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Abstract. Skepticismis oneof the mostimportantsemantidntuitionsin artifi-

cial intelligence.The semanticformalizing skeptical reasoningn (disjunctive)

logic programmings usuallynamedwell-foundedsemanticsHowever, theissue
of definingandcomputingthe well-foundedsemanticdor disjunctive programs
and databasebasproved to be far more complex and difficult thanfor normal
logic programs.The argumentation-basesemanticSVFDS is amongthe most
promisingproposalghatattemptdo definea naturalwell-foundedsemanticgor

disjunctive programsin this paperwe proposeatop-davn procedurdor WFDS

calledD-SL SResolutionwhich naturallyextendsthe Global SLS-resolutiorand
SLI-resolution We prove that D-SL S Resolutionis soundandcompletewith re-

spectto WFDS Thisresultin turn providesafurtheryetmorepowerful agument
in favor of theWFDS

1 Intr oduction

Disjunctive logic programming DLP) hasgainedwide acceptancasanimportanttool
for knowledgerepresentationOnecritical reasonis that DLP is more expressve and
naturalto usethannormal(i.e. non-disjunctve)logic programmingThe additionalex-

pressve power allows directencodingsof a greatnumberof applicationdomainsinto
logic programsHowever, theissueof definingandcomputingsemanticgor disjunctive
programsanddatabasebasprovedto be far morecomple< anddifficult thanfor nor

mal logic programs.The skepticismand credulismaretwo major semantidntuitions
for knowledgerepresentationA skeptical reasonerdoesnot infer any conclusionin

uncertaintyconditionswhile a credulousreasonetriesto give conclusionsasmuchas
possible Therefore a skepticalreasoneusuallygetmorefeasibleconclusionsin nor-

mallogic programmingthesewo oppositesemantidntuitionsaresuitablycapturedy
the well-foundedsemantic§11] andthe stablesemanticg6], respectiely. Therehas
alreadybeena widely acceptedtablesemanticgor disjunctive programq9]. To date,
thereis nowidely acceptedvell-foundedsemantic§or DLP andno consensubasbeen
reachedaboutwhat constitutesan intendedsemanticdor skepticalreasoningn DLP.

Basedon a comparatie studyof somerecentapproacheto definingwell-foundedse-
manticsfor disjunctve programsn [2,9,5,7,12], it hasbeenprovedin [13] thatthese
approachedecomeequivalentwhensome“minor” modificationsare madeon them.
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Specifically thereexistsa semanticgi. e. WFDS") for well-foundedreasoningn DLP
which can be equivalently characterizedy argumentationprogramtransformations
andunfoundedsets.

In the samestyle asthe D-WFS definedin [1, 2], a bottom-upcomputationpro-
cure hasalsobeenprovidedin [13]. In this paper we investigatethe problemof top-
down computationfor disjunctive well-foundedsemanticsSpecifically we proposea
top-down procedurdor disjunctive well-foundedsemanticsalledD-SL S Resolution,
which naturally extendsthe Global SLS-resolutiorand SLI-resolution.We prove that
D-SL S Resolutionis soundandcompletewith respecto WFDS'.

Sincelogic programmingis essentiallygoal-orientedthe existenceof an elegant
top-dawn procedurds surely a significantfeaturefor query answeringunderary se-
mantics.Ourresultsin turn provide furtheryetmorepowerful argumentsn favor of the
semantic®WFDS'.

The paperis organizedasfollows. In the next sectionwe briefly recall relateddefi-
nitionsin logic programmingandspecifyour notationsIn Section3 we give the argu-
mentatve definitionof thesemantic8WFDS*. Thenin Sectiord we presentheD-SL S
ResolutionprocedureQur procedurds not only a combinationof Rosss Global SLS-
resolutionand SLI-resolution,it alsoelegantly incorporateghe intuition of resolving
defaultnegationwith disjunctiveinformation.To illustrateourresolutionprocedureand
its relationto someothersemantidntuitions, two examplesaregivenin Section5. In
Section6 we statethe soundnesandcompletenesef D-SL S Resolutionwith respect
to WFDS'. Finally, in Section7 we concludethe paper

2 Preliminaries

We assumehe existenceof an arbitrary but fixed propositionallanguagegenerated
from a selectedsetof propositionalsymbols(atoms).An expression(disjunction,for-
mula, rule, or setof rules,etc) with variablesis understoodasan abbreviation for the
setof all its groundednstanceslf S is anexpressionatoms(S) denoteshe setof all
atomsappearingn S.

