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Preface

This volume features the contributions accepted for the 16th International Conference
on Formal Concept Analysis (ICFCA 2021), held during June 29 – July 2, 2021, at
Université de Strasbourg, France. Formal concept analysis (FCA) is a mathematical
field that emerged about 40 years ago and is rooted in lattice and order theory.
Although being of a theoretical nature, FCA proved to be of interest to various applied
fields such as knowledge discovery, machine learning, database theory, information
visualization, and many others.

The goal of the International Conference on Formal Concept Analysis is to offer
researchers from FCA and related backgrounds the possibility to present and discuss
their research. Since its first edition in 2003 in Darmstadt, Germany, ICFCA has been
held annually in several countries in Europe, Africa, America, and Australia. In 2015,
ICFCA became biennial to alternate with the Conference on Concept Lattices and Their
Applications (CLA).

The field of FCA originated in the 1980s in Darmstadt as a subfield of mathematical
order theory, with prior developments in other research groups. Its original motivation
was to consider complete lattices as lattices of concepts, drawing motivation from
philosophy and mathematics alike. FCA has since then developed into a wide research
area with applications far beyond its original motivation, for example, in logic,
knowledge representation, unsupervised learning, data mining, human learning, and
psychology.

There were 32 papers submitted to this year’s ICFCA by authors in fifteen countries.
Each submission was reviewed by at least two different members of the Program
Committee and at least one member of the Editorial Board. The review process was
single blind. Fourteen high-quality papers were chosen for publication in this volume,
amounting to an acceptance rate of 43%. In addition, five papers were deemed mature
enough to be discussed at the conference and were therefore included as short papers in
this volume.

The research part of this volume is divided in five different sections. First, in
“Theory” we compiled works that discuss advances on theoretical aspects of FCA.
Second, the section “Rules” consists of contributions devoted to implications and
association rules. The third section “Methods and Applications” is composed of results
that are concerned with new algorithms and their applications. “Exploration and
Visualisation” introduces different approaches to data exploration and in the final
section we collected the five accepted short works.

In addition to the regular contributions, this volume also contains the abstracts of the
four invited talks by outstanding researchers we were delighted to have at ICFCA 2021.
In detail, we were pleased to host the following talks:

– “What do the Sources Say? Exploring Heterogeneous Journalistic Data as a Graph”
by Ioana Manolescu (France)



– “Ontologies for On-Demand Design of Data-Centric Systems” by Magdalena Ortiz
(Austria)

– “Towards human-guided rule learning” by Matthijs van Leeuwen (Netherlands)
– “Sustainable AI – What does it take for continued success in deployed applica-

tions?” by Stefan Wrobel (Germany)

We are deeply thankful to all authors who submitted their contributions to ICFCA
2021 as a platform for discussing their work. Our strong gratitude goes to the members
of the Editorial Board and Program Committee, as well as to all the additional
reviewers whose timely and thorough reviews made the fruitful discussions of the
high-quality papers during the conference possible. Furthermore, we would like to
express our sincere thanks to the local organizers who were always quick to solve any
questions or problems that arose, and their hard work made for a great event.

We are very grateful to Springer for supporting the International Conference on
Formal Concept Analysis as well as to the Université de Strasbourg and the Centre
National de la Recherche Scientifique (CNRS) for hosting the event. Finally, we would
like to highlight the great help of easychair.org for organizing the review process for
ICFCA 2021 and of sciencesconf.org for hosting the website and their technical
support, especially collecting the camera-ready papers.

June 2021 Agnès Braud
Aleksey Buzmakov

Tom Hanika
Florence Le Ber

vi Preface



Organization

Executive Committee

Conference Chair

Florence Le Ber Université de Strasbourg, France
Agnès Braud Université de Strasbourg, France

Local Organization

Xavier Dolques Université de Strasbourg, France
Nicolas Lachiche Université de Strasbourg, France
Aurélie Leborgne Université de Strasbourg, France
Stella Marc-Zwecker Université de Strasbourg, France
Peggy Rupp CNRS, Strasbourg, France

