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Preface

This volume contains a selection of papers presented at LOPSTR 2006, the 16th
International Symposium on Logic-Based Program Synthesis and Transforma-
tion, held in Venice, Italy, July, 12-14 2006.

The aim of the LOPSTR series is to stimulate and promote international
research and collaboration on logic-based program development. Previous LOP-
STR events were held in London (2005, 2000), Verona (2004), Uppsala (2003),
Madrid (2002), Paphos (2001), Venice (1999), Manchester (1998, 1992, 1991),
Leuven (1997), Stockholm (1996), Arnhem (1995), Pisa (1994), and Louvain-la-
Neuve (1993).

We would like to thank all those who submitted contributions to LOPSTR.
Overall, we received 41 submissions (29 full papers and 12 extended abstracts).
Each submission received at least three reviews. The committee decided to accept
nine of these full papers for presentation and for inclusion in the final conference
proceedings. In addition, eight extended abstracts, including two tool demon-
strations, were accepted for presentation only. After the conference, authors of
extended abstracts describing research judged to be mature enough for possible
publication in the present volume were invited to submit full papers. In this
second reviewing process, five additional papers were accepted for publication in
the current LNCS volume, together with revised versions of the nine full papers
previously accepted.

We would also like to thank Shaz Qadeer and Massimo Marchiori for agreeing
to give invited talks and for their contribution to these proceedings.

I am very grateful to the authors of the papers, the reviewers, and in particu-
lar to the members of the Program Committee for their invaluable help. Thanks
also to Andrei Voronkov for his support with the use of EasyChair, which greatly
simplified the submission, reviewing and discussion process, as well as the prepa-
ration of the proceedings.

LOPSTR 2006 was co-located with PPDP 2006 (ACM Symposium on Princi-
ples and Practice of Declarative Programming) and ICALP 2006 (International
Colloquium on Automata, Languages and Programming).

My warmest thanks go to Sabina Rossi (Local Arrangements Chair), who
was always willing to help in any aspect of the organization of the event. Special
thanks also to Annalisa Bossi and Michele Bugliesi who, together with Sabina,
took care of the overall planning and local organization of LOPSTR. 2006.

December 2006 Germéan Puebla
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How to Talk to a Human:
The Semantic Web and the Clash of the Titans

Massimo Marchiorit:?2

! University of Padua (UNIPD)
massimo@math.unipd.it
? Utility Labs (UTILABS)
massimoQutilabs.org

Abstract. The Semantic Web has managed to produce an enormous
buzzword. However, despite it cannot be considered a new technology
anymore, it didn’t fly off yet, and has remained unexpressed in its po-
tentials. In this article we try to analyze the possible reasons, and also
the tension that the Semantic Web has with XML. We emphasize the
need for consideration of the more comprehensive social environment,
together with a more formal modeling of the mechanics of the Web and
its information flows.

1 The Semantic Web and XML: The Eternal Quest

The Semantic Web (mostly, in its RDF [1] incarnation) and XML have been
often seen as two distinct worlds, and as such, each of them has a community of
people who think the other side of the fence is doing things ”the wrong way”.

Given XML’s success, and the current dual lack of success of the Seman-
tic Web/RDF, it is normal that the latter has been often criticized, using the
following ” fundamental question”:

Q: What can you do with RDF that you can’t do with XML ?

The fundamental question is both tricky and crucial. This question has been
source of embarrassment, and of misunderstandings, for both worlds, and has
somehow contributed to the lack of proper understanding of the potential of the
Semantic Web in the context of the bigger XML world.

We were saying the question is tricky. The classic general answer which is
given is:

Q: What can you do with RDF that you can’t do with XML?
A: Semantics!

This usually leaves the XML-World unsatisfied, because this is in fact a very
fuzzy answer. Saying that with RDF you can do semantics, equals more or less
to say that with the Semantic Web you can do... semantics, which doesn’t sound
too good to critical eyes. So then, the ”socratic dialogue” goes on, and the XML-
World usually replies with

G. Puebla (Ed.): LOPSTR 2006, LNCS 4407, pp. 1-14, 2007.
© Springer-Verlag Berlin Heidelberg 2007



2 M. Marchiori

XML-World: What do you mean?

More or less, the debate between RDF-World and XML-World then goes on
like this:

RDF-World: With RDF' I can do X.

XML-World, Well, I can do X with XML too, so what?
RDF-World: But, with RDF I can do Y.

XML-World, Well, I can do Y with XML as well, so what?
(and so on, and so on...)

The point is that the answer is in fact quite easy, and it is one that few people
in RDF-World would dare to mention explicitly:

Q: What can you do with RDF that you can’t do with XML?
A: Nothing!

