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Executive Summary

Customer demand for increased bandwidth and nemwonletservices is growing rapidly and steadily. sty analysts such as IDC, Infonetics
Research, and Communications Industry Researdnergroject that Metro Ethernet service revenwaalwill surpass US$630 million by
2006 in the United States and $9.7 billion worldeyidith $7.9 billion coming from the burgeoning A& acific market. Service providers that
have historically relied on voice-grade networke iacreasingly using IP to help enable new bandwidtensive services, such as Metro
Ethernet and high-speed optical. To support theséces, many service providers have built overlagworks on top of existing time-division
multiplexing (TDM) environments.

While this overlay approach solves the short-terabfem of bringing a new service to market, it prés several long-term challenges. A
network infrastructure that incorporates multipbevice rings is complex, inflexible, and difficitt scale. Such a network is also often
extremely costly to maintain because it requirgaréety of technologies, management and provisignaols, and staff expertise. These costs
increase over time, because service providers aftgst limit existing overlay networks and build nemes to meet ever-growing customer
demand.

Fortunately, service providers have another opfiestead of building new overlay networks to supgaich new service, they can evolve their
current networks to a multiservice optical infrasture. Unlike a traditional network, a multiseevioptical network converges, or merges, all
service rings and network layers into a singleagbtinfrastructure. This next-generation infrastowe supports any type of network traffic and
any transport technology, helping to enable stremedlend-to-end provisioning of new services, rdlgems of customer premises equipment
(CPE) or network interfaces. In this evolved stai@d-multiplexing environment, service provideenamaximize service density and capacity,
reduce network complexity, and help enable a l@sitig foundation for supporting higher-margin s=s.

Market Changes Promote New Opportunities
Service providers are beginning to see a dramhtftis customer needs and expectations. As eriggrusage of new services grows, demand
for bandwidth is also rising dramatically — andfbehow no signs of abating. Several factors ataénting demand:

Growth in high-bandwidth services and applicatienEmerging from an economic downturn, enterpr@@apmanies are more focused than
ever before on improving employee productivity aperational efficiency. As enterprises deploy n@pli@ations and productivity tools,
they increasingly demand higher-bandwidth connestior voice, data, video, and storage applications

Expanding use of storage solution§Vith the heightened awareness of potential tistrattacks and fast-spreading viruses, many
enterprises have placed an increased emphasig areéd for geographically dispersed data storesn€kd to back up enormous amounts
of data and synchronize databases across a widdaseriggered new demands for storage-area rie{8a&i) solutions and the
bandwidth to support them.

Growing consumer broadband usag®roadband Internet service has already madédauia inroads in the consumer market. With new
consumer technologies and expanded high-bandwidttent expected to emerge over the next severas ygervice providers expect to
see consumer bandwidth requirements continue tv.gro
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Although this demand for more bandwidth and newises may present short-term challenges, it is@méndous long-term business
opportunity for service providers. For businesseftlet services provide scalable bandwidth in flexibcrements, with simplified
management and faster, lower-cost provisioningrdEthernet complements service provider portfatipenabling the delivery of data-
optimized, high-bandwidth services that addredgrificant new market opportunity. Yankee Groupdicts that the market for metropolitan-
area network (MAN) and WAN services will grow teldfan the next four years, from $66 million in 20@8%651 million in 2008.

To capitalize on these opportunities and remainpztitive in the long term, many traditional servreviders are offering new, value-added
services. Doing so, however, requires creatinqideessary infrastructure to support them.

Evolving the Service Network

As service providers begin to capitalize on neveraie opportunities and improve service to theistexg customer base, many are
transitioning from TDM environments to statisticaliltiplexing, or packet-based IP environments. éRuworks are optimized for the “bursty”
nature of data traffic, but have historically bggavisioned and managed very differently than tradal TDM infrastructures. For example,
traditional TDM services such as voice circuit§Mb/sec. (DS1), and 44Mb/sec. (DS3) services havauipported and managed from a
central office Class 5 switch or from SONET optigahsmission equipment, whereas IP services hese managed with a very different
interface, directly from the console ports of swés, routers, and IP gateways located more todfe ef the SP network. As a result, many
service providers have built overlay networks tpmart new IP service offerings, such as Metro EtberVPNSs, high-speed optical,
videoconferencing, and IP telephony.

