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Abstract. Thispapershavshow actiontheoryin thelanguagd3 canbenaturally
encodedusing prioritized default theory We alsoshav how prioritized default
theorycanbe extendedto expresspreferencedetweerrulesandformulae This
extensionprovidesa naturalframenork to introduceprefeencesovertrajectories
in B. We illustratehow thesepreferencesanbe expressedandhow they canbe
representedvithin extendedprioritized default theory We alsodiscusshow this
frameavork canbeimplementedn termsof answersetprogramming.

1 Intr oduction

Researchin reasoningaboutaction and change(RAC) hasbeenconcentraten de-
velopingformalismsfor representingndreasoningaboutactionsandtheir effects.In
generalanactiontheoryis a setof propositionswrittenin a specializedanguagesuch
assituationcalculus[12], eventcalculus[7], STRIPS[2], actiondescriptionlanguage
[15,4] etc.that wasdevelopedfor representingand reasoningaboutactionsandtheir
effects.The semanticof anactiontheoryis thendefinedby anentailmentrelationthat
determinewvhatwill betrueafteranactionsequencés executedrom a givenstate.

For several years,the frame problem[12], the ramificationproblem[6], andthe
qualificationproblem[11] have beenatthecenterof RAC’sresearchln short theframe
problemis the problemof describingjn a conciseway, the non-efectsof actions,i.e.,
to expresswhatdoesnot change afteranactionis executed.The ramificationproblem
is concernedvith the representationf staticdomainconstraintsor indirect effects of
actions.The qualificationproblem,on the otherhand,is concernedwith actionsthat
may not be executablen a certainsituation.To date,solutionsto theseproblemshave
beendiscussedn severalRAC’s approaches.

In this paperwe show that prioritized default theory[5] providesa naturalframe-
work for representingandreasoningaboutactionsandtheir effects.We shawv that by
viewing dynamicand static causallaws asrulesandthe inertial law as defaults, ac-
tion theories—inthis work we concentrateon the language3 [4]— canbe translated
into semanticallyequivalentprioritized default theories. The novelty of thiswork is a
methodologyof translatingactiontheoriesinto prioritized defaulttheory Furthermore,
we proposean extensionof prioritized default theory in which preferencedbetween
rulesandformulaecanbeenforcedn the proces®f proving consequence3headvan-
tageof this new formalismis thatit providesa corvenientway to incorporatedifferent
formsof prefelencesn the procesof representingndreasoningabouttrajectorieqor
plansin deterministicactiontheories) Corventionallogic-basedpproacheto reason-
ing aboutactionsprovide the ability to derive trajectoriedeadingto statessatisfyinga



predefinedyoal. Neverthelessin mary situationsijt is desirableo find one,amongses-
eralpossibletrajectoriesthatsatisfiescertainconstraintsThus,we would lik e to allow
theactionlanguageo includea descriptionof users’preferencei how to accomplish
the goal. In this work we explore alternatve forms of preferencest the level of the
actionlanguage(1) preferencedetweeractions;(2) preferencebetweerfinal states;
(3) generabreferencebetweertrajectoriesThesepreferencesouldbe viewed assoft
constraintson atrajectoryor a plan,thatmayor maynot be satisfieddependingpn the
particularsituation.We illustrate how thesedifferentforms of preferencesanberep-
resentecandhandledin the context of prioritized default theories As a consequences,
prioritized default theoryandits implementationin logic programmingautomatically
provide aneffective methodologyto derive preferredrajectories.

2 Background

2.1 TheAction LanguageB

In this section we presenthe basicterminologyassociatedo the languageB [4]. The
alphabetof B consistsof two nonempty disjoint sets,F and A, of fluentnamesand
actionnamesrespectiely. A fluentliteral is a fluentnamepossiblyprecededy —. A
domaindescription(or domair) is a setof propositionsof theforms

a causes f if p1,...,pn Q)
f if D1y, Pm 2
a executableif py,...,p, 3)

wherea is anactionnameand f andp;’s arefluentliterals. They arecalleddynamic
staticlaws, andexecutabilityconditionrespectrely. Thedynamiclaw (1) representthe
effectof actiona onfluent f while thecausalaw (2) stateshatthefluent f will betrue

in ary statein whichp,, ..., p,, aretrue.The proposition(3) representshe conditions
underwhichtheactiona canbeexecuted Axiomsin B arepropositionf theform
initially f (4)

wheref is afluentliteral. This axiomstateshatthefluentliteral f is truein theinitial
state Finally, aqueryin B is of theform

p after o (5)

wherey is afluentformulaanda is a sequencef actions.Intuitively, the queryasks
whetherthefluentformulay is truein all the statesesultingfrom the executionof the
actionsequencex from the currentstate.An actiontheoryis a pair (D, I'), where D

is a collectionof propositionsof the type (1)—(3), calleda domaindescription while

