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Abstract. We describean approachfor compiling dynamicpref-
erencesinto logic programsundertheanswersetsemantics.An or-
dered logic programis anextendedlogic programin whichrulesare
namedby uniqueterms,andin which preferencesamongrulesare
givenby a setof atomsof theform ����� where � and � arenames.
An orderedlogic programis transformedinto a second,regular, ex-
tendedlogic programwhereinthepreferencesarerespected,in that
theanswersetsobtainedin the transformedtheorycorrespondwith
the preferredanswersetsof the original theory. Our approachal-
lows the specificationof static orderings(in which preferencesare
externalto a logic program),aswell asdynamicorderings(in which
preferencescanappearwithin a program),andorderingson setsof
rules. In large part then,we are interestedin describinga general
methodology for uniformly incorporatingpreferenceinformationin
a logic program.Sincethe resultof our translationis an extended
logic program,we canmake useof existing implementations,such
asdlv andsmodels . To this end,we have developeda compiler,
availableontheweb,asa front-endfor theseprogrammingsystems.

1 INTRODUCTION

In commonsensereasoningonefrequentlyprefersoneoutcomeover
another, or the applicationof onerule over another, or the drawing
of onedefault conclusionover another. For example,in buyingacar
onemayhavevariousdesideratain mind(inexpensive,safe,fast,etc.)
wherethesepreferencescomein varyingdegreesof importance.In
legal reasoning,laws mayapplyby default but the laws themselves
mayconflict.Somunicipallawswill havea lowerpriority thanstate
laws, and newer laws will take priority over old. Further, if these
preferencesconflict, therewill beneedto invoke higherpreferences
to decidetheconflict.

In this paperwe explore the problem of preferenceorderings
within the framework of extendedlogic programsundertheanswer
setsemantics[9]. Thegeneralmethodologywasfirst proposedin [5],
in addressingpreferencesin default logic. Previouswork in dealing
with preferenceshasfor the mostpart treatedpreferenceinforma-
tion at themeta-level (seeSection6 for a discussionof previousap-
proaches).In contrast,we remainwithin theframework of extended
logic programs:We begin with an ordered logic program,which is
anextendedlogic programin whichrulesarenamedby uniqueterms
andin whichpreferencesamongrulesaregivenby anew setof atoms
�
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of theform ����� , where� and� arenames.Thus,preferencesamong
rulesare encodedat the object-level. An orderedlogic programis
transformedinto a second,regular, extendedlogic programwherein
the preferencesarerespected,in the sensethat the answersetsob-
tainedin thetransformedtheorycorrespondto thepreferredanswer
setsof theoriginal theory. Theapproachis sufficiently generalto al-
low thespecificationof preferencesamongpreferences,preferences
holdingin aparticularcontext, andpreferencesholdingby default.

Ourapproachcanbeseenasageneralmethodology for uniformly
incorporatingpreferenceinformationwithin a logic program.This
transformationalapproachhasseveral advantages.First, it is flexi-
ble. Soonecanencodehow a preferenceorderinteractswith other
information,or how different typesof preferenceorders(suchas
specificity, authority, recency, etc.) are to be integrated.Second,it
is easierto comparediffering approacheshandlingsuchorderings,
since they can be representeduniformly in the samegeneralset-
ting. Thus,for instance,if someonedoesn’t like thenotionof prefer-
encedevelopedhere,they mayencodetheir own within this frame-
work. Lastly, it is straightforwardimplementingourapproach:In the
presentcase,we have developeda translatorfor orderedlogic pro-
gramsthatservesasa front-endfor the logic programmingsystems
dlv [7] andsmodels [12].

The next section gives backgroundterminology and notation,
while Section3 describesour centralapproach.Section4 explores
the formal propertiesof the approach;while Section5 gives an
overview of furtherfeaturesandextensions,andprovidesapointerto
theimplementation.Section6 comparesrelatedwork, andSection7
concludeswith ashortdiscussion.

2 DEFINITIONS AND NOTATION

Wedealwith extendedlogic programs[11], whichallow for express-
ing both classicalnegation as well as negation as failure. We use
“  ” for classicalnegationand“ ����� ” for negationasfailure.Classi-
calnegationis alsoreferredto asstrongnegation, whilst negationas
failureis termedweaknegation.

