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Abstract

The formalism of causal production relations, in-
troduced in[Bochman, 2003], is extended to causal
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
theories. It is shown, however, that disjunctive
causal rules are reducible to ordinary (singular)
causal rules with respect to the stable semantics.

1 Introduction
Causal theories from[McCain and Turner, 1997] are based
on causal rules of the formA⇒B saying that, wheneverA
holds,B is caused. The formalism and its associated non-
monotonic semantics have suggested a natural solution for
the frame and ramification problems in reasoning about ac-
tions (see, e.g.,[Giunchigliaet al., 2001] for a detailed ex-
position). In[Bochman, 2003], we have introduced a logical
formalism of causal production relations and showed that it
constitutes an adequate logical basis for reasoning with such
causal rules.

In this report, the formalism of causal relations will
be generalized to disjunctive causal rules of the form
A⇒B1, . . . , Bn. Such rules say, roughly, that, wheneverA
holds, one ofBi is caused. It was suggested already in[Lin,
1996] that rules of this kind can be used for a direct descrip-
tion of causal and action contexts that involve indeterminate
effects. We describe both a monotonic and stable nonmono-
tonic semantics of disjunctive causal theories, and study the
properties of this formalism. As our main result, however, we
will show that disjunctive causal rules are reducible to ordi-
nary singular causal rules with respect to the stable semantics.
Finally, we will discuss the implications of this result for the
problem of representing indeterminate effects in causal rea-
soning.

We will assume that our background language is a clas-
sical propositional language with the usual connectives and
constants.² will denote the classical entailment. Through-
out the papera, b, . . . will denote finite sets of propositions,
while u, v, . . . arbitrary such sets.

∧
a (

∨
a) will denote the

conjunction (resp. disjunction) of all propositions froma. As
a special case,

∧ ∅ (
∨ ∅) will denote the constantt (resp.,f ).

Finally, u will denote the complement ofu in the set of all
propositions, and¬u the set{¬A | A ∈ u}.
1.1 Causal production relations
In order to make the paper self-contained, we will give
first a brief description of causal production relations from
[Bochman, 2003]. This formalism constitutes, in effect, a
logical inference system for reasoning with ‘simple’ causal
rules of the formA⇒B.

Definition 1.1. A causal (production) relationis a relation
⇒ on the set of classical propositions satisfying the following
conditions:

(Strengthening) If A ² B andB⇒C, thenA⇒C;

(Weakening) If A⇒B andB ² C, thenA⇒C;

(And) If A⇒B andA⇒C, thenA⇒B ∧ C;

(Or) If A⇒C andB⇒C, thenA ∨B⇒C;

(Cut) If A⇒B andA ∧B⇒C, thenA⇒C;

(Truth) t⇒ t;

(Falsity) f ⇒ f .

Though causal relations satisfy most of the rules for clas-
sical entailment, their distinctive feature is that they are ir-
reflexive, that is, they do not satisfy the postulateA⇒A.
Still, it should be mentioned that the above formalism of
causal relations is thoroughly monotonic, since it satisfies
Strengthening. According to the latter, ifA⇒B is an accept-
able causal rule, then any causal ruleA∧B⇒C will also be
acceptable. Nevertheless, due to irreflexivity, the formalism
determines also a natural kind ofnonmonotoniccausal rea-
soning. The latter is based on the requirement that all facts
holding in intended models should be caused (explained) by
other facts that occur. Accordingly, causal relations give rise
to two semantic representations. The first is a monotonic se-
mantics of the causal rules, while the second one is the non-
monotonic semantics that chooses preferred (explained) mod-
els from the monotonic semantics.

The monotonic semantics for causal relations is given be-
low.

A bitheory is a pair(α, u), whereα is a maximal classi-
cally consistent set of propositions (a ’world’), whileu is a
deductively closed set included inα. A causal semanticsis a
set of bitheories.



Remark.Since a deductively closed theory is faithfully rep-
resentable by a set of worlds, bitheories naturally correspond
to possible worlds frames of the form(α, W ), whereW is a
set of worlds, andα ∈ W . Such frames form a semantics
of the Universal Causal Logic (UCL), suggested in[Turner,
1999]. Accordingly, the causal semantics, described below,
can be seen as just a notational variant of the latter.

