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Preface

“How often we recall, with regret”, wrote Mark Twain about editors, “that
Napoleon once shot at a magazine editor and missed him and killed a publisher.
But we remember with charity, that his intentions were good.” Fortunately, we
live in more forgiving times, and are openly able to express our pleasure at being
the editors of this volume containing the papers selected for presentation at the
14th International Conference on Inductive Logic Programming.

ILP 2004 was held in Porto from the 6th to the 8th of September, under
the auspices of the Department of Electrical Engineering and Computing of the
Faculty of Engineering of the University of Porto (FEUP), and the Laboratério
de Inteligéncia Artificial e Ciéncias da Computagéo (LIACC). This annual meet-
ing of ILP practitioners and curious outsiders is intended to act as the premier
forum for presenting the most recent and exciting work in the field. Six invited
talks—three from fields outside ILP, but nevertheless highly relevant to-it— and
20 full presentations formed the nucleus of the conference. It is the full-length
papers of these 20 presentations that comprise the bulk of this volume. As is now
common with the ILP conference, presentations made to a “Work-in-Progress”
track will, hopefully, be available elsewhere.

We gratefully acknowledge the continued support of Kluwer Academic Pub-
lishers for the “Best Student Paper” award on behalf of the Machine Learn-
ing journal; and Springer-Verlag for continuing to publish the proceedings of
these conferences. The Fundagdo para a Ciéncia e a Tecnologia, Fundacio Luso-
Americana para o Desenvolvimento, Fundagéo Oriente, Departamento de Engen-
haria Electrotécnica e de Computadores, and KDNet, the European Knowledge
Discovery Network of Excellence have all been extremely generous, and we are
thankful. Special mention too must be made of Joao Correia Lopes, who orches-
trated the electronic components of the conference most beautifully.

Apreciem.

Porto, June 2004 Rui Camacho
Ross King
Ashwin Srinivasan
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Automated Synthesis of Data Analysis
Programs: Learning in Logic

Wray Buntine

Complex Systems Computation Group
Helsinki Institute for Information Technology
P.O. Box 9800, FIN-02015 HUT, Finland
Wray.Buntine@HIIT.FI

Program synthesis is the systematic, usually automatic construction of correct
and efficient executable code from declarative statements. Program synthesis is
routinely used in industry to generate GUIs and for database support.

I contend that program synthesis can be applied as a rapid prototyping
method to the data mining phase of knowledge discovery. Rapid prototyping
of statistical data analysis algorithms would allow experienced analysts to ex-
periment with different statistical models before choosing one, but without re-
quiring prohibitively expensive programming efforts. It would also smooth the
steep learning curve often faced by novice users of data mining tools and li-
braries. Finally, it would accelerate dissemination of essential research results.
For the synthesis task, development on such a system has used a specification
language that generalizes Bayesian networks, a dependency model on variables.
With decomposition methods and algorithm templates, the system transforms
the network through several levels of representation into pseudo-code which can
be translated into the implementation language of choice. The system applies
computational logic to make learning work.

In this talk, I will present the AutoBayes system developed through a long
program of research and development primarily by Bernd Fischer, Johann Schu-
mann and others [1,2] at NASA Ames Research Center, starting from a program
of research by Wray Buntine [3] and Mike Lowry. I will explain the framework
on a mixture of Gaussians model used in some commercial clustering tools, and
present some more realistic examples.

References

1. Bernd Fischer and Johann Schumann. Autobayes: a system for generating data
analysis programs from statistical models. J. Funct. Program., 13(3):483-508, 2003.

2. Bernd Fischer and Johann Schumann. Applying Autobayes to the analysis of plan-
etary nebulae images. In ASE 2003, pages 337-342, 2003.

3. W. Buntine, B. Fischer, and T. Pressburger. Towards automated synthesis of data
mining programs. In Proceedings of the fifth ACM SIGKDD international conference
on Knowledge discovery and data mining, pages 372-376. ACM Press, 1999.

R. Camacho, R. King, A. Srinivasan (Eds.): ILP 2004, LNAI 3194, p. 1, 2004.
© Springer-Verlag Berlin Heidelberg 2004



At the Interface of Inductive Logic
Programming and Statistics

James Cussens

Department of Computer Science
University of York
Heslington, York, YO10 5DD, United Kingdom
http://www-users.cs.york.ac.uk/~jc/

Inductive logic programming can be viewed as a style of statistical inference
where the model that is inferred to explain the observed data happens to be
a logic program. In general, logic programs have important differences to other
models (such as linear models, tree-based models, etc) found in the statistical
literature. This why we have ILP conferences!

However, the burden of this talk is that there is much to be gained by sit-
uating ILP inside the general problem of statistical inference. I will argue that
this can be most readily achieved within a Bayesian framework. Compared to
other models a striking characteristic of logic programs is their non-probabilistic
nature: a query either fails, succeeds (possibly instantiating output variables) or
does not terminate. Defining a particular probability distribution over possible
outputs—the hallmark of a statistical model—is not easy to implement with
‘vanilla’ logic programs.

