
Networked

Semantic Services

I confess I was surprised by the success of the
World Wide Web. I’m a longtime member of
the techno-elite. Despite the proliferation of

personal computers, I didn’t imagine the hoi pol-
loi mastering networking. I didn’t expect that
grandmothers would relish the art of posting their
own home pages, viewing pictures of their friends’
grandchildren, and ordering their birthday pres-
ents from e-toy companies. I didn’t foresee URLs
on billboards.

A prime reason for the Web’s success was that
it is such an essentially human activity. Because
Web site developers know that their sites will be
interpreted by people, they can expend less energy
at figuring out exactly what needs to happen. The
natural language description of a particular appli-
cation is likely to be precisely the best way to
describe that action to a person, and generating
the natural language description is, well, natural.
You don’t need a Masters in computer science to
create a Web page. (It might even get in the way.)
This contrasts with building computer systems
where, by and large, you have to get everything
correctly coordinated. 

The other prime reasons for the Web’s success
were the cleverness of its design and search
engines. The Web’s design was shrewd in being
both open and expansive. By not imposing very
much structure on “universal” resource locators or
the meanings of messages, developers could adapt
the Web protocols to their needs. Fortunately, the
system converged to diversity without chaos, but
this result was not a foregone conclusion. 

Borges’s library contained all the truths of the
universe, but you would be hard pressed to find
any of them. Search engines — first-generation
engines like Altavista, which performed statistical
analysis on lexical text, and second-generation
engines like Google, which extend that with analy-
sis of the hypertext graph structure — are key to the
successful Web. It wouldn’t attract grandmothers if

they had to be initiated into the secrets of the soft-
ware elite to actually find things.

Web Services
The Web, in its original incarnation, was a mech-
anism for distributing static data results — a
grandchild’s photo or a scientific paper. However,
it didn’t take long before more complex processes
were superimposed on the underlying Web struc-
ture. These included both information-providing
services such as product prices, stock quotes, and
flight arrival times, and services that actually mod-
ified the external world, producing delivered prod-
ucts, stock sales, and ticket reservations. Even the
early Web had mechanisms for processing, but that
Web was centered on interfaces for serving peo-
ple. The idea behind Web services is to use HTTP-
like protocols to make network processing avail-
able to programs. These can include both “one
shot” services that just perform some action or
return some information, on through the entire
issue of choreographing multiple services through
a series of steps, including contingent actions and
the ability to monitor the figures of the dance.

Before Web services, programmers used pro-
gramming-language–centric, distributed object tech-
nology like Corba and Java RMI to build network
applications. Web services have two critical advan-
tages over such architectures. First, programming-
language–based mechanisms demand considerable
shared knowledge between the programmer of the
service and the programmer of the client (usually
realized in an interface definition language or shared
class files). Technically, modifying a service demands
modifying all its clients — even if the modification
doesn’t change anything the client uses. Second,
HTTP has become ubiquitous, able to tunnel through
protective firewalls in a single gulp. System admin-
istrators who wouldn’t dream of allowing an RMI
service into their network are smugly complacent
about anything coming in on port 80 — even when
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its connecting to something that can wreak equivalent havoc. (On the
other hand, the lack of the shared knowledge of IDLs and such might
prove to be a future impediment to reliability and maintainability of
Web service systems, but that’s fodder for a different discussion.)

Form and Meaning
As I’ve noted, keys to the Web’s success have been search engines and
the human ability to interpret Web pages. The latter supports the for-
mer: were it not for people looking at the little paragraphs generated
by the search engines, search engines wouldn’t work too well, either.
How can these properties be realized in an autonomous system?

A hot topic at this year’s World Wide Web conference was the
convergence of Web services and the Semantic Web. The idea behind
the Semantic Web is that generators of Web pages or services will
create formal declarative descriptions of these services that programs
can use to find the appropriate service and use it correctly. 