I' is a collection of propositionsof type (4), calleda initial state The next example
illustratesthe useof thelanguageB in describinga simpledynamicdomain.

Examplel. Considerthe problemof describingthe functioning of a briefcase[20];
the briefcaseis provided with two clasps,andit will not openunlessboth claspsare



unfastenedThe domaindescriptionrmakesuseof thefluents
open briefcaseis open
fast ened(X) claspX is fastened
We provide a singledomainactionto changethe statusof the clasp:
unf ast ened(X) causes—f ast ened(X)
Finally, a staticcausalaw is usedto propagatehe effect of unfasteningoothclasps:
open if —f ast ened(clasp,),—f ast ened(clasps)

A domaindescriptiongivenin B definesatransitionfunction (¢) from actionsand
statego asetof statesIntuitively, givenanactiona andastates, thefunction® defines
the setof statesd(a, s) thatmay be reachedafter executingthe actiona in states. If
&(a, s) iIs anemptysetit meanghata is notexecutablédn s.

Let D be a domaindescriptionin B. An interpretation I of the fluentsin D is
a maximal consistentsetof fluentliterals from F. A fluent f is saidto be true (resp.
false)in I iff f € I (resp.—f € I). Thetruth valueof afluentformulain I is defined
recursvely over the propositionalconnectvesin the usualway. For example,f A g is
truein I iff f istruein I andgq is truein I. We saythata formulay holdsin I (or I
satisfiesp), denotedby I |= o, if p istruein I.

Let u be a consistentset of fluent literals and K a setof static causallaws. We
saythatu is closedunder K if for every staticcausallaws “ if ({p1,...,pn}, f)"
in K, if {p1,...,pn} C uthensodoesf. By Clk(u) we denotethe leastconsistent
setof literals from D that containsu andis also closedunder K. A stateof D is
an interpretationof the fluentsin F thatis closedunderthe setof static causallaws
belongingto D. An actiona is executablen astates if thereexistsa proposition

a executableif fq,..., f,

in D suchthats = f1 A ... A f,. If “a executableif true” belongsto D, thena is
executablan every stateof D. Theimmediateeffectof an actiona in states is theset

E(a,s) = {f | D containsadynamicallaw “a causesf if fi,..., fn"
ands = f;fori=1,...,n}.

For adomaindescriptionD, &(a, s), thesetof stategshatmaybereachedy executing
a in s, is definedasfollows:if a is executablén s, then

P(a,s) ={s' | s§'isastateands’ = Clp,(E(a,s) U (sNs'))}

whereD( is thesetof staticcausalawsin D; if a is notexecutabléen s, then®(a, s) =
(. EverydomaindescriptionD in B hasauniquetransitionfunction®, andwe say® is
thetransitionfunctionof D.

ForadomainD with transition®, asequencega, s; - - - a, s, Wheres;’s arestatesand
a;'sareactionsis calledatrajectoryin D if s;11 € $(s;,a:41) fori € {0,...,n —1}.
A trajectorysga; si - . . an sy is atrajectoryof afluentformula A if s, = A.

A domaindescriptionD is consistentff for every actiona andstates, if a is exe-
cutablein s, then®(a, s) # 0. An actiontheory(D, I') is consistentf D is consistent
andsg = {f | “Iinitially f" € I'} is astateof D. An actiontheory(D, I') is complete
if, for eachfluent f, we have thateither” initially f” or* initially —f” belongsto I".



so Will becalledtheinitial stateof (D, I'). Finally, for anactiontheory(D, I") whose
initial stateso andanactionsequencex = ay, . . ., a,, we saythatthe queryy after a
is entailedby (D, I'), denotedby (D, I') |= ¢ after « if for every possibletrajectory
80a181 - - - A Sy, @ holdsin s,,.

