CSE 591 - FaLL 04. HANDOUT 2. VERSION 0.4 Representing the environment

Why classical constraints are not enough? Lin’s suitcase examplel

e Domain description
always up; A ups = open
flip; causes up;
flips causes ups
initially up;, ~ups, —open

e What happens if we do flipy? lLe., what is ®( flips, {up1}?

— {up1, ups} is not a valid state.
— Intuitively: ®(flips, {up1}) contains {upy, ups, open}.
— But what about {ups}?
Note: up; A\ ups = open is logically equivalent to —open A ups = —up;.
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Adding static causality to A

e Static Causal rules: pi,...,p, s_.causes f, where pq,...,p, are fluent literals and f
is either a fluent literal or the symbol L (which is a special symbol and not a fleunt
literal).

e Interpretation: A consistent set of fluent literals involving all the fluents.

e A set of fluent literals .S is said to be closed with respect to a set of static causal rules
R, if for each static causal rule of the form pq,...,p, s_.causes f in R,
{p1,...,pn} C S implies that f € S.

e Given a set of fluent literals S, and a set of static causal rules R, Cng(5), the closure
of S with respect to R is the smallest (w.r.t. C) set that contains S and that is closed
w.r.t. R.

o F(s)={f : acauses fif py,...,pr € D and {p1,...,p,} C s}.
e O(a,s)={s : & =Cng((sNs’)UE,(s)) and s’ is an interpretation }.
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Lin’s suitcase example revisitedl

e Domain description
upi, ups S_causes open
flip; causes up;
flips causes ups
initially wup, ~ups, 7open
o s = {upy, ~ups, ~open}.
o Let s' = {upy, ups, open}.
—sNs" ={upi}; Epiipy(s) = {up2}-

—Cn((sNs") U Eppp,(s)) = Cn({upr, upa}) = {up1, upe, open} = s'.
— Hence, ' € O(flips, s).

o Let 5" = {—upy, ups, ~open}.

— 518" = {mopen}; Eyiy(s) = {ups}
—Cn((sNs")U Efpyp,(s)) = Cn({—open, ups}) = {ups, mopen} # s".
— Hence, " & O(flips, s).
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An example with a non-deterministic transition functionl

e Domain description

— f,g s_causes —h
— f,h s_causes —g.
— initially —f,g,h

— make; causes f.

e Computing ¢(makes, {—f, g, h})

—s={~f,9.h}. Enare,(s) ={f}.
= {f.0.~h} sn' = {g}.

Cn((sNs") U Enare,(s)) = Cn({f, 9}) = f,9,7h} = 5"
—s"={f,—g,h}. sns"={h}.

Cn((sNs")U Enares(s)) = Cn({f, h}) = {f, ~g, h} = ",
—s"={f,g,h}. sNs" ={g,h}.

Cn((s N ") U Epares(s)) = On({f,9,h}) ={f, 9,79, h, ~h} # 5"
— O(makey, {~f, g, h}) = {5 s"}
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Ramification and qualification

e Domain description

— kill causes —alive
— make_walk causes walking

— —alive s_causes —walking

e 51 = {walking, alive}; sy = {—alive, ~walking}.
® q)(k’tll, 81) = {82}.
so N sy =0; Ery(s1) = {—alive}. Cn({—alive}) = {—alive, ~walking} = so.

o O(make walk, sy) = {}. i.e., make walk can not be executed in s,

- Emake_walk;<32) = {walkmg}
— §' = {walking, —alive}. s’ N sy = {—alive}.
Cn({walking, —alive}) = {walking, —alive, ~walking} # s'. Hence,

S/ Q Emake_walk(SQ)-
— §" = {walking, alive}. s" N sy ={}. Cn({walking}) = {walking} # s".
Hence; S” ¢ Emak:e_walk‘(SQ)-
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e Ramification

— f s_causes —g

— make_f causes f
— ®(make_f,{—f,g}) = {{f, ~g}}.

e Qualification

— f,g s_causes |

— make_f causes f

= ®(make_f,{~f,g}) = {}
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