Definition 1.2. • A causal ruleA⇒B holdsin a bitheory
(α, u) if eitherA /∈ α, or B ∈ u.

• A⇒B is valid with respect to a causal semanticsB if it
holds in all bitheories fromB.

It can be easily verified that the set of causal rules that are
valid with respect to a causal semantics satisfies all the above
postulates for a causal production relation. Moreover, for a
given causal relation, we can construct itscanonicalcausal
semantics as follows.

For a given causal relation⇒, let C(u) denote the set of
propositions caused by a set of propositionsu, that is

C(u) = {A | u⇒A}.
Now, a bitheory of a causal relation is defined as a pair

(α, C(α)), whereα is a world such thatC(α) ⊆ α (such
worlds correspond to interpretations that are closed with re-
spect to the rules of the causal relation). Finally, the canonical
semantics of a causal relation will be defined as a set of all its
bitheories.

It has been shown in[Bochman, 2003] that the canonical
semantics is adequate for the source causal relation, which
immediately implies that causal relations are complete for the
above causal semantics.

Finally, the canonical semantics determines also a natural
nonmonotonic semanticsfor a causal relation. The latter is
defined as a set of all bitheories(α, C(α)) of the causal rela-
tion, for whichα = C(α). Such bitheories single out worlds
that are both closed with respect to the causal rules and such
that any proposition that holds in them is caused (explained).
The resulting logical system has been shown to be adequate
for nonmonotonic reasoning with causal theories of[McCain
and Turner, 1997] in the following sense:

• The postulates of causal relations preserve the nonmono-
tonic semantics of causal theories;

• Causal production relations constitute a maximal logic
that preserves the nonmonotonic semantics of causal
theories under arbitrary additions of causal rules (see
[Bochman, 2003] for details).

2 Disjunctive causal relations
In this section we will describe a generalization of causal re-
lations to disjunctive causal rules that involve sets of propo-
sitions in their heads. This generalization will naturally cor-
respond to well-known generalizations of normal logic pro-
grams to disjunctive logic programs. An apparent necessity
of rules of this kind for representing indeterminate causation
could be justified as follows.

Suppose that we have two ordinary causal rulesA∧C⇒B
andA ∧ ¬C⇒¬B. The rules can be interpreted as saying

thatA causes eitherB or ¬B, depending on whether the ad-
ditional conditionC holds. Suppose now that the actual truth-
value ofC is unknown to us (C is a ‘hidden parameter’). Still,
the above rules convey a nontrivial information about the sit-
uations in question, namely that whenA holds, than eitherB
is caused or¬B is caused. As we will see, this information is
expressible using a disjunctive causal ruleA⇒B,¬B. Note
in this respect that this information is completely lost in a sin-
gular causal ruleA⇒B∨¬B, which always holds for causal
relations (by Truth). This immediately suggests that disjunc-
tive causal rules could be used for a direct representation of
indeterminate causation.

It turns out that reasoning with disjunctive causal rules can
also be axiomatized in an inference system that will form a
natural generalization of causal production relations.

We will consider disjunctive causal rules as rules holding
primarily between finite sets of classical propositions:a⇒ b
will be taken to mean that if all the propositions ina hold,
then one of the propositions inb is caused. As we will see,
however, the set of propositions in the premises of the causal
rules can always be replaced by their conjunction, so dis-
junctive causal rules could also be seen as relations between
propositions and sets of propositions.

We will use below an ordinary notation for premise and
conclusion sets in causal rules. Thus,a, b⇒ c will stand for
a ∪ b⇒ c, anda,A⇒ will meana ∪ {A}⇒∅, etc.

Definition 2.1. A disjunctive causal relationis a binary re-
lation⇒ on finite sets of classical propositions satisfying the
following conditions:

(Left Monotonicity) If a⇒ b, thenA, a⇒ b;

(Right Monotonicity) If a⇒ b, thena⇒ b, A;

(Cut) If a⇒ b, A andA, a⇒ b, thena⇒ b;

(Strengthening) If A ² B anda,B⇒ b, thena,A⇒ b;

(Weakening) If A ² B anda⇒ b, A, thena⇒ b, B;

(Left And) If a, A ∧B⇒ b, thena,A, B⇒ b;

(And) If a⇒ b, A anda⇒ b,B, thena⇒ b, A ∧B;

(Or) If A, a⇒ b andB, a⇒ b, thenA ∨B, a⇒ b;

(Falsity) f ⇒;

(Truth) ⇒ t.