A geneal disjunctivelogic program (simply, disjunctiveprogram) P is definedas
afinite setof rulesof theform:

P1V VD Pry1,---,Ps, N0 Psi1,- - -, NOE Py (1)

Here,n > s > t > 0 andp;'sareatomsfor ¢ = 1,...,n. Thesymbols'v' and‘not’
denote(non-classicalilisjunctionanddefault negation,respectiely.

A literal is eitheran atomp or its default negation not p while not p is calleda
negativeliteral.

Theinformal meaningof rule (1) is that“if pst1,...,ps aretrueandpsi1,...,pn
areall not provable,thenoneof {p,...,p:} is true”. For example, male(greg) vV
female(greg) < animal(greg), not ab(greg) meansjnformally, thatif greg is an
animalandit is notprovablethat greg is abnormalthengreg is eithermaleor female.

If £t = 1, rule (1) is saidto benormal P is a normal programif eachrule of P is
normal.



If n = s, rule (1) is saidto be positive P is a positivedisjunctiveprogramif each
rule of P is positive.

If t = s, rule (1) is saidto benegative P is a nggativedisjunctiveprogramif each
rule of P is negative.

As usual,Bp is the Herbrandbaseof disjunctive programP (i. e. the setof all
groundatomsin P). A positive(negative disjunctionis a disjunctionof atoms(neg-
ative literals) in P. A pure disjunctionis eithera positive one or a negative one.The
disjunctivebaseof P is DBp = DBE U DB whereDB}, is thesetof all positive dis-
junctionsin P andDB}; is thesetof all negativedisjunctionsn P. If . andf = aV o/
aretwo disjunctionsthenwe saya is a sub-disjunctiorof 3.

A modelstateof disjunctive programP is asubsebf DB p. Usually, awell-founded
semanticgor disjunctivelogic programss definedasamappingsuchthateachdisjunc-
tive programP is assigneg modelstate.

For simplicity, we alsoexpressarule of form (1) asX' < Iy, not.Il5, whereX isa
disjunctionof atomsin Bp, II; afinite subsebf Bp denotinga conjunctionof atoms,
andnot.Il, = {not q | ¢ € II1} for II, C Bp denotinga conjunctionof negative
literals.

3 Skeptical Argumentation

As illustratedin [12], agumentatiorcanbe usedto definea unifying semantidrame-
work for DLP. In this sectionwe first briefly recall the well-foundedextensionseman-
tics WFDSin [12] andgive a minor modificationWFDS" of WFDS.

The basicideaof the agumentation-basedpproachfor DLP is to translateeach
disjunctive logic programinto anargumentramenorkF p = (P, DB,~»p). Here,an
assumptiorof P is anegativedisjunctionof P, andahypothesiss asetof assumptions;
~» p is anattackrelationamongthe hypothesesAn admissiblenypothesisA is onethat
canattackevery hypothesisvhich attacksit.

Theintuitive meaningof anassumptiomot ay V - - - V not a,, isthata; A---Aay,
cannotbe provedfrom thedisjunctive program.

Givena hypothesisA of disjunctive programP, similar to the GL-transformation
[6], we caneasilyreduceP into anothemisjunctive programwithout default negation.

Definition 1. Let A be a hypothesiof disjunctiveprogram P, thenthe reductof P
with respecto A is thedisjunctiveprogram

P} = {A + B |therisaruleofform A + B, not.C in P s.t.not.C C A}.

Basedon Definition 1, we will first introducea specialresolutiontp which re-
solvesdefault-nagationliterals with a disjunctionandcanbe intuitively illustratedby
thefollowing principle:

If there is an agentwho holdsthe assumptionsiot by, ..., not b, andcaninfer
thedisjunctiveinformationbd; V -+ -V by, V b1 V - - - V by, thenthe agentshouldbe
abletoinferb,4+1 V-V by.

