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What is Information ?

Collaboration & .
Lifelong L/ejriliig_rJ Wisdom
Education’_,_‘__l Knowledge
Organization and N
Commun;ajclr_' Information
Observation |

and Record l Data
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The Information Age

Knowledge-oriented society

« Communications & computer infrastructure
IT dominant business investment
Acceleration of computing power
Networked intelligence

Bandwidth abundance

Network evolution

Knowledge Age Characteristics

- Digitalization

- Virtualization

- Electronic proximity

- Multimodal information flow

- Multisensual communications
- Ubiquitous computing

- Affective computing

LIDO 4




The Age of Intelligence

» Moore’s Law
— processing power doubles every 18 months

+ Distributed intelligence
— ubiquitous computing, intelligent appliances
— smart houses, home area networks (HANs)

— mobile platforms, affective wearables, personal
area networks (PANs)

—tagging the human being, artificial intelligence,
artificial life

LIDO 5

The Age of Intelligence

+ Digital entertainment is driving computing

— the latest processors support fast visualization of large
data sets, and intensive math for real-time simulations

— applications include graphics, 3-D games, astronomy, the
biosciences and predictive modeling

— platforms are converging - PCs, digital TVs and game
consoles will share three things in common

» broadband access, high-performance processors, and
a variety of human-centered input-output devices




The Age of Intelligence

» Advanced network semiconductors

— Networking has replaced the PC industry as the real driver of
innovative semiconductor designs

* Dataquest estimates that the worldwide network switch
chip market will top US$900 million in 2002

* IDC projects that the emerging network-processor subset
will be worth US$300 million or more around 2002

* Key suppliers include Agere, Broadcom, C-Port, Galileo,
Intel, LSI Logic, Maker, MMC Networks, Motorola,

NetlLogic, Siara, SiTera, Texas Instruments, T.Sqware,
and Vertex

« Goal is to provide equipment makers with more powerful,
flexible and tightly-integrated processor platforms that will

LIDO0  also simplify and speed up product development cycles. 7

Ubiquitous Computing

« Take computers out of boxes and put them
into ordinary things

« Smart things will be able to take care of
themselves

- smart food, smart wrappers, smart cloths, smart
needles

—smart cupboards, smart refrigerators, smart
medicine cabinets, smart portable scanners

—smart cars, smart highways

LIDO — smart materials, smart structures, smart places
-]




Ubiquitous Computing

* New breed of interactive, omnipresent and
invisible computers have been made possible
through recent breakthroughs in the
development of sensors, detectors and
electrical fields

» Media Lab’s Things That Think consortium

—Initially over 40 sponsors include Nike,
Swatch and Lego

LIDO

Ubiquitous Computing

» Scanning software for brain activity is getting better

— the day may come when a headband can read where
brain activity is taking place.

» Mind of the Market lab at Harvard Business School -

— researchers peering inside shoppers brains to develop
more effective advertisements and marketing pitches

— using imaging techniques that measure blood flow to
various parts of the brain, the team predicts how
consumers will react to particular products and discover
the most effective ways to present information

— could radically alter how firms develop and market new

LIDO products
10
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Ubiquitous Computing

Harvard researchers believe the scans can also
forecast future purchasing patterns
- “lt is possible to use these techniques to predict not only
whether people will remember and have specific
emotional reactions to certain materials, but also whether
they will be inclined to want those materials months later.”

— Corporations funding the projects include Coca Cola,
Eastman Kodak, General Mills, General Motors,
Hallmark, Johnson & Johnson and Procter & Gamble

Ultimately the computer will analyze whether the
wearer is sad or happy, tense or relaxed, and adapt
its programming to their state of mind.

M

LIDO

Ubiquitous Computing

Australia has invented a biological sensor that
instantly detects the presence of a hormone, virus,
drug or pesticide;blurring the line between a living
thing and a computer.

The future environment is one where objects have
an awareness.

Who owns the often personal and private
information dispersed across this worldwide
network of chattering computers?

12




Ubiquitous Computing

« The question of power

« Media Lab is working on the idea of a tiny
dynamo in the heel of the shoe. When the
user walks, they generate enough energy to
keep a computer charged.

» The PAN makes use of the body’s natural
electrical field, harnessed to antennae woven
into the fabric of a shirt. This could transmit
power to a badge computer.

LIDO

Changing User/Traffic Profile

- Shift to machine-to-machine communications

— today we have
« 6 billion people
+ 14 hillion microprocessors
~ — by 2001 (Uunet, John Sidgemore)

« The typical business professional will have an average of 5 IP
devices on or in them

— by 2010 (Ernst & Young)

+10,00 O telemetric devices for every human being on the planet
— by 2010 (BT Labs)

- 95% of the traffic will be machines talking

+ 5% of the traffic will be people talking

LIDO 14




Applications Evolution

» Growth in non-voice traffic

—voice growth rate ~ 4%-6% per year
» 1999 = 56%
» 2001 = 42%

—data growth rate 30%-40% per year
* 1999 = 34%
» 2001 = 44%

—video growth rate ~ 50% per year
* 1999 = 10%

LIDO « 2001 = 14%

Applications Evolution

» Multimodal, multisensual communications
— audio, visual, olfactory, tactile, kinesthetic

E-Commerce

— content management, product configuration, transaction platforms,
supply-chain management, customer profiling

M-Commerce

— mobile e-commerce, locating & tracking the mobile consumer,
location-based oniine services

Network intelligent applications

~ Serviceware - combines high-level applications for requesting
network services with underlying intelligence for fulfilling those
requests

-Serv iceware products make heavy use of content selection software and
caches at the network perimeter, as well as QoS throughout the netwoﬁ%6

LIDO




Applications Evolution

* Digital Entertainment

~ music, theatre, cinema, radio, television, games,
gambling are all converging on digital media and
digital platforms

—video editing, digital content creation, digital
imaging, 3-D gaming, virtual reality apps

- revenues from recreational and educational
software for computers, video consoles, and the
Internet rose to US$5.5 billion in 1998, up from
US$3.2 billion in 1995 (ISDA 1999 /State of the
Industry report)

LIDO . yideo game rentals added US$800 million in 1998  +

Applications Evolution

« Digital Entertainment (continued)

— The interactive entertainment software industry
responsible for creating these products did so
with only some 70,000 employees - compared to -
the motion picture business which generated
US$6.9 billion, but employed more than 240,000
people to do so.

— Games are anticipated to be the battlefield over
which the war for control of the home computing
will be fought.

« Sony PlayStation 2 versus PC platforms

LIDO 1




Applications Evolution

* 80 percent of American consumers want high-
speed access to the Internet vl

« Fifty-three percent will pay the high premlum to
watch what they want when they want.

+ Seventy percent of the Internet generation have a
television in their own room.

— The Internet generation (N-gen) consists of computer
literate people aged 9 to 17.

Source: The Myers Group, NY
LIDO
19

Applications Evolution

* Internet TV

— An Internet service for home TV use.

—~ Uses a set-top box that connects the TVto a
modem and telephone line. The user interface
has been specialized for viewing on an interlaced
TV screen rather than a computer monitor.

— WebTV, introduced in 1996, was the first such
service to obtain widespread distribution.

LIDO
20
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Applications Evolution

* Interactive TV

~ Two-way communications between the TV viewer and
service providers.

— Interactive television lets users find a show with
interactive channel guides and save it on a hard drive for
digital playback at their convenience and create
personalized channels for automatic recording. They
can also hunt down information on the Web through
keyword searches.

— Interactive television will allow advertisers to target their
audiences more directly. Viewers, in turn, can choose
to rid their programs of commercials, but they can also
choose to click on a longer version of an advertisement

Lo and buy the product 21

The Human is a Multimedia Information
Processing System

Tactile

Kinetic

Mind Operates on Sensations to Create

LIbo Information For its Own Use

11



Multimedia: Why ?

Understanding of Information
( percentage derived via.....)

< Written Word 7%
# Audio Cues 38%
¢ Visual Information 55%

Multimedia: Why ?

‘Retention of Information
¢ 20% of What We Read
+ 30% of What We Hear
¢ 50% of What We See

LIDO

12



Bandwidth of Consumption of Human Senses

Hearing 640 Kbps
N/A
Smell/Taste Chemical Response
Touch 13 Mbps
Vision
Optic Nerve Capacity 1 Gbps
Head/Eye Tracking 7 Gbps
Full Spatial Model 880 Gbps
LIDO 25
Hearing

» Teaching computers to hear and understand human
speech.

* Jupiter, MIT Lab for Computer Science is a
combination of four software packages

- voice recognition, word hypothesis

— software to determine meaning

~then scans weather service reports on Internet
- voice synthesizer responds

LIDOo
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Smell

« There are millions of odors in the world, each one of
which can influence mood and behavior.

— Aromas c¢an help induce consumers to spend money
« British Airways business class lounge at Heathrow exudes the
smell of freshly cut grass and the tangy scent of the sea
» Thomas Pink, famous shirtmakers in London’s Jeymyn Street, is
trying the smell of newly washed linen
Car dealerships in the U.K. are testing the fragrance of fresh
leather in the showrooms
Kiotech Intemational has demonstrated that a blend of
pheromones caused shoppers to linger longer and spend more
money
+ Pheromone sachets, “Excite”, available through vending
LIDO machines in clubs in Northem England, are outselling condoms
four to one. o7

Smell

» DigiScents (www.digiscents.com)
— Working on a smell box called iSmell

— The device reads a digital scent file from a Web site,
creates a smell from a “palette” of 128 chemicals stored
in a cartridge, and then wafts into the air with a small fan.

» Aromadet (www.aromajet.com)

— Their device, Pinoke, dispenses smells coinciding with a
player's action in a video game.

— Has several patents on a microjetting technology that
enables software cade to control the selection and
mixture of fragrances for release at precisely the right
time coinciding with on-screen events.

28
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Smell

» Growing interest in made-to-order odors

» Companies are investing in the creation of
“corporate smells” to go along with their corporate
logos

» We are moving towards telephone sniffers to use in
medical diagnostics, electronic noses in every
doctor office, and credit-card sized devices to
monitor health conditions like ulcers and diabetes.

LIDO
29

Smell and Taste

* TriSenx (www.trisenx.com)

—~ Has obtained a patent for technology that uses a desktop
priter-like device to produce smells based on data
programmed into a Web page.

— It allows a user to download a smell or taste from the
Internet

— TriSenx devices imprint both smells and taste. Currently
smells adhere to a fiber cardstock paper. In coming
months, smells will adhere to a communion-like wafer that
will allow.people to taste a particular flavor

30
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Taste

 Like smell, taste is difficult to pin down

— 8,000-10,000 taste buds, each with 50-75 chemical taste
receptor

— taste receptors have short life cycle, 10 days, like
watching aging

— World’s first tongue wire-tap at University of Michigan. It
is a sieve electrode, a silicon disk only 4nm in diameter.
Creates a computerized taste receptor

— The device could serve as a neural interface to connect

the body to anything, treating nervous system disorders.

LIDO
31

Touch

» inTouch, created at MIT, is a computer
program that creates a direct link between
two people separated by physical distance.
— Using force-feedback technology, which allows

users to physically interact with computers, the
inTouch system brings people together through
the manipulation of two identical objects

« The Age Simulator

— Allows the wearer to feel, hear and see exactly
what it’s like to be a senior citizen

LIDO
32
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Sight

Enhancing the sense of sight, even restoring it, via
the use of light-emitting diodes, lasers and
advanced computer technology.

Virtual Retinal Display - Washington’s Human
Interface Technology Lab (Seattle)

- paints image directly onto retina

Will give people hypervision, the equivalent of
bionic eyes

Commercial product due for release in 1999 from
Microvision

33

LIDO

The New Public Network

End-to-end digitalization

End-to-end optical networking

Intelligent, programmable networks ™

— distributed logic and databases

— high-speed common channel signaling

— open application program interfaces (APIs)
Broadband infrastructure

— high capacity, multichannel transmission lines
— high-speed fiber and broadband wireless transmission
— low latency networks

— multiservice, agnostic platforms

— quality of service guarantees

—~ encryption and security services

17



The New Public Network

» From Narrowband to Broadband

— from single channel to multichannel

— from low bandwidth to high bandwidth
+ From Circuit switched to Packet switched
— from exclusive channel to shared channel
From Data over Voice to Voice over Data

— from data over circuit-switched analog voice network to
voice over digital data packet network

From Electronic to Photonic
— shift from electronic networks to optical networking

LIDO
35

The New Public Network

* From Singlemedia to Multimedia
— from voice to multimodal communications
* From Fixed to Mobile -

-- from fixed wireline connections fo mobile wireless
communications

= From Portable to Wearable

— from unresponsive standalone devices to affective
wearable computers

LIDO

18



Changing Organizational Structure

» Characterized by market diversification,
internationalization and workforce decentrallzatlon

« Growth of non-traditional work environments, hence
workers requiring remote broadband access

— SOHO environment
+ currently 37 million SOHOs in US, expected to grow to 50 million
by the end of 2000
— Teleworker, telecommuter, remote access worker
« telecommuters in the US numbered 26.8 million households
= 28% of the top companies offer telecommuting as an option

— Virtual office

— Knowledge intensive professional

LIDO
ar

Changing Network Value

* IT dominant business investment
- IT is element of strategic development
 IT is a competitive necessity
« Positive environmental impact
» Emphasis on high quality network service
» Greater risk with failure/disruption
* Increased security concerns
LIDO 38
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Cost of Downtime (per minute)

 Brokerage operation US$107,333
* Credit card/sales auth. US$ 43,333

» Pay-per-view Us$ 2,500
* Home shopping (TV) Us$ 1,883
» Catalog sales Us$ 1,500
« Airline reservations UsS$ 1,500
* Tele-ticket sales Uss 1,150
* Package shipping Us$ 467
* ATMs US$ 242
LIDO Source: FCA s

Internet Telephony 9/27/99

Changing Network Management Role

« Critical to business success
* Information/network risk management
* Business recovery management
+ Contingency/disaster recovery planning
» Change management
» Service creation & management
* Integrated network management
» Qutsourcing
LIDO %0
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What is Converging?

» Networks Infrastructures

— PSTN, Internet, Wireless, Broadcast, Cable TV,
Corporate Back Office

« Network Services

— Local, Long Distance, Wireless, Internet, Hosting,
Applications Partnering, Security, Firewalls,
Legacy Systems Conversion, Settlement

* Devices

— Television, Telephone, Computer, Appliances,

Clothing & Jewelry, Tattoos, Neural Implants

LIDO
41

What is Converging?