Similarly to ordinary consequence relations, a disjunctive
causal relation can be extended to arbitrary sets of proposi-
tions in premises and conclusions by requiringcompactness:
for any sets of propositionsu, v,

(Compactness)u⇒ v if and only if a⇒ b, for some finite
a ⊆ u, b ⊆ v.

As can be seen, a disjunctive causal relation forms a sub-
system of the classical sequent calculus in which Reflexivity
does not hold. Still, it is straightforward to show that the pos-
tulates imply the following two general rules describing the
relation between causal inference and classical entailment:

(Logical Strengthening) If c ² A and A, a⇒ b, then
c, a⇒ b.

(Logical Weakening) If c ² A anda⇒ b, C, for anyC ∈ c,
thena⇒ b, A.



The above rules imply, in particular, that classically equiv-
alent propositions are interchangeable both in premises and
conclusions of the causal rules. The first of the above rules
implies also that a finite set of premises in a causal rule can
be replaced by their conjunction:

a⇒ b iff
∧

a⇒ b

Moreover, the above rules imply, in effect, that the con-
junction behaves in a fully classical way in the context of
disjunctive causal relations. This is not so, however, for dis-
junction and negation. Thus, the conclusion sets in disjunc-
tive causal rules cannot be replaced with their classical dis-
junctions; we have only thata⇒ b impliesa⇒∨

b, though
not vice versa. Also, only one of the two structural rules for
negation holds for causal relations, namely

(Reduction) If a⇒ b, A, thena,¬A⇒ b.

Any set of disjunctive causal rules∆ determines a unique
least disjunctive causal relation that includes∆; it will be
denoted by⇒∆. The latter causal relation consists of all the
causal rules that are derivable from∆ by the postulates for
disjunctive causal relations.

A bitheory of a disjunctive causal relation⇒ will be de-
fined as any bitheory(α, u) such thatα;u. As shows the
lemma below, such bitheories can be seen as ‘closed’ with
respect to the causal rules of⇒.

Lemma 2.1. A bitheory(α, u) is a bitheory of a causal re-
lation⇒ if and only ifb ∩ u 6= ∅, for any causal rulea⇒ b
from⇒ such thata ⊆ α.

If (α, u) is a bitheory of⇒, andv an arbitrary deductively
closed set such thatu ⊆ v ⊆ α, then(α, v) will also be a
bitheory of⇒. This indicates that the set of bitheories of a
causal relation is determined, in effect, by its inclusion min-
imal elements1. Accordingly, the notion of a minimal bithe-
ory, defined below, will play an important role in what fol-
lows.

Definition 2.2. A bitheory(α, u) of⇒will be calledminimal
if there is no bitheory(α, v) of ⇒ such thatv ⊂ u.

The following result gives a convenient alternative descrip-
tion of minimal bitheories.

Lemma 2.2. If α is a causally consistent world, then a pair
(α, u) is a minimal bitheory of⇒ if and only if, for any propo-
sitionA,

A ∈ u iff α⇒u,A.

The importance of minimal bitheories stems from the fol-
lowing fact:

Lemma 2.3. If v;w, then there exists a minimal bitheory
(α, u) of⇒ such thatv ⊆ α andw ∩ u = ∅.

The above lemma plays the main role in the proof of the
completeness theorem stated in the next section.

1Such bitheories always exist due to compactness.

2.1 The monotonic semantics of disjunctive causal
inference

As we are going to show now, the causal semantics defined
earlier for causal production relations turns out to be suitable
also for disjunctive causal relations. To this end, we have only
to define the notion of validity of disjunctive causal rules with
respect to a causal semantics.

Definition 2.3. • A rule a⇒ b will be said tohold with
respect to a bitheory(α, u) if b∩u 6= ∅whenevera ⊆ α.

• A rule a⇒ b will be said to bevalid with respect to a
causal semanticsB if it holds in all bitheories fromB.

We will denote by⇒B the set of all disjunctive causal rules
that are valid in a causal semanticsB. It can be easily veri-
fied that this set is closed with respect to the postulates for
disjunctive causal relations, and hence we have

Lemma 2.4. For any causal semanticsB,⇒B is a disjunctive
causal relation.