Program and Conference Proceedings

Program Chairs

Aleksey Buzmakov Higher School of Economics, Russia
Tom Hanika Universität Kassel, Germany

Editorial Board

Jaume Baixeries Polytechnic University of Catalonia, Spain
Karell Bertet Université de La Rochelle, France
Peggy Cellier IRISA, Rennes, France
Sebastien Ferré Université de Rennes 1, France
Bernhard Ganter Technische Universität Dresden, Germany
Dmitry Ignatov Higher School of Economics, Russia
Mehdi Kaytoue INSA Lyon, France
Sergei Kuznetsov Higher School of Economics, Russia
Leonard Kwuida Bern University of Applied Sciences, Switzerland
Rokia Missaoui Université du Québec en Outaouais, Canada
Amedeo Napoli LORIA, Nancy, France
Sergei Obiedkov Higher School of Economics, Russia
Manuel Ojeda-Aciego University of Malaga, Spain
Uta Priss Ostfalia University of Applied Sciences, Germany
Sebastian Rudolph Technische Universität Dresden, Germany
Christian Sacarea Babes-Bolyai University of Cluj-Napoca, Romania
Stefan E. Schmidt Technische Universität Dresden, Germany
Barış Sertkaya Frankfurt University of Applied Sciences, Germany
Gerd Stumme Universität Kassel, Germany



Petko Valtchev Université du Québec à Montréal, Canada
Karl Erich Wolff Darmstadt University of Applied Sciences, Germany

Program Committee

Pablo Cordero University of Málaga, Spain
Diana Cristea Babes-Bolyai University Cluj-Napoca, Romania
Christophe Demko Université de La Rochelle, France
Jean Diatta Université de la Réunion, France
Stephan Doerfel MICROMATA GmbH, Germany
Xavier Dolques Université de Strasbourg, France
Marianne Huchard Université Montpellier, France
Robert Jäschke Humboldt-Universität zu Berlin, Germany
Jan Konecny Palacky University Olomouc, Czech Republic
Michal Krupka Palacky University Olomouc, Czech Republic
Marzena Kryszkiewicz Warsaw University of Technology, Poland
Tatiana Makhalova LORIA-Inria, France
Jesús Medina Universidad de Cádiz, Spain
Engelbert Mephu Nguifo Université Blaise Pascal Clermont-Ferrand, France
Lhouari Nourine Université Blaise Pascal Clermont-Ferrand, France
Jan Outrata Palacky University Olomouc, Czech Republic
Jean-Marc Petit INSA Lyon, France
Pascal Poncelet Université Montpellier, France
Sandor Radeleczki University of Miskolc, Hungary
Henry Soldano Laboratoire d’Informatique de Paris Nord, France
Andreja Tepavčević University of Novi Sad, Serbia
Martin Trnecka Palacky University Olomouc, Czech Republic

Additional Reviewers

Simon Vilmin
David Lobo
Lauraine Tiogning
Issam Falih
Philippe Fournier-Viger
Fernando Chacón
Blaise Bleriot Koguep Njionou

viii Organization



Abstracts of Invited Talks



What do the Sources Say? Exploring
Heterogeneous Journalistic Data as a Graph

Ioana Manolescu

Inria Saclay, Île-de-France, France

Abstract. Professional journalism is of utmost importance nowadays. It is a
main feature distinguishing dictatorships from democracies, and a mirror sorely
needed by society to look upon itself and understand its functioning. In turn,
understanding is necessary for making informed decisions, such as political
choices.
With the world turning increasingly digital, journalists need to analyze very

large amounts of data, while having no control over the structure, organization,
and format of the data. Since 2013, my team has been working to understand
data journalism and computational fact-checking use cases, to identify and
develop tools adapted for this challenging setting. I will describe our SourcesSay
project (2020–2024), in which extremely heterogeneous data sources are inte-
grated as graphs, on top of which journalistic applications can be supported
through flexible graph queries. I will explain the data source integration module,
the role played by Information Extraction and Entity Disambiguation, as well as
novel techniques to explore and simplify these graphs.



