A Computationally Grounded Framework
for Cognitive Attitudes

Tiago de Lima', Emiliano Lorini?,
Elise Perrotin’, Francois Schwarzentruber*

!CRIL, Université d’ Artois, France
2IRIT, CNRS, Toulouse University, France
3National Institute of Advanced Industrial Science and Technology, Japan
“ENS Lyon, France

AAAI 2025



Formal semantics for logics of cognitive attitudes

@ Two types of cognitive attitudes

» Epistemic: belief, knowledge, acceptance,...
» Motivational: desire, goal, preference,...



Formal semantics for logics of cognitive attitudes

@ Two types of cognitive attitudes

» Epistemic: belief, knowledge, acceptance,...
» Motivational: desire, goal, preference,...

o Standard approach: multi-relational Kripke structures
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@ Two types of cognitive attitudes
» Epistemic: belief, knowledge, acceptance,...
» Motivational: desire, goal, preference,...
o Standard approach: multi-relational Kripke structures

@ Main limitation: they are not succinct

» Number of possible worlds is huge in real applications

() x (D) x () x () = 1.1732745024 x 10" possible equitable distributions of

20 different fruits between 4 agents
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Our contribution

@ Novel approach to cognitive attitudes and their interrelations relying on the
notion of belief base

@ Idea of using belief bases as a semantics for multi-agent epistemic logic has been
elaborated in previous work:
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@ Novel approach to cognitive attitudes and their interrelations relying on the
notion of belief base

@ Idea of using belief bases as a semantics for multi-agent epistemic logic has been
elaborated in previous work:

@ Advantages:

> Succinct semantics: agents’ accessibility relations computed from their belief bases
> Well-suited for model checking and epistemic/cognitive planning



Semantics: state
agents’ belief bases C L

state \ / valuation C Atm
S = ((Bi)iEAgtav)
Lo ¥ a s=ploalaNha| N Do “agent i explicitly believes that o

with p ranging over Atm

SEp if pevVv

SE-a if SKFa
SEaAay if SEaandSE

SE A if a€B;




Semantics: desire bases

Appetitive desire base D" (S) = {a € Ly : a — good, € B;}
Aversive desire base D; (S) = {« € Ly : « — bad; € B;}

Non-Humean view: desire-as-belief (DAB) thesis [Lewis, 1988]



Semantics: accessibility relations

Let S = ((Bi)icags V), 8" = ((B})icag, V') be two states. Then,

Epistemic relation: S&;S" if and only if Vo € B;, S’ = «
Attraction relation: SA;S" if and only if 3o € D (S) s.t. 8’ = «
Repulsion relation: SR;S" if and only if 3o € D; (S) s.t. §' E «
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Language

def
L S ¢ = al-plere|Oe|0p|p|[@p]| @y

with o ranging over £ and i ranging over Ag?

O : “agent i implicitly believes that ¢”

®,p : “agent i is completely attracted to the fact that ¢”

®,p : “agent i is completely repelled by the fact that ¢”
[©];p : “agent i is realistically attracted to the fact that ©”
[®]; : “agent i is realistically repelled by the fact that ©”
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($,U) E @
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Interpretation of formulas

Wrt a state S and a set of states (context) U:

S, U) Ea if
U)E O if
) E G if
) @y if
) =[Ol if
) E @iy if

SEa

VS’ € U, if SE&S then (8, U) | ¢

VS e U, if (S',U) = o then SA;S’

VS’ € U, if (', U) |= o then SR,S"

VS e U, if (§',U) = ¢ and SE:S’ then SA;S’
¥S' € U, if (S',U) = p and S&S' then SRS’ |
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Interpretation of formulas

Wrt a state S and a set of states (context) U:

S, U)Ea if SE«
(S, U) Oy if VS €U, if SES then (S',U) ¢
(S,U) = @.p if VS €U, if(s,U) = o then SAS'
(S,U) =@ if VS €U, if(s,U) E o then SRS’
(S,U) = [@p if VS €U, if(S,U) k= o and SES' then SA;S'
(S.U) @y if VS €U, if(S,U) = pand SES' then SR:S' |
Theorem

The operators ©,;, ®,, [®]; and [®); are not expressible with the other modalities or
each other.

