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I. Preference logic

Study the two issues left out by Von Wright.

¢ Reason-based preference: Explicitly introduce reasons
within the preference framework and examine the
relationship between reasons and preferences.

e Changes in preference: Investigate the dynamics of
preference using methods of Dynamic Epistemic Logic.

e Applying the results to other issues, e.g. deontic scenarios.
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Issue 1: Intrinsic vs. extrinsic

“ ..aperson says, for example, that he prefers claret to
hock, because his doctor has told him or he has found
from experience that the first wine is better for his stom-
ach or health in general. In this case a judgement of
betterness serves as a ground or reason for a pref-
erence. | shall call preferences, which hold this rela-
tionship to betterness, extrinsic.
It could, however, also be the case that a person
prefers claret to hock, not because he thinks (opines)
that the first wine is better for him, but simply because
he likes the first better (more). Then his liking the one
wine better is not a reason for his preference. ..."
(Von Wright 1963, p.14)
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Intrinsic vs. extrinsic preference

The difference is principally that p is preferred extrinsically to ¢
if it is preferred because it is better in some explicit respect. If
there is no such reason, the preference is intrinsic.
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Issue 2: Changes in preference

Our preferences are not static! One may revise one’s
preferences for many legitimate (and non-legitimate) reasons.
We will look at concrete examples later.

“The preferences which we shall study are a subject’s
intrinsic preferences on one occasion only. Thus we
exclude both reasons for preferences and the possibil-
ity of changes in preferences."”

(Von Wright 1963, p.23)
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Why does Alice prefer that house?

Example 1 (Liu 2008)

Alice is going to buy a house. She considers three things: cost,
quality and neighborhood, strictly in that order. All these are
clear-cut: e.g., the cost is good if inside her budget, bad
otherwise. Her decision is then determined by the information
whether the alternatives have the desirable properties, and
also by the given order of importance of the properties.
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Why does Alice prefer that house?

Alice has the following priority sequence:
C(z) > Q(z) > N(z),

where C(x), Q(x) and N(x) mean ‘z has low cost’, ‘x is of
good quality’ and ‘z has a nice neighborhood’, respectively.

Consider two houses d; and dz with the following properties :

C(dl), C(dg), NQ(dl), NQ(dg), N(dl) and NN(dQ).

Intuitively, Alice prefers d; over ds: Pref(dy,ds).
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Reason-based preference

Definition 2 (priority sequence)
A priority sequence is a finite ordered sequence of formulas
Ci>0Cy--->C, (nEN),

where each of C,, is a formula from the language, and there is
exactly one free variable x, common to each C,,.

Earlier items in a sequence count more heavily than later ones. J
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Reason-based preference

Definition 3 (lexicographic preference)

Given a priority sequence of length n, two objects = and v,
Pref(x,y) is defined as follows:

Prefi(z,y) == Ci(x) A ~C1(y),

Prefriq(z,y) ==

Prefi(x,y) V (Eqr(2,y) A Cry1(x) A ~Cry1(y)), k <n,

Pref(x,y) ::= Pref,(z,y), with the auxiliary binary predicate
Egi(z,y) = (Ci(z) <> C1(y)) A+ A (Ci(z) < Ck(y))
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Reason-based preference change

Preference change via priority change.
Four operations considered, and their logical laws determined:

[T A] of adding A to the right
[AT] of adding A to the left
[—] of dropping the last element of a priority sequence

[i +» i+1] of interchanging the i-th and i+1-th elements.
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Recursion axioms

TAlPref(z,y) < Pref(z,y) vV (Eq(z,y) A A(x) A ~A(y))

[
[A*]Pref(z,y) < ((A(z) A~A(y)) V ((Az) <
A(y)) A Pref(x,y)))

|Pref(x,y) <> Prefn—1(x,y)

[
[i < i+ 1]Pref(z,y) <> Prefi—1(z,y) V (Eqi—1(z,y) A
Az+1( ) A ~Az+1(y)) (Prefi(z, y) (Ait1(z) <
Aiv1(y) V (Eqit1(z,y) A Pref(z,y)).
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Relating two dynamics

Definition 4

Let a: (9, A) — &', with ¢, &' priority graphs, and A a new

proposition not in 4. Let o: (=X, A) — =<' be a map with <, <’

preference relations over worlds. We say that « induces o, if:
024, 4) = Za@.a

A graph operation « is P D L-definable if it induces a preference
transformer o that is PDL-definable in the earlier format.

v
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Harmony between two levels

Prefixing a new proposition A to a priority graph (¢, <) induces
the ‘promotion’ operation 1} A on possible worlds models.

