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Executive Summary

Just as television has revolutionized entertainment and news during the last fifty years, today
the Internet is revolutionizing how individuas and companies conduct commerce and
communications. According to recent Satistics, more than 50% of the homesin the U.S. have
PCs. With a market this pervasive, the potentid for home networking products, typically
caled home persona networking products, is projected by research companies like
International Data Corporation to expand significantly throughout the next three years.

Linksys believes that the explosive growth of multiple-PC households will continue, creating
asubstantial demand for home persona networking products throughout the coming years.
Because of this belief, Linksys has developed a vigorous commitment to technology
leadership, with a strong focus on the needs of present and potentiad home customersin the
personal networking product marketplace.

The intent of this white paper is to define the perspectives Linksys has on the emerging home
persond networking marketplace, including a summarization of the important technology
trends influencing this marketplace. Thiswhite paper also highlights the congruence Linksys
is accomplishing with productsin this arena.

Market Drivers Impacting Home Networking Growth

Clearly, of dl networking marketplaces, the personal home networking arenais marked by the
greatest opportunities for growth and the most volatile of market dynamics, dl based on the
steadily increasing adoption rates of PCs and the Internet into the home. The widespread use
of bundling PCs with online access services, as well as the declinein price of both of these
products has triggered an increase in the adoption of multiple PCsin the home. International
Data Corporation reportsthat in 1998, 1 million U.S. households had an active home network
instaled, growing to 4.1 million by 2000.

The most dominant market factors that continue to drive the growth of the home networking
marketplace include:

Rapid growth in multiple-PC household penetration. By the end of 1999, 52% of U.S.
households had at least one PC according to International Data Corporation. By 2004,
IDC expectsthisfigure to reach 62.4%. A large part of this growth will be the increasein
multiple PC households. One in every four of U.S. households (25.3%) at the close of
1999 has multiple PCs. By 2004, it is predicted that this figure will be 43.3% of dl U.S.
households. Growth in this market is driven by a dominant need for sharing peripherals
and files between home PCs, providing a means of handling gaming applicationsin the
home and with other gamers across the Internet, and al so the continued convergence of
video and computing in the home.
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Increasingly available broadband access. The single largest technological shift that is
driving the adoption of home networking technology is broadband access. No longer
congtrained by the limitations of dia-up speeds, the Internet offers entertainment,
education and commercial benefits, especialy when networked throughout a home.
Linksys strongly believes that in conjunction with broadband access, wireless home
networks will be commonplace by 2005. Serving to further illustrate the pervasiveness of
this marketplace, IDC predicts that today there are 2.1 million households with broadband
access, risng to 21.2 million in 2003.

Increasing growth of home-based offices. The emergence of smal home-based
businesses and teleworking has aso had an impact on this market. More and more people
are creating home offices for their own businesses and for completing tasks for their
fulltime jobs. This subsegment of the home networking marketplace is less price sengitive
and much more focused on the productivity returns of a given networking peripheral.
Table 1 provides a comparison of the various access technologies and their relative
number of usersin the U.S. Home Office segment. The figures in this table are from
Internationa Data Corporation.

Table 1: U.S. Home Office Broadband For ecast, 2000 - 2004
(Subscribersin thousands)

Technology | 2000 2001 2002 2003 2004 CAGR
ISDN 65 113 191 471 617 56%
DSL 195 499 1,178 5,561 8,804 114%
Cable 735 1,242 1,998 4,250 5,569 50%
Modem
T1/Wireless 86 181 347 1,146 1,877 85%
TOTALS 1,081 2,035 3,714 11,428 16,866

Source IDC

Increasingly Knowledgeable Consumersdriving new applications. Consumers are
more educated now than ever about the potentia that PCs represent. No longer satisfied
with just word-processing and e-mail, many consumers now demand Internet sharing, file
sharing, gaming both within the same household and across the Internet, peripheral
sharing including networked printers and even DVD video applications. Granted that
consumers using the fullest extent of the Internet are early adopters, their needs and focus
on awide variety of applicationsis dready having an impact on how standards are defined
and devices are designed and manufactured.
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Technology Comparison driving the Home Networking Marketplace

Continually monitoring the technica trendsin the marketplace and looking for opportunities
to add greater value is essentia. Linksys continually monitors the evolving home networking
technologies today for applicability to the needs of it customers, and strives to add greater
vaue through the inclusion of differentiated features. Linksysiscommitted to continualy
watching the competitive dynamics between HomeRF and 802.11b specifically as each of
these technologies has strong implications for the development of the overdl home
networking marketplace.