Thefollowing definition preciselyformulatesthis principlein the settingof DLP.



Definition 2. Let A bea hypothesiof disjunctiveprogram P anda € DB}. If there
exists@ € DB} andnot by, ...,not by, € Asuhthat = a Vb V---V b, and
P} F B. ThenA is saidto be a supportinghypothesigor «, denotedAF pa. Here
F is the classicalinference; P} is consideed as a classicallogic theory while 3 is
consideedasa formulain classicallogic.
Theconsequencsetof A consistof all positivedisjunctionsthat are supportecoy
A:
consp(A) ={a | a € DB}, AFpa}.

For example,if P = {a Vb + ¢,not d; ¢ <} andA = {not b, not d}, then
A }—p a.

Thetaskof defininga semanticdor a disjunctie logic programP is to determine
the statethat canrepresenthe intendedmeaningof P. Herewe first specifythe neg-
ative informationin the semanticandthenderive the positive part. To derive suitable
hypothesegor a givendisjunctive program,someconstraintswill be requiredto filter
outunintuitive hypotheses.

Definition 3. Let A and A’ betwo hypothesesf disjunctiveprogram P. If atleastone
of the following two conditionsholds:

1.therexists = not by V --- V not b,, € A", m > 0, such that A+ pb;, for all
1=1,...,m; or

2.therexistnot by, ..., not by, € A',m > 0,suhthat A-pby V --- V by,
thenwesay A attacksA’, anddenotedA ~p A’.

Intuitively, A ~p A’ meanghat A causesa directcontradictionwith A’ andthe
contradictionrmay comefrom oneof theabove two cases.

Examplel.

aVb+—d
¢+ d,not a,not b
d+
e< note

Let A" = {not ¢} andA = {not a, not b}, thenA ~p A’

Thenext definitionspecifiesvhatis anacceptabldypothesis.

Definition 4. Let A be a hypothesisof disjunctiveprogram P. An assumption3 €
DBy is admissiblewith respecto A if A~sp A’ holdsfor anyhypothesisA’ of P sud
that A’ ~p {8}

DenoteAp(A) = {a € DBy | a is admissiblewith respecto A}.

For ary disjunctive program P, Ap is a monotonicoperator:A C A’ implies
Ap(A) C Ap(A’) for ary two hypothesesA and A’ of P. Thus, Ap hasthe least
fixpoint ifp(Ap). SinceBp is finite in this paper thefixpoint canbe obtainedin finite
stepsby iterating.Ap from theemptysetThatis, ifp(Ap) = Ak () where A% (0) =
Ak (9).



Definition 5. Thewell-foundeddisjunctve hypothesisSNFDH(P) of disjunctivepro-
gram P is definedastheleastfixpointof theoperator Ap. Thatis, WFDH(P) = Ap 1
w.

Thewell-foundedextensionsemanticSVFDSfor P is definedas the modelstate
WFDSP) = WFDH(P) U consp(WFDH(P)).

By the above definition, WFDS(P) is uniquelydeterminedy WFDH(P).
For theprogramP in Examplel, WFDS(P) = {a V b, d, not ¢, not a V not b}. To
comparewith differentsemanticsAp canbemodifiedby defining

Ap(A) = {B € DB% | not g is admissiblen.r.t. A for someliteral not ¢ in §}.

Parallelto the definition of WFDS, we cangeta new well-foundedsemanticglenoted
WFDS" for disjunctive programswhich is a modificationof WFDS. For instance]et
P be the programgiven in Examplel, thenWFDS*(P) = {a V b,d, not c}. Now
not a V not b is nolongerin WFDS*(P).

We canprovethatWFDSis no lessstrongthanWFDS" in thefollowing sense.

Proposition 1. For anydisjunctiveprogramP anda € DBp, if « € WFDS (P), then
o € WFDYP).

As we have seenabove, the corverseof this propositionis nottruein general. Specif-
ically, WFDS allows more negative disjunctionsto be inferred.However, this is nota
big differenceasthefollowing resultsshow. In fact,exceptfor this differencethesewo
semanticgoincide.