Service providers can now take advantage of comaeoptical network technology to eliminate the nfsrdnultiple overlay networks and
their associated costs and complexities. A multiseroptical network converges multiple linear $egg into a single optical ring, and
combines Layer 1, Layer 2, and Layer 3 technolodgy & unified network platform. Service providengoy a smaller footprint, fewer network
elements, and convergence of the physical intesfemguired to support new IP services onto a sipigiorm, which can interface with
virtually any type of customer premises device @iggires 1 and 2).

Cisco Systems, Inc.
All contents are Copyright © 1992—-2006 Cisco Systems, Inc. All rights reserved. Important Notices and Privacy Statement.
Page 2 of 13



Figure 1
Multiple Networks for Multiple Services
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Figure 2
Converged Transport Network

By evolving to a converged optical network, senpceviders can build a more efficient, robust, ldagm foundation for meeting the full
range of growing customer needs. This foundatidpshenable continuous deployment of high-margineneie-generating services, while
optimizing both customer-facing and back-officeibhess and network operations.

Benefits of an Evolved Network Infrastructure
By evolving to a multiservice optical network, see/providers can dramatically improve businesgieficy, profitability, and long-term
scalability. An evolved multiservice optical netwanhances:

Service varietypy supporting both current and new types of sesjicreating a foundation that will support newli@ggions, service

packages, and revenue streams
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Service densithy maximizing the amount of traffic in availablart@width
Service velocitpy helping enable faster deployment of both curaenl new services to meet customer demand
Service capacitpy helping to ensure scalability across all platfs, interfaces, and distances for meeting futesza

Service efficiencydramatically reducing the costs of provisioningl amanaging network services

Service Variety

For many traditional voice carriers, expanding merofferings may mean simply offering more WANwees. With an evolved multiservice
optical infrastructure, the potential for deployinew services is virtually unlimited. Service prdis add line cards to support each new
offering on a multiservice optical platform, an@yhcan begin provisioning the service almost immtdy. The management interfaces, tools,
and processes are virtually the same, regardles® dfpe of service being deployed. After the liaed for a specific service is deployed, the
network can immediately communicate with equipnarthe customer office in the customer’s nativeriisice. As a result, service providers
can cost-effectively bring the full range of waveléh and subwavelength services to edge accests foioffice buildings, campuses, and
residences.

In addition, by delivering all services over IPpdee providers can use previously inaccessibleek&yand Layer 3 intelligence to gain
unprecedented granular control of these servigesidiers can offer customized bandwidth, bandwatitdemand, and customized quality of
service (QoS), helping them to craft more compatitifferings. Service providers can tailor servifmgifferent times of day, adjust services
at the customer’s request, and handle differergsygs traffic with different degrees of latency! &f these options can be formalized in
service-level agreements (SLAs), which provide toldal revenues for enhanced levels of service.

A converged multiservice network offers the sameévFgrade reliability customers expect. Technologiesh as Resilient Packet Ring (RPR)
help service providers effectively provision Ethetrover a SONET/SDH network, while continuing t@gart highly reliable TDM services.
This enables service providers to offer a wideetsirof services over the same infrastructure. $esvihat were previously segregated (such as
voice and Ethernet, or Ethernet and video) canredategrated, offering customers advanced prodtctienefits and fundamentally
changing the nature (and profitability) of manystixig services.

Expanding Optical Service

By evolving to a converged network that supportssgevavelength-division multiplexing (DWDM), sergiproviders gain a completely
transparent, protocol-independent optical provisigriechnology. Such a network can carry any tyfggamsmission, and any transport or
storage protocol. In the past, service provideesltBWDM primarily to deliver virtual fiber applidans to customers, which was prohibitively
expensive. A converged optical core provides sergioviders with a lasting foundation for meetimgtomers’ bandwidth needs for the next
decade and beyond.

A converged wavelength and subwavelength netwak laélps enable service providers to deploy higtdhédth optical as easily as any
other service. For example, multiservice opticatforms from Cisco Systefhsupport reconfigurable optical add-drop multiptexi
(ROADM), which allows service providers to deplogtical services end to end using a simple pointcliod interface — rather than using
complex optical wavelength tools and highly spépéal optical staff. The CisEdROADM solution provides any-to-any connectivitytiout
the need to predetermine the optical path. Thiplies network planning and engineering and eliat@s the cost of storing multiple spare
parts for specific drop locations.
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Service Density

An evolved optical network allows service providersarry increased traffic over existing infrastire and reduce cost per bit throughout the
network. A single optical platform with Cisco ROAD&Apabilities, for example, can support up to 3inelant wavelengths on a single card,
providing high levels of density and scalabilityn Avolved network can also use advanced technapgiieh as multirate optical line cards
with Cisco Small Form-Factor Pluggable (SFP) optieg help enable higher port density and enhagffedency. With SFP optics, a single
card can support all the services that multiplelsavould support in a traditional platform, redurtapital costs and opening shelf slots for
other services.

