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You can recycle the information that can be found on the webpage to fill in the following sections.
Please bear in mind that the syllabus is a key element of the course that helps students to decide
whether this course is appropriate for them and can really help them when deciding to join. Make

sure to be as detailed as possible.

Title

Logic as a Tool for Modelling

Coordinator(s)

Dr Apostolos Tzimoulis

Other lecturers

Dr Giuseppe Greco, Mattia Panettiere, Andrea De Domenico,
Krishna Manoorkar, Dmitriy Danilov

Study credits

3 ECTS

Form(s) of tuition
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Approximate contact hours

45 hours
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25 hours
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a.tzimoulis@vu.nl

Course coordinator and Lecturer
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on formal models and theories for understanding multi-agent
interaction and social behaviour.
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from non-classical logic (proof-theoretic and algebraic
approaches to agency, information flow, and reasoning under
uncertainty) to computational linguistics (proof-theoretic and
compositional distributional approaches to the study of natural
languages).

Mattia Panettiere
mailto:m.panettiere@vu.nl

Guest Lecturer

Mattia Panettiere is a Ph.D. student at the Department of Ethics,
Governance and Society, School of Business and Economics,
Vrije Universiteit Amsterdam. His research revolves around non-
classical logics and formal methods applied to a broad range of
practical fields including social and business sciences.

Andrea De Domenico
a.de.domenico@vu.nl

Guest Lecturer

Andrea De Domenico is Ph.D. student at the Department of
Ethics, Governance and Society, School of Business and
Economics, Vrije Universiteit Amsterdam. One of the main
themes of his research is the study of formal and computational
methods applied to social interactions and decision-making.

Krishna B. Manoorkar
k.b.manoorkar@vu.nl

Guest lecturer

Krishna Manoorkar is a Ph.D. student at the Department of
Ethics, Governance and Society, School of Business and
Economics, Vrije Universiteit Amsterdam. His research focuses
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on formal models for evidential reasoning and decision making
under uncertainty.

Course description

Logic is the study of different types of reasoning. Logic is also a tool for elegantly modelling
diverse phenomena. The aim of the course is to introduce you to this tool and to explain how
it can be used. The course is divided into 3 parts.

We will introduce Classical Logic and show how many different systems of reasoning (logics)
arise as variations. We will study two fundamental ways of studying logic, via semantics and
syntax. The latter is naturally suited to modelling and automated reasoning.

We will also discuss applications in the social sciences focussing on agency and information
flow. We will introduce logical formalisms that allow us to model situations in which truth is
socially constructed and develop notions such as knowledge and group and common
knowledge.

The overarching theme in the handling of applications is the notion of categories and
categorisation. Categorisation is the activity of placing things such as objects or ideas into
categories based on their similarities or common criteria. We will formally introduce
categorisation theory, starting from the classical theory of Aristotle right up to prototype and
exemplar theory. We will formalise these notions and explain how the tools of logics could be
used to incorporate vagueness in this theory.

The third part of the course uses the foundational development from Part 1 and the modelling
intuitions from Part 2. We will introduce the study of formal linguistics where words are
classified in terms of the role, they play in the sentence formation. A word can be categorised
as a noun phrase, a transitive verb, etc. Syntactic categories are then combined, accordingly,
to rules of formation, to build complex expressions. We will see how a grammatically correct
sentence can then be captured by a formal proof or a process of computation and how
different readings correspond to different proofs.
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Learning objectives

By the end of this course, students will be able to:

e Understand what is meant by the study of logic and summarize how different systems of
reasoning (logics) come about, and outline how they can be studied.

e Explain the relationship of proof theory and logic.

e List and compare a number of different logics and illustrate how they differ from
classical logic.

e Show how logic can be used to model diverse phenomena.

e Distinguish the dual role of logic as an idealized form of reasoning and a modelling tool.

e Develop a maturity concerning abstract modelling and argumentation.

Assignments and Assessment

Students are expected to attend all lectures. Students have to submit 2 homework sets, one
at the end of the first week and one at the end of the second. Students also need to read (part
of) an academic article or a book chapter on the topics that will be taught in class and on the
last day of the school give a short presentation (around 15 minutes) where they discuss the
article that they read. We provide an attachment with a list of topics and potential readings,
but students are also welcome to find articles on the course’s topics that pertain more to their
own interests.

