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Abstract. We describean approachfor compiling dynamicpref-
erencesnto logic programaunderthe answersetsemanticsAn or-
deredlogic programis anextendedogic programin whichrulesare
namedby uniqueterms,andin which preferencesimongrulesare
givenby a setof atomsof theform s < ¢ wheres andt arenames.
An orderedogic programis transformednto a secondregular, ex-
tendedlogic programwhereinthe preferencegrerespectedin that
the answersetsobtainedin the transformedheorycorrespondvith
the preferredanswersetsof the original theory Our approachal-
lows the specificationof static orderings(in which preferencesire
externalto alogic program) aswell asdynamicorderingg(in which
preferenceganappeamwithin a program),andorderingson setsof
rules.In large partthen, we areinterestedn describinga general
methodolgy for uniformly incorporatingpreferencanformationin
a logic program.Sincethe resultof our translationis an extended
logic program,we canmale useof existing implementationssuch
asdlv andsmodels . To this end,we have developeda compiler
availableontheweb,asa front-endfor thesegprogrammingsystems.

1 INTRODUCTION

In commonsensegeasoningnefrequentlyprefersoneoutcomeover
another or the applicationof onerule over anothey or the draving
of onedefault conclusionover anotherFor example,in buying a car
onemayhavevariousdesideratin mind (inexpensve, safe fast,etc.)
wherethesepreferencegsomein varying degreesof importanceln
legal reasoninglaws may apply by default but the laws themseles
may conflict. Somunicipallaws will have alower priority thanstate
laws, and newer laws will take priority over old. Further if these
preferencesonflict, therewill beneedto invoke higherpreferences
to decidethe conflict.

In this paperwe explore the problem of preferenceorderings
within the framework of extendedogic programsunderthe answer
setsemantic$9]. Thegeneramethodologyvasfirst proposedn [5],
in addressingreference# defaultlogic. Previouswork in dealing
with preferencefiasfor the mostpart treatedpreferencanforma-
tion atthe meta-level (seeSection6 for a discussiorof previous ap-
proaches)In contrastwe remainwithin the framevork of extended
logic programsWe begin with an ordered logic program,which is
anextendedogic programin whichrulesarenamedby uniqueterms
andin whichpreferenceamongulesaregivenby anew setof atoms
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of theform s < ¢, wheres andt arenamesThus,preferenceamong
rules are encodedat the object-level. An orderedlogic programis
transformednto a secondregular, extendedogic programwherein
the preferencesrerespectedin the sensethat the answersetsob-
tainedin the transformedheorycorrespondo the preferredanswer
setsof theoriginal theory Theapproachs suficiently generato al-
low the specificatiorof preferenceamongpreferencespreferences
holdingin a particularcontet, andpreferencesoldingby default.

Ourapproactcanbe seenasa generamethodolgy for uniformly
incorporatingpreferencanformationwithin a logic program.This
transformationabpproachhasseveral advantagesFirst, it is flexi-
ble. Soonecanencodehow a preferenceorderinteractswith other
information, or how different types of preferenceorders(suchas
specificity authority receng, etc.) areto be integrated.Second,t
is easierto comparediffering approachesandlingsuchorderings,
sincethey can be representediniformly in the samegeneralset-
ting. Thus,for instanceif someonaloesnt like thenotionof prefer
encedevelopedhere,they may encodetheir own within this frame-
work. Lastly, it is straightforvardimplementingour approachin the
presentase we have developeda translatorfor orderedlogic pro-
gramsthatsenesasa front-endfor thelogic programmingsystems
dlv [7] andsmodels [12].

The next section gives backgroundterminology and notation,
while Section3 describesour centralapproachSection4 explores
the formal propertiesof the approach;while Section5 gives an
overviaw of furtherfeaturesandextensionsandprovidesapointerto
theimplementationSection6 compareselatedwork, andSection7
concludeswith a shortdiscussion.