In whatfollows, we will consideronly consistenandcompleteactiontheories We
will alsoomit thedescriptionof the setof actionnamesandthe setof fluentnames.

Example2. Let D, bethe domaindescriptionin Examplel andI” betheinitial state
containsthethreepropositions

initially —open,
initially —f ast ened(clasp;), and
initially —f ast ened(clasps)-

Theinitial statesq in thisactiontheoryis
{—-open,—f ast ened(clasp;), -f ast ened(claspsz)}.
Theactionunf ast ened(clasp, ) is executabldn so. We caneasilycheckthat
if s € #(unf ast ened(clasp;), so) thens = —f ast ened(clasp,).

This impliesthat (D, I") = —f ast ened(clasp;) after unf ast ened(clasp). If
we consideralsotheactionunf ast ened(clasp2) thenwe canobtain

if s1 € #(unf ast ened(clasps), s2) ands; € #(unf ast ened(claspy), so)
thens; = open.

Hence,(Dy, I') = open after unf ast ened(clasp:), unf ast ened(claspz).

2.2 Prioritized Default Theory

Prioritizeddefaulttheoryhasbeendiscussedn [5]. In this paperwe decidedo rely on
prioritized defaulttheorybecaus@f two majorreasonskirst of all, its syntaxis simple
andintuitive. Furthermorethesemantic®f prioritizeddefaulttheoryis definedn terms
of logic programsandanswersetsemanticg3]. Not only this avoidsthe creationof an
ad-hocsemanticsbut this alsoallows usto reuseexisting inferencesystemsleveloped
for answersetsemanticge.g.,smodelsanddlv) to computethe entailmentrelationof
prioritized default theory In this paperwe begin with the theoryproposediy Gelfond
andSonin [5]. Wethenextendit to allow new typeof preferencesuchasthosebetween
rulesor formulasto beencoded.

A prioritized default theorycomprisef facts,defaults,rules,andpreferencebe-
tweendefaults.Rulesanddefaultsareusedto derive new conclusionsNeverthelessthe
useof rulesanddefaultsis different.A ruleis usedto derive a conclusiorwheneerall
its premisesaresatisfiedOntheotherhand,adefaultcanbeusedto deriveaconclusion
aslong assuchconclusiondoesnot introduceinconsistencieto the theory—evenif



all its premisesare satisfied.Formally, a default theory over a multi-sortedlogic lan-
guagel (or adomain is asetof literals of theform

rule(r,lo,[l1,-..,1m]); (6)

defGU/lt(da lO: [lla D lm])7 (7)

prefer(di,ds); (8)
wherer isarulenamed, d; , d» aredefaultnamesiy, .. ., 1,, areliteralsof thelanguage
L, and[ ] is thelist operatorFor aruler, let body(r) denotethelist [y, .. .,1,] andlet

head(r) denotetheliteral /. Similar notationwill beusedfor defaults.We assuméhat
default namesandrule namesaretwo disjoint sets.The semanticof a default theory
T is definedby the answersetsemanticof a logic program,consistingof 7' andthe
following setof independenaxioms:

e Rulesfor Inference:

holds(L) + rule(R, L, Body), hold(Body). 9)

holds(L) < default(D, L, Body), hold(Body), (10)
not de feated(D),not holds(—L).

hold([]) « (11)

hold([H|T)) < holds(H), hold(T). (12)

e Rulesfor Defeating Defaults:

defeated(D) < default(D, L, Body), (13)
holds(—L).
defeated(D) < default(D, L, Body), (14)

default(D1, L1, Body:),
prefer(Dy, D),
hold(Body),

not de feated(D:).

This collectionof axiomsis differentfrom the original one presentedn [5]:

1. we do not distinguishbetweenholds and holds_by_de f ault, sinceour goal is to
useprioritized default theoriesin reasoningaboutactions;in this context it is not
interestingto know whethera fluentis madetrue by anactionor by inertiat.

2. inrule (14)we donotrequireD and D1 to beconflictingdefaults.