Service density can be expanded even further ssingce aggregation to carry multiple service typeswavelength and per fiber for efficient
use of bandwidth. For example, a Cisco opticaffptat might support 10 ports of ESCON, four ports-dfre Channel, and two ports of
Gigabit Ethernet over a single wavelength. Thisiltesn more efficient use of wavelength and viltianlimited fiber capacity.

Adding Intelligence to the Service Network

Service providers also help enable higher serviresitly by converging multiple layers over a singkeastructure. Historically, many service
provider data networks have offered little intediigce or transparency in the transport of diffetgpés of data traffic. An evolved network core
can use the statistical multiplexing capabiliti€$Poand Layer 2 and Layer 3 to incorporate traffieuing, QoS, and other intelligent services.
This helps service providers give customers theusrnof bandwidth they need at any given time, whid conserving excess bandwidth to
offer more services and attract more revenue, withdeploying new infrastructure.

In a traditional multiplexing environment, servipeviders can only provision bandwidth in discreletinks, which may not match a
customer’s real needs or usage patterns. For egampglstomer with a DS-1 connection might reqaihéggher-bandwidth connection one day
each week. A service provider with TDM ports mayéao choice but to upgrade that customer to a B8ABection — despite the fact that six
days a week, the majority of that bandwidth is mexsed. This results in the customer paying a highiee for a largely unneeded service,
while the service provider loses valuable bandwitiit could otherwise be devoted to other reverareegting customers. In a statistical-
multiplexing environment, the service provider catain the existing connectivity and increase thedwidth connection only when the
customer needs it — for a more competitive offednd a more efficient use of valuable network badtw

Service Velocity

In the past, service providers had extensive ptantimelines for deploying a new service, and aheeservice was deployed, the network
could last for many years. Today, the planningzwrihas all but vanished. Customers have more désreard more options, and service
providers are working to bring the newest, highreatgin, and most competitive offerings to marketjaigkly as possible.

Unlike a traditional network, service providersiwin evolved multiservice network are not limitgdthe type of infrastructure in the central
office, the access point, or the customer premisesvolved network can accommodate any new typeenfice easily and in the preferred
format, without requiring customers to adapt togbevice provider’s infrastructure. Using techniadsgsuch as Cisco SFP optics, service
providers can easily change bandwidth speeds andéncies of optical connections in a few secoimdtead of needing a highly specialized
optical staff to deploy a new line card or platfgisarvice providers can simply exchange the SFfP@existing line card.

An evolved network also helps service providerprvision any service — voice, Ethernet, and ev@ital — end to end through a unified
management interface. Instead of asking custornessit days or weeks for a service change to begssed, service providers can make
changes in minutes, increasing or decreasing the ¢ services with a click of a mouse. Highewssr density also means more capacity and
more efficient use of the network. Customer recgifsst more bandwidth can be handled through a mtw@mnagement tool, as opposed to a
service call. The end result is faster, more resjppenand more cost-effective service.
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Service Capacity

By moving to a multiservice optical network in whiall services are carried over fiber, service ffers can help ensure that the network
continually meets growing customer demands. Fibartheoretically carry a limitless amount of traffivhich places service providers in an
ideal position to take advantage of new market dpjpdties. In a traditional network, technologiee aegregated by distance, with dedicated
platforms for access, metro, regional, and long-batvices. An evolved optical network convergéohthese technologies, and can
effectively transport network traffic.

By converging multiple network layers and employlRgntelligence, service providers can also maxebandwidth in any service ring. At
the central office, an evolved network supportstipld TDM and data services and integrated DWDNhsggort over a single infrastructure.
This eliminates the need to provision multishelftpoterconnections that reduce port capacity wimtgeasing costs. Service providers are
never limited by any customer’s infrastructure etwork format because an evolved optical networtrates independently of the customer’s
LAN interfaces.

