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INTRODUCTION

Traditional dense wavelength-division multiplexing (DWDM) networks, whether hub-and-spoke or mesh arch itectures, have significant
challenges meeting the dynamic-wavelength demands f  or user services. Service providers and enterprises rely on flexible aggregation
devices that can build efficient, dynamic Layer2a  nd Layer 3 architectures to manage the difficulty o f provisioning unplanned
wavelength services at the DWDM transport layer. As wavelength-bandwidth demands continue to increase, there is more direct
connectivity of switches, routers, and storage-aggr egation devices to the DWDM layer. This is in part  accelerated by the demand for
high-bandwidth services such as Gigabit Ethernet, 1 0 Gigabit Ethernet, and SONET OC-192/SDH STM-64.

Current metro DWDM networks meet the bandwidth deasefor 2.5- and 10-Gbps wavelength services. Hewdliese DWDM networks are
inflexible and unable to meet changing user wagleservice requirements. They also pose significhallenges in terms of network
engineering and planning for future services. TodEge enterprises and service providers oftetdméw DWDM networks to address new
service requirements rather than optimizing exgstistworks that could potentially support additisservices. This is in part a result of the
extended downtime often required to reengineeraoimetworks to support new services.

Metro DWDM solutions based on fixed optical addfdroultiplexers (OADMSs) have not been attractiverfass deployments because they do
not provide the operational simplicity and flexityilthat service providers have grown to expechVONET/SDH, leading to high operational
costs or simply the unwillingness to take on thtghkiouch operational model that fixed OADM solusaequire (Figure 1).

Metro DWDM networks are commonly based on fixed QAD) in which optical paths are typically predetarad when the system is
engineered and unused capacity cannot be realtbeatieout reengineering the system. To drop a wength at a node requires physical
visits by design engineers to essentially rededigmetwork—changing filters, retuning existing optiinterfaces, or possibly adding
new ones. Other working services are disruptechduthis process. In a dynamic metropolitan cagierironment, where customer
turnover and demand for new service turn-up arsteon, the high-touch model of fixed OADMs is neasible. This is also true for
high-end enterprise networks where there are conatad changing wavelength-service demands frormess units or departments. It is
clear that current DWDM network architectures aptlaal component technology have to evolve to breagyic and efficient to address
rapidly increasing bandwidth demands and new tgpeervices such as Gigabit Ethernet, Fibre Chamamel SONET OC-192/SDH
STM-64.

Cisco Systems, Inc.
All contents are Copyright © 1992—-2006 Cisco Systems, Inc. All rights reserved. Important Notices and Privacy Statement.
Page 1 of 10



Figure 1
Traditional Metro DWDM
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* Fixed Connectivity and Does Not Support Dynamic Traffic Management

* Manual Optical-Impairment Management
* Not Capable of High-Capacity Data Services (10 GE, OC-192, FC, Etc.)

CISCO NEXT-GENERATION METRO DWDM ARCHITECTURES

Service providers and large enterprise are poseddlve their metro DWDM transport infrastructutesaccommodate a more dynamic
and efficient transport architecture. This is ltiinfluenced by new developments and availabiit optical component and intelligent
software technologies like reconfigurable OADM (RDM), Full C-band tunable lasers, standard data{esudation protocols like
Generic Framing Procedure (GFP), G.709 digital weapgechnology, Forward Error Correction (FEC), amtbedded optical component
intelligence.

Cisco Systenfsoffers a carrier-class, next-generation metro DW&Nution with its Cisco® ONS 15454 Multiservice fisport Platform
(MSTP). Cisco recently introduced an enhanced 1psGbultirate transponder line card and a 4-porGhbHs muxponder line card—both
10G line cards support Enhanced FEC (EFEC). Thisgeneration platform (Figure 2) and its enhanftedttions help enable service
providers to effectively deploy ROADM into theiristing networks to achieve greater DWDM multiseevitexibility as well as reduced
capital and operating expenses.
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Figure 2
Cisco ONS 15454 MSTP with 10-Gbps Multirate Transponder Card and 4-Port, 2.5-Gbps Muxponder Card

The Cisco ROADM solution offers the following beitgf

Total flexibility—any wavelength, anywhere, anytime

Does not depend on forecast; service provideroffanflexible wavelengths and services
The Cisco ONS 15454 MSTP supports up to 32 chanoets/—no future upgrades required

Growth—requires only new services interfaces

The Cisco ONS 15454 MSTP supports wavelength pathigioning

Simplified provisioning increases service veloatyd shortens time to revenue
Multirate capability is software-controlled

Never breaks composite line

Services providers only need to add service intedat network endpoints (reduces line card invgreind simplifies network design
and maintenance)

The Cisco ROADM solution significantly changes emtrand future DWDM network designs. ROADMs helplge service providers and
enterprises to build network architectures thak el dynamic and efficient while simplifying opamats and lowering operating expenses.
ROADMs remove the fixed and inflexible featurescafrent DWDM architectures (Figure 3).
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Figure 3
ROADM

ROADM allows networks to be built with a single-reotype that is capable of adding or dropping alsimgvelength or the full available
operational optical spectrum (C Band, 1 to 32 wavgths). This significantly simplifies metro DWDMsigns and optical-channel
management. Individual wavelengths can be softgereisioned and managed. Network cabling is nowpéifrad. ROADM removes the
effort of reengineering the network for wavelengtirvice changes and system growth.