3 Action TheoriesasPrioritized Default Theories

We will shav now how eachactiontheorycanbe representedy a prioritized default
theory whosesemanticscoincideswith the actiontheory's entailmentrelation. The
languageo represenanactiontheory (D, I') in prioritized default theoriesconsistof

! Thereareotherapproache reasoningboutactionsthatdo emphasizéhis point, but we are
notinterestedn this distinctionat this pointin time.



atomsof theform f(T") (f is trueatthetime momentT’),
atomsof theform possible(a, T') (a is executableatthetime momentT’),
atomsof theform occ(A, T') (action A occursatthetime momentT’),
rule namesof theform dynamic(f,a,T),
rule namesof theform causal(f,T),
rule namesof theform ezecutable(a, T,
o defaultnamesof theform inertial(f, T,
wheref is afluentliteral, a is anaction,and is anintegerrepresentinginits of time
along a history. The translationof an actiontheory (D, I') into a prioritized theory
II(D,I) is asfollows”:
e Foreachdynamiclaw “a causesf if py,...,p," in D, I[I (D, I') containgherules

rule(dynamic(f,a,T), f(T+1), [p1(T),...,pn(T), possible(a, T)]) < occ(a,T)

e For eachexecutabilitycondition“a executableif ¢1,...,¢,", II(D,I) cont;ilr?s)
rule(executable(a, T), possible(a,T), [q1(T), - - ., am(T)]) (16)
e For eachstaticcausalaw “ f if p1,...,p", II(D, ") containsthe setof rules
rule(causal(f, T), f(T), [py(T), .., pa(T))) (17)
e Theinertialaxiomis representetly the setof defaults
default(inertial(f,a,T), f(T + 1),[f(T)]) (18)

wheref is afluentliteral, o is anaction,andT is asequencef actions.
Finally, for eachaxiom* initially f” in I", II (D, I") containghefact

holds(f(0)). (29)

For eachactiontheory (D, I"), let IT*(D, I') be the logic programconsistingof (i)
The setof independentules(9)-(14); (i) The setof rules(15)-(18)in which T ranges
betweer) andn, and(iii) The setof factsof theform (19). In the next two theorems,
we prove the correctnes®f IT*(D, I'). Thatis, we prove thatthe semanticgprovided
by the prioritized default theorycoincideswith the actiontheorysemanticsLet M be
ananswersetof IT¥(D, I'). Lets;(M) = {f | holds(f(i)) € M}. We begin with the
soundnessf IT*(D, I).
Theorem1. Let (D, I') be a completeand consistentaction theory Then,for every
sequencef actionsas, . .., a; sut thatther existsa trajectorysgpa; s . . . ag sk,

o for everyanswersetM of

%D, ) u{occla;,i—1) |i=1,...,k},
sip1(M) € P(a, s;(M)) foreveryi, 0 <i < k —1;
o for everytrajectoryspa; s .. . axsj, there existsananswersetM of
m*(D, ) u{oce(ai,i—1) |i=1,...,k},

sudthats; (M) = s} for everyi, 1 <i < k.

2 n all of therulesanddefaults,T is anintegerrepresentingime units.



4 Computing the Entailment Relation =

Theprogram/I(D, I') canbeimplementedisingsmodels[14]. To malke this possible,
we needto introducea collectionof predicateso overcomethe limitations of theinput
languageijn particular smodelsdoesnot supportthe list operatorandrequiresfinite
domainsanddomainpredicatedo performgrounding.

Letuscall thesmodelsprogramSM (D, I'). It is similar to theimplementation®f
answersetplanningproposedn the literature[8, 18]. It makesuseof a time variable
representingime instantsalongatrajectory In all rulesdescribedelow, we denotethe
time variablewith T'. TheprogramS M (D, I') makesuseof thefollowing predicate¥

o for eachactiona andfor eachfluent f weintroducethefactsaction(a) and fluent(f).
e eachrule of theform

rule(dynamic(f,a,T), f(T+1),[p1(T),...,pn(T), possible(a,T)]) < occ(a,T).

is encodedasthesmodelsrule

rule(dynamic(f,a,T),true(f,T + 1), precondition_set(a,T))
+ occ(a,T). (20)

wherethe predicatetrue(f,T) representghe truth value of the fluent literal f
attime T (if holds(true(f,T)) is true,then f is true at time T'). The predicate
precondition_set(a, T) is definedby thefollowing rules:

in(true(p1,T), precondition_set(a,T)).

in(true(pn,T), precondition_set(a,T)).
in(true(possible(a, T)), precondition_set(a,T)).

