its mark
with its flagship management system called

WaveWatcher®. This watchdog is unique in its ability
to monitor analog and digital performance. 

Although it is vital to continuously assess the
health of signals that pass through a system, 
carriers also must rely on vendors that can cost-
efficiently bundle a program like WaveWatcher with a
DWDM unit like MultiWave Sentry 4000. Without 
such turnkey solutions, carriers would be left out 
in the cold in this highly technical, dynamic industry.

“Carriers are emphasizing the need for continual
monitoring of all performance elements throughout
the network,” according to an ElectroniCast report on
DWDM. “This requires software of continually
increasing complexity. A general rule of thumb is that

the software represents 40% to 
50% of the cost, and 
the optoelectronics and fiber 
represent 30% to 40%. The 
electronic mux/demux, monitoring/
instrumentation and various other
integrated circuits represent 20% to
30%.

“Most carriers do not have internal
staff capability to develop, maintain
and upgrade the required software.
Any network expansion, by WDM or
otherwise, must include the necessary
network management software
upgrade, and this, in general, must be

provided by the vendor.” 
Another crucial element in network management is

an open architecture. WaveWatcher supports the
breadth of management systems used domestically
and abroad. The list includes simple network
management protocol (SNMP), which is often used
by companies with a propensity toward on-line
systems; ITU’s Telecommunications Management
Network (TMN); and transaction language 1 (TL1),
which is popular among the Bell regional holding
companies.

“WaveWatcher supports a variety of standards
seamlessly,” Berthold says. “It also can be done in
parallel so that someone could look at the network
through SNMP. Someone else might use a TL1 link 
to a legacy system, and a new management
application could be using the TMN interface at the
same time.”

WaveWatcher functions in tandem with the
network by running on a parallel optical service
channel. Its constant surveillance takes a microscopic
approach to system control.

“These systems are extremely intelligent,” Berthold
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explains. “Every single circuit board has
microprocessors on it. They do self-inventory. They
can report to the management system about the local
status, what’s equipped and what software is turned
on and active. 

“We manage a whole end-to-end system. For
instance, the transmission system might have a
terminal at one end and go through seven amplifiers
to a terminal at the other end. WaveWatcher provides
visibility from both ends through all the pieces of
equipment by having a separate channel that goes
along the fiber and carries the information.

“Each of our amplifiers also is very heavily
instrumented with sensors that are watching all the
things that are critical to the operation,” Berthold
adds. “You have a processor that digests that and
routes the information back to the terminals.”

Because the system can be operated remotely,
carriers can maintain greater control. That flexibility
is paramount.

“WDM systems were
really used for point-to-
point relief,” rhk’s Steinberg
says. “Yet carriers want to
manage their network from
a couple of locations. If you
put DWDM on a route
between San Francisco and
Salt Lake City, you might
want to manage that from a
central location. That’s one
of the things carriers are
looking for. They want
enhanced monitoring
capability because they
have so much traffic on a
single fiber, let alone on the
cable.”

For optimum network performance, carriers use
CIENA’s WaveLock system to keep channels on their
assigned frequencies.

“This is a closed-loop feedback system that allows
us to maintain very high stability,” explains Tom
Mock, CIENA’s product marketing director for access
products. “WaveLock involves some very selective
filters on the receive end that allow us to discriminate
between adjacent channels very effectively. This is
important because it lets us space our channels
closer together so we can get more channels in the
available bandwidth.

“Our current 40-channel product is using 50 GHz
channel spacing, which is the tightest in the industry

by at least a factor of two. WaveLock is key to our
being able to achieve that spacing.”

Power to the Nth degree
What’s the use of technology without the power to
make it function? Power can be a necessary evil,
particularly if it is not managed correctly. The
complexity of sophisticated optical systems can
make span management a daunting task.

The challenge in powering a DWDM system is to
provide a constant supply to each channel
simultaneously. Without it, the system will not
perform in a predictable, optimal fashion. 

“We automatically adjust the amplifiers so that the
power on each individual channel remains constant,
regardless of how many channels are added or
dropped at any given time,” explains Mock. “Carriers
can add channels to the network or take them away
and not worry about having to go back to adjust
amplifiers that are between terminals.

“Span management also ensures that the system
does not have duplications installed that might
interrupt service. In addition, it keeps track of the
configuration of the network, such as what channels
are installed at each location.”

With DWDM, the rate at which people can
communicate and distribute information will grow in
quantum leaps. It will change not only how we
communicate, but also what we communicate.
Multimedia libraries and bandwidth-hungry graphics
will effortlessly zip across a DWDM-empowered
system. The breadth of change from a one-channel
fiber to 96 in little more than 10 years leaves you
wondering if the sky is truly the limit.
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The breakneck pace at which fiber capacity is
multiplying makes it difficult to fathom that we have
only scratched the surface of what this remarkable
medium can potentially yield. Fiber’s increasingly

broad base is the foundation for the gee-whiz
applications that will transform the Internet as we
know it, making today’s approach archaic by
comparison.