» Applications
— Communications, Information Services,
Entertainment, E-Commerce, Affective

Computing

» Industries

— Biotechnology, Computing, Consumer
Electronics, Entertainment, Publishing, Power
Utilities, Telecommunications

* Man & Machine

— Artificial Limbs and Organs, Intelligent Implants,

Neural Interfaces, Arificial Life
LIDO 42
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The iPhone

LIDO ' a3

Convergence
Communications and Entertainment




Super Phones :

LIDO Source: Scientific American 190

Wireless Network Devices

Pocket-Size

Wrist Travel Guide

Communicator

Ski Goggles
that will
internally display
your route

LIDO 48
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Intelligent Appliances

LIDO 47

LIDO
48
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Interactive Features

Nokia's
Media
Screen

LIDO

Thompson’s
TAK
System

49

Philips Remote Eyes

LIDO

50
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Wired Breakfasts

LIDO

51

Smart Kitchen

Whirlpool Networked Refrigerator
Thalia Coffeernaker

Thalia Stand Mixer

GE Microwave & Portable Web Pad

Thalia TimeHelper Clock

LIDO

52
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Smart Refrigerators

53

LIDO
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in the House

n

Doctor

Popular Science 700«

Source:

LIDO
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Doc in a Box

LIDO Doctor in a Box Source: Popular Scnce

A Hospital at Home

Melanoma Monitor

Smart Socks

LIDO -amm:-: Popular Bclence 700
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What ’s ext

Brainy Bed

LIDO Source: Popular Science 7/00

What’s Next

Smart Toothbrush

Thoughtful
Spectacles

LIDO Source: Popular Science 700
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Programmable Tattoos

61

LIDO

Robotic Answerman

82
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Electronic Teacher

LIDO

83

Matsushita Electric’s Smart Pets
Tama and Kuma

LIDO Sourcs: Popular Scierics 7/00

32,



AnnaNova, A Virtual Newscaster

LIDO Source: Afnanovacom

Virtual Models

LIDO

33



Remote Heart Surgery

LIDO Sourca: Popular Scienca 7/00

Microsoft Joystick

LIDO
68
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Electronic Handshake

LIDO
69

The Only Way To Surf The Autobahn

LIDO 70

35



LIDO

Digital Wheels

7

LIDO
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Honda’s
Automated Highway System Technology

rmerrr] RoO2dside
. l guide

=Y

Central
computers
a\};

™~

. Magnetometers -~..

Magnetic nails

LIDO 73

Mobile Meetings

LIDO 74
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Heads Up

LIDO

LIDO
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Head Mounted Camera

LIDO

Sign Language Translator

78
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Wearable Evolution

http://www.wearcam.org/
LIDO 79

BT Talk & Scan Technology

LIDO s T - - w“
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Eyeball Paintings

LIDO
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Ring With Bar Code Reader

83

LIDO

iButton Java Ring

2
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Social Wearables

85

LIDO

Philips Hot Badges

86
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What’s Next

LIDO Source: Popular Science a7

Chips Come Into Fashion

Wom Over The
Shoulder, This Davice
Lets You
Send E-mail

Source: Popular Science

LIDO o8




Chips Come
Into Fashion

Sensor Gloves
‘That Gather
Patient Data

Source: Popular Science 89

Lipo

Battle Gear 2025

Source: Popular Science T%
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Battle Gear 2025

LIDD Source: Popular Scence 7I§q

BT Homo Cyberneticus

LIDO
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Many Millenniums hence......

Intelligent beings consider the fate of the
Universe...........

Source Age of Spiritual Machines
Ray Kurzweil, 1989
93
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Broadband Drivers

Increasing demand for information
Shifting traffic patterns

» Growing network usage

Rapid technology advances

* Unleashing of bandwidth
 Applications evolution
Convergence forces

LIDO
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Communications Traffic Trends

Data traffic is increasing by 36% each year,
according to Frost & Sullivan.

Data is growing five times faster than voice. (Bell
Atlantic Corp, Data Comm 3/99)

Data traffic predicted to require more than 20x the
bandwidth of voice traffic by 2007. (Electronicast)

Uunet reports that data on its backbone is growing
at about 800% annually, compared to voice traffic
worldwide increasing by only 4%.

Ameritech reports that in 1998 data overtook voice
revenues, with data at 51% and voice at 49%. They
project that data will be 99% of their revenue by
2010. (Telephony 3/1/99)

LIDO

Communications Traffic Trends

By 2001, there will be 300 million Internet users.
(source: ITU)
7 new Internet users log on every second (Cisco)

By 2003 the world total of Internet users will top
500 million (IDC)

In 1997, 78.1 million devices were used to access
the Web, by 2002, that number will increase to
more than 515 million (IDC)

The average connect time has grown by 45% per
year, from 17 minutes per session in 1997 to 35
minutes in early 1999. (Ascend) By the end of
1999, session times were reported to be an
average of 45 minutes. ‘

-




Communications Traffic Trends

« There were 63 million Intern st usersinithe US in.
1998, growing 20 to 30% peryear predicted-to
reach a penetration of 63% by.2003. (Jupiter .
Comm)

« Europe currently has a penetration rate-of 9%
Online households in Western:Europe will triple to
31 percent by 2003 (lntl Herald Tnbune 10/9199)

growing at an annual rate of 99% (lnt’l Herald
Tribune 10/9/99)

LIDO

Communications Traffic Trends

+ Worldwide bandwidth requirements-for data will
jump from 273 Gbps in 1997 to 27, 645 Gbps by
2002. (Insight Research) .

+ By 2002, Internet traffic will:.consume.90% of
available bandwidth on networks worldwide, and by
2008, Internet traffic will account for:99% of the data
traversing international networks (Sldgemore
Uunet)

- Carrier revenues from IP datawill only account for
25% of the total by 2003. (Insnght Research)

LIDO : ’ “»




Communications Traffic Trends

« Minutes of communication services traveling
over P telephony networks will- grow from

— 70 million and less than 0.1 percent of all PSTN
minutes in 1997

—to over 70 billion minutes-and 6.1 percent of all
PSTN minutes by 2003

— reaching over 1 trillion minutes by the year 2006
(Piper Jaffray Feb 99).

LIDO

Worldwide Traffic Shifts
Packet vs Circuit Switching

Traffic Today | Traffic 2005

Source: Current Analysls, Inc, BCR 1/99
Multiservice Integration g

LIDO




Communications Bandwidth Trer

» The capacity of optical-fiber linksis:
12 months. (Lucent, IEEE. Spectr

* Network capacity is doublm }
Herring 2/00) B :

* The raw bandwidth avallable by the:
expected to be 10,000 greater tha

* Vinton Cerf estimates that by-thi 01,
capacity of the Internet will'be 2, 500§ times as great
as today. *

» The amount of fiber deployed between 1997 and
1999 was 100 times the amount deployed in all the
prior years. *

LIbo — * Nexabit Networks white paper - Will the New Super Routers Have What It Takes

Communications Bandwidth Trends

* Fiber prices on a per Mbps:basis are falling 60%
each year.

» Uunet alone is antlolpatlng_.:;a.;_.?lv,EOO_Q:etold growth in
capacity by the year 2000.. .

* Qwest’s network alone doubled the: avallable
bandwidth in the U.S. mfras’cructure over the next
year.

» Together, Qwest, Level 3 Wllhams _and.:=IXC will
have 80 times the exnstlng throughpu ‘capacity of

AT&T.  Source: The Oncomings Glit of Bandwldth ‘BCR:8/98
LIDO o 1




Communications Bandwzdth Trends

* |In the U.S. alone, the new networks will
increase long-distance transmission capacity
by more than 2,000 times in the next few
years

- The world’s first petabit (1,000 terabit)
network was announced by 1-21 Future
Communications, a subsidiary of Interoute
Communications Group that'is creating a
fiber system across Europe.

LIDO

Communications Bandwidth Trends
Wireless Communications

« By 2002, wireless capacity will increase by 20x

— the per minute network cost will fall below 5 cents
(tele.com 9/20/99) )

« Data will comprise as much as 30% of wireless
traffic by 2002, up from 10% in 1999. (IEEE
Computer 2/00)

» Projections show that wireless will become the
dominant form of Internet communication by 2008
(IEEE Computer 2/00) '

— When this happens, the “anytime, anywhere” inflection
point will move the e-commerce platform of choice from
LIDO the desktop PC to the the palmtop. 12




Communications I
Fiber Cable E

» Technology breakthrough are: havmg a
profound impact on servi
seen by falling prices" fo
capacity

cost has fallen from US$ [,400:in:1
US$300 in 1995 to a couple’of do
today (Red Herring, 2/00)

64 kbps vonce—grade circuit wulli fall to about

two-thousandths of a cent per minute "
LIDO

Communications Bandwidth Trends
Fiber Cable Economics

» Operators purchasing capacity transoceanic
capacity pay two charges
— A one time charge for the bandwidth, the
Indefeasible Right of Use (IRU)
— An OA&M recurring charge for: the maintenance
vessels that service the cable, typically:3 percent
to 5 percent of the total: ‘_'rchase cost

» this has not been decreasing:
— due to how cabling systems are malngalngq

LIDO ' 14




Communications BandWIdth Trends
Fiber Cable Economics

» Market price for a transatlantlc 155 Mbps . (STM-1)
Indefeasible Right of Use'(the standard rights that
are exchanged when cable-capacity is sold)

— US$ 20 million at the start of 1997

— US$ 10 million in 1998

— US$ 2-3 million currently (early. 2000)
— US$ 1 million expected by:2001

« The OA&M charges have remained the same
— US$ 250,000 in 1998
— US $250,000 currently (early 2000)

LIDO

Communications Bandwidth Trends

Fiber Cable Economics

» As cable owners extract more bandwidth out of their
cable using the latest DWDM. equipment, bandwidth
prices fall but OA&M charges remain relatively
constant.

« Atlantic Cabling Maintenance Agreement (ACMA)

— transatlantic cabling systems are maintained under the
terms of this contract - negotiated by carriers and the
cable systems maintenance contractors

— traditional contract distributedicosts based on the length
and capacity of the cabling systems

— in the new contract, starting January 2000, bandwidth will
be removed from the equation; carriers will pay only by
the length of the cabling systems

LIDO




Communications Ba
Space

* There are some 220 comr
satellites today, this is pro
by 2003 (Scientific American

« There are 1,715 satellitesiin v
licensing at the FCC (Via:

— 87 are in orbit, including 67'fc v
Globalstar and 12 for Orbcomm-
— 740 Ka-band satellites planned
— 386 V & Q-band satellites planned -
~ 266 2 GHz satellites planned-
mo  — 149 Big LEOs, 142 Little LEOs and 32 Ku-band LEOs v

Communications Bandwidth Trends
Objects Orbltmg Earth

=

!
! .
}

http:/icse.ssl.berkeley.edu/lessonsiin Page:html ,

LIDO




Broadband Satellites

- Satellites are expected to account:for 10- 15
percent of the broadband Internet'and data access
market after the turn of the century.

— Market is expected to grow from,U,$$2'OO million in 1999
to US$37 billion by 2008 (Pioneer; Consulting:LLC)

« Merrill Lynch says the market for:broadband
satellites will double every year for:ithe first five
years, estimating a 94% compounded‘annual
growth rate. '

— US$ 5 billion market 2002-2003, reaching US$ 50 billion
by 2007

LIDO 19

Communications Bandwidth Trends
Protecting Space

« With U.S. companies likely to invest US$500
billion in space by 2010, some military
analysts believe the military will be called
upon to defend American interest in space
much as navies were formed to protect sea
commerce in the 1700s.

« (U.S. News & World Report-Nov'8; 1999 - The New
Space Race) '

LIDO 20
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Communications B
Bandwidth as

* The driving forces behin
market for bandwidth are a
capacity surplus and a growing:n
management, L

* Philips Tarifica projects that ba
become an US$ 8 billion a
They predict that by 2002 IP minutes will U
for at least 23% of total global traffic; half of which
will be traded over exchanges. They also forecast
that Europe may take center stage in-bandwidth
trading. (Telephony 1/00).

LIDO 21

Communications Bandwidth Trends
The Bandwidth Exchange
* Band-X
— provides a portal for buyers and sellers of bandwidth and
related wholesale services
— Band-X has an international membership of over 7,000
people ' :
* RateXchange

— lead generation market and switch-based exchange

— have transacted over 500 million mirutés-and currently
has over 400 million minutes offered fortrade

* Arbinet E E
— business model based on least-cost routing -and-quality
— have traded over 170 million. minutes '

— approximately 50 carriers tradg--fhrngh.Arbinet and more
LIDO than 400 are registering or'being, connected 2

11
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Nielsen’s Law of Internet Bandwidth

* Nielsen's Law of Internet bandwidth states.that
— a high-end user's connection.speed grows by 50%-per
year :
— you don't get to use this added bandwidth to make your
Web pages larger until 2003

* Bandwidth grows slower than computer power

+ Average bandwidth increases slowly for three
reasons
— Telecoms companies are conservative
— Users are reluctant to spend much money on bandwidth

— The user base is getting broader
Source: Dr. Jakob Nielsen, Nielsen Norman Group
The Alertbox: Current Issues in Web Usability (April 5, 1998)23

LIDO

Communication Application Trends

= Growth of new generations of business class
services
—~ E-commerce
— Virtual Private Networks
— Voice over IP, Fax over IP
~ Unified messaging
— Multimedia collaboration
— Streaming media
— Applications hosting
— Network caching
— Managed wavelength services
« Business class communications require guaranteed

performance "

12



Communication Applic&‘

» Evolution to new models of mformatlon processmg
& communications
— Ubiquitous computing
~ Human information processing model
~ Multimodal & multisensual information’ ﬂows ‘
- Visualization :
- Telepresence
— Augmentation, neural interfaces
~ Virtuality
* Requires tremendous bandwidth;: Iow Iatency,
guaranteed performance and wureles__s access

LIDO

Communication Application Trends

* Transition from portables to wearables
— watches with medical monitors & pagers
— eyeglasses with embedded computer displays
— belts & watches with embedded: computers ,
—rings with Universal Product Cod JPC)-reader
& display - S
— badge based cellphones & pagers with-Internet
connections and tiny teleconfe Canieras
+ Requires broadband wireless

(R : N

LIDO




Video Applications & Bandwidth

» Growth of video and streaming media
— digitized NTSC requires 166:Mbps.
— digitized PAL requires 199-Mbps
—HDTV requires 1.5 Gbps
— MPEG 1 compression offers VHS quality at 1.5
Mbps '
—MPEG 2 is compression scheme of choice,
bandwidth ranges from 2.7 to 20'Mbps.
* NTSC can be reduced to2.7Mbps
» broadcast quality requires 7.2 Mbps
» DVD quality requires 10.8 Mbps

LIDO * HDTV requires 19.4 Mbps 2

Video Applications & Bandwidth

« H.323 videoconferencing applications
—require 384 Kbps to 1.544 Mbps.
« Streaming video requires
— 3 Mbps for low quality
— 5 Mbps for moderate
~ 7 Mbps for high quality

LIDO %
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Video Applicat;

« Bit errors can be fatal |

— missing video elements, sy
problems, or complete lo

» Delay can wreak havoe: WIth vnd_

— delay, or latency, adds up’ W|th _'
and routers in the network: -
* ITU recommends a maXImum delay of 150-rnsec

= evolving agreements pro_ml_se:p_acke.t Ioss of 1 percent
or less per month and a round:trip-latency.guarantee
of 80 msec

nization

LIDO »

Video Applications & Jitter

» Jitter is introduced when delay does not remain the
same throughout a network. - -

« While video can tolerate a small-amount of delay,
jitter causes distortion and unstable images.

* Reducing jitter means reducmg -or-avoiding the-
congestion that occurs in switc s an routers as
buffer delays can create jltter

— There should be as many: pnonty queues as the
network has QoS levels. :

LIDO »
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Emerging N

Traffic is growing at a signifi cantly accelerated pace

- up to 500% traffic increase in one:year:(L.ondon

Internet exchange example)

— More human users, more machine users; broadband
access

Established carriers and new.start-ups.are

deploying large amounts of fiber optic cable.

