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Logics for resource-bounded agents
» ATL-like logics with models where transitions have

costs/rewards and resource requirements are expressed in
the syntax.

» Model-checking problems for such logics are often
undecidable as games on VASS are often undecidable.

» Many existing resource logics:

» RBTL* [Bulling & Farwer, CLIMA X '09]
» QATL* [Bulling & Goranko, EPTCS 2013]
» RB+ATL [Alechina et al., ECAI'14]
> etc.

» Other logics for resource-bounded agents: step logic,
justification logic, etc.



Concurrent game structures
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» Action manager act : Agt x S — P(Act) \ {0}.
act(1,s3) = {c}.

» Transition function § : S x (Agt — Act) — S.
3(84,[1 — ¢,2— c]) = s3.

» Labelling L : S — P(PROP).



Basic concepts: joint actions and computations

» §: A— Act: joint action by A C Agtin s.
Proviso: for all a € A, we have f(a) € act(a, s).

» Da(s): set of joint actions by Ain s.

def

out(s,f)={s'€S | 3gc Dag(s)st. fC g& s =4(s,9)}

» Computation A = sy o, Sy LN So ... such that for all /, we

have si,1 € 0(s;, f)-

» Linear model L(sp) — L(s1) = L(s2)--- .



Basic concepts: strategies

» A strategy F4 for Ais a map from the set of finite
computations to the set of joint actions by A such that

Fa(so o, Sy - ey <= Sp) € Da(sp).
>)\_sof$s1f 32---respectsFA VI<|)\\

Sit1 € Out(S,', FA(SO f—0> S1... —

» )\ respecting F, is maximal whenever X\ cannot be
extended further while respecting the strategy.

» comp(S, Fp): max. computations from s respecting Fa.



The logic ATL
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p € PROP A C Agt

def

MskE=p &
M, s = ((A)Xo &
M, sl (A)p1Uge &

s € L(p)

there is a strategy Fj s.t.

for all sq o, Sy... € comp(s, Fa),
we have M, sy = ¢

there is a strategy Fj4 s.t. for all

A= 8y o, S1... € comp(s, Fa),
there is some / < |A| s.t. M, s; = @2 and
forall j € [0,/ — 1], we have M, s; = ¢4.



Model-checking problem

v

Model-checking problem for ATL:
Input: ¢ in ATL, a finite CGS 2t and a state s,
Question: M, s = ¢?

v

Model-checking problem for ATL is P-complete.
Labeling algorithm. [Alur & Henzinger & Kupferman, JACM 2002]

ATL* = ATL + all path formulae a la CTL*.

v

v

Model-checking problem for ATL* is 2EXPTIME-complete.



Resource-bounded concurrent game structures

\ Concurrent game structures + resources (counters) \

Number r of resources/counters.

v

v

Partial cost function cost : S x Agt x Act — 7Z'.

v

Action idle € act(a, s) with no cost.

v

Given a joint action § : A — Act,

costa(s,f) £ ) cost(s,a f(a))

acA
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COSt{1’2}(32, [1 — a2 a]) = (—1,2, —2,2)



b-strategies

» Initial budget b € (NU {w})".
» A= 5p o, Sq U Sp...In comp(s, Fp) is b-consistent:
> Vg def b,

def Ji—
> V4 = V;+ COStA(S,', FA(SO f—0> S1... =

Si)),

» forall i, 0 <X v,.

\Asymmetry between A and (Agt \ A) ‘

» comp(S, Fa,b): set of all the b-consistent computations.

» F,is a b-strategy w.rt. s &

comp(S, Fp) = comp(s, Fa,b)



The logic RBATL (Agt, r) [Alechina et al., ECAI14]
ou=p | 20 | dAG | ((A%) Xo | ((A%) Go | ((A%)) gUo

pePROP ACAgt be (NU{w})

def

D

s € L(p)

there is a|b-strategy | F4 w.r.t. s

s.t. for all sy o, S1... € comp(s, Fa),

we have 9, 81 = ¢

there is a|b-strategy | Fa w.r.t. s

s.t. forall A = s o, Sy... € comp(s, Fa

there is some i < || s.t.
M, s; |= ¢p and for all j € [0, — 1],
we have I, s; = ¢1.