The exercises consist 80% of the grade and the presentations 20%.
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Mon, 22 July Tue, 23 July Wed, 24 July Thu, 25 July Fri, 26 July AM
09.30-10.00 No class Classical (FO) logic Computational Epistemic Categorization and Formal
(Apostolos Tzimoulis) Ontologies (ACL) | Modal Logic Concept Analysis |
10.00-11.00 Welcoming. (Andrea De Domenico) (Apostolos Tzimoulis) (Apostolos Tzimoulis)

Introduction to
modelling via logic |
(Apostolos Tzimoulis)

11.15-12.00 Introduction to Exercises Computational Exercises Exercises
modelling via logic Il Ontologies (ACL) Il
(Apostolos Tzimoulis) (Andrea De Domenico)
Lunch break
13.30-15.00 Exercises Introduction to modal | No class Dynamic Categorization and Formal
logic(s) Modal Logic Concept Analysis Il
(Mattia Panettiere) (Apostolos Tzimoulis) (Apostolos Tzimoulis)
15.15-16.00 No class Exercises No class Exercises Exercises
Mon, 29 July Tue, 30 July Wed, 31 July Thu, 1 August Fri, 2 August
09.30-11.00 Fuzzy categories Introduction to proof | Logic in Open- Dempster-Shafer Students’ presentations

and fuzzy logics |
(Apostolos Tzimoulis)

theory and sub-

structural logics
(Giuseppe Greco)

Source intelligence
(Dmitriy Danilov)

theory on categories |

(Krishna Manoorkar)

11.15-12.00 Exercises Exercises Exercises Dempster-Shafer Students’ presentations
theory on categories I
(Krishna Manoorkar)
Lunch break
13.30-15.00 Fuzzy categories Computational No class No class Discussion.
and fuzzy logics Il linguistics via logic Closing remarks
(Apostolos Tzimoulis) (Giuseppe Greco)
15.15-16.00 Exercises Exercises No class No class No class
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Using logic as a tool for modelling

Syllabus

Topics and recommended (not compulsory) readings

Introduction to modelling via logic (classical first order logic)

- J. van Benthem, H. van Ditmarsch, J. van Eijck, J. Jaspars. |Logic in Action - an open
course in logic.

Substructural logics

- Stanford Encyclopedia entries
Substructural logics
Intuitionistic logic
Relevant logics
Fuzzy logics
Linear logic
- H. Ono. Substructural Logics and Residuated Lattices — an Introduction.| In: Hendricks,

V.F., Malinowski, J. (eds) Trends in Logic. Trends in Logic, vol 21. Springer, Dordrecht.
2003

- F. Paoli. [Substructural Logics: A Primer.| Dordrecht: Kluwer, 2002.
- G. Restall. /An Introduction to Substructural Logics. London: Routledge, 2000.

- N. Galatos, P. Jipsen, T. Kowalski, & H. Ono. Residuated lattices: an algebraic glimpse
at substructural logics.| Elsevier, 2007.

Ontologies

- [Protégé: free open-source ontology editor

- J. Hendler, F. Gandon, D. Allemang. Semantic Web for the Working Ontologist: Effective
Modeling for Linked Data, RDFS, and OWL. ACM Books, 2020.

- F. Baader, I. Horrocks, C. Lutz, U. Sattler. |[An Introduction to Description Logic. Cam-
bridge University Press, 2017.


https://www.logicinaction.org
https://www.logicinaction.org
https://plato.stanford.edu/entries/logic-substructural/
https://plato.stanford.edu/entries/logic-intuitionistic/
https://plato.stanford.edu/entries/logic-relevance/
https://plato.stanford.edu/entries/logic-fuzzy/
https://plato.stanford.edu/entries/logic-linear/
https://doi.org/10.1007/978-94-017-3598-8_8
https://www.amazon.com/Substructural-Logics-Primer-Trends-Logic/dp/1402006055
https://www.amazon.it/dp/B00C7TATQW/ref=dp-kindle-redirect?_encoding=UTF8&btkr=1
https://www.amazon.it/Residuated-Lattices-Algebraic-Glimpse-Substructural/dp/0444550666
https://www.amazon.it/Residuated-Lattices-Algebraic-Glimpse-Substructural/dp/0444550666
https://protege.stanford.edu/
https://www.amazon.com/Semantic-Web-Working-Ontologist-Effective/dp/1450376142
https://www.amazon.com/Semantic-Web-Working-Ontologist-Effective/dp/1450376142
https://www.amazon.com/Introduction-Description-Logic-Franz-Baader/dp/0521873614