Proposition2. Let A be an admissiblehypothesisf disjunctiveprogram P. If 8 €
DBp butis nota literal, then

1. ahypothesisy is admissiblen.r.t. A iff it is admissiblen.r.t. A — {3}.
2. for anypositivedisjunctionD, D € consp(A) iff D € consp(A — {5}).

An interestingresultis the equivalenceof WFDSandWFDS".
Theorem1. Let P bea disjunctiveprogram.Then

1. not p € WFDS (P) iff not p € WFDSP) for anyatomp.
2. a € WFDS(P) iff a € WFDSP) for anypositivedisjunctiona.

This theoremcorvincesthat the differenceof WFDS" from WFDSis only in that
they derive differentsetsof true negative disjunctions.

4 D-SLS Resolution

In this section,we will definea top-dovn procedurecalled D-SLS Resolution,for
disjunctive well-foundedsemanticsThis procedurecombinesheideaof Global SLS-
resolutionin [10] with alinearresolutionprocedureThelinearresolutionis ageneral-
izationof the SLI-resolutionpresentedh [8]. Onekey partin ourprocedures theincor-
porationof resolvingdefaultnegationwith disjunctive informationinto SLS-resolution.



D-SL S Resolutionwill be basedon the notion of D-SL S tree which in turn depends
on the notion of positivetrees In the next section,we prove thatD-SL S Resolutionis
soundandcompletewith respecto the disjunctive well-foundedsemanticsVFDS and
WFDS".

To achieve completenesef D-SL S Resolutionwe adoptthe so-calledpositivistic
computatiorrule, thatis, we alwaysselectpositive literalsaheadf negative ones.

A goalG is of theform < Dq,...,D,,—by,..., by, not ¢, ...,not ¢,, where
eachD; is a positive disjunction;all b; and¢; areatoms.To distinguishfrom default
literals,we shallsaythat! is aclassicliteral if [ = p orl = —p.

In our resolution-like proceduregivenarule C : X <« II,,not.Il5, we transform
C into agoal gt(C) : + —X, II;,not.II, andcall it the goal transformationof C,
where=X = {-p |p € X}.

Sinceourresolutionis toresoleliteralsin bothheadsandbodiesof rules,thistrans-
formationallows a unifying andsimpleapproacho definingresolution-like procedure
for disjunctive logic programsaswe shallsee.

Thespecialgoal« is calledanemptygoal. Theemptygoal+« is alsowritten asthe
familiar symbolO. A non-emptygoal of form « =X, not.II is saidto be a negative
goal.

Givenadisjunctive programP, setgt(P) = {gt(C) : C € P}. Thetraditional
goalresolutioncanbegeneralizedsfollows.

Disjunctive Goal Resolution(DGR) If G : « b V ---V b,,G; and G' : «
=b1,...,—bs, G2 aretwo goalswith s < r, thenthe DGR-resolventof G with
G' onselectedlisjunctionb; V - -- V b, isthegoal < G4, G->.

It shouldbenotedthatresolutionrule DGR incorporateseveralresolutionrulesinclud-
ing Goal resolution AncestorresolutionandBodyliteral resolution[8, 15]. Sincewe
allow positive disjunctionsn goalsandtheresolutionrule, DGR is morepowerful than
theabove mentionedhreeresolutionrulesasthefollowing exampleshaws.

Example2. Let P bethefollowing disjunctive program:

aVb+
¢ < nota,not b

ThenP canbetransformednto thefollowing setgt(P) of goals:

+ —a, b
< ¢, not a,not b

Thenthe DGR-resohentof G : « ¢ with the secondgoal is «+ not a, not b,
which canbeobtainedby the ordinarygoalresolutionhowever, the D GR-resohentof
goal+ a Vv b with thefirst goalis O, which cannot be obtainedby ary of thosethree
resolutionrules.

Definition 6. Let P bea disjunctiveprogramandG a goal. A positivetree T for G
is definedasfollows:

1. Therootof T/ is G.



2. ForeadhnodeG' : « X', p, II], not.IT;, andead goal G; in gt(P), if G} isthe
DGR-resolvenbf G’ with G; onp andGj is differentfromall nodesin thebrandh
of G, thenG' hasa child G;.

