Appendix: BNF Grammar of PDDL 3.0

This is an appendix of the paper “Deterministic Plannindhie5th International Planning Competition:
PDDL3 and Experimental Evaluation of the Planners” by Affork. Gerevini, Patrik Haslum, Derek
Long, Alessandro Saetti and Yannis Dimopoulos. The partkekin gray are the extensions of the
language with respect to the previous versions of PDDL [B]2,

Domains

Domain descriptions have extended siro®L2.1: firstly with derived predicatedppL2.2) and now
with the option to add constraints. Note that both of thegeresions have requirements flags.

<donai n> ;1= (define (domain <name>)

[ <require-def>]

[ <t ypes- def >] ‘*ypine

[ <const ant s- def >]

[ <predi cat es- def >]

[ <functi ons- def >] fiuents

[ <constrai nts>]

<structure-def>")
(:requirements <require-key>")
Any pPDDL2. 2 requirenent (see [3])

:preferences <require-key>*

<require-def>
<require-key>

<require-key>

<require-key>

<types-def >

<const ant s- def >

<pr edi cat es- def > :

<atom c formul a skel et 0n>
1= (<predicate> <typed |list (variable)>)

<predi cat e> 1= <nane>

<vari abl e> 1= ?<nane>

<atom ¢ function skel et on>

rconstraints <require-key>*

:types <typed |ist (nane)>)

:constants <typed list (nane)>)
:predicates <atonic formula skel eton>T)
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(<function-synbol > <typed |ist (variable)>)

<namne>

#luents (- f ynctions <function typed Iist
(atom c function skel eton)>)

iconstraints (: constraints <con- GD>)
G derived <typed |ist (variable)> <GD>)
<acti on- def >

sdurative—actions <qr atj ve- acti on- def >
:derived—predicates <qar i ved- def >t

*

<function-synbol >
<functions-def >

<constraints>
<deri ved- def >
<structure-def>
<structure-def>
<structure-def>

<typed list (z)> =z

<typed list (z)> =tping g+ <type> <typed list(z)>
<primtive-type> = <nane>

<type> = (either <primtive-type>T)
<type> = <pr| m tive-type>

<function typed |ist (w)> =

<function typed list (z)> ::= ‘YP“‘E zT- <function type>

<function typed |ist(z)>
nunber

)

<function type>
<emptyO>r (z)>
<emptyO>r (z)>

Actions

The BNF for an action definition is the same a®mDL2.2, except that it has the additional option of
attaching preferences to preconditions.

<acti on- def > (:action <action-synbol >
cparaneters (<typed list (variable)>)
<action-def body>)

<action- synbol > 1= <nanme>

<action-def body> ::= [:precondition <enptyOr (pre-GD) > ]

[:effect <enptyOr (effect)>]

1This BNF is more permissive than is considered a well-formescription of derived predicates mppL2.2 and 3.0 [3].



<pr e- GD>
<pr e- GD>
<pr e- GD>

<pref-GD>>
<pref-GD>>
<pr ef - nane>

<G>

<GD>

<GD>

<G>

<GD>

<GD>

<G>

<G>

<CGD>

<f -conp>
<literal (t)>
<literal (t)>

<atom ¢ formul a(t)>

<ternp

<ternp
<f-exp>
<f-exp>
<f-exp>
<f-exp>

<f - head>

<f - head>

<bi nary- op>
<bi nary- op>
<bi nary- op>
<mul ti-op>
<mul ti-op>
<bi nary- conp>
<bi nary- conp>
<bi nary- conp>
<bi nary- conp>
<bi nary- conp>
<nunber >

<ef fect>
<ef fect >
<c-effect>

<c-effect>
<c-effect>
<p-ef fect>
<p-ef fect>
<p-effect>
<p-effect>
<cond- ef f ect >
<cond- ef f ect >
<assi gn- op>
<assi gn- op>
<assi gn- op>
<assi gn- op>
<assi gn- op>

Durative Actions

The syntax for durative actions was introduceddopL2.1. It remains essentially unchanged, although
conditions may now contain preferences. Preferences amgyalexpressed outside the time specifier

for a condition.

c1= <pref-GD>
c:= (and <pre-G>>*)

. — :universal —preconditions

(forall (<typed list(variable)>) <pre-GD>>)
= wpreferences (greference [ <pref-name>] <GD>)

<CD>
(1= <nanme>

<atom c formula(tern>
inegative—preconditions |t or gl (term>
1= (and <G>>*)
. —:disjunctive—preconditions (or <GD>*)
:disjunctive—preconditions (not <GD>)
. isjunctive—preconditions ( | <G> <GD>
. . —iexistential —preconditions (i mply )

(exists (<typed list(variable)>) <GD>)
. . —iuniversal —preconditions
(forall (<typed list(variable)>) <GD>)

. —ifluents _f _ conp>
(<bi nary-conp> <f-exp> <f-exp>)
<atom c fornul a(t)>
(not <atom c fornul a(t)>)
(<predicate> t*)
<nane>
<vari abl e>
<nunber >
(<bi nary-op> <f-exp> <f-exp>)
(- <f-exp>)
<f - head>
(<function-synbol > <ternp*)
<function-synbol >

<mul ti-op>
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::= Any nuneric literal
(integers and floats of formmn.n).