More precisely, the following diagram commutes:

@, <) —2% (4:9),<)

]

W, 2) —— (W, A(2))

V

This shows that some changes at the richer priority level can be
tracked faithfully at the poor preference level.
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Obstacles to a complete match

The deletion operation del(¥) is not P D L-trackable.

Not all PD L-definable operations are graph-definable.

In general then, both levels, preference order of worlds and
priority order of criteria, have their own intrinsic dynamics of
preference change, supporting separate logical systems.
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Further development and related works

e When facing uncertainty about whether an object
possesses certain properties, we need to introduce belief
to define preference; see my attempt in the book.

e Models in rational choice theory that extend our approach
to first-order logic, probability, and numerical utility, e.qg.

— Dietrich, F. and List, C., 2013, ‘Where do preferences
come from?’. International Journal of Game Theory,
42(3): 613-637.

— Osherson, D. and Weinstein, S., 2012, 'Preference
based on reasons’, The Review of Symbolic Logic,
5(1):122-147.
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Further development and related works

Logics for game theory with priority structure, preference
change in social setting, e.g.

— Grossi, D. and P. Turrini, 2012, ‘Short-sight in extensive
games’. In V. Conitzer and M. Winikoff, eds, Proceedings
of the 11th AAMAS.

— Liu, C,, Liu, F, Su, K., and Zhu, E., 2016, ‘A logical
characterization of extensive games with short sight’,
Theoretical Computer Science, Vol. 612, 2016, Pages
63-82.

— Liang, Z. and Seligman, J., 2011, The dynamics of peer
pressure’, in Proceedings of LORI 2011, Berlin,
Heidelberg: Springer, vol. 6953 of LNCS, 377-388
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Further development and related works

Priorities structures in formal ethics and deontic logic, e.g.

— van Benthem, J., D. Grossi, and F. Liu, 2014, ‘Priority
structures in deontic logic’. Theoria, 80(2), pages 116—152.

— Osherson and Weinstein, 2014, Deontic modality based on
preference.

— Xie, K., Yan, J. A logic for desire based on causal
inference, Journal of Logic and Computation, Vol. 34,
Issue 2, 2024.

F. Liu and L. van der Torre, Preference Logic, Stanford
Encycolpedia in Philosophy, 2025.
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II. Social Epistemic Logic

e Reasoning about knowledge and social relations (high
rationality approach)

e Modelling social influence and group belief (low rationality
approach)

e Both are needed to get the real picture of social agency,
but they also raise a fundamental conceptual and practical
issue of interfacing.
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Epistemic logic of friendship: syntax and semantics

pu=pln|~p|(p&e) | Kp|Fp|Ap| {ngp

(p € Prop, n € ANom)

M = (W, Ak, f,g,V)
k. is an equivalence relation on W foreach a € A

fw is an irreflexive, symmetric relation on A for each w € W
g(n) € A for each n € ANom

V(p) € W x A for each p € Prop
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Epistemic logic of friendship: syntax and semantics

M,w,a =1

M,w,a = K¢
M,w,a = Fy
M,w,a = Ay
M,w,a = Ap

iff
iff
iff
iff
iff

g(n) = a, for n € ANom

M,v,a = ¢ for every v € W such that k, (w, v)
M, w,b = ¢ for every b € A such that f,(a,b)
M,w,b = ¢ for every b € A.

AM,Aw,a = ¢

where A is one of a range of dynamic operators
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Some results

Theorem 8 (Sano 2017)

There is a Hilbert style sound and complete axiomitization for
EFL without | w.r.t the two-dimensional semantics.

[translate a sound, complete and cut-free tree sequent calculus
for EFL into an ordinary formula to specify a Hilbert system.]

Theorem 9 (Liang 2020)

There is a Hilbert style sound and complete axiomitization for
the full EFL with |.
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Selected works

- Seligman, Liu, and Girard, Facebook and Epistemic Logic
of Friendship, in TARK2013 Proceedings. pp. 229-238.

- Liu, Seligman, and Girard, Logical Dynamics of Belief
Change in the Community, Synthese, 191(11): 2403-2431,
2014.

- Christoff, Dynamic Logics of Networks, Ph.d dissertation,
ILLC,University of Amsterdam 2016.

- Xue, In Search of Homo Sociologicus, Ph.d
dissertation,The Graduate Center, City University of New
York, 2017.

