Peer to Peer

vision, laid out in 2001 by Tim

Berners-Lee and others,! in which
the World Wide Web will include a
notion of meaning in data and ser-
vices. Intelligent agents will exchange
information and rules for how to inter-
act with that information, with or
without human intervention; appoint-
ments will be automatically scheduled;
and automated agents will select and
invoke services. Information will be
easy to find without depending solely
on keywords.

In part one of this column, I propose
several reasons that this vision hasn’t
yet been adopted despite substantial
research funding in the US and Euro-
pean Union (EU). These reasons will pro-
vide the foundation for a new approach,
which I'll propose in part two.

The Semantic Web is a compelling

Fundamentals

The Semantic Web has three funda-
mental parts. The foundation is the
set of data models and formats that
provide semantics to applications that
use them. The second layer is com-
posed of services — purely machine-
accessible programs that answer Web
requests and perform actions in
response. At the top are the intelligent
agents, or applications.

Data Models and Formats
There are three major information for-
mats on the Semantic Web:

e the Resource Description Format
(RDF),?
RDF Schema,? and
the Web Ontology Language (OWL).*
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OWL is a superset of RDF Schema,
which is a superset of RDF. RDF pro-
vides a format, and both RDF Schema
and OWL provide ontological data
models.

The fundamental unit of represen-
tation in RDF is the triple. RDF forms
a directed graph, in which each triple
consists of a subject node, a predicate
name, and a target node or literal.
Anything that can’t be represented as
a triple must use an excessively spe-
cific predicate name or be reified.
Reification is the process of taking a
triple and stating sentences about it
using another set of triples. If reifica-
tion isn’t used, we must typically
embed contextual information into the
predicate name. When we use RDF
Schema or OWL for vocabulary, these
triple sets form ontologies. Ontologi-
cal vocabularies define basic structure
for triples, including class hierarchies
and conventions for human-readable
node names, as well as define behav-
iors for certain types of properties.

RDF triples must be maintained,
either as separate files or within sepa-
rate blocks inside HTML files. They are
separate from any natural language
representations of their contents, and
they can’t include HTML markup. The
formats are for machines and have
nothing to do with language or
markup. The ontological data model
makes representation of any nontrivial
factual information difficult because it
can’t represent context of any kind.
The Semantic Web thus represents a
“shadow web” that’s entirely separate
from today’s Web.

Each of these formats has seen
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phenomenally low adoption rates. A
quick visit to the Swoogle Semantic
Web Search and Metadata Engine
(http://swoogle.umbc.edu) reveals
problems in both coverage and qual-
ity. The Alpiri Project (TAP; http://tap.
stanford.edu/TAP/), a large-scale RDF
project that I cofounded with Rama-
nathan V. Guha, suffered from similar
spotty coverage and inconsistent
quality. Other examples include the
Semantic Interoperability of Metada-
ta and Information in unlike Environ-
ments (Simile) project at MIT (http://
simile.mit.edu) and the KnowlItAll
project at the University of Washing-
ton (www.cs.washington.edu/research/
knowitall/). There is very little breadth
or depth to any of this information.
Further, automated extractors intro-
duce numerous errors.

Services

Most consultants say that the Web Ser-
vices Definition Language (WSDL)® is
seeing increasingly wide deployment
inside enterprises. Yet, such services
contribute nothing to the public Web.
Major search engines and e-commerce
sites have deployed the only public
services to date. Amazon and eBay use
their Web services to attract new buy-
ers and sellers and to allow external
developers to create new functionali-
ty. Google and Yahoo provide Web ser-
vices simply because their success
encourages “screen scraping.” Both
companies found that developers were
using programs to parse their HTML
and extract search results, causing
errors, and decided it was in their bet-
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ter interests to support and learn from
these developers rather than hamper
them with the error rates that result
from programmatic HTML analysis.
Beyond these efforts, most public
services are trivial. A quick visit to the
XMethods Web services directory
(www.xmethods.net) or any UDDI node
(www.uddi.org) confirms this fact. The
Semantic Web vision argues that
adding semantics to Web services will
allow intelligent agents to discover

lus led to the relational database rev-
olution in the 1980s. Before his work,
information representation in comput-
ers typically used ad hoc, hierarchical,
inflexible techniques.

