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A ResolutionCalculusfor Presuppositions

Manfr ed Kerber! and Michael Kohlhasée

Abstract. The semanticof everydaylanguageand the semantics
of its naive translationinto classicalfirst-orderlanguageconsider
ably differ. An importantdiscrepang thatis addresseth this paper
is aboutthe implicit assumptionwhat exists. For instance,in the
caseof universalquantificatiomaturallanguageusesestrictionsand
presupposethat theserestrictionsare non-empty while in classi-
cal logic it is only assumedhat the whole universeis non-empty
On the other hand, all constantamentionedin classicallogic are
presupposetb exist, while it makesno problemsto speakabouthy-
potheticalobjectsin everydaylanguageTheseproblemshave been
discussedn philosophicallogic and some adequatemary-valued
logics were developedto modelthesephenomenanuchbetterthan
classicafirst-orderlogic cando. An adequatealculus however, has
not yet beengiven. Recentyearshave seena thoroughinvestigation
of the framewvork of mary-valuedtruth-functionallogics. Unfortu-
nately restrictedquantificationsare not truth-functional hencethey
donotfit theframeawork directly. We solwe this problemby applying
recentmethodsrom sortedlogics.

1 Intr oduction

Fromthefirst attemptsof modellingeverydayreasoningwithin the
frameawork of classicallogic, it hasbeenknown that mary relevant
aspectzannotbe adequatelyexpressedn classicafirst-orderlogic.
Theattemptgo copewith thesehave leadto a varietyof logics.

In this paperwe addressone of theseproblems,namelythat of
so-calledpresuppositionswhere natural languageallows to draw
conclusionghat classicallogic doesnot warrant(for instanceim-
plicit consensughat universally quantified statementsange over
non-emptydomains) Thesephenomenaave beenwidely studiedin
the philosophyof language€rom a semantigoint of view, but lack
an efficient mechanisationwhich is a primary concernof artificial
intelligence.Oneof the morelogic-orientedwaysto copewith this
phenomenois to useafour-valuedlogic [3]. We take thislogic asa
startingpointof amechanisatioby aresolutioncalculus.

Therearetwo differentkinds of presuppositionghe quantifica-
tional onespresupposehat the domain of quantificationsis non-
emptyandthe existentialonesassumehe existenceof constantsin
naturallanguagethe first onesare mandatorywhereaghe second
kind is defeasiblg(it is possibleto talk aboutnon-«isting entities
in naturallanguage)Surprisinglyenoughthe standardsemanticof
classicallogic treatsthe two kinds almostthe oppositeway: con-
stantsalways musthave denotationsthatis, just speakingaboutan
objectmeanghatis mustexist (for instancespeakingaboutadragon,
meansthat thereis one),while quantificationsare unrestrictedand
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thereforealwaysrangeoverthewhole (non-emptyuniverseIn clas-
sicallogic the standardvay to restricta quantificationis the useof
animplication,which may, however, have anantecedentvith empty
domain.

A firstattempto overcomethis problemis to emplgy three-alued
Kleenelogic, whereathird truth valueundefined is assumedvhich
is givento every atomicformulacontaininga non-determinedbject
likeadragonThisapproacthasbeendisputedsinceit doesnotallow
hypotheticalreasoningof the kind “Let us assumehatall dragons
canfly andthat Tabalugds a dragon henceTabalugacanfly.” If we
assumethat Tabalugadoesnot exist, in a representationf Kleene
logic the laststatementan_f1y(Tabaluga) would be evaluatedto
undefined andnotto trueatall.

In [3] Begmannproposesa four-valuedlogic to copewith pre-
suppositions She essentiallyamguesthat the semanticalstatusof
a formula hastwo independentdimensionsfirst a classicaltruth
value,i.e., t or £, andseconda value,which tells whetherthe for-
mulais secure(i.e. talks aboutexisting objects)or not. In the case
can_fly(Tabaluga), theformulashouldbetruebutinsecure.

While the presuppositiorthat all mentionedobjectsexist is ade-
guateunlessthe oppositeis explicitly said,the quantificationalpre-
suppositionsof everyday languagediffer from thosein classical
logic. Forinstanceaneverydaysentencéke“All childrenof Jchnare
sleeping’presupposthatJohnreallyhaschildren.Thereforeherep-
resentatiorin classicalfirst-orderlogic Vz. child_of(z, John) —
sleeps(z) is not adequatesincethis sentences true even when
Johnhasno childrenatall.