The 802.11b standard alows for a high data transfer rates up to 11 Mbpsin the 2.4 GHz
frequency band using the Direct Spread Spectrum (DSSS) technology as originally defined by
the IEEE work group. There are many advantages to the 802.11b standard. It is capable of
compensating for wesk signals through its DSSS technology, and it is capable of the highest
speed possible on a home networking technology. In contrast, HomeRF only transfers data at
1.6Mpbs while using the older radio technology, Frequency Hopping Spread Spectrum
(FHSS) in the 2.45 GHz frequency band. This older technology, however, makesit possible
to have support for both data and voice on the same network. Because of this advantage,
consumers continue looking to HomeRF as a unifying technology in their homes where data
and voice line sharing isanissue. In contragt, the focus from consumers on HomeRF and its
ability to be a unifying technology, many smaller businesses and corporations are favoring the
802.11b standard due to the legacy implications with existing corporate standards. Table 2
compares these home networking technologies.
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Table 2: Comparing Home Networ king Technologies
Technology Ethernet Phoneline Powerline HomeRF 802.11b Bluetooth
2- legacy
Current data
rate (Mbps) 10/100 10 350Kbps 10 (as of 11 0.72
8/1/00)
Future data
rate (Mbps) NA 100 10 10 NA 10 or 20
Availability Now Now Now Now Now 2H00
HomePlug
Proponent HomePNA Powerline
Alliance
Secure . Will be used
) ' Easy to use, | Mobile, easy | Fast data ) .
JPros reliable, and |Many backers exible access to use transmissions | " mgltlple
fast devices
One industry | Endorsed by Avalla}ple; Voice Mobile, easy Lower cost
standard top OEMs powWerines applications to use
ubiquitous
Easy
|_ntegrat|on Lower cost | Lower cost
into other
silicon
Multiple Currently not
lcons Requires new| Phone jacks | standards, Limited ranae More robust enoughj
wiring not ubiquitous | competing 9 expensive to be a full
technologies home network
HomePlug
must choose | Slower data Product not
standard throughput yet available
quickly
Slow speeds,
subject to

interference
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Evolving Technology Standards

The true test of any standard isits ability to dign itself with needsin the marketplace,
congstently adding vaue to consumers through innovation. Presented here is an overview of
the essentid standards in home networking. Included are significant eventsthat are
transforming them to aign with the technological pace of this marketplace and the needs of
consumers.

802.11b

Currently this market standard has been gaining momentum in the marketplace, asthe
Wirdess Ethernet Compatibility Alliance (WECA) was formed to certify products based on
this standard as compatible with one another. Members of this standard now include many PC
manufacturers and chip set producers, al focused on having a cohesive set of products that
consumers can use in conjunction with each other, regardless of the manufacturer they were
purchased from. Thisdliance also has awebsite located at www.wirel essethernet.com.

Home RF

The FCC in August 2000 announced it would alow HomeRF to increase data transmission
gpeeds of its Share Wireless Access Protocol (SWAP) to 10Mbps, making it competitive with
Ethernet. With thisincrease in speed, many manufacturers have had to consider the
implications for the distances supported by HomeRF products. More power is necessary in
order for these devices to transmit faster. Faster transmissionsin effect mean shorter actual
ranges for many of these devices unless the overall power of the deviceisincreased, reducing
their range from a maximum of 1,000 feet to as short as 200 feet. A unified communications
strategy throughout the home will require consumers to balance the issues of length of
connection and variation in communication standard implementation in their home devices.

Comparing Home Networking Solutions

There are four specific approaches companies have been taking in the development of home
networks. These including building networks using the options of wiring a home with
Ethernet cabling, using phone lines, power lines, or using wireless devices for connecting to
the Internet. The first gpproach, wiring a home with Ethernet, is what the mgjority of
businesses today use to cregte their networks, because it is a proven technology. Two
additiona approaches to home networking focus on using either telephone or power lines.
Clearly the most convenient technology to use and the one which promises the highest leve of
mobility iswirdess. Many of the industry anaysts see wireless as the single most effective
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technology for integrating a network into ahome. In this section, each of these approachesto
creating a home network is examined.

Traditional Ethernet Home Networks

Think of how a stereo system is put together when it isfirst brought into your home, and you
have abasic idea of how an Ethernet home network would be set up. In order for al parts of
the stereo system to work, cables or wiring must connect each part to the other. Long seen as
cumbersome and difficult to create and manage, home-based networks based on Ethernet
cabling have actudly created a significant opportunity for many vendors such as Linksys to
supply home networking kits. These kits capitalize on the need to have an optimized set of
networking devices for the best possible performance.