This comes trivially from the fact that RDF is XML, and therefore, there’s
no magic in RDF: RDF is just a dialect of XML, and as such, there’s nothing
RDEF can do "more” than XML: the question, posed this way, is just bogus.

But so, does this mean the XML world is right, and that the Semantic Web
is superfluous?

2 The Semantic Web to the Rescue: Closed vs. Open
Worlds

The answer to the previous question is not that easy: it really depends on what
level of precision we want to analyze. It is certainly true that with XML you
can do anything you want, but that doesn’t prevent RDF (and the related tower
of technologies) to be a successful dialect/specialization of XML, like there are
many around. But specialization for what, precisely?

XML has been labeled as the best invention after peanut butter: versatile, flex-
ible, powerful. However, there is one thing for which XML, at least apparently,
doesn’t work so well: aggregating information.

XML’s strength is its specialization capabilities: given an information locale,
everybody can easily write a local dialect to express that information. In other
words, XML works extremely well in the closed world context: an environment
where there is a centralized vocabulary control. However, there is another sce-
nario, which didn’t fit the original design of XML: the open-world model, where
there is no centralized vocabulary control. In such scenarios, everybody can
develop its own local dialect, and then the big problem is how to exchange
information between the different vocabularies, integrating various information
sources that have no control over each other. Like for the Tower of Babel, where
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the multitude of languages has been the disgrace of Humanity, in the open-world
model the different languages can provoke heavy interoperability problems (what
linguistics call very appropriately the Lost in translations effect).

RDF, more or less consciously, was designed with this fundamental goal in
mind (besides the related ”give more semantics” mantra): reducing almost to
zero the complexity of aggregating information (which, essentially, becomes a
merge of graphs). The connections among information pieces are established via
the URIs: so, when merging graphs, nodes are considered equal if they have
the same URI. Therefore, URIs become the fundamental key to distinguish web
object. This choice is compatible, and actually stems from, one of the very first
Web Axioms stated by Tim Berners-Lee (the so-called Universality 2 axiom, cf.
[2] and compare with the later [3]): meaningful resources on the Web should be
identified by URIs.

Thus, RDF is (also) XML, but RDF has been designed to work in the open-
world model: while XML works better in the closed-world model, RDF does in
the open-world model.

3 Just Aggregation?

So, a first important point that distinguishes ”generic” XML from RDF is the
complexity of information aggregation. While being an important point, that
alone doesn’t give the whole picture.

In fact, the Web is, as a whole, semantically speaking, a huge open-world
model: so, how come that the Semantic Web didn’t rapidly gain success? Some-
thing must have gone wrong, and to trace that, we need to start back from the
original definition that Tim Berners-Lee gave of the Semantic Web: an extension
of the current web in which information is given well-defined meaning, better en-
abling computers and people to work in cooperation”. Computers. .. and people!
What about the people?

4 The Benefits

What is missing in the equation is the utilization model, i.e., the complete benefits
(goals) that the new technology is supposed to provide.

Saying that RDF ”works better” in the open-world model is a simplistic as-
sertion, as we haven’t quite defined what "better” means. If better means aggre-
gating information, the assertion is correct. But aggregation alone isn’t what the
Semantic Web promise to do (if it were so, the benefits alone wouldn’t be quite
clear): the goals of the Semantic Web are more ambitious, and for that reason,
the original idea of the Semantic Web includes the well-known ”Semantic Web
tower” (see for example [4]), i.e., a full tower of technologies that better describe
the operational model, and therefore help clarifying the benefits.

So for instance, aggregation of information isn’t much helpful if we don’t have
a clear working model that allows us to benefit from that feature. In order to
exploit information aggregation we can then for example also include a logic into
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the picture: a logic allows to make deductions, and so in principle augments by
far the benefits of having aggregated information on the Web. Initial step into
this direction have been done with the RDF Semantics, RDF-Schema, OWL, and
this line has been continuing more recently with the work of W3C’s RIF effort,
devoted to specify a Rules Interchange Format that will allow even more flexibil-
ity in ”programming” the rules shaping web information. This is all consistent
with the big view of the Semantic Web Tower.

5 The Costs

But then, there is also the other side of the coin, the dual part that has to
be considered every time that we want to analyze the behavior of a successful
technology: the cost factor.

