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A mutual default is a rule, capable of tolerating exceptions, that  is mutually supposed by a group 
G: i.e., the rule is supposed by all members of the group, is supposed by all members of the group 
to be supposed by all members of the group, etc. A family of propositional att i tudes Bi indexed for 
i C G (and representing, say, supposition) is coordinated for G if Bi applies to the same propositions 
for all members i of G, and is commonly supposed by the members of G to do so. 

This paper is a preliminary exploration of formal postulates that  ensure maintenance of coordi- 
nation of a propositional att i tude, representing the common ground of a conversation, in dynamic 
environments that  allow for assertional speech acts. I present results showing that  mutually sup- 
posed rules of conversation provide a mechanism for preserving coordination. If coordination can 
be assumed, reasoning about propositional atti tudes can be greatly simplified, through collapse of 
iterated operators. 

I also show how coordination maintenance can be secured, at least in unexceptional cases, 
when rules of conversation are defeasible; this relaxation of the theory is needed because plausible 
conversational rules are subject to exceptions. 

The project of formalizing coordination maintenance using Circumscription Theory raises some 
interesting technical problems; to provide a finitely axiomatized theory of coordination, it is appar- 
ently necessary to quantify over intensional types of at least third order. For this purpose, Richard 
Montague's Intensional Logic seems to be an appropriate vehicle. 

1. S H A R E D  C O N V E R S A T I O N A L  C O N T E X T  

Planning is certainly not all there is to discourse. But  planning and plan recognition are among the 
most important  reasoning mechanisms that  come into play when language is used. Through the 
work of a research community including James Allen, Philip Cohen, Hector Levesque, C. Raymond 
Perrault,  and others, 1 plan-based models of speech acts and discourse have been developed to a 
very sophisticated level, achieving improvements in our understanding of the phenomena and in 
guiding the implementat ion of natural language understanding systems. 

Certain goals--speech act goals--play a central part in this approach, both in generating and 
in interpreting discourse. Allen, Cohen, Levesque, Perrault, and in fact all computational  linguists 
who have written on this topic and whose work I am familiar with, consider the goal of an act of 
assertion to be the creation of a kind of belief. (For instance, in telling you that  your shoelace is 

1Some references to this work are provided in the bibliography; I haven ' t  tr ied to supply a comple te  list. 
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untied I am trying to get you to believe that  your shoelace is untied.) It is also generally agreed 
that  the goal of an assertive speech act should be not merely a hearer's belief, but  a mutual belief. 
(My assertive speech act will not have been successful, for instance, if you came to believe that  your 
shoelace is untied, but  I didn ' t  also come to believe that  you now believe this.) This conclusion has 
become generally accepted on its own merit,  it seems, and also through the weight of psychological 
authorit ies like Clark and Marshall [4], and of philosophical ones like Lewis [7] and Schiffer [11]. 

However, it is not easy to see how to formalize this goal appropriately, if we assume that  
conversational agents are reasonably well informed, and are sane in the sense tha t  they  reject goals 
that  a reasonable person would consider impracticable. The problem is tha t  mutual belief involves 
i terated combinations of the beliefs of several agents, and even when there are only two agents, 
these iterations are in principle unbounded,  so that  a mutual  belief will comprise a "conjunction" 
of infinitely many  independent  beliefs. Adding a mutua l  belief operator  to the planning language, 
or even infinitary conjunctions to it, as Allen seems to do in [1], seems problematic even aside from 
computat ional  considerations, if we want speech act goals to be practicable. How can I reasonably 
intend to create a mutua l  belief, any more than I can reasonably intend to write down all the 
natural  numbers? 

In Cohen and Levesque [5], this problem is dealt with by relaxing the goal. Assertive acts, 
according to this paper,  aim not at a mutual  belief in the asserted proposition, but  at a hearer 's 
belief tha t  a certain complex belief is mutual ly believed. But  this only seems to postpone the 
practicabili ty problem: if mutual  belief can' t  be achieved, for more or less a priori reasons, then 
it's hard to see why the ideal hearer shouldn' t  recognize the very same problem that  led Cohen and 
Levesque to settle for less. Also the ideal speaker should realize tha t  this is how the hearer  will 
reason. And so, if the speaker is careful he shouldn' t  expect tha t  his act will induce the hearer to 
believe tha t  a genuine mutua l  belief has been achieved. 

