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University of Amsterdam 

1 Introduction 

In standard first order logic, individual variables take values in domains of points 
which do not have any structure except the one expressible in the language. Each 
variable can take any value; the assignments are completely independent. We are 
going to give up this assumption and look what happens to quantifiers in the new 
setting. 

In many-sorted logic the assumption is already weakened: each sort has its own 
domain, therefore it is no longer true that any variable can take any value. In other 
words, while in the standard case :lxcp is true in a model M under an assignment s 
iff there is an element d in the domain of M such that M, sd F cp, for many sorted 
logic we should add that d should be in the domain associated with the sort of x. 
Within each sort the situation is as before. Moreover, it is easy to translate many­
sorted logic back into ordinary predicate logic extended with unary predicates for 
each sort. There is almost no difference between the two, except for the fact that 
the translation mentioned above leads to increase in complexity. 

A more radical variation would be the following (cf. (Nemeti 1992)): assume that 
not all assignments to individual variables are allowed . This has a clear intuitive 
motivation which can be illustrated by the following example from programming 
languages ( cf. (Wirth 1976)). Consider a variable date which is an array of variables 
day, month, year. The values of date are triples of numbers, where the first number 
is the value of day, the second number is the value of month, and the third number 
is the value of year. The variable day may take values in the set 1, ... , 31; the 
values of month come from 1, ... , 12 and year can be any whole number. Each of 
these three variables can be updated (or , in our setting, quantified over) separately. 
It is clear however that if the value of month is 2, then the value of day cannot be 
30; depending on the year , day may or may not take the value 29. Observe that 
this is not reducible to the case of many-sorted logic. Some assignments to day, 
month and year are not allowed while they respect the domains of the variables. In 
the truth definition for :3 one might require that sd is an allowed assignment . Here 
the names of variables become important; there can be a witness for :lxP(x) but 
no witness for :lyP(y) in a model. 

Again this can be translated into first order logic by adding a special predicate 
for 'allowed assignment ', in the example above, a ternary predicate Date would do. 
But in this case, the difference in complexity is even more striking. It was proved by 
Nemeti that the logic corresponding to the set of models equipped with arbitrarily 
restricted sets of assignments is decidable! 

Yet another variation on the standard way of looking at quantifiers and variables 
is evaluating quantifiers 'locally' (cf. (Blackburn and Seligman 1995)). Consider 
the truth definition of a modal operator: 

M I= ◊cp(w] {cc} :lv( wRv t\ M, v I= <p) 

1 I would like to thank Hajnal Andreka, Johan van Benthem , Patrick Blackburn, Jaap van der 
Does, Dick de Jongh, Michie! van Lambalgen and Istvan Nemeti for their useful comments and 
suggestions when this work was in progress. 
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A modal operator can be seen as a quantifier binding a variable; the name of this 
variable is not important, but the range of a bound variable (the set of values it 
may take) depends on the point where the formula is evaluated. 

In (van Lambalgen 1991) some generalized quantifiers were given an analogous 
interpretation, as quantifiers over objects dependent on the parameters of the for­
mula: Qdxip(x,y1, ... ,Yn) is interpreted as :lx(R(x,y1, ... , Yn) A ip(x,y1, ... ,Yn)); 
the meaning of a quantifier depends on an assignment to the free variables and is 
therefore local. 

In this paper we try to develop a uniform approach to the phenomena mentioned 
above. 

2 Basic logic 

2.1 Language and models 

Here we investigate in general the idea that the range of a variable can be restricted 
by the values of some other 'relevant' variables. We introduce a logic corresponding 
to the following truth definition : :lxip(x, y1, ... , Yn) is true in a model lvf under an 
assignment of values di to Yi, if there is an object d, such that ip(d, d1, ... , dn) holds 
in M and dis a possible value for x given the assignment of values to Yi· For the 
time being we assume that only the free variables of the formula :lx<p are relevant 
for determining the range of x. • 

Consider a language L'.(◊), which contains countably many individual variables 
vo, •• • , vn, •• • , predicate symbols,-., A,= and a quantifier◊. A well formed formula 
of L'.( ◊) is defined as follows: 

l. if X1, ••• , Xn are individual variables and Pan n-place predicate symbol, then 
P(x1, ••• , Xn) is a w.f.f.; if x, y are individual variables, then x = y is a w.f.f.; 

2. if 'P1 and <p2 are w.f.f.'s, then -.ip1 and ip1 A ip2 are w.f.f.'s ; 

3. if <pis a w.f.f. and x an individual variable, then ◊x<p is a w.f.f.; 

4. nothing else is a w .f.f. 

We define □x'P to denote -.Ox-,<p; V, ➔, = are defined as usual. 

Definition 1 A structured dependence model is a structure of the form M = 
(D, R, V) where D is a domain, V an interpretation function (a function assign­
ing n-ary predicate symbols subsets of Dn), and R is a relation between a pair 
(variable, object) and a finite set of such pairs. Intuitively, R tells which value a 
variable can take given the values which other variables have taken. We could have 
demanded from the start that if (x, d)R{ (Yi, di) : 1 ~ i ~ n }, then x, y1, ... , Yn are 
all different variables; cf. Lemma 6. 

The relation M, s p= <p ('ip is true in M under assignments') is defined as follows: 

• M, s F Pt(x11 ... Xjn) ¢? (s(x11) ... s(x1n)) E V(Pt); 

• M, s p= x = y ¢? s(x) = s(y); 

• M , s p= -.ip ¢? M,s ~ <p; 

• M, s p= <p A ,j; ¢? M, s p= <p and M, s p= ,f;; 

• A1, s F ◊x,j;(x, Y1 , ... , Yn) ¢? there exists s' =x s such that 

(x, s'(x)) R { (Yi , s'(y1)), ... , (Yn, s'(yn))} 

and M,s' F 1/J(x,f}), where fj are precisely the free variables of ◊x"I/J- (This 
will be denoted by FV(◊x"I/J) = fj.) 

2 

We say that M p= <p iff M, s p= <p for all variable assignments s. □ 

If r and 6. are sets of formulas, we say that r F 6. if for every model M and 
assignment s, if M, s p= r , then M, s p= 6.. The logic corresponding to this notion 
of consequence is called Lstr· 

Observe that the truth definition for van Lambalgen's generalized quantifiers 
can be obtained from the truth definition above by erasing the first element in each 
pair (or dismissing some information about the variables): 

s'(x) R {s'(yi), . .. ,s'(yn)} 

instead of 

We will see later that this move strengthens the logic by making the axiom ◊x'P ➔ 
◊y<p[x/y] valid (given that y is free for x in ip). 

Another special case of structured dependence models are partial assignments 
models defined in section 3. 

To finish this section, we prove that structured dependence models share a prop­
erty which is taken for granted in classical first order logic but, as we shall see later, 
does not hold for all modal quantifiers . 

Lemma 2 (Locality) For every structured dependence model M, pair of assign­
ments sand z and formula <p, if Sf FV(ip) = z1FV(ip), then 

M, s F <p {} M, z F <p. 

Proof. Completely analogous to the proof for the classical first order logic, the 
proof goes by induction on the complexity of <p. For atomic formulas the proposition 
obviously holds, and the steps for -, and A are also trivial. 

Let <p = ◊x"I/J(x, iJ), and the proposition hold for 1/J(x, iJ). Assume that M, s p= 
◊x"I/J(x,f}). Then there is an assignments' =x s such that the pair (x,s'(x)) is in 
the relation R to the set of pairs {(Yi,s'(yi)) : Yi E FV(◊x"I/J)} and M,s' F 1/J. 
Consider an assignment z' =x z with z'(x) = s'(x). Obviously, for every variable 
u in FV("I/J), z'(u) = s'(u); therefore by the inductive hypothesis M, z' p= 1/J. Also, 
since (x,s'(x)) = (x, z'(x)) and (Yi,s'(yi)) = (Yi,z'(yi)) for every Yi E FV(◊x"I/J), 
(x,z'(x)) is in the relation R to {(Yi,z'(yi)): Yi E FV(◊x"I/J)}, which gives M,z p= 
◊x"I/J(x, iJ). □ 

2.2 Hilbert-style axiomatization 

To give a Hilbert-style axiomatization for the logic of structured dependence models, 
we need to extend the language by countably many individual constant symbols. 
The idea is to repeat a standard Henkin argument; however, this extension is less 
trivial than in case of the first-order logic. The difficulty comes from the fact that 
the variables have much more 'individuality' than in first order logic. As a result , 
the constants should also acquire some. 

We add to L'.( ◊) a set of individual constants d), countably many for each i. We 
call individual variables and constants terms. Intuitively, dj 'behaves approximately 
as the variable v;' . The precise meaning of this will become clear below. Formally, 
we introduce a function 'T/: TERMS--; VARI ABLES, such that ry(vi) =viand 
ry(di.) = Vi- We call a term tan-term, if ry(t) = Vn. 

A well formed formula is defined as usual. A formula without free variables is 
called a sentence. 

3 



The interpretation of constants is the same as in first order logic. If M = 
(D, R, V), and d; is a constant, then V ( d_;) E D. 

The meaning of a term t in a model M_ given an assignment s, [t]M,s is as ex­
pected: if t = v;, [t]M,s = s(v;), and if t = d_;, [t]M,s = V(d_;). The following clauses 
of the truth definition are extended to the case of formulas containing constants: 

• M, s F ◊x,j,(x, t1, ... , tn) {} there exists s' =x s such that 

(x, s' (x )) R { (ry(t1), [ti]M,s'), . .. , (ry(tn), [tn]M,s')} 

and M, s' p ,j,(x, f) . 

It is in the last clause that the idea that constants are instances of a particular 
variable becomes clear. For example, 

{} 3d E D((v3, d)R{ (v1,V(dD)} /\ M, s~ p P(dLv3)) 

Note that ◊v,P(df, v3) can be false in the same model, even if V(dl) = V(dt). 
Analogously, ◊v,P(v1, v3) can be true and ◊v,P(v4 , v3) false even if v1 = v4 . This 
corresponds to the failure of the following axiom (even in the language without 
constants): 

t1 = t2 I\ rp(t1)-► rp(t2), 

given that t2 is free for t1 is rp. Instead, two weaker versions of this axiom are valid: 
the version where rp is an atomic formula and the version where t 1 and t 2 are terms 
of the same type. 

Definition 3 L,tr is the following axiom system: 

AO propositional logic; 

Al □x('P ➔ ,J,) ➔ (□x'P ➔ □x,j,) , given that □x'P and □x ,j, contain the same 
parameters (free variables and constants); 

A2 rp ➔ □x'P, given that x is not free in rp; 

= 1 t = t; 

=4 t1 = t2 I\ rp(t1) ➔ rp(t2), given that t2 is free for t1 in rp(t1) and either (=4a) 
rp is atomic, or (=4b) ry(ti) = ry(t2); 

Rl rp, rp ➔ ,J,/,j,; 

R2 rp(ti)/ □v,rp[ti/v;], where ti is an i-term, i.e. v; or d). 

. The definition of a derivation in L,tr is standard. We will write r f- L,,, rp for 'rp 
1s derivable from r in L,,r'. In the sequel, the subscript is omitted when it is clear 
which system weare talking about. 

In L,tr the deduction theorem holds with restrictions (analogous to the restric­
tions in classical first order logic; cf. for example (Mendelson 1979)). 

The following formulas are derivable in L,tr: 

4 

Alb Dx('P ➔ ,j,) ➔ (rp ➔ □x,j,), given that Dxrp and Dx,j, contain the same 
parameters and x is not free in rp. This formula follows immediately from Al 

and A2 . 

Observe t hat Dxrp ➔ rp is not valid in L,,r since it is possible that rp is false on 
an assignment s, but true on every other assignment which can be obtained from 
s by changing the value of x to some d, so that (x, d) is in the relation R to the 
assignment of values to the rest of free variables of rp; this just means that (x, s(x)) 
does not satisfy this condition. Prefixing Dxrp ➔ rp by Dx means that we switch to 
the assignments s with (x, s(x)) accessible from the free variables of Dxrp ➔ rp; on 
such assignments, if Dxrp is valid, so is rp. 
Proof. 

1. rp(x) ➔ (□xrp(x) ➔ rp(x)) AO 

2. □x(rp(x) ➔ (Dxrp(x) ➔ rp(x))) 1, R2 

3. □xrp(x) ➔ □x(Dxrp(x) ➔ rp(x))) 2, Al, Rl 

4. •□xrp(x) ➔ (□x,P-► rp(x)) AO 

5. Dx(•□xrp(x)-► (□x'P ➔ rp(x))) 4, R2 

6. •□xrp(x) ➔ Dx(Dxrp(x) -► rp(x)) 5, Alb, Rl 

7. Dx(Dxrp(x)-► rp(x)) 3, 6, AO, Rl □ 

Observe that if ,j,1 and ,j,2 have the same free variables (with the possible ex­
ception of x), then from ,j,1 ➔ (,j,2 ➔ (,j,1 /\ ,j,2)) by two applications of Al we can 
derive Dx,J,1 /\ Dx,J,2 ➔ □x(,j, 1 I\ ,J,2). This implies that if all formulas Xi have the 
same free variables, then by T the following formula (used in the proof below) is 

derivable: 

Now we prove completeness of L,tr for the original language, not containing 
constants. We prove that for every set of formulas r and formula rp, if r and rp do 

not contain constants, 
r f- rp {} r F rp. 

Theorem 4 L,tr is sound and complete with respect to the class of structured de­

pendence models: r f- rp {} r F rp. 

Proof. The proof of soundness is easy. As usual, we show that axioms are valid 
and inference rules preserve validity. 