To overcomethis problemBermgmannproposes restrictedquan-
tification of the syntacticform Vzcyi14 of(2,John)- Sleeps(z),
wherethe semanticof the quantifieris definedsuchthatfor a true
andsecureauniversallyquantifiedstatementherestrictionexpression
is assumedo be non-empty

Ourmechanisatiois basedntheworkof Carrielli [2], Hahnl€[5],
BaazandFerniiller [1], who have developedmethod<or theopera-
tionalisationof mary-valuedfirst-orderlogics. However all of these
approache$iave in commonthat they aretruth-functionaj thatis,
composedormulaeobtaintheir truth valuesfrom their components
and(for quantifiers)rom all instanceof the scope Thereforea di-
rectutilisationof thesemethodds impossiblefor Bergmanns logic,
sincethe quantifiersangeonly over arestricteddomain.

2 Logic

Themainfeatureof Bergmanns$logicfor presuppositiong] is atwo-
dimensionaketof truth values wherethe classicakwo arereplaced
by four truth-valueswhich arerepresentedby pairs,wherethe first
componentonsistsof the valuestrue and false,andthe secondof
thevaluessecureandinsecureln thefollowing we denotethesetruth
valuesby t*, £+, +~, andf .



In this paper we further formaliseBergmanns logic andin par
ticular presenta resolutioncalculusfor this logic. Startingfrom an
approachik e thatin [6] wherewe have presented mechanisatioof
three-aluedKleenelogic, the main problemof this work is to give
a propertreatmentof restrictedquantificationandtheir presupposi-
tions. The rangeof the quantifiersis restrictedand assumedo be
non-empty

In thefollowing we presenthelogic systentPL, whichis avariant
of Bergmanns ideasfrom [3]. The treatmentof the restrictionpart
of a quantificationis very similar to the sorttechniquegieveloped
in [8].

Definition 2.1 (Signature) A signatue Z: = (V, F, P) consistsof

the following disjoint sets:V is a countablyinfinite setof variable
symbols F is a setof functionsymbolsandP is a setof predicate
symbolghatcontainsaspecialpredicateD, calledsecuritypredicate.
ThesetsF andP aresubdvidedinto thesetsF* of functionsymbols
ofarity k andP* of predicatesymbolof arity k. Notethatindividual

constantarejustnullary functions.

Definition 2.2 (Termsand Formulae) We definethesetof termsto
be the setof variablestogethewith compounderms f(t%, ..., t*)
for termst!, ..., t* and f € F*. The setof formulaeconsistsof
atoms(P(t',...,t*), where P € P) andof compoundiormulae
AANB,AVB,A— B,-A,'A, TA,Vzs. A, and3zs. A, where
A, B, andS areformulae.

Theintendedmeaningof the restrictedquantificationvVz s. A is
thatA holdsfor thesetof all z for which S holds,andthatfurthermore
this setis nonempty The meaningof ! A is that A is secureandthat
of TA isthat A holds,but maybeinsecure.

Notethattheconcepbf restrictedjuantificatioris ageneralisation
of sortedlogics,wherevariablesarerestrictedby so-calledsorts,i.e.
unarypredicateskor ary unarypredicateP € P therestrictecquan-
tificationVz p,. A is equivalentto the sortedquantificationvz p. A
asit canbefoundin sortedlogics.

Foranintuitivetreatmenof presuppositionfer terms(correspod-
ingto questionsvhethePggasusexists,whetheiit isahorse prabout
thenatureandexistenceof it’ sleft fronthoof)we useasetof so-called
termdeclarations.

Definition 2.3 (Term Declarations) Let A be a formula, thenwe
call A* (theformula A indexed with the intendedtruth valuea €
{tT,f*,t ~,f }), alabelledformula Theset7D of termdecla-
rationsis a setof labelledformulae.

We now will definethe four-valued,two-dimensionakemantics
for PL by decoratingthe truth value of a formula with a “security
value”. Thusthe setof truth valuescontainst™ and£* for secure
truthandfalsityandt ™, £~ for theinsecureones.

