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Charman Markey, Ranking Member Upton, and Members of the Committee. It is my honor
to appear before you today to discuss the future of the World Wide Web. | would like to offer
some of my experience of having designed the origind foundaionsof the Web, what I've
learned from watching it grow, and some of theexciting and chdlenging developments| seein
thefuture of theWeb. Thoughl was privileged to lead the effort that gave rise to the Web in the
mid-1990s it has long passed the point of beng something designed by a single pe'son or even a
single organization. It has become a pulic resource uponwhich many individuds, communities,
companies and govanments depend. And, fromits beginning, it isamediumtha has been
created and sugained by the coopeative efforts of people all over theworld.

To introduce myself, | should mentionthat | studied Physcs at Oxford, buton graduaing
discovered the new world of microprocessors and joined the el ectronics and computer science
indugry for severa years. In 198Q | worked on a contract at CERN, the European Particle
Physcs Laboratory, and wrote for my own benefit a smple program for tracking the various
parts of the project usnglinked note cards In 1984 | returned to CERN for ten years, during
which time | foundthe need for auniversal information system, and developed the World Wide
Web as aside project in 1990.1n 1994 the need for coordinaion of the Web became paramount
and| left to come to MIT, which became thefirst of now three internationd hog ingitutes for
theWorld Wide Consortium (W3C). | have directed W3C since tha time. | hold the 3Com
Foundes char at MIT where | pursueresearch on advanced Web technologies with the MI T
Decentralized Information Group. Thetestimony | offer heretoday is purely my own opinion
and does not necessarily reflect the views of the World Wide Web Conortium or any of its
Members.

Thespecia care we extend to the World Wide Web comes from alongtradition tha
democracies have of protecting ther vital communicationschannds. We nurture and protect our
information neworks because they stand at the core of our econonies, our democracies, and our
cultural and persond lives. Of course, theimperative to assure thefree flow of information has
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only grown given the globd nature of thelnternet and Web. Asa Fedeal judgesaid in defense
of freedom of expression on the Interndt:

Thelnternet isafar more speech-enhancing medium than print, thevillage green, or
themails.... Thelnternet may fairly beregarded as a never-ending worldwide
conveasation[1]

Thereforeit isincumbent on all of usto undestand wha our roleisin fogering continued
growth, innovation, and vitality of the World WideWeb. | am gratified tha the United States
and many other democracies aroundtheworld have taken up this chdlenge My hopetoday isto
hdp you to explore therole this committee and this Congress has in building uponthe great
advancestha arein store for the Web.

I. Foundations of the World Wide Web

Thesuccess of theWorld WideWeb, itself built on the open Internet, has depended on three
critical factors: 1) unlimited linksfrom any part of the Web to any other; 2) open technical
standadsas the basis for continued growth of innovation applications and 3) separation of
network layers, enabling independent innovaion for network trangport, routing and information
applications Today these characteristics of the Web are easily overlookad as obvious self-
maintaining, or jus unimportant. All who use theWeb to publish or access information take it
for granted tha any Web page onthe plang will be accessible to anyonewho has an Internet
connection, regardless whether it is over adialup modeam or a high speed multi-megabit per
seconddigital accessline Thelast decade has seen so many new ecommerce startups some of
which have formed the founddionsof the new econony, that we now expect tha the next
blockbuger Web site or thenew homepagefor you kid'slocal soccer team will jus appear on
the Web withoutany difficulty.