A nodelabeled+ —py, ..., " pn,not Ppt1,---,n0t pr(m > n > 0) is calledan
activenode

Thus,anactive nodeis eithertheemptygoalor anegative goal.For anegative goal,
its successHilure hasto be decidedin subsequenstagesNow we definethe D-SL S
treefor agoalin termsof positive trees.

Definition 7. (D-SLS Tree) Let P bea disjunctivelogic programandG a goal. The
D-SLStreel for G is a treewhosenodesare of two types:negationnodesandtree
nodes Treenodesare actually positivetreesfor intermediategoals. Thenodesof I';; is
definednductivelyasfollows:

1. Therootof I'g isthepositivetreeTg,r for thegoal G.

2. For anytreenodeT}; of I'z, Thechildrenof T;; are negation nodes,onecorre-
spondingo each activeleafof T;; (therewill bea negationnodecorrespondingo
an emptyactiveleaf).

3. Let J be a negation node correspondingto the active leaf + @ whee @ =
{not q,...,not g,} andn > 0. J is denotedN(+ @). Then,if n > 0, J
hasonechild which is the positivetree T}, ...y, -

We distinguishthreetypesof leavedn a D-SL Stree(successfuhodesfailednodes
andintermediatenode$ accowding to the following rules. Successfuand failed nodes
alsohavean associatedevel.

1 For nggationnodeJ,

(a) if the child of a negationnode.J is a successfutree node thenwe say J is
failed Thelevelis thelevel of its successfuthild.

(b) if thechild of a negationnodeJ is a failed treenode or if J hasno children,
thenwesay.J is successfulThelevel of J is thelevel of thechild of J (if J has
no children,thelevel of J is 0).

2 For treenodeT,

(a) if everychild of atreenodeT is a failed negationnodeg or if T isaleafof I'g
(i. e T hasno activeleaves}thenwesayT is failed. T hasthelevel 1 if T'isa
leaf; thelevel of T is k + 1 if themaximumievel of levelsof the childrenof T’
isk.

(b) if somechild of a treenodeT is a successfuhegation node thenwe say T
is successfulA non-roottreenodeT haslevel k + 1 if the minimumlevel of
all its successfuthildrenis k. Theroot treenodemayhavesereral associated
levels,onefor eat successfuthild; thelevel of theroottreenodewith respect
to sudh a successfuthild is onemore thanthelevel of the child.

3 We saya nodeis well determinedf it is either successfubr failed. Otherwise we
saythenodeis indeterminate



Let L be an active leaf of a tree nodein I'. We may saythat L is successful
(resp.failed or indeterminatejf the correspondingiegationnodeis successfu(resp.
failed or indeterminate)We may alsosaythatthe goal G is successfu(resp.failed or
indeterminate)f ng is successfu(resp.failed or indeterminate)Comparedo Global
SLS-resolutiorfor normallogic programsD-SL S Resolutionhasthe following major
features:

1.theunderlyingreasoningnechanisnfor D-SL S Resolutionis ageneralizatiorof
SLI-resolutionwhile the underlyingreasoningnechanisnfor SLS-resolutioris SLD-
resolution;

2. eachnegationnodehasjustonechildin D-SL S Resolutiorwhile anegationnode
may have several childrenin Global SLS-resolutiorbecausalisjunctionsare allowed
now. This makesa simplerform of D-SL S Resolution.

To guarante¢heterminationof D-SL S Resolutionwe alsoassumehateverynode
is notrepeatedThatis, wheneverarepeatedhodein D-SL S treeis found,theextending
of thetreewill bestopped.

5 Examples

Let uslook at someillustratingexamples.