2 DEFINITIONS AND NOTATION

We dealwith extendedogic programg11], which allow for express-
ing both classicalneggation aswell as negation as failure. We use
“=" for classicalnegationand“ not” for negationasfailure. Classi-
cal nggationis alsoreferredto asstrongnegation whilst negationas
failureis termedweaknegation

Our formal treatmentis basedon propositionallanguagesAs
usual,aliteral, L, is anexpressionof theform A or - A, where A
is anatom.We assume possiblyinfinite setof suchatoms.The set
of all literalsis denotedby Lit. A literal precededy the negationas
failuresignnot is saidto beaweaklynegatedliteral. A rule, r, is an
expressiorof theform

Lo+ Li,...,Ly,n0t Lypt1,...,n0t Ly, (1)

wheren > m > 0, andeachL; (0 < ¢ < n) is a literal.
The literal Lo is calledthe headof r, andthe set{L1,..., Ln,
not Lym41,-..,not Ly} isthebodyof r. If n = m, thenr isabasic
rule; if n = 0, thenr is afact An (extendedl logic program, or sim-
ply aprogram is afinite setof rules.A programis basicif all rulesin



it arebasic.We usehead (r) to denoteheheadof ruler, andbody (r)
to denotethebodyof . Furthermorelet body ™ (r) = {L1,...,Lm}
andbody™ (r) = {Lm+1,-- -, Ln}. Theelementf body ™ (r) are
referredto asthe prerequisitesof r. We saythatarule r is defeated
by asetof literals X iff body ™ (r) N X # 0. As well, eachliteral in
body~ (r) N X is saidto defeatr.

A setof literals X is consisteniff it doesnot containa comple-
mentarypair A, —A of literals. We saythat X is logically closed
iff it is eitherconsistenbr equalsLit. Furthermore X is closedun-
der abasicprogramll iff for ary r € II, head(r) € X when&er
body(r) C X. The smallestsetof literals which is both logically
closedandclosedunderabasicprogramil is denotedoy Cn(II).

LetIT beabasicprogramand X asetof literals. TheoperatorT
is definedasfollows:

TnX = {head(r) | r € IL, body(r) C X}

if X is consistentandTn X = Lit otherwise lteratedapplications
of Ty arewrittenasT}, (j > 0), whereT{X = X andTiX =
TnTi ' X fori > 1. It is well-known thatCn(TI) = ;- , T40, for
ary basicprogramil.

Letr bearule. Thenr™ denoteghebasicprogramobtainedirom
r by deletingall weakly negatedliteralsin thebodyof r, i.e.,r ™ =
head(r) < body™ (r). Thereduct IT*, of aprogramil relativeto a
setX of literalsis definedby

¥ = {r* | r € M andr is notdefeatedy X }.

In otherwords,IIX is obtainedfrom II by (i) deletingary r € II
which is defeatedoy X and (ii) deletingeachweakly negatedlit-
eraloccurringin the bodiesof theremainingrules.We saythata set
X of literals is an answerset of a programiI iff Cn(II*) = X.
Clearly, for eachanswerset X of a programIl, it holdsthat X =
Uiso Tiix 0. Theanswersetsemanticsor extendedogic programs
hasbeendefinedin [9] asa generalizatiorof the stablemodel se-
manticg8] for geneal logic programs(i.e., programsiotcontaining
classicalnegation, —). The reductIIX is often called the Gelfond-
Lifschitzreduction

ThesetI's of all geneating rules of ananswersetX from II is
givenby

Iy ={rell|r" e* andbody™(r) C X}.

Thatis, ' comprisesall rulesr € II suchthatr is not defeatedy
X andeachprerequisiteof r is in X. Finally, asequencér;);cr of
rulesis groundediff, for all ¢ € I, {head(r;) | j < i} isinconsis-
tent,or elsebody* (r;) C {head(r;) | j < i}

3 LOGIC PROGRAMS WITH PREFERENCES

A logic progranoverapropositionalanguagel is saidto beordered
iff £ containghefollowing pairwisedisjoint cateyories:

e aset\ of termsservingasnamesor rules;
e asetA of regular(propositional)atomsof a program;and
e asetA . of prefeenceatomss < t, wheres, t € A" arenames.

For eachorderedprogramII, we assumefurthermorea bijective*
function n(-) assigningto eachrule r € II a namen(r) € N.
To simplify our notation,we usuallywrite n, insteadof n(r) (and
we sometimesabbreiaten,; by n;). Also, therelationt = n(r) is

4 In practice function is only requiredto beinjective in orderto allow for
rulesnot participatingin theresultanipreferenceelation.

written ast : r, leaving the namingfunction n(-) implicit. The el-
ementf A expresspreferenceelationsamongrules.Intuitively,
n» < n, assertghatr’ has“higher” priority thanr. Thus,r’ is
viewed as having precedencever r. Thatis, ' should,in some
sensealwaysbeconsideredbefore” r.