Reacting not to this difficulty, but  to problems that  he traces to the indefeasible character  of 
Cohen and Levesque's rules, Perraul t  not only developed, in [10], a nonmonotonic formulation of 
discourse rules, but  also provided a reflective mechanism for restoring mutua l  belief as the goal state. 
Perraul t  shows that  mutual  belief in the asserted proposition can be obtained by s trengthening 
the rules of conversational dynamics so that  they themselves will be mutual ly  believed. A later 
reformulation of Perrault 's  idea in Hierarchic Autoepistemic Logic was implemented in a natural  
language unders tanding system; see Appelt and Konolige [2]. 

Since, like many other practical rules, discourse rules are defeasible, it is good to see how to 
state them in one or more of the formalisms for nonmonotonic reasoning. But  Perraul t ' s  solution 
to the feasibility of creating mutual  beliefs, by shifting the burden to mutual  discourse rules and 
to the underlying logic of belief, seems to me to be potentially even more impor tant ,  and in this 
paper  I want to concentrate  on that  idea, extending and developing it. 

2. T H E  I D E A  O F  C O O R D I N A T I O N  

A slightly different model of discourse, originating, I think, in Robert  Stalnaker's work, can be 
found in the philosophical literature; see Stalnaker [12] and later works, such as [13,14,15]. On this 
model, the da ta  structures of conversation are public, or shared. Among these will be a belief-like 
propositional a t t i tude  that  represents the common ground in a conversation, and tha t  evolves as 
the conversation develops. On such a view, it is very natural  to speak as if the common ground 
were the beliefs of a kind of t ranscendent  agent, the conversational group. 
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Obviously, such an assumption has to be justified somehow in terms of underlying characteristics 
of the members of the group. I wish to propose, as the presupposition of this conception of publicity, 
a condition of group coordination of the relevant conversational information. The members of a 
coordinated discourse group must not only share the same beliefs, but mutually believe that they 
share the same beliefs. 2 

I will show here that Perrault's methods can be extended to provide for the maintenance of 
coordination in conversations; coordination will be preserved after an assertion has been made, as 
long as it is mutually believed that the assertion was not anomalous. To push this result through, 
I will have to install a much more powerful underlying logic. But this secures a far-reaching 
simplification in the formalization of discourse planning, since--as I will show--we can reason 
about coordinated belief in exactly the same way that we would reason about the beliefs of a single 
agent. All iterated operators collapse, and there is no need to distinguish the beliefs of one agent 
from those of another, or for that matter from those of the group itself. It remains to be seen if 
this idea is useful computationally. But at a theoretical plane, it certainly does seem to provide a 
considerable improvement in modeling discourse. 

3. S U P P O S I T I O N  

Since beliefs are private, we can't take the public common ground that is created in the course of 
a conversation to consist of beliefs. But we can take it to consist of suppositions. 

A supposition is like a belief, but may be temporary, ad hoc, and not taken seriously by the 
supposer. Beliefs themselves are constantly being changed, but it is less easy to change them at will. 
I can easily suppose (for the sake of argument, say) that the stock market will rise tomorrow, but 
I can't voluntarily create the corresponding belief as I please. Closely related to this involuntary 
feature is the action-guiding character of beliefs, which distinguishes them from mere suppositions. 
I will not want to buy stock because I've supposed for argument's sake that the market will rise; 
but I will have a motive to buy stock if I believe that it will rise. 

Letting supposition replace belief in the theory of speech acts provides a single, well-motivated 
solution to swarms of objections and counterexamples that have been proposed in the philosophical 
and computational literature. 3 An early example of this sort is cited by Grice in the William James 
Lectures: when a student answers a question at an oral examination, he is not trying to get his 
history teacher to believe that, say, William invaded England in 1066. (Evidently, this and similar 
examples were much discussed at Oxford during the 1950's.) Appelt and Konolige's objection in [2] 
to the speech act theory of Perrault [10]--that a speaker should not be able to convince himself of 
something that he doesn't already believe simply by saying it--is another problem that Stalnaker's 
idea solves. 

