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Preface

This volume contains the papers presented at the 7th International Conference
on Discovery Science (DS 2004) held at the University of Padova, Padova, Italy,
during 2-5 October 2004.

The main objective of the discovery science (DS) conference series is to pro-
vide an open forum for intensive discussions and the exchange of new information
among researchers working in the area of discovery science. It has become a good
custom over the years that the DS conference is held in parallel with the Inter-
national Conference on Algorithmic Learning Theory (ALT). This co-location
has been valuable for the DS conference in order to enjoy synergy between con-
ferences devoted to the same objective of computational discovery but from
different aspects. Continuing the good tradition, DS 2004 was co-located with
the 15th ALT conference (ALT 2004) and was followed by the 11th Symposium
on String Processing and Information Retrieval (SPIRE 2004). The agglomera-
tion of the three international conferences together with the satellite meetings
was called Dialogues 2004, in which we enjoyed fruitful interaction among re-
searchers and practitioners working in various fields of computational discovery.
The proceedings of ALT 2004 and SPIRE 2004 were published as volume 3244
of the LNALI series and volume 3246 of the LNCS series, respectively.

The DS conference series has been supervised by the international steer-
ing committee chaired by Hiroshi Motoda (Osaka University, Japan). The other
members are Alberto Apostolico (University of Padova, Italy and Purdue Uni-
versity, USA), Setsuo Arikawa (Kyushu University, Japan), Achim Hoffmann
(UNSW, Australia), Klaus P. Jantke (DFKI, Germany), Masahiko Sato (Ky-
oto University, Japan), Ayumi Shinohara (Kyushu University, Japan), Carl H.
Smith (University of Maryland, College Park, USA), and Thomas Zeugmann
(Hokkaido University, Japan).

In response to the call for papers 80 submissions were received. The program
committee selected 20 submissions as long papers and 20 submissions as regular
papers, of which 19 were submitted for publication. This selection was based on
clarity, significance, and originality, as well as relevance to the field of discovery
science. This volume consists of two parts. The first part contains the accepted
long papers, and the second part contains the accepted regular papers.

We appreciate all individuals and institutions who contributed to the success
of the conference: the authors of submitted papers, the invited speakers, the tu-
torial speakers, the steering committee members, the sponsors, and Springer. We
are particularly grateful to the members of the program committee for spending
their valuable time reviewing and evaluating the submissions and for participat-
ing in online discussions, ensuring that the presentations at the conference were
of high technical quality. We are also grateful to the external additional referees
for their considerable contribution to this process.



VI Preface

Last but not least, we express our deep gratitude to Alberto Apostolico,
Massimo Melucci, Angela Visco, and the Department of Information Engineering
of the University of Padova for their local arrangement of Dialogues 2004.

October 2004 Setsuo Arikawa
Einoshin Suzuki
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Remembering Carl Smith, 1950-2004

Sadly, Carl Smith passed away 10:30PM, July 21, 2004. He had had a 1.5 year
battle with an aggressive brain tumor. He fought this battle with calm optimism,
dignity, and grace. He is survived by his wife, Patricia, his son, Austin, and his
sister, Karen Martin.

Carl was very active in the algorithmic or computational learning communi-
ties, especially in the inductive inference subarea which applies recursive function
theory techniques.

I first met Carl when I interviewed for my faculty position at SUNY /Buffalo
in the Spring of 1973. He was then a graduate student there and told me he
was interested in recursive function theory. After I joined there, he naturally
became my Ph.D. student, and that’s when we both began working on inductive
inference. We spent a lot of time together, pleasantly blurring the distinction
between the relationships of friendship and advisor-student.

After Buffalo, Carl had faculty positions at Purdue and, then, the University
of Maryland.

Carl had a very productive career. He was a master collaborator working
with many teams around the world. Of course he also produced a number of
papers about inductive inference by teams — as well as papers about anomalies,
queries, memory limitation, procrastination, and measuring mind changes by
counting down from notations for ordinals. I had the reaction to some of his
papers of wishing I’d thought of the idea. This especially struck me with his
1989 T'CS paper (with Angluin and Gasarch) in which it is elegantly shown that
the learning of some classes of tasks can be done only sequentially after or in
parallel with other classes.

Carl played a significant leadership role in theoretical computer science. In
1981, with the help of Paul Young, Carl organized the Workshop on Recursion
Theoretic Aspects of Computer Science. This became the well known, continuing
series of Computational Complexity conferences. Carl provided an improvement
in general theoretical computer science funding level during his year as Theory
Program Director at NSF. He was involved, in many cases from the beginning, in
the COLT, AIl, ALT, EuroCOLT, and DS conferences, as a presenter of papers,
as a member of many of their program committees and, in some cases, steering
committees. He spearheaded the development of COLT’s Mark Fulk Award for
best student papers and managed the finances.