Definition 2.4 (Z-Algebra) Let X beasignaturethenapair (A, Z)
is calledaZ-algebrawith carrier setA, iff theinterpretationfunction
7 mapsF and?P to functionsandpredicate®f theappropriatearity
over A. Theonly restrictionwe poseis thatZ(D) ¢ {t *,f T}.

We call elements: € A secug, if Z(D)(a) =t T, elseinsecueg,
andwe subdvide A into subsets4™ of secureand A~ of insecure
elementsOurdefinitionof semanticentailsthat4 = AT UA™ and
ATNA™ =0.

Note that our treatmentof undefinedelementsdiffers from the
Kleeneapproachakenin [6], whereall undefinecelementsareiden-
tified, sinceherewe wantto be ableto reasonaboutpropertiesof
undefinedbjectsinsteadof only statingundefinedness.
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Definition 2.5 (Z-assignment) Let (A, Z) be a Z-algebrathenwe
call a total mappingy:V — A a Z-assignmentWe denotethe
>-assignmenthat coincideswith ¢ away from x andmapsz to a
with ¢, [a/x].

Definition 2.6 Lety beaZ-assignmeninto a-algebra(A, Z) then
we definethevaluefunctionZ,, fromformulaeto A inductively to be
1. Z,(f) :==Z(f). if fisafunctionorapredicate.
2. I, (z) := ¢(x), if zisavariable.
3. T, (f(t, ..., t%) = Z(F)(Z, (1Y), ..
functionor predicate.

Notethatthis definitionappliesto P and.F alike,thuswe have given
thesemantic®f all atomicformulae.

LI.(t%), if fis a

Definition 2.7 Thevalueof aformuladominatedy a connectieis
obtainedrom thevalue(s)of the subformula(e)n atruth-functional
way. Thereforet sufficesto definethetruthtablesfor theconnecties:

Attt - VI ttfteo - - |
tH|tt ft - f- tH|ttttt- t- tr|f+
frHft ft f- f- fritt ft - f- fr|tt
t=|t- f-t- f- tT |ttt t- t|f -
f=|f- f= f= f~ f=|t- f= t- f~ f=(f~
- tTfr it f- T | |
tH(tt ft - f- tT|tt tH|tt
frittttt— t— fr{f+ fr|t+
t= [t~ f-t- f~ t—|tt t—[ft
folt t-t- t- fo|ft fo(ft

For formula.S andeachvariablez (we call the pair (z, S) arestric-
tion) let

Af(Sx) =

{a €EA | I%[a/x]S € {t +,t 7}}
{a€ A| T /mS=1"}

Wecallarestriction(z, S) emptyif AZ (S, z) is. With thiswecande-
finethesemanticef theuniversalquantifietby requiringZ,, (Vz s. A)
to be

o t T,ifZ, ) ,jA =t T foralla € AZ(S, z) and A} (S,z) # 0

o T+, if thereisana € AX(S,z) With Z,, [o/sA = F

ot ifZ, [0/mA={t T t " }foralae AL(S,z),

butZ, (/414 = t ~ for somea € A} (S, z).
o f~,if thereisana € AL(S, z) WithZ,, [, /s)A = ~

Note thatwith this definition, the conditionthat p(z) € AZE (S, )
is consered.We call this conditionwell-sortednesf assignments.
Consequentlyall assignmentin the constructionof the semantics
of asentencarewell-sorted,if we startfrom the emptyassignment
(which we canalwaysdo, sincelike in classicalogic thevalueof a
formulaonly dependon thosefor it's free variables) Thuswe will
restrictourselhesto well-sortedassignments.

With the specificationof the behaiours of the connecties and
quantifierswe have completedthe definition of the semanticsof
formulae.We saythat a labelledformula A® is satisfied by ¢, iff
Z,(A) = aandvalid, iff it is satisfiecby all well-sortedassignments.

Remark 2.8 Now we can further study the relation of restricted
quantificatiorto sortedogics.Thoseusuallydefinethecarrier Ap C
Aforary sort(unarypredicateP? € P)asAp = {a € A | Z(P)(a)
=t } andusethatto definesortedquantificationasZ, (Vz p. A) to
betrue,iff Z,, 1o /01(A) istruefor alla € Ap. Notethatsortedogics
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usuallyassumehatthe As arenon-empty andtherefordeadto the
samepresuppositionasPL onthesortedfragment.

We exploit this similarity in this paperby generalisingsorttech-
niquesfor themechanisatioof PL.