Ontologies for On-Demand Design
of Data-Centric Systems

Magdalena Ortiz

Faculty of Informatics, TU Wien
ortiz@kr.tuwien.ac.at

Over the last decade, ontologies have found impactful applications in data manage-
ment, where they help improve access to data that is incomplete, heterogenous, or
poorly structured [3, 4]. An ontology can act as a mediator between users and data
sources to facilitate query formulation, and allow us to obtain more complete query
answers by leveraging domain knowledge to infer implicit facts. Huge research efforts
have been put into understanding the problems associated to query evaluation lever-
aging diverse ontology languages, many algorithms have been developed, and
off-the-shelf engines for knowledge-enriched query answering exist, see e.g, [1] and its
references.

We present our work advocating a novel use of ontologies [2], not only to access
the data stored in systems, but also to facilitate the correct organization of data at design
time. We propose a process called focusing to harness existing ontologies for the
on-demand design of the schema of knowledge-enriched databases. Focusing solutions
specify which terms of an ontology are relevant to a specific application, and explicate
desired assumptions about their completeness and dynamicity. We present automated
inferences services for obtaining and validating focusing solutions, and for answering
queries the resulting knowledge-enriched databases. The definitions admit different
ontology and query languages for specifying the scope of the system, and are
accompanied by concrete decidability and complexity results for selected representa-
tive combinations.

Acknowledgements. Based on joint work with M, Šimkus, F. Murlak, Y. Ibáñez-Garca V.
Gutiérrez-Basulto, and T. Gogacz. Supported by the Austrian Science Fund (FWF) projects
P30360 and P30873.
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Towards Human-Guided Rule Learning

Matthijs van Leeuwen

Leiden University, the Netherlands

Abstract. Interpretable machine learning approaches such as predictive rule
learning have recently witnessed a strong increase in attention, both within and
outside the scientific community. Within the field of data mining, the discovery
of descriptive rules has long been studied under the name of subgroup dis-
covery. Although predictive and descriptive rule learning have subtle yet
important differences, they both suffer from two drawbacks that make them
unsuitable for use in many real-world scenarios. First, hyperparameter optimi-
sation is typically cumbersome and/or requires large amounts of data, and
second, results obtained by purely data-driven approaches are often unsatis-
factory to domain experts.
In this talk I will argue that domain experts often have relevant knowledge not

present in the data, which suggests a need for human-guided rule learning that
integrates knowledge-driven and data-driven modelling. A first step in this
direction is to eliminate the need for extensive hyperparameter tuning. To this
end we propose a model selection framework for rule learning that 1) allows for
virtually parameter-free learning, naturally trading off model complexity with
goodness of fit; and 2) unifies predictive and descriptive rule learning, more
specifically (multi-class) classification, regression, and subgroup discovery. The
framework we propose is based on the minimum description length
(MDL) principle, we consider both (non-overlapping) rule lists and (overlap-
ping) rule sets as models, and we introduce heuristic algorithms for finding good
models.
In the last part of the talk, I will give a glimpse of the next steps towards

human-guided rule learning, which concern exploiting expert knowledge to
further improve rule learning. Specifically, I will describe initial results obtained
within the iMODEL project, in which we develop theory and algorithms for
interactive model selection, involving the human in the loop to obtain results
that are more relevant to domain experts.



Sustainable AI – What Does It Take
for Continued Success in Deployed

Applications?

Stefan Wrobel1,2

1 University of Bonn, Germany
2 Fraunhofer IAIS, Germany

Abstract. Advances in machine learning research have been so impressive that
one would be tempted to believe that today most practical problems could easily
be solved purely with data and machine learning. However, in the real world, the
requirements demanded from a deployed application go far beyond achieving an
acceptably low error for a trained model. Deployed applications must guarantee
sustained success with respect to their functionality, their business viability, and
their ethical acceptability. In this talk, we will analyze the challenges faced in
practice with respect to these three dimensions of sustainability, pointing out
risks and common misunderstandings and highlighting the role of hybrid
modeling. We will then discuss our lessons learned from a number of real world
projects for companies with respect to approaches for engineering and operating
ML systems. The talk will conclude with a perspective on the demands placed
on AI systems by customers and society, presenting our methodology for testing
and ultimately certifying such systems.
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