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Abstract Finally, = will denote the complement af in the set of all

The formalism of causal production relations, in- propositions, anchu the sef{ -4 [ A € u}.

troduced ifBochman, 2008 is extended to causal 1.1 Causal production relations
rules with multiple (disjunctive) heads, purported

to provide a direct representation of indeterminate
causation. We describe both a monotonic and (sta-
ble) nonmonotonic semantics for disjunctive causal

In order to make the paper self-contained, we will give
first a brief description of causal production relations from
[Bochman, 200B This formalism constitutes, in effect, a

theories. It is shown, however, that disjunctive logical inference system for reasoning with ‘simple’ causal

causal rules are reducible to ordinary (singular) rules of the formd = B.
causal rules with respect to the stable semantics. Definition 1.1. A causal (production) relatioris a relation
= on the set of classical propositions satisfying the following

1 Introduction conditions:

Causal theories frorfMcCain and Turner, 1997are based (Strengthenmg) If A= BandB=C,thend = C;

on causal rules of the ford = B saying that, wheneved  (Weakening) If A= B andB F C, thenA=-C;

holds, B is caused. The formalism and its associated non{And) If A= BandA= C,thenA= B AC;

monotonic semantics have suggested a natural solution f

the frame and ramification pro%?ems in reasoning about a((:i—br) Iif A= C'andB=C,thenAv B=C;

tions (see, e.g[Giunchigliaet al, 2001 for a detailed ex- (Cut) If A= BandAA B=C,thenA=C,

position). In[Bochman, 2008 we have introduced a logical (Tryth) ¢ = t;

formalism of causal production relations and showed that i .

constitutes an adequate logical basis for reasoning with suckfals'ty) f=f.

causal rules. Though causal relations satisfy most of the rules for clas-
In this report, the formalism of causal relations will sical entailment, their distinctive feature is that they are ir-

be generalized to disjunctive causal rules of the formreflexive, that is, they do not satisfy the postulate= A.

A= By,...,B,. Such rules say, roughly, that, whenever Siill, it should be mentioned that the above formalism of

holds, one ofB; is caused. It was suggested alreadyLim, causal relations is thoroughly monotonic, since it satisfies

1994 that rules of this kind can be used for a direct descrip-Strengthening. According to the latter Af=- B is an accept-

tion of causal and action contexts that involve indeterminateble causal rule, then any causal rdle B = C will also be

effects. We describe both a monotonic and stable nonmonacceptable. Nevertheless, due to irreflexivity, the formalism

tonic semantics of disjunctive causal theories, and study thdetermines also a natural kind nbnmonotonicausal rea-

properties of this formalism. As our main result, however, wesoning. The latter is based on the requirement that all facts

will show that disjunctive causal rules are reducible to ordi-holding in intended models should be caused (explained) by

nary singular causal rules with respect to the stable semanticsther facts that occur. Accordingly, causal relations give rise

Finally, we will discuss the implications of this result for the to two semantic representations. The first is a monotonic se-

problem of representing indeterminate effects in causal reanantics of the causal rules, while the second one is the non-

soning. monotonic semantics that chooses preferred (explained) mod-
We will assume that our background language is a clasels from the monotonic semantics.

sical propositional language with the usual connectives and The monotonic semantics for causal relations is given be-

constants.F will denote the classical entailment. Through- low.

out the paper, b, . .. will denote finite sets of propositions, A bitheoryis a pair(«,«), wherea is a maximal classi-

while u, v, ... arbitrary such sets/\ a (\/ a) will denote the cally consistent set of propositions (a 'world’), whileis a

conjunction (resp. disjunction) of all propositions framAs  deductively closed set included in A causal semanticis a

a special caség))\ 0 (\/ @) will denote the constarit(resp. f). set of bitheories.



