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Axioms in PDDL

(:derived (path ?x ?y) Axiom P(a—f) — 90(5)
(or

(E ?2x ?y) = Head P: derived predicate

(exists (?z) R
(and (E ?x ?z) (path 2z ?y))))) = Body ¢(Z): first-order formula

(:derived (acyclic)
(forall (?x) (not (path ?x ?x))))

path(z,y) < E(z,y) V 3z(E(z, 2) A path(z,y))
acyclic() < Vz—path(z, )
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def extend(program : stratified axiom program,
basic_state, objects):
# given assignment from basic_state,
# and all derived atoms false

for stratum in program:
while (there is an instantiation

of an axiom in stratum such that
the body is true under s but
s[A] is false for the head A):
choose such an A
s[A] = true
return s
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= allows any stratifiable set of axioms.
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Competition (2004, Techn. Report Univ. Freiburg)

= forbids negative occurrences of derived predicates in axioms bodies

This does not make a difference in terms of what we can express.

Both are equivalent to least fixed-point logic on finite structures. (Grundke & Roger, ICAPS 24)
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= Immerman (1986) and Gurevich (1986): adaptation to finite structures
We follow the structure by Leivant (1990), notation based on Libkin (2004)

Our contribution:

m» adaptation to PDDL axioms

m  especially: extension to simultaneous fixed point within each stratum
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Consider the stages of a single stratum.

= f:index of the last stage (first reaching the fixed point)
» |a|p: index of the stage in which P(a) is made true or f + 1 if this is never the case
= G <PRbiff|d|p < |bg
P(@) is derived at a strictly earlier stage than Q(b)"
« G =<PQbiff |d|p < |blg and |@|p < f
"P(@) is derived and at an earlier stage than Q(B)"
« G<PQbiff|dp +1 = blg
"P(@) is derived in the predecessor stage of Q(g)"
%P’Q and ﬁP’Q for complement of <PQ and jP’Q



Elimination



Elimination

=  The stage relations can be expressed by axioms without negated occurrences of derived predicates.



Elimination

=  The stage relations can be expressed by axioms without negated occurrences of derived predicates.

= 2 <PF Zand -2 ﬁP’P Z are true iff P(Z) is true in the fixed point



Elimination

The stage relations can be expressed by axioms without negated occurrences of derived predicates.
7 <P 7 and —2 APF Z are true iff P(Z) is true in the fixed point

|dea: Replace negated occurrences of P(%) in axiom bodies with = ﬁP’P T



Elimination

The stage relations can be expressed by axioms without negated occurrences of derived predicates.
7 <P 7 and —2 APF Z are true iff P(Z) is true in the fixed point

|dea: Replace negated occurrences of P(%) in axiom bodies with = ﬁP’P T

for Hg in Hl, e 7Hn—1 do
affected := {P | P is affected by an axiom from II,}
if no predicate from affected occurs negatively in any axiom then
continue
add axioms that express the stage axioms for II, to II,.
for Il in 1Iy44,...,II, do
for each axiom ax in II do

replace in az all negative occurrences of some P;(Z)
where P; € affected with —=& £*" &
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P, ..., P,: predicates derived on the processed stratum
W.Lo.g. only a single axiom P;(Z) < ¢;(&) for each such predicate.
Write <% for <P

©(2)[<7 7]: replace every occurrence of an atom P, (2) with k € {1,...,m} in p(Z) by Z <¥7 §
Like ¢(Z) but in the evaluation we may only use the atoms derived in a stage strictly before P;(%).
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©(Z)[~ A7 9]: replace every occurrence of an atom Py (Z) with k € {1,...,m} in p(2) by =Z A7 ¢
Same idea. Used if we need to negate the result.

@ (Z)[L]: replace every occurrence of an atom Py (Z) with |

True if (&) is already made true in the first stage.
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R(a_f) was derived in the stage that reached the fixed point.
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Summary and Future Work

We can eliminate negative occurrences of derived predicates from axiom bodies.
Main idea: make the derivation order explicit (to the level of stages).
This allows us to positively express that an atom is not derived by the original axioms.

In future work, we will empirically evaluate the transformation.



