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What is modal logic?




Back to the original questions

- Modal logic is non-classical.

- Modal logic is the logic of “necessity” and “possibility”.

- Modal logic is obtained from propositional logic by adding
a modality operator .

- Modal logic is a fragment of first-order logic/MSO.

- Modal logic is useful in many application areas in CS.

- Modal logic is in PSPACE.

Features in each component of (L, C,k,F). It has many good
properties: robust decidability, finite tree model property,
compactness, interpolation, neat characterization ...

Modal Logic as an umbrella term for logic studies related to
modalities (and possible worlds). Modal logic is flexible.



Technical characterization in the narrow sense

(Basic normal) Modal logic is:

- The bisimulation invariant fragment of FOL over models
- a mixture of FO and MSO over frames

- The maximal compact logic invariant under bisimulation
- Boolean Algebra with Operators

- PSPACE-complete (SAT problem)



Conceptually...

Technicality is not the whole point.

- Taking concepts in the meta-language into the
object-language.

- Formalizing philosophical theories just as mathematical
theories, but with semantic insights as well.

- Flexible with language, semantics and proof systems.

- Balancing complexity and expressiveness.

- Bridging philosophy, mathematics and computer science.

The charm of modal logic lies in its concrete incarnations,
which we did talk much...



Important Ideas



Proof ideas: BiZ 4= (detour), M/NEZE (construct ultrafilter), B
9ME (closure for definable class),—& i F /=R (satisfiable theory),
B EER (disjoint union of generated submodels), Ejith 2
(definability results), ¥ A4 (games), A EH#E (Bisimulation) 3 ®RA
7% (strengthen the hypothesis), IAmfCE (Jankov-Fine), BAR#E £
(Sahlgvist, incompleteness), ZR5EE (Otto’s proof), &4
(Lindenbaum), XK @)L (step by step),SUkIRE + REEMEE
(transforming canonical models) f#BREFF (Unraveling bulldozing),i&
MR (Kracht), 440 (McKinsey FO-undefinability), % HE&
(Rosen) FRIA5EE (Lindstrom), fEZ#E ((in)completnesss), BEAT
(ultrafilter extension), JLFERA (ultraproduct), K#BE —#A (Sahlqgvist
diamond), {E22#4&E 8 (Goldblatt-Thomason), RiAZEX % (van
Benthem), BEIEAX & (bisimulation), BA/NK (filtration), BAAR DL/
(validity preservation), —= LAk Z (characterizing formula) S tbA&
3% (decidability/complexity), By Z= %4 (PSPACE), R4 YU
(coinduction), B{ARIHZR (representation theorems) ETXLRMEE S
(finite many formulas/types modulo...)



Some conceptual points (beyond modal logic)

- The notion of sameness is important

- Axioms and premises are different: modal theories/logics
- Viewing the same thing from different perspectives helps.
- To really understand an apple, you probably need a pear.
- A notion of fruits help you to see more (L,C,F,F).

- Design a looking glass to focus on the things you care.

- Intuitive semantics leads to applications.

- More constraints push you to understand deeper.

- Recognize the importance of ideas behind definitions,
theorem statements, and connections between things.

- Define things based on how you plan to use them.



Some conceptual points

- Negative results also demonstrate importance of logic.

- Infinite objects sometimes better behave than finite ones.

- Syntax vs. Semantics, 3 vs. V, finite vs. infinite.

- Use a logical framework: model checking, automated
reasoning, consistent checking, conceptual modelling...

- The current driving force of new developments of logic
often comes from TCS and Al.

- Jump out of the box and ask why not.

- Have an open mind but don’t drop your brain....

- Technicality should serve for ideas.

- The connections between things depend on how you look
at them.

Maybe some years later you will understand my points better.



Philosophy, CS, Math

M=K A: know whether, know why, know how...

Computer Philosophy
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Further readings




What we did not cover

- Non-classical logics based on Kripke-like semantics
- Intuitionistic logic and intermediate logics in genreal
- Conditional logics
- Relevant logic...

- Other general semantics
- Neighbourhood Semantics
- Coalgebraic modal logic

- Extensions

- Modal Mu-calculus
- Multi-dimensional modal logic

"



What we did not cover

- Proof theory of modal logic

- First-order modal logic

- ML with propositional quantifiers
- Meta structure of family of logics

- ML of specific domains, e.g., temporal logic (CS), epistemic
logic, deontic logic, provability logic...
- Applications: description logic, formal semantics
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Further pointers (books) i

[ Johan van Benthem
Modal Logic for Open Minds. CSLI, 2010.