Cost Reduction
An evolved network that converges network layegsyises, and network elements can dramaticallygeduservice provider’s capital costs,
operational costs, and total cost of ownershipalpital costs alone, a multiservice optical platfeeduces:

Short-term expenses for deploying new servicestead of investing in an entirely new overlapwork, as well as all the training and
resources required to manage it, service provicamssimply upgrade the functionality of existinfrastructure.

Network equipment footprirt Consolidating network layers eliminates the nfeednany separate network elements, such as Layer
routers at customer premises and channel extendeich can result in significant savings. Usinghitealogies such as virtual concatenation
(VCAT) and link capacity adjustment scheme (LCASRrvice providers can also access any individuealiition a service ring, reducing

the amount of multiplexing and demultiplexing equgnt in the network. A reduced footprint also mesakiced heating, ventilation, and
cooling costs.

New fiber investment Using next-generation technology to help ensueentost efficient use of existing fiber infrastiuret, service
providers can delay investment in new fiber plaptgentially indefinitely.

Spares inventory A service provider with multiple overlay netwonksist possess numerous spare components for e@abrikieA
converged multiservice network requires a much Emaumber of spares. For example, a service pesuiding Cisco ROADM
technology can keep a single optical card sparatdemf supporting 32 different wavelengths, asosep to storing separate filter cards
for all 32 interfaces.

Future investment A traditional TDM platform or data-only overlagtwork has limited scalability and capabilitiesdas very expensive
to expand. Alternatively, a hybrid Layer 1-3 netlwoffers a comprehensive suite of services andwbamation of transport options that
eliminates the need to continually cap existingwoeks and deploy new ones.

Operational Cost Savings

An overlay approach carries long-term operationatsthat can minimize the new service deploymargstment, making the operational cost
savings of an evolved multiservice network evenargubstantial. Service providers have an instalegloyee base accustomed to
maintaining a specific network, using a specificaf@ools and skills. Each new overlay networkuiegs new equipment, new installation
procedures, new card stocks, and new managemernfaitgs. Often, this translates into separate wotké managing each new service. As
customer needs change, an overlay approach hedpsecincreased network complexity and the contirgredith of resource requirements to
support the service network.
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With an evolved multiservice optical network, seesproviders can add capabilities to their existietywork without needing to substantially
change equipment, management interfaces, or enwkljk sets. In this environment, service prov&dean add Ethernet, SAN, or wavelength
services by plugging a new card into the existimelfs Employees provision the new service in theesavay they would provision a TDM
circuit. Service providers benefit from reducedfstg and training requirements, improved produityivand most importantly, reduced
service calls, because nearly all tasks can beumted virtually, over a computer interface. Billirggalso more efficient, because only one
management interface must be queried to genei&ddsithe full range of services.

Which Networks Can Benefit From Evolution?
Network evolution is not the answer for all serviizeviders in all situations. Asking specific quess can help identify whether your network
is a good candidate.

Is the network at or near capacity?

Is it difficult to respond to new service requests@ customers choosing to work with competitorowhn offer a wider range of services
and more competitively priced service bundles?

Is a dependence on traditional SONET/SDH technebljiniting the services that can be deployed?
Is the addition of overlay networks required tgp@sd to new service needs?

Is the network built primarily as redundant, eneetal linear circuits? Is it composed of back-tokiaetwork elements in a multiple-ring
configuration?

Does the network require a large footprint of nplétking and demultiplexing equipment to enabledbkvery of specific circuits to
specific customers?

Is scarce network bandwidth being handled with maxn efficiency? Is bandwidth available to custonfersdemand?” Are limited
interface options forcing customers to pay for ntmmadwidth than they need?

Is it possible to respond to new service requegtilty?
Is the network flexible and scalable enough to gome service with respect to another as an indalidustomers’ needs change?

Is there a dependence on separate equipment, nmaeagaterfaces, spare inventories, and staff tmtaim multiple service networks?

Converged Network Deployment Scenarios

Network evolution is a proven strategy for streamlj network operations, maximizing bandwidth, anelting new, high-margin services.
Many service providers worldwide have already bige@ffrom this strategy, and Cisco has developéénsive best practices and blueprints
for achieving a successful evolution. The followiamples illustrate some of the advantages asedaidth different types of network
evolution.