Our formal treatmentis basedon propositionallanguages.As
usual,a literal, � , is an expressionof the form � or �� , where �
is anatom.We assumea possiblyinfinite setof suchatoms.Theset
of all literalsis denotedby ����� . A literal precededby thenegationas
failuresign ����� is saidto beaweaklynegatedliteral. A rule, � , is an
expressionof theform

������� �! #"$"#"! �&%  ���'����%)( �! #"$"#"# ���'����*  (1)

where +-,/.0,21 , and each �&35461879�:7/+<; is a literal.
The literal �&� is called the head of � , and the set =>� �! #"#"!"# �&%  
������� %?( �  #"#"#"# �����@� *�A is thebodyof � . If +CBD. , then� is abasic
rule; if +EBF1 , then � is a fact. An (extended) logic program, or sim-
ply aprogram, is afinite setof rules.A programis basicif all rulesin



it arebasic.WeuseGIHKJ�LM4N�O; to denotetheheadof rule � , and PQ�!L>RS4N�T;
todenotethebodyof � . Furthermore,let PK�!L'R ( 4N�O;�B�=U� �  $"!"#"# � %VA
and PQ�!L>R�W)4N�O;�BX=U� %)( �  !"#"$"# � *�A . Theelementsof PQ�!L>R ( 4N�O; are
referredto astheprerequisitesof � . We saythata rule � is defeated
by a setof literals Y if f PK�!L'R W 4N�O;SZ[Y]\B�^ . As well, eachliteral in
PK�!L'R�W_4N�O;�Z[Y is saidto defeat� .

A setof literals Y is consistentif f it doesnot containa comple-
mentarypair � , �� of literals. We say that Y is logically closed
if f it is eitherconsistentor equals�S�6� . Furthermore,Y is closedun-
der a basicprogram̀ iff for any �bac` , GIHKJ�LM4N�O;dacY whenever
PK�!L'RS4N�T;[e8Y . The smallestsetof literals which is both logically
closedandclosedunderabasicprogram̀ is denotedby Cn4N`V; .

Let ` beabasicprogramand Y asetof literals.Theoperatorfhg
is definedasfollows:

fhgMYiB�='GjHkJOLM4N�O;)l>�dam`  PK�!L'R�4N�O;_e�Y A
if Y is consistent,and fhgMYnBo�S�6� otherwise.Iteratedapplications
of fhg arewritten as f�pg (q�,X1 ), where f �g YrB8Y and f 3g YsB
f g f 3 W �g Y for ��,ut . It is well-known thatCn4N`v;&Buw 3Nx � f 3g ^ , for
any basicprogram̀ .

Let � bearule.Then � ( denotesthebasicprogramobtainedfrom
� by deletingall weaklynegatedliterals in thebodyof � , i.e., � ( B
GjHkJOLM4N�O;��yPK�!L'R ( 4N�O; . Thereduct, `�z , of aprogram̀ relativeto a
set Y of literalsis definedby

` z B�=!� ( l'�dam` and � is notdefeatedby Y A "

In otherwords, ` z is obtainedfrom ` by (i) deletingany �{aF`
which is defeatedby Y and(ii) deletingeachweakly negatedlit-
eraloccurringin thebodiesof theremainingrules.Wesaythataset
Y of literals is an answerset of a program ` if f Cn4N` z ;|B}Y .
Clearly, for eachanswerset Y of a program ` , it holdsthat YrB
w 3Nx � f 3g�~ ^ . Theanswersetsemanticsfor extendedlogic programs
hasbeendefinedin [9] asa generalizationof the stablemodelse-
mantics[8] for general logic programs(i.e.,programsnotcontaining
classicalnegation,  ). The reduct ` z is often called the Gelfond-
Lifschitz reduction.

Theset �Mzg of all generating rulesof ananswerset Y from ` is
givenby

� z g Bu=U�dam`�lU� ( am` z and PK�!L'R ( 4N�O;�ecY A "
Thatis, � z g comprisesall rules ��aE` suchthat � is not defeatedby
Y andeachprerequisiteof � is in Y . Finally, a sequence�N�U3���36��� of
rulesis groundedif f, for all ��a�� , =�GIHKJ�LM4N� p ;Vl�qE��� A is inconsis-
tent,or else PK�!L'R ( 4N� 3 ;�eD=�GIHKJ�LM4N� p ;?l$q���� A .

3 LOGIC PROGRAMS WITH PREFERENCES

A logic programoverapropositionallanguage� is saidto beordered
if f � containsthefollowing pairwisedisjointcategories:

� aset� of termsservingasnamesfor rules;� aset � of regular(propositional)atomsof aprogram;and� aset �E� of preferenceatoms�v��� , where �  �_a�� arenames.