Similar encodingis usedfor therulesof theform (16)-(18).
e Thetwo rules(11)-(12)arereplacedvy therules

set(nil) + (21)
not_holds_set(S) < set(S),in(F,S),not holds(F). (22)
holds_set(S) + set(S), not not_holds_set(S). (23)

Theserulesstatewhena set(the body of a rule or a defaultis true). Thefirst rule
definedthe constantil representinghe emptyset.
e Thepredicaterame is usedto definethe namesf rulesanddefaults,e.g.,

name(dynamic(a, f,T)) isintroducedor thedynamiclaw “a causesf if p1,...,py.

e Thepredicatecontrary, definedby therule contrary(true(L,T), true(—L,T)),
is introducedto derive the negation of a literal in the prioritized default theory
language This is usedto facilitate the applicationof defaultsandrules,i.e., to
implementtherules(10), (13),and(14).

% smodelscodesfor someexamplesandthe domainindependentulescanbefoundat
www.cs.nmsu.eduson/preferences.



Let (D, I") beacompleteandconsistentctiontheory andleta = a4, ..., a, bea
sequencef actions.With SM™(D, I') we denotethe abose smodelsrulesfor (D, I)
in whichthetimevariablerangedrom 0 ton. With SM*(D, I') we denoteheprogram
containingS M 1@l(D, I') andthesetof actionoccurrencegocc(ay , 0), . . ., occ(an, n—
1)}. Following the resultfrom [10,18] we canshow that SM*(D, I") andII®(D, I")
have “equivalent” answersets—eaclanswersetof SM*(D, I") canbe corvertedinto
ananswersetof I1%(D, I') andvice versa.

5 Finding a Trajectory using SM™(D, I)

Thediscussiorin the previoussectionshovsthatSM™(D, I") canbeusedto compute
theentailmentrelationof (D, I'). In this sectionwe discusgheuseof SM™(D, I') in
finding atrajectorysga; - . - a,s, thatsatisfieghefollowing properties:
1. s, [ ¢ for somegivenfluentformulap—this meanghatthetrajectoryis a possi-
ble planto accomplistthe goaly;
2. the trajectory sga - - . a, s, satisfiessomesoft constraintsthat are expressedas
preferencebetweeractions betweerfluentformula,or betweerthetrajectories.

5.1 Finding A Trajectory for ¢

Let (D, I') beanactiontheoryandy beaconjunctionof fluentliterals f, A. . . A fi*. We
areinterestedn finding a trajectorysgag - . - a, 85, for . As it is customaryin answer
setplanning,we addto SM™(D, I') thesetof rulesto generatactionoccurrenceand
to representhe goal. This setof rulesconsistof:

goal(T) < time(T), holds(true(f1,T)), (24)

holds(true(fi,T)).
+ not goal(length). (25)
1{oce(A,T) : action(A)}1 « time(T),T < length. (26)

Let SMFlann(D T, ¢) bethe programconsistingof therulesof SM™(D, I') andthe
setof rules(24)-(26),in which time variabletakesvaluesfrom 0 to n. It is easyto see
thatthe following holds:

1. If spa; ...ans, is atrajectoryfor ¢ thenSM 2™ (D, I', ) hasananswersetS®
suchthat
(@) occ(a;, i — 1) € S for everyintegeri, 1 <i < n,and
(b) s; = {f | holds(true(f,i)) € S}.
2. If SMFlann(D, T, ) hasananswersetS suchthat
(@) occ(as,i— 1) € S for everyintegeri, 1 <i < n,and
(b) s; = {f | holds(true(f,i)) € S}
thensgas .. .ans, is atrajectoryfor .

4 Fluentformulacanbe dealtwith asin [18].
® Obserethats is actuallya stablemodel.



5.2 Finding a Preferred A Trajectory

A trajectoryfor a fluentformulap is a possibleplanto achiere . In mary situations,
it is desirableto find one,amongseveral possibletrajectoriesthatsatisfiescertaincon-
straints.For example,riding a bus andtaxi aretwo alternatvesto go to the airport.
An agentmight chooseto take the bus becausée doesnot lik e taxi drivers.But heis
willing to take thetaxi if thebusdoesnotrun.Here,theagenthasapreferencdetween
theactionshecanexecuteandhewould lik e to choosehetrajectorythatsuitshim best.
We will call this a preferencebetweentrajectoriesand discusshow we can generate
trajectoriessatisfyinganagents preferencesisingS M Flenn (D T, o). In theprocess,
we extendthe prioritized default theoryfor representinghe preferencebetweerrules
andliterals.We will discusgreferencebetweeractions formulas,andtrajectories.