Optical technology is revolutionizing networking

New era of abundant capacity stimulates

development and growth-‘of bandwidth:hungry

applications - and demands service qualities that

allow control of parameters such as-delay, jitter,

loss ratio, and throughput. 3

LIDO

Emerging Networks

Data traffic is equal to or surpassing voice as the
most mission-critical aspect of the network.

Integration of voice, data and video without protocol
conflicts will simplify the migration of legacy
communications systems and network applications
to next generation transport technologies.

The huge growth in e-business, extranets, and
intranets, will require a convergent infrastructure
with minimum latency to assure responsiveness.

32

16



Emerging

- Bandwidth-intensive appli¢ations:are much
more cost-effective when
provides just-in-time bandW|dth:z- hal
options. -

- Converged networks will:provide 'ompe’utlve
rates because of lower constrt ctlon outlays
and operating costs.

LIDO #

Converging Public Infrastructures
# Public Switched Telephone Network
# high speed multimedia network
+ quality of service guarantees -
+ATM (Asynchronous Transfer Mode)

* lnternet

. Services), MPLS (multlprotocholivIabelf:swﬁchmg) u




Broadband Service Requirements
# High speed, high bandwidth - measured in terabits
+ Bandwidth on demand '
+ Bandwidth reservation
# Isochronous support - timebounded lnformatlon
& Agnostic platforms - multiprotocol, multipurpose
# Unicasting - streams from a single origination point
directly to a destination point
+ Multicasting - reduces traffic redundancy by limiting
the access to a selected group of users
# Variable quality of service parameters
& Guaranteed service levels

LIDO

35

Key Infrastructure Developments

Photonics & optical networking

— EDFA, WDM/DWDM, optical add/drop multiplexers,
optical cross-connects, optical switches and routers

Broadband wireless ,

— Ka-barid satellites, LEOs, 3G Wireless .

Multiservice core, edge, and access platforms
— integrated access devices (IADs), convergence switches,
media gateways, agnostic switches, terabit/sec switch
routers

Intelligent networks

— distributed intelligence, programmable networking,
softswitches, media gateways, SS7 gateways, service-
LIDO enabling software

36
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Key Infrastructure Deve

» Broadband access technologies

— xDSLs (x digital subscriber line)

— HFC (hybrid fiber coax) & cable modems: :

— FTTC/SDV (fiber to the curb/switched digital-video),

— FTTH/PON (fiber to the home/passive:¢ p'ﬁ_cal;nét“i@rk)

- DBS (direct broadcast satellite) -

— MMDS (multichannel multipoint distributién_’, system):

— LMDS (local multichannel distribution:system)
+ also referred to as MVDS (Multipoint Vidéo:D '

— powerline

LIDO 3

Next Generation Networks

» Designed for multimedia communications
- broadband
- low latencies
— quality of service guarantees -
* » Worldwide infrastructure -
- fast packet switching
— optical networking
— multiservice core, intelligent edge
— next generation tetephony
- intelligent networking
— video & multimedia elements
—~ broadband access

LIDO - broadband wireless 3%




Next Generation Networks

« Next generation networks stand to: change how.

carriers provision applications:and services-- and
" how customers access them..

« End user service delivery from a smgleaszplatform
— decreased time to market
- simplified moves, adds and changes..
- gqligue connection point for service.provisioning and

Hing

+ Full service internetworking:between legacy circuit-
switched network and next generation:packet
networks

LIDO #

Next Generation Networks

» Must be interoperable with new structures

— support for the most up-to-date transport and
switching standards

— advanced traffic management
« full configuration, provisioning, network monltorlng,
fault management capabilities -
- capability to prioritize traffic and to provide dynamic
bandwidth allocation for voice, data and.video services
- management of delay-tolerant traffic, _pnontlzatlon of
delay-sensitive traffic

LIDO 40
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* Embodies two fundame

— A high-speed packet-
capable of transportin
services, including voi

outside the network by: U ne
* Main physical componentsinclude routers,
switches, gateways, servers:and edge devices on:
the customer premises.
LIDO “

IP Characteristics

* IP (Internet Protocol)

— born out of the LAN world, ‘_connectionless

« capability of having informati ove between network elements
without a preconceived path between sourée:and déstination’

— in LAN environment, bandWIdth' is.relatively inexpensive
and deployment is over small area.

— transit delay typically not an issue. due to small: area
— in event of congestion, packets e discarded: -

— TCP retransmits the lost packets quickly and
transparently to users

— due to short transit delay, dlscarded packets are qu:ckly
detected o -

LIDO o - K




IP Characteristics

WANSs typically deployed over longer distances.

Transit delays become an issue in
— controlling QoS _
— identifying the loss of packets due to congestion

Bandwidth is more expensive

- every bit sent over the WAN-has.a defined cost

— packet discard can make the expense of retransmission
significant

Traditional routers were not intended to handle

such large-scale networking demands as are

emerging

*

LIDO “3

IP Router Networks

+ Core is responsible for providing interconnectivity,
server access, and network management to the
edge devices on the network periphery

+ The core network is becoming loaded; resulting in
network slowness and unacceptable delays

+ At the edge of the LAN, a shortage of network
capacity, coupled with proliferation of broadcasts
and multi-casts is creating significant network
problems

LIDO
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« When the edge demand -
capacity of the core , bu

congestlon lnadequate;eese .er'access and.
slow response times

LIDO *

IP Router Networks

- IP routers cannot deliver the service-quality
increasingly being demanded

» Shortcomings include poor path-calculation.and
slow rerouting.
— Routers use shortest path metric to calculate routes - IP

routers will send traffic over a shorter ¢congestéd path
rather than a more desirable longer-uncongested path

« has led to increased use of ATM or. MPLS
(multiprotocol label swrtchmg) in: the core for: backbone .

traffic engineering purposes:

— In the event of a backbone: circuit or: uter fa||ure IP
routers can take up to one: mlnutezzstovrecalculate new

paths around the failure _
« has led to more rehance on: SDH/SONET _ ©

LIDO




IP Router Network

Evolving in IP Networks

« Recent introductions of voice over IP services has
added consideration of two other limitations of IP
networks:

— latency
— jitter -

« For a packet-based IP network to successfully
support voice services, minimum transit delay must
be achieved, along with minimum packet loss
— high quality voice demands less than 100 ms. for-the total

one-way latency, including all processing at both-ends
(digitization, compression, decompression, queuing,
playback, etc) as well as network delay.

= voice compression and decompression:normally takes about 30-
50 ms

LIDO « speed of light in glass is about 10 ms per 1000 miles 48
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ing

+ One immediate solution to mcreas‘"“i;the amount of
available bandwidth. :

Evolution in IP Netw or

is no such thlng as too much bf
* Key to success for large-scale IP:

packet forwarding mechanism tha
highest possible performance and max
network control

LIDO g

IP Switching

» [P switching was designed to speedirdp-incréasing_ly k
choked networks, replacing slower, more
processing-intensive routers with switches

«- |P routers that provide connectlon-onented services
at the IP layer are referred to as IP: wntches

routes on a packet-by-packet baS|$. :
introduces latency and congestion.

LIDO *-




IP Switchin

« The idea is to make a connéctionless data
technology behave something like the circuit-
switched network

« The goal is to make intranets-and Internet access
faster, and to enable the deployment of new voice,
video,and graphic applications and services.

« |P switching has two objectives:

— provide a way for intemetworks to scale-economicaily
— provide effective Quality of Service supportito 1P
— replace Layer 3 hops with Layer 2 switching

« hardware-based forwarding performance

LIDO 51

Switched IP Backbone

26



+ ATM is a high-bandwidth, fast-pack and
multlplexmg technique that allows amless end- -

vndeo traffic.

« ATM is a high-capacity, low Iaten
adaptable for multiservice and mult

connections. T
- ATM switches ranges in capacities:from: 10-160
Gbps, with new products emergin OpS.
IP routers typically offer capacities-rang rom-

4-60 Gbps, although emerging generations are also.

1o Promising terabits per second. 53

ATM Characteristics

« ATM (Asynchronous Transfer Mode)
— born out of WAN environment
— connection-oriented

» provides means to establish.a predefined path
between source and destination- '

» predetermined data paths enable greater
control of network resources

» over-allocation of bandwidth: becomes an
engineered decision

» offers more deterministic way:to: respond to-
changes in network status

LIDO s




ATM Characteristics

« ATM (Asynchronous Transfer Mode)
- real-time traffic management:allows
» policing and traffic shaping

« networkwide resource allocation for class-of-
service provisioning

« deterministic transit delay
« delay-variation measurement and control
 multiple QoS levels

LIDO 55

ATM Broadband Service Attributes

+ ATM enables access bandwidth to be shared
among multiple sources and network
resources to be shared among multiple
users.

o ATM allows different services to be
combined within a single access channel.

LIDO 56
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ATM Characteristics

+ High bandwidth, high performance
+ Uniform 53 byte cell

+ Connection-oriented network

+ Virtual circuit path

# Limited error control procedures.
# Asynchronous information access -
+ Quality of Service definitions -

LIDO 58
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ATM Applications

Carrier infrastructure

Frame relay backbone

Internet backbone

Multimedia VPNs : :
Campus and workgroup networking
Enterprise network switch
Residential broadband

59

LIDO

ATM Applications

Backbone network consolidation
Frame relay traffic concentration
Interactive multimedia

LAN interconnect

Telephony

Videoconferencing

Data warehousing

Scientific computing

High-speed Internet access:

« Other applications requiring high performance

30



ATM Bandwidth

Other Data
14%

Video
11%

Voice
17%

Source:  Vertical Systems Group
Broadband Industry Update:9/00 7 61

LIDO

ATM Customers

+ Internet Service Providers:(ISPs)
- Financial institutions o
» Manufacturers

+ Health care organizations

» Government entities

« Educational institutions

- Research labs and institutes:
« Other enterprises with broa

LIDO - e




7 Assembles and semblés broadBand services
%7574 into a stream of cells-

ATM | 722 .
Adaptation m Each cell has a header that
Layer _contains m'uﬁng’ information

W\W‘W

2 m m witches the cells around the network
y based on the routing information

ATM mm

Layer
] %
Physi cal Provides the phyéié’al_ transportation
Layer of cells across the network
LIDO 6
ATM Infrastructure
Access Network
ATM Core Network
j = Local Network

xDSL og LAN Devices o

ISDN
LIDO
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ATM switches for carrie
enterprise networks _
ATM WAN access equment
ATM LAN switches
Equipment providers mclu, e.3Com, A
Alcatel (Newbridge), CISCO _ucen
(Fore), Nortel E

LIDO 8.

ATM Market

* Global market for equipment & services
—-1999 US$ 5.6 Billion
— 2002  US$ 13.3 Billion (6.9 billion outside'the U.S:)

» Equipment revenues
~ 1998 US$ 3.1 Billion
— 2002 US$ 9.4 Billion

* Service revenues

— 2002 US$ 3.9 Billion o
* US accounts for 75% of worldwi
second largest market, with th

ATM ports. Canada is next blg

the fastest growing.

+ ATM UNI services offered by sorne

LIDO
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IP and ATM

IP has become the universal language of computer
networking, winning the desktop.
IP-based services being introduced include VPNs,
e-commerce, outsourced remote access, application
hosting, multicasting, and voice, fax and video over IP.
Larger pool of knowledgeable programmers for IP than ATM
These services must support multiple classes of service and
QoS, as well as controlled access.
IP standards for QoS are just being developed
ATM will be increasingly used to switch IP traffic due to its
network management, restoration and reliability capabilities.
ATM switch market will experience a compound annual
growth rate of 36% over the next five years according to
Yankee Group

68
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Terabit S wz

» Emerging class of back
» Terabits of capacity
— current products range
— interfaces range from O
» Agnostic, support for al
« Short and predictable d
* Robust QoS features - -
* Multicast support
« Carrier class avallablhty A

« Looking forward, terabii
integrate with other netwi
that the terabit router and the:op
communicate using MPLS. 6

LiDo

Terabit Switch Routers

» Ascend (now Lucent), Avici-Systems, Argon
Networks (now Unisphere- (Selmens))
Charlotte’s Web Networks 0, Ironbridge
Networks, Juniper Networks, Nexabit (now
Lucent), Nortel Networks, Pluns Netcore
(now Tellabs) : _

70




Tiered Broadband Backbone
# Access switches o
#outer tier - delivers broadband:to:customer
+associated with single user access - analog, ISDN, xDSLs.
+DSLAMSs, remote access servers, remote access routers
+ Edge swiiches '
+second tier - protocol & data.service integration
<+ concentrate traffic and prepare: it fo_"r.;s'b'ackb_one
+voice/data gateways (circuit=to-packet network integration)
+provide policy-based services' management
+ Core switches

< inner tier - handles transmission of ATM, IP or MPLS
traffic

71
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Access Tier

+ Access devices include
+ Class 5 local exchanges, digital loop carriers (DLC)

+ DSLAMs (DSL. access multiplexer) - designed to concentrate
hundreds of xDSL access lines onto ATM or IP trunks and then
route them to routers or multiservice edge switches

+ Integrated access devices (IAD) -

+ Remote access servers (RAS)- provide access to remote users
via analog modem or ISDN connections; includes dial-up
protocols and access control (authentication) _

+ Remote access routers - used to connect remote sites via private
lines or public carries, provides protocol conversion between LAN
and WAN

72
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* Edge devices can includ

+ next-generation switches
gateways, VoIP gateway. M
switches, multiservice ag,:_ stic T
servers a

+ network management stations:

¢ Will handle authentlcatlon authorlzatlon -and
accounting

+ Will request specific levels (
the requested service to: the_. -

+ Moving closer to customer;: exténdlng to the. CPE

”"'_mance'-sand';-fheip'ﬁ__

LIDO ”

Complexities With Single Purpose
Boxes

22\ Access Routers

Circuit
Emulation
A'IM

Frame
Relay

Access Concentrator . 2o
LIDO Source' Cisco: Systems .




Simplicity With Mult

Switches
P ,

Circuit Emulation
Voice Over Frame Relay
ATM

Voice Over IP OC-3 to OC-48¢

Frame Relay
SNA
Voice Over ATM
LIDO Sonrce: Cisco Systegs
The Intelligent Edge

+ Main responsibilities include access, adaptation,
and concentration

+ Point at which service attributes are mapped to
QoS mechanisms to deliver requested performance

+ Allows rapid service provisioning of services
dynamically customized for each individual user

+ Service changes can be made without affédting the
core :

LIDO e




specification from service deliver N
+ Policy engine handles setvice provisioning:
# encryption ' o
+ key or certificate distribution:.

& tunneling -

+ accounting

+ address allocation

+ domain name management-

+ QoS

LIDO n

Multi Service Network
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Switching the Arch itecture

* Traditional Class 5 (loca# egchange) and: Class 4
(toll exchange) common: control architécture:

— intelligence centralized in propnetary hardware and
software

— make use of Remote Switching:Modules (RSMs) and
Digital Loop Carriers (DLECs).