Mm,sEpP

a
@

M, s [= ((A°)) X

a
@

M, s = ((A°))¢1Udp



Alternative semantics

» In RBXATL, comp(s, F4) = comp(S, Fa,b) implies the
maximal computations are infinite.

» Infinite semantics: arbitrary strategy but quantifications
over infinite computations only.

» Finite semantics: arbitrary strategy but quantifications over
maximal computations only.



Resource-bounded reasoners for Al

» RB4ATL is one of the logics for reasoning about
resources. See papers in AAAI, IJCAI, ECAI, etc.

» Relationships with counter machines known for
establishing undecidability or complexity lower bounds.

» Various flavours of resource-bounded logics exist: RBCL,
RAL, PRB-ATL, etc.



Alternating VASS [Courtois & Schmitz, MFCS’14]

» Alternating VASS A = (Q, r, Ry, R2):
» R; is a finite subset of Q x Z" x Q. (unary rules)

> Ry is afinite subset of ., Q° (fork rules)

» Proof: tree labelled by elements in Q x N' following the
rules in A.

—1,43 3,+3
%M% o — Q1,42 Ckw%



Decision problems

» State reachability problem for AVASS:
Input: AVASS A, control states gy and gy,

Question: is there a finite proof of AVASS with root
(90,0) and each leaf belongs to {gs} x N'?

» Non-termination problem for AVASS:
Input: A, qo,

Question: is there a proof with root (qp, 0) and all the
maximal branches are infinite?

VASS games with asymmetry between the two players




Main Correspondences

| RB+ATL \ Alternating VASS \
Logic in Al Verification games
proponent restriction condition | updates in Ry / no update in Ro
computation tree for Fp proof
formulae in the scope of ((AP)) monotone objectives

» From RB+ATL model-checking to the state reachability
and the non-termination problems for AVASS.

» From RB+ATL* model-checking to the parity games for
AVASS.

» Parameters synthesis thanks to the computation of the
Pareto frontier of parity games.
See [Abdulla et al., CONCUR'13]



Complexity of RB+ATL fragments

r\card(Agt) arbitrary 2 1
arbitrary 2EXPTIME-C. | 2EXPTIME-C. | EXPSPACE-C.
>4 EXPTIME-C. | EXPTIME-C. PSPACE-C.
2,3 PSPACE-h. PSPACE-h. PSPACE-C.
in EXPTIME in EXPTIME
1 in PSPACE in PSPACE PTIME-C.

Complexity characterisations established in

[Alechina et al., JCSS 2017; Alechina et al., RP’16; etc.]

based on the relationships with (A)VASS and results from

[Habermehl, ICATPN’97; Courtois & Schmitz, MFCS’14; Colcombet et al., LICS’17]




Parameterized RBL+ATL*: ParBB+ATL*

» b e (NU{w})" replaced by tuples of variables.

(({132))) TUgr A (({2)0279))) TUq;

» MC problem for ParRB+ATL*: compute the maps
0:{xq,...,%xp = (NU{w}) such that M, s = v(9).

» Symbolic representation for such maps are computable.



Other temporal logics for Al

» TIME: International Symposium on Temporal
Representation and Reasoning

» Artificial Intelligence
» Temporal Databases
» Logic

» Interval temporal logics, ATL-like logics, temporal logics
over concrete domains, etc.



Concluding remarks

» Formal relationships between resource-bounded logics
and games on alternating VASS.

» Open problems:
» Parameter synthesis.

» Complexity for small fragments by bounding further the
syntactic resources.

» Alternative semantics for applications.