Example3. Considerthefollowing disjunctive programpP:

aVb+cnotd
e < not a,not b
e < nota,g
C
a < notc

It canbeverifiedthatnot e € WFDS'(P) andthusnot e € WFDS(P).
Now let usseehow not e is inferredby D-SL S Resolution.
First, P is transformednto gt(P) which consistsf thefollowing goals:

G1 : < —a,—b,c,not d
Gy : < —e,not a,not b
G3:« —e,not a,g

G4 L4 C

G5 : + —a,not ¢

In fact,we have thefollowing D-SL S treel’, . for + e:



T+

—e

Ni(+ not a, not b)

T+

+—aVb

Ny (+ not d) N3(+ not ¢)

+ +
T(—d T<—C

ThepositvetreeTt, for + e is asfollows:

—e
Go G3

+ not a,not b +— not a,g

ThepositvetreeT! ., is:

Gy
+— notd

Thepositve treeT,! , consistsof only theroot node« d.
ThepositivetreeT , is

«—cC
‘G‘i
—



By Definition 7,
T} ,isaleafof I'_, =
T[ ,isafailedtreenode=
N> is asuccessfuhegationnode(no matterwhat Ns is) =
thetreenodeT' ., is successfui>
N, is afailednode(andV; is theonly negationchild of T+ ) =
Tr, is afailed(root) node=

thegoal «+ e is failed.

To guaranteg¢he terminationof D-SL S Resolutionwe alsoassumehatevery nodeis
notrepeatedThatis, wheneerarepeatechodein D-SL S treeis found, the extending
of thetreewill be stoppedFor example,if we replacethe lastrule a «+ not c in the
above examplewith therule a «+ not a, not b, then N3 = N; andthus N3 andits
children(if ary) will bedeletedfrom I'",_...

It shouldbe notedthat D-SL S Resolutionis differentfrom the SLIN-resolution
[14]. We demonstrat¢his by the following example.

Exampled. Let P consistof two rules:

aVb¢+
¢ < not a,not b

Although not ¢ € WFDS'(P), ¢ is indeterminatewith respectto the SLIN-
resolution.This meansthat SLIN-resolutionis not completefor the disjunctive well-
foundedsemanticaVFDS*. However, D-SL S treeI'._. for thegoal + c is failed (to
save spacethe treeis figuredin oneline becauseeachof its internalnodeshasthe
uniquechild):

T#,— Ni(+ not a,not b) — T, — No(+) — T

Here, TX hastheuniquenode«; T, andTt ,,, areasfollows, respectiely:

—c ~aVbd
G2 Gl

< not a,not b —

It is easyto seethatTt, is anindeterminatenodeof the D-SL S treefor the goal
«— a.

It shouldbenotedthat,in D-SL Stree,anactive nodecontainingclassicnegativeliterals
cannotbeignored. Thatis, theremaybe negationnodehaving classicnegative literals
aschild in D-SL S tree.Considerthefollowing program:

bVI<+ notp
IVp+

! This questionis proposedy onereferee.



TheD-SLStreel’, ;, for thegoal« b is asfollows:

Tr, — N(+ —l,not p) —- Tilvp.

It canbeverifiedthatthegoal « b is failed.

6 Soundnessand Completenesf D-SL S Resolution

In this section,we addresghe soundnesandcompletenessf D-SL S Resolution We
firstshav thatD-SL S Resolutioris soundandcompletew.r.t. theargumentatieseman-
tics WFDS. Then,by Theoreml, we getthe soundnessnd completenessf D-SL S
Resolutionw.r.t. WFDS". Althoughwe allow a goalto have avery generaform in our
D-SL S Resolutioneachgoal G consideredn this sectionactuallyhasoneof the two
forms: either< a; V...V a, Or < ay,...,a.,7by,...,=by, not c1,...,not cn,
whereall a;, b; andc; areatoms.Thus,from now onwe will alwaysmeaneitherof the
above form whena goalis mentionedThe detailedproofsof resultsin this sectionare
not difficult but tedious thuswe omit themhere.

Theorem 2. (Soundnessf D-SL S Resolutionwv.r.t. WFDS
Let P beadisjunctivelogic program.Then

1. IfgoalG: « ¢i,...,q, isfailed,thennot ¢; V -- - V not ¢, € WFDSP).
2. 1fgoalG: + ¢ V---V g, issuccessfutheng; V --- V q, € WFDSP).