It is obvious that Al is valid. Observe that A2 is valid due to the fact that struc­
tured dependence models satisfy locality. We have already given an example show­
ing that unrestricted =4 is not valid. Now we prove that =4a and =4b are valid. Let 
rp be atomic. Observe that M, s p t1 = t2 {} [t1]M,s = [t2]M,s • M, s F P( ••. t1 •• • ) 
iff ( ... [ti]M,s . . . ) E V(P) iff ( ... [t2]M,, ... ) E V(P) {} M, s p P( ..• t2 •• • ). This 
shows that =4a is valid. To prove that =4b is valid, assume that ry(t1) = ry(t2) , and 
reason by induction on complexity of rp. We have already proved the atomic case. 
The cases for , and /\ are trivial. Finally, 

M, s F ◊xrp( ... t1 .. . ) {} 3d( (x, d) R { .. . (ry(ti), [tiJM,,) ... } /\ M, s;; F rp); 
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since t2 is free for ti and TJ(ti) = TJ(t2), this is equivalent to 

To show that R2 preserves validity, assume that □v,'P(vi) is not valid, that is, there 
exist a model Mand an assignments such that M, s ~ □v,'P(v;). Then there is a 
sequences', which differs from sat most in i, such that M, s' ~ cp. If ti is vi, we 
are done: cp(vi) is not valid. If ti is some di, interpret di as s(vi) (observe that di is 
not free in cp(v;)!). An argument analogous to the proof of validity of= 4b above 
shows that ~cp(di) is satisfiable, thus cp(di) is not valid. 

For completeness, it is enough to show that every set 6. not containing constants 
and consistent with L,tr has a model. 

Assume that we have such a set 6.. We are going to construct a canonical model 
for 6.. The construction is analogous to the proof of completeness theorem for the 
minimal logic of dependence models by van Benthem given in (van Benthem and 
Alechina 1993). 

We extend the language by adding countably many new constants 

As usual, the domain of the model for 6. will consist of the equivalence classes 
of constants. Replace each free occurrence of each variable v; in 6. by ub . The 
resulting set of sentences is called 6.'. If we construct a model for 6.' , then this 
model and the assignment so : v; >-+ [ub] will satisfy 6.. 

Make a list of sentences in the new language. Let us call this list cf>. 
Let Eo = 6., and En = Ln-l if the nth formula in cf> is not consistent with 

En-I• If 'Pn is consistent with En-1, we have two possibilities. If 'Pn is not of the 
form ◊v(,P, then Ln = Ln-1 U { 'Pn}-

If 'Pn is of the form Ov,1/;, we add a witness for ◊v, as follows. We take the first 
new constant uj which does not occur in En-I and add to En-I ,f;[v;/uj] and the 
set { □v, x ---+ x( v;/ uj) : □v, X contains precisely the same constants as 
Ov,,/J}. 

Let E = Un En. Assume that E is inconsistent. Then a contradiction is derivable 
at some finite step n . Let En-I be consistent , and assume that En is not. Then for 
some Ov,,f;, 

Ln-1 U {/\(□v,X---+ x(uj)) I\ Ov,,/J A ,j;(uj)} 
X 

is inconsistent. Again , a contradiction is derivable from some finite conjunction of 
formulas in En-I and a finite conjunction of Dv,Xk---+ Xk for 1 :<; k :<; m. 

By R2 we obtain 

Ln- 1 I- Du, (\ (□v,Xk---+ Xk(v;))---+ □v,(Ov,1/J(v;)---+ ~,f;(v;)) 
k~ m 

Now we apply Al (all Xk have the same parameters) and T to derive 

□v, I\ ( □ v,Xk---+ Xk)-
k :S m 

6 

Together with the statement above, this gives 

which by Alb implies 

that is , 

i.e. contrary to our assumption En-I is incons_istent _(note , 
contain uj free, therefore the deduction theo_rem 1s ap_phcableJ . . . . 

Now we have established that E is a maximal consIStent set, 1.e. it is consIStent, 
it contains, for every formula cp E cf>, either cp or ~cp, it is closed deductively, and it 
contains cp1 A cp2 iff it contains both '1'1 and '1'2 · 

We define a model Mr. for 6. using E as follows . Let the domain be the set of 
equivalence classes of constants, i.e. elements of the form [uj] = { u : u = uj E E}. 

For the interpretation function, we put 

This is well defined by the axiom =4a. The interpretation of constants is quite 

natural: V(u) = [u]. 
The definition of R. is slightly less straightforward: 

holds in Mr. iff for some e1, .. . ,en, such that e; E [d;] andT)(e;) = i; and for all 
formulas X, such that □v,, x contains precisely the constants e2 , ... , en, 

\fx(□v,,x(v;"e2, ... , en) ➔ x(e1,e2, ... ,en) EE). 

Observe that this is equivalent to 

\fx(x(e1, e2, ... , en) ➔ ◊v,, x(v;" e2, . . . , en) E E) 

Also, observe that by =4b, if 

\fx( □v,, x(v;" e2 , ... , en) ➔ x(e1, e2 , ... , en) E E) 

holds for some e1, ... , en withe; E [d;] and TJ(e;) = i;, then it holds for all such 
constants. 

Lemma 5 (Truth Lemma) For every sentence cp, such that cp contains not more 
than oneterm of each type in the scope of each quantifier, Mr. F 'I' ¢} 'P E E. 

Proof. The proof of the lemma goes by induction. The inductive hypothesis is 
somewhat stronger than the statement of the lemma; it says 

cp(d1 , . . . , dn) E L ¢} M-;:. , S F cp(v;" . .. , V;m , drn+I , • • · , dn), 

o::; m ::; n, where s(v;;) = [d;] and TJ(d;) = i; for j ::; m , for every formula <p which 
satisfies the condition of the lemma. 

Without this condition, the assignment s above is not well defined. Namely, 
if cp contains two different constants d and e of t~pe i , whi':h are not m the same 
equivalence class , s would have to assign v; two different obJects [d] and [e]. 

---

7 



l1 ll 

since t2 is free for t1 and ri(t1) = ry(t2), this is equivalent to 

To show that R2 preserves validity, assume that □v,cp(vi) is not valid, that is, there 
exist a model Mand an assignments such that M,s ~ □v,cp(vi)- Then there is a 
sequence s', which differs from s at most in i, such that M, s' ~ cp. If ti is vi, we 
are done: cp(vi) is not valid. If ti is some di, interpret di as s(vi) (observe that di is 
not free in cp(v;)!). An argument analogous to the proof of validity of= 4b above 
shows that ..,cp(di) is satisfiable, thus cp(di) is not valid. 

For completeness, it is enough to show that every set A not containing constants 
and consistent with Lstr has a model. 

Assume that we have such a set A. We are going to construct a canonical model 
for A. The construction is analogous to the proof of completeness theorem for the 
minimal logic of dependence models by van Benthem given in (van Benthem and 
Alechina 1993). 

We extend the language by adding countably many new constants 

As usual, the domain of the model for A will consist of the equivalence classes 
of constants. Replace each free occurrence of each variable vi in A by ub. The 
resulting set of sentences is called A'. If we construct a model for A', then this 
model and the assignment so : Vi >-+ [ub] will satisfy A. 

Make a list of sentences in the new language. Let us call this list <I>. 

Let Eo = A, and En = En-I if the nth formula in <I> is not consistent with 
En-I• If 'Pn is consistent with En-I, we have two possibilities. If 'Pn is not of the 
form ◊v,'P, then En= En-I U {'Pn}-

If 'Pn is of the form ◊v,'P, we add a witness for Ov, as follows. We take the first 
new constant u; which does not occur in En-I and add to En-I ,f;[v;f uj] and the 
set { □v,X ➔ x(v;/u;): Dv,X contains precisely the same constants as 
Ov,,f;}. 

Let E = Un En. Assume that Eis inconsistent. Then a contradiction is derivable 
at some finite step n. Let En-I be consistent, and assume that En is not. Then for 
some ◊v,'P, 

En-I U {(\(□v,X ➔ x(u;)) I\ ◊v,'P I\ ,f;(u;)} 
X 

is inconsistent. Again, a contradiction is derivable from some finite conjunction of 
formulas in En-I and a finite conjunction of □v,Xk ➔ Xk for 1 :<:; k :<; m. 

By R2 we obtain 

En-If- □v, /\ ( □v,Xk ➔ n(v;)) ➔ □v,(◊v,,f;(vi) ➔ -,,j;(vi)) 
k $ m 

Now we apply Al (all Xk have the same parameters) and T to derive 

□v, /\ (□v,Xk ➔ Xk)­
k$m 

6 

Together with the statement above, this gives 

which by Alb implies 

that is, 
En-I f- ◊v,,j;(v;) ➔ -,◊v,,j;(v;), 

• contrary to our assumption En-I is inconsistent (note that En-1 does not 
1.e. bl ) 
contain uj free, therefore the deduction theo_rem is ap_plica e . _ . . . 

Now we have established that E is a maximal consistent set, 1.e. it 1~ cons1sten~, 
it contains, for every formula cp E <I>, either cp or ..,'P, it is closed deductively, and it 
contains cp1 /\ cp2 iff it contains both 'P1 and 'P2. 

We define a model ME for A using E as follows. Let the domain be the set of 
equivalence classes of constants, i.e. elements of the form (u;] = {u: u = uJ EE}. 

For the interpretation function , we put 

This is well defined by the axiom =4a. The interpretation of constants is quite 
natural: V(u) = [u]. , 

The definition of R is slightly less straightforward: 

holds in ME iff for some e1, ... , en, such that e1 E [d1] andry(e1) = i1 and for all 
formulas X, such that □v,, x contains precisely the constants e2, .. •, en, 

Vx(□v,,x(v;,,e2 , ... ,en) ➔ x(e1,e2,---,en) EE). 

0 bserve that this is equivalent to 

'v'x(x( e1, e2, ... , en) ➔ ◊ v,, x( vi,, e2, ... , en) E E) 

Also, observe that by =4b, if 

Vx(□v,,x(vi 1 ,e2,--•,en) ➔ x(e1,e2,••·,en) EE) 

holds for some e1, . .. , en with e1 E [d1] and ry(e1) = i1, then it holds for all such 
constants. 

Lemma 5 (Truth Lemma) For every sentence cp, such that cp contains not more 
than oneterm of each type in the scope of each quantifier, ME F 'P <=> 'P E E. 

Proof. The proof of the lemma goes by induction. The inductive hypothesis is 
somewhat stronger than the statement of the lemma; it says 

cp(d1 , ... , dn) E E <=> ME, S F cp(vi,, ... , Vi=, dm+I, · · ·, dn), 

O :<:; m :<:; n, where s(vi;) = [d1] and ry(di) = i1 for j :<:; m, for every formula 'P which 
satisfies the condition of the lemma. 

Without this condition, the assignment s above is not well defined. Namely, 
if cp contains two different constants d and e of t~pe i, which are not m the same 
equivalence class, s would have to assign v; two different obJects [d] and [e]. 
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T~e clause for atomic formulas follows from the definition of Vi::. The clauses for 
negat10n and conjunction are trivial. Assume that cp is of the form◊ . 1/J(v· d d ) 
withTJ(dj)=ij. v,1 i1, 2,·· · , n 

Let ◊v; 1 1/l(v,,, d2, - -. , dn) E E. By the construction of E, there is a witness for 
◊v; 1 , namely a constant d1 with ry(di) = ii , such that 1/J(di, .. . , dn) EE and 

\lx(□ v; 1 x(v,"d2,. - . ,dn) ➔ x(di,d2, ... , dn) EE) . 

By the definition of R , the latter means 

By the inductive hypothesis, Mr:,,s p 1/J(v," ... ,v,m,dm+i, ... , dn), where s(v,) = 
[d1·). Thus M~ s' ~ ◊ •1·(v · v · d d ) wh 1 • • ' • • L,) I_ Vil 'f', i1 l • • • l '&m, m+l, · • •, n , ere S IS any assignment 
which differs from s m the iist coordinate. 

Let Mr:, , s P_◊v; 1 1/J(v,":··,vim, dm+1,···,dn), where s(v,;) = [dj) for 1 <j::; 
m, and ry(dj) = 'i form< J :Sn. Then for some [di) 

and Mr:,,s[,til P 1/J(v," ... ,v,m,dm+i,,--,dn)- By the definition of R there are 
ei,--- ,en, with ej E [dj] and ry(ej) = ij, 1 :S j::; n, such that ' 

\lx(x(ei,e2,---,en) ➔ ◊v; 1 x(v."e2 ,---,en) EE). 

By the inductive hypothesis, 1/J(ei,---,en) EE. Therefore◊ . • 1,(v · e e) E 
~ B b v,1 'f' '1' 2, • •• ' n 

• Y =4 , the same holds for any e;, .. . , e' in the eqivalence classes [d ] [d ] 
ifry(ej)=ij. n 2,···, n 

This ends the proof of the truth lemma. □ 
0 bserve that the set C:,.' consists of sentences satisfying the condition of the 

lemma; so, the lemma gives Mr:, p t::,.'. 

Coming back to the restriction on the set of formulas for which ·the truth lemm 
holds, note that since the extended language contains formulas of the form cp( u i u it 
it may happen that the following set of pairs is in R: 0 ' i ' 

(vi, u~)R{ (vi, uli), (vi , u:J }. 