Today | will speak primarily aboutthe World Wide Web. | hesitate to point outtha the Web
isjug oneof the many applicationstha run ontop of thelnternet. Aswith other Internet
applicationssuch as email, instant messaging, and voice over |P, the Web would have been
impossible to create withoutthe Internet itself opeating as an open platform. [2]

A. Universal linking: Anyone can connect to anyone, any page can link to any page

How did the Web grow from nothing to the scale it is at today? From atechnical perspective,
theWeb isalargecollection of Web pages (written in thestandad HTML format), linked to
other pages (with the linked doauments named usng the URI standard), and accessed over the
Internet (usngthe HTTP nework protocol). In simple terms, the Web has grown because it's
easy to write aWeb page and easy to link to other pages. The story of the growth of the World
Wide Web can be measured by the number of Web pagesthat are published and the number of
links between pages. Starting with onepage and onesite jug about 15 years ago, there are now
ove 100000000web siteq 3] with an estimated over 8 billion publicly accessible pages as of
2005.Wha makes it easy to create links from onepageto another istha thereis nolimit to the
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number of pages or number of linkspossible onthe Web. Adding aWeb page requires no
coordinaion with any central authority, and has an extremely low, often zero, additiond cod.
Wha's more, the protocol that allows usto follow these links (HTTP) is a nontdiscriminaory
protocol. It allows usto follow any link at al, regardless of content or ownership. So, because its
so easy to write a\Web page, link to another page, and follow these linksaround, people have
donealot of this. Adding apage provides content, but adding alink provide the organization,
structure and endorsement to information on the Web which turn the content as awhole into
something of great value

A current example of thelow bariersto reading, writing and linking onthe Web istheworld
of blogs Blogshardly existed five years ago, but have become an enomoudy populr means of
expression for everything from politics to local news, to art and science. Thelow bariersto
publishing pages and abundance of linking ability have come together, mog recently with blogs
to create an open platform for expression and exchangeof al kinds[4] The promise of beng
able to reach anyoneove a communicationssystem tha will carry virtudly anything (any type
of information) is somewha like other infrastructures we depend upon:themail system, theroad
system, and thetelephonesystem. It standsin contrast to more closed systems such as the
broadcast or cable television neworks. Those closed systems paform valuable fundionsas well,
butther impact in sodety is different and less pevasive.

Theuniversality and flexibility of the Web'slinking architecture has a uniquecapecity to
break down boundaies of distance, languaye, and domains of knowedge These traditiond
bariersfal away because the cog and complexity of alink is undfected by mog boundaies that
divide other media. It's as easy to link from information aboutcommercial law in the United
States to commercial law in Ching asit isto make the same link from Massachusetts
Commercial Codeto tha of Michigan. These linkswork even thoughthey haveto traverse
boundaies of distance, network opeators, computer opeating systems, and ahog of other
technical deailstha previoudy served to divideinformation. The Web'sability to allow people
to forgelinksiswhy we refer to it as an abgract information space, rather than ssimply a nework.
Other open systems such as the mails, theroadsor thetelephones come to perform afundionin
sodety tha transcendsther simple technical characteristics. In these systems, phonecalls from
thewireline networks travel seamlessly to wireless providers. Mails from onecounty traverse
borders with minimal friction, and the cars we by work on any roadswe can find. Open
infrastructures become genera purpo<e infrastructure on top of which large scale sodal systems
are built. TheWeb takes this openness onestep further and enables a continudly evolving set of
new services tha combineinformation at aglobd scale previoudy not possible. This universality
has been the key enabler of innovdion onthe Web and will continueto be so in thefuture.

B. Open Foundation for Information-driven Innovation
TheWeb has not only been a venuefor thefree exchangeof idess, butalso it hasbeen a
platform for the creation of awide and unanticipated variety of new services. Commercial

applicationsinduding eBay, Google, Y ahoo,and Amazon.com are buta few examples of the
extraordinary innovdionthat is possible because of the open, standads-based, roydty-free
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technology tha makes up theWeb. Whether developing an auction site, a search engine or a
new way of selling consumer goods e-commerce entrepreneurs have been able develop new
services with confidence tha they will beavailable for use by anyonewith an Internet
connection and a Web browser, regardless of opaating system, computer hardware, or the | SP
chosen by tha user.[5] Innovdion in the non-commercial and government domains has been
equdly robug. Early Web sites such as Thomes have led theway in efforts to make the
legidative process more open and trangparent, and non-commercial sites such as the Wikipedia
have pioneered new collaborate styles of information sharing. Theflexibility and openness
inherent in Web standards also make this medium a powerful founddion onwhich to build
services and applicationsthat are truly accessible for people with disabilities, as well as people
who need to trangorm content for purpoges other than tha for which it was origindly intended.