Compounding the growth of this type of network is the fact that many homes are being built
with cabling included as part of the construction process. It is common, for example, to find

in technologically advanced parts of the world, server closets or even server rooms and full
category 5 cabling throughout the walls of the home.
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Figure 2: How a Home Network constructed with Ethernet cabling

PhoneLine Networks

Creating a home network by using the existing wiring in ahomeis aso possible. The
approaches of using telephone lines and power lines have been devel oped to overcome the
limitations of having to re-wire an entire home with Ethernet cabling. Telephone line
networks take advantage of unused transmission capacity on existing telephone lines. Phone
line networks, even though using the same lines as telephones, send data at frequencies well
above those used for transmitting voice over the plain old telephone services (POTYS) or digital
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savices like ISDN or DSL, s0 the data does not interfere with voice or other traffic on the
line. Thetypical phoneLine network is constructed asis shown in Figure 2.
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Figure 2: How a Home Network constructed with PhoneLine Networks is constructed

What makes it possible for telephone line networks to handle the variation in frequenciesis a
technology caled frequency divison multiplexing (FDM). Thistechnology dices up the total
avallable bandwidth into different frequency bands that are called channdls. These channels
are then alocated to different types of traffic including power, anadog voice and digital
information.

PowerLine Networks

Just like phoneline networks, powerline networks also use excess capacity for handling
communications between devices. This modd aso requires that there be adaptersin each of
the PCs connected to the network. Instead of each adapter being plugged into a network, it is
ingtead plugged into a power outline. Just as with other networking approaches, amodem is
used for connecting the entire network to the Internet.

This approach aso uses a smilar gpproach to handling the frequencies of data sent over
powerlines. Called Frequency Shift Keying (FSK) technology, this approach to sending
sgnals over the powerline uses multiple frequencies to get data over a network as reliably and
quickly aspossible. In asensethe FSK technology which trandates data into a binary state is
actualy somewhat anachronigtic; it is somewhat dated compared to the current state of
Ethernet technology.

Because of the approach that the FSK technology takes for trandating data, this approach to
networking within ahome is dower than any other. Because many electrica devices are
connected to the same el ectricity source in ahome, when a network is also included the result
isthat thereis significant “noise” or interference. This limitation dows the network down to a
third of the speed of an Ethernet-based network. In addition to the difference in the voltage,
thereis aso the issue of ensuring data stays secure sSince many homes use the same power
lines, especidly in older neighborhoods. Due to the security limitations and the speed issues,
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this gpproach to home networking is expected to be quickly eclipsed by both phoneline and
wireless technologies.

Wireless Networks

Based on long-standing technol ogies that have been used for both in-building and building-to-
building communications, wireless loca area networks or WLANS for short, show the most
promise for the future of home networking. The benefits of having awireless-based home
network are the mobility it provides and the cost savingsin terms of setting up and
maintaining the network devices and connections. This ultimately leads to alower cost of
ownership over time. These benefits have lead initialy to WLANS being used in vertical
market gpplications throughout the last fifteen years as this technology has matured. Now the
focusison integrating WLANSs into homes as easily as possible. The benefits of mobility in
the home networking environment have prompted industry anaysts, including Frost and
Sullivan, to project aggressive growth of this technology. Figure 3 shows the market forecast
for Wireless Home Networking through 2005.

Total Wireless Home Nerworking Marker: Unit Shipment and Revenue Forecasrs (11.5.),
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Sowrce: Frost & Sullivan

Figure 3: Frost & Sullivan's Forecast of the Wireless Home Networking Marketplace

Mgjor trends that are driving the ongoing adoption of home-based WLANS are the growth of
home offices and the need for mobility, ease of configuration and support, and scalability.
Home offices will aso drive the development of this market, since the mobility inherent in this
approach makes this approach popular with portable PCs.
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Exploring Linksys’ Home Networking Products

Linksys has created a series of products specificaly developed for home networking. Each of
these products are briefly described here:

HPB200 HomeLink Phoneline 10M Ethernet Bridge

) =2

The Linksys HomeLink Phoneline 10M Ethernet Bridge offers a complete Internet connection
solution for your phondine network. The HomelLink 10M Bridge makes sharing your
broadband access easier than ever. This unique new device features a 10BaseT/100BaseT X
RJ45 Ethernet port, an Uplink port, and a HomeLink RJ11 port. Plug in your cable modem
or DSL modem’s 10BaseT connection, then attach your Bridge to the nearest telephone jack
using standard phone cables, and any PC on your phoneline network will be able to accessthe
Internet.