Mostimportantly weimposenorestrictionsontheoccurrencesf
preferenceatoms.This allows for expressingpreferencesn a very
flexible, dynamicway. For instancewe may specify

Ny < Nyt < P, ot q

wherep andgq maythemselesbe (or rely on) preferenceatoms.

A specialcaseis given by programscontainingpreferenceatoms
only amongtheir facts. We saythat a logic programII over L is
staticallyordered if it is of theform IT = IT' U IT”, wherell’ is an
orderedogic programover £ \ A andIl” C {(n, < n,/) + |
r,7’ € II'}. Thestaticcasecanbe regardedasbeinginducedfrom
anexternalorder* <”, wheretherelationr < r’ betweerntwo rules
holdsiff thefact(n, < n,/) < isincludedin the orderedprogram.
We male this explicit by denotinga staticallyorderedprogramll as
apair (IT', <), representingheprogramil’ U{(n, < n.) < |r <
r'}. This static conceptof preferencecorrespondsn fact to most
previous approacheso preferencehandlingin logic programming
and nonmonotoniceasoningwherethe preferencanformationis
specifiedasafixedrelationatthe meta-level (seee.g.,[1, 2, 13,4]).

Our approachprovidesa mapping7 that transformsan ordered
logic programlII into a regular logic program7 (II), suchthat the
preferredanswersetsof II are given by the (regular) answersets
of 7(II). Intuitively, the translatedprogram7 (II) is constructedn
sucha way thatthe ensuinganswersetsrespecthe inherentprefer
enceinformationinducedby the given programII (seeTheorems3
and4 below). Thisis achieved by addingsufficient controlelements
to the rulesof II which guarantedhat successie rule applications
arein accordwith theintendedorder

Giventherelationn, < n,,, we wantto ensurethats’ is con-
sideredbeforer, in the sensehat, for a givenanswerset X, rule »’
is known to be appliedor defeatecaheadof r (with respecto the
groundedenumeratiorof generatingulesof X). We do this by first
translatingulessothatthe orderof rule applicationcanbe explicitly
controlled.For this purposewe neecto beableto detectwhenarule
hasbeenappliedor whena rule is defeatedaswell we needto be
ableto control the applicationof a rule basedon otherantecedent
conditions For aruler, therearetwo casedor it notto beapplied:it
may be thatsomeliteral in body™ () doesnotappeain the answer
set,or it maybethataliteralin body ™ (r) isin theanswerset.For de-
tectingnon-applicability(i.e., blockage)we introduce for eachrule
7 in thegivenprogramll, a new, special-purposatombl(r,). Sim-
ilarly, we introducea special-purposatomap(n, ) to detecthecase
wherea rule hasbeenapplied.For controlling applicationof rule »
we introducethe atomok(n, ). Informally, we concludethatit is ok
to applyarulejustif it is ok with respecto every <-greaterule; for
sucha <-greaterrule r’, thiswill bethe casejustwhenr’ is knowvn
to beblockedor applied.

More formally, given an orderedprogramII over £, let £+ be
the languageobtainedfrom £ by adding,for eachr,r’ € TI, new
pairwise distinct propositionalatomsap(n, ), bl(n,), ok(n,), and
ok’ (n, n,s ). Then,our translation7 mapsan orderedprogramIl
over £ into aregularprogram7 (IT) over £ in thefollowing way:.

Definition 1 LetII = {ry,...,r:} be an ordered logic program
over L. Foreatr € II, let 7 (r) bethecollectionof rulesdepictedn
Figure 1, whee L € body™(r), L™ € body~ (r), ands’, "’ € TI.



Then,thelogic program 7 (II) over L™ is givenby Uren 7(r).