- Shi, Reason to Believe, ILLC, University of Amsterdam,
Ph.D Dissertation, 2018.
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TrendsinLogic 66

Johan van Benthem
Fenrong Liu Editors

Graph

Games and
Logic Design

Recent Developments and Further
Directions

@ Springer
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My Collaborators

Qian Chen Sujata Ghosh Dazhu Li
Department of Philosophy Computer Science Unit Institute of Philosophy
Tsinghua University Indian Statistical Institute Chinese Academy of Sciences
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Katsuhiko Sano Yaxin Tu
Department of Philosophy and Ethics Computer Science Department
Hokkaido University Princeton University
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Modal Logic of Cop-and-Robber

We proposed a two-dimensional modal logic LCR that can
study the interaction between two players on the graph.

Definition 10 (Language)

Let Pz and P~ denote two countable sets of propositional
variables. The language is given as follows:

pu=pr|pc|I|~p|(@Ap)| (R)p|(C)e

where pr € Pg, pc € Pc, and I is a propositional constant.

T,1,—,V are defined as usual.
Also, Ry := ~(R)~p and Cp := ~(C)~p
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LCR: Models

Models M = (W, R, V') are defined as follows:

000e00000

e W is a non-empty set,
e RC W x W is abinary relation,
e V:PrUPc — P(W) is a valuation function.

M,S,t):pR,pRGPR ~ SGV(pR)
M,s,t =pc,pc € Pc < teV(pe)
M,s,;t=1 <& s=t
M,s,tE~p & M,s,tl
M,s,tE=EpNY < Ms,tl=gpand M, st
M,s,t =(R)¢ < 3 eWst Rss'and M,s' tE ¢
M,s,t E(C)p < 3Ft' eWst Rtt'and M,s,t’ = ¢

Identity cross dimensions!
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LCR: Technical Results

LCR can be translated into the 3 variable fragment of FOL.

Theorem 12 (van Benthem Characterization)

0000@0000

A FOL-formula is equivalent to the translation of an
LCR-formula ¢ iff it is invariant for LCR.-bisimulation.

LCR does not have the tree model property. It lacks the finite
model property, too.
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Theorem 14

The satisfiability problem for LCR is undecidable, while the
fragment without I is decidable.

Although I looks simple, I — RC(R)(C)I can define grid
structure, and we can encode the N x N tiling problem.

Model checking for LCR is P-complete.
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LCR: Technical Results

The proof system below is a sound and strongly complete
calculus for the fragment without I:

Axiom schemes:

(a1) o= (¥ =)

(42) (= @ —=x) = (¢ =) = (¢ = X))
(43) % = =) = (p = 9)

(x) X(p = 9Y) = (X — X9), for X € {C, R}.

(Redc) C(¥ V7)< (Cy V), where ¢ € Lo and v € Lk.

(Redr) R(Y V7)<« (¥V Ry), where ¢ € Lo and v € Lg.
Inference rules:

(MP) From ¢ and ¢ — 1, infer 9.

(Nec) From ¢, infer X, for X € {R,C}.

Key idea of the completeness proof: Split the language into two
“isolated parts" for Cop and Robber respectively.
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LCR: Technical Results

For the logic with I, we have a calculus in the setting with nominals
and @-operators (cf. Sano, Liu and Li, 2024). The key part:

0000000 e0

Tnteraction axioms for the hybrid product logic

(Con@) @,@,0 © @,Q;0
(Com(C)@a)  (C)@aip <> @ (Cp
(Com(R)@;)  (R)@up > @;(R)

(Red@;) Qatra
(Red@,) @Qqi > i

Axioms for propositional variables

(Red@,Pr)  @,pc < po
(Red@,Pr) Qapr > PR

Axioms and rules for T

(Reply) @,@,1A@;@,] — @;j

(Repl2) @,@,1 A @@, — @b

(EqI () @;@u1 A @;@,1 — (@;(H)j <> @q(S)b)

(Namelr) From @;@,1 — ¢, infer , where j € N is fresh in .
(Namelc) From @;@,1 — g, infer , where b € N is fresh in .

More on decidability: the hybrid extension without I is still decidable.

@-operators are also a proposal for equality, e.g., @;5 means i = j.

I
I

cross dimension

VS

Q
¢

within a dimension
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Our Works

A simple logic of the hide and seek game (with D. Li, S.
Ghosh, and Y. Tu, 2021; 2023.)

Logic of the hide and seek game: Characterization,
axiomatization, decidability (by Q. Chen and D. Li, DaLi
Proceedings 2023.)