Recently, there has been a surge of interest in addressing this lacuna: with
a number of formalisms proposed (and developed) which explicitly incorpo-
rate probability distributions within a logic programming framework. Bayesian
logic programs (BLPs), stochastic logic programs (SLPs), PRISM programs and
CLP(BN) programs are just four such proposals. These logic-based develop-
ments are contemporaneous with the growth of “Statistical Relational Learn-
ing” (SRL). In SRL the basic goal is to develop learning techniques for data not
composed of a set of independent and identically distributed (iid) datapoints
sitting in a single data table. In other words there is some relationship between
the data; or, equivalently, there is some structure in the data which it would be
misleading to ignore. Existing SRL models (PRMs are probably the best-known)
are not always logical—it remains to be seen how influential statistical ILP will
be on this area.

Interestingly, there are related developments emanating from the statistical
community. Benefitting from more powerful computers and theoretical advances
concerning conditional independence and Bayesian methods, statisticians can
now model Highly Structured Stochastic Systems (HSSS)—this is the title of a
recent book (and European project) in this area. The ILP community has been
dealing with “highly structured” learning problems for well over a decade now,

R. Camacho, R. King, A. Srinivasan (Eds.): ILP 2004, LNAI 3194, pp. 2-3, 2004.
© Springer-Verlag Berlin Heidelberg 2004



At the Interface of Inductive Logic Programming and Statistics 3

so this is potentially an area to which statistical ILP can contribute (and benefit
from).

My own efforts (together with Nicos Angelopoulos) at the intersection of
logic programming and statistics have centred on combining SLPs with a Markov
chain Monte Carlo (MCMC) algorithm (the Metropolis-Hastings algorithm, in
fact) to effect Bayesian inference. We use SLPs to define prior distributions, so
given a non-SLP prior it would be nice to be able to automatically construct
an equivalent SLP prior. Since the structure of an SLP is nothing other than a
logic program this boils down to an ILP problem. So it’s not only that ILP can
benefit from statistical thinking, statistics can sometimes benefit from ILP.
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PharmaDM was founded end 2000 as a spin-off from three European universities
(Oxford, Aberystwyth, and Leuven) that participated in two subsequent EC
projects on Inductive Logic Programming (ILP I-II, 1992-1998). Amongst the
projects highlights was a series of publications that demonstrated the added-
value of ILP in applications related to the drug discovery process. The mission
of PharmaDM is to build on those promising results, including software modules
developed at the founding universities (i.e., Aleph, Tilde, Warmr, ILProlog), and
develop a profitable ILP based data mining product customised to the needs of
drug discovery researchers. Technology development at PharmaDM is mostly
based on “demand pull”, i.e., driven by user requirements. In this presentation
I will look at the way ILP technology at PharmaDM has evolved over the past
four years and the user feedback that has stimulated this evolution.

In the first part of the presentation I will start from the general technology
needs in the drug discovery industry and zoom in on the data analysis require-
ments of some categories of drug discovery researchers. One of the conclusions
will be that ILP—via its ability to handle background knowledge and link multi-
ple data sources—offers fundamental solutions to central data analysis problems
in drug discovery, but is only perceived by the user as a solution after is has
been complemented with (and hidden behind) more mundane technologies.

In the second part of the presentation I will discuss some research topics that
we encountered in the zone between promising prototype and profitable product.
I will use those examples to argue that ILP research would benefit from very
close collaborations, in a “demand-pull” rather than “technology push” mode,
with drug discovery researchers. This will however require an initial investment
of the ILP team to address the immediate software needs of the user, which are
often not related to ILP.
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Systems Biology: A New Challenge for ILP
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The generation and testing of hypotheses is widely considered to be the primary
method by which Science progresses. So much so, that it is still common to
find a scientific proposal or an intellectual argument damned on the grounds
that “it has no hypothesis being tested”, “it is merely a fishing expedition”,
and so on. Extreme versions run “if there is no hypothesis, it is not Science”,
the clear implication being that hypothesis-driven programmes (as opposed to
data-driven studies) are the only contributor to the scientific endeavour. This
misrepresents how knowledge and understanding are actually generated from
the study of natural phenomena and laboratory experiments. Hypothesis-driven
and inductive modes of reasoning are not competitive, but complementary, and
both are required in post-genomic biology.

Thus, post-genomic biology aims to reverse the reductionist trend that has
dominated the life sciences for the last 50 years, and adopt a more holistic or
integrative approach to the study of cells and organisms. Systems Biology is
central to the post-genomic agenda and there are plans to construct complete
mathematical models of unicellular organisms, with talk of the ‘virtual E. coli’,
the “in silico yeast’ etc. In truth, such grand syntheses are a long way off—
not least because much of the quantitative data that will be required, if such
models are to have predictive value and explanatory power, simply does not
exist. Therefore, we will have to approach such comprehensive models in an
incremental fashion, first constructing models of smaller sub-systems (e.g. energy
generation, cell division etc.) and then integrating these component modules into
a single construct, representing the entire cell.

The problem, then, is to ensure that the modules can be joined up in a
seamless manner to make a complete working model of a living cell that makes
experimentally testable predictions and can be used to explain empirical data.
In other words, we do not want to be in a situation, in a five or ten years
time, where we attempt to join all the sub-system models together, only to
find that we ‘can’t get there from here’. Preventing such a debacle is partly a
mechanical problem—we must ensure that the sub-system models are encoded in
a truly modular fashion and that the individual modules are fully interoperable.
However, we need something beyond these operational precautions: we require
an overarching framework within which the models for the different sub-systems
may be constructed. There is a general awareness of this problem and there is
much debate about the relative merits of ‘bottom-up’ and ‘top-down’ approaches
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