The first four rules of Figure 1 expressapplicability and blocking
conditionsof the original rules: For eachrule » € II, we obtaintwo
rules,a1(r) andaz(r), alongwith n rulesof theform b1 (r, L) and
m rulesof theform bz (r, L™ ), wheren andm arethenumbersf the
literalsin body ™ (r) and body ™~ (r), respectiely. The secondgroup
of rulesencodeghe stratgy for handlingpreferencesThe first of
theserules,ci (r), “quantifies”over therulesin II. Thisis necessary
whendealingwith dynamicpreferencesincepreferencesnayvary
dependingnthecorrespondingnsweiset. Thethreeruleses (r, r’),
cs(r,r'), andea(r, ') specifythe pairwisedependenc of rulesin
view of the given preferenceordering: For ary pair of rulesr, r’
with n,. < n,:, we derive ok’ (n., n,») whener n, < n,. failsto
hold, or wheneer eitherap(n,) or bl(n,) is true. This allows usto
derive ok(n, ), indicatingthatr maypotentiallybeappliedwheneer
we havefor all #’ with n, < n,, thatr’ hasbeenmappliedor cannotoe
applied.lt isimportantto notethatthisis only oneof mary stratgjies
for dealingwith preferencesdifferent stratgies are obtainableby
changinghespecificatiorof ok(-) andok’(, -).
We have thefollowing characterisationf preferedanswersets

Definition 2 LetII be an ordered logic program over language £
and X asetofliterals. We saythat X is a preferedanswersetof IT
iff X =Y N L for someanswersetY of 7(II).

In what follows, answersetsof standard(i.e., unordered)ogic
programsarealsoreferredto asregular answersets.

As anillustration of our approach considerthe following pro-
gramII:

T1 = —qQ
ro = b + -a,notc
rg = ¢ + notb
ra = mn3<nz < notd
wheren; denotegshenameof ruler; (: = 1,...,4). This program

hastwo regularanswersets,onecontainingb andthe othercontain-
ing ¢; bothcontain—a andns < n2. However, only thefirstis apre-
ferredanswerset. To seethis, obsere thatfor ary X C {head(r) |

r € T(II)}, wehaven; < n; ¢ X foreach(s, j) # (3,2). Wethus
getfor suchX andi, j thatok'(n;, n;) € T}(H)X(Z) by (reduced)

rules ca(ri, 7;) ", andsook(ni) € T3 pyx 0 via rule ci(ri)* =
ci(r;). Analogously we get ap(n1), ap(n4),-a,ns < m2. Now
considetthefollowing rulesfrom 7 (II):

az(rz) ap(n2) + ok(n2),—a,notc
bi(ra, na) bl(n2) <« ok(n2),not -a
ba(re,c) bl(ns) <+ ok(n2),c
as(rs) ap(nz) < ok(ns),notbd
b2(1"3,b) bl(n3) — Ok(’ng),b
ca(rs,r2) ok'(n3,n2) <« (ns < mz),ap(n2)
ca(rs,r2) ok'(ns,n2) <« (n3 < m2),bl(na)

Given ok(n2) and -a, rule az(rz2) leaves us with the choice be-
tweenc ¢ X orc € X. First, assumec ¢ X. We getap(n2)
from az(r2)t € T(I1)X. Hencewe getb, ok’ (nz, n2), andfinally
ok(ns), which resultsin bl(n3) via bz(rs, b). Omitting further de-
tails, this yields an answersetcontainingb while excludinge. Sec-
ond,assumec € X. This eliminatesaz(rz2) whenturning 7 (II)
into 7(IT)™ . Also, b1 (2, —a) is defeatedsince—a is derivable Rule
ba(r2, ¢) is inapplicable sincec is only derivable (from ap(ns) via
a1(r3)) in thepresenc®f ok(n3). Butok(ns) is notderivablesince
neitherap(nz) norbl(n;) is derivable.Sincethis circularsituationis
unresolable,thereis no preferredanswersetcontaininge.

ai(r): head(r) <« ap(nr)
az(r) : ap(n,) <« ok(n,), body(r)
by(r,LT) : bl(n,) <+ ok(n),not LT
ba(r,L7) : bl(n.) <+ ok(n,), L~
ci(r) : ok(n,) <+ ok'(nr,npy),...,0k (nr, nr,)
ca(r,r') s ok (ny,mp) < not (ne < nyr)
cs(r,r’): ok'(np,ny) <+ (mp < mpr),ap(ngr)
ca(r,r') s ok'(np,mp) (e < np),bl(n,r)
tr, 7', ") me < mer < mp < MmN < ngn
as(r,r’) 1 =(ny < ny) 4~ np < np

Figurel. Translatedulesr(r).

4 PROPERTIES OF THE APPROACH

Ourfirst resultensureghatthedynamicallygenerategreferencen-
formationenjoys theusualpropertiesof strictorderingsTo thisend,
we definethefollowing relation:for eachsetX of literalsandevery
r,r' € II, therelationr <x »’ holdsiff n, < n,» € X.