HPES03 HomeLink Broadband Network Bridge

=

The Linksys HomeL ink Broadband Network Bridge offers a complete Internet connection
solution for your Home Phoneline network. The HomeLink Broadband Network Bridge
makes sharing your broadband access easier than ever. This unique new device features two
10BaseT Ethernet ports and two HomelLink RJ-11 Ports. Plug in your cable modem or DSL
modem’s 10BaseT connection, then attach the bridge to the nearest telephone jack using
standard phone cables, and any computer on your Home Phoneline network can access the
Internet.

HPN100 HomeLink Phonewire Network Card

The HomeLink Phoneline Network Card utilizes Advanced Micro Devices (AMD®)
PCnet™-Home technology which alows phone linesto carry data at a IMbps transfer rate
without interrupting regular telephone voice service (POTS) or feeds from a Digital
Subscriber Line (xDSL). You can talk on the telephone and share resources over a network at
the same time. Every standard telephone jack in the home is capable of hosting a PC. Y ou can
connect up to 25 devices on any given phone number. With the HomeLink Phoneline
Network Card, you will instantly transform the home's telephone wiring into an easily
expandable network.
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The HPN100 (North American Distribution ONLY') now comes with a free copy of Sygate
Technologies Sygate Home Network TM Gateway Software. With this software users can
share one Internet connection, one modem, and one phone line smultaneoudy. It aso features
access monitoring, retains an Internet activity log across the network and automates Internet
dial-up on demand. Sygate Home Network aso provides network protection, creating and
enforcing Internet access policies, and preventing hackers from entering the network.

HPN100SK HomeLink Phonewire Network in a Box

The HomeL ink Phondline Network in a Box utilizes Advanced Micro Devices (AMD®)
PCnet™-Home technology which alows phone linesto carry data at a IMbps transfer rate
without interrupting regular telephone voice service (POTS) or feeds from a Digita
Subscriber Line (xDSL). Y ou can share resources over a network while talking on the
telephone or while downloading files from the Internet with your modem. Every standard
telephone jack in the homeis capable of hosting a PC. Y ou can connect up to 25 devices on
any given phone number. With the Homelink Phoneline Network in a Box, you will ingtantly
transform the home's telephone wiring into an easily expandable network.

HPN200 HomeLink Phoneline 10M Network Card

The Linksys HomeLink Phoneline Network Card is the second generation Network Card of
the Linksys HomeL ink series. Now able to transfer data at the same speed as a standard
Ethernet network, the HomeLink Phoneline 10M Network Card isthe smplest way to build a
network in your home or smal office. Share your Internet connection over multiple PCs,
connect directly to your first-generation HomeLink or home phoneline network, print from
any PC to any printer, and play multi-player games at top speeds without ingtaling a switch, a
hub, or even network cables.

By dlocating certain frequencies for certain types of data transfer, the Linksys Homelink
Network 10M Card alows your phone line to simultaneoudy carry computer data along with
your voice. You can tak on the telephone, download files from the Internet, and share data
between PCs-al| at the same time (assuming that you are using a cable or DSL modem). Every
standard telephone jack in the home is cgpable of hosting a PC. Y ou can transform your
telephone wiring into an easly expandable network.
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HPN200SK Homelink Phoneline 10M Network Starter Kit
= e

R

The Linksys HomeLink Phoneline Network Card offers instant connectivity to multiple PC's
over ahome's existing telephone lines. Y ou can network any computer by connecting it to any
telephone jack in your wall. The network runs on standard homegrade telephone wires just
like the ones you use everyday so there' s no extra hardware to buy. The Linksys HomelLink
Phoneline Network Card utilizes new HomePNA-compliant technology that allows your
phone lineto carry computer data as well as regular telephone voice service smultaneoudly.

Y ou can talk on the telephone, share files, and share resources such as a cable modem or DSL
connection at 10Mbps dl at the same time. Every standard telephone jack in the homeis
capable of hosting a PC -- you can connect up to 30 computers, thus transforming the home's
telephone wiring into an easily expandable network.

PCM100H1 HomeLink Phoneline + 10/100 Network PC Card

PC Card in dual-dot notebooks. Y ou can share Internet access via adia-up, cable modem or
DSL connection, as well asfiles, printers, and CD-ROM drives at 1Mbps without interrupting
regular telephone service.

