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Preface

These are the conference proceedings of the 4th International Conference on
Discovery Science (DS 2001). Although discovery is naturally ubiquitous in sci-
ence, and scientific discovery itself has been subject to scientific investigation for
centuries, the term Discovery Science is comparably new. It came up in connec-
tion with the Japanese Discovery Science project (cf. Arikawa’s invited lecture
on The Discovery Science Project in Japan in the present volume) some time
during the last few years.

Setsuo Arikawa is the father in spirit of the Discovery Science conference
series. He led the above mentioned project, and he is currently serving as the
chairman of the international steering committee for the Discovery Science con-
ference series. The other members of this board are currently (in alphabetical
order) Klaus P. Jantke, Masahiko Sato, Ayumi Shinohara, Carl H. Smith, and
Thomas Zeugmann.

Colleagues and friends from all over the world took the opportunity of meet-
ing for this conference to celebrate Arikawa’s 60th birthday and to pay tribute
to his manifold contributions to science, in general, and to Learning Theory and
Discovery Science, in particular.

Algorithmic Learning Theory (ALT, for short) is another conference series
initiated by Setsuo Arikawa in Japan in 1990. In 1994, it amalgamated with the
conference series on Analogical and Inductive Inference (AIl), when ALT was
held outside of Japan for the first time.

This year, ALT 2001 and DS 2001 were co-located in Washington D.C., held
in parallel and sharing five invited talks and all social events. The proceedings
of ALT 2001 are published as a twin volume of the present one as LNAI 2225.

The present volume is organized in three parts. The first part contains the
five invited lectures of ALT 2001 and DS 2001 exactly in the order in which they
appeared in the conferences’ common advance program. The invited speakers are
Setsuo Arikawa, Lindley Darden, Dana Angluin, Ben Shneiderman, and Paul R.
Cohen. Because their talks were invited to both conferences, there had to be
found a modus vivendi for publication. This volume contains the full versions
of Lindley Darden’s and Ben Shneiderman’s paper as well as abstracts of the
others.

The second part contains the accepted 30 regular papers of the DS 2001
conference. Last but not least, there is a third part with written versions of
the posters accepted for presentation during the conference. In a sense, DS 2001
posters are posters of ALT 2001 as well, because both events shared a conference
venue including the exhibition area for the posters.

The combination of ALT 2001 and DS 2001 allowed for an especially com-
prehensive treatment of the issues ranging from rather theoretical investigations
to applications and to both psychological and sociological topics. The organizers
consider this an attractive approach to both communities.

Over the past dozen or so years, many enterprises have begun to routinely
capture paramount volumes of data describing their operations, products, ser-
vices, and customers. Simultaneously, scientists and engineers have been record-
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ing experimental data of a continuously growing size covering experience in many
fields. The finer the measurement granularity of the engineers’ equipment and
the more computer power available to support scientific experiments, the larger
the amounts of data captured. These huge collections of bits and bytes constitute
a new challenge to those who try to separate the wheat from the chaff.

Potentially, there is more fruitful knowledge hiding in huge amounts of data,
but combinatorially, there is even more rubbish. It requires a new dimension of
technological investment to extract useful information, and humans must attack
these problems differently. Discovery Science deals with all aspects of promoting
scientific discovery, and it is changing its character within a changing world.

New questions are being asked and leading to innovative concepts. Concep-
tualizations are setting the stage for asking new questions. Under these cir-
cumstances, new ways of looking at the problems might arise. More traditional
disciplines are invoked and innovative ideas are made precise to get computers
involved in knowledge discovery. Autonomously working machinery is necessary
to deal with the flood of data, thus learning becomes a core technology of discov-
ery science. When all said and done, humans and machines must learn together
and support each other.

The field of Discovery Science is evolving and frequently changing its appear-
ance. The Discovery Science conference series aims at reflecting this development,
summarizing the state of affair and helping humans to navigate in such an ex-
citing environment,.