Thelesson fromthe proliferation of new applications and services on top of the Web
infrastructure is tha innovdion will happen provided it has a platform of open technical
standads aflexible, scalable architecture, and access to these standards on roydty-free ($0fee
paent licenses) terms. At the World Wide Web Consortium, we will only standadize technology
if it can beimplemented on aroydty-free basis. So, all who contribute to the development of
technical standadsat the W3C are required to agree to provideroydty-free licenses to any
paents they may hold if those patents would block compliance with thestandad. [6] Consder as
acompaisonthevery successful Apple iTunes+iPod musc distribution environment. This
integration of hardware, software, Web service shows an intriguing mix of proprietary
technology and open standards TheiTunes environment conssts of two parts. sales of musc
and videos and distribution of podasts. Thesale of musc is managed by a proprietary platform
run by Apple with theaim of preventing copyrightinfringement. However, because Apple uses
closed, nonstandad technology for its copy protection (known as Digital Rights Management),
thegrowth is seen as limited. In fact, Apple CEO Steve Jobsrecently wrote tha the market for
onlinemusdc salesis being limited by thelack of open accessto DRM technology[7] By
contrast, the podast component of iTunesis growing quite dramatically, providing ameansfor
many small and largeaudio and video distributors to share or sell their wares onthe Web. Unlike
themusc and video sales, podasts are based on open standads assuring tha it's easy to create,
edit and distribute the podaast content.

C. Separation of Layers

When, seventeen years ago, | designad the Web, | did not have to ask anyonés permission.
TheWeb, asanew application, rolled out over theexisting Interng withoutany changes to the
Internet itself. Thisisthegeniusof thedesign of the Internet, for which | take no credit.
Applying the age old wisdom of design with interchangesble parts and separation of concerns,
each component of theInternet and the applications tha run ontop of it are able develop and
improveindeendently. This separation of layers alows simultaneousbut autononous
innovdionto occur at many levels al at once. Oneteam of engineers can concentrate on
developing the best possible wireless daa service, while another can learn how to squesze more
and more bits throughfiber optic cable. At the same time, application develope's such as myself
can develop new protoools and services such as voice over |P, indant messaging, and peer-to-
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peer neworks. Because of the open nature of the Internet’'s design, all of these continueto work
well togeher even as each oneisimprovingitself.

I1. Looking forward

Having described how the Web gotto whereit is, let usshift to the question of whereit
mightgofrom here. | hopetha I've already persuaded you tha theevolution of the Web isnotin
thehands of any onepeason, me or anyoneelse. But I'd like to highlight three areas in which |
expect exciting developmentsin the near future. First, the Web will get better and better at
hdping usto manage, integrate, and andyze daa. Today, theWeb is quite effective at hdping us
to publish and discover doauments, buttheindividud information elements within those
doauments (whether it bethe dae of any event, theprice of aitem on acatalog page, or a
mathematical formula) cannotbe handled directly as data. Today you can see the daawith your
browser, but can't get othe computer programs to manipulate or andyze it withoutgoing
througha lot of manud effort yourself. Asthis problem is solved, we can expect tha Web asa
whole to look more like alarge database or spreadshest, rather than jus a set of linked
doauments. Second, the Web will be accessible from a growing diversity of networks (wireless,
wireline satellite, etc.) and will beavailable ona ever increasing nunber of different types of
devices. Findly, in arelated trend, Web applicationswill become a more and more ubiquitous
throughoutour human environment, with walls, automobile dashboads refrigerator doors all
serving as displays giving usawindow onto the Web.

