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T. Berners-Lee', R. Cailliau', N. Pellow3, A. Secret" 

Abstract 

The World-Wide Web (W3) is a way of viewing all 
the online information available on the Internet as a 
seamless, browsable continuum. Using hypertext 
jumps and searches, the user navigates through an 
information world partly hand-authored, partly com­
puter-generated from existing databases and infor­
mation systems. The web today incorporates all 
information from more basic information systems 
such as Gopher as WAfS, as well as sophisticated 
multimedia and hypertext information from many 
organizations. As a user interface tool, W3 clients 
provides a comprehensive point·and-click network 
access tools. while W3 servers provide an efficient. 
friendly method of providing data to real users. This 
paper answers some commonly asked questions 
about W3, such as those comparing it with other sys­
tems, and about recent developments and future 
directions global hypermedia will take. 

I. What is the World-Wide Web? 

If you haven't come across the web before, the 
best way to find out about it is to try it. At the end of 
this paper are some recipes for getting hold of W3 
clients. Given one of these, you will quickly find out 
all you need to know, and much more besides. For 
something to read on the plane, or you don't have 
Internet access from your desk top machine, you 
could read our paper in "Electronic Networking" 
[W3j for an overview of the project, material which 
we will not repeat here. 

To summarize, a W3 "client" program runs on 
your computer. It displays a "document" fetched 
from another computer, the "server". The reader can 
either request a search, typing in plain text (or com­
plex commands) to send to the server, or can follow 
a link from a highlighted phrase to another docu­
ment. In either case, the client sends a request off to 
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the server, often a completely different machine in 
some other part of the world, and within (typically) a 
second, the related information, hypertext again, 
plain text or multimedia, is presented. This is done 
repeatedly, and by a sequence of selections and 
searches one can find anything which is "out there". 
Some important things to note are: 

• Whatever type of server, the user interface is 
the same. so users do not need to understand 
the differences between the many protocols in 
common use; 

o Links can point to anything which can be dis­
played (including search result lists); 

While menus and directories can be used, the 
extra option of hypertext gives a more power­
ful communication tool, but you do not have 
to write hypertext to run a W3 server. 

o There is a very extendable system for intro­
ducing new formats for multimedia data; 

o There are many clients for different plat­
forms, each displaying formatted hypertext as 
well as it can on that given platform. 
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Figure I. A view of NCSA's Mosaic W3 browser 
for X. Here we are looking at part of a list of Internet 
resources by subject. The document title and address 
CURL") are displayed at the top. Linked text is 
underlined here, although color is normally used 
when available. The "Search keyword" box at the 
bottom is enabled when the server allows for a search 
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at this point. Buttons provide the usual navigation 
aids, and a "hot list" of pointers to book-marked doc­
uments is saved between sessions. 

II. What does W3 define? 

W3 has come to stand for a number of things, 
which it is as well to distinguish. These include 

• The idea of a world in which all information 
items have a reference by which they can be 
retrieved; 

• The addressing system [URL] which the 
project put in to make this possible, with 
many different servers; 

• A network protocol [HTTP] used by native 
W3 servers giving performance and features 
not otherwise available; 

• A markup language [HTML] which every 
W3 client is required to understand, and is 
used for the transmission of basic things such 
as text, menus and simple online help infor­
mation across the net; 

• The body of data available on the Internet 
using all or some of the above. 

It is worth clarifying the relationships here: 

The URL syntax allows objects (menus, docu­
ments, etc.) to be addressed not only using HTTP, but 
also using the other common networked information 
protocols in use today ([FIT], [NNTP] , [Gopher], 
and [WAlS]). The URL syntax is defined by an 
Internet Draft document which, when a standard, will 
allow different applications to exchange pointers to 
information on the network. 

Rather than being a protocol for transferring 
hypertext, HTTP is a protocol for retrieving informa-

WAIS 

Original target application: Information retrieval 
(IR) 

Protocol Style: ISO 

Formats: yes 

Plain text with keywords 

Graphics -
Hypertext -

Functions 
Search yes 

Relevance feedback yes 

Reference to other servers -

Registered servers (approx.) 113 

tion with the efficiency necessary for making hyper­
text jumps. HTTP does not only transfer HTML 
documents. Although HTML comprehension is 
required of W3 clients, so that menus can be pre­
sented, HTTP is used for retrieving documents in an 
unbounded and extensible set of formats. This is 
done by the client sending a list of the formats it can 
handle, and the server replying with data in any for­
mat which it also can produce. This allows proprie­
tary formats to be used between consenting programs 
in private, without the need for standardization of 
those formats. This is important both for high-end 
users who share data in sophisticated forms, and also 
as a hook for formats which have yet to be invented. 