September 2001 Klaus P. Jantke
Ayumi Shinohara
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The Discovery Science Project in Japan

Setsuo Arikawa

Department of Informatics, Kyushu University
Fukuoka 812-8581, Japan
arikawa@i.kyushu-u.ac.jp

Abstract. The Discovery Science project in Japan in which more than sixty
scientists participated was a three-year project sponsored by Grant-in-Aid for
Scientific Research on Priority Area from the Ministry of Education, Culture,
Sports, Science and Technology (MEXT) of Japan. This project mainly aimed
to (1) develop new methods for knowledge discovery, (2) install network envi-
ronments for knowledge discovery, and (3) establish Discovery Science as a new
area of Computer Science / Artificial Intelligence Study.

In order to attain these aims we set up five groups for studying the following
research areas:

{A) Logic for/of Knowledge Discovery

(B) Knowledge Discovery by Inference/Reasoning

(C) Knowledge Discovery Based on Computational Learning Theory
(D) Knowledge Discovery in Huge Database and Data Mining

(E) Knowledge Discovery in Network Environments

These research areas and related topics can be regarded as a preliminary def-
inition of Discovery Science by enumeration. Thus Discovery Science ranges over
philosophy, logic, reasoning, computational learning and system developments.

In addition to these five research groups we organized a steering group for
planning, adjustment and evaluation of the project. The steering group, chaired
by the principal investigator of the project, consists of leaders of the five research
groups and their subgroups as well as advisors from the outside of the project.
We invited three scientists to consider the Discovery Science overlooking the
above five research areas from viewpoints of knowledge science, natural language
processing, and image processing, respectively.

The group A studied discovery from a very broad perspective, taking into
account of historical and social aspects of discovery, and computational and log-
ical aspects of discovery. The group B focused on the role of inference/reasoning
in knowledge discovery, and obtained many results on both theory and practice
on statistical abduction, inductive logic programming and inductive inference.
The group C aimed to propose and develop computational models and method-
ologies for knowledge discovery mainly based on computational learning theory.
This group obtained some deep theoretical results on boosting of learning al-
gorithms and the minimax strategy for Gaussian density estimation, and also
methodologies specialized to concrete problems such as algorithm for finding
best subsequence patterns, biological sequence compression algorithm, text cat-
egorization, and MDL-based compression. The group D aimed to create compu-
tational strategy for speeding up the discovery process in total. For this purpose,




the group D was organized with researchers working in scientific domains and
researchers from computer science so that real issues in the discovery process
can be exposed out and practical computational techniques can be devised and
tested for solving these real issues. This group handled many kinds of data: data
from national projects such as genomic data and satellite observations, data gen-
erated from laboratory experiments, data collected from personal interests such
as literature and medical records, data collected in business and marketing ar-
eas, and data for proving the efficiency of algorithms such as UCI repository. So
many theoretical and practical results were obtained on such a variety of data.
The group E aimed to develop a unified media system for knowledge discovery
and network agents for knowledge discovery. This group obtained practical re-
sults on a new virtual materialization of DB records and scientific computations
that help scientists to make a scientific discovery, a convenient visualization in-
terface that treats web data, and an efficient algorithm that extracts important
information from semi-structured data in the web space.

This lecture describes an outline of our project and the main results as well
as how the project was prepared. We have published and are publishing special
issues on our project from several journals [5],[6],(7],8],[9],[10]. As an activity
of the project we organized and sponsored Discovery Science Conference for
three years where many papers were presented by our members [2],[3],[4]. We
also published annual progress reports [1], which were distributed at the DS
conferences. We are publishing the final technical report as an LNAI[11].
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Discovering Mechanisms: A Computational
Philosophy of Science Perspective

Lindley Darden

Department of Philosophy
University of Maryland
College Park, MD 20742
darden€@carnap.umd. edu
http://www.inform.umd.edu/PHIL/faculty/LDarden/

Abstract. A task in the philosophy of discovery is to find reasoning
strategies for discovery, which fall into three categories: strategies for
generation, evaluation and revision. Because mechanisms are often what
is discovered in biology, a new characterization of mechanism aids in
their discovery. A computational system for discovering mechanisms is
sketched, consisting of a simulator, a library of mechanism schemas and
components, and a discoverer for generating, evaluating and revising pro-
posed mechanism schemas. Revisions go through stages from how possi-
bly to how plausibly to how actually.