This looks ~uite counterintuitive given that in accordance with the intended mean­
mg of R this means: 'if the variable vi takes the value ui and the value u 1 ui i's a 

"bl I c , 0 1, 2 possi e va ue ,or vi . Later, when we interpret 

as ' { (x,, d,) : 1 :S i :S n} is a good assignment', i.e. a function, this becomes 
completely unacceptable. So the last step in the construction of the canonical 
model is to_ show that we may leave only such decent , or functional sets of pairs 
m the relat10n R and throw away all non-functional sets of pairs in R where some 
variable occurs with different objects. ' 

Lemma 6 Let cp be a formula which contains at most one term of each type in 
the. scope of each quantifier. Then for every structured dependence model M and 
assignments , M, s P cp _¢> M', s p cp, where M' is obtained from M by leaving only 
fun ctional sets of pairs m the relation R. 
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Proof. The proof goes by induction on the complexity of cp. The only non-trivial 
step is the quantifier clause. Let cp be ◊v,1/J(v,, ti, . .. , tn)- By assumption, 1J (t1) # v, 
for 1::; j::; n, and 1J(tj) # ry(tk) for 1::; j # k::; n. But then there is an element d 

satisfying 

if and only if there is a corresponding element in M', since the set of pairs above is 

functional. Therefore 

M,s p ◊v;t/J(v, , ti ,-- -,tn) ¢> M',s p ◊v; 1/J (v,,t i , • ••,tn)-

This finishes the proof of the lemma and of the Theorem 4. □ 

3 Obtaining stronger logics 

3.1 In the direction of generalized quantifiers 

Every generalized quantifier satisfies the axiom of alphabetic variants: Dxcp ➔ 
□ycp(x/y), with y free for x in cp. It turns out that this axiom is the only one which 
we need to add to L,tr to obtain the minimal logic of dependence models defined m 

(van Benthem and Alechina 1996): 

Definition 7 A dependence model is a structure of the form M = (D, R, V) where 
(D, V) is as before, and Risa relation between elements and finite sets of elements 

of D, called the dependence relation. • 
The relation M, s p cp is defined as usual, except for M, s P ◊ x 1P ( x , Y1 , • • • , Yn) ¢> 

there exists s' =x s such that R(s'(x),{s'(yi), ... ,s'(yn)}) and M,s' P 1/J(x,fj), 

where fj are precisely the free variables of 3x1/J . D 

Proposition 8 L,tr + Dxcp ➔ Dycp(x/y) is complete with respect to the class of 

dependence models. 

Proof. Follows from the completeness theorem for the minimal logic of dependence 
models , given in (van Benthem and Alechina 1996), (Alechina 1995). D 

Observe that the names of the variables do not matter in dependence models, 
where R is a relation between an object and a finite set of objects. Not surpis­
ingly, the axiom of renaming bound variables corresponds to a sort of permutation 

equivalence for variables: 

Consequence 9 L,tr + Dxcp ➔ Dycp(x/y) is complete with respect to the class of 
structured dependence models satisfying the following property: for any permutation 

of variables in £ r, 

Other examples of strengthening the logic to obtain 'real' generalized quantifiers 
are given in (Alechina and van Lambalgen 1995a). 

The dependence relation in dependence models has a sort of built-in antisymme­
try; in a derivation, relations between parameters can be represent~d as_ a d!rected 
acyclic graph (cf. (Alechina and van Lambalgen 1995b)) . The situation is very 

different for assignments models. 
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3.2 Circular dependencies, or assignments 

In this section we take a somewhat different approach to modal quantifiers, based 
on the intuition that the truth of a quantified formula depends on availability of 
a certain assignment (rather than a certain object). First, we consider logics for 
partial assignments models. 

Definition 10 A partial assignment is a finite set of pairs (x , d) , where x is a 
variable and d an element of the domain. D 

There are two possibilities for defining partial assignments models . Andreka and 
Nemeti proposed (for assignments models) to distinguish models where only part of 
assignments are present (Crs) and models where all assignments are present, but 
only part of them is available for the quantifier (Crs+) . The first kind of models 
satisfies <p ➔ ◊x'P, and the second kind does not. The latter +-variant is closer to 
the intuitions underlying the logic of structured dependence models; we shall see 
that one additional condition on R yields the logic corresponding to the +-variant of 
partial assignments models. To obtain the variant without + , we'll have to change 
the truth definition instead of just adding one more condition on R. Most of the 
proofs below go by way of first proving a certain property for the + variant and 
then extending the result to the proper (partial) assignments models. This is the 
reason why we consider both usual and + variants. 

Definition 11 A partial assignments model is a structure of the form M = (D W V) 
where (D, V) is a first order model and W is an arbitrary non-empty set of p;r- ' 
tial assignments . The relation M,s F <p, wheres : FV(,p) --+ Dis a partial 
assignment, is defined as follows : 

• The clause for atoms and negation is the same as for structured dependence 
models (with assignments restricted to the free variables of a formula); 

• M,srFV(l/>1 /\v,2) f= 1P1 /\v,2 ¢> M,sfFV(l/>1) f= 1P1 /\ M,sfFV(v,2) f= 1/>2; 

• M,sr(Yl, · ·· ,Yn) F ◊xl/>(x,yl,···,Yn) ¢> 

¢> :ld E D(s' = {(x,d), (Y1,s(y1)), ... , (Yn,s(yn))} E W I\ M,s' F 1/,(x,y)) 

We say that a formula <pis true in a partial assignments model M (M F ,p) if for 
all assignments s of the right length in W M, s F <p. The set of formulas valid in 
this class of models is called Lp.a. . For a more familiar notion of validity, namely 
M p <p if all assignments of the right length satisfy <p, we use the notation L + 
following the notation proposed by Andreka and Nemeti for Crs!. p.a~ 

This truth definition demands something stronger than that the pair (x, d) is ac­
cessible from the rest. The fact that 

is an admissible partial assignment implies that also (y1, s(y1)) is accessible from 
{ (x, d), (y2, s(y2)), ... , (Yn, s(yn))}, and so on. The relation '(x, d) and the set of 
pairs D' form a good assignment' is not directed; in a sense, every pair in { (x, d) }UD' 
depends on the rest . 

Lemma 12 The class of structured dependence models satisfying the circularity 
property: if 

(xi,, d,, )R{ (xi,, d,2 ), • •• , (x,., d,J} 

holds, then for every pair (x;;, di;), 

(x;;, d;;)R{ (x;., d;, ), ... , (x;., di.)}\ { (x;;, d;;) }, 

defines the same logic as L;a . . 
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Proof. Let <p be any formula, and assume there are a structured dependence model 
M and an ordinary assignment s, such that M, s F <p. Define Mp.a. to have the 
same domain and interpretation function as M and put 

This is well defined given the circularity property. An easy induction shows that 

M, s F 'P ¢> Mpa 'sr FV(,p) F 'P· 

Conversely, let M be a partial assignments model, s a partial assignment and 
M, s F <p. We define Mstr to have the same domain and interpretation, as M, and 

(x,d) R z ¢> {(x,d)} U z E W , 

where z is a partial assignment. Let s' agree with s on the free variables of <p, and 
assign some fixed element of D to the rest of the variables. Again, it is easy to show 

by induction that Mstr, s' F <p. □ 

Proposition 13 Lstr + Dv,('P ➔ ◊v;'P), where Vi,Vj E FV(,p) {A3) is complete 
with respect to the class of structured dependence models satisfying circularity: 

Proof. To show that the axiom is valid in the class of models satisfying circularity, 
consider an arbifrary model M from this class, an assignment s and a formula <p 

with FV(,p) = v;, Vj, v. Note that if Vi= Vj, the axiom is valid already in Lstr (it is 
equivalent to T) . Con~ider a sequence s' =i s with (vi, s' (Vi)) R s r V u { (vj' s( Vj))}' 
such that M, s' F <p. Then by circularity (vj, s(vj)) R sfv U { (v;, s '(v.)) }, that is, 
M, s' F ◊v;'P · But then M, s F Dv, (<p ➔ ◊v;'P). 

To prove completeness, we use the fact that any set of sentences consistent with 
Lstr + A3 has a canonical model Mr:; as constructed above. Assume that in Mr:; 

holds, that is, for every formula X with constants d1, .. . , dn, X ➔ ◊ v, X E E (or, 
equivalently, Dv,X ➔ x EE). It suffices to show that 

that is , that for every formula X with constants d1, ... , dn, X ➔ ◊v;X E E. Take 
an arbitrary formula x with constants d1, ... , dn. Consider the formula x ➔ ◊ v; X • 
This formula (let us call it 0) contains constants d1, ... , dn. By assumption, 
□v,0 ➔ 0 E E. But □v,0 is an axiom, so 0 E E. D 

Due to Lemma 12, this proves the completeness of Lstr + A3 wrt L;a.· 

Proposition 14 Adding to Lstr the axiom <p ➔ ◊v;'P {A4) yields a logic complete 

wrt Lp.a. • 

Proof. Note that A4 implies A3, so we can use the previous proof to show that 
there is a partial assignments model Mr:; and an assignment s0 satisfying a formula <p 

consistent with AO - A4, Rl, R2. But we do not know yet whether this assignment 

is in W . 
If A4 is true in the canonical model Mr:; , then every assignment 

{ (v;., d;.), ... , (vi., d.J} 

is a good assignment given that all di; are of type ij . Note that the assignment 
so satisfying the original formula <p ( which contains only the variables and no con­
stants) is of such type, therefore s0 is in W . This gives us Mr:;, so E W p ~­
□ 
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4 Crsn-models 

Now we move to classes of models where the notion of assignment stands really 
central; assignments have a fixed length and do not shrink and extend depending 
on a formula. 

To define assignments models, in particular models with assignments of length 
a, we need first to define formally a language with at most a variables. 

Definition 15 La(◊) is a first order language containing a many 
0 :S i < a, =, ~, /I and ◊ and countably many predicate symbols. 
formulas ( w .f.f. 's) are defined in a standard way. 

variables v;, 
Well formed 

D 

In the meta-language we will use Xi, ... , Xn, ... to denote arbitrary variables of 
La(◊). 

Definition 16 A Crsa-model for La(◊) is a structure M of the following form: 
M = (D, W, V), where D is a non-empty domain, W i; Da is non-empty, and V 
is an interpretation function. Since there are a many variables, an assignment of 
elements of D to the variables is any element of Da. The relation 'a formula <pis 
true in Munder assignments (M,s F cp)' is defined only for assignments in W. 
The clauses for atomic formulas, ~ and /I are as before, and 

M, s F ◊z'I/J ¢} 3s' =z s(s' E WI\ M, s' F 1/J). D 

We write MF <p ('P true in M) for Vs E W(M,s F cp). 

Definition 17 A Cr s"j; -model for La ( ◊) is a structure M of the following form: 
M = (D, W, V), where Dis a non-empty domain, W i; Dais non-empty, and Vis 
an interpretation function. The relation 'a formula <pis true in Munder assignment 
s (M, s F cp)' is defined inductively as above. 

Now MF <p (cp true in M) stands for Vs E Da(M,s F cp). D 

A formula is Crsa(Crs"j;)-valid, if it is true in all models. A formula is Crs0 (Crs"j;)­
satisfiable, if its negation is not Crs0 (Crs"j;)-valid. 

It is clear that for a = w assignments models cannot be reduced to a special 
case of structured dependence models, since R must become an infinite relation. For 
a < w, there is a resemblance between partial assignments models and assignments 
models. But there is an important property of structured dependence models which 
holds also for dependence models and partial assignments models (being special 
cases of structured dependence models), but not for assignments models, namely 
locality. 

To get a feeling why locality fails in assignments models, consider the following 
example for L2(◊). Let M be a Crs2 (Crsi)-model with domain D = {0, 1}, 
V(P) = { (1)} and W consisting of the following assignments: 

Vo Vi 
s= 0 0 
SI= 1 0 
s" = 0 

Then M,s F ◊v,P(vi) and M,s' ~ ◊v,P(vi), although these assignments agree 
on the free variables of ◊v , P(vi ). 

The failure of locality is the reason why the axiom cp ➔ □z'P, given that x is not 
free in cp, is not valid in assignments models. Namely, consider the model above; 
M , s F ◊v,P(vi) but M,s ~ □v0 ◊v,P(vi), 

Since we cannot give an axiomatization of assignments models based on L,tr, 
we define an embedding of Crs!-logic into Lta . and of Crsn-logic into Lp.a.· Both 
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.d C .d the formulas of the n variable h f ll • 'mple I ea. onsi er . 
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desired embedding. h' h h ll variables under each quantifier satisfy Observe that formulas w ic ave a n 

locality in Crsn: . . 

l f L ( ◊) which contains all n variables in the scope 
Lemma 18 Let 'P be a formu a o Cn (C +)-model M and a pair of assignments 
of each quantifier. Then for every rs rs I- M F 'P 

h. h agree on the free variables of 'P, M, s r 'P ¢} 'z • 
s, z w ic . f 1 

• d ·on on the complexity of <p; for atomic ormu as 
Proof. The pr?of goes by m ucti f ~ and /\ use the induction hypothesis in 
the claim is obv10usly true, the cl~ses o;hen there is an assignment s' =; s in W 
a standard way. Assume M,s F v;1P · f · ◊ 1P and z agrees 

h th t M s' F 1/J. Since all variables except v; a~e ree m v; '.,. □ 
sue a ' • I f◊ 1P - -s' whichg1vesM,zF◊v;'I"· 
with s on the free v~nab es o vd; .' \h' pr~of of embedding results below. 

This property w1U be also use m e 

4.0.l Embedding of Crs';; into Lta. . 

• n ◊) -t £ (◊) (L (◊) is the language usmg 
Define a translation funct10n : Cn( n n t sn with atomic formulas and 

• I . ) as follows: commu e only the vanab es Vo,.•·, Vn-i 

propositional connectives, and 

(◊v;1P)n = ◊v;(T(vo,,,,, Vn-i) II 1/J). 