— adjunct boxes for enhanced:services:

- separate data network access

— network operator must wait for- generic soﬂware releases
from manufacturer to launch-application/services

— long time required for application development
— typical up front cost of US$ 3-5 million per deployment

LIDO 7

Traditional Common Control
Circuit Switched Architecture

Traditional Class 5 Switch

*Proprietary hardware & software
*Manufacturer must develop software release to launch application/services
*Service provider married to manufacturer
«Long application development time

LIDO 80
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Switching the Arch

* Next-generation switch architecture: . -
— intelligence resides on the network edge; di
— ATM and/or IP core switching and backb
— integrated access device (IAD) at cus =114 :

— gateway switch provides Class 5 fun lity: wrth lntegrated
enhanced services and converged network. access

— switch interfaces with SS7 via S87 gateway switch:

— more applications can be developed 'enues ¢an be
generated

— service creation occurs at the network edge; closer to the
customer

— combined benefits of lower cost and faster apphcatron
development

— US$100,000 start-up cost 81

stributed coritrol

LIDO

Next-Generation Switch
Architecture

+Distributed intelligence .
*Service creation at network edge... closerto the:customer
-Lower cost, more flexible, faster applicaﬁon'. development
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Next Generation Gatew

Programmable Networking

A root system of softswitches and media gateways
that will convert different media and protocol types.

Requires separating the service logic that activates,
controls, bills for and manages a particular service
from transmission, hardware or signaling nodes.
Makes call functions easier to manage.

Will allow providers the chance to:offer

— circuit-switched voice and AIN services, such as caller ID
and call waiting

— packet switched services and applications, such as
Internet access, e-mail, Web browsing:-and-e-commerce
— also embraces wireless networks
LIDO .




Softswitch )

LIDO " Source: Bell Labs Techiical Journal 85

Programmable Networking

* The softswitch controls

gateways that actually-

— The gateway provides
an IP or ATM network
switched network, actin
cross-connect. "

— The softswitch ensures:tha
underlying signaling info
number identifiers, bill |
communicated between gateways.

Il-oriconnection’s
tomatic
riggers) gets -

LIDO il




Programmable Networking

- Softswitches must commiunicate with packet
switches, VoIP gateways,.and.the: 887 networks
using standardized protocols.

+ There are a number of different technical
specifications, protocols and standards used to
deliver these services and the deSIred end
functions.

~ H.323
- H.GCP
~ sIp

- SGCP
-~ IDPC

~ MGCP

LIDO — Megaco (H.248) 87

Programmable Network Protocols

H.323
— ITU standard for IP telephony in the LAN
— used as the basis for several early VolP gateways
» Session Initiation Protocol (SIP)
— links end devices and IP media gateways
— a thinner and less robust version of H.323
H.GCP
— ITU extension of H.323 to enable IP gateways to work
with 887
Simple Gateway Control Protocol (SGCP)
— defined by Cisco and Telcordia

— forerunner to MCGP ' 3
LIDO




Programmable

+ Internet Protocol Device: Control
— defined by Level 3 =
— forerunner to MGCP

— controls transport Iayer andits va ed
gateways; sends messages about routmgr;

priority and quality
» Megaco (H.248)
— An emerging ITU standard that. descnbes how
the media gateway should behave and function 89

LIDO

Programmable Networking

- Key concerns for providers include

— scalability
- current products can sc:ale up to a threshold of
200,000 busy-hour call attempts (BHCA) :
— Class 5 local exchanges handle 1.5 million' plus BHCA
— Class 5 local exchanges offer 3000 plus features

« clustering software can help scale.

— reliability

— a secure way to interact with- lntelllgence at the
customer premises

» Yankee Group predicts softswitch’ sales will reach.

L0 US$ 631 million and top US$4.3 billioh by 2004 %
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Quality of Servzce

Ability to provide different levels of service to differently:
characterized traffic or traffic flows

Basis for offering various classes of service to different
segments of end users
This allows the creation of different pnclng tiers that
correspond to the QoS level

Needed to deploy voice or video services with data
QoS definitions include

— network bandwidth

—~ user priority control

— controlling packet/cell loss

— controlling network traffic transit delay (end-to-end)
— controlling network traffic delay variation (jitter) 91

LIDO

Quality of Service Characteristics

Traffic Characterizations

— delay tolerance and elasticity

— associated applications and users
— time of day

Levels of Service

— guarantees {(achieved bandwidth, delay, delay variance,
packet loss)

— relative priority

Associated policy, admission control and policing
Implicit QoS - the application picks the QoS
Explicit QoS - network manager controls QoS

n



Network QoS' -

» Three main approaches

— architected QoS
« ATM

- per flow services
* RSVP (IETF IntServ), MPLS

— packet labeling
» 802.1p, IETF DiffServ

LIDO
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ATM QoS

« ATM QoS defines a series of specific quality-of-
service parameters that tailor cells to fit video, data,

voice, and mixed-media traffic.

+ ATM architecture defines five service Classes.
— Constant bit rate (CBR) - provides constant, guaranteed
rate to realtime applications like streammg‘wdeo

— Variable bit rate (VBR) - provides fair:share of‘available
bandwidth according to a specific allocatlon pohcy

« realtime and non-realtime

— Available bit rate (ABR) - supports variable l:_?gt-rat@-data

traffic with average and peak traffic par

~ Unspecified bit rate (UBR) - best effoit, ddes not specify

traffic-related service guarantees
LIDO
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ATM Service Class Applications
- Constant Bit Rate (CBR) . -

~ videoconferencing; interactive. 4tidio, aud'ib[vtio
distribution, audio/video retrieval”
» Variable Bit Rate (VBR)

¢ Real-time VBR can be used bynative ATM voice with
bandwidth compression and'silence: suppressuon ltis
also appropriate for multimedia:

* Non-real-time VBR can be used-for data:
response time critical transaction proc
like airline reservations, banking 1
process monitoring, and frame re

hs'fer such as
_ l__ng appllcatlons

sinterworking

LIDO %

ATM Service Class Applications

- Available Bit Rate (ABR)

» LAN interconnection/internetworking services, LAN
emulation, critical data transfer (defense information,
banking services), supercomputer applications.and data
communications like remote procedure call, distributed
file services and computer process swapping/paging.

* Unspecified Bit Rate (UBR)

— text/data/image transfer, messaging, distribution, retrieval
and remote terminal (telecommuting).

LIDO %




ATM Technical Parameters

+Quality of Service Parameters.

¢ CER Cell error rate
+ % errored cells

+ CLR Cell loss ratio

+ % cells lost : ]
¢ CTD Cell transfer delay:.-

« delay between network entry and exit points
+ CDV Cell delay variation- '

+ variance of CTD




ATM Technical Parameters:
& Traffic Parameters

¢ PCR Peak cell rate
+ maximum cell rate _

¢ SCR  Sustained cell rate
# average cell rate '

¢ MCR  Minimum cell rate
& minimum traffic rate

+ BT Burst Tolerance
+ maximum burst at peak rate

Relationship of VP, VC and
Transmission Path

VC = Virtual Channel-
VP = Virtual Path




ATM’s Cell Structi

LIDO 101

Integrated Services Architecture

* Integrated Services Architecture (IntServ)

— IETF scheme to introduce QoS support-over IP
networks.

— Provides extensions to the best-effort service model to
allow control over end-to-end packet dé ys.

- Key building blocks include resource reservation and
admission control.

— IntServ, a per flow resource reservation -'nfi'o_del,-_ requires
RSVP (Resource Reservation Protocol) _

~ RSVP allows applications to reserve.router bandwidth.

— RSVP guaranteed service provides bandwidth guarantee
and reliable upper bound to packetdelay = = -

— The resource requirements for running'R¢
Increase proportionally with the nuniber o
RSVP reservations. This scalability pro

LIDO using RSVP on the public Internet im ract




Differentiated Services

- Differentiated Services (DiffServ)

— evolved from IETF IntServ, DiffServ is a prioritization
model, with preferential allocation of resources based.on
traffic classification.

— DiffServ uses the IP TOS (Type of Service)-field to carry
information about IP packet service requirements.

— Classify traffic by marking IP header at ingress to
network with flags corresponding to small number of “per

hop behaviors”
« DiffServ DS-byte replaces TOS octet, sort into queues via this
DS flag
« Queues get different treatment (priority, share of bandwidth,
probability of discard)

- |ETF draft stipulates a MIB (Management
Information Base) for DiffServ, which will make
Lo  DiffServ-compliant products SNMP-manageable

Class-Based Queuing (CBQ)

« CBQ is based on a traffic management
algorithm deployed at the WAN edge.

— Allows traffic to be prioritized according to IP
application type, IP address, protocol type, and
other variables.

— Allocates unused bandwidth more effectively
than other QoS mechanisms

— Uses priority tables to give critical applications
the most immediate access to unused bandwidth.

LIDO 104




Multiprotocol

Multiprotocol Label Switching:(MP

— from the Internet Engineer K
Cisco’s tag switching, desng
mind ;
— tags or adds a label to IPv
steered over the Internet a '

— adds a label identifying the--type of rar
destination

- allows routers to assign explicit paths to: vanous classes
of traffic ,

LIDO 105

How MPLS Works

1P Packet

T Header _t MPLS Labe‘

Packet Recelved

Label Attached.
and Forwarded

Label Read:.

LIDO s : - e © 105

<. Sourceé: General DataComni .
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How MP

» With MPLS you can support-all tions.on an
IP network without havin v
the network with complet
mechanisms, routing protocols
plans.

+ Offers the advantages of ci tchir
technology, including bandwidth reservation and.
minimized delay variations.for voice and video
traffic, plus all the advantages of existing best-effort,
hop—by—hop routing.

rge
ifferent: transport
_and addressing

LIDO 107

How MPLS Works

« “MP” means it is multiprotocol. MPLS is an
encapsulating protocol, it can transport a multitude
of other protocols.

« “1.S” indicates that the protocols being transported
are encapsulated with a label that is swapped at
each hop.

- A label is a number that uniquely identifies a set of data
flows on a particular link or within'a paﬁicular logical link:

— The labels are of local significance.only — they. must
change as packets follow & path hénce the “switching”
part of MPLS.

LIDO 108




How MP _

» MPLS can switch a frame fror
link to any other kind of |
depending on any particular-cor ¢

« ATM can only switch to and or and can use
only ATM signaling protocols; '
(Private Network-to-Netwo
(Interim Interface Signaling

LIDO 19

MPLS Labels

» MPLS supports three different types of label
formats.

— On ATM hardware it uses the: well—de_f ined y"rtual
Channel Identifier (VCI) and Virfual: P dentlf‘ ier. (VPl)
labels.

— On frame relay hardware, it uses:a: Data Llnk Connec’uon
Identifier (DLCI) label. -

— Elsewhere, MPLS uses a new, genenc Iabel known asa
Shim, which sits between Iayers 2 and 3.

» Because MPLS allows the: creat
formats without requirin

protocols, extending techino
transport and switching should'abe stra _ htforward 110

'f ‘ngw Iabel

LIDO
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MPLS E ""l” on

olane of MPLS (e.g., OSPF, IS 'DP etc) to
direct the routing of optical. swntchesv,-v:not just LSRs.
(label switched routers). -

This will allow optical switches, LSRs and regular IP
routers to recognize each cther.

The same routing system can control optical paths
in the DWDM core, LSPs (Jabel switched paths)
across the MPLS backbone and any [P routers at
the edge of the network.

111
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Policy-based Management

The idea behind policy-based networking is
to associate information about individual
users, groups, organizational units, entire
organizations and even events (such as the
beginning of the accounting department’s
month-end closing) with various network
services or classes of service.

12




LIDO

protocol for supporting
— Addresses hqw s_erveri

such as switches. ; -
— Main benefit of COPS is: that it Wl" Create more :
efficient communication between: policy servers
and policy-aware devices, and increase :
interoperability among dlfferent vendors'’ systems

LIDO

Directory Enabled Networking
DEN is an industry group.formed:by Microsoft and
Cisco to create a common-data format:for storing
information about users, devices, servers, and
applications in a common: reposﬂ%ory

DEN describes mechanisms:that:will'enable
equipment such as switches and:routers to-access
and use directory information to‘implemént policy-
based networking. Enterprise directories-will
eventually be able to represeént; as'directory
objects, all of the following-
- network elements (switches, routers).
— network services (security, CoS)
— network configurations tha lement these services.
— policy services that govern: them i a coordmated
scalable manner

14




Lightweight Directory Access
Protocol (LDAP)

. Standard directory server technology for the Infernet.

- Directory servers will know when to tell nefwork devices to
prioritize traffic from certain people, organizations: and
applications.

» Lightweight Directory Access Protocol (LDAP) allows
retrieval of information from multivendor directories. LDAP
3.0 provides client systems (hubs, switches, routers) a
standard interface to read and write directory information

» Equipment and directory vendors plan to use LDAP for
accessing and updating directory information.

LIDO 15

Tiered Broadband Backbone

¢ Core switches
+ designed to be incredibly big, incredibly fast, and
sometimes dumb

<+ designed to transport traffic reliably at the
highest available rate

¢ Access and Edge switches

+designed to be scalable in port count and to
deliver multiservice support

e evolving to include intelligent features & policy-

based services management

LIDO 1é




Network Core

LIDO Source: Cisco Systems
Optical Networking
Element Year Introduced
» Fiber Optics 1970
+ SDH/SONET o . 1988
« EDFA 1994

LIDO

Wavelength division multiplexing. -
Dense WDM (DWDM) '
Optical add/drop multiplexers - -
Optical cross-connects
Optical switches

True optical switches

118




Erbium Doped Fiber Amplifiers
(EDFA)

* Introduced in 1994, EDFA’s were:a key innovation,
made up of erbium metal doped with special atoms,
incorporated in an optical fiber at periodic intervals
(normally every 30-60 miles) to pump the |
communications signal.

» Before EDFA's, electronic regenerators had to
extract signals, retime them, then regenerate them,
limiting data rates to 2.5 Gbps.

» EDFAs opened the way for the development of
wavelength division multiplexing (WDM).

LIDO 119

Fiber Optics Transmission

» Fiber optic cables

— Multimode
« Suffers from modal dispersion, requires more frequent repeaters,
easier termination
- single mode -
» No modal dispersion, good signal quality over longer distances,
more difficult to terminate

+ Light sources
— LEDs
» Couples less light into fiber, lower data rates, lower cost

— laser diodes
« Purer light source, less distortion, higher data rates, higher cost

LIDO 120




Synchronous Digit
Synchronous Opti {

optical fiber. ,
« Introduced in late 1980’5

transmission standards fc
fiber optic transport produ_ ts a;
hierarchy.

standardizing optlcal parame't'
multiplexing, and operations ¢a

LIDO 121

STS - Synchronous Transport Signal
OC - Optic

61



SDH / SONET Sig erarchy

— Signals below DS3 are.m d.into Virtual
Containers (SDH terminology).of: Vlrtual
Tributaries (SONET terminology)-

- defines a data structure for the transport and switching
of sub-STS-1 network sefvices such as: DS1 CEPT1,

DS1C and DS2. _
VCNT Level Llne»Rate; N M.Standard
VC-11NT15 1.728 Mbps T BS1E
VC-2/VT2 2.304 Nibps Ei
VT3 3.456 Mbps Ds1C -
VC-2IVT6 6.912 Mbps. - . . 'DSs2
VT6-N Nx6.9 Mbps future
async DS3/VC3 44736134368 Mbps DS3/E3
VG4 139.264 Mbps DS4/E4
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SDH/SONET Functions

- SDH/SONET specifications define

- a frame format, a physical interface, optical carrier line
rates, and an operations, administration, maintenance
and provisioning protocol.