HTML is an Internet protocol. It is similar in 
style to the FIT and NNTP protocols use to transfer 
files and news on the internet for many years. 

HTML is a markup language which does not have 
to be used with HTTP. It can be used in hypertext 
mail (it is proposed as a format for Multipu'1lose 
Internet Mail Extensions, [MIME]), news, and any­
where where basic hypertext is needed. It includes 
simple structure elements, such as several levels of 
headings, bulleted lists, menus and compact lists, all 
of which are useful when presenting choices, and in 
online documents. Whilst being in fact a valid 
SGML format (the DID is an appendix to the speci­
fication), it is very simple, and many servers actually 
work by running small programs to generate HTML 
on the fly in response to client requests. 

W3 and Other Systems 

Two other systems, WAIS and Gopher, share 
W3's client-server architecture and a certain amount 
of its functionality. Table I indicates some of the 
differences. (Note: registered server figures taken 27 
April 1993. WAIS: from TMC directory, number of 

Gopher W3 

Campus-wide infor- Collaborative work 
mation (CWIS) (CSCW) 

Internet Internet 

yes yes 

yes yes 

- yes 

- yes 

yes yes 

- -
yes yes 

455 62 

Table I: Features of networked information systems 
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distinct hosts. Gopher: from "All the Gophers in the 
world" register at UMN; W3: from Geographical list 
kept at CERN. In all cases more servers exist which 
are not directly registered. so these are a very rough 
guide only with no indication of quantity or quality 
of information at each host) 

The WAIS protocol is influenced largely by the 
z39.50 protocol designed for networking library cata­
logues. It allows a text-based search. and retrieval 
following a search. Indexes to be searched are found 
by searching in a master index. This two-stage 
search has been demonstrated to be sufficiently pow­
erful to cover the current world of WAIS data. There 
are however no navigational tools to allow the reader 
to be shown the available resources. or guided 
through the data: the reader is parachuted in to a 
hopefully relevant spot in the information world. but 
left without context. 

WAIS Gopher W3 

WAIS yes gateway yes 
(v. 2.04) 

Gopher - yes yes 

HTTP - - yes 

FTP - gateway yes 

Net news - gateway yes 

Table 2. protocols supported by clients. 

Gopher provides a WAIS-like search mechanism. 
but principally uses menus. A menu is a list of titles. 
from which the user may pick one. While gopher 
space is in fact a web containing many loops. the 
menu system gives the user the impression of a tree. 
The Veronica server provides a master index for 
gopher space. 

The W3 data model is similar to the gopher 
model. except that menus are generalized to hyper­
text documents. In both cases. simple file servers 
generate the menus or hypertext directly from the file 
structure of a server. The W3 hypertext model gives 
the program more power to communicate the options 
available to the reader. as it can include headings. 
and various forms of list structure for example within 
the hypertext. W3 uses the conventions of the MIME 
project for multimedia mail. so opening the door to 
integration of hypermedia mail. news. and informa­
lion retrievaL 

All three systems allow for the provision of 
graphics. sound and video. although as the WAIS 
system only has access by text search. text has to be 
associated with graphics files to allow them to be 
found. 

The uptake of the systems has been largely 
affected by the software available. A public domain 
version of WAIS provided an indexing system which 
in fact was used as the search engine of several 
Gopher and W3 servers. The existence of free clients 
on small platforms (Mac and PC) for Gopher was a 
major feature in its popUlarity. as was the simplicity 
of setting up the servers. which were at the time 
available free of charge. W3 enthusiasm was initially 
greater in the high end. among workstation users for 
whom the best clients existed. and for those provid­
ers who demanded the quality of service provided by 
a hypertext interface. The recent availability of cli­
ents for PC and Mac for W3. and the existence of 
"drop-in" servers for unix systems is now starting to 
change this picture. 

W3 clients provide access to servers of all types. 
as a single simple interface to the whole web is con­
sidered very important. Unknown to the user. several 
protocols are in use behind the scenes. Whereas one 
would not wish to see greater proliferation of proto­
cols, the existence of more than one protocol proba­
bly allows for the most rapid progress during tltis 
phase in the development of the field. 

