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Preface

The inherent dangers of change are often summed up in the misquoted Chinese
curse “May you live in interesting times.” The submission procedure for the
16th International Conference of Inductive Logic Programming (ILP 2006) was
a radical (hopefully interesting but not cursed) departure from previous years.
Submissions were requested in two phases. The first phase involved submission
of short papers (three pages) which were then presented at the conference and
included in a short papers proceedings. In the second phase, reviewers selected
papers for long paper submission (15 pages maximum). These were then assessed
by the same reviewers, who then decided which papers to include in the journal
special issue and proceedings. In the first phase there were a record 77 papers,
compared to the usual 20 or so long papers of previous years. Each paper was re-
viewed by three reviewers. Out of these, 71 contributors were invited to submit
long papers. Out of the long paper submissions, 7 were selected for the Ma-
chine Learning Journal special issue and 27 were accepted for the proceedings.
In addition, two papers were nominated by Program Committee referees for the
applications prize and two for the theory prize. The papers represent the diver-
sity and vitality in present ILP research including ILP theory, implementations,
search and phase transition, distributed and large-scale learning, probabilistic
ILP, biological applications, natural language learning and planning and action
learning.

ILP 2006 was held in Santiago de Compostela under the auspices of the
University of Corunna and the University of Santiago de Compostela. The annual
meeting of ILP researchers acts as the premier forum for presenting the latest
work in the field. In addition to the many technical paper presentations, the
invited talks this year were given by some of the most distinguished names
in artificial intelligence research, namely, Vladimir Lifschitz, John McCarthy,
Stuart Russell, Bart Selman and Ehud Shapiro.

We gratefully acknowledge support of the PASCAL network of excellence,
the Spanish National Commissions of Science and Technology, the Galicia-Spain
Secretary of R&D, the University of Corunna, Imperial College London, the
University of Santiago de Compostela, the Spanish Association of AI and the
Machine Learning Journal. Finally we would like to thank the many individuals
involved in the preparation of the conference. These include the Journal Spe-
cial Issue organizer (Simon Colton), the Local Chair (David Losada), the Local
Organizers (Jorge Gonzalez and Miguel Varela) as well as Bridget Gundry, who
organized and distributed the conference poster.

March 2007 Stephen Muggleton
Ramon Otero
Alireza Tamaddoni-Nezhad
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Actions, Causation and Logic Programming

Vladimir Lifschitz

Department of Computer Sciences
University of Texas at Austin, USA

Reasoning about changes caused by the execution of actions has long been at
the center of attention of researchers in the area of logic-based Al. Logical prop-
erties of causal dependencies turned out to be similar to properties of rules in
logic programs. This fact allows us to apply methods of logic programming to
computational problems related to action and change. Ideas of answer set pro-
gramming, based on the concept of a stable model, turned out to be particularly
useful. In the past they have been applied primarily to the problem of plan
generation. There is now increasing interest also in using logic programming for
learning action descriptions.

S. Muggleton, R. Otero, and A. Tamaddoni-Nezhad (Eds.): ILP 2006, LNAI 4455, p. 1, 2007.
© Springer-Verlag Berlin Heidelberg 2007



Challenges to Machine Learning:
Relations Between Reality and Appearance

John McCarthy

Stanford University, USA

Abstract. Machine learning research, e.g. as described in [4], has as its
goal the discovery of relations among observations, i.e. appearances. This
is inadequate for science, because there is a reality behind appearance, e.g.
material objects are built up from atoms. Atoms are just as real as dogs,
only harder to observe, and the atomic theory arose long before there was
any idea of how big atoms were. This article discusses how atoms were
discovered, as an example of discovering the reality behind appearance.
We also present an example of the three-dimensional reality behind a two-
dimensional appearance, and how that reality is inferred by people and
might be inferred by computer programs. Unfortunately, it is necessary
to discuss the philosophy of appearance and reality, because the mistaken
philosophy of taking the world (or particular phenomena) as a structure of
sense data has been harmful in artificial intelligence and machine learning
research, just as behaviorism and logical positivism harmed psychology.

1 Introduction

Apology: My knowledge of of machine learning research is no more recent than
Tom Mitchell’s book [4]. Its chapters describe, except for inductive logic pro-
gramming, programs solely aimed at classifying appearances.

We live in a complicated world that existed for billions of years before there
were humans, and our sense organs give us limited opportunities to observe it
directly. Four centuries of science tell us that we and the objects we perceive are
built in a complicated way from atoms and, below atoms, quarks. Maybe there
is something below quarks.

Science, since 1700, is far better established than any kind of philosophy. Bad
philosophy, proposing to base research entirely on appearances, has stunted Al,
just as behaviorism stunted psychology for many decades.

Here’s the philosophy in a nutshell. As emphasized by Descartes, all a human’s
information comes through the senses. Therefore, it is tempting to try to base
science on relations among sense data and relations between actions that may
be performed and subsequent sense data. [6] is an important source for this
approach. Unfortunately for this approach, humans and our environment are
complicated structures built of vastly smaller objects that our senses do not
directly observe. Science had to discover atoms.