In order to prove completeness, for any disjunctive causal
relation⇒, we consider itscanonical causal semantics. The
latter will be defined as the setB⇒ of all minimal bitheories
of ⇒. Then the following theorem shows that the source dis-
junctive causal relation is strongly complete for this seman-
tics.

Theorem 2.5. If B⇒ is the canonical semantics for a dis-
junctive causal relation⇒, then, for any sets of propositions
v, w,

v⇒w iff w ∩ u 6= ∅, for any(α, u) ∈ B⇒ such thatv ⊆ α.

The above theorem says that a causal rulev⇒w belongs
to a causal relation⇒ if and only if it is valid in the canonical
causal semantics of⇒. Combining this with our previous
result, we finally conclude with

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.

Due to a direct correspondence between causal semantics
and the possible worlds semantics from[Turner, 1999], it
can be easily seen that our disjunctive causal relations cor-
respond to a subsystem of Turner’s UCL. Namely, a causal
rulea⇒B1, . . . , Bn corresponds to the UCL formula

∧
a → CB1 ∨ · · · ∨CBn.

Thus, disjunctive causal relations correspond to causal the-
ories of UCL that involve modal formulas with only positive
occurrences of the causal operatorC (see also[Lin, 1996]
about the use of such rules in representing the indeterminate
effects of actions).

3 Singular causal inference
Disjunctive causal rules having a single proposition in their
heads will be calledsingular in what follows. As can be
seen from the semantic characterization, given in the preced-
ing section, such disjunctive rules have the same meaning as
causal production rules from[Bochman, 2003]. In this sense,



disjunctive causal relations subsume causal production rela-
tions described in the latter paper. In this section we will give
a precise characterization of disjunctive causal relations that
correspond to causal production relations.

To begin with, the following fact can be easily verified:

Lemma 3.1. The set of singular rules belonging to a disjunc-
tive causal relation forms a causal production relation.

In what follows, the above causal production relation will
be called thenormal subrelationof a disjunctive causal rela-
tion.

Actually, there is a quite simple and modular recipe how
such a subrelation could be obtained from a given set of dis-
junctive causal rules.

For any set of disjunctive causal rules∆, let us consider
the following set of singular rules:

N(∆) = {a,¬b⇒
∨

c | a⇒ b, c ∈ ∆}
Let us denote by⇒n

N(∆) the least causal production rela-
tion that includesN(∆). Then the following result shows, in
effect, that the setN(∆) captures the ‘singular content’ of∆.

Theorem 3.2.⇒n
N(∆) is the normal subrelation of⇒∆.

The above theorem shows that the set of singular causal
rules derivable from a given set of disjunctive causal rules∆
coincides with the set of rules that are derivable fromN(∆)
using only the postulates for causal production relations.

Disjunctive causal relations that are generated by singu-
lar causal rules constitute a disjunctive counterpart of causal
production relations. Accordingly, we will introduce the fol-
lowing

Definition 3.1. A disjunctive causal relation will be called
singular if it is a least disjunctive causal relation containing
some set of singular causal rules.

Clearly, a disjunctive causal relation⇒ 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-
tive causal relations.

The next corollary gives yet another characterization of
singular causal relations. It says that for such relations,
worlds produce only determinate effects.

Corollary 3.3. A disjunctive causal relation is singular if
and only if, for any worldα, α⇒ b, c only if either α⇒ b
or α⇒ c.

As immediately follows from the above corollary, singular
causal relations can also be described in terms of a certain
natural constraint on their canonical semantics.

A causal semanticsB will be called functional, if for any
world α there is no more than one theoryu such that(α, u) ∈
B. Then we have

Theorem 3.4. A disjunctive causal relation is singular if and
only if its canonical causal semantics is functional.

Unfortunately, the above claim cannot be extended to arbi-
trary causal semantics, since functional causal semantics do
not always produce singular causal relations.

In order to give yet another important description of singu-
lar causal relations, let us consider first the following exam-
ple:
Example.Two singular rulesA∧C⇒B andA∧¬C⇒¬B
imply A⇒B,¬B (by Right Monotonicity and Or), though
they imply neitherA⇒B, norA⇒¬B.