III. Recent W3 developments 

When initially the push was for a good X II inter­
face for W3. there are now no less than five X-based 
browsers. Of these. NCSA's "Mosaic" for X. 
released for free use by the academic public. has 
achieved great popUlarity. At the opposite end of the 
scale. five tenninal-based browsers cater for different 
needs of vt I 00 and dumb terminal based users. the 
"Lynx" full-screen vt100-based browser from the 
University of Kansas being the latest addition . 
Whilst NCSA is currently developing Mosaic ports 
to Macintosh and PClWindows platforms. CERN has 
a simple Mac browser. and the Legal Information 
Institute at Cornell Law School says its existing but 
currently unreleased Windows-based "Cello" 
browser will be made available in July. One meas­
ure of the uptake rate of clients is the load on the 
"info" W3 server at CERN. which has more than 
doubled every 4 months over the last two years. 

Information providers have also blossomed. 
Some of these provide simple overviews of what is 
available at particular institutes or in particular fields . 
Others use the power of the W3 model to provide a 
virtual world of great richness. Examples of servers 
which use hypertext in interesting ways are the RAL­
Durham Particle Database. the Legal Information 
Institute's hypertexts of several great tomes of Amer­
ican law. 

The kernel W3 code (a common code library. and 
basic server and clients) from CERN is in the public 
domain. (All protocols and specifications are public 
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domain). The latest release of the library now 
includes, when used in conjunction with the free­
WAIS product from CNIDR, direct access to WAIS 
servers from W3 clients without the necessity of 
passing through gateways. 

IV. The future 

The W3 initiative sits at the meeting point of 
many fields of technology. Users put pressure and 
effort into bringing about the adoption of W3 in new 
areas. Some of the developments which we look for­
ward to in the next few years include 

• The implementation of a name service which 
will allow documents to be referenced by 
name, independent of their location; 

• Hypertext editors will allow non-expert users 
to make hypertext links to organize published 
information. This will bring the goal of com­
puter-supported collaboration closer, with 
front-end update, and annotation. 

• The development of a common syntax for 
forms to be filled in by users, allowing users 
to perform data input to servers for numerous 
applications; 

• More sophisticated document type definitions 
providing for the needs of commercial pub­
lishers of online material; 

• The development of a common format for 
hypertext links from two-dimensional images 
will give more exciting interface possibilities; 

• Easy-la-use servers for low-end machines 
will increase the rate of publication of infor­
mation by small groups and individuals; 

Conventions on the Internet for charging and 
commercial use will allow direct access to 
for-profit services. 

V. Getting Started 

If you have an X-windows based workstation, 
then pick up the xmosaic product by anonymous FTP 
from ftp .ncsa.uiuc.edu, directory Web/xmosaic. Just 
get the binary (sources are available if the binary is 
not there for your machine), uncompress it, set it exe­
cutable and run it. 

If you have a vt100 terminal, you can try out a 
full screen interface by tel netting to ukanaix.cc.u­
kans.edu and logging in as www. With any terminal, 
you can telnet to info.cern.ch for the simplest inter­
face . These browsers are also available in source and 
in some cases binary form. Details of status and 
coordinates of all browsers are available on the web -
just follow a link to World-Wide Web, and select 
"software available" . Line mode and Mac browsers 

are both available from info.cem.ch in directories I 
pub/wwwlbin and Ipub/www/src. 

Hopefully after reading this article you will have 
an idea of what W3 is, where it fits in with other sys­
tems in the field. and where it is going. There is 
much more to be said, in particular about the provid­
ing of data, but this is described on the web. 
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with URLs as follows: 

wais:llquake.think.comldirectory of servers 

gopher:llgopher. tc . umn.edu:701 I I/Other%20Go­
pher%20and%20Information%20Servers/all 

http: //info.cem.chlhypertextlDataSources/www/ 
Geographical.html 
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Lecture One 

I.7 

During the presentation Professor Lincoln asked what was the time frame in the development of 
the World-Wide Web. Dr Berners-Lee replied that it was in 1987 that he fIrst realized that he 
needed an hypertext program to keep track of the information being generated by the various 
groups in CERN; in 1990 the first prototype was implemented together with a language for 
people to use it; in 1991 people staned to get interested; also in 1991 the browser and the basic 
server were made available on the Internet; and in 1992 the system was installed on their 
platform. 

Professor Randell made the point that a person could easily get lost in a large hypertext world, 
he then asked whether a solution to solve this problem sh'ould be client based. Dr Berners-Lee 
answered that, although there was a navigation panel, in practice what people really wanted was 
the back button in order to recover from possible errors. 