For eachorderedprogram ` , we assumefurthermorea bijective4

function ��4�� ; assigningto eachrule ��aX` a name ��4N�O;�a�� .
To simplify our notation,we usuallywrite �T� insteadof ��4N�O; (and
we sometimesabbreviate + ��� by + 3 ). Also, therelation ��B���4N�O; is
�

In practice,function � is only requiredto beinjective in orderto allow for
rulesnotparticipatingin theresultantpreferencerelation.

written as ���<� , leaving the namingfunction ��4�� ; implicit. The el-
ementsof �E� expresspreferencerelationsamongrules.Intuitively,
�O�c�]� �K� assertsthat �'� has“higher” priority than � . Thus, �>� is
viewed as having precedenceover � . That is, � � should, in some
sense,alwaysbeconsidered“before” � .

Most importantly, weimposenorestrictionsontheoccurrencesof
preferenceatoms.This allows for expressingpreferencesin a very
flexible, dynamicway. For instance,wemayspecify

�T���:� � � �X�  �������
where� and � maythemselvesbe(or rely on) preferenceatoms.

A specialcaseis givenby programscontainingpreferenceatoms
only amongtheir facts.We say that a logic program ` over � is
staticallyordered if it is of theform `�B `���¡C`�� � , where `�� is an
orderedlogic programover �{¢��E� and ` � � e�=£4��O�|�o� �K� ;�� l
�  � � a¤` � A " Thestaticcasecanberegardedasbeinginducedfrom
anexternalorder“ � ”, wheretherelation �[�u�'� betweentwo rules
holdsiff thefact 4��O�¥� � �Q� ;)� is includedin theorderedprogram.
Wemake thisexplicit by denotinga staticallyorderedprogram̀ as
apair 4N` �  ��; , representingtheprogram̀ � ¡V=£4�� � �:� �Q� ;@�0lU�¥�
� � A . This static conceptof preferencecorrespondsin fact to most
previous approachesto preferencehandlingin logic programming
and nonmonotonicreasoning,wherethe preferenceinformation is
specifiedasafixedrelationat themeta-level (see,e.g.,[1, 2, 13,4]).

Our approachprovidesa mapping ¦ that transformsan ordered
logic program ` into a regular logic program ¦�4N`V; , suchthat the
preferredanswersetsof ` are given by the (regular) answersets
of ¦54N`v; . Intuitively, the translatedprogram¦�4N`V; is constructedin
sucha way that theensuinganswersetsrespectthe inherentprefer-
enceinformationinducedby thegivenprogram̀ (seeTheorems3
and4 below). This is achievedby addingsufficient controlelements
to the rulesof ` which guaranteethat successive rule applications
arein accordwith theintendedorder.

Given the relation �T�¤�§� �K� , we want to ensurethat � � is con-
sideredbefore � , in thesensethat,for a givenanswerset Y , rule � �
is known to be appliedor defeatedaheadof � (with respectto the
groundedenumerationof generatingrulesof Y ). Wedo thisby first
translatingrulessothattheorderof ruleapplicationcanbeexplicitly
controlled.For thispurpose,weneedto beableto detectwhenarule
hasbeenappliedor whena rule is defeated;aswell we needto be
able to control the applicationof a rule basedon otherantecedent
conditions.For arule � , therearetwo casesfor it not to beapplied:it
maybethatsomeliteral in PK�!L'R ( 4N�O; doesnot appearin theanswer
set,or it maybethataliteral in PK�!L'R W 4N�O; is in theanswerset.For de-
tectingnon-applicability(i.e.,blockage),we introduce,for eachrule
� in thegivenprogram̀ , a new, special-purposeatom ¨�©ª4�� � ; . Sim-
ilarly, we introduceaspecial-purposeatom «T¬T4�� � ; to detectthecase
wherea rule hasbeenapplied.For controllingapplicationof rule �
we introducetheatom I®O4��O�U; . Informally, we concludethat it is ¯®
to applyarule just if it is ¯® with respectto every � -greaterrule; for
sucha � -greaterrule �>� , this will bethecasejust when �>� is known
to beblockedor applied.

More formally, given an orderedprogram ` over � , let � ( be
the languageobtainedfrom � by adding,for each �  � � au` , new
pairwisedistinct propositionalatoms «T¬£4��T�>; , ¨�©ª4��O�>; , I®�4��T�>; , and
¯® � 4��T�  � �K� ; . Then,our translation¦ mapsan orderedprogram `
over � into a regularprogram¦|4N`v; over � ( in thefollowing way.

