RESEARCH CONTRIBUTIONS (CHRISTOPH BENZMULLER)

TRACK RECORD

I have contributed to the theory and practice of higher-order automated and interactive reasoning, I have pi-
oneered the practical automation of various first- and higher-order non-classical logics, and I have been suc-
cessfully bridging between AI, Computer Science, Philosophy and Mathematics, which is reflected also in
numerous invited talks at prestigious events in all those disciplines.

Higher-Order (HO) Automated Theorem Proving (ATP)

Contrasting Peter Andrews’ mating-based proof search in his seminal TPS prover and significantly extending
Gerard Huet’s theoretical work on HO-resolution and -unification, my Leo theorem provers (LEO-1@ Saarland
University, LEO-II@Cambridge University/FU Berlin and Leo-III@FU Berlin) have pioneered the area of
resolution-based HO theorem proving for Henkin semantics. Moreover, I was the PI of an FP7/2007-2013
project (PIIF-GA-2008-219982) which initiated the development of the successful international (TPTP)
infrastructure for the automation of HO logic. Regarding theory, I have made significant contributions to
the semantics and proof theory (cut-free calculi, cut-simulation) in classical HO logic. In the context of the
Leo projects and the prior OMEGA project at Saarland university, I have made pioneering contributions also
to cooperative HO-FO-SAT theorem proving, term-sharing and term-indexing in HO ATP, agent-based
prover architectures, the integration of interactive theorem proving (ITP) and ATP, proof planning with
ATPs and user interfaces for proof assistants.

e Main papers: [41,47,90,97, 114, 119, 28, 44, 45, 46, 30, 80, 86, 102, 106, 113, 116, 105, 109]

Expressive Knowledge Representation and Reasoning

Since 2008, I have additionally contributed to the pioneering of ATP (and ITP) in expressive, quantified non-
classical logics (QNCLs). My particular focus has been on highly relevant QNCLs for which none or very few
practical systems existed so far. By extending the translational approach (which is well known e.g. for
propositional modal logics) to additionally support quantifiers and other binders and by semantically
embedding/encoding this translational approach as an equational theory in existing I'TPs and ATPs for
HO logic, I have shown how the latter systems can be turned into flexible, reusable reasoning systems for
challenging QNCLs. Regarding theory, I have demonstrated how this approach supports the reduction of cut-
elimination for even very challenging QNCLs to the existence of faithful, shallow semantical embeddings
in classical HO logic with Henkin semantics. However, I have also pointed to the subtle issue of cut-
simulation in HO logic, which may render cut-elimination a pointless criterion.

e Main papers: [1,75,59, 76, 84, 10, 14, 23, 38, 60, 53, 70, 54, 94, 107, 123, 126]

Computational Metaphysics & Formal Ontology

To exemplarily demonstrate the practical use of the combination of the above contributions, I have analysed
(in collaboration with B. Woltzenlogel Paleo) various modern variants of the ontological argument for (or
against) the existence of God on the computer. This work, which has attracted major attention in the public
media and in academia, has significantly contributed to the pioneering of the new area of computational
metaphysics. [ have demonstrated that ATPs may even contribute new knowledge to metaphysics. For example,
my theorem prover LEO-II detected a previously unknown inconsistency in Godel’s original variant of
the ontological argument. These activities have led to the set-up of a new interdisciplinary lecture course
on Computational Metaphysics, which received the 2015/16 central teaching award of FU Berlin. A
former student of this course, Daniel Kirchner, has meanwhile adapted the semantical embedding approach to
achieve an encoding Ed Zalta’ entire Principia-logico Metaphysica on the computer. In the context of this
experimental work, he revealed a deeply rooted paradox in Zalta’s foundational theory. Prior to the work
in Computational Metaphysics, I have employed similar techniques to reveal flaws in the SUMO upper
ontology, and in a collaboration with Dana Scott I have found issues a textbook on category theory.

e Main papers: [4, 18,48, 19,5,71,76,67, 13,7, 17, 26, 39]

SELECTED PUBLICATIONS; see here for more)

Journals (the first 5 have SJR rating Q1, the last one has more citations though)

e C. Benzmiiller, Cut-Elimination for Quantified Conditional Logic. Journal of Philosophical Logic, (2017)
46(3):333-353.

e C. Benzmiiller, N. Sultana, F. Theiss and L. Paulson, The Higher-Order Prover Leo-II. Journal of Automated
Reasoning, (2015) 55(4):389-404.


http://page.mi.fu-berlin.de/cbenzmueller/

RESEARCH CONTRIBUTIONS (CHRISTOPH BENZMULLER)

e C. Benzmiiller, A. Pease. Higher-order aspects and context in SUMO. Journal of Web Semantics, (2012)
12-13:104-117.

e C. Benzmiiller and L.C. Paulson, Multimodal and Intuitionistic Logics in Simple Type Theory. The Logic
Journal of the IGPL, (2010) 18(6):881-892.

e C. Benzmiiller, C. E. Brown, and M. Kohlhase, Cut-Simulation and Impredicativity. Logical Methods in
Computer Science, (2009) 5(1:6):1-21.

e C. Benzmiiller and L.C. Paulson, Quantified Multimodal Logics in Simple Type Theory. Logica Universalis,
(2013) 7(1):7-20.