A. Data Integration

Digital information aboutnearly every aspect of our livesis beng created at an astonishing
rate. Locked within all of this data isthe key to knowledgeabouthow to cure diseases, create
busness value, and goven our world more effectively. Thegood newsistha a number of
technical innovaions(RDF which isto daawha HTML isto doauments, and the Web Ontology
Languaye (OWL) which allows usto express how daa sources conneet togeher) aongwith
more openess in information sharing practices are moving the World Wide Web toward what
we call the Semantic Web. Progress toward better data integration will hgppen throughuse of the
key piece of technology tha made the World Wide Web so successful: thelink. The power of the
Web today, induding the ability to find the pages we're looking for, derives from thefact tha
doauments are putonthe Web in standard form, and then linked togeher. The Semantic Web
will enable better dataintegration by alowing everyonewho putsindividud items of daa onthe
Web to link them with other pieces of data usng standad formats.

To appreciate theneed for better data integration, compare the enormousvolume of
expeimental data producd in commercial and academic drug discovery labaratories aroundthe
world, as agang the stagnant pace of drug discovery. While market and regulatory factors play a
role here, life science researchers are coming to the conduson tha in many cases no single lab,
no single library, no single genomic daarepostory containsthe information necessary to
discover new drugs Rather, theinformation necessary to undestand the complex interactions
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between diseases, biological processesin the human body,and thevast array of chemical agents
is spread out across theworld in amyriad of daabases, spreadsheets, and doauments.

Scientists are notthe only ones who need better daaintegration. Consde theinvestment and
finance sector, a marketplace in which profit is generated, in large part, from having theright
information, at the righttime, and reaching correct condusonsbased on andysis and ingght
drawn fromthat information. Successful investment strategies are based on findng paternsand
trendsin an inareasingly diverse set of information sources (news, market daa, historical trends
commodity prices, etc.). Leading edgefinandal information providers are now devel oping
services tha allow usersto easily integrate the daathey have, aboutther own portfoliosor
internd market modds, with theinformation ddivered by theinformation service. The unique
valuecreationisin theintegration services, notin theraw daaitself or even in the software
tools, mog of which will bebuilt on open source components.

New data integration capabilities, when directed at persond information, pos subgantial
privacy chdlenges which are hardly addressed by today's privacy laws. Thetechnology of
today's Web aready hdpsrevea far more aboutindividuds, ther behavior, thar reading
interest, political views, persond associations group affiliations and even hedth and finandal
status In some cases, this persond information isrevealed by clever integration of individud
pieces of data onthe Web tha provide clues to otherwise unavailable information. In other cases,
people actudly revea alot aboutthemselves, butwith theintent tha it only used in certain
contexts by certain people. These shiftsin theway we relate to persond information require
seriousconsderation in many aspects of our soda and legd lives. While we are only jus
beginning to see these shifts, nowisthetime to examinearangeof legd andtechnical options
tha will preserve our fundamental privacy values for thefuture withoutunduly stifling beneficial
new information processing and sharing capabilities. Our research groupat MIT isinvestigating
new technologies to make the mog of the Semantic Web, as well as both technical and public
policy moddstha will hdp bring inareased trangparency and accountability to the World Wide
Web and other large scale information systems.[8] Our bdief istha in order to protect privacy
and other public policy values, we need to research and develop new technical mechanisms tha
provide great trangparency into theways in which informationin the system is used, and provide
accountbility for those uses with respect to wha ever are theprevailingrules.

B. Network Diversity and Device Independence

TheWeb has dways been accessible from a variety of devices over avariety of neworks.
From early on, onecould browse the Web from a Macintosh, a Windows PC or a Linux-based
computer. However, for alongtime the dominant modeof usngthe Web was from some
desktop or laptop computer with areasonably large display. Increasingly, people will use nonPC
devices tha have either much smaller or much larger displays, and will reach theInternet
througha growing diversity of neworks. At oneend of this spectrum, thedevices will seem
more like cell phones. At the other end, they will seem more like large screen TVs. Thee are, of
course, technical chdlenges assodated with squeszing a Web pagedesigned for a 17 inch screen
into thetwo to fourinch display available on a mobile phoneor PDA. Some of these will be
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solved throughcommon standards and some through innovdive new interface techniques. All of
this means more convenience for users and more oppottunity for new Web servicesthat are
tailored to people who are somewhere other than their desks.