Also---a point that is important in relation to the axiomatization of discourse rules that I will 
offer later in this paper-- the  idea enables default rules to be formulated so that they can be adopted 
by reasonable agents. It doesn't seem right to assume--even as a defaul t-- that  if a speaker asserts 
p the hearer will believe p. But it does seem plausible that if p is asserted, p will then, by default, 
become part of the things that are taken for granted in later stages in the conversation. Thus, by 

2The idea of coordination isn't  stressed in Stalnaker's work, though I think it is implicit there. Coordination is, 
of course, a major theme in Lewis' [7]. 

3This was first realized by Stalnaker. See the references in the bibliography of this paper, and especially [12]. 
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using supposition-based defensible rules, the theory that  I will present in the final section of this 
paper provides a solution (though in a very simplified case), of the impracticability problem that  I 
raised in Section 1. 

Just  as we can suppose things for the sake of argument,  and in the extreme case can even 
temporarily suppose something that  we know to be false in order to refute it, we can suppose 
things for the purposes of conversation. We want to think of these conversational suppositions as 
the product  of a joint project, as the shared creations of a group. But  to justify this, we have to 
show how conversational suppositions can be coordinated. 

4. C O O R D I N A T E D  S U P P O S I T I O N  

Let B~ be an epistemic operator indexed by the individual variable x. For definiteness, I'll assume 
that  B~ has S5-1ike properties (but without the alethic property that  what is supposed must be 
true); for an axiomatization, see the logic K D 4 5  in Chellas [3]. 

Where G is a one-place predicate (representing a group of communicators) and F is a theory, 
B is weakly G-coordinated with respect to F if ( C o o r d  S c h e m e  1) and each instance of ( C o o r d  
S c h e m e  2) is deducible from F. 

( C o o r d  S c h e m e  1) 

( C o o r d  S c h e m e  2) 

V x y [ [ G ( x ) ^ G ( y ) ]  D Yq[Bx(q) B y ( q ) ] ]  

V x l . . - x n  Y ^ . . .  ^ a ( x n )  ^ a ( y )  ^ G ( z ) ]  D 
B=a . . . B=, (Vq[By(q) _-- Bz(q)])]  

Provided that  an operator Bc  is present in the language that  can serve to represent common 
supposition for G, we also have a notion of G-coordination, in which ( C o o r d  S c h e m e  1) and 
( C o o r d  S c h e m e  2) are replaced by the following axioms. (Note that  ( C o o r d  S c h e m e  1) and 
( C o o r d  A x i o m  1) are identical.) 

( C o o r d  A x i o m  1) Vx y[[G(x)A G(y)] D Vq[Bx(q) ~ By(q)]] 

( C o o r d  A x i o m  2) Vy z[[G(y)A G(z)] D BGVq[By(q) ~ Bz(q)]] 

Later we will be dealing with t ime-dependent supposition operators B~,t that  are doubly in- 
dexed. In this case, we will need to speak of weak G-coordination with respect to F, and of 
G-coordination, at t. 

5. L O G I C A L  R E S O U R C E S  

To deal with supposition, we need a modal  logic. To deal with circumscription, we need a second 
order logic. But  to cope with circumscriptive rules involving mutual supposition we will require an 
even more powerful logical engine. 

The problem is that  Circumscription Theory requires a finite axiomatization of the domain 
theory. So, since part  of our domain is mutual  supposition, we'll have to finitely axiomatize mutual  
supposition. To manage this, I don' t  see how to avoid quantifying over higher order intensional 
types- - in  particular, over sets of sets of propositions. Since I'll need to go this far, I'll simply go the 
whole distance, and adopt Montague's Intensional Logic as the background logic. This logic has 
the advantage of being very general and powerful, it has been well described, 4 and the formalism 

4See Montague [9] and Gallin [6]. 
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is relatively familiar, through its use in natural  language semantics. I'll assume some familiarity 
with Intensional Logic in what  follows. 

The variable t is designated to range over times, which I assume to be individuals, i.e. to have 
type e; p(t) is a proposition depending on t; this represents the assertion tha t  is made at t. 