1 Introduction

Philosophers of discovery look for reasoning strategies that can guide discovery.
This work is in the framework of Herbert Simon’s (1997) view of discovery as
problem solving. Given a problem to be solved, such as explaining a phenomenon,
one goal is to find a mechanism that produces that phenomenon. For example,
given the phenomenon of the production of a protein, the goal is to find the
mechanism of protein synthesis. The task of the philosopher of discovery is to
find reasoning strategies to guide such discoveries. Strategies are heuristics for
problem solving; that is, they provide guidance but do not guarantee success.

Discovery is not viewed as something that occurs in a single a-ha moment of
insight. Instead, discovery is construed as a process that occurs over an extended
period of time, going through cycles of generation, evaluation, and revision (Dar-
den 1991).

The history of science is a source of “compiled hindsight” (Darden 1987)
about reasoning strategies for discovering mechanisms. This paper will use ex-
amples from the history of biology to illustrate general reasoning strategies for
discovering mechanisms. Section 2 puts this work into the broader context of
a matrix of biological knowledge. Section 3 discusses a new characterization of
mechanism, based on an ontology of entities, properties, and activities. Section
4 outlines components of a mechanism discovery system, including a simulator,
a library of mechanism designs and components, and a discoverer.
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2 Biomatrix

This work is situated in a larger framework. In the 1980s, Harold Morowitz
(1985) chaired a National Academy of Sciences workshop on models in biology.
As a result of that workshop, a society was formed with the name, “Biomatrix:
A Society for Biological Computation and Informatics” (Morowitz and Smith
1987). This society was ahead of its time; it has splintered into different groups
and its grand vision has yet to be realized. Nonetheless, its vision is worth revisit-
ing in order to put the work to be discussed in this paper into a broader context.
As Figure 1 shows, the biomatrix vision included relations among three areas:
first, databases; second, information storage and retrieval by literature cataloging
(e.g., Medline); and, third, artificial intelligence and knowledge bases. Discovery
science has worked in all three areas since the 1980s. Knowledge discovery in
databases is a booming area (e.g., Piatetsky-Shapiro and Frawley, eds., 1991).




Discovery using abstracts available from literature catalogues has been developed
by Don Swanson (1990) and others. The area of discovery using knowledge based
systems is an active area, especially in computational biology. The meetings on
Intelligent Systems in Molecular Biology and the International Society for Com-
putational Biology arose from that part of the biomatrix. It is in the knowledge
based systems box that my work today will fall. Relations to databases and in-
formation retrieval as related to mechanism discovery will perhaps occur to the
reader.

3 Mechanisms, Schemas, and Sketches

Often in biology, what is to be discovered is a mechanism. Physicists often aim
to discover general laws, such as Newton’s laws of motion. However, few biolog-
ical phenomena are best characterized by universal, mathematical laws (Beatty
1995). The field of molecular biology, for example, studies mechanisms, such as
the mechanisms of DNA replication, protein synthesis, and gene regulation. The
lively area of functional genomics is now attempting to discover the mechanisms
in which the gene sequences act. Such mechanisms include gene expression, dur-
ing both embryological development and normal gene activities in the adult.
The field of biochemistry also studies mechanisms when it find the activities
that transform one stage in a pathway to next, such as the enzymes, reactants
and products in the Krebs cycle that produces the energy molecule ATP. An
important current scientific task is to connect genetic mechanisms studied by
molecular biology with metabolic mechanisms studied by biochemistry. As that
task is accomplished, science will have a unified picture of the mechanisms that
carry out the two essential features of life according to Aristotle: reproduction
and nutrition.

Given this importance of mechanisms in biology, a correspondingly important
task for discovery science is to find methods for discovering mechanisms. If the
goal is to discover a mechanism, then the nature of that product shapes the
process of discovery. A new characterization of mechanism aids the search for
reasoning strategies to discover mechanisms.

A mechanism is sought to explain how a phenomenon is produced (Machamer,
Darden, Craver 2000} or how some task is carried out (Bechtel and Richardson
1993) or how the mechanism as a whole behaves (Glennan 1996). Mechanisms
may be characterized in the following way:

Mechanisms are entities and activities organized such that they are pro-
ductive of regular changes from start or set-up to finish or termination
conditions. (Machamer, Darden, Craver 2000, p. 3).

Mechanisms are regular in that they usually work in the same way under the
same conditions. The regularity is exhibited in the typical way that the mecha-
nism runs from beginning to end; what makes it regular is the productive con-
tinuity between stages. Mechanisms exhibit productive continuity without gaps




from the set up to the termination conditions; that is, each stage gives rise to,
allows, drives, or makes the next.