[§ Patrick Blackburn, Johan van Benthem, Frank Wolter (eds.)
Handbook for Modal Logic . Elsevier, 2006.

[d D. M. Gabbay, F. Guenthner (eds.)
Handbook of Philosophical Logic Springer

@ M. Cresswell, G.E. Hughes
A New Introduction to Modal Logic. Routledge, 1996

[@ Melvin Fitting and Richard L. Mendelsohn
First-Order Modal Logic, Kluwer Academic Publishers,
1998.
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Further pointers (books) ii

[3 James Garson
Modal Logic for Philosophers. Cambridge University Press,
2006.

[§ Brian Chellas
Modal Logic: An Introduction. Cambridge University Press,
1980.

[ Marcus Kracht
Tools and Techniques in Modal Logic, Elesvier, 1999.

[§ Alexander Chagrov, Michael Zakharyaschev
Modal Logic, Clarendon Press, 1997.
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Further pointers (books) iii

@ A. Kurucz F. Wolter M. Zakharyaschev Dov M. Gabbay
Many-Dimensional Modal Logics: Theory and Applications
Elesvier, 2003

@ Timothy Williamson
Modal Logic as Metaphysics. Oxford University Press, 2013

[ Richard Zach
Boxes and Diamonds: An Open Introduction to Modal
Logic. Open Logic Project, 2020

ERpeca::
SIZEHIE. PP HhRt, 2021
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https://bd.openlogicproject.org

To know the recent developments

The academic delay...

- Look at papers in Advances in Modal Logic
(https://dblp.org/db/conf/aiml/index.html)
- Subscribe to the google scholar alert with key words such

as “modal logic”
- Others conferences and journals (alphabetically):

- Conferences: AAAI, AAMAS, CSL, DEON, DL, IJCAI, KR, LICS,
LOFT, LORI, MFCS, TARK...

- Journals: ACM Transactions on Computational Logic, Annals
of Pure and Applied Logic, Artificial Intelligence, Journal of
Logic and Computation, Journal of Philosophical Logic,
Journal of Symbolic Logic, Logic Journal of IGPL, Notre
Dame Journal of Formal Logic, Review of Symbolic Logic,
Synthese, Studia Logica ...


https://dblp.org/db/conf/aiml/index.html

Reflections




Review the goals of the course

FIRfEE: 0B ERESIZENEARSERNEE T IEIERSRES,
AR —LEXBE XA INTRE, ABANE “FERLE

BHEREE TN (BS) BEESTEXMER U EOHAk
AN, gefR—LEg@, E/DNEMNESEE XS
BIEMITE, FER—EN“BEEN, BEMBIATEE
FER,

FARFZRE: AERFENIER ST MR, FEMEER. TH
KtEx&ER, BEF LaTeX BRI slides (AT overleaf,
texpapge A7), BEE ABEHEARRS.

SEEFR: Za“ATA?”’ER—MEREN ESINE”, A8
BEZEM, INEMEFH, BOMELREMN, B— 1RO,
EEREZEIAERA Ao, ZUEA, RIETIA
BE, BERTERZ, NALHE, FEAEDS ., EHf
HRECHZEARARM, MUE—TMES, BEEETFH—

AlOERIRNENESE.
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Reflections about the course

- Live vs. Recordings

+ Pvs. NP

- Textbooks vs. research papers

- Covering all vs. being selective

- Understanding vs. explaining (to others)
- Doing homework vs. doing research

- Student pre. vs. teaching

Let me know your opinion.



Advertisement

Next semester: Epistemic logic (Wed. 15:10-18:00)

- You can use your knowledge of modal logic to study a
formal account of knowledge (in a multi-agent setting).
- and its application in Philosophy, TCS, Al, Game theory
- Beyond the propositional modal logic:
- Knowing what/how/why/what/who...
- Novel decidable fragments of First-order modal logic
- Decoding a family of non-classical logics: intuitionistic
logic, Medvedev logic, inquisitive logic, dependence logic,
truth maker semantics and various hyperintensional logics.
- Solving puzzles in deontic logic and other fields.
- A concrete gateway to many branches of logic.
- Understand better the world around you.
- Learning it by doing it!
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Modal logic is still a very young field with lots of opportunities
(especially first-order modal logic and polyadic modal logic)
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