Some type conventions: G always has type (e,t>; p has type (e, (s, t}); x, a, and b all have type 
e; 0 has type ((s, t>,t); and q always has type (s,t}. Other  typed terms will be flagged with their  
type at their first occurrence in a formula. I will use ' 0 ( ¢ ) '  as an abbreviation of Montague's  
' 0 (  ^ [¢])'; and ' 01002 '  as an abbreviation of 'kqOl(^O2(q)) '. 

Where ~/has type (e, ((s, t), t)> (i.e., where ~ represents a propositional a t t i tude) ,  a finite itera- 
tion of ~ is any expression having the form ~/alo . . .  oT/~n, where each ai  is either a or b. (Here, 'y~' 
is just  an alternative notat ion for ~/(a), a term of type ((s, t), t>.) 

In everything tha t  follows, I will assume for simplicity a conversational group of just  two mem- 
bers: i.e., I'll postulate Vx[G(x) =- [x = a v x = b]]. 

6. W E A K  C O O R D I N A T I O N  M A I N T E N A N C E  I N  A M O N O T O N I C  S E T T I N G  

The following simple rule for conversational update  serves as a good introduct ion to the technical 
issues. 

( S i m p l e  U p d a t e )  Vxt[G(x) D Vq[Bx,t+l(q) ~- Bx,t (" [p(t)] D "q )]] 

According to this rule, each agent updates his conversational suppositions by adding the proposition 
tha t  is asserted and its supposed consequences to them. 

Obviously, this rule will not maintain coordination. After an update ,  agents that  were coor- 
dinated at t will still in fact suppose the same things as one another.  But nothing guarantees 
that  they will suppose tha t  they have the same suppositions. The difficulty is that ,  though all 
agents share the same update  rule, they needn' t  suppose tha t  they share this rule. To ensure the 
maintenance of coordination, then, we want to close ( S i m p l e  U p d a t e )  under i terated supposition 
operators. 5 

Let ¢ be an instance of the scheme ( M u t u a l  U p d a t e  S c h e m e )  if either ¢ has the (Simple  
U p d a t e )  form 

Vxt[V(x) D Vq[Sx,t+l(q) ~- Bx,t('[p(t)] D "q)]] 
or the form 

Vxt[G(x) D 0 (Vq[B=,t+l(q) ~ Bx,t( v [p(t)] D Vq)] )], 

where 0 is a finite i teration of Bt. 
Supposing tha t  ( M u t u a l  U p d a t e  S c h e m e )  belongs to our background theory F, it is easy to 

show that  if B is weakly G-coordinated at t with respect to F then B is weakly G-coordinated at 
t + 1 with respect to P. 

7. M U T U A L  S U P P O S I T I O N  I N  I N T E N S I O N A L  L O G I C  

In this section I will sketch the development of a finite theory of mutual  supposition in intensional 
logic, giving the bare elements only and without proving any theorems. I will take for granted the 

~This is the idea of Perrault's that I described in Section 1. 
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logical axioms of Gallin [6]. The formalized theory will have two nonlogical axioms, (MS1)  and 
(MS2) .  We will need many definitions as well: these are numbered (D1)  to (D9).  

The first axiom is our simplifying assumption about the size of the group. 

(MS1)  Vx[G(x) ~ [x--a v z=b]] 

With our first definition, we plunge into the higher order aspects that enter into the formalization 
of mutuality. 

(D1)  C(P(((s't),t)'t),Bt) =d] P(Ba,t) ^ P(Bb,t) ^ VO[P(O) D [P(Ba,tOO)A P(Bb,tOO)]] 

Intuitively, (D1)  characterizes the sets of propositional attitudes that contain the attitudes ex- 
pressed by Ba,t and Bb,t, and also are closed under finite iterations of Bt. We now introduce 
a constant F I  of type (((s , t ) , t ) , (e , (((s , t ) , t ) , t )>) ,  which is intended to pick out the finite iter- 
ations of an agent-indexed propositional attitude. The intention of axiom (MS2)  is to capture 
this, using the usual higher order account of finite iterations. In (MS2) ,  'FI(Bt, 0)'  abbreviates 
'[rI(0)](B,)'. 