Remark. Since a deductively closed theory is faithfully rep- that A causes eitheB or - B, depending on whether the ad-
resentable by a set of worlds, bitheories naturally corresponditional conditionC' holds. Suppose now that the actual truth-
to possible worlds frames of the for(n, W), whereW isa  value ofC' is unknown to usq is a ‘hidden parameter’). Still,
set of worlds, andv € W. Such frames form a semantics the above rules convey a nontrivial information about the sit-
of the Universal Causal Logic (UCL), suggested Turner,  uations in question, namely that wherholds, than eithe3
1999. Accordingly, the causal semantics, described belowis caused orB is caused. As we will see, this information is
can be seen as just a notational variant of the latter. expressible using a disjunctive causal rdle> B, —B. Note
Definition 1.2. e A causal ruled = B holdsin a bitheory in this respect that this informatipn is completely lost in a sin-

(o, u) if either A ¢ a, or B € w. gula( causal rulel = B\/_ﬂ_B, whu;h always holds for ca_u_sal

’ ' relations (by Truth). This immediately suggests that disjunc-

e A= Bisvalid with respect to a causal semantig#f it tive causal rules could be used for a direct representation of
holds in all bitheories frons. indeterminate causation.

It can be easily verified that the set of causal rules that are It turns out that reasoning with disjunctive causal rules can

valid with respect to a causal semantics satisfies all the abo&lso be axiomatized in an inference system that will form a
postulates for a causal production relation. Moreover, for 1atural generalization of causal production relations.

given causal relation, we can constructdenonicalcausal We will consider disjunctive causal rules as rules holding
semantics as follows. primarily between finite sets of classical propositioass b
For a given causal relatios>, let C(u) denote the set of Wil be taken to mean that if all the propositions dnhold,
propositions caused by a set of propositianghat is then one of the propositions this caused. As we will see,
however, the set of propositions in the premises of the causal
Clu)={A|u= A}. rules can always be replaced by their conjunction, so dis-

junctive causal rules could also be seen as relations between

Now, a bitheory of a causal relation is defined as a pair propositions and sets of propositions.

(O"lcd(o‘))' wherecé Its a tworldtSltJ.Ch t?ﬁct(o‘) gl o (g,uc_?h We will use below an ordinary notation for premise and
wor tst ctc;]rrespl)on ft?l In erprel a ;o?s aF.a"TI ¢ ?ﬁ'e WItN €4 clusion sets in causal rules. Thusbh = ¢ will stand for
spect to the rules of the causal relation). Finally, the canonical | b= ¢, anda, A= will meana U {A} = 0, etc.

semantics of a causal relation will be defined as a setof allits — . ) o )
bitheories. Definition 2.1. A disjunctive causal relatiofis a binary re-

It has been shown ifBochman, 200Bthat the canonical lation=-on finite sets of classical propositions satisfying the

semantics is adequate for the source causal relation, whidR!lowing conditions:

immediately implies that causal relations are complete for th€Left Monotonicity)  If a = b, thenA, a = b;

above causal semantics. _ , (Right Monotonicity)  If a = b, thena = b, A;
Finally, the canonical semantics determines also a natura&l )

nonmonotonic semantider a causal relation. The latter is (cul)  If a=0b,AandA,a=b, thena=b;

defined as a set of all bitheoriés, C(«)) of the causal rela-  (Strengthening) If A= B anda, B =b, thena, A=-b;

tion, for whicha: = C(a). Such bitheories single out worlds (\weakening) If A F B anda=>b, A, thena = b, B;

that are both closed with respect to the causal rules and su E ft And If a. A h A )

that any proposition that holds in them is caused (explained;i. eft And) a, AN B= b, thena, A, B=b;