(and <c-effect>")

<c-effect>
:conditional —effects

(forall (<typed list (variable)>*) <effect>)

:conditional —effects (when <GD> <cond- ef f ect >)
<p-effect>

(<assi gn-op> <f-head> <f-exp>)

(not <atomic fornula(term>)

<atom c formula(term >
i#luents( <assi gn- op> <f - head> <f - exp>)
(and <p-effect>%)

<p-effect>

assign

scal e-up

scal e- down

i ncrease

decrease

<durative-action-def> ::= (:durative-action <da-synbol >

<da- synmbol >

cparaneters (<typed list (variable)>)
<da- def body>)
;= <name>



<da- def body> 1= :duration <duration-constraint>
:condition <enptyOr (da-GD)>
ceffect <enptyOr (da-effect)>

<da- GD> = <pref-tinmed-CD>
<da- GD> = (and <da- GD>™)
<da- D> —:universal —preconditions
(forall (<typed-list (variable)>) <da-CGD>)
<pref-tined- GD> ;o= <tinmed-GD>
<pref-tined- GD> : + =jiEzeferences
(preference [<pref-nane>] <tined-GD>)
<ti med- GD> = (at <tinme-specifier> <G@>)
<ti med- GD> = (over <interval > <GD>)
<time-specifier> = start
<time-specifier> = end
<interval > = all

Duration constraints can take a wide range of forms, but balebe used in previous IPC domains
in the simplest forms, wheredur ati on-i nequal i ti es are not required. No preferences are sup-
ported in duration constraints. This is a simplificationt bince duration inequalities have not been
explored to any serious extent, it seems premature to alidngtie complication to this part of the
language.

<dur ati on- constrai nt> ; ;= ‘duration—inequalities
(and <si npl e-durati on-constraint>%)
0
<si npl e-durati on-constraint>
(<d-op> ?duration <d-val ue>)
(at <tinme-specifier>

<si npl e-durati on-constrai nt>)

<dur ati on-constraint>

<dur ati on-constrai nt> N
<sinpl e-duration-constraint> ::
<si npl e-duration-constraint> ::

<d- op> _:duration—inequalities —
<d- op> —:duration—inequalities _
<d- op> ==

<d-val ue> = <nunber >

<d- val ue> —ifluents f _ exp>

<da- ef fect >
<da-ef fect>
<da-ef fect>

(and <da-ef fect >*)
<timed-effect>

:conditional —effects

(forall (<typed list (variable)>) <da-effect>)
iconditional —effects (when <da- GD> <ti med- ef f ect >)
i#luents (<agsign- op> <f-head> <f-exp-da>)

(at <time-specifier> <a-effect>)
(at <tinme-specifier> <f-assign-da>)
icontimions —effects (<g5gj gn- op-t> <f-head> <f-exp-t>)
(<assi gn-op> <f-head> <f-exp-da>)
(<bi nary-op> <f-exp-da> <f-exp-da>)
(- <f-exp-da>)
:duration—inequalities o4, rati on
<f - exp>

<da- ef fect >
<da-ef fect >
<timed-effect>
<timed-ef fect >
<timed-ef fect>
<f - assi gn- da>
<f - exp- da>

<f - exp- da>

<f - exp- da>

<f - exp- da>

Problems

Problems now have an optional additional field for constgifihese are added to those (if any) in the
domain file and together they represent a collection of autht goals that must be satisfied by any
valid plan. The difference between constraints and regydais is that they may include conditions on
trajectories rather than simply on the final state to whiclea eads.

<pr obl en> 1= (define (problem <nane>)
(:domai n <nane>)
[ <require-def>]
[ <obj ect declaration> ]
<init>
<goal >
[ <constrai nt s>]
[<metric-spec>]
[ <l engt h-spec> ])
<obj ect declaration> ::= (:objects <typed list (nane)>)
<init> o= (rinit <init-el>%)



<init-el>
<init-el>
<init-el>

<l'iteral (nane)>
fluents (= <f _head> <nunber >)

:timed —initial —1literals

(at <nunber> <literal (nane)>)

<goal > 1= (:goal <pre-GD>)

<constrai nt s> ;1= fcomstraints (- constraints <pref-con- GD>)
<pr ef - con- GD> ::= (and <pref-con-GD>>")

<pr ef - con- GD> . . = universal —preconditions

(forall (<typed list (variable)>) <pref-con-G>>)

<pr ef - con- GD> .o = ‘preferences (href erence [ <pref-nanme>] <con- GD>)
<pr ef - con- GD> i <con- GD>

<con- GD> 1= (and <con-G>>*)

<con- GD> 2= (forall (<typed list (variable)>) <con-CD>)
<con- GD> = (at end <GD>)

<con- GD> 1= (always <GD>)

<con- GD> 1= (sonetine <GD>)

<con- GD> 1= (within <nunber> <GD>)

<con- GD> ;1= (at-nost-once <GD>)

<con- GD> 1= (sonetine-after <GD> <GD>)

<con- GD> 1= (sonetine-before <GD> <GD>)

<con- GD> 1= (always-w thin <nunber> <G> <GD>>)

<con- GD> ::= (hol d-during <nunber> <nunber> <GD>)

<con- GD> = (hol d-after <nunber> <GD>)

<metric-spec> = (:metric <optim zation> <netric-f-exp>)
<optim zati on> = mnimze

<optim zati on> = maxi m ze

<metric-f-exp> (<bi nary-op> <netric-f-exp> <nmetric-f-exp>)

(<mul ti-op> <netric-f-exp> <metric-f-exp>")
(- <metric-f-exp>)

<nunber >

(<function-synbol > <nanme>")

<function-synbol >

total -tine

(i s-violated <pref-nanme>)

<metric-f-exp>
<metric-f-exp>
<nmetric-f-exp>
<metric-f-exp>
<metric-f-exp>
<metric-f-exp>
<metric-f-exp>

The BNF is more permissive than is considered a well-formeblem description irrbbL3.0.
The times<nunber > at which the timed literals occur are restricted to be gretitan0. If there
are also derived predicates in the domain, then the timerhl& are restricted to not directly modify
any of these: that is, like action effects, they are onlyvadid to affect the truth values of the basic
(non-derived) predicates.
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