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Preface

As computers and communications technology advance, greater opportunities
arise for intelligent mathematical computation. While computer algebra, auto-
mated deduction, mathematical publishing and novel user interfaces individually
have long and successful histories, we are now seeing increasing opportunities
for synergy among these areas. The series of Conferences on Intelligent Com-
puter Mathematics (CICM) hosts collections of co-located meetings, allowing
researchers and practitioners active in these related areas to share recent results
and identify the next challenges.

The fifth in this series of Conferences on Intelligent Computer Mathematics
was held in Bremen, Germany, in 2012. Previous conferences, all also published
in Springer’s Lecture Notes in Artificial Intelligence series, were held in the UK
(Birmingham, 2008: LNAT 5144), Canada (Grand Bend, Ontario, 2009: LNAI
5625), France (Paris, 2010: LNAI 6167) and Italy (Bertinoro, 2011: LNAT 6824).
CICM 2012 included four long-standing international meetings:

— 11th International Conference on Mathematical Knowledge Management
(MKM 2012)

— 19th Symposium on the Integration of Symbolic Computation and Mecha-
nized Reasoning (Calculemus 2012)

— 11th International Conference on Artificial Intelligence and Symbolic Com-
putation (AISC 2012)

— 5th Workshop/Conference on Digital Mathematics Libraries (DML 2012)

Since 2011, CICM also offers a track for brief descriptions of systems and projects
that span the MKM, Calculemus, AISC, and DML topics, the “Systems and
Projects” track. The proceedings of the four international meetings and the
Systems and Projects track are collected in this volume.

CICM 2012 also contained the following activities:

— Demonstrations of the systems presented in the Systems and Projects track
— Less formal “work in progress” sessions

We used the “multi-track” features of the EasyChair system, and our thanks
are due to Andrei Voronkov and his team for this and many other features.
The multi-track feature also allowed transparent handling of conflicts of interest
between the Track Chairs and submissions: these submissions were moved to a
separate track overseen by the General Chair. There were 60 submissions, eight of
which were withdrawn. Each of the remaining 52 submission was reviewed by at
least two, and on average three, Program Committee members. The committee
decided to accept 38 papers. However, this is a conflation of tracks with different
acceptance characteristics. The track-based acceptance rates were:
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MKM 13 acceptances out of 19 submissions
Calculemus 6 acceptances out of 9 submissions
AISC 6 acceptances out of 8 submissions
DML 2 acceptances out of 3 submissions
S&P 11 acceptances out of 12 submissions

One paper was not submitted to a particular track, and was rejected.

Three invited talks were given. The first one was by Conor McBride from the
Department of Computer and Information Sciences, University of Strathclyde,
and was entitled “A Prospection for Reflection”:

Godel’s incompleteness theorems tell us that there are effective limita-
tions on the capacity of logical systems to admit reasoning about them-
selves. However, there are solid pragmatic reasons for wanting to try: we
can benefit considerably by demonstrating that systematic patterns of
reasoning (and programming, of course) are admissible. It is very useful
to treat goals as data in order to attack them with computation, adding
certified automation to interactive proof tools, delivering the efficiency
required to solve compute-intensive problems with no loss of trust.

Dependent type theory provides a ready means of reflection: goals be-
come types, and types may be computed from data. This technique has
proven highly successful when tightly targeted on specific problem do-
mains. But we may yet ask the bold question of how large a universe
of problems we can effectively reflect: how much of our type theory can
we encode within its own notion of data? To what extent can our type
theory capture its own typing discipline? Might we construct a hierar-
chy of type theories where the whole of each lower level can be reflected
at higher levels? In this talk, I shall outline grounds for modest opti-
mism and propose a plan of campaign. The obstacles may turn out to
be as fascinating as the objective. The reward, if we can reach it, is a
flexible technology for certified automation in problem-solving, honestly
articulating what at least computers can do.

The second invited talk was by Cezar Ionescu from the Potsdam Institute for
Climate Impact Research, on “Increasingly Correct Scientific Programming”:

Dependently typed languages promise an elegant environment for pro-
gramming from specifications: the properties that a program should sat-
isfy are expressed as logical formulas and encoded via the Curry-Howard
isomorphism as a type, a candidate implementation should be a member
of this type, and the type checker verifies whether this is indeed the case.
But sometimes the type checker demands “too much”: in particular, in
scientific programming, it often seems that one must formalize all of real
analysis before writing a single line of useful code. Alternatively, one
can use mechanisms provided by the language in order to circumvent
the type checker, and confirm that “real programmers can write Fortran
in any language.” We present an example of navigating between these
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extremes in the case of economic modeling. First, we use postulates in
order to be able to reuse code, and achieve a kind of conditional correct-
ness (for example, we can find a Walrasian equilibrium if we are able to
solve a convex optimization problem). We then remove more and more
of the postulates, replacing them with proofs of correctness, by using
interval arithmetic methods.