Modal logics

P. Blackburn, M. Rijke, Y. Venema. Modal Logic. Cambridge Tracts in Theoretical Com-
puter Science, Cambridge University Press, 2001. doi:10.1017/CB09781107050884

More about Epistemic Logic:

F. Ronald, J.Y. Halpern, Y. Moses, M.Y. Vardi. Reasoning About Knowledge. MIT Press
1995, ISBN 9780262562003. doi:10.7551/mitpress/5803.001.0001

E. Pacuit. |Dynamic Epistemic Logic I: Modeling Knowledge and Belief. Philosophy Com-
pass, 2013.

E. Pacuit. \Dynamic Epistemic Logic 1I: Logics of Information Change. Philosophy Com-
pass, 2013.

(Fuzzy) Categorization and formal concept analysis

M.T. Hannan, G. Le Mens, Greta Hsu, Balazs Kovécs, G. Negro, L. Pdlos, E. Pontikes, &
A.J. Sharkey|Concepts and categories: Foundations for sociological and cultural analysis.
Columbia University Press, 2019.

P. Gardenfors. |Conceptual spaces as a framework for knowledge representation. Mind and
Matter 2.2 (2004): 9-27.

B. Ganter & R. Wille. |Formal concept analysis: mathematical foundations. Springer
Science & Business Media, 2012.

W. Conradie, S. Frittella, A. Palmigiano, M. Piazzai, A. Tzimoulis, & N.M. Wijnberg.
Categories: how I learned to stop worrying and love two sorts.| In International Work-
shop on Logic, Language, Information, and Computation, pp. 145-164. Springer, Berlin,
Heidelberg, 2016.

W. Conradie, S. Frittella, A. Palmigiano, M. Piazzai, A. Tzimoulis, & N.M. Wijnberg.
Toward an epistemic-logical theory of categorization. Proceedings TARK, 2017.

B. Radim. |Fuzzy Galois connections. Mathematical Logic Quarterly 45, no. 4 (1999):
497-504.

W. Conradie, A. Palmigiano, C. Robinson, A. Tzimoulis, & N. Wijnberg. |Modelling socio-
political competition. Fuzzy Sets and Systems 407 (2021): 115-141.

W. Conradie, S. Frittella, K. Manoorkar, S. Nazari, A. Palmigiano, A. Tzimoulis, &
N.M. Wijnberg. |Rough concepts.| Information Sciences 561 (2021): 371-413.

R. Fagin, J.Y. Halpern, & N. Megiddo. |A logic for reasoning about probabilities.| Informa-
tion and computation 87, no. 1-2 (1990): 78-128.

Computational linguistics via logic

Typeological grammar and structural control (where the first two are the original papers
of Lambek):