Dense wavelength division multiplexing (DWDM)
is the latest technology darling to expand fiber’s
potential. It lays the groundwork for true optical
networking and gives carriers a path to reach their
gigabit desires.

“DWDM is the basis for optical networking like time
division multiplexing was the basis for electrical
networking,” says Mat Steinberg, director of optical
networking for ryan hankin kent. “To do TDM, people
used electrical multiplexers and electrical cross-
connects. 

“Now people are starting to look at channels of
wavelengths that today could be as much as 10 Gb.

And what was done with electrical networking is what
people are looking at for optical networking. Now you
have to implement optical networking systems and
find the right mix of electrical and optical

intervention. These are
the issues that are
open for debate in the
industry.”

Many pieces of the
puzzle must fall into
place as the industry
hashes out the best
approach to the optical
network. The ever-
present issue of open
vs. closed interfaces
rears its head in 
the debate, as do
broadband switching

approaches. It may not be a short road to reach this
higher operating plan, but it undoubtedly will be an
interesting one, full of innovation along the way.

On the verge of greatness
The fiber phenomenon is a one-way ride straight up.
Worldwide purchase of fiber -optic-related
equipment is mushrooming from $4.52 billion in
1996 to an estimated $34.2 billion by the end of 2006,
according to ElectroniCast Corporation. The lion’s
share of that consumption is for fiber transport
terminals, including DWDM SONET/SDH terminals.

Some of that investment is from new fiber
buildouts by carriers that have the foresight to use
DWDM to extend the life of their systems. 

This is especially important with undersea routes
where it is cost-prohibitive to access and lay

The

carrier
backbone

Open vs. Closed Optical Interfaces

Open Closed 

Optical layer
N X OC-48/192

MultiWave®

N X OC-48/192

SONET/SDH SONET/SDH SONET/SDH

Voice Other
Circuit Router ATMVoice Other

Circuit
Router ATM

Standard Open Interfaces
Direct connection supported

Closed/Proprietary specification 
for Optical Layer Interfaces

emerging



additional fiber for capacity upgrades.
Domestically, competition is the impetus that

draws carriers to the DWDM solution. The increasing
reliance on data, particularly by corporate America,
has pushed embedded fiber systems close to their
limits. As intranets take on even greater strategic
importance, corporations are looking for the fastest,
most cost-effective route to retain connectivity. And
these sophisticated consumers will follow the carrier
that can deliver it. Therefore, to stay in the game,
carriers must prepare their networks for this data-
centric view of the world where capacity is king.

The influence of burgeoning capacity already is
being felt. For example, Bell Atlantic forecasts a 35%
growth in T-1 lines this year. The company’s DS-3 45
Mbyte services are expected to jump 39%. However,
these are eclipsed by projections for frame relay,
which is expected to grow by 55 percent annually.

Onward to gigabits
The market potential for these data-centric networks
draws carriers to gigabit solutions like bees to honey.
This has exponentially boosted the expansion of fiber
capacity to the highest capacity available in CIENA
Corporation’s MultiWave Sentry™ 4000. This
trendsetter uses DWDM to scale from 40 channels on
a single fiber up to 96 channels. That’s a far cry from

the single strands that were state-of-the-art in the
mid-1980s.

“We’re basically on the verge of increasing the
capacity 100-fold,” says Steinberg. “Within a year,
you’ll see a terabyte down a fiber—that’s 1012 b/s.”

The MultiWave Sentry 4000 is part of CIENA’s
MultiWave line, the company’s family of optical
networking products. Along with the high capacity,
MultiWave incorporates expanded network
management features and a technology called
DirectConnect that is a direct link to the optical
network.

This easy interface provides some functions of
SONET, including performance monitoring, that
allows problems to be sectionalized by location.

Network Architecture
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“DirectConnect allows you to take higher-speed
interfaces from devices such as asynchronous
transfer mode switches or routers and apply that
directly to the optical transport layer,” explains Tom
Mock, CIENA’s product marketing director for access
products. “You don’t have to go through a TDM
multiplexer, like a SONET multiplexer. 

“It also allows you to directly interconnect WDM
segments, so you don’t need any kind of external
regeneration. You can interconnect the long-haul and
short-haul portions of the network to build a
connection from an ATM switch. It would connect
through the access network over the interoffice
network and then over the long-haul network without
ever having to go to any other kind of equipment.”

ATM appeal
Carriers are racing to keep up with the growing
popularity and data requirements of ATM. A few years
ago, the highest speed of an interface card on either
an ATM switch or Internet protocol (IP) router was
155 Mb/s. In 1997, that escalated to 622 Mb/s. Now
the bar has been
raised to 2.5 Gb/s.

Such high rates
can complicate
network config-
uration, or in the
case of DWDM,
complement it. 

“DWDM is really a
natural fit to that
kind of equipment,”
says Joe Berthold,
vice president of
network architecture
for CIENA. “You
could take the
output of an ATM switch and plug it straight into a
piece of DWDM equipment, transport it across the
country and hand it back to another ATM switch.