Growth in access networks and Web-enabled applicationspresents a number of important
oppotunities. For example, more robug, redundant nework services together with innovaive
uses of community-based soda neworks ontheWeb are coming to play anincreasingrolein
areas such as emergency planning and notification.[9] Reports aboutad hoccommunication
networks suppoting disaster relief efforts are jug oneillugration of the bendfit of the openness,
flexibility and accessible of the Internet and Web. This oneareais a microcosm of many of the
issues tha we are discussing today, because in order to work well it requires seamless integration
of diverse types of daa; repurposng tha daaingantly into valid formats for a myriad of
different Web devices; and induding appropriate captions descriptions and other necessary
accessibility information. | would encourage al web sites designe's to ensure tha their material
conforms not only to W3C standards, but also to guiddines for accessibility for people with
disabilities, and for mobile access.

C. Ubiquitous Web Applications

In thefuture, the Web will seem like it's everywhere, notjus on our desktop or mobile
device. AsLCD technology becomes chegper, walls of rooms, and even walls of buildings will
become display surfaces for information from the Web. Much of theinformation tha we receive
today througha specialized application such as a database or a spreadsheet will come directly
fromtheWeb. Pervasive and ubiquitousweb applicationshold much oppotunity for innovaion
and sodal enrichment. They also pose significant public policy chdlenges. Nearly al of the
information displayed is speech butis beng donein public, posibly in amanne accessible to
children. Some of this informationis boundto be persond, raising privacy questions Findly,
inasmuch as this new ubiquitousface of the Web is pubilic, it will shgpethe naure of the public
gpaces we work, shop,do politics, and sodalize in.

D. The Web is Not Complete

Progress in the evolution of the Web to date has been quite gratifying to me. But theWeb is
by no meansfinished.

TheWeb, and everything which hgppensonit, rest on two things technological protocols,
and sodal conventions Thetechnological protocols, like HTTP and HTML, determine how
computersinteract. Sodal conventions such as theincentive to make linksto valuable resources,
or therules of engagement in asoda neworking web site, are abouthow people like to, and are
allowed to, interact.

AstheWeb passes throughits first decade of widespread use, we still know surprisingly little

aboutthese complex technical and soda mechanisms. We have only scratched the surface of
wha could berealized with degper scientific investigaioninto its design, opeation and impact
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on sodety. Robug technica design, innovdive business decisions and soundpublic policy
judgnent all require that we are aware of the complex interactionsbetween technology and
sodety. We call this awareness Web Science: the science and engineering of this massive system
for thecommon good[10] In order to gavanize Web Science research and education efforts,
MIT and theUniversity of Southamptonin the United Kingdomhave created the Web Science
Research Initiative. In concert with an internaiond Scientific Advisory Coundl of distinguished
computer scientists, sodal scientists, and legd scholars, WSRI will hdp create an intellectud
founddion, educationd atmosphee, and resource base to allow researchers to take the Web
serioudy as an obiject of scientific enquiry and engineering innovdion.

II1. Conclusion
So how dowe plan for a better future, better for society?

We enaure tha tha both technological protocols and soda conventionsrespect basic values.
Tha Web remainsauniversal platform: indgpendent of any specific hardware device, software
platform, languaye culture, or disability. Tha theWeb does not become controlled by a single
company -- or asingle county.

By adheence to these prindples we can ensure tha Web technology, like the Internet,
continues to serve as afounddionfor bigge things to come. It ismy hope Charman Markey,
members of the committee, that an undestanding of the naure of the Web will guideyouin your
future work, and tha the public at large can counton you to hold these values to the best of your
ability. | am grateful for the oppatunity to appear before you and am ready to hdp your efforts
in future.
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