= A sound and complete axiomatization is given in the paper



Cognitive positions and preferences

def
= @l.(p -© igo
®,p Aip M;
(ambivalent) | (demotivated)
—®;p M;r ® lip
(motivated) (indifferent)

Table: Cognitive attitudes

« [©le (o)
RAp RMY
[®],¢ (realistically | (realistically
ambivalent) (demotivated)
RMT o Rl
—[@®];¢ | (realistically | (realistically
motivated) (indifferent)

Table: Realistic cognitive attitudes




Cognitive positions and preferences

def
def = (@ [l
= 1
= Q¢ —Op RA;p RM; ¢
®,p Aip Mii o) [®],¢ (realistically | (realistically
(ambivalent) | (demotivated) ambivalent) | (demotivated)
-®,p Mo lip RMT o Rlip
(motivated) (indifferent) —[@®];¢ | (realistically | (realistically
motivated) (indifferent)

Table: Cognitive attitudes

Table: Realistic cognitive attitudes

Ll MTo A -MTp) v (M A =M )
def

P <ip
P <o (RMTo A =RM ) v (RMF o A =RMY¢)
For €€ {=;, <"}

E (e <)
E (W <4p) = (e «y)
=

(91 €p2) A (02 € 3)) = (01 4 p3)




Layn: extension with dynamic operators 7]

belief expansion
J / belief forgetting
def
Lprog = 7 = 4| —almm|rUn| e

[]¢ : “p holds after program 7 has been executed”



Layn: extension with dynamic operators 7]

belief expansion
J / belief forgetting
def
Loog = 7 = Ho|—a|mr|rmUn|?e

[]¢ : “p holds after program 7 has been executed”

(S,U) = [nle if VS €U, it SPYS then (S',U) | ¢
with:
SPY.S iff V=V, Bf® =BiU{a}andVj#i,B " =B;
SPY.S' iff  V=V'B* =B\ {a}andVj #i,B; " = B;
SPY .,8" iff 35" € U such that SPY 5" and S"PY, s’
SPY un,S'  ift SPL S orSPLS
SPs,S iff S’ =Sand (S,U) E ¢




Model checking

context induced by agent vocabulary profile I' = (T';);caq

finite state \ l / formula in Lqyn

(S0, Sr) = o?

Sr = {S = ((Bi)iEAgh V) eS:Vie Agt,B; C F,} with I'; C L finite



Model checking

context induced by agent vocabulary profile I' = (T';);caq

finite state \ l / formula in Lqyn

(S0, Sr) = o?

Sr = {S = ((Bi)iEAgh V) eS:Vie Agt,B; C F,} with I'; C L finite

Theorem
The model checking problem for Lgyn is PSPACE-complete.

Poly-size reduction into TQBF given in the paper



Example: Bob and the messy room

What to tell him to convince him
to tidy up the rooom?
A1 = You won't be allowed to watch
TV, if you do not tidy up your room!

A; = I'll prepare some good crepes for
you, if you tidy up your room!

A3 = Don't worry, you won't get tired
if you tidy up the room!
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Example: Bob and the messy room

What to tell him to convince him
to tidy up the rooom?

A1 = You won't be allowed to watch

TV, if you do not tidy up your room!

A; = I'll prepare some good crepes for
you, if you tidy up your room!

A3 = Don't worry, you won't get tired
if you tidy up the room!

So =(Bsob, Vo)
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crpor — 900dp,,,
—tvge, — badg,, }
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Example: Bob and the messy room

So =(Bsob, Vo)

Bpob ={tdpop — tigon,
What to tell him to convince him o .
to tidy up the rooom? i | tigop — badpop,

A1 = You won't be allowed to watch
TV, if you do not tidy up your room!

Az = I'll prepare some good crepes for ‘ = 7 i —tvgop —> badB,,b}
you, if you tidy up your room! k |

crpor — 900dp,,,

As= Don't worry, you won't get tired Vo =0
if you tidy up the roo!

(S0,Sr) = (tdpoy <52 —tdpop)
with " = (Bgob)

Ay = +pop (mtdpop —> —1Vpoeb)
Ay = gob (tdob — CTBob)
Ay = —pob (tdpop — tipob)
def ’
Tk = U AA
AN €{A] Ay A3}
A#A"

(S0, ST) |= [mrate] (~tdpon, <52 tdpop)

VY .

Generalized to & children in the paper!



Experimental analysis

|Agt| 20 40 60
|Atm)| 120 240 360
T 4 4 4
|SI‘ | 2360 2720 2 1080
exec. time (sec.) 0.57 2.38 5.67

Table: Model checker performance on the example.