Definition 2.9(Z-Model) Let A be a formula, thenwe call a Z-
algebraM = (A, Z) aZ-modefor A (written M = A),iffZ,(A) =
t * for all Z-assignments. With this notionwe candefinethe no-
tionsof validity, (un)-satisfiability andentailmentin the usualway.
For aset7TD of termdeclarationsywe saythat M is a 7D-Model, iff
all labelledformulaein 7D arevalid (cf. 2.7).

In thefollowing wewill only consider7D-models Fromapurely
theoreticalpoint of view, term declarationsdo not yield more ex-
pressvity, sincethey canbe axiomatisedary intendedtruth value
canbe characterisethy combinationsof the connecties! and'T).
However, from a practicalpoint of view, the term declarationgpro-
vide a corvenientmeanf specifyingthe beliefaboutexistenceand
sortalityin theworld. Furthermorethetermdeclarationganbeused
for optimisationsof the calculusby sortedunificationasin [7].

Remark 2.10 The*“tertium nondatur” principleof classicalogic is
no longervalid, sinceformulaecanbeinsecurejn which casethey
areneithertruenorfalse We dohowever have a“quintumnondatur”
principle,thatis, formulaeareeithertrue or false, but independently
they canbe secureor not, which allows usto derive the validity (i.e.
thatit is trueandsecuren all models)of a formulaby refutingthat
it is falseor insecureor both. We will usethis obseration in our
resolutioncalculusbelow.

3 ResolutionCalculus (RPL)

In this sectionwe presenta resolutioncalculusRPL thatis a gen-
eralisationof theresolutioncalculusfor partialfunctions[6], which
in turnis ajoint generalisatiolof Weidenbacls logicswith dynamic
sorts[8] with ideasfrom [1, 5]. Therearetwo variantsof the sorted
calculuswe have generalisedbothfor our purposeshut in this paper
we only presenthefirst (simpler)versiondueto thelack of space.

Definition 3.1 Wewill call alabelledatomL* aliteral anda setof

literals{L{?, ..., L% } aclause WesaythataZ-modelM satisfies

clauseC, iff it satisfieooneof its literalsL* € C, thatis, Z, (L*) =

a. M satisfiesa setof clausesff it satisfieseachclause.ln order
to consere spacewe emplg the“,” asthe operatoifor thedisjoint
unionof setssothatC, L* meangC U{L" } andL® is notamember
of C. Furthermorewe adoptHahnles notion of multi-labelsin the
form C, A*® tomeanC, A%, A®.

Now we arein the positionto give a setof transformationsghat
take a setof labelledformulaeto a refutationallyequialent set of
clauses.

Definition 3.2 (Transformations to ClauseNormal Form)

C,(ANB)" C,(ANB) "

f+

c. At oB” c,A".B

3 Thelogicsof CohnandWeidenbacli4, 8] do avay with this restrictionthat
hasalwvaysbeenconsideredasa technicalanomalythat hasalleviatedthe
needof speciakreatmentsn thetransformatiorio clausenormalform and
for instantiationsn theresolutioncalculus:A unifierthatcontainsvariables
of sortsthatareemptydoesnotleadto a correctrefutation.
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C,(AAB)

c,AT.BT ¢ A ,BT cAT B

C.-A7T G g ay GA)T

c A" c,

c A" C AT

t+

C, (Vzs. Alzs])

/a8t
C, (Vos. Alzs])'

S0) I oA (I
C, (Vzs. Alzs])

CAIfY -y O fW - y™)/2]S)

C, Alzs]T O fGN ...

CAlf (- ™)/l

tte—

c, AT oA’

c(a) oA
c, AT oAt c c
+ +
C,(TA C,TA ¢ (Tay” ¢, (TA) "
c, AT AT c c

where{zs,y",...,y"} = FregA) andf is anew functionsymbol
of arity n. HereFreg A) denoteshesetof freevariablesof A.

Thetransformationsanbedirectly derivedfrom the semantic®f
theconnectiesandquantifiersDueto spaceaestrictionave have not
presentedll of themabove. Notethatthetransformation$or theuni-
versalgquantifierhave to associateherestrictionS with thevariable
x, thatis, in the resolutionsetting,we assumevariablesto be pairs,
consistingof a symbolanda restriction.FurthermoreSkolem func-
tions have to consere securityandinsecurity In particularSkolem
constantsrealwayssecure.