The above example shows that singular causal rules can
generate nontrivial disjunctive rules that cannot be decom-
posed directly into singular rules. As we are going to show,
however, this example describes, in a sense, the only way
of producing nontrivial disjunctive rules from singular ones.
Thus, the following theorem shows that, for singular causal
relations, disjunctive effects are always ‘separable’ by adding
some further assumptions to the premises.

Theorem 3.5. A disjunctive causal relation is singular if and
only if it satisfies the following condition:

If a⇒ b, c, thena,A⇒ b anda,¬A⇒ c, for some
propositionA.

The above theorem amounts to saying that indeterminate
effects arise in singular disjunctive causal relations only due
to ‘forgetting’ of some relevant parameters. This character-
istic property is even more vivid in the following corollary
(which has actually been used in the proof of the theorem):

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

a⇒B1, . . . , Bn iff there are pairwise incompatible
propositionsA1, . . . , An such that their disjunction
is a tautology, anda,Ai⇒Bi, for anyi ≤ n.

In order to obtain a more comprehensive picture of the role
of disjunctive causal rules, it is also instructive to consider
cases when such rules arelogically reducible to singular rules
with respect to disjunctive causal relations. For example, the
rule A⇒B,¬B, discussed earlier, is equivalent to a pair of
singular causal rulesA,B⇒B andA,¬B⇒¬B. This is a
consequence of the following general fact:

Lemma 3.7. A rulea⇒B1, . . . , Bn is reducible to the set of
singular rules{a,Bi⇒Bi | i = 1, . . . , n} and a constraint
a,¬B1, . . . ,¬Bn⇒ f if and only ifa, Bi, Bj ⇒Bi, for any
i 6= j.

Note that the above characteristic condition for reduction
holds, in particular, when allBi are incompatible, givena,
that is, whena,Bi, Bj ⇒ f . For example (cf.[Lin, 1996]), a
disjunctive rule

a⇒B ∧ C,B ∧ ¬C,¬B ∧ C

is reducible to the following set of singular rules:

a,B⇒B a,¬B⇒¬B

a,C⇒C a,¬C⇒¬C

a,¬B,¬C⇒ f

The above results show, in effect, that irreducibly disjunc-
tive rules can arise only in cases when their heads contain
mutually compatible propositions. For such rules, we need a
different strategy.



4 The stable nonmonotonic semantics
A nonmonotonic semantics for arbitrary theories of univer-
sal causal logic has been suggested in[Turner, 1999]. Since
disjunctive causal relations form a subsystem of UCL, this
semantics can be immediately translated into our framework.

Definition 4.1. A world α will be said to becausally ex-
plained with respect to a disjunctive causal relation⇒ if
(α, α) is a minimal bitheory of⇒. The set of all causally
explained worlds will be said to form astable nonmonotonic
semanticsof ⇒.

As in the singular case, causally explained worlds of the
stable semantics can be seen as worlds that are closed with re-
spect to the causal rules and, in addition, any proposition that
holds in them is among the conclusions of some causal rule
that is ‘active’ in the world. Accordingly, the stable semantics
appears as a natural, even almost inevitable, extension of the
nonmonotonic semantics for singular causal theories to the
disjunctive case. In addition, in the general correspondence
between UCL and disjunctive default logic[Gelfondet al.,
1991], established in[Turner, 1999], causally explained in-
terpretations correspond to extensions of disjunctive default
theories. Moreover, by the same correspondence, simple dis-
junctive theories (with sets of literals as premises and con-
clusions of causal rules) can be translated into disjunctive
logic programs, and then causally explained interpretations
will correspond to answer sets of such programs. Summing
up, there is a tight correspondence between the above seman-
tics and respectable semantics of nonmonotonic formalisms
and disjunctive logic programming.

Nevertheless, we are going to show now that the stable se-
mantics imposes quite a radical view on the role of disjunc-
tive causal rules. Namely, such rules can be considered as an
inessential ‘syntactic sugar’ that can be uniformly reduced to
ordinary, non-disjunctive causal rules. To be more exact, the
following quite surprising result can be shown:

Theorem 4.1. The stable nonmonotonic semantics of a dis-
junctive causal relation coincides with the nonmonotonic se-
mantics of its normal subrelation.