Theorem1 LetII bean orderedlogic programand X a consistent
answersetof 7 (II). Then,<x is a strict partial order Moreover; if
II hasonly static prefeencesthen< x =<y, for anyanswersetY
of 7(II).

Thefollowing propertieshedight on thefunctioninginducedby
translation7; they elaborateuponthe logic programmingoperator
T (mx of areductT (I1)* :

Theorem2 Let X be a consistentanswersetof 7 (II) for an or-
deredprogramII, andlet Q = 7(I1)*. Thenfor anyr € II:

1. ok(n,) € X;

2. ap(n,) € X iff bl(n,) & X;

3. if r is notdefeatedby X, ok(n,) € TP, and body™ () C T2 9,
thenap(n,) € T+,

. ok(n,) € T40 and body ™ (r) X impliesbl(n,) € T50;

. if 7 is defeatecby X andok(n,) € T30, thenbl(n,.) € T4 for
somej > i;

6. ok(n,) € T4 impliesap(n,) ¢ T4 andbl(n,) & T4 for all

ik <i+2.
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The next resultshavs that the translatedrules are consideredn
accordto the partialorderinducedby the givenpreferenceelation:

Theorem 3 LetII beanorderedlogic program, X a consistenain-
swersetof 7 (II), and (r;);c; a groundedenumeation of the set
F)T((H) of geneating rulesof X from7 (II). Thenfor all r,r’ € II:

If r <x r', thenj < 1,

for all r; equalingax(r) or by (r, L), andsomer; equalingas:(r’)
orby (r',L'),withk, k' = 1,2, L € body(r),andL’ € body(r").

For staticpreferencespur translation7 amountso selectingthe
answersetsof the underlyingunorderedorogramthat comply with
theordering,<.

Definition 3 Let(II, <) bea staticallyordered program.Ananswer
setX of I is called <-preservingf X is eitherinconsistentor else
there exists a groundedenumeation (r;);c; of TH sud that, for
everyi, j € I, wehavethat:



1. if r; < rj,theny < 4; and
2. ifr; < v andr’ € I\ TH, thenbody™(r') € X or r' is de-
featedby theset{head(r;) | j < i}.

The next resultfurnishessemanticalinderpinninggor staticallyor-
deredprogramsit providesa correspondendeetweerpreferredan-
swersetsandregularanswersetsof the original program:

Theorem4 Let(Il, <) beastaticallyorderedlogic programand X
asetof literals. Then,X is a preferred answersetof (II, <) iff X is
a <-preservinganswersetof II.

This givesriseto thefollowing corollary:

Corollary 1 Let(II,<) and X beasin Theoem4. If X is a pre-
ferredanswersetof (II, <), thenX is ananswersetof II.

Notethatthelasttwo resultshave no counterpartin thegeneraldy-
namic)case,dueto the lack of a regular answersetof the original
program.The preferencenformationis only fully availablein the
answersetsof the translatedorogram(hencethe restrictionof the
notionof <-preserationto the staticcase).

Also, if no preferenceinformation is present,our approachis
equivalentto standardanswersetsemanticsMoreover, the notions
of staticallyorderedand(dynamically)orderedorogramsoincidein
this case.

Theorem5 LetII bealogic programover £ and X a setof literals.
If II containsno prefelenceinformation,i.e. if LN A< = @, then
thefollowing statementare equivalent:

1. X is a preferred answersetof statically ordered logic program
(IL,0);

2. X is apreferredanswersetof orderedlogic programII;

3. X isaregular answersetof logic programII.

Recently Brewka and Eiter [4] suggestedwo principles,simply
termedPrinciple | andPrinciple Il, which, they amue,ary defeasi-
ble rule systemhandlingpreferenceshouldsatisfy The next result
shaws that our approachobeys theseprinciples.However, sincethe
originalformulationof Principlel andll israthergeneric—motiated
by the aim to cover asmary differentapproachess possible—we
must instantiatethemin termsof our formalism. It turns out that
Principle | is only suitablefor statically orderedprograms whilst
Principlell admitstwo guises,onefor staticallyorderedprograms,
andanothemwnefor (dynamically)orderedorograms.

Principlesl andll, formulatedfor our approachareasfollows:

Principle I. Let (II, <) be a statically orderedlogic program,and
let X; and X, be two (regular) answersetsof II generatedy
RU{r1} andRU{r. }, respectiely, wherery,rz € R.If r1 < ra,
then X is nota preferredanswersetof (I1, <).