Besides the fundamental realities behind appearance studied by science,
there are hidden every day realities—the three dimensional reality behind two
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dimensional images, hidden surfaces, objects in boxes, people’s names, what
people really think of us.

Human common sense also reasons in terms of the realities that give rise
to the appearances our senses provide us. Thus young babies have some initial
knowledge of the permanence of physical objects. This initial knowledge seems
not to be expressed in terms of particular senses. Blind babies have it too, and
so do babies whose sense of touch is compromised by lack of arms. See [7] for
experiments related to initial knowledge.

Perhaps if your philosophy rejects the notion of reality as a fundamental
concept, you’ll accept a notion of relative reality appropriate for the design and
debugging of robots. Thus the robot needs to be designed to determine this
relative reality from the appearance given by its inputs.

We'll discuss:

Dalton’s atomic theory as a discovery of the reality behind appearance.

A simple problem involving changeable two dimensional appearances and a
three dimensional reality.

Some formulas relating appearance and reality in particular cases.

What can one know about a three dimensional object and how to represent
this knowledge.

The use of touch in finding the shape of an object.

How scientific study and the use of instruments extends what can be learned
from the senses. Thus a doctor’s training involving dissection of cadavers enables
him to determine something about the liver by palpation.

2 Elements, Atoms, and Molecules

Some scientific discoveries like Galileo’s s = % gt2 involve discovering the relations
between known entities. Patrick Langley’s Bacon program [1] did that.

John Dalton’s postulation of atoms and molecules made up of fixed numbers
of atoms of two or more kinds was much more creative and will be harder to
make computers do. That’s the reason for this section of the paper.

The ancient ideas of Democritus and Lucretius that matter was made up from
atoms had no important or even testable consequences. Dalton’s did.

Giving each kind of atom its own atomic mass explained the complicated
ratios of masses in a compound as representing small numbers of atoms in a
molecule. Thus a sodium chloride (NaCl) molecule would have one atom of each
of its elements. Water came out as H5O.

The simplest forms of the atomic theory were inaccurate. [Thus early 19th
century chemists didn’t soon realize that the hydrogen and oxygen molecules
are Hy and Oz and not just H and O.] Computers also need to be able to
propose theories adventurously and fix their inaccuracies later later.

Only the relative masses of atoms could be proposed in Dalton’s time. The
first actual way of estimating these masses was made by Maxwell and Boltzmann
about 60 years after Dalton’s proposal. They realized that the coefficients of
viscosity, heat conductivity, and diffusion of gases as explained by the kinetic
theory of gases depended on the actual sizes of molecules.
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The last important scientific holdout against the reality of atoms, the chemist
Wilhelm Ostwald, was convinced by Einstein’s 1905 quantitative explanation of
Brownian motion as caused by liquid molecules striking a suspended object. The
philosopher Ernst Mach was unconvinced.

Long after the reality of atoms was accepted in science, it was still believed
that individual atoms could not be observed. The first actual pictures of atoms
in the 1990s were a big surprise. Now quarks are accepted as real although an
actual picture of a proton showing the quarks would be even more surprising
and seems quite unlikely, because the quarks move too fast.

Philosophical point: Atoms cannot be regarded as just an explanation of the
observations that led Dalton to propose them. Maxwell and Boltzmann used the
notion to explain entirely different observations, and modern explanations of
atoms are not at all based on the law of combining proportions. In short, atoms
were discovered, not invented.

Reality is usually more stable than appearance, i.e. changes more slowly. For-
mulas giving the effects of events (including actions) are almost always written
in terms of reality. Getting reality from appearance is an inverse problem. Ge-
ologists, oil companies, and astronomers are faced with inverse problems. Their
solution is intellectually difficult and computationally intensive. Human-level Al
systems will also have to be able to infer reality from appearances related to
them in complex ways.

3 Elements, Atoms, Molecules - Formulas

Most likely, it is still too hard to make programs that will discover elements,
atoms, and molecules. Let’s therefore try to write logical sentences that will
introduce these concepts to a knowledge base that has no ideas of them.

We assume that the notions of a body being composed of parts and of mass
have already been formalized, but the idea of atom has not. The ideas of bodies
being disjoint is also assumed to be formalized.

The following formulas approximate a fragment of high school chemistry and
should be somewhat elaboration tolerant [2], e.g. should admit additional infor-
mation about the structure of molecules. The situation argument s is included
only to point out that material bodies change in chemical reactions.

Body(b,s) — (Ju C Molecules(b, s))(Vy € u)(Molecule(y) A Part(y,b)),
yl € Molecules(b, s) A y2 € Molecules(b, s) Ayl # y2 — Disjoint(yl,y2),
Part(z,b,s) — (Jy € Molecules(b, s))-Disjoint(y, x),

Body(b, s) — Mass(b,s) =3, c motecutes(v,s) Mass(z, s).
(1)