Hybrid logic of the hide and seek game, Studia Logica,
2024 (with D. Li and K. Sano)

Modal substitution logic (with Y. Tu, D. Li, and S. Ghosh,
under submission, 2025.)

Reasoning under uncertainty in the game of Cops and
Robbers, Synthese, 2025, (with D. Li and S. Ghosh)
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Improving logical reasoning of LLMs: Fengxiang Cheng will
report.
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Research of Junhua Yu

¢ Junhua Yu (junhua.yu.thu@139.com)
e Recieved his PhD in CUNY. Associate professor at
Tsinghua University

e Research interests:
— proof theory of non-classical logics
— non-well-founded proofs
— constructive semantics of intuitionistic/modal logics
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Proof theory of non-classical logics

e Sequent/tableau calculi for instantial neighborhood logic
INL.

— INL features a combined operator that describes both
v and 3 information about a local neighborhood.

— Both calculi supports terminating mechanical proof
search.

— On the sequent calculus Lyndon-interpolation property
of INL is established.
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Proof theory of non-classical logics

e Sequent calculus for “point-set neighborhood logic” PSNL.
— There have been translations between PSNL and INL
in both directions.
— This helps to establish indirectly uniform interpolation
property of INL.
e Sequent calculus for an extension of intuitionistic epistemic
logic IEL.
— IEL is intuitionistic modal logic with serial and
co-reflection axiom schemes.
— Our calculus supports Lyndon-interpolant construction
of the extension.
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Non-well-founded sequent proofs

e Replacing a sequent rule (X) by (d.X), which is (X)) with
an extra negative active occurrence of its positive principal
formula, we extend a sequent calculus to its diagonal
extension on (X).

e The circular extension of a sequent calculus considers
non-trivial loops as a successful backward proof search.

e A set of conditions are found under which these two
extensions match exactly in terms of sequent provability.

e This generalizes Shamkanov’s result that the circular
extension of K4 matches GL.
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Constructive semantics of intuitionistic/modal logics

e The non-self-referential fragment of a modal logic is the
collection of all its theorems whose realizations in the
corresponding justification logic never require
self-referential constant specification to be proved.

e That fragment can also be defined for sub/super
intuitionistic logics via modal embedding.

e Modal/intuitionistic theorems outside of these fragments
are found.

¢ Non-self-referential fragments of several logics are found
to be non-normal.

¢ Non-self-referential fragment of a larger logic may not be
conservative over that of a smaller logic.
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Research of Chenwei Shi

e Associate professor at Tsinghua University. He obtained
his PhD at ILLC from the University of Amsterdam.

e His research interest includes philosophical logic, formal
epistemology and ethics.
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Topological semantics and formal argumentation
theory

¢ In his PhD thesis, Reason to Believe, he developed a
framework for logically characterizing relations between
belief and argumentation by combining topological
semantics and formal argumentation theory.

— C.Shi, S.Smets and F. R. Velazquez-Quesada, Logic of
Justified Belief Based on Argumentation, Erkenntnis,
88(3), 1207-1243, 2023

— C. Shi, No False Grounds and Topology of Argumentation,
Journal of Logic and Computation, 2021,31(4): 1079-1101.
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Collective belief as tendency towards consensus

e He devloped a framework for analyzing collective belief as
tendency towards consensus.

— C. Shi, Collective Belief as Tendency toward Consensus,
Journal of Philosophical Logic, 2021, 50: 593—613.

46/49



Research of Chenwei Shi

0000e00

Recent works

Recently, he has been working on several projects, including

¢ solving axiomatization problems for logic of relation lifting
and boolean modal logic.

e characterizing a lattice structure behind group knowledge.

e proposing a new approach to deontic logic by taking a
game theoretic perspective on social norms.
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Ongoing works

C. Shi, Modal Logic of V3 Relation Lifting and Conditionals,
manuscript under review.

— C. Shi, Q. Chen, and Q. He, Naming Sets: New
Axiomatization of the Modal Logic in the Bimodal Base
L(R,R), to appear in the post-proceedings of AWPL2025.

— C. Shi, Q. Chen and Q. He, Axiomatizing Boolean Modal
Logic with Non-standard Laws, manuscript under review.

— C. Shi, Logic of (Common or Distributed)* Knowledge, A.
Bjorndahl (Ed.): Theoretical Aspects of Rationality and
Knowledge 2025 (TARK 2025), pp. 286—300.

48/49



Research of Chenwei Shi
0O00000e

Thanks

Looking forward to our future collaborations!
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