USB100H1 HomeLink Phoneline + 10/100 USB Network Adapter

The HomeL ink Phondine + 10/100 USB Network Adapter allows you to instantly connect to
anetwork from a USB-enabled PC, notebook PC, or even a USB hub. Connect a standard
telephone cable (or a Category 5 network cable if you want to connect to a Fast Ethernet
network) into the adapter, ingtal theincluded drivers, and go. The HomeLink Phonéline +
10/100 USB Network Adapter is bus-powered -- it draws power from the host PC and requires
no externa power cords. Compatibility with Windows 98 makes it easy for dmost anyone
with a USB-ready PC or notebook to connect to a HomeL.ink or 10/100 network. Easy-to-read
LEDs, compact design, a 1-year warranty and free world-class technical support makeit a
mugt for any home or office.
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USB200HA HomeLink Phoneline 10M USB Network Adapter

The HomeLink Phondine USB Network Adapter alows you to instantly connect to a network
from a USB-enabled PC, notebook PC, or even a USB hub. Connect a standard telephone
cable into the adapter, ingtd| the included drivers, and go-- you'll be networked in no time.
The HomeLink Phoneline 10M USB Network Adapter is bus-powered! It draws power from
the host PC and requires no externa power cords. Compatibility with Windows 98 and 2000
makes it easy for dmost anyone with a USB-ready PC to connect to a HomeLink network.
Easy-to-read LEDs, compact design, a 1-year warranty and free world-class technica support
make it amust for any home or office.

Asthe Internet makes sharing access, peripherds, video possble the demands for home
networking solutions will continued to increase significantly in the coming years. Clearly,
Ethernet-based and wireless home networking scenarios show the greatest benefitsto
consumers, and a correspondingly higher rate of growth than any of the other networking
technologies. In comparing the home networking approaches possible, the issues of
scalability, cost of maintaining the network, security, and performance dl are issues that need
to be considered when a home network is designed. The rise of wireless networking will
continue to be aforce in this marketplace, with the future promising greater performance and
security in this technology arena.
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Glossary

Access Point — Linksys wireless-based device for connecting roaming wireless PC cards
directly to the Internet. The Access Point is a device that provides the benefits of roaming and
mobility from a stationary Internet connection.

Bandwidth— A generic term in the world of the networking that refers to the speed or rate of
transmission between devices connected to a network. In the mgority of cases, the bandwidth
of agiven devicein connecting with and using the Internet is directly proportiona to the
amount of data being transferred.

Cable modem— A class of modem that is used for connecting to a cable TV network, which
in turns connects directly to the Internet. Cable-modem based connections to the Internet are
typically much faster than dial-up modems, yet have the issue of security, as a cable-based
network is comparable to a closed network.

Digital Subscriber Line— A digita phone services that provides for voice, video and digital
data over existing phone systems at higher speeds than are available in typical dial-up Internet
sessions.

DSL modem—A modem that connects a PC to aDSK network, which in turn connects to the
Internet.

Ether net — Based on the |EEE 802.3 networking standard, this term defines the transmission
of data at speeds of 10Mbps.

Home Phoneline Networ king Alliance (HomePNA) — An organization that works to ensure
that al products sold into the home networking marketplace adopt a single, unified phoneline
networking standard. Thisis specificaly done to bring a unified set of interoperable home
networking solutions to the marketplace. Linksysisamember of the HomePNA association.

Hub — A networking device that enables attached devices to receive data streams that are
transmitted over anetwork. This device dso makesit possible for devicesto share the
network bandwidth available on a network.

| SDN — An acronym that stands for Integrated Services Digital Network. Thisisan dl-digita
circuit-switched tel ephone network.

| SP — An acronym that stands for Internet Service Provider. An ISP istypicaly acompany or
organization that provides Internet access for individuals and companies.
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Local Area Network (LAN) — A series of PCsthat have been joined together via cabling so
that resources can be shared, including file and print services. LANs are increasingly being
found in homes, where sharing of Internet accessis one of the most dominant uses of this
networking approach.

M egabits per second (M bps)— Defines the speed at which datais travelling, which are
measured in millions of per second. Thisis ameasure of a performance of adevice.

Network — Typically acollection of devices that include PCs, printers, and storage devices
that are connected together for the purpose of sharing information and resources.

Network Interface Card (NIC) — A devicethat providesfor connecting a PC to a network.
NIC cards are d o called network adapters, are provide the essentia link between a device
and the network. NICs are dso found in many peripherasincluding storage subsystems and
printers.

Wide Area Network (WAN) — A public or private networks that provides coverage of a
broad geographic area, hence the name “wide’ in the description. WANSs are typicaly used
for connecting severa metro areas as part of alarger network. Universities and larger
corporations typicaly use WANSs to connect their geographically dispersed locations.