Recall that the the ‘singular content’ of a disjunctive the-
ory ∆ is fully described by the set of singular rulesN(∆),
defined earlier. Accordingly, as an immediate consequence
of the above result, we obtain the following

Corollary 4.2. The stable nonmonotonic semantics of a dis-
junctive causal theory∆ coincides with the nonmonotonic
semantics of a singular causal theoryN(∆).

In other words, from the perspective of the stable seman-
tics, any disjunctive causal theory is reducible to its singular
counterpart.

5 Discussion
A general conclusion that could be made from the above re-
sults is that, from the point of view of a stable nonmonotonic
semantics, any disjunctive causal rule is logically equivalent
to a set of singular causal rules. In other words, disjunctive
causal rules do not extend our representation capabilities in
dealing with causation, even an indeterminate one.

It is a good moment to recall now that the stable seman-
tics of disjunctive logic programs (see[Gelfond and Lifs-
chitz, 1991]), a close relative of the stable causal semantics,
is problematic in its treatment of indeterminate information.
Namely, due to minimization that is involved in the defini-
tion of stable sets, the resulting stable semantics tends to give
an exclusive interpretation to disjunctions. It turns out that
the same shortcoming is preserved by the above stable se-
mantics for disjunctive causal theories. The following, now
well-known, example has been suggested by Ray Reiter:

Example. Suppose that we drop a pin on a board painted
black and white. As a result, the pin lands on the board in
such a way that it touches either black or white area,or both.
Moreover, if the pin is large (or black and white areas are
small), then a most probable effect is that the pin touches both
black and white areas.

An apparently natural representation of this situation could
be given using the main disjunctive causal rule

Drop⇒Black, White

and a couple of auxiliary causal assertions that need not
bother us here. Unfortunately, the stable semantics of the re-
sulting causal theory does not explain the world in which the
pin touches both black and white areas, though it readily jus-
tifies worlds in which the pin touches only one of them. This
shortcoming can now be made more vivid using our results.
Thus, the above disjunctive rule is reducible to the following
three singular rules:

Drop,¬Black⇒White

Drop,¬White⇒Black

Drop⇒Black ∨White

As has been shown in[Bochman, 2003], the nonmono-
tonic semantics of a causal production relation is determined
only by Horn (determinate) causal rules that belong to it. In
our case, the last rule is not determinate, and hence only the
first two rules participate in determining the nonmonotonic
semantics. Note, however, that these two rules cannot be ap-
plied simultaneously, due to the constraintDrop∧¬Black∧
¬White⇒ f that is implied by each of them. As a result,
such rules cannot give an explanation for a quite possible fact
Black ∧White.

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
logical (monotonic) formalism of disjunctive causal inference
that determines not only the internal logic of causal rules, but
also, and most importantly, an apparently plausible knowl-
edge representation framework for describing indeterminate
causal information. We could challenge this part of the for-
malism and claim that disjunctive causal rules do not give a
direct representation of nondeterminate effects.

Example. (continued) Note first that some seemingly plau-
sible improvements of the above representation still do not
achieve the intended effect. For example, in order to allow
for a possibility ofBlack ∧White output, we could attempt



to use the following disjunctive rule2:

Drop⇒Black, White,Black ∧White.

Unfortunately, the latter rule is logically reducible to the
original rule with respect to disjunctive causal relations. Still,
a disjunctive rule with an intended behavior can be given for
this situation (see[Lin, 1996]); it amounts to the following:

Drop⇒Black∧¬White,White∧¬Black, Black∧White.

But in this case also we have that the rule is logically equiv-
alent to a set of singular rules (see the example following
Lemma 3.7).

Continuing this line of thought, an even stronger claim
could be made, namely that we do not need disjunctive causal
rules at all in order to represent indeterminate causal ef-
fects. Actually, one of the main contributions of[McCain
and Turner, 1997] consisted in showing that we usually can
represent an indeterminate causal information using ordinary,
singular causal rules. Still, there is yet no systematic under-
standing whether we can always represent such an informa-
tion in this way.

There exists, however, an entirely different way of deal-
ing with the above problem. If we take for granted that dis-
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 (see[Loboet al., 1992])
and Sakama’s possible model semantics[Sakama, 1989]. A
related idea has been pursued in[Eiter 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.
Acknowledgment.Many thanks to Hudson Turner for exten-
sive comments and discussions on the topics of this study, as
well as to the anonymous referee for instructive suggestions.
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