(MS2)  C(FI, Bt) ^ VX(((s't)'t)'t)[g(X, Bt) D VO[FI(Bt, O) D X(O)]] 

From (MS2)  we can prove that FI in fact singles out all the finite iterations of Bt; for instance, 
we can prove FI(Ba,tOBb,tOBa,t, Bt). 

Using FI, we now define BG of type (e, ((s, t), t)>. Ba,t represents coordinated supposition at t; 
B T represents true coordinated supposition at t. G,t 

(D2)  BG =d] AtAqVO[FI(O,Bt) D O[q}] 

(D3)  BG T =d/ At.Xq[BG,t~q} ̂  "q] 

8. M U T U A L L Y  S U P P O S E D  S U P P O S I T I O N  U P D A T E  

The next four definitions have to do with update. (D6)  and (D7)  characterize two fundamental 
notions of supposition update, represented by constants MIASU and GASU of type (e, (e, t)). 

(D4)  ~T =d] )~q(Vq^~?(q)} 

(Db)  AU(O,O',t) =d] O' = AqO{V[p(t)] D ~q} 

(D6)  MIASU(t,t') d] AtAt'Vx[G(x) D B T = x,t[dV(B~,t, Bx,t,,t)) ] 

(D7)  GASU(t,t') =dr BG, t, = ~\q[Ba,t~ ~[p(t)] D Vq)] 

In (D4) ,  r] has type ((s, t), t), so, for instance, B T represents true supposition. x,t  

A Uis meant to represent a relation of "assertion based supposition update" between 0 and 0 ' :  
the propositions satisfying 0 '  are the updates relative to p(t) of those satisfying 0.  MIASU stands 
for a relation of true, "mutually supposed, individual assertion-based supposition update." This 
relation holds between two times if the group mutually believes that each of its members follows 
the update rule in getting from the first time to the second. GASU represents a relation of "group 
assertion-based supposition update." This relation holds between two times in case group update 
from the first time to the second follows the group update rule. 
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One of our main results is that  MIASU induces a kind of pre-established harmony, so that  it's 
as if there is a group that  behaves like an agent, in that  its suppositions evolve according to the 
rule for individuals. That  is, we will show that  MIASU implies GASU. 

9. C O O R D I N A T I O N  IN I N T E N S I O N A L  L O G I C  

The suppositions of the members of a group at a time are coordinated if the group truly mutually 
believes that  all members of the group suppose alike. This provides the definition of a constant 
Coord of type (e, t}. 

(D8)  Coord =d/ AtVx[G(x) D B~T,t(Vq[Bx,t(q) -= Ba,t(q)]}] 

Theorem (T1)  is an object-level result; what is claimed when (T1)  is stated is that  a certain 
sentence is provable in GMlin's version of Intensional Logic from our axioms. In this presentation, 
I will simply state major results, without giving proofs. Thus, though if I were proceeding system- 
atically I would have to supply, and prove, a number of lemmas about coordination, I state only 
one representative and fairly important  example, without proof. 6 

(T1) Coord(t) VO[FI(O,Bd [Vx[O = B.,,] ^ [ 0=  Ba,d]] 

Results such as (T1)  are the support  for my claim that  iterated att i tudes will collapse if 
supposition is coordinated. 

i0. COORDINATION MAINTENANCE WITH INDEFEASIBLE UPDATE 

One of our main theorems about update in a monotonic setting is that mutually supposed individual 
update implies group update. Note that this is proved as a consequence in Intensional Logic of our 

axioms, (MS1)  and (MS2) .  

(T2)  Vtt'[MIASU(t, t') D GASU(t, t')] 

The proof of this result is fairly complex, and depends on showing that  the desired property of 
mutual  supposition after update  holds for all finite iterations of supposition after update: that  is, 
we show 

MIASU(t,t ') D VO[FI(O',B't) D [0 = AqBa,t( "[p(t)] D Vq}]]. 

Details of the proof will be supplied in Thomason [17]. 
From (T2)  it is relatively easy to prove that  coordination will be preserved by true, mutually 

supposed individual assertion-based supposition update.  Again, this is an object-level theorem in 
Intensional Logic. 