Principle 1I-S (Static Case). Let X be a preferredanswerset of
statically orderedlogic program(Il, <), let » be a rule wherein
body*(r) € X, andlet <’ be a strict partial order which
agreeswith < on rulesfrom II. Then, X U A is an answerset
of (MU {r}, <), whereA = {(n. < ns) | r < s} U
{=(ns < ny) | r<' s}

Principle 1I-D (Dynamic Case). Let X beapreferrecanswersetof
a (dynamically)orderedogic programil, andlet » bearule such
thatbody™ (r) € X. Then,X is ananswersetof IT U {r}.

5 Theinclusionof A is necessarpecauseve encodethe preferencénforma-
tion attheobjectlevel.

Theorem6 Staticallyorderedlogic programsobey Principlesl and
II-S. Furthermoe, ordered logic programsenjoyPrinciplelI-D.

Obsere that, sincetransformatioriy is clearly polynomialin the
sizeof orderedogic programsandbecaus@f Theorenmb, thecom-
plexity of our approachs inheritedfrom the complity of standard
answersetsemanticgn a straightforvard way. We just notethe fol-
lowing result:

Theorem7 Givenan ordeted programII, chedking whetherII has
a preferredanswersetis NP-complete

5 FURTHER ISSUESAND REFINEMENTS

In this sectionwe sketchtherangeof applicabilityandpointoutdis-
tinguishingfeaturesof our approachWe briefly mentiontwo points
concerningexpressvenessand then sketch how we can deal with
preferencesver setsof rules.Lastly, we referto theimplementation
of ourapproach.

First, we drav the readers attentionto the expressie power of-
feredby dynamicpreference# connectiorwith variablesin thein-
putlanguagesuchas

ni(z) < n2(y) < p(y), not (z = ¢), 2

wheren:(x), n2(y) are namesof rules containingthe variablesz

andy, respectiely. Although sucha rule represent®nly its setof

groundinstancesit is actuallya muchmore concisespecification.
Also, sincemostotherapproacheemplo staticpreferencesf the
form ni(z) < n2(y) +, suchapproachesvould necessarilyhave

to express(2) asan enumeratiorof staticgroundpreferencesather
thanasinglerule.

Secondwe notethattransformation/ is alsoapplicableto dis-
junctive logic programs(whererule headsare disjunctionsof liter-
als).To seethis, obsenre thatthetransformedulesunfold the condi-
tionsexpressedn thebodyof therules,while therules’ headremain
untouchedasmanifestedy rule a1 (r).

Third, we have extendedheapproacho allow for preferencebe-
tweensetsof rules.Althoughwedonotincludeafull discussiorhere,
weremarkthatthisextensiorhasalsobeenmplementeqseebelaw).
In orderto referto setsof rules,thelanguagés adjoinedby a setM
of termsservingasnamesfor setsof rules,and,in addition,the set
A . maynow includeatomsof theform m < m’ with m, m’ € M.
Accordingly set-odered programs contain preferencanformation
betweemamef setsinformally, setM of rulesis applicablaff all
its membersireapplicable Consequentlyf M’ is preferrecover M,
thenM is consideredfterall rulesin M’ arefoundto beapplicable,
orsomerulein M’ is foundto beinapplicable As before set-ordered
programsaretranslatednto standardogic programsyheresuitable
controlelementsk(-), bl(-), andap(-), rangingover namesof sets,
take careof theintendedorderinginformation.

As anexample considemwherein buying a caroneranksthe price
(e) over safetyfeatures(s) over power (p), but safetyfeaturesto-
getherwith power is ranked over price. Takingr, = x < not -z
for z € {e, s, p}, we canwrite this (informally) as:

my:{rp} < mo:{rs} < ma:{re} < ma:{rp,rs}

Thetermsmi, mz2, ms, andm4 arenamesof setsof rules.If we
were given only that not all desideratacan be satisfiedthen we
could apply the rulesin the set (hamed)m4 and concludethat p
and s can be met. Furthermore setsof rules are describedexten-
sionally by meansof atomsin(-,-). Thus, the setmy4 : {rp,rs}



is capturedby in(np, m4) < andin(ns, ms) <. Accordingly we
have in(n,, m1) <, in(ns, m2) <, andin(ne, ms3) <. Givenrules
re, Tp, Ts @andthepreviousfactsaboutin, the specificatiorof our ex-
ampleis completedy thepreferences; < m;4+1+fori = 1,2, 3.