The resulting logical system has been shown to be adequaténd)  If a=b, A anda = b, B, thena=b, A\ B;

for nonmonotonic reasoning with causal theorief\M¢Cain (Or) If A,a=bandB,a=b,thenAV B,a=b;

and Turner, 1997in the following sense: (Falsity) £

e The postulates of causal relations preserve the nonmon(h-ruth) —t

tonic semantics of causal theories; o . . . .
_ . _ . . Similarly to ordinary consequence relations, a disjunctive
» Causal production relations constitute a maximal logiCcaysa] relation can be extended to arbitrary sets of proposi-

that preserves the nonmonotonic semantics of causglpns in premises and conclusions by requiramgnpactness
theories under arbitrary additions of causal rules (seor any sets of propositions, v,

Bochman, 200Bfor details). . ) .
[ B ) (Compactness)u = v if and only if « = b, for some finite

aCu,bCo.

2 Disjunctive causal relations o _

. . . . L As can be seen, a disjunctive causal relation forms a sub-
In this section we will describe a generalization of causal regystem of the classical sequent calculus in which Reflexivity
lations to disjunctive causal rules that involve sets of propojses not hold. Still, it is straightforward to show that the pos-
sitions in their heads. This generalization will naturally cor-y,|ates imply the following two general rules describing the

respond to well-known generalizations of normal logic pro- e|ation between causal inference and classical entailment:
grams to disjunctive logic programs. An apparent necessit

of rules of this kind for representing indeterminate causa’[ior%'-og'Cal Strengthening) If ¢ = A and A,a=b, then
could be justified as follows. ¢,a=b.

Suppose that we have two ordinary causal rdles” = B (Logical Weakening) If cE A anda = b, C, foranyC € ¢,
and A A =C'= —B. The rules can be interpreted as saying thena = b, A.



The above rules imply, in particular, that classically equiv-2.1  The monotonic semantics of disjunctive causal
alent propositions are interchangeable both in premises and  inference

conclusions of the causal rules. The first of the above rule)g\S we are going to show now, the causal semantics defined
gnplle? alsg lt)hatha.flmte_set of premises in a causal rule cayyjier for causal production relations turns out to be suitable
e replaced by their conjunction: also for disjunctive causal relations. To this end, we have only
) to define the notion of validity of disjunctive causal rules with
a=biff /\ a=b respect to a causal semantics.

Moreover, the above rules imply, in effect, that the con-Definition 2.3. t: r’?‘ rule a?fb will be Sa;]d tohold é‘”th
junction behaves in a fully classical way in the context of respect to a bitheorfe, u) if bu # 0 wheneven € o
disjunctive causal relations. This is not so, however, for dis- ® A rule a = b will be said to bevalid with respect to a
junction and negation. Thus, the conclusion sets in disjunc- ~ causal semantidS if it holds in all bitheories froms.

tive causal rules cannot be replaced with their classical dis- \we will denote by= 5 the set of all disjunctive causal rules
junctions; we have only that=-b impliesa=-\/b, though  {hat are valid in a causal semantis It can be easily veri-
not vice versa. Also, only one of the two structural rules forfieq that this set is closed with respect to the postulates for
negation holds for causal relations, namely disjunctive causal relations, and hence we have

(Reduction) If a = b, A, thena, =A = b. Lemma 2.4. For any causal semantids, = 5 is a disjunctive

.. . . ) causal relation.
Any set of disjunctive causal rules determines a unique

least disjunctive causal relation that includ&s it will be
denoted by=-A. The latter causal relation consists of all the
causal rules that are derivable fratn by the postulates for
disjunctive causal relations.

A bitheory of a disjunctive causal relatios- will be de-
fined as any bitheorya, u) such thaitx = . As shows the
lemma below, such bitheories can be seen as ‘closed’ witdfheorem 2.5. If B, is the canonical semantics for a dis-
respect to the causal rules-ef. junctive causal relation=, then, for any sets of propositions

v

In order to prove completeness, for any disjunctive causal
relation=-, we consider it€anonical causal semantic3he
latter will be defined as the s&t. of all minimal bitheories
of =. Then the following theorem shows that the source dis-
junctive causal relation is strongly complete for this seman-
tics.