— SDH/SONET also introduced ring operations, addressing
network survivability

« SDH/SONET grooms and routes traffic

— grooming is the selective removal of channels from a
digital facility for routing to a- desighated remote location
via another digital facility.

« Provides performance monitoring
» Handles restoration

LIDO 124




SDH/SONET I

Fiber optic transmissior
Regenerators or EDFA
Terminal Multiplexers (
Add-drop Multiplexers: (ADN
Wideband Digital Crossconn
Broadband Digital Crossconnect/(BDCS)
Digital Loop Carrier ) -
» SDH/SONET CPE

LIDO

Terminal Multiplexing
(SONET example)

OC-1/STS-1 Signal C

LIDO - o | -




SDH/SONET

* Terminal multiplexers
— Act as access nodes, supporting. current services by
accepting electrical lnterfaces (DS1/E1, DS1C, DS2,
DS3/E3) _
— Concentrates one or more OCLn_;SIgFIEIS

+ Add-drop multiplexers (ADM

— Building blocks of the SDH/:

— Convert one or more DS-n §
signal

— Can drop lower-rate signals to be transported on different
facilities, or can add lower-rate signals info the higher-rate
OC-n signal _

— Allow telcos to add and drop traffic along a network.

als into/from an OC-n

LIDO 127

™ vs ADM

Terminal Terminal
(low speed) (high speed)
DSn ——»
syng/async ———»
- OC'N
. >
L]
OC-M «—>»
B e
Network Network
downstream downstream
drop OC-N 5 OC-N add
-  ——
i i upstream
upstream (high speed) (high speed) p:
add drop

1 1t
DSn  OCM
(low speed)

LIDO




— Optical equwalent to the D
crossconnect. B
* Broadband digital crossconi
— Interfaces various SDH/SON
DS3/E3s, switching at the ST
~ Can make crossconnections at:
STS-c (concatenated) levels:
— Generally used as SDH/SONET hub 'hat grooms 8TS-1s
for broadband restoration purposes:or for routing traffic
129

DS /E3,:STS-1, and

LIDO

SDH/SONET Ring

—(ALy
Dual = Couritér Rotating Rifig-

WDCS: Wideband Digital Cross-connect
System (with ring capability )

Survivable rings provide route diversity for
network access. The primary fiber is designed
to carry information in the clockwise direction.
The protect fiber carries information in the
counter clockwise direction,

LIDO ' ' B ]
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& Tremendous speeds _
+ Standardization of physn::al lnterfaces
+ Reduced cost for provisioning: dlgltal circuits

+ End-to-end monitoring: potential, but
interoperability at the network: management
level remains an issue

+ Self-healing architecture

+ SDH/Sonet's reliability will keep it in:the
network infrastructure for 10-15 years

131
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SDH/SONET Future

« SDH/SONET main functions will have to be
incorporated in other network devices before it exits
the network
— link-based performance monitoring
— fully redundant routing capabilities
— management capabilities
— provisioning and multiplexing
— operations support systems (OSS) compatibility

132
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(Ryan, Hankin and Kent)
Revenues are forecast to beg

optical networking.
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Wavelength Division Multiplexing
Current fiber optic systems use only a frac’non of the
available bandwidth

WDM takes advantage of the fact that multlple color

(frequencies) of light can be transmiitted.
simultaneously down a single optical fi fiber

The data rate supported by each wavelength-
depends on the type of light source
— today it ranges from 2.5 Gbps (OC-48)to 10:Gbps
(OC-192) to 40 Gbps (OC-768) per wavelergth
— Tbps light sources are expected in 2000
— lasers operating in femtoseconds expéected.in five years

« this means that the time between bursts is the $ame thatlight
(traveling at 186,000 miles per second) takés to travel the. width of

a human hair




Dense Wavelength

Divisic
DW

on Multiplexing

~s0C48=2.5G/bs
-»QC192:=10 G/bs

DWDM

> .0C48 x 16 ch. = 40 G/bs
+0C48 x 24 ch. = 60 G/bs
«OC4S x 40 ch. = 100 G/bs
LIDO 1

Dense Wavelength Division
Multiplexing (DWDM)

- WDM furnishes separate channels for each service at
the full rate
— Cannot aggregate smaller channels into one large channel

- Systems supporting more than sixteen wavelengths
are referred to as DWDM (dense wavelength division
multiplexing)

— OC-48 (2.5 Gbps) systems today support 16-128 channels

— OC-192 (10 Gbps) systems currently supporting 8-32
wavelengths

— Nortel Networks introducing. system operating 80
wavelengths at 80 Gbps per wavelength

— The potential exists for transmitting 15,000.channels on a
single fiber, developments include Bell Labs “chirped pulge”
LIDO WDM




DWDM I

« Bell Labs developing “chirp

— idea revolves around
laser” which will rapid
light.

« Since each part of a fi
varying frequencies o
dispersion. In summa
once it enters the fibe
discrete frequencies t

= Horse race analogy -
emerge together from th
keeps its own pace, spa I' soon:develop among
them. This is the same ling, out” that happens
to the laser fight. (Wayne: Knox, Bell Labs, tele:com

LIDO 1/00) 17

Dense Wavelength Division
Multiplexing (DWDM)

+ Key DWDM vendors |n: lude

— Alcatel, Alidian, Astral F ‘Cainbrian (now
Nortel), Cerent Chorum
Chromatis Networks Sler
JDS Uniphase, nghtera
Microsystems, Lucent,
Cisco), NEC, Nortel Net
Osicom Technologies, Pire
Networks, Wavesplitte

— According to Ryan Ha
worldwide DWDM mark

LIDO 1999. -

ficsson,
nghtwave

to‘ US$4 bllhon in
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DWDM Deployments

+ AT&T expects DWDM technology will allow the
capacity of the network to grow by a factor of 10.
« Sprint anticipates upgrading its fiber backbone with

DWDM by a factor of 17 by the year 2000.

— A single Sprint fiber, in 1998, can carry 2 million calls
simultaneously - the equivalent of the combiried peak
time voice traffic of Sprint, AT&T and MCI. By the year
2000, one fiber will have the capacity.to carry 34 million

calls simultaneously.
+ The Oncoming Glut of Bandwidth, BCR August 1998

LIDO 139

DWDM Challenges

» While TDM is reaching its limits in terms of
network elements and switching
technologies, WDM is just beginning.

— Obstacles include management and

performance impedance mismatches between
networks

— Interoperability standards under development
* ITU-T study group 15/WP4 Q.25

LIDO 140




« DWDM is now capab
SDH/SONET like capabilities
— monitoring performance:

- providing protection and: prowsmnmg op‘ucal
channels

LIDO i

DWDM in the Core

« The core network was the first place to:deploy
DWDM. Increases in intercity-traffic required
carriers to expand the capacity. of thei
pipes

— Response was to deploy pomt-to—pomt links:running

WDM/DWDM

+ Resolves the bandwidth problem

+ WDM/DWDM currently lacks:
network configurations, thus. the:nee

—~ DWDM in the core reducesd
+ Eliminates the need for exper t]

+ Curmrent products can operate’s Uccesst
Qtera (now Nortel) promlses a 250 (R

LIDO S '- 142




DWDM in,

+ Metropolitan Area Networks (M
saturated due to the explosion:o
— Network expansion is costly
+ Pulling fiber along existing conduits’ Oosts $30 000 per mile (BankBoston
Robertson Stephens study)
+ Traditional DWDM systems are not well suxted to the MAN
— Designed to work well on point- to-pomt inks
— MAN fraffic must be dropped frequently:

— Does not present the same cost justlfcatlcns as DWDM in the core.

The great cost savings DWDM brings to.long-haul is the reduction in

the need for expensive amplifiers. The MAN is shorter by definition,
so there is no need to use expensive amplifiers.

— $20,000-$30,000 more for an amplifier capable of operating over
500-700 km

— Runs in MANSs are typically no longer than 120 km
LIDO 143

also becoming
wvidth in the local loop

DWDM in the MAN

» Next generation metro products are being
designed to address the metro core, metro
access, and the enterprise.

* Issues the same across all of them
— Pricing
— Scalability
— Access
— Flexibility
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DWDM m ’

citywide rings i
— Generally support longe‘

« Access products focus
deployment costs.

« Enterprise products addr
capacity campus networks :

LIDO

145

- Pricing and scalability Issues

— Lower carrying capacity and: distance: requurements in the
MAN can allow providers to: reduce oosts y using
cheaper lasers o
+ Price of transponder boards, represeq 90' of the- costofa
laser, can vary by 25% depénding on: i i

+ Shorter distance allows less expenswe modu
amplification techniques

— Long-haul lasers are extemally modulated enabhng the S|gnal to
travel up to 700 km

~ Shorter distances may allow direct rnod tlon where the laser runs
only about 80-100 km, but cost 3040 oless

« Cheaper lasers mean less capac S

— Require greater spacing betwéen wavelengths may Teduce the
LIDO number of channels by 50%" -
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* Reduces costs by distributin'g ¢ 058’ more endpomts and
replacing expensive add-drop pléxers ¢r DWDM.nodes with
optical splitters and couplers. at each ﬁber connectlon in the-
network.

« Eliminating active components reduces the distance: the SIQnaI
can travel

— According to Vertical Systen
businesses are within one m

— Result is a tenfold (10x) SaVithTd\fé_l" conventional
SDH/SONET equipment, and even more over DWDM
systems.
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up; in the US 76% of midsize

Passive Optical Network

' ‘Laxsad Wrvslength of SORET Fnﬂ;l

OADM - Optical Add/Drop Miix

10T~ Intelligent Opﬂcﬂ Terminal

PON - Passtve Uptical Network

OAS - Optical AcCess Switch

DWS - Dynamic Wavelength Sﬂdng (protocol)
IAD - Integrated Access Deyic
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DWDM at th

+ There are two major bandwidt
delivery of high-speed opt
premises

— Customers are looking o co
through highspeed mainfra
Enterprise Systems Conne
Channel

— The Internet — along with gener
capacity, changes how traffic'flow

« Old 80/20 rule is reversing
going between the top 25;
» Traffic patterns shift rapidly, d
- Requires a dynamic network witk
accommodate huge capacrty req

f-US:traffic is

LIDO 149

DWDM Evolution

« The public switched telephone: network was not
built to be dynamic

- Based on a system of 64 Kbps;, channels (DSOs)

aggregated by Time Division (TDMs)into-

DS1/E1 (1.544/2.048 Mbps) o1/ D;
which deliver traffic into cross-con ect : nd. _wntches at

the network core.

— TDMs are expensive, and
configuration, slowing dow
increasing costs.

LIDO ilSO :




622 Mb/s

¥ 155 Mb/s

LIDO Soares e Cors |

Enterprise DWDM

» Subscribers want to connect at the current speed of
their backbone.

« They want to make a direct connection through
metro and long-haul networks, with the associated
protocols.

» Carriers can no longer expect customers to cover
the cost of running data over their-networks.
~ Requiring customers to pay for protocol conversion or

aggregation equipment _

« Customers want guaranteed QoS

LIDO 152




IP over L

+ Bandwidth reservation
switches can prioritize
to ensure that high-pri

provide the capability
commitments

switch to prioritize and gu
on pre-determined criteria’
higher-layer protocols, such a@s IETF’s RSVP can

LiDo reserve bandwidth across‘an entire network. .,

Enterprise over DWDM

2.5Gb/s

45 Mb/s




LIDO

IP over DW. M

» This creates a value proposition for the service

provider: it can deliver higher bandwidth, in a
format the user want for less cost; while
approximating the QoS guarantees the end user
expects for high priority traffic.

With IP based systems a carrier can use statistical
multiplexing to oversubscribe its network
bandwidth, up to four, five or even 10 times the
network’s aggregate capability.
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IP over Opftical Standards

Two standards efforts would link IP services
directly to the optical networks that carry
data, allowing these networks to take
advantage of the routing intelligence now
embedded in IP headers.
— IETF’s Multiprotocol Lambda Switching (MPLmS)

initiative

» supported by UUNet and Cisco

- Optical Domain Service Interconnection coalition

* group of smaller optical equipment manufacturers and
service providers
156




IP over Optical Sta

« MPLmS
— uses labels with packet-forward

—labels attached to IP packets by:
router that sits at the edge of thi

+ Optical Domain Service Interc
— plans to create open interface

.

« There is concern that the eXIStence of: two
standards could lead to the potentlal
development of two technologies in- thls aréa

LIDO 7

Managed Wavelength Services

+ Emerging DWDM application addresses the
growing demand for wavelength-on-demand.

- Individual wavelengths are assigned either to
specific protocols, such as ATM or IP; or to specific
_customers.

— Alternatively some providers lease an entlre dark:fiber to
each client, and the client then purchases the CPE to
route different protocols over each i

« Opening the door to a new way of thinking about-
providing wavelengths -

— to long-haul carriers, to the metro market and to
customers

LIDO st
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0C-48

LIDO -

Managed Wavelelzgth?Sfervices_

Customers Manage Their Own Slice

159
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Managed Wavelehgth Services

The development of managed wavelength services depends
on the development of wavelength changers and optical
crossconnects (OXC) '

Wavelength changers convert an optical signal to an
electronic signal and then send it to a laser that will produce
an optical signal at a different wavelength than the original.
OXCs give the carriers the the ability to provision bandwidth
automatically instead of deploying technicians into the field.
OXCs allow service providers to build mesh optical
restoration which gives them the flexibility of running
different kinds of restoration in their networks.

OXCs allow service providers to establish quality of service
levels associated with restoration.

2



Lipo

To take full advantage ofith

Qneed swﬁches

WDM, these fiber networks.wil
capable of rerouting light. ~
The cost of optical componer:
in 1998 and was expected:t

1999. '

Switches designed to work directly w1th light are
beginning to emerge

own. by 40%
op-another40% in.
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Optical Networking

Optical switches enable improved reliability,
improved scalability, and flexible service
provisioning.

Another major benefit of optical:nétworking is that it
reduces the capital requiredito add'additional
capacity, and the overall savmgs can:be.passed
down to the customer.

Deploying optical networkin )
MAN can bring the benefits
down to the customer premis:
The end-to-end optical infrast
advanced services such as

"‘"ch‘nology in,the
onverged networks

ture: can support
dWIdth on demand




Optical Ne ork g '

* Biggest problem converged telcos:face is accurately

forecasting future bandwidth needs

— transmission speeds are reported.to be doubling every
nine months (Telephony 9/27/99y

— infrastructures with the ability to provide a large amount:of
bandwidth on short notice, and at & reasonable cost; are
essential ' -

— without intelligent optical networking, adding an 0C-48.

circuit over existing dark fiber can take ‘befween six and
nine months

LIDO 163

Opftical Network

L)
——
/S \ R\

Element
Management System

Optical Add
Drop MUX

Optical §
Line
Amplifter
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Optical Add/Drop

» Optical add/drop multip}

~ Next generation networks
reconfigurable — real-time

— Demultiplexing all of the wi
be too costly, would introd
the length the signal could

— OADMs will work far more
the process by eliminating:t
used to convert between |

— Most products use special filter: he
wavelengths they need to-be. dro en location.