Declarative descriptions have two parts: form and content. Form
delimits what can be said and how to say it. This includes not only the
low-level lexical syntax of commands (for example, XML of the fol-
lowing format…) but also the quality of statements you can say about
a service. For example, a particular descriptive system might allow you
to assert only simple ground-level facts about a service (“the cost of
this service is $1”), quantified statements (“the cost of every service at
this site is $1”), or more complex statements with richer logic (“$1 buys
an hour of this service,” or “users can try this service for free for an
hour, if they haven’t used the service in the last month.”). Ideally,
Semantic Web services demand the ability to make not just these asser-
tions but also more complex ones, with the appropriate inferences
about elements such as temporal durations and quantities.

What kind of formats can we reasonably expect? We want two
things from our descriptive logic, fast computability and rich expres-
siveness. That is, we want an autonomous process to be able to quick-
ly determine the consequences of a set of assertions, and that the lan-
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guage of assertions be able to express
complex descriptions. Unfortunately,
these are incompatible goals; richer log-
ics are the royal road to exponential
complexity and noncomputability.
Thus, the developers of descriptive sys-
tems usually settle for something with
only primitive semantics like ground
clauses or, moving a small step up the
expressivity hierarchy, Horne-clause
logics like Prolog.

Form dictates how to say things, but
it doesn’t tell us what the symbols mean.
Humans can have trouble with word
meaning, and the intersection of precise
computers and ambiguous humans can
cause even more misunderstanding. I’m
reminded of two stories that illustrate
this point. One was related by a US
Undersecretary of Defense, who said
that when he asks the Army to secure a
building, they send over a troop of sol-
diers with automatic weapons. When he
asks the Navy to secure a building, they
send a yeoman to lock the doors and
turn off the lights. And when he asks the
Air Force to secure a building, they get
a three-year lease with option to renew. 

The other was from a friend who
had worked at Hewlett Packard on the
first handheld calculator. When he
asked the information system account-
ing folks how much profit HP had
made on that invention, they respond-
ed with a list of 43 questions to clarify
what he meant by “profit.” (For exam-
ple, “How should earnings and losses
on foreign currency futures transac-
tions be treated?”)

The Only Telephone
in the World
The simplest way of ascribing mean-
ing to symbols, the one adopted by the
classical Web, is to direct those sym-
bols to people, who will apply their
natural interpretations to the symbols
— often correctly. However, Web ser-
vices must act (mostly) autonomously. 

It is possible to infer the meaning of
complex statements through statistical
or artificial-intelligence techniques.
After all, statistical processes have per-
formed surprisingly well for Web search,
though not without a bit of human help. 

Ideally, we would like Web services
to be annotated by formal, computable
descriptions of what they do. There’s
currently a lot of activity on generating
semantic description languages for Web
pages. The Resource Description Frame-
work (RDF)1 is based on the idea of
describing resources in terms of subject-
predicate-object triples. Several groups
are furiously pursuing the ability to
write more complex languages — most
notably the combination of the DARPA
Agent Markup Language (DAML; www.
daml.org) with the Ontology Inference
Layer (OIL; www.ontoknowledge.org/
oil/) — to produce a richer but com-
putable language for describing
resources. However, creating the formal
representation structure is considerably
easier than actually modeling the com-
plexities of the real world. It’s one thing
to be able to provide a language for
“security” or “profit,” and quite another
to completely express the ramifications
in automatic weapons and exchange
rates needed to autonomously decide
which services to invoke.

Ultimately, semantic descriptions of
Web services will arise through human
processes, either because committees get
together and create standards for partic-
ular subdomains or because a particular
style used by some influential service
providers comes to be commonly adapt-
ed. I can’t predict whether this will hap-
pen. No one wants to be the only person
in the world with a telephone. Tele-
phones acquire more value as more peo-
ple have them. People will not go to the
trouble of doing something (annotating
their Web services with semantic infor-
mation) unless some benefit happens
from this markup (the service search
engine will find them). The service
search engines won’t be written unless
there is markup to be found.

No matter what happens, I’m sure I’ll
be surprised — whatever that means.2
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