Definition 1 Let `°B]=U� �  #"#"!"# �>± A be an ordered logic program
over � . For each �¥a[` , let ²h4N�T; bethecollectionof rulesdepictedin
Figure 1, where � ( a³PK�!L'R ( 4N�T; , � W a¤PQ�!L>R W 4N�O; , and � �  � � � ab` .



Then,thelogic program ¦�4N`V; over � ( is givenby w �#�Og ²M4N�O; .
The first four rules of Figure1 expressapplicability and blocking
conditionsof theoriginal rules:For eachrule �5a´` , we obtaintwo
rules, µ � 4N�O; and µ 	 4N�O; , alongwith + rulesof theform ¶ � 4N�  � ( ; and
. rulesof theform ¶ 	 4N�  � W ; , where+ and. arethenumbersof the
literals in PK�!L'R ( 4N�O; and PQ�!L>R�W_4N�O; , respectively. The secondgroup
of rulesencodesthe strategy for handlingpreferences.The first of
theserules, · � 4N�O; , “quantifies”over therulesin ` . This is necessary
whendealingwith dynamicpreferencessincepreferencesmayvary
dependingonthecorrespondinganswerset.Thethreerules· 	 4N�  � � ; ,
· 
 4N�  � � ; , and · � 4N�  � � ; specifythe pairwisedependency of rulesin
view of the given preferenceordering:For any pair of rules � , � �
with �T�[�¸� �K� , we derive I® � 4��T�  � �K� ; whenever �T�|�¸� �K� fails to
hold,or whenever either «T¬£4�� �K� ; or ¨�©ª4�� �Q� ; is true.Thisallowsusto
derive I®O4�� � ; , indicatingthat � maypotentiallybeappliedwhenever
wehavefor all � � with �O�v�:� � � that � � hasbeenappliedor cannotbe
applied.It is importantto notethatthis is only oneof many strategies
for dealingwith preferences:different strategiesare obtainableby
changingthespecificationof I®�4��¹; and ¯® � 4��  �¹; .

Wehave thefollowing characterisationof preferredanswersets.

Definition 2 Let ` be an ordered logic program over language �
and Y a setof literals.Wesaythat Y is a preferredanswersetof `
iff Y8BDº:Z|� for someanswerset º of ¦�4N`v; .

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

As an illustration of our approach,considerthe following pro-
gram ` :

� � B �µ �
� 	 B ¶»� �µ  ������·
� 
 B ·¼� ���'��¶
� � B + 
 ��+ 	 � ���'��½

where �T3 denotesthenameof rule �U3�4N�)BXt  #"#"!"# �¾ ; . This program
hastwo regularanswersets,onecontaining¶ andtheothercontain-
ing · ; bothcontain�µ and + 
 ��+ 	 . However, only thefirst is apre-
ferredanswerset.To seethis,observe thatfor any Yne:=�GjHkJOLh4N�T;¿l
�¥am¦54N`v; A , wehave +h3&��+ p \amY for each4N�  q£;�\B 46À  QÁ ; . Wethus
get for such Y and �  q that I® � 4��T3  � p ;[a�f

�Â&Ã g�ÄÅ~ ^ by (reduced)

rules · 	 4N� 3  � p ;
(

, and so ¯®O4�� 3 ;ba�f 	Â&Ã g�Ä ~ ^ via rule · � 4N� 3 ; ( B
· � 4N� 3 ; . Analogously, we get «£¬£4�� � ;  «T¬£4�� � ;  �µ  + 
 �Æ+ 	 . Now
considerthefollowing rulesfrom ¦�4N`v; :

µ 	 4N� 	 ;Ç� «T¬T4�� 	 ;È� ¯®O4�� 	 ;  �µ  ������·
¶ � 4N� 	  �µj;Ç� ¨�©ª4�� 	 ;È� ¯®O4�� 	 ;  �����@�µ
¶ 	 4N� 	  ·!;É� ¨�©ª4�� 	 ;È� ¯®O4�� 	 ;  ·
µ 	 4N� 
 ;Ç� «T¬T4�� 
 ;È� ¯®O4�� 
 ;  ������¶
¶ 	 4N� 
' ¶!;Ç� ¨�©ª4�� 
 ;È� ¯®O4�� 
 ;  ¶
· 
 4N� 
  � 	 ;Ç�]¯®#��4�� 
  � 	 ;È� 4�� 
 �:� 	 ;  «£¬£4�� 	 ;
· � 4N� 
' � 	 ;Ç�]¯® � 4�� 
� � 	 ;È� 4�� 
 �:� 	 ;  ¨�©ª4�� 	 ;