Knowledge representation uses the
fundamental mathematics of Codd’s
theory to translate information, which
humans represent with natural lan-
guage, into sets of tables that use well-
defined schema to define what can be
entered in the rows and columns. The
technique is very similar to a database

Logic, which forms the basis of OWL,
suffers from an inability to represent
exceptions to rules and the contexts in

which they’re valid.

and compose sets of useful services,
enabling a revolution in Internet appli-
cations.® But there are no services and,
thus, no semantics.

What About

the Applications?

Given the lack of deployment of both
information and services, it’s not
surprising that the third fundamental
part of the Semantic Web, the applica-
tions, hasn’t arrived. The reason for
this is the fundamental problem in the
approach: the Semantic Web'’s basis in
knowledge representation. (See www.
aaai.org/AlTopics/html/repr.html for a
good overview.)

The Semantic Web has enjoyed nei-
ther widespread deployment nor the
formation of scalable, simple systems.
It hasn’t developed user communities
that perceive themselves as contribut-
ing to a large, societal effort.” To
understand why, we must visit its
roots. Knowledge representation is a
technique with mathematical roots in
the work of Edgar Codd,® widely
known as the one whose original paper
using set theory and predicate calcu-
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but with a large number of columns
and a relatively sparse set of non-
empty cells. The problem is that this
creates a fundamental barrier, in terms
of richness of representation as well as
creation and maintenance, compared
to the written language that people
use. Logic, which forms the basis of
OWL, suffers from an inability to rep-
resent exceptions to rules and the con-
texts in which they're valid.

Despite decades of effort, database
tools remain extremely difficult to
create. Typically, databases are
deployed only by corporations whose
information-management needs require
them or by hobbyists who believe they
can make some money from creating
and sharing their databases. Because
information theory removes nearly all
context from information, both knowl-
edge representation and relational data-
bases represent only facts. Complex
relationships, exceptions to rules, and
ideas that resist simplistic classifications
pose significant design challenges to
information bases. Adding semantics,
including classifications, properties, and
rules, increases the burden exponen-

www.computer.org/internet/

tially. New approaches such as Web
Service Modeling Ontology
(www.wsmo.org) are emerging, but they
suffer from the same fundamental flaws
as knowledge representation.

Consider the Semantic Web vision
paper. It describes how a brother and
sister might use “a trusted rating ser-
vice” to find a doctor “with a rating of
excellent” for their mother. Yet, as any-
one who has used contractor-referral
services for home remodeling knows,
these ratings simply don’t work, no
matter how many axes they're applied
across. Speaking to a friend or partici-
pating in a trusted community is near-
ly always a more informed approach
for locating referrals because language
representation fundamentally invokes
catastrophic translation and mainte-
nance costs. Complexities should not
be distilled to simplicities.

Because of these high costs and a
desire not to assist their competitors,
corporations typically don’t share data-
bases unless they have to. Even hobby-
ists, such as those who started the
Internet Movie Database (www.imdb.
com) or the Roller Coaster Database
(www.rcdb.com/IMDB/), typically want
to ensure that they have a way to recov-
er labor and hosting costs. On the Web,
advertising provides this revenue. Real-
ly Simple Syndication (RSS),® another
“shadow web” format that has nothing
to do with markup or language, has also
enjoyed immense success because RSS
feed views nearly always result in page
views, which can be monetized. The
Semantic Web offers no equivalent.

Because it's a complex format and
requires users to sacrifice expressivi-
ty and pay enormous costs in transla-
tion and maintenance, the Semantic
Web will never achieve widespread pub-
lic adoption. Some say that the answer
to this is more funding — a Manhattan
Project (the US effort to build an atom-
ic weapon in World War II) or Apollo
Project (the US effort to send astronauts
to the moon) level of effort. Cycorp
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(www.cyc.com) is notable in this area.
In the 1980s, Doug Lenat decided that
the only way to create the world’s first
true artificial intelligence would be to
simply do it. In creating Cyc, he created
one of the largest knowledge-represen-
tation projects in history.

Large-scale efforts like these will
fail. Finding tangibly useful results
from the Cyc effort, 20 years later, is
difficult even for its proponents. The
US and EU have already funded
Semantic Web efforts considerably.
Funding must instead be directed
toward finding this generation’s Edgar
Codd to solve the representation prob-
lem. New representations must be easy
to translate to and from natural lan-
guage. Any other approach ignores the
representation problem, assumes that
context-free facts and logical rules are
sufficient, and will fail. The Semantic
Web will fail because it inherits these
problems and then couples them to the
Web, which represents the breadth of
human knowledge. It will fail.

In part two of this article, I'll pro-
pose our solution. M
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