« For most vendors, that wavelengt ( -firmie of
configuration, the carrier would'design f
wavelengths to be dropped at gachi location;

+ Exception is Optical Networks = rehes on:Dyr

*¥mo onaring -

Optical Add/Drop Multiplexi

Pass-through Tratfic

LIDO




Optical Crossconnects (0XC)

 Also referred to as opti’b‘é‘l switches or routers
— Will link any of several incoming:lifes to-ariy of
several outgoing lines and automatically reroute
traffic when a network path. has failed

— Optical version of the géneral-purpose switching
system that provides flexibility and reliability in
today’s network

— Optical crossconnects move: transmrssmns
between fiber segments-and also enable some
network management activities:such as optical-
layer restoration and reconfiguration, dynamic
wavelength management, and automated

optical-layer provisioning.
LIDO p yerp g 167

Optical Switch/Router

Optical ADM
b

Grooming
{DS-1/DS-3, OC-n)
Service Domaln

Wavelength Forwarding
Optical Transfer Domaln

Yiavelagth 1, B .
Wavnlength 2 Wavalength n -

Wavsiength Rouler 168
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All Opticai

* There are several methods:ft
- MEMS : :
. mlcro-electro-mechamcal? tems use: arrays of
microscopic mirrors to reﬂect:-hght from input port:to:
output port
~LCD
« liquid crystal display uses: hqmd to bend the lxght
— Ink-jet printerffluidics

» use heat to create bubbles:in' ﬂwd channels that then
reflect and direct light

LIDO 169

Evolving Optical Switches

» Enable optical mesh networks with a granularity of
0OC-48 (2.5 Gbps)
» Lucent LambdaRouter
— lightwaves are switched using micro-mirrors
* same principle as when shining a flaghlight at a hand-

held mirror - changing the: position of the mirror
changes the direction ’s reflection

beam’
— 256 ports, each starti 40 Gbps - a total

capacity near 10 Terabits:per second .
— Can intelligently switch/route wavelengths
without any opto-electrenic.conversions
« the lightwaves tell the end;fomake to
route the light appropri digital wrapper-
LIDO (optical equivalent of pac ' e




Lucent MEMS Switch

= Brrors

LIDO Source: MIT Tachnology Review 171

Evolving Optical Switches

» Optical Micro-Machines
— MEMS based switches (MicroElectronic Mechanical
Systems) -
— array of thousands of microscopic mirrors to direct light
— fabricated on silicon chips - low cost VLSI CMOS foundry
processes
— OMM claims its MEMS based switches are 10x smaller,
10x faster, require 1/100th the operating power, and are
scalable, allowing a 32x32 switch matnx to'be fabricated
ona smgle chip
» Xros (now Nortel) is also focusing on the micro
mirror technology

- can scale to 1152 wavelengths 172
LIDO




Evolving Optical Switch

- Agilent Technologies

— Using ink jet printer technology to swi
optical cross-connects .
- Tiny enclosures filled with gas sit behin '
front of each enclosure is a minute nozz Whe
called for, the gas behind the nozzles th '
heated, and the ink is shot onto the paper: .
+ Agilent is embedding tiny liquid-filled cavities. |
If the packet is to stay on the same netwo
cool and the packet passes through unscath
required, the liquid is heated and tums toga )
the correct reflective properties and precisely: posmonlng ’(he
cavity, the light is bounced in the right dnrectlon

LIDO 173

Intelligent Optical Networking

. Adding more wavelengths presents service
providers with a new challenge: cost-effectively

- managing the increasing number of wavelengths to
provide fast, reliable services to thelr end

customers.
- Digital wrappers promise to provude'=netw
management functions such as optic: "‘la“_

performance monitoring, error cort : ,
protection capabilities on a per-wave ength basis.
— Standardized as part of submarine cabling-systems, and

both the ITU and the new Optical Internetworking F
have accepted the standard for landline fibersystems.

— Lucent has unveiled its proprietary version:of: the -
standard, developed by Bell Labs, called WaveWr

LIDO




- Lucent WaveWrapper places a smal
“wrapper" around each input wav
~ These wrappers carry information such:as:restoration’
signals, what type of traffic the wavelengthiis'carrying and
where it is headed o

— As the wavelength moves around the network, the nodes
read the header. It scans for originating-and temminating
details, information about whether it’s an IR or ATM signal
and commands such as strong forward error correction.

— Systems then can determine the health of the signal,
whether it needs to be rerouted and if the necessary
equipment exists to receive the signal‘at its interded
destination.

~ Submitted as a standard to ANSI T1 -
Telecommunications Standards Comimittee, the Optical
Internetworking Forum (OIF), and the International 175

LIDO Telecommunication Union (ITU).

Intelligent Optical Networking

- The challenge is to deal with each
wavelength individually.

— [t is necessary to understand what is happening
on each wavelength in order to route and
rearrange a wavelength across different carriers’
networks.

— To understand the wavelength’s personality, it
must be monitored.

— This capability takes intelligence.

LIDO 176




Optical Network M ali

* Optical network operators will require-new. .
tools, including o
— Optical channel analyzers
— Power balancing techniques
— Tunabile filters
— Physical restoration techniques.”
- Control plane signaling

LIDO 177

Optical Probe Monitoring

Optical Probe

LIDO S oo 178




Optical Marke-t:_;:

« Global spending on optical equipmeént is expected
to soar to US$ 44 billion this year; up from US$ 31
billion in 1999. (RHK Inc).

« The US market for optical equipment in 1999
reached US$ 12.3 billion.

» RHK further forecasts the market will reach US$ 89
billion in 2003.

—~ The market for optical components alone could surge to
US$ 27 billion by 2003. )

« Other forecasts suggest telecom CarrIErs will spend

up to US$ 1 trillion on next-generation gear in under

o 20 years. (McQuillan Consutling) 179
Optical Market Share
US$12.3 Billion in 1999
Tellabs .
Other 119 A sz}:a ) oAl
Fujitsu u Ciena
i 4% & Fujitsu
O Lucent
BNEC
E Nortel
29% ¥ Other
Nortel ‘ 24% i Tellabs
N%E/(OZ Lucent

Source: Ryan, Hankin and Kent
WDM & Optical Networks: Market Share 180
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LIDO

+ Agilent Technologies, Alcatel, Alidian, Astr:

Optical Networkmg V d rs

"om Avanex _

Cambrian (now Nortel), Cerent (now C
Networks, Chorum Technologies, Chrom
Lucent), Ciena, CoreTek, Corvis, CyOpti
Ericsson, E-Tek Dynamics, Equipe, Fu
AIS (Denmark), Gotham, JDS Uniphas
Ciena), Lightwave Microsystems, Lucent
Monterey Networks (now Cisco), NEC, New
Nortel Networks, Novalux Inc., ONI Systems
MicroMachines, Optical Networks OsicomT¢
Pirelli (now Cisco), Qtera (now Nortel), Quaritur Bndge
Communications, Siara Systems (now Redback), Sirocco
(now sycamore), Sycamore Nefworks, Tellabs; Tellium,
Tenor Networks, Wavesplitter, Xros (now Nortel)
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The Growth of Broadband Access

« Communications Industry Researchers (CIR) claim
that approximately 1.6 million users signed up for
broadband Internet access (1.5Mbps or higher) in
1999. They predict this will grow to 31.7 million
users by 2003. '

= The main drivers are believed to be
— consumers’ desire to find information valuable to them

and to “be connected”
— consumers’ desire to experience the multimedia
spectacle of the Web

LIDO




The Growth of Broa

eMarketer reports indicate: cable: moqém::vbtoadband
access has taken an earl over DSL adoption,

2003, with a projected 10 illio :
The two together will consti -approximately two-
thirds of all broadband deployment.

eMarketer reports there were 3.49 million business
users of broadband in 1999; .and this figure is
projected to reach 11.3 million within 3 years as
SMEs exploit cheaper broadband-access methods
like DSL and wireless broadband.

LIDO

Global Broadband Access Trends

Demand for broadband services in Europe and Asia
will surpass the US by 2010.

According to COMSYS the global broadband
market will be worth US$ 580 billion by 2010. They
predict that households and SMEs, rather than the
traditional corporate customers, will account for
most of the market. o -

Increased economic growth and:greater.
dependence on high-speed networks will lead to
higher demand in Europe than‘the US by 2005 and
in Asia by 2010. There will-be:100 million
addressable SMEs globally. by:that time but only 14
percent of those will be US-based.

4
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Global Broadband Access Trends

« The number of broadband subscribers in the Asia-
Pacific region is forecast to surge from 452,900 at
year-end 1999 to 11.3 million by the end of 2003,
according to the Yankee Group.

» Cable modem and ASDL will be‘the most popular
forms of access, taking 46 percent and.42 percent
of the market respectively by year-end 2003.

* Broadband providers across the:region are all
focusing on SMEs and home offices as a way into
the mass market.

LIDO

Broadband Access Alternatives

DBS
MMDS5
LMDS

| PON
SDH/SONET

HDSL, SDSL, ADSL, VDSL

LIDO




Twisted Pair Access

ISDN = Integrated Services Digital Network
Adapted From: Lucent Technologies
LIDO

Remote Twisted Pair Access

ISDN = Integrated Services Digital Network 4 - 1
A ed From: Lucent Technologies
LIDO " ¥




xDSL Technologies

+ DSL (digital subscriber line) emerged from Bellcore
(now Telcordia) as a technique to filter out the
incessant background noise or interference on
copper wires and allow clearer connections through
the use of electronic intelligence (in the form of DSL
modems), at either end of a phone line.

+ DSL modems are limited in transmission distance,
generally ranging up to 18,000 ft./5.5km
+ new specs are increasing the permitted distances
¢ DSLs are point-to-point connections.
LIDO ’

Basic Elements of xDSLs

» High bandwidth transmission

- Efficient modulation or line coding techniques

— defines now many bits are carried in a single cycle (Hz)
Echo cancellation

— allows full duplex transmission on a single electrical path
Frequency splitting

— used in ADSL and RADSL to derive separate voice and
data channels

Retain telephone power in event of power failure

LIDO 10




Factors Affecting xDSL

» Attenuation

— Signal loss, or attenuationis: a function of frequency. As
frequency increases, the distance the:signal’ can travel
decreases by the square root of the frequency.

~ Higher frequencies lose power more rapidly; Ilmmng loop
lengths

» Resistance

— As signals are transmitted through wires at very high
frequencies, a phenomenon called the skin effect-occurs.
As electricity migrates to the skin, resistance increases
because less of the wire is used. This increased
resistance weakens signals.

- Skin effect is why there are no services above 1 GHz
over wired media.

LIDO

Factors Affecting xDSL

» Crosstalk
— When two adjacent wires carry signals, the possibility
- exists that signals from one wire will enter the other wire
as a result of electromagnetic radiation.

— Crosstalk increases with increasing frequency, a pnncupal
cause of signal degradation at the frequencies required
by high-speed services.

— Affects how many pairs within a cable can be used to
deliver DSL. service

» Phase Error
- Higher frequencies are also alittle slower, which causes
a phase error - introduces: bit'errors where modulation
techniques depend on phase
LIDO




Factors Affecting xDSL

* Loads & Taps

— loaded pairs cannot be uséed for DSL brldge taps can
cause distortions

= Loop Carrier
— xDSLs must work with or around loop carrier systems
— only HDSL and IDSL can work with-existing DLCs
* Other external impairments
— leakage, impulse noise, narrowband interference,
Overall Quality

— the general quality of the copper pair greatly affects the
performance of xDSLs

LIDO

HDSL (High Bit Rate Digital
Subscriber Line)

+ Symmetrical, full-duplex service of 784
Kbps/1.168Mbps
<+ aggregate bandwidth equal to T-1 (1.544 Mbps)
or E-1 (2.048 Mbps)
& Two (T-1) or three (E-1) twisted copper pairs
s up to 12,000 ft /3.7 km on.24 AWG
eupto 9, 000 /2.7 km on 26 AWG
+ Requires no repeaters, loop. condltlomng or pair
selection
+ Carrierless Amplitude and Phase Modulation (CAP)
modulation technique
+ ITU G.991.1 and ANSI T1E1.4 Tech report 28

LIDO




versus' L
Traditional TI/E1 Provzszonmg

Local Exchange 15442048
NIbps )
Traditional TI/E1 §B > = %
Service i T
Provisioning e
»
Repeaters Every 3000 ft (900m) to 6000 £t (1800m)-
No Bridge Taps Allowed
Local Exchange
Remote Terminal
CAP HDSL s 7B41165Mbps £
Ti/E1
Service
Provisioning
Up t0 12,000 ¢ (3.6 kum) of 24 AWG (5mm)
Twisted Pair Wire
15
LIDO Bridge Taps Are Allowed

HDSL (High Bit Rate Digital
Subscrlber Line)

+ Allows faster and lower-cost provisioning of
digital service

+ Good solution for increasing the number of
access lines via DLC transport

+ Applications include replacement of local
repeatered T1/E1 trunk, local frame relay
alternative, PBX interconnection, traffic
aggregation

LIDO : 16




HDSL?2 (High Bit Rate Digital

Subscriber Line)

- HDSL2 spec expected to be ratified'by ANSI soon

« Single twisted copper pair over distances up to
12,000 ft/ 3.6 km ,

- Symmetrical full duplex service up to 768 Kbps

- Will probably use CAP (carrierless amplitude
modulation) line encoding '

- Until the spec is ratified, products are proprietary
—~ ADC Telecommunications, PairGain

Technologies, ADdtran

- 392,000 subscribers by 2002 estimated by the

Yankee Group.
LIDO

IDSL (ISDN Digital Subscriber Line)

+ |SDN without the telephone switch, a DSLAM (DSL
access multiplexer) shunts traffic to a data network

« Symmetrical, full duplex, always on service

« Offers 128 Kbps in each direction, unlike ISDN, it
cannot be channelized

- Uses same transmission technology as BRI ISDN -
2B1Q line coding

» Twisted pair up to 18,000 ft/ 5.5 km

LIDO




SDSL (Symmetrzc ngztal
Subscriber Line)

+ Also referred to as single:line: DSL

+ Single twisted copper pair. up:to 18, OOOft/S 5km

& Symmetrical full duplex séervice'.