The price curve for ROADMs is decreasing fixed OABMspecially for system vendors with ROADM tecloggl that can be produced
in volume. It is important to note that while ROADdWnificantly changes the way metro DWDM netwoaks built, not all ROADMs

are equal. The ROADM that provides the ability ¢l @r drop a single or all available wavelengththaut a complete system upgrades
will provide the most benefit in enabling a trulgXible, dynamic, and operationally efficient atelsture. ROADM cards through greater
silicon integration using Planar Linear Circuit (PLtechnology provide significant system beneftisst-generation PLCs were simple,
often including only a 32-channel demultiplexemaultiplexer without any power measurement capabdituse of VOAs. Today’s PLCs
can demultiplex all 32 channels with power tapsifi@asurement of individual channel powers and @tfeer-channel VOA. The
ROADM packages can be a very small with the abibitggemultiplex, multiplex, attenuate, and switchaoper-channel basis.

To appreciate the benefits of ROADM, it is impottemnote a challenge with static OADMSs in configtions with cascading amplifiers
used to boost all the wavelength signal powerss Theates power variation, or gain tilt, in theralels. ROADMSs act as channel
equalizers and can continually flatten the spectautomatically. Traditionally, this has been a marfunction, requiring manual per-
band equalizers to attenuate bands of channelswuBe@ach ROADM node has the ability to managétheravelength spectrum,
DWDM design rules can be simplified.
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The ROADM is one of the primary enablers for theselangth-transmission network that provides angtg-connectivity that data networks
require for effective bandwidth delivery (Figure 4)

Figure 4
ROADM and Intelligent DWDM Networking

The Cisco ROADM solution not only increases flekipiin service delivery, it also gives DWDM systaaroviders the ability to explore new
wavelength-protection options like Optical ChanBkared Protection, which is akin to SONET bidireadil line switched ring (BLSR) or
SDH multiplex section shared protection ring (MS$BRared-channel protection mechanisms. This ogendoor for new wavelength-
service delivery and quality of service (QoS) opsio

Also of significance in enabling a truly dynamiarisport architecture is the availability of tunalvlevelength sources or lasers. Tunable lasers
simplify inventory management, provide easy wavgikemeconfiguration, help enable end-to-end wagileprovisioning, and facilitate a
dynamic and intelligent DWDM network at the wavejémservice layer. Laser tenability will help talige the network architecture depicted

in Figure 5.
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Figure 5
Tunable Lasers and Intelligent DWDM Networking

The new metro DWDM architecture depicted in Fighrgshows a flexible, dynamic DWDM architecture wathy-to-any wavelength
connectivity that takes advantage of the waveletigthsport capability of the DWDM ROADM-based opfitransport network. A
network architecture that employs full C-band tueakansponders and router, switch, or add/drogipteker (ADM) devices with
integrated, reconfigurable ITU lasers providesrtpiired service-layer flexibility that facilitateynamic bandwidth provisioning and
wavelength-service-layer flexibility.

Open DWDM Architectures

The need for next-generation DWDM architecturesg¢dopen” is important. New metro DWDM networks msspport “alien”
wavelength sources. This requirement is influertmethe need to reduce costs by eliminating trandpnwhere possible and by the
wide availability of ITU gigabit interface converse(GBICs), Small Form-Factor Pluggable (SFP) aptl® Gigabit Ethernet SFP (XFP)
ITU optics, and Xenpaks. Large router and switchdegs like Cisco are providing integrated ITU ifidees on their routers and switches.
Next-generation SONET/SDH Multiservice Provisioniigtforms (MSPPs) are also equipped with ITU taufdc system efficiency. The
trend for optics integration is continuing and omsérs are demanding that metro DWDM networks sutfthese new service interfaces.
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INTELLIGENT OPTICAL TRANSMISSION AND NETWORK PLANNI NG

An important component of the new flexible, dynamM/DM architecture is the need for intelligencete optical-transmission layer to
enable automation and operational efficiency. Gtiayer intelligence helps enable network topolagyodiscovery, link optical connection
setup, point-and-click node regulation, automatioer control (APC) to manage channel variationt@ysupgrade, channel failures), and
automatic power control to manage aging effectaeers, fibers, and changing operating conditidigufe 6).

Figure 6
Automatic Power Control

Intelligence at the transmission layer facilitad@gomation in networking provisioning and conttatelligent DWDM systems tune and
monitor themselves relative to overall system-desgjgals.

Essential to the building and operational feagibiif dynamic DWDM architectures is the need foiwagk-planning tools to optimize system
design and account for transmission impairmentsrataork elements, lack of span uniformity, OADMsémtion loss variation, OADM-node
variation, OADM-loss reuse, and end-of-life systeargins. Planning tools are essential to help ensapid network analysis and determine
network parameters prior to provisioning.

OPTICAL CONTROL PLANE FOR DYNAMIC DWDM NETWORKS

As more and more next-generation DWDM networksbarié with transmission-layer architecture flexibil coupled with the any-to-
any (full tunable laser) wavelength service-layenvisioning flexibility, control-plane protocols s as Generalized Multiprotocol
Label Switching (GMPLS) and User Control Point (J@Buld be applied for even more flexible architeetwith an IP control plane
that offers integrated control and recovery, indéggl network management, unified procedures fologieyy facilities, faster
deployment, and improved management for Layer inelogies.
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CONCLUSION

The Cisco ROADM solution combined with tunable laséransport-layer intelligence, and automatiarilifate the creation of data-
optimized, intelligent DWDM architectures for eféat and flexible delivery of dynamic wavelengtmsees (Figure 7).

Figure 7
Data-Optimized Intelligent DWDM

This new DWDM architecture provides operationaioghcy through automated network setup and tuaimdyin-service capacity expansion
with hitless service upgrade. DWDM transport nekgaare able to truly meet the demand for servicepovisioning flexibility required by
overlay bandwidth-intensive storage and data netsvor
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The Supercomm 2005 demonstration network — anaptiEtwork configuration based on Cisco’s ROADMhealogy — is shown below.
(Figure 8).

Figure 8
Supercomm 2005 ROADM Demo Configuration
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