Note that this setof transformationss confluent,thereforeary
total reductionof aset® of labelledsentencesesultsin a uniqueset
of clausesWe will denotethis setwith CNF(P).

Assumption 3.3 The clausenormal form transformationsas pre-
sentedabove are not complete thatis, they do not transformevery
givenlabelledformulainto clauseform, sincetherulesfor quantified
formulaeinsistthattheboundvariableoccursin thescopeln factthe
handlingof degeneratequantificationgposessomeproblemsin the
presenc®f possiblyemptyrestrictionsasquantificationover empty
setsarevacuoushtrue.ln thissituationwe have threepossibilities gi-
thertoforbid degeneratguantificationspremptyrestrictionsprtreat
degeneratguantificationsn theclausenormalformtransformations.
For this paperwe chosethefirst, sincedegenerateuantificationglo
notmake muchsensenddonotappeain everydaylanguageSeg7]
for theotherpossibilities Thuswe will assuméhatin all formulaein
this paperthe boundvariablesof quantificationoccurin thescopes.

As usualthereductionto clausenormalform conseressatisfiability

Theorem 3.4 Let ® be a setof labelledsentenceshenthe clause
normalform CNF(®) is satisfiableiff ® is.
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Proof sketch: Theassertiorcritically dependson the factthatthe
notion of satisfiabilityemplo/ed theretakestherestrictionsinto ac-
count: A clauseis valid in a Z-model M, iff for one literal L%
Z,(L) = « for all well-sortedassignmentsp into M. With this
notion, the assertioncan be reducedto the standardargumentation
aboutSkolemisationand a tediouscalculationwith the truth tables
from 2.7. O

Now weproceedo giveasimpleresolutiorcalculuswhichutilises
standardunsortedjunification.In [7], we have furtherimproved a
similar calculusby usinga sortedunificationalgorithm,which dele-
gategpartsof the searchinto the unificationalgorithm.For unsorted
substitutionsnaive resolutiorrule is unsoundThereforewve have to
adda residual(the restrictionconstraintithatensureghe soundness
(with respecto therestrictionson thevariables)of the unifier.

Definition 3.5 (Restriction Constraints)
Leto = [t'/z5,],. .., [t"/z%,] beasubstitutionthenwe definethe
restrictionconstaint for o to betheclause

fHf—

Re(o) = {([t"/2"18)" ™", . (" /) Sa) T}

Thesdabelledformulaeareresiduatedn the RPL rulesandhave
to be refutedin orderto guaranteghat Ai(S,t) holds (cf. defi-
nition 2.7) for every instancet instantiatedfor a variablez with
restriction$.

Definition 3.6 (ResolutionInfer enceRules(RPL))

L~ C M?. D
Res
a(C),a(D),RC(o)

L, M*,C
a(L%),a(C), RC(o)

Fac

wherea # 3 ando is themostgeneralnifierof L and M. Herewe
have assumedr and 3 to be singletruth values,naturallythe rules
canbeeasilyextendedo setsof truth values.

Remark 3.7 Notethatclauses:ontainingAt+f+‘_f_ aretautolog-
ical and can thereforebe deletedin the generationof the clause
normalform aswell asin thedeductiorprocessThecalculuscanbe
extendedby the usualsubsumptiorrule, allowing to deleteclauses
thataresubsumedsupersets).

Definition 3.8 Let A beasentencand® betheclausenormalform
of theset{{A" " ' " }} thenwe saythat A canbeprovenin RPL
(+ A), iff thereis aderivationof theemptyclaused from ® with the
inferencerulesabore.

Theorem 3.9 (Soundness)RPL is sound.

Proof sketch: Thesoundnesef theresolutionandfactoringrulesis
establishedn the usualway taking into accountthat the restriction
constraintamale the substitutions‘well-sorted” and thus compati-
ble with the semanticsThe restrictionconstraintsadd two literals
([t/x]S)ﬁ, ([t/x]S)f_ per componenif the substitution,which
only canberefutedif indeed([t/«]S)*" or ([t/2]S)t™ arevalid.[]

Definition 3.10 LetC := {L3*,..., Ly" } beaclausethenthecon-
ditional instantiationo | (C) of o to C is definedby

ol (C) ={o(LT?),...,0(L3")} U RC(U|FreQC))

Thefollowing resultfrom [8] is independemnf thenumberof truth
values.
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Lemma 3.11 Conditionalinstantiationis sound:for anyclauseC,
substitutiorr andZ-modelM wehavethatM = o] (C), wheneer
MEC.