7w’

Lemma 2.1. A bitheory(«, u) is a bitheory of a causal re-
lation = if and only ifb N u # @, for any causal rulex = b v=wiff wNu #£ 0, forany (o, u) € B, suchthat C a.

from=- such thatz C «.
=« The above theorem says that a causal e w belongs

If (o, w) is a bitheory of=-, andv an arbitrary deductively to a causal relations if and only if it is valid in the canonical
closed set such that C v C «, then(a,v) will also be a  causal semantics of-. Combining this with our previous
bitheory of=-. This indicates that the set of bitheories of a result, we finally conclude with
causal relation is determined, in effect, by its inclusion min-
imal elements Accordingly, the notion of a minimal bithe-
ory, defined below, will play an important role in what fol-
lows.

Corollary 2.6. A relation on sets of propositions is a disjunc-
tive causal relation if and only if it is determined by a causal
semantics.

. ] ] o Due to a direct correspondence between causal semantics
Deflmthn 2.2._A bitheory(«, u) of = will be calledminimal  gnd the possible worlds semantics frdffurner, 1999, it
if there is no bitheory«, v) of = such that C w. can be easily seen that our disjunctive causal relations cor-

The following result gives a convenient alternative descrip/€SPONd 10 a subsystem of Turner's UCL. Namely, a causal

tion of minimal bitheories. rulea= By, ..., B, corresponds to the UCL formula

Lemma 2.2. If « is a causally consistent world, then a pair /\ a— CByV---VvCB,.

(o, u) is @a minimal bitheory ofs- if and only if, for any propo- o ) .

sition A4, Thus, disjunctive causal relations correspond to causal the-

ories of UCL that involve modal formulas with only positive
occurrences of the causal opera@r(see alsdLin, 1994

The importance of minimal bitheories stems from the fol-about the use of such rules in representing the indeterminate
lowing fact: effects of actions).

Acu iff a=wa, A.

Lemma 2.3. If v=w, then there exists a minimal bitheory 3 Singular causal inference

(a,u) of = such thaty C awandw Nu = 0. L i i o )
Disjunctive causal rules having a single proposition in their

The above lemma plays the main role in the proof of theneads will be callecsingular in what follows. As can be
completeness theorem stated in the next section. seen from the semantic characterization, given in the preced-
ing section, such disjunctive rules have the same meaning as

1Such bitheories always exist due to compactness. causal production rules frobfBochman, 200B In this sense,



disjunctive causal relations subsume causal production rela- In order to give yet another important description of singu-
tions described in the latter paper. In this section we will givelar causal relations, let us consider first the following exam-
a precise characterization of disjunctive causal relations thaile:

correspond to causal production relations. B Example. Two singular rulesA A C = B andA A —C = —B
To begin with, the following fact can be easily verified:  imply A= B, B (by Right Monotonicity and Or), though

Lemma 3.1. The set of singular rules belonging to a disjunc- they imply neithetA =- B, nor A = -B.
tive causal relation forms a causal production relation. The above example shows that singular causal rules can

In what follows, the above causal production relation will 9€n€rate nontrivial disjunctive rules that cannot be decom-
be called thevormal subrelatiorof a disjunctive causal rela- PoSed directly into singular rules. As we are going to show,
tion. however, this example describes, in a sense, the only way

Actually, there is a quite simple and modular recipe hOWof producing nontrivial disjunctive rules from singular ones.

such a subrelation could be obtained from a given set of disThus’ the following theorem shows that, for singular causal

junctive causal rules relations, disjunctive effects are always ‘separable’ by adding
For any set of disjunctive causal rulés let us consider some further assumptions to the premises.
the following set of singular rules: Theorem 3.5. A disjunctive causal relation is singular if and
only if it satisfies the following condition:

N(A)={a, b= \/c|a=b,c€ A} If a=b,c, thena, A= b anda, - A = ¢, for some
Let us denote by, ) the least causal production rela- propositionA.

tion that includesV(A). Then the following result shows, in The above theorem amounts to saying that indeterminate
effect, that the seW (A) captures the ‘singular content’ df. effects arise in singular disjunctive causal relations only due
Theorem 3.2. =7, to _‘forgetting’ pf some relevar_lt_pa_\rameters. This character-
N(A) istic property is even more vivid in the following corollary
The above theorem shows that the set of singular caus&vhich has actually been used in the proof of the theorem):
rules derivable from a given set of disjunctive causal rdles
coincides with the set of rules that are derivable fryftA)
using only the postulates for causal production relations.

is the normal subrelation G- A.

Corollary 3.6. A disjunctive causal relation is singular if and
only if it satisfies the following condition:

Disjunctive causal relations that are generated by singu- a=Bi,..., B, iffthere are pairwise incompatible
lar causal rules constitute a disjunctive counterpart of causal ~ propositionsAy, ..., A, such that their disjunction
production relations. Accordingly, we will introduce the fol- is a tautology, and:, A; = B;, for anyi < n.
lowing

In order to obtain a more comprehensive picture of the role
Definition 3.1. A disjunctive causal relation will be called of disjunctive causal rules, it is also instructive to consider
singularif it is a least disjunctive causal relation containing cases when such rules dogically reducible to singular rules
some set of singular causal rules. with respect to disjunctive causal relations. For example, the
rule A= B, - B, discussed earlier, is equivalent to a pair of
singular causal ruled, B= B andA,-B = —-B. Thisis a
consequence of the following general fact;

Clearly, a disjunctive causal relaties is singular if and
only if it coincides with a least disjunctive relation that con-
tain all the singular rules from. In what follows, we are

going to give more instructive descriptions of such disjunc-Lemma 3.7. Arulea= By, ..., B, is reducible to the set of
tive causal relations. singular rules{a, B; = B; | ¢ = 1,...,n} and a constraint
The next corollary gives yet another characterization ofa, =B, ...,~B, =f if and only ifa, B;, B; = B;, for any

singular causal relations. It says that for such relationsj # j.

worlds produce only determinate effects. Note that the above characteristic condition for reduction
Corollary 3.3. A disjunctive causal relation is singular if holds, in particular, when alB; are incompatible, given,
and only if, for any worlde, o= b,c only if eithera=b  thatis, whem, B;, B; = f. For example (cf[Lin, 1996), a
ora=c. disjunctive rule

As immediately follows from the above corollary, singular a=BANC,BA-C,~-BAC
causal relations can also be described in terms of a certain _ . _
natural constraint on their canonical semantics. is reducible to the following set of singular rules:
A causal semanticB will be calledfunctional if for an
5 l y a,B=B  a,~B=-B

world o there is no more than one thearysuch that o, u) €
B. Then we have a,C=C a,~C=-C

Theorem 3.4. A disjunctive causal relation is singular if and a,~B,~C=f

only if its canonical causal semantics is functional. The above results show, in effect, that irreducibly disjunc-

Unfortunately, the above claim cannot be extended to arbitive rules can arise only in cases when their heads contain
trary causal semantics, since functional causal semantics doutually compatible propositions. For such rules, we need a
not always produce singular causal relations. different strategy.