Proposition 19 Crs';; F 'P ¢} Lta. F 'Pn · 

• + ¢} £+ ~ 'P· Assume that Crs';; ~ 'P· Then 
Proof. We will prove Crsn ~ 'P . P·Crs+ ~ and (~cp)n are equivalent, the 
there is a Crs";; model for ~cp. Smee ~n n ·ton it is enough to show that for 
same model satisfie! ~ ~cp in·+ Toa~:~:~:e ~:;~pi:s~ ~ ~satisfiable. 
every 0 E Cn ( ◊)' 0 . is Cr !n -s . fi bl . there i::·cr s+ -model M and an assign-

A th t 9n IS Cr s -sat1s a e, 1.e. n d I 
ssume a n 1- on D fine a partial assignments mo e ment (of length n) s0 , such that M, so r · e _ W 

M as follows: Vp.a.+ = V, Dp.a.+ = D, and Wp.a .+ - n. 
P•w: prove by induction that for every subformula 'Ip of 0 

M ,s F 'Ip¢} Mpa+,srFV('I/J) F 1/J. 

The clauses for atoms and ~ are obvious. The clause for /I is also easy: 

M, s F 'I/Ji /I 1P2 ¢} M, s F 'I/Ji /I M, s F 'I/J2 ¢} 

¢} Mpa+,srFV('I/Ji) F 1P1 /I Mp.a+,srFV('I/J2) F 1P2 ¢} 

¢} Mpa.+,srFV('I/Ji ll'I/J2) F 'I/Ji /\'lp2 

3 ' - ( 'E W I\ M s' F 1/J); since 1P is a subformula 
Finally, M,s F ◊v,1P ¢} ~ -, SFSV(·'·) - { ' V i} and s'rFV('I/J) = s' . 

f 0 in the scope of a quantifier' 'I' - Vo, ••• , n- ' 

~herefore the condition above is equivalent to 

3d(s' = s rFV(◊v,1/J) u {(v;,d)} E Wp.a.+ I\ Mp.a.+,s' F 1/J), 
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i.e. Mpa.+,sfFV(◊v;lP) F ◊v;1P· 
This shows Mp.a.+, so f FV(0n) F 0n, i.e. if 0n is Crs"1;-satisfiable, then it has a 

Lt.a.-model. 

. To prove the opposite direction, suppose that 0n is satisfiable in a partial as­
sig~ments model Mand an assignment s

0
. We construct a Crs"1;-model M' and an 

ass'.gnment a( so) with M', a( so) F 0n. Let M' have the same domain and interpre­
tat10n funct10n as M, and W' = W n {s: dom(s) = {v }} Of II . . o, • •., Vn-1 . course a 
assignments m M' are of length n. ' 

_Let a be an ~rbitrary function which gives a partial assignment s from M an 
assignment a(s) m M', so that a(s)f dom(s) = s . 

. ~ow we prove M,s F 1P ¢? M',a(s) F ,/;. The clause for atoms and negation is 
tnv1al. For the conjunction we have: 

M, Sf= 1P1 /\ 1/12 ¢} M,sr FV(,/;1) f= 1P1 /\ M, sfFV(,/;2) f= 1/12 ¢} 

¢? M',a(sfFV(1/i1)) F 1P1 /\ M',a(sfFV(,j;2)) F ,j;2 

Since 1/11 and 1/;2 a_re subformulas of en, and a(s)fFV(,f;;) = a(sfFV(,f;;))f FV(,f;;) 
by lemma 18 this 1s equivalent to ' 

M',a(s)F1P1 I\ M 1,a(s)F1P2 ¢?M1,a(s)F1PI/\,j;2. 

The clause for the quantifier is easy. Since the assignments used in the quantifier 
clause are of length n, we use the fact that such an assignment s' E W' iff s' E w: 

M,sF◊v;,/;¢?3d(s'=sU{(v;,d)}EW I\ M,s'F,/;)¢? 

¢? 3s' =; a(s) E W'(M', s' F 1/,) ¢? M',a(s) F ◊v;1P-
This gives M' ,a(sO) F 9n that ·s 'f 9n h £+ model. ' 1 ' 1 as a p.a_-model, then 9n has a Crs"1;-

□ 

4.0.2 Embedding of Crsn into Lp.a. 

Given the result above, it is easy to show that -the same embedding works for Cr s 
~4a- n 

Proposition 20 Crsn F 'P ¢? Lp.a. F <p. 

Proof._ The begi~n_ing of the argument is the same as above; the problem is reduced 
to provmg that 0 IS. Crsn-satisfiable iff 9n is Lp.a.-satisfiable. 
L Gi~en the defimt10n of a partial assignm~nts model , it is clear that Lp.a- and 

p.a.+ models are the same, and only the not10ns of satisfiability are different. (We 
cannot reformulate the defimt10n of partial assignments models so that the satis­
fact_10n relat10n would be defined only for the sequences in W; cf. the clause for 
conJunct10n.) Therefore, if <p is satisfiable in an £ + -model a d th t· f • · · W p.a. n e Sa IS ymg 
sequence 1s m , then <p is Lp.a. -satisfiable. 

_ The corresponding fact for the assignments models is also true, but needs a 
bit more elaboratmg. Let M be a Crs -model and M+ be the co d' C + d I ( . n , rrespon mg 

r sn -mo e with the same D, W and V). Then for s E W 

M,s F cp ¢? M+ , s F cp. 

The proof is an obvious induction. 
?onsider a formula 9n from the previous embedding proof. Without Joss of gen­

erality we may assume that 9n has all n variables free (in all logics 9n is satisfiable 
1ff 9n I\ T(vo, ... , Vn - i) is satisfiable). ' 
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Assume that 9n is Lp.a. satisfiable, i.e. there is an Lp.a. model M and an 
assignment (of length n) s E W such that M, s Fen. From the analysis above, M 
is an Lt.a. model as well, and the embedding proof above gives a Crs"1; model M' 
and assignment a(s) = s which satisfy 0". Since sis in Wands is of length n, we 
have M',s E vV' Fen. But then there is a Crsn-model satisfying 9n_ 

Assume that there is a Cr Sn -model M satisfying 9n . Then there is a Cr s!­
model M+ such that M+, s E W F 0". By the embedding argument, there is 
an Lt.a.-model Mp.a.+ with Wp.a.+ = W, such that Mp.a.+, sfFV(0") F 0" . But 
sf FV(0") =sand s E W. Therefore, 0" is Lp.a.-satisfiable. □ 

From the following fact (which is well-known, cf. for example (Nemeti 1992), 
but which we restate here for the sake of completeness) follows that also Crsw is 

embeddable in Lp a.: 

Proposition 21 For every w./.f. with at most n first variables <p, f=Crs. <p iff 

f=Crs~ 'P· 

Proof. We prove that --.cp is Crsn-satisfiable iff --.cp is Crsw-satisfiable. 
The direction from left to right is easy: one can always transform a Crsn model 

M, satisfying --.cp, into Cr Sw model, by adding the same infinite ' tail' to all sequences 

inM. 
For the converse, Jet M be a Crsw model, and M, s F --.cp. Just 'cutting the 

tails' of the sequences in M would not work, since it may make some sequence s' 
for which s' =x s does not hold in M, accessible from s in the new model. Let , 
for example, n = 3 (which means that cp contains only the variables v0 , v 1 and v2 ). 

Assume that s' differs from s in the 0th and 5th coordinates. Then s' =o s does 
not hold. But if we consider only the first 3 coordinates of s and s', then s' =o s. 

To make a Crsn model from M, which satisfies cp, we proced as follows. Let 
M- be a submode! of M obtained by leaving out all sequences which differ from s 

in some coordinate m, m 2'. n. An easy induction shows that 

(The inductive hypothesis being: for every s' which differs from s in at most n first 
coordinates, and every formula 1/1 containing at most n first variables , M , s' F 1/1 ¢? 

M-, s' F ,/;). 
M- can be easily transformed into a Crsn model by 'cutting the tails' of se-

quences in M-, making them all of length n. □ 

5 The weakest logic above Crs and dependence 

models 

So far, we have considered the following logics (with inclusions indicated by arrows, 
D M standing for the minimal logic of dependence models) : 
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/ FOL 

Cn~ L~ 
f f DM 

c,,+- r/ 
Lstr 

T_here _are lots of non-trivial logics between DM and 
But 1t 1s interesting that there is no 1 . h' h . FOL (cf. Chapter 4). 
DM and weaker than first order lo ic og1c w_ JC I~ stronger than both Crs and 
Crs+DM - FOL Th' g • In this sect10n we are going to show that 
and depend~nce m~delt:r:g~~s that thethintuitions underlying assignments models 

sense or ogonal. 
Although we do not give an axiomatiz t' f C 

least the following axioms are valid there: a ion o rsn-models, it is clear that at 

Al' □,(<p--+ 1/J)--+ ( □,rp--+ D,1/J) (unrestricted monotonicity); 

A4 <p--+ ◊,rp. 

The following axioms are valid in the class of dependence models: 

AO propositional logic; 

Al □,(rp --+ 1/J) --+ (D,rp --+ D,1/J), given that □ d □ .,. 
( 

x 'P an x '+' contain the same 
parameters free variables and constants); 

A 2 'P --+ □,<p , given that x is not free in <p; 

AS □,<p--+ Dy<p(x/y), given that y is free for x in rp(x); 

Rl <p, <p --+ 1/J 11/J; 

R2 rp(x)/□,rp(x). 

Putting these axioms together and re lacin □ b 
following system: p g Y V and ◊ by :l we obtain the 

AxO propositional logic; 

Axl Vx(<p --+ _1/J_) --+ (rp--+ Vx1/J), given that x is not free in <p (from unrestricted 
monotomc1ty Al' and A2); 

Ax2 <p(x) --+ :lyrp(x/y), with the usual restriction (from A4 and A5); 

MP <p, <p --+ 1P 11/J; 

Gen rp(x)/Vxrp(x) (from Rl). 

which • t' fi th , llax10ma izes ~st-order logic (cf., for example, (Mendelson 1979)) This proves 
e 10 owing propos1t1on: • 

Proposition 22 The we k t 1 • h. h 
dence models and Cr s :io;:I og1c r ic ldfierives all formulas valid in both depen-

n - s, 1s c ass1ca rst order logic. 
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Both the logic of dependence models and Crsn-models are much weaker than 
classical first order logic. In particular, they are decidable even in the presence 
of equality in the language ( as we shall see below, this follows from the results of 

Nemeti (1992), Andreka and Nemeti (1994)). 

6 Restricted fragments of predicate logic 

A lot of insight in modal logic comes from considering it as a fragment of first order 
logic under the standard translation (cf. van Benthem (1983)). The same holds for 

the logics of modal quantifiers. 
All logics introduced above can be embedded into fragments of first-order logic 

with restricted, or bounded, quantification ( where every quantifier is restricted by 

an atomic formula). 
In (Andreka, van Benthem and Nemeti 1995) the following fragment (called 

Fragment 2) is defined: a fragment of first-order language with equality where 
each subformula in the scope of :l is of the form :lx(R(x ,y) I\ rp), where R is any 
relational symbol (not necessarily fixed) and the free variables of <pare among x, y. 
This fragment is shown to be decidable in (Andreka and Nemeti 1994). In this 
section, we show that the logics of partial assignments models and the logics of 
assignments models are embeddable into Fragment 2. 

For Crsn and Crs;; this is a well-known fact (cf., for example, (Nemeti 1992)). 
The following translation tr from L:n ( ◊) into the language of first-order logic en­
riched with a predicate R is used to define the embedding: tr commutes with atomic 

formulas and propositional symbols, and 

tr(◊v;'P) = :lv;(R(vo, ... , Vn-1) I\ tr(rp)). 

Put for Crs;; <p+ = tr(<p) and for Crsn <p* = R(v0 , ••• , Vn-i) I\ tr(<p). Intuitively, 
R(do, ... , dn-1) means that { (vo, do), ... , (vn-1, dn-1)} is an assignment in W. One 
can easily check that <p is Crsn ( Cr s! )-satisfiable iff rp* ( rp+) is satisfiable in first-

order logic. 
For the partial assignments models, the idea is completely the same, but we 

have to introduce countably many relational symbols. The reason is that we 
must be able to distinguish assignments of the same length but to different vari­
ables (coordinates). So we introduce symbols like R;,, ... ,i., i1 ~ ••• ~ in, with 
R;

1
, ... ,i. (d1, ... , dn) meaning that d1 is assigned to the variable v;1 • The translation 

is, as one would expect, the same as tr except for the quantifiers: 

For example, ◊v0 ◊v2 P(vo,v2) is translated a 

:lvo(Ro(vo) I\ :lv2(Ro,2(vo, v2) /\ P(vo, v2))) 

which is equivalent in first order logic to 

:lx:ly(Ro(x) I\ Ro,z(x, y) I\ P(x, y)); 

◊v3 ◊v, P(v3 , v1) is translated (up to renaming of the variables) to 

i.e. to a different formula. 
As before, we define rp+ = tr1 (rp) and <p* = R;,, ... ,i. (v;., . . . , v;.) /\tr 1(rp)), where 

v;,, . .. , v;. are the free variables of <p. The claim is that <pis Lp.a. (Lp.a.+ )-satisfiable 
iff <p* ( rp+) is first-order satisfiable. From this follows 
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Proposition 23 Both logics of partial assignments models are decidable. 

Proof. Follows from the embedding above and the result of Andreka and Nemeti 
(1994). □ 

The same idea applies to Lstr• Since the difference between Lstr and Lta. is 
in the circularity property, we must show which variable was quantified. We add 
countably many predicates Rt ... ,;", where the superscript stands for the quantified 
variable. The translation becomes 

Again, cp+ = tr" ( <p) and <p is satisfiable in the structured dependence models iff cp+ 
is first order satisfiable. We prove that the translation is satisfiability-preserving 
only for this case; the proofs for partial assignments models are analogous. 