PreferencesBetweenRules. To saythatwe do notpreferaruler meandhatwe do not
wantto user. It doesnot necessarilyneanthatr cannotbeapplied,but it meanghatif
r canbereplacedthenwe shoulddo so.For thisreasonwe useliteralsof theform

block(r,[l1,...,1n]); (27)

to describeconditionsunderwhich a rule r shouldnot be used.In particular literals
of thistype canbe usedto represenpreferencesetweertherules.For example,if we
wantto expresshefactthatif two rulesr; , ro havethesameconsequencandwe prefer
to user, insteadof r1, thenwe canwrite block(ry, body(rz)).

To implementthe new typeof rulesin prioritized defaulttheory, we replacerule (9)
by thefollowing rule:

holds(L) < rule(R, L, Body), hold(Body), not blocked(R). (28)
andaddthenextruleto IT(D, I'):
blocked(R) < block(R, Body), hold(Body). (29)

Thisis usedto blocktheapplicationof therule R. Obsenethatblockingaruleis differ-
entthandefeatingadefault; arule canbeblockedonly attheexplicit will of thedomain
specifier while adefault canbe defeatedf its applicationintroducesnconsistencies.

We now shaw thatthis modificationallows usto dealwith preferencebetweerac-
tions.Weassumehatwe have anirreflexive partialorderbetweeractions pre fer(a, b),
to representhepreferencebetweeractions.Intuitively, this meanghatactiona is pre-
ferredto actionb andwe would like to considerall the trajectoriescontaininga in the
placeof b beforeconsideringhosecontainingb. More precisely:

Definition 1 (Preferred Trajectory). A trajectorya = sga1si - - -, ansy, is saidto be
preferredto a trajectory 8 = sob1s] .. ., b, sl with respecto a setof prefeencesP,
denotedby o <p S, if

1. thereexistsanintegeri, 1 < ¢ < n, sudthatprefer(a;,b;) € P, and
2. for everyinteger j, 1 < j <, prefer(b;,a;) ¢ P.

Definition 2 (Most Preferred Trajectory). A trajectorya = ay, - .., a, is saidto be
a most preferredtrajectory with respectto a set of prefeencesP if there exists no
trajectory sudhthat 3 <p a.



Remarkl. <p is anantisymmetrictransitive,andirreflexive relation.

Let usnow encodethe preferencedetweenactionsasrulesof SM¥emn(D, I'). For
simplicity, insteadof translatingthe setof preferencedetweenactionsinto literals of
theform (27) wewill encodaet directlyinto logic programmingFor eachpre fer(a, b),
andfor eachdynamiccausalaw “a causesy if p1,...,pl,, wedefinearule

block(dynamic(F,b,T), [true(p1,T),. .., true(pm,T), possible(a,T)])
+ goal(length). (30)

Intuitively, this rule saysthatif (at the time momentT') it is possibleto executethe
actiona andthegoalis achiezable,thenactiond shouldnotbeexecutedLet (D, I') be
anactiontheoryand P beasetof preferencesnactionsin D. Let SMFref:» (D, T, )
be the programconsistingof (1) the programSMFlenn (D, I, o), and (2) the setof
rules(30) with the time variablerangingbetweer) andn. It is easyto seethat,when
prefer(a,b) is presenaindbothactionsareexecutableandleadto thegoal,thena will
be usedfirst. However, the rulesof the form (30) do not warrantcompleteness,e., it
doesnot guarante¢hata trajectoryis foundif the problemhasa solution®

On the otherhand,if we usethe smodelsconstructmaximize, the mostpreferred
trajectorycan always be found, by addingthe following optimal rule to the program
SMPFref:n(D, T, ¢): for eachpre fer(a, b) andfor eachtime pointt

maximize[occ(a,t) = 1, 0cc(b,t) = 0].
In ourfuturework, we planto investigatevhethermsoundandcompletémplementation
in the prioritizeddefaulttheorycanberealized.