(T3)  Vtt'[MIASU(t,t') D [Coord(t) D Coord(t')]] 

6The proofs are actual ly  fairly complex. I in tend to provide the  detai ls  in an appendix  to a for thcoming paper,  
Thomason  [17]. 



36 Sess ion  2 

11. T H E  N E E D  F O R  D E F E A S I B L E  R U L E S  

We have shown that an update rule, to the effect that what is asserted is always added to the stock 
of beliefs, will preserve coordination if it is true and mutually supposed. That  is, the following 
monotonic rule of update will preserve coordination: 

( Inde fea s ib l e  U p d a t e )  Vt MIASU(t, t + 1) 

In fact, this is just the following special case of (T2) .  

(T4)  Vt[MIASU(t,t + 1) D [Coord(t) D Coord(t + 1)]] 

The only trouble with such a rule is that it is not in general true (and so in general will not be 
supposed by reasonable agents). The simplest sort of counterexample is just the case in which the 
speaker's assertion hasn't been correctly identified, perhaps because it wasn't heard. Or someone 
may object to it, or a hearer could misidentify the speech act, or the assertion may fail to make 
sense in a number of ways that make the hearer suspect that conversational repairs of some sort 
are needed. 

The texture of ways in which ( Inde feas ib l e  U p d a t e )  can fail is entirely open-ended, in that 
it seems to be a hopeless task to enumerate precisely the all the cases in which it can fail. This 
sort of open-endedness is a familiar story, one that is commonly retold when people justifify the 
need for a nonmonotonic formalization of domains such as planning or puzzle solving. The same 
sort of point has been made to motivate nonmonotonic rules of conversational update in Perrault 
[10] and in Appelt and Konolige [2]. 

12. C O O R D I N A T I O N  M A I N T E N A N C E  W I T H  D E F E A S I B L E  U P D A T E  

Though there seems to be general agreement that conversational rules are an appropriate domain 
for the application of theories of nonmonotonic reasoning, there is lack of agreement on which 
theory to use. Perrault [10] uses I~eiter's Default Logic, and Appelt and Konolige [2] use Hierarchic 
Autoepistemic Logic. 

Though choice of framework may be important in applications of the theory of conversation 
to implemented natural language processing systems, the choice should not be very important, I 
think, at an abstract level where one is trying to understand the general requirements for a theory 
of conversational update. This is my goal in the present work--I  have not yet tried to implement 
the ideas. 

In what follows I will use McCarthy's Circumscription Theory as a means of formalizing defea- 
sible suppositional update. This decision was based primarily on the flexibility and logical depth 
of this approach to nonmonotonic reasoning. A secondary motivation of the choice is the natural 
fit between the logical resources that are required by Circumscription Theory, which uses second 
order logic, and the requirements of a theory of mutual supposition, which--as we have seen--lead 
us to adopt a rather powerful higher order modal logic. Though you may be able to go a certain 
distance with schemes, as in Perrault [10] and in Section 6 of this paper, I think it could be difficult 
to go very far without a more explicit formalization of mutuality. 

I use the presentation of Circumscription Theory in Lifschitz [8], which to my knowledge is 
the best developed and most sophisticated version of the theory available in print, as well as the 
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presentation that is probably most suitable for logicians. However, the application that I will make 
here will not make much use of the power of the later versions of Circumscription Theory /  In fact, 
it seems from the work that has been done so far that applications to rules of conversation are 
relatively straightforward in terms of the demands they make on the nonmonotonic apparatus, s 
Here, I will confine myself to a case that is about as simple as it can be; it is meant only to illustrate 

the general idea. 
We retain the constants B, G, p, and FI, which have types (e,(e, ((s, t) , t))) ,  (e,t), (e, (s,t)) and 