To prove Theorem2, we needonly to shov thefollowing lemma.
Lemmal. Let P bea disjunctivelogic program.Then

1. IfgoalG: « q,...,qy, isfailed,thennot ¢, V -- - V not ¢, € WFDH(P).
2. 1fgoalG:+ ¢ V---V g, is successfuthenWFDH(P) Fp ¢1 V - - V qp.

Sketch of Proof It sufficesto prove the following two propositionshold by using
simultaneousnductiononthelevel {(I's) of D-SLStreel:

Sl notq V---Vnot g, € A%(D) if thegoalG : + qi, ..., g, isfailedandl(Ig) =
k>1;

S2 AL@)FpqiV---V g, if thegoalG : < ¢ V--- V g, is successfuandl(I'z) =
k>0.

Theorem 3. (Completenessf D-SL S Resolutionw.r.t. WFDS)
Let P bea disjunctivelogic program.Then

1 Ifqg V---Vq, € WFDSP), thenthegoal « ¢, V - -- V g, is successful.
2. Ifnot g1 V --- V not g, € WFDSP), thenthegoal G :+ ¢, ..., ¢, is failed.

This theoremfollows directly from the next lemma.
Lemma 2. Let P bea disjunctivelogic programand G a goal of P. Then

1. f WFDH(P) Fp g1 V --- V gn, thenthegoal G : < ¢1 V - - V g, is successful.
2. If not g1 V --- V not g, € WFDH(P), thenthegoal G : + ¢, - .., ¢, is failed.



Sketch of Proof It is enoughto shav that both of the following C1 andC2 hold by
usingsimultaneousnductiononthelevel I(I'g) = k:

Cl Fork > 1,if A*Y(0) Fp q1 V--- V q,, thenthegoalG : + q; V --- V g, is
successfuandits level is k.

C2 Fork > 1,if not q1 V --- V not q, € A% (D), thenthegoal G : « qi,...,qn iS
failedandits level is nomorethank + 1.

By the definition of WFDS", for ary atomsgqs, ..., q,, not g1 V --- V not q, €
WFDS* (P) if andonlyif ¢; € WFDS*(P) for someg;. Thus,thefollowing two theo-
remsfollows directly from Theoreml andthetwo theoremsabove.

Theorem4. (Soundnessf D-SL S Resolutionw.r.t. WFDS)
Let P bea disjunctivelogic program.Then

1. If goal G : « g; is failed for somey;, thennot g, V - - - V not q,, € WFDS (P).
2. IfgoalG:+ ¢ V---V g, issuccessfutheng; V --- V g, € WFDS(P).

Theorem5. (Completenessf D-SL S Resolutionw.r.t. WFDS')
Let P beadisjunctivelogic program.Then

1. Ifg V--- Vg, € WFDS (P), thenthegoal + ¢, V - - - V g, is successful.
2. Ifnot ¢1 V- -+ Vnot g, € WFDS (P), thenthegoal G : <+ g; is failed for somey;.

7 Conclusion

The main contribution of this paperis that we have proposeda top-dowvn procedure
D-SL S Resolutionfor disjunctive well-foundedsemanticsThis resolution-like proce-
dureextendsboththe Global SLS-resolutiorf10] andSLI-resolution8]. We provethat
D-SL S Resolutionis soundandcompletewith respecto the disjunctive well-founded
semanticsWVFDSandWFDS'. We know thatthe Global SLS-resolutioris aclassicpro-
cedurefor the well-foundedsemanticof normallogic programswhile SLI-resolution
is the mostimportantprocedurdor positive disjunctive programs.D-SL S Resolution
is actuallyanovel characterizatiofor WFDS" andthusprovidesa furtheryetpowerful
argumentin favor of thesemantic8WFDS'. Ontheotherhand theresultsin this paper
pave a promisingway to implementthe WFDS* by employing someexisting theorem
provers.Althoughthis pointhasheenmadeclearfor BrassandDix’s D-WFSin [3], no
top-dowvn procedurds providedfor their semantics.

It is worth notingthatD-SL S Resolutionin the currentform is not efficientyet. We
arecurrentlyworking on moreefficientalgorithmfor D-SL S Resolutiorby employing
sometechniquesuchasthetablingmethod[4].
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