4 The stable nonmonotonic semantics It is a good moment to recall now that the stable seman-

A nonmonotonic semantics for arbitrary theories of univer-ics of disjunctive logic programs (sd€elfond and Lifs-
sal causal logic has been suggestefTurner, 1999, Since  Chitz, 1991), a close relative of the stable causal semantics,
disjunctive causal relations form a subsysltem of UCL. thidS Problematic in its treatment of indeterminate information.

semantics can be immediately translated into our frameworkYa@mely, due to minimization that is involved in the defini-
tion of stable sets, the resulting stable semantics tends to give

Definition 4.1. A world a will be said to becausally ex-  an exclusive interpretation to disjunctions. It turns out that
plained with respect to a disjunctive causal relatien if  the same shortcoming is preserved by the above stable se-
(a, ) is @ minimal bitheory of=-. The set of all causally mantics for disjunctive causal theories. The following, now
eXplaIned WorldS will be Sa|d to fOI’m $Iab|e nonmonotonic We”_knowny example has been Suggested by Ray Reiter:

semanticof =. . .
) i ) Example. Suppose that we drop a pin on a board painted

As in the singular case, causally explained worlds of thepjack and white. As a result, the pin lands on the board in
stable semantics can be seen as worlds that are closed with igch a way that it touches either black or white acedoth
spect to the causal rules and, in addition, any proposition thayioreover, if the pin is large (or black and white areas are
holds in them is among the conclusions of some causal rulgmall), then a most probable effect is that the pin touches both
that is ‘active’ in the world. Accordingly, the stable semanticsp|ack and white areas.
appears as a natural, even almost inevitable, extension of the aop apparently natural representation of this situation could
nonmonotonic semantics for singular causal theories to thgg given using the main disjunctive causal rule
disjunctive case. In addition, in the general correspondence
between UCL and disjunctive default lodiGelfondet al, Drop = Black, W hite
1991], established ifTurner, 1999, causally explained in-
terpretations correspond to extensions of disjunctive defauttnd a couple of auxiliary causal assertions that need not
theories. Moreover, by the same correspondence, simple disother us here. Unfortunately, the stable semantics of the re-
junctive theories (with sets of literals as premises and consulting causal theory does not explain the world in which the
clusions of causal rules) can be translated into disjunctivein touches both black and white areas, though it readily jus-
logic programs, and then causally explained interpretationsifies worlds in which the pin touches only one of them. This
will correspond to answer sets of such programs. Summinghortcoming can now be made more vivid using our results.
up, there is a tight correspondence between the above semaraus, the above disjunctive rule is reducible to the following
tics and respectable semantics of nonmonotonic formalismthree singular rules:
and disjunctive logic programming.

Nevertheless, we are going to show now that the stable se- Drop, —~Black = W hite
mantics imposes quite a radical view on the role of disjunc- Drop, =W hite = Black
tive causal rules. Namely, such rules can be considered as an Drop= Black v White

inessential ‘syntactic sugar’ that can be uniformly reduced to
ordinary, non-disjunctive causal rules. To be more exact, the As has been shown ifBochman, 2008 the nonmono-

following quite surprising result can be shown: tonic semantics of a causal production relation is determined
Theorem 4.1. The stable nonmonotonic semantics of a dis-only by Horn (determinate) causal rules that belong to it. In
junctive causal relation coincides with the nonmonotonic se-our case, the last rule is not determinate, and hence only the
mantics of its normal subrelation. first two rules participate in determining the nonmonotonic
Recall that the the ‘singular content’ of a disjunctive the-Semantics. Note, however, that these two rules cannot be ap-

ory A is fully described by the set of singular ruldgA), plied simultaneously, due to the constraiitop A = Black A

defined eariier. Accordingly, as an immediate consequencg"? Pite = f that is implied by each of them. As a resul,
of the above result, we obtain the following such rules cannot give an explanation for a quite possible fact

Black N W hite.