« Multiple data rates up to T-1 and: Eut

+ SDSL services are available, at speeds below T-1

+ Applications include replacement of local -
repeatered T1/E1 trunk, fractional TA/E1, PBX
interconnection, multirate ISDN, Switched 384
Kbps, local frame relay alternative,. traffic
aggregation, high speed resndentlal semnice

« ITU G.shds! (working title) and ANSI T1E1:4
HDSL2

LIDO

MSDSL (Multirate Symmetrical
Digital Subscriber Line)

A descendant of SDSL

Single twisted copper pair up to 18,000ft/5.5km
Symmetrical full duplex service

Eight variable line rates (operating distance)

Aggregate bandwidth ranging from n x 64 Kbps up
to 2 Mbps

Autorate plug-and-play configuration

L]
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ADSL (Asymmetrical-Digital
Subscriber Line)
+ Principle driver is Internet access
+ ADSL-1 standard: 1.5/2 Mbps downstream,
16- 64 kbps bidirectional
+1.5-2 Mbps, 24 AWG, .5mm, 18,000 ft/5.5 km
+1.5-2 Mbps, 26 AWG, .4mm, 15,000 /4.6 km
+ADSL-2 standard : 6/8 Mbps downstream,
up to 640/800 kbps bidirectional
+6.1 Mbps, 24 AWG, .5mm, 12,000 ft/3.7 km
+6.1 Mbps, 26 AWG, .4mm, 9,000 /2.7 km
+1TU G.992.1 and ANSI T1.413 Issue 2

LIDO 2z

ADSL (Asymmetrical Digital
Subscriber Line)

« Allows for simultaneous voice and Internet
traffic on the same phone line

« Reserves the bottom 4 KHz of spectrum for
voice traffic

« Filters, known as splitters, are used at each
end of the copper pair to split the frequency
bands, the lower frequencies are sent to the
local exchange, the high frequencies are
sent to the ADSL modems

LIDO z
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+ DMT vs CAP - interoperability. problems
« CAP (Carrierless Amplitude and Phase
Modulation) o
+ uses Quadrature Amplitude Modulation (QAM)
< adapters less expensive -
+ more susceptible to interference

LIDO

ADSL (Asymmetrical Digital
Subscriber Line)

& Discrete Multitone Technology (DMT)
e« standardized by ANSI (T1.413, Issue 2), ETSI
and the ITU (G.dmt, now G.922.1)
+DMT spectrum divided into 256 4KHz carriers
#variable number of bits put on each carrier
< prototype tests show

ofaster

«less prone to interference

«carries data over longer distances .
emore costly

LIDO %




SL Configuration

Voice Switch
Class 5

Access Device
voice/data

POTS Splitter

DSL Modem
LIDO 25

DSL Access Multiplexers
(DSLAMs)

* Designed to concentrate hundreds of xDSL access
lines onto ATM or IP trunks and then route them to
the ISP

* DSLAMSs aggregate dedicated DSL pipes up to
routers or multiservice edge switches

* Combine ADSL bit coding and ATM cell switching

* Allow ATM demarcation point to be at the local
exchange or at the customer premise

LIDO %
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Voice over:D
» Emerging as the “killer app?, partlcu arly for small
business
— According to Cahners In- Stathroup VOICe -over-DSL
services will generate US$1 billion in revenue'in the next
year - and this is just for voice'and relatéd services such
as messaging, call forwarding, and: conferencmg
— using a single DSL connection, service: providers will be
able to deliver high-speed data access and upto 16
telephone lines
— businesses with 20 to 49 employees are the best target
group
— customer needs an Integrated Access: Dewce (IAD) -
combines data and voice traffic onto a single DSL line

» Vendors include Alcatel, CopperGom, Coppér Mountain
Networks, Efficient Networks, FlowPoint (now Efficient Networks),
Jetstream Communications, Lucent Motorola, Nortel Networks, o,
LIDO PairGain, Tollbridge Technologies

ADSL

+ Applications include Intemet access, remote LAN access,
voice over DSL, DSL bonding.
& Equipment providers include

+ 3Com, Alcatel, Cisco, CopperCom, Copper Mountain,
Diamond Lane, Efficient Networks, Ericsson, Intel,
Jetstream Commumcatlons Lucent Mlcrosoft Net0p|a
Nortel, Orckit Commumcat;ons OpenCon Systems
Paradyne Promatory, Rockwell Texas Instruments, Toll
Bridge Technologies, Tumstone Systems, Westell
Technologies

+ Service providers include

+ Ameritech, Belgacom, Bell Atlantic, BellSouth, BT,
Concentric, Covad, Deutsche Telekom Flashcom
France Telecom, Frontner GTE, HKT, Jato Level3 MCI
WorldCom, New Edge Networks, NorthPomt PSINet,
Qwest, Rhythms SBC, Singapore Telecom, Sprint,
LIDO Telecom ltalia, Telecom NZ, Telenor A/S, Tella AB,
Telstra, Uunet US West, | Veno

1



ADSL Lite

+ Universal ADSL Working Group. (UAWG) was
established to develop a lower speed, lower cost
consumer version of ADSL, also referred to as
splitterless DSL.

— The founding members of UAWG included
Alcatel, Ameritech, Analog Devices, Aware, Bell
Atlantic, Bell South, British Telecom, Compaq
Computer, Deutsche Telekom, France Telecom,
GTE, Intel, Lucent, Microsoft, NTT, Rockwell,
SBC, Singapore Tel, Sprint, Texas Instruments
and U.S. West.

— The device became known as G.Lite (G.922.2),

upo Or also referred to as splitterless DSL 2

ADSL Lite Characteristics

» Downstream rates of up to 1.5 Mbps and up 512
Kbps upstream. Distance up to 24,000 ft / 7.2 km

» No “truck roll” required (estimated at US$200 per
dispatch) to install splitters
— installation of microfilters may still require a service call

« Use microfilters between the wall jacks and the
phones to equalize impedance.

— As current flows through a wire, a resisting force, called
impedance, slows it down. In a stable circuit, impedance
stays constant and can be dealf with easily. However,
since home telephone systems are dyniamic, phones
continually go on- and off-hook, the impedance is
constantly change. Shifting impedance disrupts data,
which, in the absence of a splitter, is on the same wirera%

LIDO  the phone traffic.
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ADSL Lite Charac

cteristics
» Reduced powering and ctfimp ""r processing needs
-~ Some G.Lite modems borrow:a p

w:a portion of their
processing power from the host PC’s CPU. The aim of

this approach is to reducing, modéni:costs.
« Since G.Lite operates at lower rates; the chip sets
use less power
— makes it easier to add these’ modems into:other typesof
equipment and into local exchange racks
- G Lite equipment an achieve: densmes four to eight times
greater than full-rate ADSL. .
~ Could become a big issue in achieving.high penetration
rates in the residential market
« Rallied the industry around a standard line coding

scheme - G.DMT .
LIDO

G.Heavy

« Full-rate spliterless systems are becoming
available, minimizing the advantages of
G.Lite

— Support 8 Mbps downstream and up to 1 Mbps
upstreams. :
« Platforms are in available or in development from
Alcatel, 3Com, 3Wire, Orckit Commumcatlons and
Westell Technologies.
» Systems are being tested: of. deployed by Belgacom,
BellSouth, SBC Communications, Bell Atlantic and

Telecom ltalia (as of 11/99) 12
LIDO -




ADSL - Europe
Sweden’s Telia AB '

— announced plans for near-nationwide availability
— aggressive G.lite roliout plans

» TeleDanmark A/S

- also aggressive G.lite rollout plans

* Deutsche Telekom AG
— signaled their intention to offer DSL on a nationwide basis

* Telekom Austria
— awarded a contract for 20,000 ADSL lines to Alcatel

* The Benelux countries are also rolling out ADSL

.

LIDO 3

ADSL Europe

- European DSL and cable modem service rollouts
are estimated to be 12-18 months behind similar
efforts in the US

» The ADSL Forum reported about 70,000 DSL lines
to be installed in Europe by year’s end 1999

= Sharp competition between cable modem and DSL
providers is expected in Belgium, the Netherlands,
Norway, Sweden, Finland and France (Telecom ‘99
Daily Oct.15)

LIbo
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RADSL (Rate Adaptive Digital
Subscriber Line)

+ Adapts data rates dynamically; based-on
changes in line conditions.

+ Can operate over a wider-range of loop
lengths and conditions, up-to 18,000 ft

+ Can operate with symmetrical or
asymmetrical send/receive channels

+ Downstream rates from 600 Kbps to 7 Mbps,
upstream from 128 Kbps to 1 Mbps

+ Most RADSL devices use DMT encoding

LIDO 3

VDSL (Very High Bit Rate Digital
Subscriber Line)

+ Single twisted copper pair-
+ 13-52 Mbps downstream, 1.5-2.3 Mbps upstream
+ Loop length range is very short
+ operating distance from 1000-50001t / 300-1500m
+ Performance degrades over.longer distances
+ Applications include high-definition TV and
multimedia Internet access.
+ ITU G.vdsl (working title) .

LIDO 36
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VDSL (Very High Bit Rate Digital
Subscriber Line)

# Being developed by Aware, Inc

+ Standards efforts underway in ANSI, ADSL
Forum, ATM Forum and DAVIC

+ Four technologies proposed, including CAP,
DMT, DWMT, and SLC

& Goal is less power dissipation and lower cost
than ADSL

LIDO >

DSL Market

» According to Broadband Intelligence, there were
700,000 DSL users worldwide by the end of 1999.
They predict that by 2008, among those users with
PC connections, some 14 million will use DSL.

= According to Alcatel, more than 2 million users,
many of them in the U.S., bought DSL in 1999.

+ Renaissance Worldwide reports that 2.5 percent of
households worldwide were using DSL to access
broadband service at year end 1999. They predict
it will rise to 9 percent by 2004. -

LIDO 38
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DSL

« IDC predicts that by 2003 the total number of DSL
households in the US will: grow from the current
330,000 to 9.3 million.

« Jupiter Communications expects:5: 7 million DSL
users by 2003.

« Dataquest predicts that in- 2003 vendors:will: ship
12.4 million DSL ports, compared to only 937,000
ports in the first half of 1999.

- Communications Industry Researchers report that
the xDSL product and services markét was:US$252
million in 1999, and predicts it will grow to US$10.4
billion by 2003

LIDO
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Hybrid Fiber/Coax

NIU = Network Interface Unit
NID = Network Interface Device E
LIDO SDB = Switched Digital Broadband Adapted From: Lucent Technolqgies




HFC (Hybrid Fiber Coax)

< Supports telephony, broadca_s’t{;video, and

interactive broadband services |

« Fiber in the backbone and access network

+ Fiber termination point supports 200-2000 homes,
with 200-500 being the norm

¢ Coax to the home, 750 MHz, two-way subsplit
system

+ $200-600 per customer to upgrade one-way
system to two-way. Start ups may have to invest
two to three times as much. (IEEE Spectrum 5/99)

LIDO #

HFC Network

Optical Amplifiers & Taps
Transmitters E 3l

Fiber

LIDO
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HFC (Hybrid Fiber Coax)
+ Bus topology, shared access coax:bus
# Uses a passband modulation scheme
+ Multiple access coax system represents a
hostile environment
# requires additional signal processing to
overcome impairments.
+ Requires a cable modem for data
communications services

& AT&T feels that it can easily suppoﬁ 420

customers with a single 6 MHz TV channel

LIDO 43

Cable Modems

» Allow high-speed data access via Cable TV
infrastructures

« Function like a special purpose routers linking the.
cable network’s layer three to another network or
device

» Generally an external box with cable and Ethernet
connections

» Key cable modem manufacturers include

— 3Com, Arris Interactive, Askey Computer, Cabletron
Systems Cisco Systems, Com21 Inc., General
Instrument, LANcity Corp.,"Motorola, Phlhps Electronics,
RCA, Samsung Information Systems of America, Sony,
Terayon Communications Systems, Thomson Consumer
Electronics, Toshiba America Information Systems,

LIDO Zenith Network System "




Cable Modems
ientedr Connectivity

- Headend ,
Facility

1 o

CM = Cable Modems
LIDO CMTS = Cable Modem Termination System 45

Cable Modems Characteristics

+ Downstream data rates up to 36 Mbps
—42-750 MHz range ‘
— 64/256 QAM modulation technique
~ more bits per second

» Upstream data rates up to 10 Mbps
—5-40 MHz range

~ QPSK and 16 QAM modulation technique
— better noise-resistance
LIDO 46
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Cable Modem tandar ds

« CablelLabs Multimedia: C-a'blé.'.NetWork
Systems (MCNS)

— Data Over Cable System lnterface Specn' ication
(DOCSIS)

— PacketCable
— OpenCable
» DAVIC Digital Video Broadcastmg (DVB)

~ European Cable Communications Association
(ECCA) EuroModem specification

» |[EEE 802.14
LIDO 7
Cablelabs
« DOCSIS (Data Over Cable System Interface
Specification)

— also called CableLabs Certified Cable Modems

— 64/256 QAM downstream, up to 36 Mbps, QPSK
upstream at 2.56 Mbps

— Ethernet connection to PC, TCP/IP encapsulated in
Ethemnet frames between cable modem and headend

~ Baseline privacy specification - relies on the use of both
the 40- and 56-bit versions of the DES encryption
standard

— Recognized by the ITU - specnf ications will-be formalized
under J112.X, where X will denote the:region.

— Over 20 vendors have announced plans for DOCSIS

» in Europe includes Cable & Wreless PLC, Cocom,

NTL Group Ltd. and StjamTV -
LIDO




Cablelabs

+ DOCSIS compliant companies (as of Sept. 1999)
— 3Com
— Arris Interactive
— Askey Computer
— Cisco Systems
— General Instrument
-- Philips Electronics
— Samsung Information Systems of America
— Sony :
— Terayon Communications Systems
— Thomson Consumer Electronics
— Toshiba America Information Systems
» CableLabs has also certified Cisco’s.cable modem
termination system (CMTS) for DOCSIS compliance

— CMTS also provided by Motorola, not currently DOCSIS
ripo  compliant 4

CablelLabs

* Focused on data and in its latest version also voice

» Does not support European cable standards

— 8MHz channels, 65MHz frequency range for upstream
signals, and compliance with Europe’s broadcast
downstream standard

— led to development of EuroDOCSIS which combines
North American DOCSIS standard with those elements of
the DVB/DAVIC specification needed for DICSIS to work
in Europe

DOCSIS has a major headstart over EuroModem
PacketCable 1.0 specification deals with
transmitting multifeatured IP phone calls over HFC.

- Allows four independent IP voice channels through a
LIDO  single cable modem

.
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- Cablelabs OpenCable is a program:to publish
specifications that will define digital cable network
interfaces, as well as the nature-of hext-generation
cable set-top boxes.

« MCNS will be joined in Open-Cable set-top boxes
with advanced digital video.compression circuitry to
create terminals capable of supporting next-
generation video and the entire gamut of current
and coming Internet and Web:based applications

LIDO 51

IEEE 802.14

» Cable TV Media Access Control (MAC) and
Physical (PHY) Protocol
— 64/256 QAM modulation downstream
~ QPSK and 16QAM modulation upstream
— ATM specified as media access control
» from headend to cable modem

LIDO 52




DAVIC/DVB

- Digital Audio-Video lnteroperabiljty_Commiﬁee
(DAVIC) / Digital Video Broadcasting (DVB)
— ECCA EuroModem specification

— Addresses video, audio, data and voice services
* enables a single multiservice platform, using ATM as
the transport protocol '
~ITU-T J.38 Annex A
* 64/256 QAM modulation downstream, QPSK
modulation upstream
— Some think may eventually take as much as 70%
of the total European cable modem market

— Interoperability between EuroModem and

. EuroDOCSIS may render the argument moot o

EuroModem Consortium

+ TeleDanmark Kabel TV (Danmark)
* Helsinki Media (Finland)

» France Telecom (France)

» Deutsche Telekom (Germany)

* o.tel.o (Germany)

» Cablelink Ltd. (Ireland)

+ Casema (Netherlands)

+ CasTel (Netherlands)

= Telenor Avidi (Norway)

+ StjarnTV-Natet AB (Sweden)

» Telia InfoMedia TeleVision AB (Sweden)
+ Cablecom Holding AG (Switzerland)

+ Palet Kabelcom (Netherlands)

LIDO 54
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VoIP over . ;i

» Thanks to deregulation and .radvancements in Class
5 replacement switches and:IP telephony, the
environment is ripe for cable: prowders to become
CLECs or long distance carriers.