Definition 3.12 Let A beasentencandCNF(A) betheclausenor
malform of A, thenwedefinetheHerbrandsetof clause<CNF  (A)
for Aas{al (C) | C € CNF(A), o ground Dom(c) = FreqC)}

Definition 3.13 Wewill calltwo literals L* andL” complementary

if o 3.

Definition 3.14(Herbrand Model) Let ® be asetof clausesthen
the Herbrandbase? (®) of @ is definedto bethe setof all ground
atomscontainingonly function symbolsthat appearin the clauses
of @. If thereis noindividual constanin @, we adda new constant
c. A valuationv is a function H(®) — {t *,f *,t = ,f ~}. Note
thattheseliterals are not complementangincev is a function. The
>-Herbrand model# for @ and v is the set # = {L* | a =
v(L),L € H(P)}.

Wesaythata>-HerbrandnodelH satisfies clausesetd iff for all
groundsubstitutions andclauses’ € ® wehave ol (C)NH # 0.
A clausesetis called Z-Herbrand-unsatisfiabléff thereis no Z-
Herbrand-modéefor ®.

Theorem 3.15(Herbrand Theorem) Let A bea formula,thenthe
clausenormal form CNF(A) hasa 2-modeliff CNFz(A) hasa
>-Herbrand-model.

Proof: Let M = (A,Z) beaX-modelfor ® := CNF(A). Theset
H={L" | L e H(D),a =T,(L)}

is a Z-Herbrandmodelfor W := CNFg (4) if ¢ is anarbitrary =-
assignmentsinceolviously Z,, is a valuation.To shav thatindeed
H is a Z-Herbrandmodelfor ¥, we assumethe opposite that is,
thereis a clauseC € W, suchthat N C = . SinceC € ¥
thereis a substitutiono = [¢'/z%,] andaclauseD € ®, suchthat
C =0l (D)=0(D)URC(o).

Without loss of generalitywe canassumehat Z(S;)(Z, (t*)) €
{t*,t7}, sinceotherwiseZ, ([t'/z:]S*) € {£T, £~ }, andtherefore
([t*/=:]S%)” € H fory € {£T,£~}, which contradictdthe assump-
tion. Thusthemappingy := ¢, [Z,, (t*)/x’] is aZ-assignment.

Note that since M is a model of ®, we have that M | D
andthereforethereis a literal L* € D, suchthata = Z,(L) =
Z,(a(L)), hences (L) € H, which contradictgheassumption.

Fortheconversedirectionlet { beaZ-Herbrandmodelfor ¥ and
A the Herbrandbasefor . Furthermordet Z(f™) andZ(P"™) be
partialfunctions,suchthat

T .. ™) = (. ) i R M) e A
Z(P™)(t...,t") ==a iff (P"(t,...,t")*€H

We proceedby corvincing oursehesthat M | ®. Let C' € ® and
¢ = [t'/a,] be anarbitrarywell-sorted>-assignmentSince A is
a setof groundtermse is alsoa groundsubstitutionand morewer
([t /2:]S:))*" € H or ([t/2:]S:)*~ € H by constructiorof Z and
thefactthaty is well-sorted.

H is aZ-Herbrandmodelfor W andthus ¢} (C)NH = (p(C) U
RC(p)) NH # B. Becausé{ cannotcontaincomplementarjiterals
we must alreadyhave a literal o(L*) € ¢(C) N H. Now let v
be the valuation associatedvith . Since o(L*) € H we have
a =v(p(L)) = Z,(L), whichimpliesM =, L. We have taken
C andyp arbitrary sowe gettheassertion. O
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Corollary 3.16 A set®d of groundunit clauseds unsatisfiabldff it
containstwo complementariterals.

Theorem 3.17(Ground Completeness)Let ® be an unsatisfiable
set of ground clauses,then there existsa RPL derivation of the
emptyclausefrom®.

Theorem 3.18(Completeness)RPL is complete

Proof sketch: For the proof of this assertiorwe combinethe com-
pletenessesultfrom thegroundcasewith alifting argumentlt turns
outthatthelifting propertycanbe establishedby methodsrom [8],
sincethey areindependentf the numberof truth values. O

4 Example

At first we wantto give anexamplefor quantificationapresupposi-
tionsandthenshortlydiscussxistentialpresuppositions.