“Without a DWDM transport system, a carrier
would have a hard time transmitting at 2.5 Gb/s. You
couldn’t do SONET multiplexing because your signal
was already up at the fiber optic line rate that the
carrier was able to support at 2.5 Gb/s. DWDM allows
you to operate at the high rate, and because ours is
an open system, you can separate it from the ATM
switches and the IP routers. 

“You don’t have to become an expert on the
esoteric technology of DWDM and the nonlinearities
of long-distance fiber optics and optical amplifiers.

You just have to plug in a piece of DWDM equipment
and send your signal across the country,” Berthold
adds.

An open or closed case
As the number of carriers rises and the convergence
into each other’s markets continues, standards
become increasingly important. Network designers
would be wise to learn from the painful lessons of
wireless carriers that failed to follow a single
standard when launching their early networks.

From the beginning, CIENA has embraced an
open-system philosophy by complying with industry
standards.

DWDM came into the market with two approaches:
a SONET-centric approach and a view of the
technology as a completely new transport layer. To
increase capacity in the SONET view, vendors would
take the necessary components and technology of a
DWDM system and integrate it into their SONET
terminals.

“For instance, they would take a loosely specified
laser card on a
SONET terminal and
replace it with a very
specific wavelength,”
Berthold explains.
“They would use
passive components
to combine these
signals out of 
the SONET equip-
ment and send it
across the fiber. They
would then have
amplifiers and a way
to manage those
amplifiers. Finally,

they would send the signals through filters to
separate them out and then send them on to the
SONET receivers.”

One of the prime problems with this approach is
that it is a closed system. The carrier is locked into
the vendor’s approach and their proprietary
technology.

“We’ve taken the approach that DWDM is a whole
new transport layer,” Berthold adds. “It’s the
beginning of optical networking. It’s a layer that’s
going to be very simple and allow you to streamline
networks. We have a standard OC-48 interface that is
open. It’s a SONET short-reach interface that allows
carriers to use very inexpensive optics. 
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“Anyone who has a standard SONET signal can
plug it into Vendor A’s equipment or Vendor B’s
equipment. You’re not tied to any particular SONET
vendor.”

The promise of optical
networking
If DWDM is the first step to optical networking, the
second step is a standard
approach. For optical
networking to realize its full
potential, there must be a
standard interface to the optical
transport layer. An open
architecture allows multiple
vendors to connect to a network
with different kinds of
equipment. It also stimulates
the innovation of products that
further advance the technology.

Such products will take
carriers from optical transport to
optical networking. They must
also be dynamic with the ability
to adapt as the market
demands. CIENA’s MultiWave
solutions fit this bill and set the
stage for the next level of
innovation. 

“Eventually, a customer will be able to ask for an
optical channel from their office in New York to their
office in Dallas,” Berthold predicts. “A carrier will be
able to sit down at a terminal and set it up
automatically.” 

Before the industry can move forward to this
advanced stage, solutions must be designed to build
switching right into the optical layer.

“The biggest issue in terms of implementing
optical switching in networks is providing a solution
that’s cost-effective,” Mock says. “As you look at what
we can provide today with our Direct Connect
interfaces, we can do manual bandwidth
management with simple patch cords. The next step
will be dynamic bandwidth management.”

Think globally, act locally
The early DWDM designs were built to fulfill the
needs of the long-distance carrier. While that demand
still exists, the need for DWDM on the local front is
growing.

“The market is waiting for metropolitan, ring-based
systems,” Steinberg says. “Some education still

needs to be done on how to manage and use it. But I
believe that it will revolutionize how local networks
are built.”

Carriers have strong incentive to bring DWDM to
metropolitan areas. Expect the momentum for
WAN/LAN applications to accelerate over the next
few years. Four years from now, that market will enjoy
about a 40% annual growth rate, according to

Steinberg.
CIENA is prepared to

address the local market with
two products. The MultiWave®

Firefly is designed for point-to-
point short-haul applications
in the public network.
MultiWave Metro™ is being
developed for ring-based metro
applications.

“Our access and interoffice
products do not require optical
amplifiers. So, removing them
makes these network elements
less costly and simpler,” Mock
explains. “We’ve also made
some changes in how 
multiplexing and demulti-
plexing is done, and in the
modulation/demodulation.
This optimizes the product for

use over shorter distances of fiber.”

There’s no stopping progress
Who would have thought that a single strand of fiber
optic glass could so change the ways we
communicate. Not only did it re-energize
telecommunications with a wealth of new
technologies, but it helped vitalize the world
economy. 
More importantly, it changed the way people think
about communicating. Thanks to the on-line
connection, an infinite amount of material is readily
available. Multimedia, sophisticated audio and
graphics all blend for instantaneous communications
around the world.

This is possible in great measure because of the
availability of fiber optics. More incredulous is the
fact that this flexible and voluminous medium is only
in its infancy. 

If the capacity grows at the 100-fold rate that it has
over the last few years, imagine where the road will
ultimately lead. Count on it to be a very exhilarating
ride.
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