The overall cost is in general a complex thing to compute, but roughly, it can
be seen as the sum of two components: the technological cost (the cost for the
machine), and the social cost (the cost for the people). We can summarize the
concept this way:

Cost = Technology + Society

Both aspects, technology and society, are equally very important. What have
happened so far is that the societal cost of the Semantic Web hasn’t been object
of much attention, and the whole design has been centered on the technological
cost, making best efforts to ensure that the technologies in the Semantic Web
Tower would have a relatively low technological cost. But in the overall Semantic
Web operational model, the scenario is much bigger than just the computational
complexity of a logic: it includes the much wider scenario of the Web, its informa-
tion flows, machines, and the people. Therefore, we need to rethink the situation
and not just wear the eyeglasses of the technologist, caring mostly about the
computers (classic semantic web stack). Sure, there is the need to monitor and
balance the technical cost, but also to consider at least another dimension for
the social cost (what has been called the P azis, P as Perception/People, in [5]).

Only when we have a complete measure for the cost we can proceed to mea-
sure the cost/benefit ratio (shortly, C/B), which is a major indicator of success,
especially in environment like the Web.

5.1 The C/B Ratio

The C/B ratio provides a uni-dimensional space that can give a rough estimate
of the chances of success of a technology (ranging from 0, the optimum, to
infinity, the worst). Minimizing the cost/benefit can happen in a variety of ways,
depending on the balance between C and B. In the Web, the important thing
to take into account is the dynamics of C and B within the web environment
and the users. For instance, in a web-wide application cost usually grows at
least linearly with the size of the web (or of the sub-web /community taken into
consideration), which can be extremely dangerous. On the other hand, B also in
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such applications usually depends on the size of the user base, which is very low
in the starting adoption phase. Therefore, if we are not careful the corresponding
dynamic system will not lead to a success situation, because the too high C/B
in the initial phases will prevent an evolution that makes the C/B decrease and
reach a wide enough user base. So, in order to produce a network effect, either
the initial cost has to be extremely low, or the initial benefit has to be very high.

5.2 The Cost of URIs

The previous C/B discussion then naturally leads to consider: what are the costs
of the Semantic Web? An interesting exercise is to measure the technological cost
for the semantic web architecture (e.g. in the Semantic Web tower). The analysis
will then reveal, in fact, a nice result: the technological (computational) cost is
usually low/moderate according to where one sits in the Tower (although inter-
estingly, even in this respect, computational cost has started to grow a lot, see for
instance the logic behind the higher layer of OWL). However, when one views at
the historical progression of the Semantic Web (still ongoing. .. ), the situation is
that there is an overgrowing set of specifications: RDF Model & Syntax / RDF
Schema / RDF/XML Syntax revised / RDF Vocabulary Description Language
/ RDF Concepts and Abstract Syntax / RDF Semantics / OWL (OWL-DL /
OWL-Full)/ SPARQL / RDF-A / Rules...and the list is still growing.

So, what has been happening here? Will the user be able to sustain the social
complexity that these layers are going to produce? The answer, for the moment,
is in front of everybody: not yet. The overall cost seems too high for the moment.
And this comes from a variety of factor, given that as said, the scenario to con-
sider is much bigger than what has been formally analyzed so far (computational
complexity of logics): the Web, the people, information flows.

For instance, let’s just revisit the basic association mechanism of the semantic
web: aggregation via URIs. An old gag that used to be around in the semantic
web circles was the following:

@: How many Semantic Web scientists does it take to change a light bulb?
A: Ten. One to screw the bulb, and nine to agree on what a light bulb is.

This gag is significant for the suggestion it is giving: it’s hard to all agree on a
concept. If URIs are meant to be identification names, they are the centralized
part of an otherwise decentralized and distribute environment, the web. But how
to achieve consensus without control? In other words, there is a significant social
problem with URIs when they are used as universal aggregators of information.
This gives raise to the URI Variant problem: in general, there can be many
variants (URI) for the same concept. The URI Variant problem is particularly
bad in view of the URI Variant Law: utility of a URI can decrease exponentially
with the number of its variants (in other words, the worst-case is exponential).

This is not enough, because the social problem is not just on what common
URI to agree, among many. There is also the other side of the coin, which
is much more difficult: how to agree on the semantics of a specific URI. This
is sometimes called the URI meaning problem: in other words, for two different
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people in the web the same URI might well mean different things (after all, there
is no centralized interpretation for URIs). This problem is rather severe, because
it does not simply affect computational complexity (like the URI variant), but
deeply touch the relationship between the web and the people who interact
with/in it.

So, all in all, what seemed a strength of the Semantic Web, i.e., almost zero
cost for aggregating information, is now revealing deeper faces: while the direct
technological cost is indeed very low, there is an underlying social cost that is
in fact quite high.

Therefore, this extra variable of the social cost, makes the original simplistic
observation, that information aggregation in the Semantic Web is very easy and
effective, not quite true any more, and emphasizes the lack of a precise opera-
tional model and consequent cost/benefit analysis that have occurred so far.