The ontology proposed here consists of entities, properties, and activities.
Mechanisms are composed of both entities (with their properties) and activities.
Activities are the producers of change. Entities are the things that engage in
activities. Activities require that entities have specific types of properties. For
example, two entities, a DNA base and its complement, engage in the activity
of hydrogen bonding because of their properties of geometric shape and weak
polar charges.

For a given scientific field, there are typically entities and activities that are
accepted as relatively fundamental or taken to be unproblematic for the purposes
of a given scientist, research group, or field. That is, descriptions of mechanisms
in that field typically bottom out somewhere. Bottoming out is relative: different
types of entities and activities are where a given field stops when constructing its
descriptions of mechanisms. In molecular biology, mechanisms typically bottom
out in descriptions of the activities of cell organelles, such as the ribosome,
and molecules, including macromolecules, smaller molecules, and ions. The most
important kinds of activities in molecular biology are geometrico-mechanical
and electro-chemical activities. An example of a geometrico-mechanical activity
is the lock and key docking of an enzyme and its substrate. Electro-chemical
activities include strong covalent bonding and weak hydrogen bonding.

Entities and activities are interdependent (Machamer, Darden, Craver 2000,
p. 6). For example, appropriate chemical valences are necessary for covalent
bonding. Polar charges are necessary for hydrogen bonding. Appropriate shapes
are necessary for lock and key docking. This interdependence of entities and
activities allows one to reason about one, based on what is known or conjectured
about the other, in each stage of the mechanism (Darden and Craver, in press).

A mechanism schema is a truncated abstract description of a mechanism that
can be filled with more specific descriptions of component entities and activities.
An example is the following:

DNA — RNA — protein.

This is a diagram of the central dogma of molecular biology. It is a very abstract,
schematic representation of the mechanism of protein synthesis.

A schema may be even more abstract if it merely indicates functional roles
played in the mechanism by fillers of a place in the schema (Craver 2001). Con-
sider the schema

DNA — template — protein.

The schema term “template” indicates the functional role played by the interme-
diate between DNA and protein. Hypotheses about role-fillers changed during
the incremental discovery of the mechanism of protein synthesis in the 1950s
and 1960s. Thus, mechanism schemes are particularly good ways of representing
functional roles. (For discussion of “local” and “integrated” functions and a less
schematic way of representing them in a computational system, see Karp 2000.)




Table 1. Constraints on the Organization of Mechanisms
Character of phenomenon

Componency Constraints
Entities and activities
Modules

Spatial Constraints
Compartmentalization
Localization
Connectivity
Structural
Orientation

Temporal Constraints
Order
Rate
Duration
Frequency

Hierarchical Constraints
Integration of levels

(from Craver and Darden 2001)

Mechanism sketches are incomplete schemas. They contain black boxes, which
cannot yet be filled with known components. Attempts to instantiate a sketch
would leave a gap in the productive continuity; that is, knowledge of the needed
particular entities and activities is missing. Thus, sketches indicate what needs
to be discovered in order to find a mechanism schema.

Once a schema is found and instantiated, a detailed description of a mecha-
nism results. For example, a more detailed description of the protein synthesis
mechanism (often depicted in diagrams) satisfies the constraints that any ade-
quate description of a mechanism must satisfy. It shows how the phenomenon,
the synthesis of a protein, is carried out by the operation of the mechanism.
It depicts the entities-DNA, RNA, and amino acids—as well as implicitly, the
activities. Hydrogen bonding is the activity operating when messenger RNA is
copied from DNA. There is a geometrico-mechanical docking of the messenger
RNA and the ribosome, a particle in the cytoplasm. Hydrogen bonding again
occurs as the codons on messenger RNA bond to the anticodons on transfer
RNAs carrying amino acids. Finally, covalent bonding is the activity that links
the amino acids together in the protein. Good mechanism descriptions show the
spatial relations of the components and the temporal order of the stages.

A detailed description of a mechanism satisfies several general constraints.
(They are listed in Table 1 and indicated here by italics.) There is a phenomenon
that the mechanism, when working, produces, for example, the synthesis of a pro-