PreferencesbetweenFormula. The secondtype of preferenceshat we consideris
betweerformulae.Unlike preference®etweerrules,this type of preferencas oftena
softconstrainbr asecondargoalthatanagenthasin mind whenselectingatrajectory
for hisgoal.Considerfor exampleour agentin the previoussection.He might preferto
take the bus becausét is cheap(save_money). Here,the primary goal of the agentis
to beattheairportandhis soft constraintis to save money. Thetrivial choicewould be
to take thebus. Takingataxi would be usedasthelastresourceThistype of preference
canbeaddedo a prioritized defaulttheoryby introducingpreferencesf theform

p1 < P2. (31)

Again, we assumehat < is anirreflexive partial order Thus,for afinite setof prefer
enceof theform (31), thereexistsafinite numberof maximallengthsequencesf for-
mulasy; < ... < ¢,. Toimplement(31), for eachmaximalsequence < ... < ¢p,
we addtheoptimalrule[13]

maximize[p; =0,...,¢, = p] (32)

to SM¥enn(D, IM). We areassuminghat the computationof the answersetsmaxi-
mizeseachrule of type (32). Obsere thatthe currentimplementatiorof smodelsdoes

8 For instancewhentwo actionse andb arepossible anda is preferrecto b but doesnotlead
to thefinal goal,thenthe programmayfail to produceatrajectory



not guaranteehis behavior’. If we wantto usethe currentversionof smodels thenwe
needto additionallyrequirethatthe preferenceelation< is total ordet

General PreferenceBetweenTrajectories. In generalanagentanhave severalpref-
erence®n atrajectory For example,he might preferto useanactiona overanaction
b, hemightalsopreferthatwheneer hehasto executeanactionc thend shouldbethe
next action,etc. It hasbeendiscussedn [1] thatmary preferencesr constraintof this
type canbe corvenientlyexpressedasa temporallogic formula. Sincethe truth value
of atemporallogic formulacanbe easilychecledgivenatrajectory this featurecanbe
addedo our framework by
e addingrulesfor checkingthe truth value of temporallogic formulae,that asso-
ciate eachtemporallogic formula, say ¢, to a new booleanvariable o™, whose
truth valuein thefinal statecorrespondso the satisfiabilityof ¢ w.r.t. the chosen
trajectory(asillustratedin [18]),
e addinganoptimalrule
maximize[p? = 1,not pT = 0]
to theprogramSM Flemn (D, IM), thatallows usto find trajectoriessatisfyingy be-
fore consideringhosenot satisfyingit.

6 Conclusions

In this paperwe presenta formalismfor reasoningaboutactionsin the context of pri-
oritized default theory In this processwe provide an encodingof an actiontheoryin
prioritized default theory whoseanswerset semanticsoincideswith the entailment
relationof the actiontheory In addition, prioritized default theoryarevery expressie
and can be usedto model dynamicdomainsthat cannotbe expressedising, e.g.,the
languages; for example

e domainswith non-inertialfluents(e.g.,a spring-loadedloor is openimmediately
after the pushactionis performed,but it will automaticallyrevertto closeat the
next momentof time).

e domainswith exogenousactions(e.g.,a domainwherea driver agentstopsat the
traffic light, andexpectsthelight to changecolor; i.e., the driver agentexpectsthe
changecolor actionto occur(exogenously)).

Ourfocusin thiswork is onusingprioritizeddefaulttheoryto encoddlifferentforms of
preferencebetweertrajectoriesIn the processye extendprioritizeddefaulttheoryto
allow preferencebetweerrulesandformulae.We shav how thesefeaturescanbeeas-
ily implementedn answersetprogrammingWe alsoemploy thesenew featurego di-
rectly expresghreedifferenttypesof preferencebetweertrajectoriesi.e., preferences
betweeractions betweerfinal statesandgeneralpreferencebetweertrajectories.

The preliminary experimentsperformedhave provided encouragingresults,and
work s in progresgo establishthefull rangeof capabilitiesof thisapproachln particu-
lar, weintendto usetheproposedrameworkin thedesignof bioinformaticsapplications—
i.e., software agentsin chage of mappinghigh-level biological processdescriptions

7 Currentlysmodelsmaximizesonly the lastoptimalrule in the program.



into a predefinectollectionof softwareserviceg16]—andin the developmentof Web
accessibilityagentdor visually impairedindividuals[17].

Several otherapproacheso dealingwith preferencedetweenogic programming
ruleshave beenproposed In our future work we plan to investigatethe useof these
methodsn representingndreasoningvith preferenceamongactions.
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