J. Lambek, |The mathematics of sentence structure. American Mathematical Monthly
65:154-179, 1958.


https://doi.org/10.1111/phc3.12059
https://doi.org/10.1111/phc3.12060
https://books.google.nl/books?hl=en&lr=&id=DIp-DwAAQBAJ&oi=fnd&pg=PT8&dq=Concepts+and+Categories:+Foundations+for+Sociological+and+Cultural+Analysis&ots=2gzSbrTjGK&sig=WQi9mmcqzTH5bhceDqlIlCQHd04#v=onepage&q=Concepts%20and%20Categories%3A%20Foundations%20for%20Sociological%20and%20Cultural%20Analysis&f=false
https://www.researchgate.net/publication/233707793_Conceptual_Spaces_as_a_Framework_for_Knowledge_Representation
https://books.google.nl/books?hl=en&lr=&id=hNwqBAAAQBAJ&oi=fnd&pg=PA1&dq=Formal+Concept+Analysis:+Mathematical+Foundations&ots=0eLLbZKb3q&sig=OqfxWr0qaGlBi79ixFWK4nwAqnA#v=onepage&q=Formal%20Concept%20Analysis%3A%20Mathematical%20Foundations&f=false
https://arxiv.org/pdf/1604.00777.pdf
https://arxiv.org/abs/1707.08743v1
https://onlinelibrary.wiley.com/doi/pdf/10.1002/malq.19990450408?casa_token=_EPvy4AEbhwAAAAA:lHBR5RAptSxORue5RyhPkSNWom42i1nL0MkmgYfd5P3rFrx0WYorkj1aUiEWevzwR5EC0nJqkIRAlRHEEg
https://www.sciencedirect.com/science/article/pii/S016501142030049X?casa_token=ZANhC-jXYxwAAAAA:nSeI3p0h4x2UgkTDdSqp7MwBmFTnKWZFdtMi8PO_cDph63eMlqakuO3UchCHA2Tlh5ZSiRpqrUsH
https://www.sciencedirect.com/science/article/pii/S016501142030049X?casa_token=ZANhC-jXYxwAAAAA:nSeI3p0h4x2UgkTDdSqp7MwBmFTnKWZFdtMi8PO_cDph63eMlqakuO3UchCHA2Tlh5ZSiRpqrUsH
https://www.sciencedirect.com/science/article/pii/S0020025520304989?casa_token=1wMO9Sxxb8QAAAAA:yLzwPm_p2-qxPeZmp7HlNiAEhd9JyDyuMJlLozyBweS7lE-QNz15xm26aGtrZA1HQDDG6p-90sO9
https://pdf.sciencedirectassets.com/272575/1-s2.0-S0890540100X01782/1-s2.0-089054019090060U/main.pdf?X-Amz-Security-Token=IQoJb3JpZ2luX2VjEJD%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FwEaCXVzLWVhc3QtMSJHMEUCID%2Ben0fgXKgGfemhvMyIX7pAcQF2meF971kXcx3GQd%2B%2FAiEA5VhS9MxzFbgRSoUN%2BCDEf%2BclIkeqbhW0py50i6J8RscqgwQIiP%2F%2F%2F%2F%2F%2F%2F%2F%2F%2FARAEGgwwNTkwMDM1NDY4NjUiDCWVuwdL4UCE9th1MSrXAxY71LwlI%2FKkFt8WpC1%2B46zaSpjYYg30rFRNrkCH6p0ptf1%2FLs7lx%2Fz88tNZU8frzr8yexReG4Ajr4%2FkH0TLFmiUlRaPBmr0BEVWINaTxJXCApggBgVO%2FFgD439PaUZMfkk2zgf6Bk1TBX1%2B9hMWyEibY1ZTC9FHHex%2FHs%2BbpEVnTfi3FYQ73HLAOkhhK9nHySYrxCUB73jDav1lgXXm4tGWKV350iMWDO6vIf%2BTuDVd3Gu6YDYKHfN9VZQxa4WxgHZ7pVAK19SD%2Fki%2BaUV6RgNJhxt7hrC8gPlNb1w%2FaqFAlcRv3IWcwd1fwxJsyEcAwtSG8SqrP0C9htJX6%2F4gub0RNibVSbFDneTtxlsjO3F%2B67bbvCvmTnfn6sBmS7fSyw7P90H5UD2PdynqM%2BRex9KW1PIkdwUDAMEBKr8wRzmQQ6KRuyyGQP%2BCW3f58CrseNoQ6%2BkSqNH%2FrR0bl1QtsALy2KIx5SsbRnB5t1MegGaNsGVluq8HIWUIKrnAZumM0a4wNfaw%2BxoPRMQ0LJPKIkzBISC%2F%2Bz%2FChvS%2B0AWeaadDVvkQZkg6D4qZ3t%2BbftX0LO6o5piKphr3AK1TMMxNHnC304g4PgJy341jqhPlF%2B5sWI4g%2BjJDHjD2x9SHBjqlAVPRTttfacbHhUistlTJLhZs1Ub0CSkPRQ5u14enFRHiUul8gamcLcTOsF8uO9RnrTHSq0gTNoVA%2FMdFgTliujMLn3Hli9frFA6IStwGy6N%2B8V5EJHWBs86iCbzYEnYDIsce%2BshikWhX1uMs0x%2FwH2QF%2B7XBU2dWrqXr7lFEm9C3lOEAzmANa1Oifsf4dbn4JHwxiDC%2FLHo6D3RIaeNLSZaKwAeC%2Bg%3D%3D&X-Amz-Algorithm=AWS4-HMAC-SHA256&X-Amz-Date=20210719T075523Z&X-Amz-SignedHeaders=host&X-Amz-Expires=300&X-Amz-Credential=ASIAQ3PHCVTYTGKHLENS%2F20210719%2Fus-east-1%2Fs3%2Faws4_request&X-Amz-Signature=2f56e056eaf5e2894ff394c11304fb279f490d8a5f5cf1c9c047bb47fa37e82e&hash=24fae751e7cb9b95b4f0cc5b03fe698f22c6c60da8dcb28c4b1f6179600834ed&host=68042c943591013ac2b2430a89b270f6af2c76d8dfd086a07176afe7c76c2c61&pii=089054019090060U&tid=spdf-9194fbf9-41b1-4b6d-978e-6229e62091a5&sid=b1356b0a443d48472179a6d8294dc5f1fc7bgxrqb&type=client
http://links.jstor.org/sici?sici=0002-9890%28195803%2965%3C154%3ATMOSS%3E2.0.CO%3B2-F