Conferences (with less than 28 % acceptance rates)

e C. Benzmiiller and B. Woltzenlogel Paleo, The Inconsistency in Godels Ontological Argument: A Success
Story for Al in Metaphysics. IJCAI, 2016.

e C. Benzmiiller and B. Woltzenlogel Paleo, Automating Gddels Ontological Proof of God’s Existence with
Higher-order Automated Theorem Provers. ECAI, 2014.

e C. Benzmiiller, Automating Quantified Conditional Logics in HOL. IICAI, 2013.

Handbook Chapters

e C. Benzmiiller and D. Miller, Automation of Higher-Order Logic. Handbook of the History of Logic, Vol. 9
— Computational Logic, North Holland, Elsevier, pp. 215-254, 2014.

GOOGLE SCHOLAR (Sep 5, 2017): Citations: 2793 h-index: 27 110-index: 78

SYSTEM DEVELOPENT (selection)

e Powerful conference management tool for CADE-25 at FU Berlin 2015
e Leo-III/LeoPARD: agent-based infrastructure and automated theorem prover for HOL 2014
e LEO-II: automated theorem prover for HOL, integrated with Isabelle/HOL 2007-2014
e DIALOG: demonstrator system on tutorial NL dialogs about proofs, integrated with OMEGA  2000-2008
e LEO: automated theorem prover for HOL, integrated with OMEGA 1997-2005
e OANTS: agent-oriented reasoning system, integration platform for OMEGA 1997-2006
e OMEGA: Al-based interactive proof assistant & automated proof planner, NL techniques 1992-2006

INVITED PRESENTATIONS (small, recent selection)

Public: ¢ URANIA, Berlin (2017) e Bundeszentrale fiir politische Bildung, Berlin (2017) Keynotes at
Scientific Events: ¢ HaPoC celebration event for Martin Davis’ 90st birthday (2018) e Brazilian Symposium on
Formal Methods (2017) e 3. BMG Tag, Berliner Mathematische Gesellschaft (2017) e Intl. Colloquium of the
Berlin Mathematical School (2016) e The Global, Cross-Sector Conf. on Technology Supported Learning and
Training, Berlin (2016) e Shared Services & Outsourcing Woche, Berlin (2016) e All India Students Conference
on Science and Spiritual Quest, Kharagpur, IN (2016) e TABLEAUX Conference, Wroclaw, PL (2015) e World
Congress on Logic and Religion, Joao Pessoa, BR (2015)  Universities: e ILIAS Distinguished Lectures,
University of Luxemburg, LU (2017) ¢ Mathematical Logic Seminar, Stanford University, US (2016) e Logic
Colloquium, UC Berkeley, US (2016) e SRI International, Menlo Park, US (2015) e Computational Logic
Seminar, Stanford University, US (2015) e Institute of CS, University of Innsbruck, AT (2014) e Collegium
Logicum, Kurt Godel Society, Vienna, AT (2012)

MY WORK IN THE MEDIA (small, recent selection)

Television: e 3sat, scobel, Die Roboter-Rivalen (2016) e National Geographic Television, Germany Premiere
of Morgan Freemans Story of God (2016) e 3sat, D wie Deus ex Machina (2016) Interviews in Maga-
zines: e Hohe Luft — Zeitschrift fiir Philosophie, DE (2016) e Albert, Journal der Einstein Stiftung Berlin, DE
(2015) e PC Zoznam, CZ (2014) e Marabilias, ES (2013) e Motherboard, DE (2013) Radio Interviews:
e Deutschlandfunk, Robotorethik, DE (2017): @ ORF, AT (2017,2013) e Die Evangelische Funkagentur, DE
(2017) e detektor.fm, DE (2013) Newspapers: e Tagesspiegel, DE (2016) e Spiegel Online, DE (2015) e
Zeit Magazin & Zeit Online, DE (2014) o Focus, DE (2014) e Die Welt, DE (2013) e Berliner Zeitung &
Berliner Morgenpost, DE (2013) e La Republicca, IT (2013) e abc News, US (2013) ¢ HNGN, US (2013) o
Delhi Daily News, IN (2013) e Wiener Zeitung, AT (2013) e Spiegel Online & Spiegel Online International,
DE (2013)
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