Claim 24 For any formula <p of£(◊), <p is satisfiable in a structured dependence 
model iff tr" ( <p) is first-order satisfiable. 

Proof. Assume that there is a structured dependence model M = (D, R, V) and 
assignment s which satisfy <p. Let M' = (D, V'), where V' agrees with V on all 
predicates from£(◊), and 

For example, 

It is easy to prove that for every formula ,j; and assignment z, 

M,z p= ,f; B M',z p= tr"(,f;). 

The proof goes by induction on the complexity of ,f;. The only non-trivial case is of 
,f; being of the form ◊"'; 0(v;" ••• , v;" ). M, z p= ◊"'; 0(v;" . . . , v;J means that 

¢> 3d(Rt ,;.Cz(v;,), •. . ,d, ... ,z(v;"))I\M',z~; p= tr"(0)) ¢> 

¢> M', z p= 3v;; (Rt .. ,;" (v;" ... , v;J I\ tr"(0)) . 

This proves the direction from left to right. 

To prove the opposite direction, assume that tr" ( <p) is first-order satisfiable. We 
construct a model for <p by keeping the domain and interpretation function the same 
as in the model for tr" ( <p) and defining R as follows: 

The rest of the argument is the same as above. 
D 

Proposition 25 The logic of structured dependence models is decidable. 

Proof. Follows from the embedding above and the result of Andreka and Nemeti 
(1994). D 

The standard translation for dependence models is given in (van Lambalgen 
1991) and (van Benthem and Alechina 1996). It also falls within Fragment 2 and 
is decidable. 
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7 Conclusion 

·d ed above can be seen as special cases of the same principal l ics consi er · b d d t 
The og f • bl bound by a quantifier can e epen en on • • . that the range o a vana e _ . . 
intmtwn. • bl D"a-erent logics emerge when different cond1t10ns on l f other van a es - 111• . fi 
the va ues O 