Carl was very likable. He had a knack for finding funding to make good things
happen. He was a good friend and colleague. He is missed.

August 2004 John Case
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Abstract. Graph mining approaches are extremely popular and effec-
tive in molecular databases. The vast majority of these approaches first
derive interesting, i.e. frequent, patterns and then use these as features
to build predictive models. Rather than building these models in a two
step indirect way, the SMIREP system introduced in this paper, derives
predictive rule models from molecular data directly. SMIREP combines
the SMILES and SMARTS representation languages that are popular
in computational chemistry with the IREP rule-learning algorithm by
Firnkranz. Even though SMIREP is focused on SMILES, its principles
are also applicable to graph mining problems in other domains. SMIREP
is experimentally evaluated on two benchmark databases.

1 Introduction

In recent years, the problem of graph mining in general, and its application to
chemical and biological problems, has become an active research area in the
field of data-mining. The vast majority of graph mining approaches first de-
rives interesting, i.e. frequent, patterns and then uses these as features to build
predictive models. Several approaches have been suggested [1-8] for the task
of identifying fragments which can be used to build such models. The earliest
approaches to compute such fragments are based on techniques from inductive
logic programming [1]. Whereas inductive logic programming techniques are the-
oretically appealing because of the use of expressive representation languages,
they exhibit significant efficiency problems, which in turn implies that their ap-
plication has been restricted to finding relatively small fragments in relatively
small databases. Recently proposed approaches to mining frequent fragments in
graphs such as gSpan [5], CloseGraph [9], FSG [2], and AGM [7] are able to mine
complex subgraphs more efficiently. However, the key difficulty with the appli-
cation of these techniques is — as for other frequent pattern mining approaches —
the number of patterns that are generated. Indeed, [6] report on 10° of patterns
being discovered. Furthermore, frequent fragments are not necessarily of interest
to a molecular scientist. Therefore, [3] and [6] propose approaches that take into
account the classes of the molecules. Kramer et al. compute all simple patterns
that are frequent in the positives (or actives) and infrequent in the negatives (or
inactives) [3]. Inokuchi et al. compute correlated patterns [6] . While Inokuchi et
al. claim that the discovered patterns can be used for predictive purposes, they
do not report on any predictive accuracies.
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The approach taken here is different: SMIREP produces predictive models
(in the form of rule-sets) directly. SMIREP combines SMILES, a chemical repre-
sentation language that allows the representation of complex graph structures as
strings, with IREP [10,11], a well-known rule-learner from the field of machine
learning. SMIREP has been applied to two benchmark data sets (the muta-
genicity dataset [12] and the AIDS Antiviral Screening Database [3]) and the
experiments show that SMIREP produces small rule sets containing possibly
complex fragments, that SMIREP is competitive in terms of predictive accuracy
and that SMIREP is quite efficient as compared to other data mining systems.

Although, the SMIREP system is tailored towards the chemical domain, the
approach can be employed as a general approach to build predictive models for
graph mining domains.

The paper is organized as follows: in section 2 we give an overview of SMILES
and SMARTS as language for chemical compounds and fragments as well as their
applicability to other structured data, like non-directed graphs; section 3 gives
an overview of the SMIREP system; in section 4, we report on experiments and
findings conducted with SMIREP:finally, in section 5, we touch upon related
work and conclude.

2 SMILES and SMARTS

SMILES (Simplified Molecular Input Line Entry System) [13] is a linear string
representation language for chemical molecules. The SMILES language is com-
monly used in computational chemistry and is supported by most major software
tools in the field, like the commercial Daylight toolkit or the Open-Source Open-
Babel library.

The SMILES notations of chemical compounds are comprised of atoms,
bonds, parathesis, and numbers:

— Atoms: Atoms are represented using their atomic symbols. E.g. C for carbon,
N for nitrogen, or S for sulfur. For aromatic atoms, lower case letters are used,
and upper case letters otherwise. Atoms with two letter symbols, like chlorine
(Cl) or bromine (Br), are always written with the first letter in upper case
and the second letter can be written upper or lower case. With a rare few
exceptions, hydrogen atoms are not included in the string representation of
a molecule.

— Bonds: Four basic bond types are used in the SMILES language: single,
double, triple, and aromatic bonds, represented by the symbols: ‘-’, ‘=", ‘4,
and ‘" respectively. Single and aromatic bonds are usually omitted from
SMILES strings. Not belonging to the four basic bonds are ionic bonds, or
disconnections, represented by a ‘. .

— Branches: Branches are specified by enclosing brackets, “(” and “)”, and in-
dicate side-structures. A branch can, and often does, contain other branches.

— Clycles: Cyclic structures are represented by breaking one bond in each ring.
The atoms adjacent to the bond obtain the same number. E.g. ‘ccccee’ de-
notes a (linear) sequence of six aromatic carbons and ‘clcccecl’ denotes