J. Lambek. |On the calculus of syntactic types. In R. Jakobson, editor, Structure of Lan-
guage and its Mathematical Aspects, volume XII of Proceedings of Symposia in Applied
Mathematics, pp. 166-178. American Mathematical Society, 1961.

- M. Moortgat, Typelogical grammar, Stanford Encyclopedia of Philosophy (this entry of the
Stanford Encyclopedia is all you need).

- R. Moot and Ch. Retoré, The logic of categorial grammar. LNCS 6850, 2012 (recommended
book on the subject).

More about structural control in logic and structural proof theory:
- Ph. Wadler, A taste of linear logic.
- G. Greco, A. Palmigiano. Linear logic properly displayed.

- R. Goré, |Substructural logics on display. Logic Journal of IGPL, 6(3), pp. 451-504, 1998
(in particular, Sections 1-5: capturing substructural logics via display calculi and section
11: adding exponentials).

- S. Frittella, G. Greco, A. Kurz, A. Palmigiano, V. Sikimié. |Multi-type sequent calculi.
Trends in Logic XIII, A. Indrzejczak, J. Kaczmarek, M. Zawidski eds, pp. 81-93, 2014.

- G. Greco, M. Ma, A. Palmigiano, A. Tzimoulis, Z. Zhao. |Unified correspondence as a
proof-theoretic tool. Journal of Logic and Computation, 28(7), pp. 1367-1442, 2018

More about compositional distributional semantics:

- M. Baroni, R. Bernardi, R. Zamparelli. Frege in space: a program for compositional dis-
tributional semantics. Linguistic Issues in Language Technology, 9(2417346), 2014.

- B. Coecke, M. Sadrzadeh, S. Clark. |Mathematical foundations for a compositional distri-
butional model of meaning.

- B. Coecke, E. Grefenstette, M. Sadrzadeh. [Lambek vs. Lambek: Functorial vector space
semantics and string diagrams for Lambek calculus. Annals of Pure and Applied Logic,
164(11):1079?71100, 2013.

- G. Greco, F. Liang, M. Moortgat, A. Palmigiano, A. Tzimoulis. |Vector Spaces as Kripke
Frames. Journal of Applied Logics, Journal of Logics and their Applications, 7(5): 853-873,
2020.

Dempster-Shafer theory

- K. Sentz, & S. Ferson. [Combination of evidence in Dempster-Shafer theory. 2002


https://www.semanticscholar.org/paper/On-the-Calculus-of-Syntactic-Types-Lambek/431e265b3d9b7bf805cd448fb4f144992920a41a
http://plato.stanford.edu/entries/typelogical-grammar/
https://link.springer.com/book/10.1007/978-3-642-31555-8
https://homepages.inf.ed.ac.uk/wadler/papers/lineartaste/lineartaste-revised.pdf
https://arxiv.org/abs/1611.04181
https://academic.oup.com/jigpal/article-abstract/6/3/451/742268
https://arxiv.org/abs/1609.05343
https://arxiv.org/abs/1603.08204
https://arxiv.org/abs/1603.08204
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=B09F1F8F549F5C3C1F4257E71802DFFB?doi=10.1.1.423.4002&rep=rep1&type=pdf
http://citeseerx.ist.psu.edu/viewdoc/download;jsessionid=B09F1F8F549F5C3C1F4257E71802DFFB?doi=10.1.1.423.4002&rep=rep1&type=pdf
https://arxiv.org/abs/1003.4394
https://arxiv.org/abs/1003.4394
https://arxiv.org/abs/1302.0393
https://arxiv.org/abs/1302.0393
https://arxiv.org/abs/1908.05528
https://arxiv.org/abs/1908.05528
https://www.stat.berkeley.edu/~aldous/Real_World/dempster_shafer.pdf
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