Given I®O4�� 	 ; and �µ , rule µ 	 4N� 	 ; leaves us with the choicebe-
tween ·�\aXY or ·FaXY . First, assume·�\aXY . We get «T¬£4�� 	 ;
from µ 	 4N� 	 ; ( a³¦�4N`V; z . Hence,we get ¶ , ¯® � 4�� 
  � 	 ; , andfinally
I®�4�� 
 ; , which resultsin ¨�©¹4�� 
 ; via ¶ 	 4N� 
  ¶!; . Omitting further de-
tails, this yieldsan answersetcontaining¶ while excluding · . Sec-
ond, assume·Da¸Y . This eliminates µ 	 4N� 	 ; when turning ¦�4N`V;
into ¦�4N`v; z . Also, ¶ � 4N� 	  �µj; is defeatedsince�µ is derivable.Rule
¶ 	 4N� 	  ·U; is inapplicable,since · is only derivable(from «T¬£4�� 
 ; via
µ � 4N� 
 ; ) in thepresenceof I®�4�� 
 ; . But ¯®O4�� 
 ; is not derivablesince
neither«£¬O4�� 	 ; nor ¨�©¹4�� 	 ; is derivable.Sincethiscircularsituationis
unresolvable,thereis nopreferredanswersetcontaining· .

µ � 4N�O;�� GjHkJOLS4N�T;s� «£¬T4�� � ;
µ 	 4N�O;�� «T¬T4�� � ;s� I®O4�� � ;  PK�!L'RS4N�O;

¶ � 4N�  � ( ;_� ¨�©¹4��T�>;s� I®O4��O�U;  �����@� (
¶ 	 4N�  � W ;_� ¨�©¹4��T�>;s� I®O4��O�U;  � W
· � 4N�O;�� I®�4��T�>;s� I® � 4��T�  �T�KÊU;  #"!"#"$ I® � 4��O�  �T�kË£;

· 	 4N�  � � ;_�m¯® � 4�� �  � �Q� ;s� �����)4�� � �u� �K� ;
· 
 4N�  � � ;_�m¯® � 4��T�  � � � ;s� 4��T���:� � � ;  «£¬£4�� � � ;
· � 4N�  � � ;_�m¯® � 4��T�  � �Q� ;s� 4��T���:� �K� ;  ¨�©ª4�� �Q� ;

�Ì4N�  � �  � � � ;_� �T���:� �K� � � �T���:� �K�  � �K� �:� �Q� �
µj�O4N�  � � ;_��)4�� �Q� �:�T�>;s� �T���:� �K�

Figure 1. Translatedrules ÍjÎÅÏUÐ .

4 PROPERTIES OF THE APPROACH

Ourfirst resultensuresthatthedynamicallygeneratedpreferencein-
formationenjoys theusualpropertiesof strictorderings.To thisend,
wedefinethefollowing relation:for eachset Y of literalsandevery
�  � � a[` , therelation �d� z � � holdsiff �T���:� �K� a[Y .

Theorem1 Let ` bean ordered logic programand Y a consistent
answersetof ¦�4N`V; . Then, � z is a strict partial order. Moreover, if
` hasonly staticpreferences,then � z B¥�¿Ñ , for anyanswerset º
of ¦�4N`V; .

Thefollowing propertiesshedlight on thefunctioninginducedby
translation¦ ; they elaborateuponthe logic programmingoperator
f Â�Ã g�ÄÅ~ of a reduct¦54N`V;Òz :

Theorem2 Let Y be a consistentanswersetof ¦�4N`V; for an or-
deredprogram ` , andlet ÓcBF¦�4N`V; z . Then,for any �daC` :

1. I®�4�� � ;_aCY ;
2. «£¬O4��T�>;�amY iff ¨�©ª4��T�>;�\aCY ;
3. if � is not defeatedby Y , ¯®O4��O�>;¿a�f 3Ô ^ , and PQ�!L>R ( 4N�O;¿euf�pÔ ^ ,

then «T¬£4��T�!;_aCf�Õ�Ö�× Ã 3NØ p Ä ( �Ô ^ ;
4. I®�4�� � ;_aCf 3Ô ^ and PK�!L'R ( 4N�O;�\ecY implies ¨�©ª4�� � ;�aCf 3 ( �Ô ^ ;
5. if � is defeatedby Y and ¯®O4�� � ;�a�f 3Ô ^ , then ¨�©ª4�� � ;�a�f�pÔ ^ for

someq�Ù�� ;
6. I®�4��T�U;�\a{f 3Ô ^ implies «T¬£4��T�>;�\a{f�pÔ ^ and ¨�©ª4��T�!;�\a{f ±Ô ^ for all
q  KÚ ����Û Á .
The next resultshows that the translatedrulesareconsideredin

accordto thepartialorderinducedby thegivenpreferencerelation:

Theorem3 Let ` bean ordered logic program, Y a consistentan-
swerset of ¦54N`v; , and �N�U3���36��� a groundedenumeration of the set
�hzÂ@Ã g�Ä of generating rulesof Y from ¦54N`v; . Then,for all �  � � am` :

If �¥� z � �  thenq����  
for all � 3 equaling µI±£4N�O; or ¶#±¯4N�  �); , andsome� p equaling µ ± � 4N� � ;
or ¶ ± � 4N�'�  �@�6; , with Ú� KÚ �SBÜt  QÁ , �ca�PK�!L'RS4N�T; , and �&�Ma{PK�!L'RS4N�>�N; .

For staticpreferences,our translation¦ amountsto selectingthe
answersetsof the underlyingunorderedprogramthat comply with
theordering, � .

Definition 3 Let 4N`  ��; bea staticallyorderedprogram.Ananswer
set Y of ` is called � -preservingif Y is eitherinconsistent,or else
there exists a groundedenumeration �N�U3���3N�O� of � z g such that, for
every �  q�am� , wehavethat:



1. if � 3 �c� p , thenq��Ý� ; and
2. if �U3d��� � and � � aF`³¢?� z g  then PK�!L'R ( 4N� � ;[\eoY or � � is de-

featedby theset =�GjHkJOLh4N� p ;)l$q���� A .
Thenext resultfurnishessemanticalunderpinningsfor staticallyor-
deredprograms;it providesa correspondencebetweenpreferredan-
swersetsandregularanswersetsof theoriginalprogram:

Theorem4 Let 4N`  ��; bea staticallyorderedlogic programand Y
a setof literals.Then,Y is a preferredanswersetof 4N`  ��; iff Y is
a � -preservinganswersetof ` .

Thisgivesriseto thefollowing corollary:

Corollary 1 Let 4N`  ��; and Y be as in Theorem4. If Y is a pre-
ferredanswersetof 4N`  ��; , then Y is ananswersetof ` .

Notethatthelasttwo resultshavenocounterpartsin thegeneral(dy-
namic)case,dueto the lack of a regular answersetof the original
program.The preferenceinformation is only fully available in the
answersetsof the translatedprogram(hencethe restrictionof the
notionof � -preservationto thestaticcase).

Also, if no preferenceinformation is present,our approachis
equivalent to standardanswersetsemantics.Moreover, the notions
of staticallyorderedand(dynamically)orderedprogramscoincidein
thiscase.

Theorem5 Let ` bea logic programover � and Y a setof literals.
If ` containsno preferenceinformation,i.e. if �{Z´�E�:B¸^ , then
thefollowingstatementsare equivalent:

1. Y is a preferred answersetof statically ordered logic program
4N`  ^T; ;

2. Y is a preferredanswersetof orderedlogic program ` ;
3. Y is a regular answersetof logic program ` .

Recently, Brewka andEiter [4] suggestedtwo principles,simply
termedPrinciple I andPrinciple II , which, they argue,any defeasi-
ble rule systemhandlingpreferencesshouldsatisfy. Thenext result
shows thatour approachobeys theseprinciples.However, sincethe
originalformulationof PrincipleI andII is rathergeneric—motivated
by the aim to cover asmany differentapproachesaspossible—we
must instantiatethem in termsof our formalism. It turns out that
Principle I is only suitablefor statically orderedprograms,whilst
PrincipleII admitstwo guises,onefor staticallyorderedprograms,
andanotheronefor (dynamically)orderedprograms.

PrinciplesI andII, formulatedfor ourapproach,areasfollows:

Principle I. Let 4N`  ��; be a staticallyorderedlogic program,and
let Y � and Y 	 be two (regular) answersetsof ` generatedbyÞ ¡)=!� � A and

Þ ¡_=U� 	 A , respectively, where� �  � 	 \a Þ . If � � ��� 	 ,
then Y � is notapreferredanswersetof 4N`  ��; .