Traditional Private-Line Network
In this example (Figure 3), the service providexsua traditional private-line overlay network toyide data connectivity for 40 distinct sites,
representing 13 customers. This network requiresrsaggregation nodes and 26 separate circuitsve-to-one ratio for each customer.
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Figure 3
Private-Line Network

This network of point-to-point circuits is inhergninefficient for providing bursty data servicd®cause many of these customers are most
likely not using all of the bandwidth allocatedttem in each dedicated circuit. In addition to presg a more expensive, less efficient, and
less attractive offering to customers, this netwierlso more costly for service providers to psovi and maintain. Figure 3 represents
customers with only a few sites each, and a sisgpeice offering. As customers add more sites aratel new services, more dedicated
circuits are required, making the network more clexpnd more resource-intensive to manage.

Shared-Capacity Network

In this example (Figure 4), the service provideahte to serve all 13 customers and 40 sites wélihgle circuit. The total bandwidth is shared;
however, each customer’s data traffic is logicakparated to help ensure security.
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Figure 4
Shared-Capacity Network

In this scenario, all 13 customers are servedsasgée VCAT group, so the service provider can VU6AT and LCAS to adjust bandwidth as
needed to each customer and each site. The resuttétwork that more efficiently maps availabladvaidth to each customer’s actual needs.
Instead of paying for a dedicated circuit and badtiwthat they do not need, customers receive alamost, more flexible solution. In
addition to being able to offer a more competitedution, service providers gain increased servagacity because they can serve more
customers with less bandwidth.

A single, shared-capacity network also allows farensimplified management than a mesh of pointetiovpeircuits. Instead of layering point-
to-point data networks on top of an existing TDNg;i the service provider can use a single multisering and a single network element
type, and easily provision a variety of revenueggating services.

Evolved, Dedicated Network

A shared-capacity network is ideal for many cust@anespecially small and medium-sized busines9d865 However, it will not meet the
needs of every customer. For example, a finanesitution or healthcare organization may be remlibby law to have a separate network. Or,
some customers may have traffic requirements tlakera shared medium impractical. For these typessibmers, service providers can still
provision dedicated domains in a much more efficieanner than in a traditional mesh architectuee (Sigure 5).
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Figure 5
Dedicated-Capacity Network

In Figure 5, the network includes one dedicatecudifor each customer. Unlike a traditional pdiotpoint network, all customer sites share a
single circuit — instead of requiring several datkd circuits to connect each location. In thisxade, the service provider is also using RPR to
help ensure network availability, rather than dgjig redundant physical circuits for each customara result, even having13 customers
with their own domains, the circuit-to-custometigas one-to-one, instead of two-to-one in a tiadil private-line network — a 50 percent
reduction in the network footprint that must be eged.

Evolution Strategies

Service providers have concerns about evolving therent network infrastructures, especially whiggse networks continue to serve
customers and function as they were designed. drigetierm scalability and revenue potential of aolesd network coupled with the high
costs of maintaining an overlay approach will leaahy service providers to decide that evolutioésbest strategy. With proper planning,
service providers can evolve their networks in st-@ffective manner and rapidly begin benefitingrirmultiservice optical technologies.

Many service providers take an incremental approdeinning by moving current core equipment outlyand redeploying it at the network
edge. Instead of considering the previous netwddsiinvestment, these assets are instead ugbeé &sundation of an exponentially more
robust service network. Moving previous core eletsiém the edge allows the network to become mapatda of growing, scaling, and
generating continuous return on investment (RCijtif the service provider had simply deployed & ngerlay service.

If a service provider has Cisco equipment that oabe redeployed at the edge, Cisco offers a wadge of competitive trade-in programs to
help service providers accomplish their strategjectives without incurring significant costs.
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Conclusion

The market for voice, data, and other network sesvis changing rapidly as customer processing paag bandwidth requirements continue
to grow. Service providers have many options fepomding to these changes. However, no servicadgeowants to continuously reconfigure
networks to support the latest service and remainpetitive, while also trying to limit new capitedsts.

Forward-looking service providers are choosingieest in a one-time upgrade that boosts the capagnsity, service velocity, and service
variety of their networks. These service providaes evolving traditional SONET/SDH infrastructutesiext-generation multiservice optical
networks. Through evolution, these service prowdee achieving a more efficient, longer-lastintywoek infrastructure that will continue to
serve their customers and generate ROI into thedut
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