Dr Gifford made the remark that although hypertext provided a consistent framework to link 
documents together, it had a limitation because it did not have semantics which allowed it to 
isolate pan of a huge tree without navigating through it. The speaker agreed that there were 
problems in fInding things, however a search query could be used to localise an object, then on 
the specifIc object something more sophisticated, such as an index, could be built according to 
client necessities. 

Professor Brown commented that it would be naive to expect that hypertext technology would 
solve all the problems on information retrieval; he continued by saying that it was very easy to 
write paper documents in which one could get lost, it was even much easier to get lost in 
documents written in hypertext. Authorship was, by definition, something one learnt through 
experience. For hypertext documents, things will get better only with experience, and by 
providing tools for the author. At this point Professor Randell asked Professor Brown what was 
his concept of author as applied to the world. Professor Brown answered that it was the 
information provider. Professor Randell argued whether an information provider was not a 
collection of all possible information providers, if so the notion of author discipline applied to 
that would be "politically interesting". 

Miss Barraclough said the speaker had suggested in his talk different types of searching for 
different things, then she asked whether this was not the case where the use of the sort of things 
that Professor van Rijsbergen mentioned was being avoided at certain levels but when one gets 
down to the level of data retrieval then what was necessary were the techniques mentioned by 
Professor van Rijsbergen. She also mentioned that one thing that worried her was that of trying 
to solve all the problems with one tool, she got the impression that WWW was not doing that 
but she thought that Professor van Rijsbergen's ideas were a tool to be used in certain 
circumstances. Dr Berners-Lee agreed with her, and replied that the issue was still completely 
open; he then observed that different people tend to use the language with different levels of 
skill. 

On the issue of data protection, Miss Barraclough raised the concern related to the information 
that was kept about what people read; the information was either destroyed at the end of a 
session or kept for future reference. If the information was kept it could be used not for its initial 
intent. The speaker answered that it was the intention to discuss a general rule for its utilization. 
However, there was a suggestion for the customers to join a scheme where they would send 
back all history of a search, just for analysis purposes. 

•• 
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Lecture Two 

1. 8 

During the talk Professor van Rijsbergen enquired whether in a search the World-Wide Web 
made full power use of WAIS. Dr Bemers-Lee replied that the Web made use of a real W AIS 
server. 

When Dr Berners-Lee was presenting an example how information was displayed by W3, Mrs 
Foster raised the concern whether it was the producer or the receiver of the information who had 
the rights on how the information should be displayed. The speaker agreed with Mrs Foster and 
replied that the subject could be endlessly discussed. 

Professor Randell enquired what "reliable data" meant in the bullet "Easy front-end update 
means more reliable data". Dr Berners-Lee answered that when information was presented to the 
user, sometimes there would appear at the bottom of the window a message asking for the user 
to notify the producer of the information about any mistakes that the information might contain. 
Following the answer from the speaker, Professor Randell asked whether there was something 
or someone in the editorial role. Dr Bemers-Lee replied that there was a need for someone who 
would authorise the changes in the information. 

Professor Tedd made the comment that in the Web bottlenecks eventually will appear, if for 
instance everybody tried to access a particular document, affecting the response of end resources 
and middle points in the Web, and then he asked whether anybody had tried to model what 
might happen. Dr Berners-Lee answered that nobody had tried to model. He continued by 
observing that if the multimedia aspect was excluded then no bottlenecks would occur, however, 
if multimedia was considered then cacheing might be necessary. 

Professor Lincoln asked if in a query the number of names and number of interactions became 
very large would the Web be self trimming or would new tools be necessary. Dr Berners-Lee 
responded that at the present the Web could afford the response, however, in the future it might 
be necessary to introduce new capabilities, such as upgrading the links or introduce new cache, 
which will depend on the organisation. To exemplify his case, Dr Berners-Lee referred to 
Super-Janet; although it provided a high speed link over Britain, still there was a bottleneck in 
the link across the channel. In order to obtain a better response it might be advisable to have a 
cache, for instance in University College London. 

Dr Russell made the comment that one thing that one had to be sure of was that the cost of the 
cache was actually less than the cost of upgrading the link, and he continued by asking the 
speaker which algorithm was being used to decide whether to use a cache or upgrade the link. 
Dr Berners-Lee answered that the decision should be according to the actual usage of the 
resource. 