Besideghediscusse@xtensionspuroverall framevork is general
enoughto expressotherstratgiesfor preferencéhandling,like that
proposedn [4]. This instanceof our framevork is describedn a
companiorpaper

Lastly, the approacthasbeenimplementedn Prologandsenes

as a front-end to the logic programmingsystemsdlv [7] and
smodels [12]. Thecurrentprototypeis availableat
http://www.cs.uni-potsdam.de/ torsten/ plp/

This URL containsalsodiverseexamplestaken from the literature.
Both thedynamicapproachio (single)preferenceandthe set-based
approachthave beenimplementedWe notealsothatthe implemen-
tationdiffersfrom theapproactdescribedcherein two respectsfirst,
the translationappliesto namedrulesonly, i.e., it leavesunnamed
rulesunafected;andsecondijt providesa modulewhich admitsthe
specificatiorof rulescontainingvariablesyherebyrulesof thisform
areprocessetdy applyinganadditionalgroundingstep.More details
ontheimplementedront-endcanbefoundin [6].

6 RELATED WORK

Dealingwith preference®n rulesseemso necessitata two-level
approachThis in factis a characteristiof mary approachefound
in theliterature. Themajority of theseapproacheseatpreferencet
themeta-level by definingalternatve semantics[3] proposesimod-
ification of well-foundedsemanticsn which dynamicpreferences
maybegivenfor rulesemplag/ing not. [13] and[4] proposdifferent
prioritized versionsof answerset semanticsin [13] static prefer
encesareaddressedirst, by definingthe reductof a logic program
II, which is a subsebf II thatis mostpreferred.For the following
example,their approactgivestwo answersets(onewith p andone
with —p) which seemdo be counterintuitive; oursin contrasthasa
singleanswersetcontaining—p.

rT = pénotq
re = T4 not q2
ry < re

Moreover, thedynamiccasds addressebly specifyingatransforma-
tion of adynamicprogranto a setof staticprograms.

Brewka and Eiter [4] addressstatic preferencen rulesin ex-
tendedlogic programs.They begin with a strict partial orderon a
setof rules, but definepreferencewith respectto total ordersthat
conformto the original partial order Preferredanswersetsarethen
selectedrom amongthe collectionof answersetsof the (unpriori-
tised) program.In contrast,we deal only with the original partial
order which is translatednto the objecttheory As well, only pre-
ferredextensionsareproducedn our approachthereis no needfor
meta-level filtering of extensions.

GelfondandSon[10] proposea special-purpostanguagefor di-
rectly encodingpreferences alogic programmingsetting.To this
end,they pursuea“two-level” approactin reifying rulesandprefer
encesFor examplearulelikep < r, —s, not q is expressedy the
formula default(n, p, [r, 5], [q]) (or, afterreification,by the corre-
spondingterminsidea holdspredicaterespectiely) wheren is the
nameof therule. The semanticof a domaindescriptionis givenin
termsof a setof domain-independemtilesfor predicatedike holds
Theserulescanberegardedasa meta-interpretefor the domainde-
scription.

7 CONCLUSION

We have describedanapproactHor compilingpreferencegto logic
programsaindertheansweisetsemanticsAn orderedogic program,
in which preferenceappeain theprogranrules,is transformednto
a second extendedlogic programwhereinthe preferencesre re-
spectedjn thatthe answersetsobtainedin the transformedheory
correspondvith the preferredanswersetsof the original theory In
a certainsensepur transformatiorcanbe regardedas an axiomati-
sationof (our interpretationof) preferenceArguablythen, we de-
scribeageneramethodolgy for uniformly incorporatingpreference
informationin alogic program.In this approachye avoid the two-
level structureof previouswork. While the previous“meta-level” ap-
proachesnustcommitthemselesto asemanticandafixedstratey,
ourapproachaswell asthatof [10]) is very flexible with respecto
changingstratgies,andis openfor adaptatiorio differentsemantics
anddifferentconceptof preferencenandling.

The approachis easily restrictedto reflect a static orderingin
which preferenceareexternalto alogic program We alsoindicated
how the approachcanbe extendedto dealwith preferenceamong
setsof rules. Finally, this paperdemonstrateshat our approachis
easilyimplementablejndeed,we have developeda compiler asa
front-endfor dlv andsmodels .
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