Finally, Yannis Haralambous, Département Informatique, Télécom Bretagne,
gave a talk on “Text Mining Methods Applied to Mathematical Texts.”

April 2012 Johan Jeuring
John A. Campbell

Jacques Carette

Gabriel Dos Reis

Petr Sojka

Makarius Wenzel

Volker Sorge



Organization

CICM 2012 was organized by the Conference on Intelligent Computer Mathe-
matics Steering Committee, which was formed at CICM 2010 as a parent body to
the long-standing Calculemus and Mathematical Knowledge Management spe-
cial interest groups. The conferences organized by these interest groups continue
as special tracks in the CICM conference. The AISC conference, which is only
organized every other year, and DML workshop were organized in 2012 too.
These tracks and the Systems and Projects track had independent Track Chairs
and Program Committees. Local arrangements, the life-blood of any conference,
were handled by the Department of Computer Science of the Jacobs University
Bremen, Germany, and DFKI, Bremen, Germany.

CICM Steering Committee

Secretary

Michael Kohlhase Jacobs University Bremen, Germany

Calculemus Delegate

Renaud Rioboo ENSIIE, France
Treasurer
William Farmer McMaster University, Canada

DML Delegate

Thierry Bouche Université Joseph Fourier Grenoble, France

CICM PC Chair 2011
James Davenport University of Bath, UK

CICM PC Chair 2012

Johan Jeuring Utrecht University and Open University,
The Netherlands

MKM Trustees

Serge Autexier Florian Rabe Alan Sexton
James Davenport Claudio Sacerdoti Coen  Makarius Wenzel
Patrick Ion (Treasurer)



X Organization

Calculemus Trustees

David Delahaye Paul Jackson
Gabriel Dos Reis Renaud Rioboo
William Farmer Volker Sorge

AISC Steering Committee

Serge Autexier John Campbell
Jacques Calmet Jacques Carette

CICM 2012 Officers

General Program Chair

Stephen Watt
Makarius Wenzel

Eugenio Roanes-Lozano
Volker Sorge

Johan Jeuring Utrecht University and Open University,

The Netherlands

Local Arrangements

Michael Kohlhase Jacobs University Bremen, Germany

Serge Autexier DFKI, Germany

MKM Track Chair

Makarius Wenzel LRI, Paris Sud, France

Calculemus Track Chair

Gabriel Dos Reis Texas A&M University, USA

AISC Track CoChairs

John A. Campbell University College London, UK
Jacques Carette McMaster University, Canada

DML Track Chair

Petr Sojka Masaryk University Brno, Czech Republic

S & P Track Chair

Volker Sorge University of Birmingham, UK



Organization XI

Program Committee Mathematical Knowledge

Management

David Aspinall
Jeremy Avigad
Mateja Jamnik
Cezary Kaliszyk
Manfred Kerber
Christoph Liith
Adam Naumowicz
Jim Pitman
Pedro Quaresma
Florian Rabe
Claudio Sacerdoti Coen
Enrico Tassi
Makarius Wenzel
Freek Wiedijk

University of Edinburgh, UK
Carnegie Mellon University, USA
University of Cambridge, UK
University of Tsukuba, Japan
University of Birmingham, UK
DFKI, Germany
University of Bialystok, Poland
University of California at Berkeley, USA
University of Coimbra, Portugal
Jacobs University Bremen, Germany
University of Bologna, Italy
INRIA Saclay, France
LRI, Paris Sud, France
Radboud University Nijmegen,

The Netherlands

Program Committee Calculemus

Andrea Asperti
Laurent Bernardin
James H. Davenport
Gabriel Dos Reis
Ruben Gamboa
Mark Giesbrecht
Sumit Gulwani

