First-Order Coalition Logic

Davide Catta Aniello Murano
aniello.murano@unina.it

catta@lipn.univ-parisl3.fr _
U. of Naples Federico I, Italy

U. Sorbonne Paris Nord, France

Rustam Galimullin
rustam.galimullin@uib.no

University of Bergen, Norway




First-Order Coalition Logic

Davide Catta Aniello Murano
aniello.murano@unina.it

catta@lipn.univ-parisl3.fr _
U. of Naples Federico I, Italy

U. Sorbonne Paris Nord, France

Rustam Galimullin
rustam.galimullin@uib.no

University of Bergen, Norway




First-Order Coalition Logic

Davide Catta Aniello Murano
aniello.murano@unina.it

catta@lipn.univ-parisl3.fr _
U. of Naples Federico I, Italy

U. Sorbonne Paris Nord, France

Rustam Galimullin
rustam.galimullin@uib.no

University of Bergen, Norway




First-Order Coalition Logic

Davide Catta Aniello Murano
aniello.murano@unina.it

catta@lipn.univ-parisl3.fr _
U. of Naples Federico I, Italy

U. Sorbonne Paris Nord, France

Rustam Galimullin
rustam.galimullin@uib.no

University of Bergen, Norway




Concurrent Game Models

ACGM M s (n,Ac,D,S,R,7"),
where n = 1 is the number of M
agents, Ac # @ is a set of action, s aa, bb t
D = Act” is a set of decision,
S # @ is a set of states, ‘ ~— 7 \)
R:SX I — §is atransition |

function, 7" : Ap — 2°is a
valuation function

Logics interpreted on CGMs are used for specification and
verification of such MAS as voting protocols, autonomous
submarines, manufacturing robots, etc.

Alur, Henzinger, Kupferman Alternating-time temporal logic, 2002



Logics for Reasoning About
Strategic Abilities

ATLS ¢ :=p|-@|(@ A @) | (CYXp | (CHeUy | (CHeoRy

CLo @ :=p|@|(@A@)|(CHXe

{(CH@: coalition C has a strategy to ensure ¢ no matter what agents
outside of the coalition do

M,sF ({12} )X=p

M,s F ({1} )X—p \/

Alur, Henzinger, Kupferman Alternating-time Temporal Logic, 2002

Pauly A Modal Logic for Coalitional Power in Games, 2002



Logics for Reasoning About
Strategic Abilities

ATLS ¢ :=p|-@|(@ A @) | (CYXp | (CHeUy | (CHeoRy

CLo @ :=p|@|(@A@)|(CHXe

{CH@: coalition C has a strategy to ensure ¢ no matter what agents
IV outside of the coalition do

| Cllop: coalition C does, agents outside of the coalition
a strategy to ensure @

Fixed quantification and no way to reference strategies (and
hence no NE)



Strategy Logic

SLo ¢ :=plael(@Ae)| Xe|pUp|pRe | Ve | Ixe | (@, )¢

Vxq: for all strategies x, @ holds
dxq@: there exists strategy x such that ¢ holds

(i, x)@: after assigning strategy x to agent i, holds

Temporal goal Nash Equilibrium

dx,...dx (1,x))... (n,xn)(/\ dy(i, y)y; — l//l>

=1

Mogavero, Murano, Vardi Reasoning About Strategies, 2010



Strategy Logic

SLo ¢ :=plael(@Ae)| Xe|pUp|pRe | Ve | Ixe | (@, )¢

Strategy Sharing
dx(1,x)2,x)X—p

M N

) aa.,bb ! ) ab, ba t

LR QWP

ab, ba aa, bb ab ba aa, bb ab, ba ag.ob



Strategy Logic

SLo ¢ :=plael(@Ae)| Xe|pUp|pRe | Ve | Ixe | (@, )¢

Very expressive: more expressive than CL, ATL, and ATL*

Model checking: decidable. NonElementarySpace-hard
for the full language; from NonElementrayTime to PTime
for fragments

Satisfiability: highly undecidable for the full language

Axiomatisations: non-axiomatisable for the full language;
nothing on fragments



Why axiomatising
(fragments of) SL is hard

Strategy Logic

— T~

Quantification Unbounded
over quantification
strategies prefix

We focus on the unbounded quantification prefix and consider
only next-time strategies



First-Order Coalition Logic

FOCL 2 ¢ :=pl-@l(@A@)|(t,....1)¢|Vxp

(t,, ..., )@: after agents execute actions assigned to
t,..., 1, @ holds

Each 7; is either a variable or an explicit action from Ac

Temporal goal Nash Equilibrium

dx,...dx, (/\Elyl-((xl, ey Vs XD = (X, X ,Xn))l//l-)
i=1



First-Order Coalition Logic

FOCL 2 ¢ :=p|-@l(@Ap)|(t,.... L)@ |V xg

Strategy Sharing
Ax(x, x) p



First-Order Coalition Logic

EXxpressivity: strictly more expressive than coalition
logics in the literature

CL = QCL
- - - / \ . = =~ -~
- 7 \ ~ o
- 4 S N~
L~ - K | T~ o 3
ConStR SFCL GPCL AL
\\‘) 1 /

Goranko Logics for Strategic Reasoning of Socially Interacting Rational Agents: An Overview and Perspectives, 2023
Borgo Coalitions in Action Logic, 2007



First-Order Coalition Logic

EXxpressivity: strictly more expressive than coalition
logics in the literature

Model checking: PSPACE-complete

Axiomatisation: a sound and complete finitary
axiomatisation. Akin to the one of FOML but on serial
and functional frames

Satisfiability: undecidable via tiling



Road Ahead

First axiomatisation of any variant of SL, a basis for
future axiomatisations of more expressive fragments

While proving the undecidability of SAT, we uncovered a
gap in the proof of the high undecidability of SAT for SL

(Re)Open(ed) question 1: is SL indeed not finitely
axiomatisable?

Open question 2: axiomatisations of more expressive
variants of SL based on the one for FOCL