« Currently 90% of cable telephony-is supported over
circuit-switched networks. This-will:continue to:be
the case until 2001-2202. . = -

- |P telephony over cable, specifically hybrid fiber
coax (HFC) networks, is predicted:to:grow over the
coming years.

— Strategis forecasts that 12% of US households will have
Lipo  cable-based IP telephony by the end of 2005. %

VolP over HFC

« Circuit-switched telephony services are
already offered
— AT&T, Cablevision, Comcast, Cox
Communications, MediaOne Group
« Operators will be able to offer either VolP or
circuit-switched sewlce elusively, or in mixed
packages.

» VoIP over cable is in early stages of
development

LIDO 5




VoIP over HF

* Research efforts being led by PacketCable working
group, part of the Cablelabs organization.
— DOCSIS 1.0 cable modem standard ,
— DOCSIS 1.1 addresses real-time applications like
telephony. Adds measures:like dynamic QoS.
+ Key issues include
— voice quality in terms of latency, fidelity, jitter, packet loss,
and reliability at the customer end o
— legacy signaling support, data security and theft of
service security, scale, and feature deployment at the
service provider end

— also provider-specific issues like implementing systems
for PSTN gateways and gatekeepers, provisioning, billing,
and network maintenance.

LIiDO

VolIP over HFC

* Implementation of DOCSIS standards will be vital. The
second version deals with enabling timing-sensitive voice
and multimedia packets to share an HFC network with
timing-insensitive pure data packets.

— DOCSIS 1.1 enables the mode to recognize a non-data
packet and switch to it instantaneously from whatever
data packet it is working on.

— Requires CMTS/router at the edge of the cable access
network and by the cable modem.

+ Edge CMTS/router needs the intelligénce to isolate traffic flows
and apply policy-based QoS treatments in real time. Traffic flows
need to be isolated by service provider, application, and
subscriber so that during times of ongestion; flows within their
SLAs are maintained and flows exceeding their SLAs are

discarded first. :
* Operators than map the DOCSIS-based flows to IP specs like s,
LIDO DiffServ and MPLS to manage the handoff to the core IP network.
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Cable-based IP

VoIP over HFC

« Challenges operators face include

- how will operators provide detailed,
sophisticated, end-to-end service-level
agreements

— how will operators adjustto:the need to do
maintenance, which will become more critical

— how will operators evolve from a broadband
video provider to a mission-¢ritical service
provider ' :




Cable Market

According to Broadband Intelligence there were an
estimated 1.6 million cable'modem users by the
end of 1999. They predict that by 2008, among
those users with PC connections, 33 mllhon will use
cable modems for broadband access.

According to Strategis Group, worldwide cable
modem shipments for 1999 exceeded 2.2 million

Renaissance Worldwide reports that 4 percent of
households worldwide were using cable in 1999.
They predict it will reach 12.6 percent by 2004.

Paul Kagan & Associates estimates that the
number of cable modem users could grow to 14.5
million within the next five years. o

LIDO

Cable Modem Market

By the year 2002, Forrester Research predicts that
cable modems will be in 80% of the projected 16
million “broadband connected” homes in the US

IDC predicts that by 2003 there will be 9 million
cable-modem homes in the U.S.

Jupiter Communications predicts.7.7 million cable-
modem homes in the U.S. by 2003

Yankee Group predicts 7 million broadband homes
by the year 2003, with cable modems having a 61%
market share, compared with DSL’s 38%.
Communications Industry Researchers report the

market for cable modems in 1998 was US$860
million, and predicts it will grow to US $8.6billion by

L1p02003.
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Cable Mo dem

» Cable modem deployment ln Europe is just
beginning

— installed units number in thehundred‘s; not
hundreds of thousands

* Most operators are focusing on -consun‘"’r’er markets
* It currently costs the operator-about US$450
per connection for equipment installation
- Ovum predicts the costs to drop to US$200 by
2001

LIDO 6

HF C and Cable Modems

+ Major concerns include security, privacy, reliability
and return path issues.

+ Subdividing nodes alleviates bandwidth constraints
and reduces ingress noise

+ Service providers include include @Home Network,
21st Century Communications, Ameritech, AT&T
Broadband & Internet Services (formerly: TCI)
BellSouth, Cablevision Systems, Capital Cable,
Charter Communlcatrons Coast Cablevision,
Comcast, Cox Communications, Cable, Deiitsche
Telecom, GTE, MediaOne Group, SBC, SNET,

Time Warner US West
LIDO




FTTC (Fiber to the Ciurb ) / SDV
(Switched Digital Video)

+ Driven by interactive multimedia

¢ Fiber to the curb

+ OC3 (155 Mbps) bidirectionally, from local exchange to
host digital terminal (HDT)

+ HDT to Optical Network Unit (ONU) - downstream rates
up to 52 Mbps, upstream up to 20 Mbps

# Optical Network Unit (ONU) supports 4-60 homes

¢ Twisted copper pair (s) to household
+ short distance - 1000f/300 meters

LIDO &

FTTC (Fiber to the Curb )/ SDV
(Switched Digital Video)

< Optional 550 MHz coax underlay
+ for ONU (optical network unit) power and analog signals

& Switched star topology
+ Dedicated point-to-point connections

+ Modulation approach

+ baseband signaling in which time division multiplexed
signals are digitally transported

4 ATM-based switching

LIDO
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FTTC/SDV Configuration

Video  for Analog Broadcast Video'

Node [~ — TI—™ =~ o .
DCs NonJocally 1 l ? - :
Switched Spedals e N
oM onu| | 1
Switch | O I G
‘— HDT
ATM >
Switch 1
@ x\rgmk\' :
Distribution|’
Multi-cast vid Ne
AS] 0 3
MPEG-Z/ATM Frog &

Living Unit
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FTTC (Fiber to the Curb )/ SDV
(Switched Digital Video)

+ CAT-16 short-distance modulation (developed by
Bellcore) standardized by ITU and DAVIC

+ Up to 1400 channels possible _

¢ Requires that all media streams are digitized

+ Requires video servers at the system head end
+ Requires digital set-top box at:subscriber end
+ Higher cost than HFC from node to home

LIDO 68




FTTC (Fiber to the Curb )/ SDV
(Switched Digital Video)

+ Easily upgraded to interactive'broadband. full-
service networks L

+ Allows carriers to offer a multitude of new revenue-
generating services over a single-integrated
platform

+ Best solution for interactive broadband services:

+ Supported by Bell Atlantic, Nynex, BellSouth, SBC
Communications, NTT, AT&T Network Systems,
Broadband Technologies, General Instruments,
Scientific-Atlanta, British Telecom, US West

LIDO &

Fiber Access

Fiber Ring

& = Splitter - N
ST icsdnidsd (HH]

ONU= Optical Netwvork Unit
STB = Switched Digital Broadband - - T -
5DH = Synchronous Digital Hierarchy Adapted From: Lucent Technolggies

LIDO
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+ From 155 Mbps in boﬂ;gq ctions.
+ FFiber from service node to:the optical:splitter

< From splitter, multiplefi f bers: an out to
terminate on a single-home ONU

# Point-to-point architecture.
< Secure transmissions -

LIDO 7

FTTH (Fiber to the Home) /
PON (Passive Optical Network)

¢ Broadband service applications
+ Robust outside plant, Iowmainténanc‘e cost
¢ Target wireline solution :
« Cost still too high, capital cost per subscrlber |
reported to be around US$3OIO |
e predicted to be US$1700 or: Iess by.2001

¢ Alcatel, BT, France Telecom NTT Optlcal
Solutions, Siemens, the:RACE BAF- prOJect .

LIDO




Passive Optical Network

[ Laserat Waveiength of SONET Facity]

Large Office Buliding

PON
SphittariCouplar

OADM - Optical Add/Drop Mux

107~ Intelligent Optical Terminal

PON - Passive Optical Network

OAS - Optical Access Switch

OWS - Dynaimic Wavelength Slicing (protocol)
1AD - Integrated Access Device

LIDO ?

Homes &Bus / /

Wireless Access

Satellite DBS % W

MMDS = Multichanmel Multipoint -
Distribution Service -

Adapted From: Lucent Technologies
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Wireless Access.

« Fixed wireless is a strong; contender to fill the gap
where existing wiring is not- up to the jOb or there i s
no wiring at all.

* The cost of a radio link has been halylng every
seven years, while its data capacity-has been
doubling every three years (Telgent, IEEE
Spectrum 9/99)

—~ With those two trends in cornbmatlon, the cost-to-capacity
ratio in wireless communications has been dropping by
50 percent every 2.1 years.

+ For wireless links, construction-and equipment
costs have a ratio of roughly 20:80, whereas for a
terrestrial optical-fiber link the ratio would be 90:10
(WinStar, IEEE Spectrum, 9/99)

LIDO
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Wireless Access

» Estimates are that about one in five people in the
US lives in roughly one in five: people in the US lives
in areas too remote for any fast wireline access to
the Internet.

» Also, it is estimated there are some three million
smail-office workers in modest mdustnal parks
without fast access.

~ According to Adaptive Broadband Corp, out of 2.1 million
small offices in non-core business districts, .only 30% are
able to receive a DSL.

— Fiber penetration to commercial building and muitlple
dwelling units is projected to:be at best some 3.percent
(HeliOss Communications)

LIDO 7
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Wireless Access

» Wireless systems often operate-in-a point-to-
multipoint mode - the antenna communicates
with several different clients’ anténnas
usually installed within a well-defined region.

 Since the air is a shared medium;.like cable,
the maximum transmission rate that can be
provided to any one client decreases as more
clients are served.

— Clients who need the greatest bit-rate obtainable from a
system (like an ISP for example) may find it advisable to
arrange for a point-to-point system.

77
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Direct Broadcast Satellite

+ VSAT technology, provides over 150 digital channels
+ Set-top includes MPEG-2 decoder

+ Ku-band systems one-way, new Ka-band systems will
support two-way

+ Approximately 20 million subscribers worldwide, but
predominantly for television

+ Waitching two different channels on different TVs requires two
receivers

+ Jupiter predicts that by 2002 some 2% of consumers with

Intemet access will be using satellite connections

+ Players in two-way systems include AOL via US$1.5 billion
stake in Hughes Electronics (two way service planned for
2002), Hughes Network Systems, iSKy (planned for 2001),
Globalstart, Microsoft with Gilat Satellite Networks.

LIDO 8
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Distribution Service (MMDS)

« Operates in the 2-3 GHz ba‘_n'd-"
+ 30 mile/50 km range s
+ Terrestrial line-of-sight mlcrowave
+ Suffers from environmental lnterf,erencé
o Digital television system B |
# can support over 150 digital:channels.
+ Set-top includes MPEG-2 decodér

LIDO L
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Multichannel Multipoint
Distribution Service (MMDS)

# First licensed in the 1970s, when they were called
Multipoint Distribution Servnces (MDS), to broadcast
6 MHz television channels.

+ In 1996, the FCC expanded the:band'to cover its
present range and allowed: for multlchannel
services called MMDS.

« Licensees of these channels coulc ompete directly with
cable TV providers (for this onz-MMDS is sometimes
referred to as wireless cabl :

< In 1998 the FCC permitte ‘providers to.offer -

interactive two-way services Internet

& requires upgrading to bidirectional-systems %




Multichannel ":'":iéultz]mmt
Distribution Service (MMDS)

* According to the Wireless Communicatic)ns
Association International there are:some 5 miillion
MMDS customers in 90 nations, but: thls is mostly
for TV service.

— One million of these custormers réceive servnc:es from 250
providers in the US alone.

— More than three million subscribers to the service in
Budapest, many with access to the Internét

* MCI Worldcom, Sprint and PacBell bought rights to
offer MMDS.

* Equipment still expensive
~- US$1000 to $2000 for installing a two-way radio
— Providers include Clarity Wireless (now Cisco), Proxim

LIDO Inc., Spike Technologies, Wavetrace Inc., Wireless Inc. ®

Local M ultzpomt Distribution
Service (LMDS)

+ Terrestrial line-of-sight microwave
¢ Operates in 1.3GHz in the 28-45 GHz range

+ Typical installation has a central base station
with an ominidirectional antenna serving
many residences, each of which has
directional dish aimed at the base station.

+ Operations over microcells of 1-5 km, serving
5,000-10,000 homes. Systems: works best if
users are within 3.5 km of base station.

LIDO 82
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Service (LMDS)
» Digital LMDS supports two-way, symmetrical,.

switched broadband networking.. -
* Average mix can support 156 video:channels and

up to 7,000 DSO main lines .- -~

* Downstream from 51.84-155:52 Mbps, return link of
1.544 Mbps R

* Also referred to as Multipoint Video Distribution
Service (MVDS) and Broadband Wireless Access
(BWA) in Europe and Local Multipoint Bistributiorr

/ IA¢ [ Service (HMPS) in Canada. Conann e =
* Market for LMDS is expected to'exceed US$ 2
LIDObillion by 2003. (IEEE Spectrum 9/99). £

Local Multipoint Distribution
Service (LMDS)

» Allows competitive local exchange carriers (CLECs)
to offer broadband services to the small- and
medium- sized business market more.cost-
effectively than competitors banking on more
established fiber networks.

+ Service providers include

~ Advanced Radio Telecom Corp., AT&T's Teleport Communications
Group (TCG), BizTel (a TCG company), Infrariet’Svenska AB,
Speedus.com, Teligent, Touch America, Winstar. Comimunications,
WNP Communications (acquired by Neéxt Link)

* Equipment manufacturers include
~ Bosch Telecom (bought TI LMDS division); Eri¢sson, HeliOss
Communications, Lucent (boughit HP’s broadband unit); Newbridge
Networks (with Millitech agreement), Northem Telecom (bought
LIp0o  Broadband Networks), P-Comm N'ortha"A’merica




Wireless A-(-;‘éésjs

 [ndustry analysts indicate that over-50 million

wireless local loops were deployed globally by the

end of 1999.

+ Other predictions indicate that by the year 2003,
over half the new fixed phone lines installed
worldwide each year will be wireless.

« Focus Communications estlmated the broadband

wireless access market in the US to be US $1
billion in 1999. They further expect the LMDS

market to reach more than US$16 billion by 2005.

Source: IEEE Spectrum 9/99
LiDO

Drivers for Telco Strategies

+ Slower rates of growth or even decline in
their core business of providing fixed-link
telephone services

¢ Competition from alternative networks

¢ Ongoing demand growth for non-voice
services

LiDOo
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Decision Factors

+ Status of embedded distribution plant
# Service strategy of the:network operator-

# Cost of installing a new.distribution system
¢ Performance level of the distribution system
that is required to implement the services

strategy

LIDO &7

Services Strategy

¢ Legacy services

s telephony

+special services (ISDN, data services, etc.)
+ New services

+ 1P services

+interactive broadband services
+Internet access ‘
+remote access/telecommuting
+S0HO '
+teleshopping o
¢ broadcast & interactive video ,
LIDO . ' . ®




Multi-Tier Wan Architecture

+ Most broadband network services are
planned as separate overlay. networks

+ Incremental deployment via edge switches
4 separate networks for separate services

+ The key to cost saving is in the integrated
access

LIDO 89
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