5.3 Another Perspective: Lost in Navigation

Social costs are not limited to URISs, of course, but they can pervade the same
data model. Data structures can have a rigid architecture, or lean towards a more
liberal framework, therefore going from the areas of structured data, passing thru
the intermediate realm of semi-structured data, and ending in the opposite ex-
treme, the area of unstructured data. Within this wide spectrum, we find for
instance in small-size data management on one extreme (structured) spread-
sheets and the table model, and on the other extreme (unstructured) things
like Zig-Zag, the innovative (for the time) concept by Ted Nelson (cf. [6]. In
large(r)-size data management, going on with the parallelism, we find relational
databases and the relational model (structured), then we can proceed with XML
(semi-structured), then ending with RDF (unstructured).

It is therefore interesting to follow the parallelism, and note that the previous
unstructured models (like Zig-Zag) didn’t have much success, while the more
structured ones did. What are the main reasons? This can be explained by using
the so-called Heisenberg Principle for data handling: If you stretch the flexibility
aspect (benefit), you lose in efficiency (cost).

Note that here efficiency doesn’t just mean computational efficiency, but effi-
ciency in-the-large, also for the user. In fact, preliminary studies by the author
shows that one can quantify the degree of lost in navigation (that is to say, in-
formally, the capability by the user to grasp the data structure, and to navigate
without errors in it): the lost in navigation effect increases (not surprisingly)
from structured to semi-structured to unstructured. What is more surprising is
that there is quite a gap when passing to unstructured models like RDF and
graph-like ones. In other words, the amount of flexibility that these kinds of
models give, has a very high price that the user needs to pay. This can explain
more formally why unstructured data didn’t gain so far the wide success they
were expected to. What this also means is that, in order to lower the cost/benefit
ratio, there is the need for extra efforts to raise the benefit.
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On a related side, the gap occurring inbetween structured and semi-structured
data is comparatively rather small, which might also explain why technologies
like XML managed to gain success, despite the initial dominant position of struc-
tured data approaches.

5.4 Technologies Examples: The Good and the Bad

Let’s sweep out of the XML / Semantic Web scenario, and for the sake of illus-
tration, try to see some other examples of more specific technologies and their
related cost/benefit.

A first pair of examples is interesting, and comes from privacy technologies
developed by the author: P3P and APPEL.

P3P (standing for Platform for Privacy Preferences) is the world standard for
Privacy on the Web ([7]). Analyzing the P3P specification will easily show that
the P3P technical cost is very low (in fact, not surprisingly, as this was a crucial
requirement). As far as the Social Cost is concerned, it is moderate for site main-
tainers: the moderate complexity essentially stems from building the privacy pol-
icy for the site, although this can be ameliorated by specific tools, and in any case
approximate policies can be written that are much easier; complementary, pub-
lishing the privacy policy is very easy and has a very low cost.

Now let’s turn our attention to the benefits side. The benefit is moderate
for users (this can be evaluated by using the many privacy surveys available),
whereas, interestingly enough, it is very high for site maintainers. The reason?
When Internet Explorer passed from version 5 to version 6, it actually incorpo-
rated the P3P technology, and in a very stringent way: sites not P3P compliant
had severe problems and their cookies were essentially blocked by the browsers.
This crucial step provoked a huge rise in the benefit of implementing P3P (even
if just at the site maintainers side), and therefore boosted the C/B ratio of
P3P, despite cost wasn’t low (this C/B boost can be also verified by using the
statistical P3P dashboards published by Ernst&Young on the subject).

Now, we want also to consider the other side of the coin, as we said initially
that we were going to consider a pair of technologies: P3P and APPEL. APPEL
[8] is the companion technology to P3P: the acronym stands for A Privacy Pref-
erence Language, and it is a language that enables users (via their browser, for
instance), to program on a fine level whether or not to enter a web site, according
to the privacy level the site itself provides.

The technological cost for APPEL is moderate, as it can be easily seen. On
the other hand, the social cost is high: users need to get knowledge of the privacy
possibilities, and to adequately shape a set of preferences. This was too much,
given both the relative user interest in privacy (versus content, for instance),
and the complexity of programming/shaping a fine level behavior. On the other
hand, the benefit here was also relatively small, as the additional privacy con-
trol wasn’t enough more than for instance some easy pre-defined levels (that
Internet Explorer in fact implemented). As a result, the C/B ratio never got
sufficiently low, and APPEL didn’t fly (in fact, it was never promoted to W3C
Recommendation, and remains a proposed technology).



