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Differences to / advantages over

Shapiro, Pagnucco, Lespérance, Levesque
Iterated Belief Change in the Situation Calculus
Artificial Intelligence, 175(1), 2011

» Semantic instead of axiomatic
» No possible worlds / plausibilities / situations in the language
» Simplifies reasoning
» Only-believing
» No negated belief conditionals
> Much smaller KBs
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» First-order modal language

> [t]a a holds after action ¢

> Oa « holds after any action sequence
» Ko we know o

» Ba we believe «

> B(¢ = 1)) we believe that, if ¢ held, then ¢ would hold
> O(aa{¢1 =>1P17~~7¢>m :>¢7TL})

we know «v and believe ¢; = ;, but nothing else
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fiw,z Ea

> 2 =sequence of executed actions
> w = real world atomic sentences X action sequences — {0, 1}

> f = epistemic state plausibilities N — sets of possible worlds

We omit f or w when irrelevant and z when empty
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Real World

wlk Ry AL; ALy A
(Ola]R; = (a = leave AN=R;) V (a # leave A R;) ) A
successor state axiom
(OSF(sensel) = (R; ALy)V (~R; A Ly))

sensed fluent axiom

> w = [leave] R;
> w = [leave][senseL] Ry
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Believing

fiw,z E Ba iff « holds at first non-empty plausibility level
frw,z EB(¢ =) iff ¢ D1 holds at first plausibility level consistent with ¢
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Believing

fiw,z E Ba iff « holds at first non-empty plausibility level
frw,z EB(¢ =) iff ¢ D1 holds at first plausibility level consistent with ¢

Drop worlds that conflict with sensing
Plausibility ranking remains unchanged
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> fowEBoLy
> f,w = [sensel]B(R; A Ly)
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fiw,z E Ba iff « holds at first non-empty plausibility level
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Drop worlds that conflict with sensing

Plausibility ranking remains unchanged

JK
f(0) = {’ E’;t Project actions onto worlds
s = (R ERICIN FE )

> f, w ': B"L]

> f,w = [sensel|B(R; A Ly)
» f,w = [sensel][leave]B(—~R; A Ly)
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Believing

fiw,z E Ba iff « holds at first non-empty plausibility level
frw,z EB(¢ =) iff ¢ D1 holds at first plausibility level consistent with ¢

Drop worlds that conflict with sensing
Plausibility ranking remains unchanged

f(O) = E’;t ’ E’;t Project actions onto worlds

= BB )

i) = {ERIERI MR E R
w ': B"L]

fyw = [senseL]B(R; A Ly)

fyw [ [sensel][leave]B(—R; A Ly)
fyw [= [senseL][leave]B(R; = Lg)
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Only-Believing

How to axiomatize f?

o) = {715
o= {EEFETIETI L)

o= {E ORI ET T rTarTE
Answer:

f ': O(é,{True = R, N=L;, Ly = R;, "R; = ﬁLQ})

where § = (O[a]R; =...) A (OSF(senseL) = (Ry AL;)V (mR1 A L)) A
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Only-Believing

frw,zEO(a,{¢1 = ¥1,...,¢m = U }) iff
(1) « holds at all plausibility levels
(2) ¢; D ; holds at all plausibility levels up to the first consistent with ¢;
(3) all plausibility levels are maximal sets of worlds

Unique-Model Property

Let v, ¢;, W; be objective. Then:
fE O(a, {1 = ¥1,...,m = ¥ }) exists and is unique.
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Only-Believing

frw,zEO(a,{¢1 = ¥1,...,¢m = U }) iff
(1) « holds at all plausibility levels
(2) ¢; D ; holds at all plausibility levels up to the first consistent with ¢;
(3) all plausibility levels are maximal sets of worlds

Unique-Model Property
Let v, ¢;, W; be objective. Then:
fE O(a, {1 = ¥1,...,m = ¥ }) exists and is unique.

Letp1 =0,...,pm =0.
Forpin0,...,m:

Let f(p) ={w |wEaA A, >, (0 DY)}

For all 4, if thereis now € f(p) withw = ¢, letp; == p + 1.
Forallp > m, let f(p) = f(m).
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Only-Believing

§=(Ola]R; =...) A (OSF(senseL) = (R; AL;) V (=R; ALg)) A ...

I = {True= R; A=L;, L; = R;, BRI =513}

fEO@.T)
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Only-Believing
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Believing vs Only-Believing

Let BI' = A, _ ,er B(¢ = %)

» =AY A O(0,T) D [sensel]B(R; ALy) but
EIANYyANKSABT D [sensel]B(R; A Ly)

Reason: BT allows “holes” in plausibility ranking

» = O(a,T) DKaABI' but
EKaAnBI' D O(a,T)
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Conclusion

> Possible worlds / situations / plausibilities purely semantic

» O(,T) has a unique model and
only finitely many relevant levels

» No need for negated conditionals =B (¢ = ) in KB

EJdAyYyAO(,T) D [2]Ba

Next:
> Projection problem

> Regression
> Progression

> Limited reasoning [Lakemeyer and Levesque, KR-2014]

» Decidable fragment
> Implementation

» Changing plausibility ranking [Delgrande and Levesque, KR-2012]
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Appendix



Postulates

Inherit results from Shapiro et al. [2011]
» AGM postulates 1-8 hold
» KM postulates 1,2,4,5,8 hold
» DP postulates 1,3,4 hold
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