• • d All such logics can be translated mto rst d nee relat10n are impose . . I 
the depe~c e But it definitely makes sense to study them on_their ~wn or as specia 
order logi • d 1 • b se they may have properties which full first order 

~~~ITTff~, = ... 
fragm We have seen this on the example of dec1dab1hty. logic does not posess. 
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This paper is concerned with some general questions about discourse 
interpretation: What are the key theoretical structures on which discourse 
interpretation should depend? How should a discourse context be thought of--as a 
structured representation, or model-theoretically? How should we model the 
updating of discourse contexts with new information? 

An answer to the first question above, What are the key theoretical structures 
on which discourse interpretation should depend?, motivates the theory of 
discourse interpretation. If we take our cue from sentential semantics, the 
meaning of the discourse's parts should determine the meaning of the whole; 
some sort principle of compositionality of meaning must hold at the level of 
discourse interpretation. So a theory of discourse interpretation must develop 
from an account of discourse structure. 

A theory discourse structure and, hence, discourse interpretation must 
integrate both semantic and pragmatic information. Recent work on discourse 
structure in AI, philosophy and linguistics has shown that discourse structure 
depends on numerous information sources--compositional semantic principles , 
lexical semantics, pragmatic principles, and information about the speaker's and 
interpreter's mental states. So a theory of discourse interpretation must in fact also 
be a theory of semantics and pragmatics and their interaction--a theory of the 
pragmatics-semantics interface. 

This leads to several other questions: How should we model the interaction of 
these multiple knowledge sources needed to construct discourse structure, or the 
interaction between defeasible pragmatic principles and nondefeasible semantic 
principles? 

I will review and lay out systematically one theory, Segmented Discourse 
Representation Theory or SORT, which is one attempt at a theory of discourse 
interpretation and of the pragmatic-semantic interface.1 Like DRT, SORT 
exploits representations to model discourse contexts and to determine the 
semantic effects of discourse structure. After giving some applications of SORT 
to problems of discourse interpretation, I develop a no-,el and alternative model­
theoretic approach to discourse contexts for a theory of pragmatics and semantics, 
and then establish an equivalence with SORT. The model-theoretic approach 
gives a more general description of the theory by abstracting away from 
irrelevant aspects of the representations. It also indicates the minimal amount of 
information about our representational structures needed to analyze the 

• I would like to thank Tim Fernando and Alex Lascarides for extensive and helpful 
comments on previous drafts of this paper. 
1This theory has already been introduced at some length in Asher(l993); I will give here a simpler 
and improved account. 
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phenomena SDRT has been co . 
needed, and SDRT represent~c:r':1ni~t~. There ~s a lot of such information 
structures. comrrutment to representational 

2. A_ Theory of Discourse Interpretati 
Previous work has established that a th on--SD~T . 
~ account of discourse structure B t ~ory of discourse rnterpretation must give 
discourse and how do we build it?. S;Ry°fw d? we characterize the structure of a 

• urrushes some answers . 
2•1 Introduction to SDRT 
SDRT integrates and extends d nami . . 
~epresentation Theory (DRT). hie ouc semantic~ as foun_d in Kamp's Discourse 
m D~T. but rather a complex proposi:~tJ~ a disco°:se is ?ot a single DRS, as 
by discourse relations to form segme t d di tructure m which DRSs are related 
SD~Ss. SDRSs in tum may be relate~~ ~course representation structures or 
relations to form a hierarchical struc o ot er_ SDRSs by means of discourse 
the same ~DRS could occur in more r:~ Now smce SDRS~ ~e abstract objects, 
SDR~s with positions with a set of labe~:e structural position. So I shall label 
~n~tion from labels to SDRSs I will {n:,, n:,, ••• } . There is a surjective 
distinct, though their "values" n~ed t ~s~~11e that labels with distinct indices are 
as a. (if' a variable) or k (if it . no e, enceforth I shall write the value of n: 
Formally, an SDRS is a p;'ur of s:~ a constant and denotes a particular SDRS)• 
SDRSs' and a set of conditions in whi a :el U of constif?ents, of labelled DRSs or· 

c scourse relations apply to labels • U 
DEFINITION (SDRS and SDRS Conditions . If . m • 

labelled SDRSs or DRSs Con i ). . {rc, .a,, ••• , n. :a.} == U is a set of 
whose arguments are amo~g s a firute set of SDRS conditions all of 
least one element of Con the::,, i/J!• an~ such that every rc, occurs in at 
lfn::a and n:':a' are labell,ed SD;S' on> i~ an ~DRS. 
then R(n:, 3:2 is an SDRS conditions_ and R is a Discourse Relation symbol, 

SDRSs form a graph, in which the n . 
t~e ~dges are discourse relations of dt~!:e; vertices are labell~d SDRSs, while 
s1grufies that the condition in fact holds 2 types. R(rc,, zj without underlines 

The SDRS definition is motivated i, 
f~~sh a structural constraint on the 1:itee _concerns: first, an SDRS should 
s1rrular maruier to the constraint of . ~~on~ potential of the context in a 
why see Asher 1993); second, an si~c;s~bi11ty m DRT (for detailed arguments 
seg~ents ~f a discourse, a goal whic~ ~~~ represent th<: meaningful units or 
theories; third, an SDRS should exhibit th T _shares with many discourse 
on_ the ~DRSs they connect such as· t!:mantic effects of discourse relations 
~culation, and lexical disambiguation. SD poral ana~hora, focus/background 
aims, and they have several advantage • R: are designed to accomplish these 

Unlike the structurally sim I dis over o er proposals. 
the structures of Marni and Th:m;so sctourse trees of, e.g., Polanyi and Scha or 
an SDRS. Sometimes an appeal to at~' wo or m?re edges may relate vertices in 
acc~un?ng for the observed semantic :f~t two discourse r~lations is essential in 
amb1gu1ty of ausleihen in the following :ts/lr exam~le m treating the lexical 
we can_ account for the lexical disambi p _o erman ~scourses (I .a) and (l .b), 
sem~tic effects of the discourse relati;°a~~n of ausle1hen by appealing to the 
relations Narration and Contrast relate th nst i we as~ume that both the discourse 

e wo constituents derived from the two 

2For the semantics of v • di 
anous scourse relations see Asher ( 1993)' chapter 7. 
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from the two clauses in the responses to (l.a-b). Narration relates the events in 
the clauses temporally, while Contrast says that the two clauses have 
incompatible implicatures. But the analysis of the disambiguation does not work 
if we are forced to choose only Narration or only Contrast to relate the 
constituents, and having a single relation that carries the semantic effects of both 
Narration and Contrast is not independently motivated (Knott, 1996). The SDRS 
for (l .b) is depicted below to the left, and the constituent graph at tlle right. 

(1) Hast du <las Buch gekauft, oder? (Did you buy the book?) 
a. Nein, ich habe es nicht gekauft, aber ich habe es ausgeliehen 

(No, I didn't buy it, but I borrowed it) 
b. Ya, ich habe es gekauft aber ich habe es ausgeliehen. 

(Yeah, I bought it, but I loaned it out) 

Narration 
lli: I buy book I Contrast(1t 1, ir,) 

,r,: I loan book out I Narration(1t" ir,) 
ir,:~k, 

Contrast 

I will return to this example once I have said more about discourse relations. 
A second aspect of the complexity of SDRSs is that an SDRS--i.e. a graph-­

may make up a vertex of another graph. This is a direct consequence of the 
recursive definition of SDRSs. The justification for this additional complexity is 
the intuition that in discourses like (2) below, the sentences following the first 
introductory and topic sentence all contribute to the overall discourse structure 
one elaboration, one complex SDRS containing several SDRS constituents, 
rather than separate elaborations of the topic . The recursive definition of SDRSs 
allows us to distinguish between these two cases. 

Like DRSs in DRT, SDRSs are constructed incrementally: Given a discourse 
consisting of the sentences s" ... , s. one first constructs an SDRS k, for s, and 
then uses k, as a context for the interpretation of s2• One then updates k, with the 
interpretation of s2 , and then uses the resulting SDRS as a context to interprets,. 
The construction of a SDRS is more involved tllan DRS-construction. First, the 
SDRS construction procedure must specify a semantic representation for the 
sentence s,. Second, tlle context SDRS for Si in general offers a number of 
different attachment sites to which the representation of Si could be attached; the 
SDRS construction procedure must say which sites these are and select one. 
Third, the construction must specify one or more discourse relations that relate 
the semantic representation of the new sentence to components of the context 
SRDS that are available at the chosen attachment site. Except when the processed 
sentence is the initial sentence of the discourse, its representation must be related 
to the context by at least one discourse relation. This is a relevance requirement 
for cohesive discourse. Finally, one must determine the the truth conditional 
effects of the attachment of the new information to an available attachment site 
by means of some particular discourse relation. The truth conditional content of a 
discourse comes in part from compositional and lexical semantics and in part 
from the effects of the discourse relations. Below, I will give examples with 
pronominal and temporal anaphora. 3 

3For other applications of SORT, see Asher (1995b) for an analysis of focus/backgroWJd, Asher et 
al. (1995) concerning spatio-temporal trajectories, and concerning lexical disambiguation --Asher 
& Lascarides (1995), Asher & Kamp (ms). 

23 



I I 

I, 

In SDRT, lexical and compositional, dynamic semantics (DRT) determine 
the semantic representation for each clause and, here, for each sentence. 4 To 
calculate the update of an SDRS with new information, SDRT uses three types of 
axioms: the axioms of attachment, axioms for inferring discourse relations, and 
axioms for the semantic effects of the discourse relations. Let us look at these 
more closely now. 

2.2 SDRT Axioma of Attachment 
The axioms for attachment constrain possible attachment sites. SDRT 

distinguishes a particular set of attachment points to which new information, 
forming a new constituent in the SDRS, may be attached by means of some 
discourse relation. Attachment sites are the labels of SDRSs. Only certain labels 
within an SDRS are attachment points. The motivation for this restriction comes 
from data on pronominal anaphora. Polanyi (1988) and others have observed that 
discourse structure establishes a constraint on pronominal anaphora. Only 
discourse entities introduced within certain constituents are anaphorically 
available; for instance in (2) (from Asher 1993), the pronoun this in the last 
sentence cannot refer to the Shuttle's launch in the second sentence, even though 
in terms of content this makes a certain amount of sense. The only antecedents 
for this are the entire Shuttle voyage or the launch of the TDRS satellite. 

(2) After thirty eight months, America is back in space. The shuttle Discovery roared off 
the pad from Cape Kennedy at 10:38 this morning. The craft and crew performed 
flawlessly. Later in the day the TDRS shuttle communications satellite was 
successfully deployed. Tiris has given a much needed boost to NASA morale. 

To capture this observation, SDRT postulates that anaphoric relations must 
occur between SDRSs linked by some discourse relation via their labels. For this 
to be possible, the label of the SDRS that contains or is the antecedent must be a 
possible attachment site. Whether a discourse referent or SDRS a may be 
anaphorically linked to another discourse referent x introduced in an SDRS y 
depends upon whether a is or occurs in a SDRS 13 that via the labels bears a 
discourse relation to y. A slight complication to this occurs when the antecedent 
is a topic--in this case the anaphor can pick up the content not only of the topic 
but what it is a topic of. The meat of this constraint comes from the fact that 
possible attachment sites and thus discourse relation relata are restricted. They 
must either label: (i) the current constituent (the one added by processing the last 
sentence or clause) , (ii) a topic of the current constituent, or (iii) an SDRS that 
the current constituent is background to . I will assume that a function current, 
determined by SDRS update, takes an SDRS and returns the label of its last 
entered SDRS. 1t;.U. n, means that n, labels a topic for the SDRS labelled by n,. 
For labels 1t; and n,, define: Jt;< n, in an SDRS ll, to be the smallest relation such 
that a 2 :n:,: a, E Ua, or 3n:;(n < n, in ll & n:;: a, E U0 ,). Since every SDRS is 
finite,< is well-founded and every label has a unique< predecessor. Let pred(:n:, 
1:) denote the predecessor of :n: in 1:, and let apred(rr, i:) be the SDRS so labelled. 

DEFINITION: d-subordinate = the transitive closure of< U .U. U Background. 

4When Si is complex (in that it has, for instance, one or more subordinate clauses), this 
representation could itself take the form of a complex SDRS, consisting of several DRS-like 
components; or, alternatively, the interpretation process could select one part of s i, typically its 
main clause, attach its representation to the context SDRS and then proceed with the other parts. 
However, such complex sentences present a complication that is irrelevant for the examples in this 
paper, and so we ignore them here. 
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DEFINITION: A label Jt is open in 13 iff d-subordinate(current(l3), n) or Jt = 

current(D-(13)F. '---"~m)· A label Jt is d-free in 13 iff current(13) = Jt or -, 3n'( it.U. 
DEFINITION la;uLI • 

~ E Con(apred(rr, ,:))). 

. . SDRS • an open and D-free label; the 
An available attachment ~J~e m an . JS without the SDRSs); a line 

diagram betlhowt thdeeptihcetslas~:i:dJ~~R~o~!fo~e~:1~:;:to the universe of the SDRS 
represents a 
whose label is above. 

~ ~ openandd-free 

rr1 ~ 

.,:---!' 7 
/'-;(}2 current label 

1121 

. ks b al zing example (2) . The first sentence 
Let's see how all this wor y an i t within which to interpret the next 

yields a labelled DRS k,; k, acts as_ a co~ ealx a DRS 1r k is trivially open and 
h mantic representtionat JS so ..,. , . 

sentence w ose se hm t s"te fork, Assuming a computation 
D-free and so Jt; is an acceptable a~ac en J betwee~ k and k, we have the 
of the appropr~ate di~course redlatkJon to !~~~ed by the discour;e relation of 
SDRS below m which k, an 2 are 
Elaboration; and k, is a topic of k,. constituent Graph 

SDRS for first two sentences 

:rr,: ki it,: k, 

Elaboration(:n:,, it,) 

:rr, ll- it, 

:rr, ki . 
ll- Elaborauon 

it,: k, 

k, represents for the third sentence;;t is re:ei1:~ c~:i:::~\!~e~~~~~R1 
and Jt, are both open and D-free an so av T:e Commentary relation gives k, a 
below shows the attachmen~ of n, to n,. . SDRT by making k, a topic of k, 
primary discourse status, which we capture m after attaching k,, the possible 
(see the treatment of Background below). !~ues the story of America's being 
attachment sites are now Jt,, Jt, or n,. ~4 c~n from k,· the adverbial later that 
back in spac~. It also ~ves th:ti~~f1~tfs r~p~!sented i~ SDRT by Narration(n,, 
day makes this clear. s narr hm t . this SDRS and constituent graph. 
~) The result of these two attac en s is k, . 

ll, Elaboration 
:rr,':ki' :rr,:ki 

(2':>~,. 
~t 

:rr,': 
:n:,k, :n:,:k., 1t,i¾ 

Narration(1t 2,1t 4) Commentary(:Jt,, it,) :it,ll-it, 

Elaboration( :rr,, iti') :rr,ll-:rr,' 
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We can finish the example by attachin k t . 
the discourse relation Result TIIi . ~ds5 o the s1~e Tei ?f the topic by means of 
permitting the identification ~f th: Y!e one possible ~ntepretation of this by 
the entire episode--i.e. z == k Uk' discourse referent~ mtroduced by this with 
the SDRS above is k So sD' R-T ' • Thdi e onlhy other available attachment point in 
nl . 4• pre cts t at k peh o Y possible antecedents of this 4' aps e4, and k, ~ k/ are the 

A special feature of SORT airead i r . . 
that different discourse relations affi ~ :p ic1t m our treatment of example (2) is 
helps account for the segmentatione~f die strucnn:e of an SDRS differently. TIIis 
But the differential treatment of di scourse mto complex structured units 

h . . scourse relations also h h . • trut condit10ns. The ana hori . . . . as ot er effects--v1z. on 
depending on the types of di~cour~e ioss~bibties for pronou~s are different, 
Consider the following discourses. elations used to relate various constituents. 

(3) A woman carrying a large envelope loom d 
John had been waiting there all . ~ out of the snow and approached the bar 
read through all the newspape mo~ng. ; had ordered expresso after expresso and. 
her. rs on e rac • Now he went out into the cold to meet 

(4) A woman with an enormous suitcase asked J h 
Then a family with several ts and O ~ to carry her bag to the taxi stand. 
was in a hurry to make his a;intme:;_tulant children wanted his luggage cart. John 

:)) BBut he was too polite to tell *her to lug her own suitcase 
ut he was too polite to tell the I d •. 

their own luggage cart. a y to lug her own smtcase or the family to find 

A theory of discourse structure th t d , . . . 
effects of different discourse relati~ns ol~~n t di~tingu1sh between the structural 
1994), might give the following picture' o~ (~)a s1m(/1)e (Rtre~ stru~ture (cf. Gardent 

or .a ; is a discourse relation). 

-----~ ~~ d 

