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The Semantic Web:
= A Brain for Humankind

o riginally, the computer wasintended asadevicefor computation. Then, inthe 1980s,

the PC developed into a system for games, text processing, and PowerPoint pre-

sentations. Eventually, the computer became a portal to cyberspace—an entry point to a

worldwide network of information exchange and business transactions. Consequently,

technol ogy that supports accessto unstructured, het-
erogeneous, and di stributed information and knowl-
edge sourcesis about to become as essential as pro-
gramming languages were in the 60s and 70s.

The Internet—especially World Wide Web tech-
nology—waswhat introduced thischange. TheWebis
animpressive success story, interms of bothitsavail-
ableinformation and the growth rate of human users.
It now penetrates most areas of our lives, and its suc-
cess is based on its simplicity. The restrictiveness of
HTTP and (early) HTML gave software developers,
information providers, and users easy access to new
media, helping thismediareach acritical mass.

Unfortunately, this simplicity could hamper fur-
ther Web devel opment. What we're seeingisjust the
first version of the Web. The next version will be even
bigger and more powerful—but we're still figuring
out how to obtain this upgrade.

Growing complexity

Figure 1illustratesthe growth rate of current Web
technology. It started as an in-house solution for a
small group of users. Soon, it established itself asa
worldwide communication medium for more than

10 million people. In afew years, it will interweave
one hillion people and penetrate not just computers
but also other devices, including cars, refrigerators,
coffee machines, and even clothes.

However, the current state of Web technology gen-
erates serious obstacles to its further growth. The
technology’'s simplicity has already caused bottle-
necksthat hinder searching, extracting, maintaining,
and generating information. Computersare only used
as devices that post and render information—they
don’t have access to the actual content. Thus, they
can only offer limited support in accessing and pro-
cessing thisinformation. So, the main burden not only
of accessing and processing information but also of
extracting and interpreting it is on the human user.

The Semantic Web

Tim Berners-Lee first envisioned a Semantic Web
that provides automated information access based on
machine-processable semantics of data and heuristics
that usethese metadata. The explicit representation of
the semantics of data, accompanied with domain the-
ories (that is, ontologies), will enable a\Web that pro-
videsaqualitatively new level of service. It will weave
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Figure 1. The growth rate of current Web technology.

together anincredibly large network of human
knowledge and will complement it with
machine processability. Various automated ser-
vices will help the user to achieve goals by
accessing and providing information in a
machine-understandable form. This process
might ultimately create an extremely knowl-
edgeable system with various speciaized rea-
soning services—systemsthat can support usin
nearly dl aspectsof our lifeand that will become
as necessary to Usasaccessto electric power.

Thisgivesusacompletely new perspective
of the knowledge acquisition and engineering
and the knowledge representation communi-
ties. Some 20 yearsago, Al researcherscoined
the slogan “knowledge is power.” Quickly,
two communities arose:

 knowledge acquisition and engineering,
which dealswith the bottleneck of acquir-
ing and modeling knowledge (the human-
oriented problem), and

» knowledge representation, which deals
with the bottleneck of representing know!-
edge and reasoning about it (the computer-
oriented problem).

However, the results of both communities
never really hit the nail on the head. Knowl-
edge acquisitionistoo costly, and the know!-
edge representation systems that were cre-
ated were mainly isolated, brittle, and small
solutions for minor problems.

With the Web and the Semantic Web, this
situation has changed drastically. We have
millions of knowledge* acquisitioners’ work-
ing nearly for free, providing up to ahillion
Web pages of information and knowledge.
Transforming the Web into a “knowledge
Web” suddenly put knowledge acquisition
and knowledge representation at the center of
an extremely interesting and powerful topic:
Given the amount of available online infor-

mation we aready have achieved, thisKnowl-
edge (or Semantic) Web will be extremely
useful and powerful. ImagineaWeb that con-
tainslarge bodiesof the overall human knowl-
edge and trillions of specialized reasoning
services using these bodies of knowledge.
Compared to the potential of the Semantic
Web, the original Al vision seems small and
old-fashioned, like an idea of the 19th cen-
tury. Instead of trying to rebuild some aspects
of a human brain, we are going to build a
brain of and for humankind.

In this issue

The work and projects described in this
special issueprovideinitial stepsinto sucha
direction. We start with Michel Klein'stuto-
rial, which introduces the current language
standards of the Semantic Web: XML,
XMLS, RDF, and RDFS.

James Hendler—who has already helped
usall by successfully initiating and running
a large DARPA-funded initiative on the
Semantic Web—reveals his vision of the
Semantic Web. On the basis of a standard
ontology language, he sees software agents
populating the Semantic Web, providing
intelligent services to their human users. In
“OIL: An Ontology Infrastructure for the
Semantic Web,” Dieter Fensel, |lan Horrocks,
Frank van Harmelen, Deborah L. McGuin-
ness, and Peter F. Patel-Schneider propose
such an ontology standard language. OIL and
DAML+OIL are the basis of a semantic
working group of theW3C that should soon
develop a standardization approach. Sheila
A. Mcllraith, Tran Cao Son, and Honglei
Zeng, in“ Semantic Web Services,” and Jeff
Heflin and James Hendler, in “A Portrait of
the SemanticWebinAction,” describeintel-
ligent services on top of such services, based
on query and reasoning support for the
Semantic Web.

A key technology for the SemanticWebis
ontologies. In*“ Creating Semantic Web Con-
tents with Protégé-2000,” Natalya F. Noy,
Michael Sintek, Stefan Decker, Monica
Crubézy, Ray W. Fergerson, and Mark A.
Musen provide excellent tool support for
manually building ontol ogies based on Pro-
tégé-2000. However, even with an excellent
tool environment, manually building ontolo-
giesislabor intensive and costly. Alexander
Maedche and Steffen Staab, in “ Ontology
Learning for the Semantic Web,” try to
mechanize The ontology building process
with machine learning techniques. 8
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