Principle II-S (Static Case). Let Y be a preferredanswerset of
staticallyorderedlogic program 4N`  ��; , let � be a rule wherein
PK�!L'R ( 4N�O;�\eÇY , and let � � be a strict partial order which
agreeswith � on rules from ` . Then, Y}¡�� is an answerset
of 4N`o¡:=U� A  � � ; , where �ßBà=T4�� � �á�Oâ!;Ül5�8� � � A ¡
=>?4�� â �:�T�>;)l'�d� � � A " 5

Principle II-D (Dynamic Case). Let Y beapreferredanswersetof
a (dynamically)orderedlogic program̀ , andlet � bearulesuch
that PK�!L'R ( 4N�O;�\e�Y . Then, Y is ananswersetof `�¡m=!� A .

ã
Theinclusionof ä is necessarybecauseweencodethepreferenceinforma-
tion at theobjectlevel.

Theorem6 Staticallyorderedlogic programsobey PrinciplesI and
II-S. Furthermore, orderedlogic programsenjoyPrinciple II-D.

Observe that,sincetransformation¦ is clearlypolynomialin the
sizeof orderedlogic programs,andbecauseof Theorem5, thecom-
plexity of our approachis inheritedfrom thecomplexity of standard
answersetsemanticsin a straightforwardway. We just notethefol-
lowing result:

Theorem7 Givenan ordered program ` , checking whether̀ has
a preferredanswersetis NP-complete.

5 FURTHER ISSUESAND REFINEMENTS

In thissection,wesketchtherangeof applicabilityandpointoutdis-
tinguishingfeaturesof our approach.We briefly mentiontwo points
concerningexpressiveness,and thensketch how we can dealwith
preferencesoversetsof rules.Lastly, wereferto theimplementation
of ourapproach.

First, we draw the reader’s attentionto the expressive power of-
feredby dynamicpreferencesin connectionwith variablesin thein-
put language,suchas

+ � 4Nåh;&��+ 	 4Næj;@�ç�<4Næ�;  �����_4Nå|BF·!;  (2)

where + � 4Nåh;  + 	 4Næj; are namesof rules containingthe variableså
and æ , respectively. Although sucha rule representsonly its setof
groundinstances,it is actuallya muchmoreconcisespecification.
Also, sincemostotherapproachesemploy staticpreferencesof the
form + � 4NåS;��o+ 	 4Næ�;d�  suchapproacheswould necessarilyhave
to express(2) asanenumerationof staticgroundpreferencesrather
thanasinglerule.

Second,we notethat transformation¦ is alsoapplicableto dis-
junctive logic programs(whererule headsaredisjunctionsof liter-
als).To seethis,observe thatthetransformedrulesunfold thecondi-
tionsexpressedin thebodyof therules,while therules’headremain
untouched,asmanifestedby rule µ � 4N�T; .

Third,wehaveextendedtheapproachto allow for preferencesbe-
tweensetsof rules.Althoughwedonotincludeafull discussionhere,
weremarkthatthisextensionhasalsobeenimplemented(seebelow).
In orderto referto setsof rules,thelanguageis adjoinedby aset è
of termsservingasnamesfor setsof rules,and,in addition,theset
� � maynow includeatomsof theform .é��. � with .  . � amè .
Accordingly, set-ordered programscontainpreferenceinformation
betweennamesof sets.Informally, set ê of rulesis applicableiff all
itsmembersareapplicable.Consequently, if ê � is preferredover ê ,
then ê is consideredafterall rulesin ê � arefoundto beapplicable,
or somerulein ê � is foundto beinapplicable.As before,set-ordered
programsaretranslatedinto standardlogic programs,wheresuitable
controlelementsI®�4��¹; , ¨�©ª4�� ; , and «T¬T4�� ; , rangingover namesof sets,
takecareof theintendedorderinginformation.

As anexample,considerwherein buyingacaronerankstheprice
( ë ) over safetyfeatures( � ) over power (� ), but safetyfeaturesto-
getherwith power is ranked over price.Taking �Uì[B�å¤�s�������å
for åCab=>ë  �  � A , wecanwrite this (informally) as:

. � �£=U�$í A �°. 	 �£=U� â#A �n. 
 �£=U�Uî A �°. � �¯=!�$í  � â!A
The terms . � , . 	 , . 
 , and . � arenamesof setsof rules.If we
were given only that not all desideratacan be satisfiedthen we
could apply the rules in the set (named) . � and concludethat �
and � can be met. Furthermore,setsof rules are describedexten-
sionally by meansof atoms ïªð£4��  � ; . Thus, the set . � �?=U� í  �Uâ A



is capturedby ï¹ð£4N+ í  . � ;)� and ïªð£4N+hâ  . � ;)� . Accordingly, we
have ïªð£4N+�í  . � ;S� , ïªð£4N+ â  . 	 ;S� , and ï¹ð£4N+Mî  . 
 ;�� . Givenrules
�Uî  �$í  � â andthepreviousfactsabout ï¹ð , thespecificationof ourex-
ampleis completedby thepreferences. 3 ��. 3 ( � � for ��BÜt  ÌÁT À .