a ____-3~ 
b C 

Discourses (3) and (4.a) are uite . 
anaphoric potential of the contex! ere different, however. For one thing, the 
examples is different yet their tr ated by the first f~ur sentences in these two 
distinguish between types of discoU:e struc~ures_ are isomorphic, if we don't 
relations affect the structure So .f thse relations i~ the structure and how these 
the theory that assigns (3) and. (4)1. e stru~ture dictates anaphoric availability 
ct· • . isomorphic structures ·s • ' 

isti~gu1sh different sorts of relations in h . I mcorrect. We need to 
relations must make a difference to the t e discour~e structure, and these 
We'll return to these examples in secti u~date of th~ discourse representation. 
descriptions have a distint ana h _on .4. ~e pomt of (4.b) is that definite 
description can get an anaphoric i!terpor:~t tote~tial from pronouns; a definite 

a on m cases where a pronoun cannot. 

2.3 SDRT Axioms for Calclulating Discourse Relati . 
The previous section gave constr . ons and thell' Effects 

points for new information in a given ~~k~n ~hat were possible attachment 
labels . I will symbolize as <t Jt h • . ese must be open and D-free 

, , , Jt,> t e particular attachment of a labelled 
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SORS rr.,:a2 to an open and 0-free label n, in an SORS ,; representing the 
discourse context prior to the integration of the new information in a 2. to 
establish a discourse relation between Jt1 and rr., and that relation's truth 
conditional and discourse structural effects, SORT uses an axiomatic theory 
known as DICE (Discourse in Commonsense Entailment).5 We then define an 
SORS update function that incorporates th~se effects into the SORS. There will 
be an SORS update function for each relation, and since more than one discourse 
relation may be inferred, the sum total effects of attaching rr.,:a2 to Tei in ,; is the 
result of applying all the appropriate update functions. 

A theory of discourse structure, so far as we understand at present, exploits 
and brings together many, separate sources of information. More specificially, it 
is the axioms relevant to the computation of a discourse relation that exploit 
multiple information sources--compositional and lexical semantics, the presence 
of certain "key words" that have been taken in the AI literature to signal the 
presence of a particular discourse relation, and even intonational stress. There is 
also an important interaction between these information sources and discourse 
structure. As we will see for instance, discourse structure sometimes determines 
temporal structure but in many cases too, temporal structure constrains discourse 
structure by licensing certain inferences by default or by blocking them. 

The question of how these information sources are to be integrated within a 
formal, logical framework is a central question for a theory of the 
pragmatics/semantics interface. It is reasonable to suppose that these sources of 
information, each more or less autonomous, will from time to time support 
conflicting conclusions about interpretation. Thus the framework must be one in 
which conflicts of different sorts can be detected and resolved without the whole 
system going inconsistent. Further, the inference to a particular discourse relation 
is undsrdetermined by any given information source in general. But the other 
information sources may or may not resolve the question of which discourse 
relations definitively hold between two constituents. So we need to use these 
axioms in conjunction with a logic that allows us in the absence of information to 
the contrary to infer certain discourse relations by default. 

To model defeasible implicatures and conflicting information sources in a 
principled manner, DICE uses a nonmonotonic logic in which generalizations 
with exceptions are represented by statements with a weak conditional operator 
>.A> B means that "if A, then normally B." The effect of using a nonmonotonic 
logic is to generate in most cases only the preferred structure. An alternative 
would be to generate all the possible discourse structures for a given context and 
to impose a preferential ordering on them. But I'll only talk about the first here. 
Temporal Relati011S: Narration 
Narration, like other discourse relations in SORT, is a "theoretical term." Its 
import for the content of a discourse is given by the axioms of the theory that 
spell out its truth conditional effects. The effect of Narration on the content of a 
discourse is summed up by the following axiom, where ea is the main 
eventuality introduced in a (by the main verb of the clause that gives rise to a), o 
is temporal overlap, post(ea) is the post-state of the eventuality ea, pre(e~) is the 
pre-state of e ~6. 

(Al) Narration(n,, n,) .... post(e0i )o pre(aj) 

5DICE reasons about SDRSs and their properties and is part of SDRS construction, but it 
is not part of the discourse contexts as represented by SDRSs. 
6When we take accmmt of adverbials, (Al) gets more complicated. See Asher et. al . (1995). 
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This axiom reflects the intuition that Narrations must have cohesion; the events 
strung together by the Narration must fit consistently and without obvious gaps . 
The axiom has a number of consequences: by assuming that post(e) > e and 
pre(e) < e (where'<' is a temporal strict precedence relation such that e < e' iff e 
occurs prior toe'), we can infer from Narration(7ti, n,) that ea, <ea.,. 

An additional effect of Narration is that elements connected together by 
Narration must have a common topic that is neither loically valid nor 
contradictory (i.e. contingent) once we update the SDRS--a policy stated in (A2). 
Update(apred(pred(ii:,,i:)), Narration(7ti, n,)), the update of the SDRS containing the 
SDRS in which n,:a, is a constituent with the new Narration, is defined shortly . 
The intuition that a Narration must have a unifying theme motivates this axiom. 

(A2) <t, n" n,> & Narration(7ti, n,) --> (3a,)(Contingent(a,) & n,.IJ,7ti, & n,h,, & 
n,: a, E U(Update(apred(pred(it,,i:)), Narration(A, n,)) & n,JJ,~, .1!J:n, E 
Con(Up-date( apred(n:,, ,:))), 

Let us now look at how to infer Narration. Many of the laws for inferring 
discourse relations are defeasible generalizations. The basic SDRT axiom for 
discourse relations, e.g. of Lascarides and Asher (1993), is that without 
additional information we will infer that Narration holds between two 
constituents expressed by sentences in the past tense that are to be related 
together. Work on narrative structure by Canapael (1989) and Sandstrom (1995) 
indicates, however, that the original SDRT approach to Narration is perhaps not 
correct. Additional information seems needed to infer a narrative sequence in a 
text. For instance, in American English, Narration and its temporal structure may 
not be inferred in certain contexts, although our simple axiom would predict it. 7 

(5.a) John studied. Mary studied too. 
(5.b) Mary studied, but John went drinking. 
(5.c) Alexis was a good girl today She did her homework. She practiced piano, and she 

helped cook dinner. 

Why does Narration fail in these examples? Given the logical framework of a 
nonmonotonic logic, there are two explanations: (i) something blocks or defeats 
the inference to Narration; (ii) the simple axiom of earlier work in SDRT is 
incomplete and the right default for Narration requires some extra condition in 
the discourse context that is missing in examples (5). It is hard to see what blocks 
Narration in these examples, so option (ii) seems more plausible. The requisite 
information for inferring Narration in some cases, exploiting some of 
Sandstrom's ideas, is that the first mentioned event elli "occasions" the second 
mentioned event ea, --i.e., be part of a plan or a natural type of sequence of 
events in which events of the sort described by a, lead to events ot the type 
described by f3. This seems intuitively plausible and supported by examinations 
of real texts. But obviously this can only be a default; interpreters don't have a 
plan or enough world knowledge to know about occasionings in every instance of 
Narration. Further, how do we express "occasioning" formally? The effects of 
Narration axiom in fact gives us the key. If one can deduce nonmonotonically 
from the world knowledge and the discourse context that the prestate of an event 
of 'lj!ing overlaps temporally the post-state of an event of cp-ing, then one can 

70ne might think (as I did earlier) that perhaps relations like Parallel and Contrast--as in (5.a-b)-­
preclude Narration. But I have no explanation for this and it seems in any case implausible given 
an example like (1) where we have both Narration and Contrast. At any rate this does not explain 
(5 .c ), which is acceptable in American English. 
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. ( '" -r) This inference is symbolized in the definition below 
Jude Occasion cp, ...,, • 

~~;lKB&t (cp&'lj!, post(ecp )o pre(C'lj!)): 

(.:I ( cp&'lj! post( e cp) o pre( C'lj! )) 
Definition: Qccasion(cp, 'lj!, -r) ,_,. ( KB&t ' 

Jes in (5) however' is that other 
Another key eleme~t to note ~out th~ exrp ases whe~e we don't have clues 

discourse relati?ns b~sides Narratio~ea~ih~; s~rtc of rhetorical structure, we w~t 
that the author is tr~m~ to m~e so th rder in which events happened--this 
to assume that he is J~S~ tel~nt u~arlf e~ approach seems desirable. To take 
"abductive" chara~tenstic o t e ·oms for inferring Narration: 
account of these points' I propose two axi 

& Occasion(a" a,, -r)l > Narration(1ti' n,). 
(A3a) [<t, 1ti, n,> & .::I((<t n -rr..,. & info(a" a 2)), (R(n" nJ & R * 
(A3.b) [<t, n" n,> -, . ' " ·-r 

Narration))} > Narration(7ti, n,) 

onotonically from presumed common 
(A3 b) says that if one cannot deduce no~ ected to n in -r and facts about a 
background knowledge, the ~act t:at ~~~~: relates n', and n, then one may 
and 13 that some other re~ation t an A2)'s constraints on topic are met).s. 
conclude Narration defeasibly ('.15 lonfo~i~ferring Narration. Toe use of certain 

These are not the only axi~ms 1 (2) discourse particles like then, or 
adverbials like later that day as m_examp el c' 3') below force us to conclude 

• h th past tense as m examp e the now wit e • as a default consequence. 
Narration as a logical consequence, no\ . (5) the idea is that in (5.a) and in a 

Applying these ide~ to the examp es m M' and John we cannot infer the 
context contai~ng no pnor ~owl~~;: :t:~ cl~words in (5 .a)and since w~ can 
Occasion relation. Fur1n:er' smce t s of the Parallel relation, we cannot ~nfer 
attach the second constitu~nt by me~ ned above. In (5.b) again we cannot infer 
Narration by any of the axioms mentio se we infer Contrast. 
Narration, but we do get a coh~ren;f SDR~/a~:hment with Narrationand how to 

We have seen the semantic e. ects . t SDRS update for Narration. The 
compute Narration. Let's now i~estiga;ng of the function Current needed to 
update of an SDRS -r is defined by e re~~at the new attachment makes in the 
compute availability' and the chanr: tt hment point if the update is local . 
SDRS labelled by the predeces~or o t ~!se~f the requir~ments that Narrations 
There are several cas~s to c~nsider beNc ti' n update is local; we substitute the 

• If there is a topic then arra 0 
hapdve a tofpic.d('"' -r) which is defined below, for pred(n, -r) . 
u ate o pre , •• , 

Xn,JJ,pred(iti. -r) E Con(apred(pred(n;,_i:))) ~ 
(A4) (3n,: a, E U(apred(pr<;d(it,. i:)) )) = -r[Update(a red(n:,, ,:), Narration(n;,, 

(i) Update(-r, Nru:1'~~~~~t(i;pdate(-r, Narration(iti, n,))) = n, 
.. 1:Q)'apred(it,,i:)1, Narration(n" n,)) = <(U(apred(n:,,i:)) U {n,:aJ), 

(11) Update(apred(ii:,,Ui:) ,{N tion{iti n,)}> 
Con(apred(ii:,,i:)) arra ' 

. nstructing the SDRS for (2) viz . the 
This update rule w~ in fadct_us~df~~~ sentence to the site n,. It says ro add 
attachment of constituent enve 
Narration(7ti, n,) and ~ :a, to apred(~,~ - in the extant SDRS, then we must do 

If there is no topic for a! an . ri' d There are two cases to consider. Here 
something to ensure that (A2) is sati_s ie Th n we are allowed to construct one, 
is case 1. Suppose a a has no topic . e 

8For more discussion see Asher and Lascarides (1995) . 
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provided the constraints on topic are met. The following axiom specifies 
Update(apred(rr,, i;), Narration(n:11 31)). Below Topic(a) denotes the topic of the 
constituents of a formed by computing the lowest common supertype of the 
conditions given by the main verbs in those constituents and summing their 
arguments (see Asher 1993 for details, and Probst, Scha and van den Berg 1993 
and Grover et al. 1995 for similar approaches): 

(A5) -,3a, n:,.tlpred(n" ,:}, E (Con(apred(pred(~ ,;)) U Con(a (pred(:n;, ,:))) .... 
(i) Update(,:, Narration(n" rr:,)) = i:[Update(afired(,i;, i;), Narration(71, 

I!,}),'a pred(1ti, ,;)]; & Current(Update(,:, Narration n;. 31})) = n, 
(ii) U~ate(a£red(1ti, ,;)), Narration(n" 'h)) = _<(U(apred(:tt, i;))[a4/aJ U 

{J½.as}), Con(apred(1ti,1:)) U {.11.!B:s, Elaboration(n; Jul;~})>, where as= 
<{11:4:a,, n,:aJ, {Narrationn,. n,)}> and a 4 = Topic(as) 

In the second case, we have Narration(:n:,, Jt,) and a, has a topic in apred(1ti ,1:) 
but this topic is not a topic for a 2 • To do the update, we must know whether the 
topic was constructed by a previous update or not. If yes, we may revise 
apred(pred(1ti, 1:)) so that (A2) is satisfied. The axioms for revision in this case is 
given in (A6) . If the topic was not constructed but explicitly given, then we 
cannot attach with Narration to :n:,, on pain of contradicting (A2) . We must find 
another available attachment site. To illustrate, compare the following discourses. 

(6.a) Alexis got out her music(!). She worked on her Mozart sonata(2). Then she went to 
get something to eat(3). 

(6.b) Guy ate a wonderful meal (I). He started with foie gras on toast (2) Then he had a 
wondetful salmon, followed by cheese with port (3). Then he went dancing(4). 

In (6.a) we infer Narration(:n:,, Jt,) and Narration(n,, aj, by using (A3a) and by 
exploiting the particle then. By (A5), we infer a constructed topic fork, and k,. 
which we can then modify to take account of the new information ink,. In (6.b), 
the topic of k, and k, is given by the f"rrst sentence. When we try to attach n:4: k4 
with Narration ton,, however, the topic does not extend and so we cannot attach 
with Narration ton,. We must instead attach to the topic label :n:,. 

(A6) n:,.tlpred(71. i:) E Con(apred(pred(1ti,1:))) & Constructed(a,) & -,n,.tln,) .... 
(i) Update(,:, Narration(71. 'h)) = i:[Update(~pred(P!ed(1ti, 1:)), Narration(n;_, 

I!,}),'a pred(pred(1ti,1:))]; & Current(Update(i:, Narration(ffi. n,))) = n, 
(ii) Update(apred(pred(,i;" 1:)), Narration(n" n,)) = apred(pred(1ti, 

10)) [a4/a,J[~pred(:r,. 10)fasJ, where a 4 = Topic(as) &as = apred(1ti, i;) _(,d 
<{n,:aJ, {Narration(ffi. n,)}> 

The effects of Narration, codified in (Al)-(A6) capture something of the 
Gricean maxim, be orderly. They imply that by default the textual order of event 
reflects their real temporal order. But there are discourse contexts in which 
additional information about the structure and content of the related constituents 
may overturn this Gricean maxim. For example, if we change tenses in a 
discourse we may not be able to infer Narration even if Occasion follows from 
the event types involved. c il y Contrast the Narration in (7.a) with (7 .b), in which 
we cannot infer Narration due to a conflict between the temporal information 
conveyed by the sequence of tenses and the temporal implications of Narration. 9 

9nie Narration in (7.a) might be inferred in either of two ways--either by (A3.a) if one supposes an 
occaasioning relation to be inferrable between waving and smiling, or as a "last resort" by (A3.b) 
since no other axiom concerning discourse relations is satisfied. 
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J hn waved to Mary across the hall. She smiled at him.him 
(? .a) 1°h waved to Mary across the hall. She had smiled at · 
(7b) O D . 

• ·1 • (7 b) we must say a more about the interpretat.I_on 
To say why Narration fat s m • . ' J"fied DRT treatment of tense. The Englis~ 
of tenses in SDRT. SDRT uses a s1mp I~ . the past The English pluperfect is 
simple past simpl~ introd~c~s : ~~s :J:e eventmtlity argument of the verb to 
"anaphoric" in thatal1t anti~tp ~::tt~se introduced by the tense form itself. IO The other tempor en y . . . 
some_ • f the pluperfect in linear DRS notation is. contnbution o 

PP{cp) .... [[s, el, [s = cs(e), cp(e), init(s) < ?, init(s) < now]] 

of e and ? must be replaced with 
In the DRS above s is the_ consequent :a~~ eve~t disc~urse referent introduced 
"ther an anaphorically available tempo~ . d 

e1 tin which ? 1s mtroduce . . h 
outside the tense componen_ • al discourse referent for the ? m t e 

I~. (7.?)1 the o~y? ~~:~~~ie~e~0~e pp tense in a 2 is ek,; So :'.e ha".: 
condit.IOn m1t(s ~,) • - ' here e' is the event of Mary s smilmg • e -
init(s1c,)< ek!.• Smc~ Sa., - cs(~~hw contradicts the temporal consequ~nces of 
init(sk,) ano so e < ek, w . ation here constrains the sort of discourse 
Narr~tion. The tense sequence i~~ example an dthe others There is i~tead a 
relation that can relate k, and k,. ·r al semantics lexical semantics and 
complex interaction between compos1 10n ' 

discourse structure that determines temporal strui;rr~ overriding of Narration by 
Examples like (8) were also taken tot exemt hperf(8) is not a true instance of the • ti 11 But on the new trea men 

other informfNa onti:on but one where Narration simply does not apply. reversal o arra 

(8) John stumbled. Mary pushed him. 

• • d between stumbling and pushing but rathe~ as 
There is no occas1orung suggeste ak ' . ·tation to see a causal connect.Ion 
postulated in earlier work the sre er s ~:~s of a "triggering rule"; this rule 
between the two events, sy~b?hzed by (k k ,:) and with the approrpriate 