John Harrison

Joris van der Hoeven
Hoon Hong

Loic Pottier
Wolfgang Windsteiger

University of Bologna, Italy

Maplesoft, Canada

University of Bath, UK

Texas A&M University, USA

University of Wyoming, USA

University of Waterloo, Canada

Microsoft Research, USA

Intel Corporation, USA

CNRS, Ecole Polytechnique, France

North Carolina State University, USA

INRIA Sophia-Antipolis, France

RISC Linz, Johannes Kepler University,
Austria

Program Committee Artificial Intelligence
and Symbolic Computation

Serge Autexier
Jacques Calmet
John Campbell
Jacques Carette
Simon Colton
Jacques Fleuriot

DFKI, Germany

Karlsruhe Institute of Technology, Germany
University College London, UK

McMaster University, Canada

Imperial College London, UK

University of Edinburgh, UK



XII Organization

Andrea Kohlhase
Taisuke Sato

Erik Postma,

Alan Sexton
Chung-chieh Shan
Toby Walsh
Stephen Watt

Jacobs University Bremen, Germany
Tokyo Institute of Technology, Japan
Maplesoft, Canada

Birmingham University, UK

Cornell University, USA

University of New South Wales, Australia
University of Western Ontario, Canada

Program Committee Digital Mathematics Libraries

José Borbinha
Thierry Bouche
Michael Doob
Thomas Fischer
Yannis Haralambous
Vaclav Hlavac

Michael Kohlhase
Janka Chlebikova
Enrique Macids-Virgds
Bruce Miller

Jifi Rédkosnik

Eugénio A.M. Rocha
David Ruddy

Volker Sorge

Petr Sojka

Masakazu Suzuki

Technical University of Lisbon, Portugal
Université Joseph Fourier Grenoble, France
University of Manitoba, Canada
Goettingen University, Germany
Télécom Bretagne, France
Czech Technical University Prague,

Czech Republic
Jacobs University Bremen, Germany
University of Portsmouth, UK
University of Santiago de Compostela, Spain
NIST, USA
Mathematical Institute Prague, Czech Republic
University of Aveiro, Portugal
Cornell University, USA
University of Birmingham, UK
Masaryk University Brno, Czech Republic
Kyushu University, Japan

Program Committee Systems and Projects

Josef Baker
John Charnley
Manuel Kauers

Koji Nakagawa
Christoph Lange
Piotr Rudnicki
Volker Sorge
Josef Urban

Richard Zanibbi

University of Birmingham, UK
Imperial College London, UK
RISC Linz, Johannes Kepler University,
Austria
Kyushu University, Japan
Jacobs University Bremen, Germany
University of Alberta, Canada
University of Birmingham, UK
Radboud University Nijmegen,
The Netherlands
Rochester Institute of Technology, USA



Organization XIIT

Additional Referees

In addition to the many members of the Program Committees who refereed for
other tracks, we are grateful to the following additional referees.

Marc Bezem Paul Libbrecht Carst Tankink
Flaminia Cavallo Petros Papapanagiotou =~ René Thiemann
Dominik Dietrich Adam Pease Matej Urbas
Holger Gast Wolfgang Schreiner Jit{ Vyskocil
Mihnea ITancu Christian Sternagel Tain Whiteside
Temur Kutsia Geoff Sutcliffe

Sponsoring Institutions

Jacobs University Bremen and DFKI, Bremen, Germany



Table of Contents

Mathematical Knowledge Management 2012

Dependencies in Formal Mathematics: Applications and Extraction
for Coq and Mizar ....... ... i 1
Jesse Alama, Lionel Mamane, and Josef Urban

Proof, Message and Certificate. ........ .. .. ... .. i i 17
Andrea Asperti

Challenges and Experiences in Managing Large-Scale Proofs........... 32
Timothy Bourke, Matthias Daum, Gerwin Klein, and Rafal Kolanski

Semantic Alliance: A Framework for Semantic Allies ............... 49
Catalin David, Constantin Jucovschi, Andrea Kohlhase, and
Michael Kohlhase

Extending MKM Formats at the Statement Level .................... 65
Fulya Horozal, Michael Kohlhase, and Florian Rabe

A Streaming Digital Ink Framework for Multi-party Collaboration ... .. 81
Rui Hu, Vadim Mazalov, and Stephen M. Watt

Cost-Effective Integration of MKM Semantic Services into Editing
Environments . ... ... 96
Constantin Jucovschi

Understanding the Learners’ Actions when Using Mathematics

Learning Tools . ... e 111
Paul Libbrecht, Sandra Rebholz, Daniel Herding,
Wolfgang Miiller, and Felix Tscheulin