Let us assumethe following information. Thereis a compay
TheConpany which wantsto fire people,but they have a social
touchanddon't fire ary personsvhich have children.We areworried
whetherJohnwill be fired, but thenwe hearthat his childrenare
sleepinglmplicitly we canconcludefrom thisinformationthatJohn
haschildrenandhencewill notbefired.

This canbeencodedn PL by thefollowing statement§:

A Vzp. fires(TheCompany,z) — —parent(x)
B Vzp. (Jyp. child(y,x)) — parent(z)

C VZchild(e,John) Sleeps(z)

T —fires(TheCompany, John)

with thetermdeclaration§D(TheCompany))*™ and(D(John))t™ .
In orderto prove thetheoremT, thefollowing generalisedlauseset
hasto berefuted:

A (Vzp. fires(TheCompany, ) — —parent (m))t+

B (Vzp. (Jyp. child(y,z)) — parent(z))""

t+

C (Y%child(s,John) Sleeps(z))

T (ﬂfires(TheCompany,John))t_’f+’f_
By therulesfor forming a clausenormalform we gettheclauses:

Al (fires(TheCompany, xp))f+, (parent (mD))f+

A2 D(cy)t"

Bl (child(yp, xp))f+, (parent(x))t+

B2 D(co)t"

B3 D(cs)t"

C1 (sleeps(Zchild(e,Johm))®

C2 (child(cs, John))t"

C3 D(ca)t”

T (fires(TheCompany, John))f_ ,
(fires(TheCompany, John))t+,
(fires(TheCompany, John))®~

By resolutionwe getfrom Res(B1,C2):

R1 (parent(John))*", (D(ca))t", (D(ca))t™
Two-timesresolvingwith C3resultsin:

R2 (parent(John))t+
whichin turn canberesohedwith A1:

4 There is atypo in the treatment of formula B in
the proceedings, which is corrected here.
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R3 (fires(TheCompany, John))f+,
(D(John))E" | (D(Jonn))E™

Thelasttwo literals canbe resohed awvay usingthe term decla-
ration (D(John))t+ . T canberesohedthreetimeswith theresult-
ing unit (fires(TheCompany, John))f+ , Wherebyfinally theempty
clauseis derived.

Pleaseotethatin adirectfirst-ordertranslatiorof theabove text,
theessentiainformationin C2thatJohnhasachild cannotederived
andhenceno proofcanbefound.

The secondorm of presuppositionsoncerrthefactthatall con-
stantsof classicallogic exist just becauseof mentioningthem. For
instance classicallogic is not a goodtool for a disputeof a theist
andan atheistaboutthe existenceof God, sinceif the atheistonly
mentionsGod,hewouldadmittheexistenceof God.In PL, however,
the statusof statementsboutconstantsanbe insecureandin par
ticular no existenceis assumedunlessotherwisespecifiedby term
declarations.

5 Conclusion

We have developeda four-valuedlogic for the formalisationof ev-
erydayreasoningwith presuppositionsThis systemgeneraliseshe
systenproposedy Bergmannin [3]. Furthermoreve have presented
asoundandcompleteresolutioncalculusfor our systemwhich uses
thesortmechanisnto captureBergmanns restrictedquantifications.

Our calculuscanbe seenas an extensionof classicallogic that
combineanethoddrom mary-valuedlogics(cf. [1, 5]) for acorrect
treatmentof the secureand insecureinformation and ordersorted
logics (see[8]) for an adequatdreatmentof restricteddomains.In
contrasto the partialfunctioncalculiin [6, 7] PL doesnotidentify
theinsecureobjects However, justlike in thesdogics,mostdefined-
nesspreconditionscan be taken careof in the unification, making
inferencingquite efficient.

Even thoughthe researchon presuppositionsn linguistics has
nowvadaysurnedto dynamicandmorepragmaticallydrivenanalyses,
and away from the multi-valued treatment,this is not a counter
argumentto our system.In contrastto classicallogic P£ malesit
possibleto specify (and reasorwith) presuppositionsso that once
thelinguisticanalysesreusedfor reasoningsomesystemlike our’s
will beindispensable.
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