Besidesthediscussedextensions,ouroverall framework is general
enoughto expressotherstrategiesfor preferencehandling,like that
proposedin [4]. This instanceof our framework is describedin a
companionpaper.

Lastly, the approachhasbeenimplementedin Prologandserves
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 thedynamicapproachto (single)preferencesandtheset-based
approachhave beenimplemented.We notealsothat the implemen-
tationdiffersfrom theapproachdescribedherein two respects:first,
the translationappliesto namedrulesonly, i.e., it leavesunnamed
rulesunaffected;andsecond,it providesa modulewhich admitsthe
specificationof rulescontainingvariables,wherebyrulesof thisform
areprocessedby applyinganadditionalgroundingstep.Moredetails
on theimplementedfront-endcanbefoundin [6].

6 RELATED WORK

Dealingwith preferenceson rulesseemsto necessitatea two-level
approach.This in fact is a characteristicof many approachesfound
in theliterature.Themajorityof theseapproachestreatpreferenceat
themeta-level by definingalternativesemantics.[3] proposesamod-
ification of well-foundedsemanticsin which dynamicpreferences
maybegivenfor rulesemploying +hñ>� . [13] and[4] proposedifferent
prioritized versionsof answerset semantics.In [13] static prefer-
encesareaddressedfirst, by definingthe reductof a logic program
` , which is a subsetof ` that is mostpreferred.For the following
example,their approachgivestwo answersets(onewith � andone
with �� ) which seemsto becounter-intuitive; oursin contrasthasa
singleanswersetcontaining�� .

� � B �[�]���'��� �
� 	 B ��C�ò������� 	

� � ��� 	 �
Moreover, thedynamiccaseis addressedby specifyingatransforma-
tion of adynamicprogramto asetof staticprograms.

Brewka and Eiter [4] addressstatic preferenceson rules in ex-
tendedlogic programs.They begin with a strict partial orderon a
set of rules,but definepreferencewith respectto total ordersthat
conformto theoriginal partialorder. Preferredanswersetsarethen
selectedfrom amongthe collectionof answersetsof the (unpriori-
tised) program.In contrast,we deal only with the original partial
order, which is translatedinto the objecttheory. As well, only pre-
ferredextensionsareproducedin our approach;thereis no needfor
meta-level filtering of extensions.

GelfondandSon[10] proposea special-purposelanguagefor di-
rectly encodingpreferencesin a logic programmingsetting.To this
end,they pursuea“two-level” approachin reifying rulesandprefer-
ences.For example,a rule like �E���  @�  ���'�M� is expressedby the
formula LOHôó#J'õ¯ö¹�$4N+  �  #÷ �  @�$ø  #÷ �Uøô; (or, afterreification,by thecorre-
spondingterm insidea holds-predicate,respectively) where + is the
nameof therule.Thesemanticsof a domaindescriptionis given in
termsof a setof domain-independentrulesfor predicateslike holds.
Theserulescanberegardedasa meta-interpreterfor thedomainde-
scription.

7 CONCLUSION

Wehave describedanapproachfor compilingpreferencesinto logic
programsundertheanswersetsemantics.An orderedlogic program,
in whichpreferencesappearin theprogramrules,is transformedinto
a second,extendedlogic programwhereinthe preferencesare re-
spected,in that the answersetsobtainedin the transformedtheory
correspondwith the preferredanswersetsof theoriginal theory. In
a certainsense,our transformationcanbe regardedasan axiomati-
sationof (our interpretationof) preference.Arguably then,we de-
scribeageneralmethodology for uniformly incorporatingpreference
informationin a logic program.In this approach,we avoid thetwo-
level structureof previouswork.While theprevious“meta-level” ap-
proachesmustcommitthemselvesto asemanticsandafixedstrategy,
our approach(aswell asthatof [10]) is very flexible with respectto
changingstrategies,andis openfor adaptationto differentsemantics
anddifferentconceptsof preferencehandling.

The approachis easily restrictedto reflect a static ordering in
whichpreferencesareexternalto a logic program.Wealsoindicated
how the approachcanbe extendedto dealwith preferencesamong
setsof rules.Finally, this paperdemonstratesthat our approachis
easily implementable;indeed,we have developeda compiler, as a
front-endfor dlv andsmodels .
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