Towards Understanding Triangle Construction Problems .............. 127
Vesna Marinkovié and Predrag Janicié

A Query Language for Formal Mathematical Libraries . ............... 143
Florian Rabe

Abramowitz and Stegun — A Resource for Mathematical Document
Analysis .. ..o 159
Alan P. Sexton

Point-and-Write — Documenting Formal Mathematics by Reference. .. .. 169
Carst Tankink, Christoph Lange, and Josef Urban



XVI Table of Contents

An Essence of SSReflect ........ .. 186
Iain Whiteside, David Aspinall, and Gudmund Grov

Calculemus 2012

Theory Presentation Combinators.............. .. ... ... ... oo, . 202
Jacques Carette and Russell O’Connor

Verifying an Algorithm Computing Discrete Vector Fields for Digital
Imaging ... .. 216
Jonathan Heras, Maria Poza, and Julio Rubio

Towards the Formal Specification and Verification of Maple
Programs . ... ... 231
Muhammad Taimoor Khan and Wolfgang Schreiner

Formalizing Frankl’s Conjecture: FC-Families........................ 248
Filip Marié, Miodrag Zivkovié¢, and Bojan Vuckovié

CDCL-Based Abstract State Transition System for Coherent Logic . . . .. 264
Miladen Nikoli¢ and Predrag Janicié

Speeding Up Cylindrical Algebraic Decomposition by Grobner Bases ... 280
David J. Wilson, Russell J. Bradford, and James H. Davenport

Artificial Intelligence
and Symbolic Computation 2012

A System for Axiomatic Programming ............. ... ... ... ...... 295
Gabriel Dos Reis

Reasoning on Schemata of Formulae ....... ... .. ... .. ... ... ... 310
Mnacho Echenim and Nicolas Peltier

Management of Change in Declarative Languages .................... 326
Mihnea Iancu and Florian Rabe

MathWebSearch 0.5: Scaling an Open Formula Search Engine ......... 342
Michael Kohlhase, Bogdan A. Matican, and
Corneliu-Claudiu Prodescu

Real Algebraic Strategies for MetiTarski Proofs ......... ... .. ... ... 358
Grant Olney Passmore, Lawrence C. Paulson, and
Leonardo de Moura



Table of Contents  XVII

A Combinator Language for Theorem Discovery ..................... 371
Phil Scott and Jacques Fleuriot

Digital Mathematics Libraries 2012

DynGenPar — A Dynamic Generalized Parser for Common
Mathematical Language .......... .. . .. i 386
Kevin Kofler and Arnold Neumaier

Writing on Clouds . ... 402
Vadim Mazalov and Stephen M. Watt

Systems and Projects 2012

A Web Interface for Matita ............. ... .. .. 417
Andrea Asperti and Wilmer Ricciotti

MaxTract: Converting PDF to ITEX, MathML and Text ............. 422
Josef B. Baker, Alan P. Sexton, and Volker Sorge

New Developments in Parsing Mizar . ...... ... ... .. ... .. .. .... 427
Czestaw Bylinski and Jesse Alama

Open Geometry Textbook: A Case Study of Knowledge Acquisition
via Collective Intelligence (Project Description) ............. ... ... .. 432
Xiaoyu Chen, Wei Li, Jie Luo, and Dongming Wang

Project Presentation: Algorithmic Structuring and Compression
of Proofs (ASCOP) ... 438
Stefan Hetzl

On Formal Specification of Maple Programs ................... ... ... 443
Muhammad Taimoor Khan and Wolfgang Schreiner

The PLANETARY Project: Towards eMath3.0 ........................ 448
Michael Kohlhase

Tentative Experiments with Ellipsis in Mizar ........................ 453
Artur Kornitowicz

Reimplementing the Mathematics Subject Classification (MSC)

as a Linked Open Dataset........ ... .. .. . i i i 458
Christoph Lange, Patrick Ion, Anastasia Dimou,
Charalampos Bratsas, Joseph Corneli, Wolfram Sperber,
Michael Kohlhase, and Ioannis Antoniou



XVIII Table of Contents

The Distributed Ontology Language (DOL): Ontology Integration

and Interoperability Applied to Mathematical Formalization........... 463
Christoph Lange, Oliver Kutz, Till Mossakowski, and
Michael Grininger

Isabelle/jEdit — A Prover IDE within the PIDE Framework ........... 468
Makarius Wenzel

Author Index . ... ... 473