There are two main options that are conceivable in deal-
ing with this situation; these options correspond to the two
: main components of our causal formalism. First, we have a
_ In other words, from the perspective of the stable semanggical (monotonic) formalism of disjunctive causal inference
tics, any disjunctive causal theory is reducible to its singulathat determines not only the internal logic of causal rules, but

Corollary 4.2. The stable nhonmonotonic semantics of a dis-
junctive causal theoryA coincides with the nonmonotonic
semantics of a singular causal theaW(A).

counterpart. also, and most importantly, an apparently plausible knowl-
_ ] edge representation framework for describing indeterminate
5 Discussion causal information. We could challenge this part of the for-

A general conclusion that could be made from the above reMalism and claim that disjunctive causal rules do not give a
sults is that, from the point of view of a stable nonmonotonicdi"€ct representation of nondeterminate effects.

semantics, any disjunctive causal rule is logically equivalenExample. (continued) Note first that some seemingly plau-
to a set of singular causal rules. In other words, disjunctivesible improvements of the above representation still do not
causal rules do not extend our representation capabilities iachieve the intended effect. For example, in order to allow
dealing with causation, even an indeterminate one. for a possibility of Black A W hite output, we could attempt



to use the following disjunctive rufe Proc. Second Int. Conf. on Principles of Knowledge Rep-

resentation and Reasoning, KR} es 230-237, Cam-
Drop= Black, W hite, Black A W hite. bridge. Mass, 1901 9, KR.9ag

Unfortunately, the latter rule is logically reducible to the [Giunchigliaet al, 2001 E. Giunchiglia, J. Lee, V. Lifs-
original rule with respect to disjunctive causal relations. Still,  chitz, N. McCain, and H. Turner. Nonmonotonic causal
a disjunctive rule with an intended behavior can be given for theories, 2001Atrtificial Intelligence(to appear).

this situation (se€Lin, 1994); it amounts to the following: [Lin, 199 F. Lin. Embracing causality in specifying the in-

Drop = BlackN—W hite, W hiteA—Black, Black AW hite. determinate effects of actions. Rroceedings AAAI-96
pages 670-676, 1996.

But in this case also we have that the rule is logically equiv-, Loboetal, 1994 J. Lobo, J. Minker, and A. Rajasekar.

Eleer?ltmtg §7S)Iet of singular rules (see the example followin Foundations of Disjunctive Logic ProgrammingMIT

- L . Press, Cambridge, Mass., 1992.
Continuing this line of thought, an even stronger claim i )

could be made, namely that we do not need disjunctive causdMcCain and Turner, 1997N.  McCain and H. Turner.

rules at all in order to represent indeterminate causal ef- Causal theories of action and change. Rroceedings

fects. Actually, one of the main contributions BficCain AAAI-97 pages 460-465, 1997.

and Turner, 1997consisted in showing that we usually can [Sakama, 1999C. Sakama. Possible model semantics for

represent an indeterminate causal information using ordinary, disjunctive databases. In W. Kim, J.-M. Nicolas, and

singular causal rules. Still, there is yet no systematic under- S, Nishio, editorsProc. 1st Int. Conference on Deduc-

standing whether we can always represent such an informa- tive and Oject-Oriented Databasgsages 369-383, N.Y.,

tion in this way. 1989. Elsevier.

There exists, however, an entirely different way of deal- . . -
ing with the above problem. If we take for granted that dis—[Tutirf?ggl 1Ir?t9e ?":ér;régnlelré%;cgga?ffgé\éersal causatioAr

junctive causal rules provide an adequate and natural rep-
resentation of indeterminate causation, we have no choice
but to question the adequacy of the stable nonmonotonic
semantics for disjunctive causal theories. Actually, in the
short history of disjunctive logic programming there have
been many attempts to define a semantics that would pre-
serve the usual inclusive understanding of logical disjunc-
tions, such as Minker's Weak GCWA (siboet al., 1994)

and Sakama’s possible model semantigakama, 1999 A
related idea has been pursuedHiter et al, 1993, where

the authors have suggested a semantics for circumscription in
which the disjunction is interpreted inclusively. It remains to
be seen whether a plausible nonmonotonic semantics of this
kind could be given also to disjunctive causal rules. These are
the questions that deserve further study.
AcknowledgmentMany thanks to Hudson Turner for exten-
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well as to the anonymous referee for instructive suggestions.
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