(((s , t ) , t} ,(e ,(((s , t} , t ) , t ))) .  We add one abnormality predicate abl, of type (e,t). We also retain 

the axioms of the indefeasible theory: (MS1)  and (MS2).  
The intended interpretation is now as follows. The "times" I have been speaking of are really 

conversational turns. At each turn the speaker means something; this proposition is represented 
by p(t). I'm indulging in gross oversimplification; of course, when some proposition is meant there 
usually is a linguistic vehicle, and a process of interpretation that gets from this vehicle to one 
or more things that are meant. This process of interpretation has to be thoroughly public and 
mutual. 9 In fact, one of the purposes of the theory that I am developing here is the formalization 
of this process. However, I leave all that out here; p(t), then, represents a proposition that is meant 
to be recognized as something to be added to the conversational suppositions. And it is plausible 
that as a matter of default p(t) will be added to the record; that is, the conversants will take it to 
be added unless some recognizable exception is noted. Moreover, it is a public or mutuM matter 
that this default obtains. 

To provide for a few exceptional cases, we allow the hearer to make any of three responses at 
each time: (1) the null response, which we represent as the empty proposition ^Vx[z = x], (2) 
What, which can be taken to be something like "I don't understand," and No, which can be taken 
to be something like "I disagree." Either of the last two responses creates an exception to the rule 
of "assertional uptake." To represent this, we add six conversational axioms to our list. 

(D9)  

( L i m i t e d  R e s p o n s e s )  

(Exc lus ive  A l t e r n a t i v e s )  

( R u l e  for ' W h a t ' )  

( R u l e  for 'No ' )  

(Defeas ib le  U p d a t e )  

T =dr Vx[x=x] 

Vt[r(t)=^T v r(t)= What v r(t)=No] 

^T ~ What^ ^T ~ No^ What~ No 

Vt[[r(t)= What] D abl(t)] 

Yt[[r(t)= No] D abl(t)] 

Vx[G(x) D BaT,t(~abl(t) D AU(Bx,t,Bx,t+l,t))] 

( C o n v e n t i o n a l i t y  of  N o r m a l c y )  Vt[Bc,t(-~abl(t) ) D -~abl(t)] 

The first four of these axioms are well motivated by what has just been said about the intended 
interpretation. The fifth, (Defeas ib le  U p d a t e ) ,  says that it is mutually supposed of every agent 

7As far as I can see, the generalization of the underlying logic from extensional second order logic to Intensional 
Logic does not create any logical difficulties, and would be trouble-free even if we wished to minimize higher order 
constants. However, in this application, we will only need to minimize a single first order constant. 

8I suspect that extending the theory to take implicature into account would change this, since this phenomenon 
seems to draw heavily on world knowledge, and to involve many complex defaults, that  may well conflict with one 
another in some cases. 

9See Thomason [17] for discussion and illustrations of this point. 



38 Sess ion  2 

in the group that  the agent will make an appropriate assertional update  if nothing unusual occurs. 
This is actually a fairly straightforward adaptat ion of the indefeasible update  rule, except tha t - -as  
will be seen in a momen t - - i t  is critical that  the BaT,t operator is placed outside the scope of-~abl(t). 
We cannot assume that  abnormality will automatically be recognized when it occurs, much less 
that  it will be mutually supposed to have occurred. 

The last postulate is plausible enough if you think about the interpretation of normality. Given 
the public, conventional nature of conversational defaults, it can't  possibly happen that  a situation 
is conversationally abnormal if at the same time the group supposes it to be normal. 

We now form a circumscriptive theory by minimizing abl relative to the axioms we have given, 
allowing all other parameters to vary freely. That  is, in terms of Lifschitz [8], we add the following 
single policy axiom to the rest. 

( M i n i m i z e  ab l ) Vabl,ab 1 

It is easy to see that  our axioms yield the following consequence. 

(T5)  Vt[Ba(-~abl(t)} D MIASU(t,t + 1)] 

Put t ing  this together with (T3) ,  we have our final theorem. 

(T6)  Vt[Bc(-~abl(t)} D Coord(t) D Coord(t + 1)] 

Notice that  we would not want to strengthen this result by replacing the antecedent BG (-~abl(t)) 
by abl(t); it is too easy to imagine situations that  are abnormal, but  are not mutually supposed to 
be abnormal. (For instance, the hearer responds with "What?" but  the speaker doesn' t  hear the 
response.) This, of course, raises the question of how things that  happen prominently in a shared 
environment come to be nmtually supposed; I have nothing new to say about this problem. 
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