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1 Introduction

Givenanactiontheory(D, I'), we areofteninterestin thefollowing questions/problems:

e Projection: Whatwill betrue/falseafterthe executionof the sequencef actionay, ..., a,
from theinitial state?Or, whetherthefluentformulay will betrueafterthe executionof the
sequencef actionay, . . ., a,,? In otherwords,we areinterestedn answeringhe question
whether

(D, I) = ¢ after ay,...,a, (2)

for a givenfluentformula ¢. Sincethe truth value of a fluent formula can be determined
from thetruth valueof fluentliteral, the questioncanbe answeredy determiningwhether

(D,I) E f after ay,...,a, (2)
for eachfluentliteral f. For thisreasonwe will only talk aboutqueriesof theform (2).

e Planning: Which sequencef actionswill changeghe world from the initial stateinto a
statethat satisfiesa given fluent formula (a formula over the setof fluents)y? Or, find a
sequencef actionay, . . ., a,, suchthaty will betrueafterthe executionof thesequencef
actionas, . . ., a,, fromtheinitial state.In this note,we will only considetthecasey is fluent
literal. A planningproblemis givenby atriple (D, I, ¢) where(D, I) is anactiontheory
andy is afluentformula. Similar to the projectionproblem,we will concentraten finding
aplanin which ¢ is afluentliteral only.

¢ \We have seenthatprojectioncanbe answeredisinganswersetprogramming.The stepsor this
taskare:

e Representingheactiontheory(D, I') by acorrespondingrogramn (D, I),

e Addingtheactionoccurrenceso 7(D, I). Thatis, we add{occ(a1,0), ..., occ(an,n — 1)}
ton (D, I). Letw betheobtainedprogram.

e Computingthestablemodelsof 7. If afluentliteral f is truein every stablemodelof 7 then
we canconcludethat
(D, I) = f after aq,...,a,.



¢ We wantto seeif we cansolve the planningproblemusinglogic programming.By a planning
problemwe meana triple (D, I, G) where(D, I) is an actiontheoryand G is a fluent formula
(or goal), representinghe goal state. Solving a planningproblemusinglogic programis often
referredasanswersetplanning

2 Answer Set Planning

Answersetplanning[?, ?] refersto answersetprogrammingn planning.A planningproblemis
specifiedby atriple (D, I, ) where(D, I) is anactiontheoryandy is afluentformula(or goal),
representinghe goalstate.A sequencef actionsa,, ..., a,, isaplanfor ¢ if

(D, 1) = ¢ after ay, ..., an.

Given a planningproblem(D, I, ¢), answerset planningsolvesit by translatingit into a logic
programlIl(D, I, ) thathastwo components:

e onedescribesheactiontheory (D, I), this meanghatonethatcancomputethe entailment
relationof (D, I).

e the othercomponentdescribeghe goal and generatesctionoccurrencesi.e., we needto
make surethat the goal is satisfiedin the final stateand we also needto generateaction
occurrences.

Sincewe alreadyhave a programthatcanbe usedto computethe entailmentrelation= of (D, I),
namelyr (D, I'), we will continueto useit. Thefirstitem is solved. Now, we needto make sure
thatthe goal mustbe satisfiedin the final state,i.e., in the time momentn, if we wantto have a
planof lengthn. Let assumehat is afluentliteral f. This canbeachievedby addingtherule

< not holds(f,n). 3)

to 7(D,I). This rule saysthatif asetof literals S doesnot containholds(f,n) thenS violates
theconstraint(3), i.e., S cannotbethe stablemodelof the program.Thinkhowwe canhandlethe
casewheny is a generl formula,sayy = (f A neg(g)) V h.

Generating Action Occurrences. To createaplanusingr (D, I), we needto generateheaction
occurrencesThis meanghatwe needto have rulesthatwill make occ(A, T') where A is anaction
and T is a time momentbecometrue/false. The methodof addingocc(A,T) asfactinto the
programusedin the projectiontaskis no longergood sincewe do not know in advancewhich
actionoccurs/whenTo solve this, we will addtherule

1{oce(A, T) : action(A)}1 < time(T), T < length. 4)

to 7(D, I). Thisrule stateghatatary momentof time, oneandonly oneactionmustoccur We
addtheconditionT’ < length to notallow actionsto occuratthetime length.



3 Example
Recallthe Yaleshootingproblem?

initially —loaded

initially —~dead

shoot causes dead if loaded
shoot causes —loaded if loaded
load causes leaded

We have thefollowing programfor it:

% Defining the time constants
time(0..length).

% Representing action effects

hol ds(dead, T+1):- tine(T),
occ(shoot, T),
hol ds(| oaded, T).

hol ds(neg(l oaded), T+1): -
time(T), occ(shoot, T).

hol ds(| oaded, T+1) :- tinme(T), occ(load, T).

% The initial state
hol ds(neg( | oaded), O0).
hol ds(neg(dead), 0).

% Defining fluents
fl uent (I oaded).
fl uent (dead) .

% Defi ni ng actions
action(l oad).
action(shoot).

% Defining fluent literals
literal (F):- fluent(F).
literal (neg(F)):- fluent(F).

% Contrary literals
contrary(F, neg(F)):- fluent(F).
contrary(neg(F), F):- fluent(F).



% The inertial rule

hol ds(F, T+1) :- literal (F), time(T),
hol ds(F, T), contrary(G F),
not holds(G T+1).

hi de.
show hol ds(_, ).

If wewantto haveaplanthatachieveddead, we needo addthefollowing rulesto thisprogram:

:- not hol ds(dead, |ength).
1{occ(A T) : action(A} 1 :- time(T), T < |length.

Whatshouldwe addto the programif we wantto have aplanthatachieveddead A loaded?



