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Motivation 1/2

» An important application of modal logics is the representation of
knowledge, belief and information change: Dynamic Epistemic Logics
(DEL). [van Ditmarsch et al. 2007]
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[Léding & Rohde 2003]
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]

[Fervari 2014

» New approach: define product updates in terms of two primitives:
copy & remove.
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Products in DEL do not always increase the size in the model.

v

» We can see it as a two-step operation.

v

First, it generates the cartesian product between the epistemic and
the action model.

v

After, it removes the inconsistent states.
Then, we introduce two dynamic modalities to capture this operation:

» Copy, replicates the original model keeping the accessibility relation
between different copies.
» Remove, deletes paths on the accessibility relation.
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The Logic - Syntax

Given PROP, an infinite and countable set of propositional symbols, and
AGT, a finite set of agents, let us define the set FORM of ML(cp, rm)-
formulas, together with a set PATH of path expressions.
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formulas, together with a set PATH of path expressions.

FORM = L | p| =@ | o A¢' | Oap | rm(m)e | cp(p, q)¢,

where p = (p1, ..., pn) € PROP" not appearing in any occurrence of cp in
0, g€ P, ac AGT, p, ' € FORM, and m € PATH.

PATH = a | m ' | ?,

where a € AGT, 7,7’ € PATH and ¢ is a Boolean formula.
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The Logic - Paths & Updated Models 1/3

Let M = (W, R, V) a model and m € PATH. We define the set of 7-paths
PM(7) of M inductively as
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Given a model M = (W, R, V), a path expression 7, and p=(p1, ..., Pn),
we define the updated models

Mm@y = (W, Rem(r)s V), where
Rim(x) = R\UaEAGT,PePM(W) edges,(P)
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Mep(p) = (Wep(p), Rep(p), Vep(p))» Where
Wepi = {(w,q)|we Wand g e p}
RC (p) = {(a’ (W7 CI), (le q/)) | (av w, W/) € R}
Veop)(P) = {(w,q) | we V(p)} for p#q
Vo) (@) = {(w,q) | we W}
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The Logic - Semantics

Given a pointed model M, w and a formula ¢ we say that M, w satisfies
¢, and write M, w = ¢, when

M,wi=p iff  we V(p)

M7w’:—|tp iff M,WI#QO

M,wEpAY iff M,wl=¢and M,w =1

M, w = Qup iff  for some v e W st (w,v) € R,y M,vi=p

M7 w ': rm(”)@ iff Mrm(Tr)v w ): 2
M,w = cp(p,q)e  iff M), (w,q) = o

¢ is satisfiable if for some pointed model M, w we have M, w = .
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Bisimulations

It is enough to consider the conditions for the basic temporal logic

ML(OD):
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( g) ) ) a
Zag) if (w/, V') € R. then for some v, (w,v) € R; and vZV'.
g a
Zig 1) if (v, w) € R, then for some v/, (V/,w’') € R, and vZv';
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Bisimulations

It is enough to consider the conditions for the basic temporal logic
MLO™L):
If wZw' then:

(Atomic Harmony) for all p € PROP, w € V(p) iff w' € V'(p);
(Zig) if (w,v) € R, then for some v/, (w/, V') € R, and vZV/;

(Zag) if (w', V') € R, then for some v, (w,v) € R, and vZV'.
(Zig™!) if (v, w) € R, then for some v/, (v, w’) € R, and vZv';
Zag 1) if (v/,w') € R then for some v, (v,w) € R, and vZV'.
(Zag : ’ :

Theorem (Invariance under bisimulation.)

M, WﬁMﬁ(cp,rm)MI7 w' implies M, WEME(CPJ”‘)MI’ w'.
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Action Models & Remove-+Copy

» We define a logic with two modalities to represent update products
without using action models.

» We prove that there is a translation Tr from Action Model Logic to
the logic with copy-+remove, which preserves equivalence.

Theorem
Let ¢ an AML-formula, then ¢ and Tr(y) are equivalent. J
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The Satisfiability Problem

Complexity for some fragments:
» ML(cp) is PSPACE-complete.
» ML(rm) is decidable.
» ML(cp,rm™) is NEXPTIME-complete.
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Final Remarks

v

We define a logic with two dynamic operators: copy & remove.
We embed DEL into this logic.

Also, we decompose copy and remove into simple action models.

v

v

v

We investigate computational complexity for fragments.
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Also, we decompose copy and remove into simple action models.
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We investigate computational complexity for fragments.

v

Limitation: we only consider Boolean preconditions. We will extend
results for the full dynamic epistemic case.
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We define a logic with two dynamic operators: copy & remove.
We embed DEL into this logic.

v

v

Also, we decompose copy and remove into simple action models.

v

We investigate computational complexity for fragments.

v

Limitation: we only consider Boolean preconditions. We will extend
results for the full dynamic epistemic case.

Thanks!
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