allows us to infe~ D-per~\s~~~ei~a~:!p~~al"consequence--narnely, that no 
axioms, Explanation(n, • "'21 . I tor cause. 12 

temporal p_art of the expl~ned ::re~t ~:~r!:~i!_erie3:coint of Lascari~es and 
Narration can sometimes oc . e table discourse in which the 

Asher (1993) had tro°:ble _wibthl th: ~~lo;~~~; :c~ inference to N'arration even inference to Explanation is oc e m . . 
though there are no explicit clues for Narration. 

--------. -----.th the idea that the French imparfait is anap_horic . Like the 
IO Arie MolendiJ1c, I believe, crune up w1 arf . d se anterieur are also anaphonc ma way 
English pluperfect, the Frei:ic~ pl: '\':~lati~~ ";:1f J::Spp tense in English. analogous to that made plain or e . 
11 See Lascarides and Asher (1993). . F instance the D-pennissible Cause axiom, 
12Triggering rules exploit types in the l~:1":";ta;~ition of l~xically defined event types and_ 
formalized in Asher (1995a), "?ncerns _e J ah t what forms speakers use that license cerwn I 
exploiting a particular pragm~tic conStrarntando:x lanatory connections. They are once ~gain aws 
discourse connections-- in th1;5 cas~ cau:/ormatio~ sources beyond what might be traditionally 
of pragmatics, but they explm~ various _ · sible cause 
considered pragmatics. Here 1s~he)rfe [!g~= □(a, ➔ q,(ea,)) & □(~ ➔ "lj/(ea,))] ➔ D-

[<:1:, a, ll> & cause-change"'"lj! c . 
Pennissible-Cause(a,, a, , i;). . "bl Cause(a ct, i;) when the information about 'P 

The rule may also be used to infer D-pernussi e-lanation ~io~: . 
and "lj! above is reversed. H_ert: JS the relev(ant Exp ) & ASPECT( a ' a.,) > Explanatlon(,i;, • it,) 

<"t, ,i;" it,> & D-Pernusstble-Cause a, , a,.• ' 
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(9) John stwnbled. Mary pushed him. Unable to stop his momentwn, he rolled off the 
edge of the cliff to his death. 

The third sentence offers us more information than present in (8) so that we can 
infer Occasion between the first two constituents. This example suggests a 
general pattern represented in (A7), which says that occasionings and Narrations 
win out over Explanations when conditions relevant to both are present. In the 
nonmonotonic logic used by SORT, the axiom with the logically most specific 
antecedent (i.e . the one with the antecedent that entails the antecedents of the 
other applicable axioms) will win out in cases of conflict. Whenever the 
antecedents of the applicable axioms are such that none entails the others, then 
we "Nixon diamond" and get no conclusion concerning what discourse relation is 
applicable . This motivates the form of (A7) . Concerning revision of already 
established SDRSs, I suppose that SDRS construction involves revision of 
previously established discourse relations, whenever new information satisfies 
the antecedents of more specific axioms that lead to conclusions in conflict with 
those previously established relations. 

(A7) [<t, n:,. n:,> & D-permissible-Cause(a2 , a,, ,:) & Occasion(a,. a
2

, i:)J > Narration(n;, aj. 

Aspectuany Sensitive Relatioos: Background 

So far we have seen the two way interaction between temporal information 
and discourse structure in the calculation of discourse relations and their 
semantic effects. Aspectual information about the type of eventuality described 
in the constituents related may also affect reasoning about discourse relations . 
Background, for instance, exploits aspectual information; as shown in (A8), 
Background will be inferred if one of the constituents so related has a state as a 
main eventuality while the other has an event. (A8) is a default like (A3.a-b) But 
in comparing (10) to (7.a), we see that aspectual information wins out over the 
information used for Narration when both are present--this is represented by 
(A9). The temporal effects of Background are given in (AIO); they are 
incompatible with those of Narration; so (A9) and (A3.a) conflict. Since (A9) 
has a more specific antecedent, DICE predicts Background for (IO). 

(10) John waved. Mary was smiling at him. 

(A8): (<t, n;, n:,> & State(ea,) & -.State(ea,)) > Background(a,. a,) 
(A9) : (<i:.,n:,.n:,> & Occasion(a"a2) & State(ea,) & -.State(e<Ii)) > 

Background( a,, a,) 
(AIO) Background(a"a,)-+ ea, 0Tea,\ w,.e,,._ oT .;. -k ... ,,~,..._, ovt.v- l~p . 

The inference to Background may be overturned, however, when certain causal 
connections are inferred via the triggering rules. Such is the case in (I I) from 
Hinrichs (1986). Assume that the French imparfait as in Kamp and Rohrer (1983) 
always introduces a state into a constituent. Further suppose that the lexicon is 
organized such that we can infer that shutting off a light is a cause of a change in 
the luminosity of a region and that il faisait nuit noire has an inchative 
interpreation as describing a change of luminosity. Then in (II) we will infer via 
the appropriate triggering rules D-perrnissible-cause(k,. k,, ,:) (see footnote 12). 

(11) Pierre eteigna la lwni.Qre (ki) . II faisait nuit noire, car Jes volets etaient fenn€s (k,). 
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• • lows us to use the axiom for Result (AI4), which is 
The information m (11) al. ti"tu nts (this is represented by ASPECT). • s1·ti·ve to the aspect of its cons e msen 

& A pect(a a,) & D-PerrnissibleCause(a"a,)] > Result(a" a,) (A 11) [ <i:,n; .n,> s " 
(Al2) Result(a" a,) ---ea, <ea, · 

• • • s and the aspectual calculation for the But from the compos1tional semantic d State(e ) So the antecedents 
sentences, we have: Event(e1c,)--i.: . -.s~~(~~);;~sfied in ritls. discourse context. 
of the Background_and Res~t axiom~ ns--b (A12) and (AIO) . Because (Al I) 
Now these are all mcompatible relatio E ~ yces us in this ca~e to infer Result 
has the most specific antecedent, _DI~ e o~ e in (11), as intuitions dictate. 
rather than Back?1"ound, and so we:~ h~~ s~tural effects on the disc_ourse 

Like Narration, Background d P. . (FBP) with a topic with particular 
context, creating a Focus Bia ckal-gropdunate :e similar to (A4). 
update rules. (A13) states a oc u • 

~ \ & -.3n,-a FBP(n:,, pred(n:,;t))-+ 
(Al3) Background(n;, ''"21 • ')) = ,:[Update(a red(n:,, i:), Background(:n:,, 

(i) Update(,:, Backg%u~!~t(Update(i:, Backgro~nd(:n:,, n,))) = n:, 
l:1:,))/ apred(n:,,i:)l Background(:n:,, n,)) = apred(x,, i:)[a,~a/a,] ~ 

(ii) Update(apred(n,, i:), h <{n: ·a ,,. • aJ {Background<rf.i. 
<{n:,:a,}, {FBP~n;. rt,)}>, w ere a, - 4· " • ..,. • 

n,)}> ~ \ & FBP(n:, ed(n:, i:)) -+ 
(A14) Background(n;, ,..,,. k d(: n,)) = ,:[Update(apred(pred(np i:)) • 

(i) Update(,:, Bae groun " l & Current(Update(i: , 
Background(n:" n,) )/ apred(pred(itp i:)) • 

Background(:n:,, n,))) - Tl:, d( n,)) _ a d(pred(,,. i:))[a, U 
Backgroun n:,. - pre . .,, } (ii) Update(apred(pred(n:,, i:)), h a _ a red(n ,:) U <{n:,:a, • 

a/a,][a4/apred(np i:)l, w ere 4 P I' 

{Background(:n:,, n,) }> 

• t overns what happens when one already 
(A14) is a non-local updating rule_ tha.J hed to 3ti· it says the topic of the FBP 
has a FBP and a background relation :: st re~nt background contstituent. 
must always contain the foreground anf e :~rvation about the availability of 
(A13) and (A14) account for_ a pecu i!u~din constituents. If we consider one 
discourse referents introduced m Backgr . t ~efer anaphorically to a discourse 
variant of (3) below• we find that a~~P!~fic~t if more backgrounding material 
entity introduced in t~e ~ackgroun !!ts i~ the foreground remain available. 
intervenes; but (3) mdicates el~me ts ·n the last Background constituent(k2) 
Another variant (3") sho~s that e e~en ~ (k3) in which the anaphor occurs is 
are also available: evenN1f thti: co~ti!~~!oving the action along." 
attached to the topic by arra on, u 

loomed out of the snow and approached the bar. 
(3') A woman carrying a large envelope . "th Id male friend. John had ordered 

bee "tin there all mommg WI an° k ?H 
John had n wai g d th h all the newspapers on the rac . . e expresso after expresso and had rea roug h 

th tim But now she was ere. 
had talked to him to pass e e. d1·ng a newspaper over in the comer th b (kl) There was a man rea (3") Mary entered e ar ·. 
(k2). She went over to hrm. (k3) . 

• • • Narration and Background, thelf 
I have examined axioms for infe~ng se structure as well as axioms 

temporal effects, and their effects on scour ' 
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concerning di~course relations like Explanation and ResuJt.13 If this approach is 
at all on ~he ngh_t track, they require a relatively complex logic underlying the 
constructI?n of discourse structure. Various features--tense, aspect, etc.--must be 
factored m and preferred interpretations result from complex interactions. 
Though I have no proof, it is dubious that simple mechanisms for discourse 
s~ctur~ constructio? tha~ do ~ot make use of Boolean information like simple 
urufication or tree adJunction will be able to do justice to the phenomena. 

Structural RelatiODS: Contrast 
Some discourse relations, like Parallel, Contrast and Generalization, are inferred 
from the structure of the discourse and its constituents. Discourse theories that 
have exploited unification-like mechanisms have concentrated on Parallel where 
two bits of discourse structure are taken to be similar in relevant ways (Grover et 
al. Prubst, Scha and van den Berg 1993). What SORT contributes to this work is 
a method whereby not only similarity but contrast and other types of relations 
can be computed to hold of discourse constituents. Though space does not permit 
a len~thy development, these relations exploit the logical structure of the 
constituents themselves as well as their contents. These relantions are all defined 
by means of an embedding trees t(a) for a constituent a. 

Definition: t(a) = <X, Y>, where: X = {y: y Etc Ua v y is a subDRS of a or 
of some v Etc Ua} and Y = ({ErX} U {.U.[X} U {subDRSrX}) 

The approach of Asher (1993) yields scalar definitions for structural relations 
like Contrast. When _a scalar relati_on like Contrast is inferred typically through 
the presence of a discourse particle or a grammatical construction like VP 
ellipsis, we disambiguate and coerce the interpretation so as to maximize the 
Contrast. The constraint about Contrast suffices to disambiguate (1.a); the bonuw 
~ense of _ausleihen supports a stronger Contrast than the other possible 
mte~retation. In (1.b), however, this is not the case; both interpretations of 
ausle1hen support equally strong Contrasts. What disambiguates (1.b) is that we 
infer Narration in one interpretation (the lend interpretation) using (A3.a). But we 
cannot do _so in ~e bonuw interpretation, because that the pre-state of borrowing 
the book(m which the lender doesn't own the book) is incompatible with the 
"post-state" of buying the book in which one owns the book. What makes us opt 
f~r the loan interpretation in (l.b) is a principle that says that we disambiguate 
discourse content so as to maximize the number of discourse relations in an 
SDRS. Discourse coherence also has a scalar quality_ 14 

2.4 ApplicatiODS: Anaphoric Potential of Discourse Cootcxts 
With this investigation of SDRT's discourse relations and SDRS 

cons~ction, we can now go back to account for the difference in the anaphoric 
potential of examples (3) and (4). Let's consider (3) first. The first sentence yields 
an SDRS with just ~onstituent~ which is D-free and open. We attach the label ;y;, 
of_the D_RS k2 denv_ed from the second sentence to this site with Background 
usmg axJOm (A9 .a) smce k2 has a state as a main eventuality and kl has an event 
by the semantics of tense . The update axiom (A13) now forces us to construct a 
focus background pair, and the following SDRS: 

13 Though we have ?ot discussed the update rules for these relations. the rule in each case is the 
same--they merely mcoporate the new information into the SDRS in a way similar to that given by 
the consequent of the first Narration update rule (A4 ). 
14For more details, see Asher & Kamp (ms.). 
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n;:kl ~k2 

IFBP 

~ 
it,:~ 

The DRS k3 derived from the third sentence continues the Background relation 
to kl. This is possible, because kl as the foreground is still a topic in effect of the 
lower constituent. By (Al9) we get a more specific sort of revision. 

it,:kl ~k3 

I FBP 

~ 
it,:~ 

Backgnd 

The constituent k4 forms a narration with its attachment point, because of the 
discourse particle now, which is often a cue that the author is resuming a 
Narration after some Background or Commentary. Crucially, it isn't background 
and so it cannot be attached underneath the FBP relation. The only constituent 
available for attachment that is D-free and Open is the topic of the FBP, in which 
according to our rules the discourse for aa woman occurs. The anaphoric link is 
predicted to be fine because the referent for a woman occurs in the ~opic to t~e 
Foreground Background pair. Here is the finished structure (I orrut the topic 
constituent for kl ~ k3 and k4): 

Narration 
n;: kl ~k3-----k4 

I FBP 

~ 
it,:~ 

Backgnd 

In (3'), we proceed as in (3) until the fourth sentence, which yi~lds a 
constituent that must by (A9a) be attached with Background to rt,, alon~ w1th _k2 
and k3 But now the friend introduced in k2 is not available in the topic, which 
has be~n updated to kl ~ k4 according to (Al4),. or in k3. So the anaphoric link 
in the fourth sentence is predicted to sound funny. In (3"), however, after upda~e 
we have k1 U le, in topic position, and we can a~ach _k, to _the label of this 
constituent using Narration. So the man introduced m k2 1s available. 

In example (4), different discourse relations figure in the construction of the 
SDRS, shown below. kl and k2 continue a narrative underneath a constructed 
topic, which contains a discourse referent representin~ the gro~p of people 
consisting of the woman and the family because of topic formation rules, but 
crucially not an individual discourse referent for the woman. Whe~ we atte_mpt to 
attach either at the topic or at k2, SORT predicts the woman to be maccess1ble. 
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I 

ito: topic !,d k4 

FBP 

Bckgnd 
:n:3: topic = [People ask John favors 1---..;;;... __ 7t4: ~ro: k4 

II Elaboration --------------
~ Backgnd 

1tl: kl--=::7t2: k2 
Narr 

Another interesting discourse context with a peculiar anaphoric potential is 
the so called list structure discussed by Polanyi and Scha (1985). SDRT predicts 
that these examples have a distinctive temporal anaphoric potential. (5.c) above 
is an example. Another set of axioms and triggering rules lead us to conclude that 
the first constituent is elaborated upon by the three following constituents (each 
one derived from a clause). But we cannot relate k3 to k2 and k4 to k3 by 
Narration, because we cannot infer Occasion, nor are the right sort of discourse 
particles present to necessitate Narration. SDRT predicts that Alexis's doing her 
homework, her practicing piano and her helping cook dinner are all part of her 
being good today and so occurred today, but not that they occured in any 
particular temporal orders. This is to be distinguished from the discourse . 
structure for (4) in which the Elaboration has a narrative structure. 

The SDRT updating mechanisms thus account for the different anaphoric 
potential of discourses in terms of distinct discourse structures that result from 
the different discourse relations that bind together the constituents. 

3. The Semanticiz.ed Version of the Pragmatics/Semantics Interface 
The preceding section has developed a representational theory of pragmatics 
semantics, SDRT. SDRT in contrast to pure dynamic semantic theories like DRT 
defines a new semantic-pragmatic conception of context and a new notion of the 
context change potential (CCP) of new information that includes pragmatic and 
semantic information. Let us abbreviate the SDRT-CCP of a DRS <pas: 

Definition: a-3(<p)~ iff K' is an SDRS-update of K with the appropriate revision 
of <p. 

Because of the possiblity of multiple attachment points in K, -3(<p) is not a 
function. But we can construct a functional SDRT-CCP of <p, -3(<p), using -3(<p) 
to define a CCP between sets of SDRSs. 

I now turn to a semanticized version of this notion of CCP and an 
accompanying notion of context. Given certain assumptions about the tasks of 
SDRSs, SDRSs are equivalent to their semanticized counterparts. 

To see how this might be done, let us look at the correspondence between 
representational and model-theoretic versions of dynamic semantics. Two types 
of discourse contexts used in dynamic semantics are the so-called "model 
theoretic" contexts of Groenendijk and Stokhof (1987) and the representational 
contexts of DRT. A model-theoretic context is a set of world sequence pairs 
(WSPs) and the meaning or context change potential (CCP) of a an unambiguous 
sentence or here DRS <p is a function P(<p):Pow(WSP) -+ Pow(WSP) that is 
defined distributively or pointwise over the set, exploiting <p's effect on an input 
WSP (w, g) to produce a certain output WSP (w', g'), where w = w' and g S g'. 
Each w has a domain of entities, Dom(w). A representational context is a 
recursively structured object (a DRS); the CCP R(<p) of a DRS <pis the partial 
function: [R(<p)]('ljJ) = 'ljJ .\:,d cp, if Consistent(<p, 'ljJ) (.\::dis DRS-merge). 

Fernando (1995) shows that for the simple core fragment of DRT, for all 
accessible information states (those that we can produce from the empty 
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. b f 'ormula updates) the representational . b some fimte num er o 1 ' ' . • f infonnauon state y . 1 l ield bisimulation-eqmvalent nouons o 
level and tne mo~~ theoreu\ee::e ~et of absurd formulas, and let_~. ~e a 
context and CCP. Let _<I> .L to re resent all logical poss1b11IUes). 
sufficiently large colallelctite~~f~:~~s s~ch t!at, where [P(<p)](o) represents the 
Define Ace as the sm es s 
application of the function P( <p) to o: 

E W} - o E Ace and o E Ace~ [P(<p)](o) E Ace 
{<w,0>:w - o 

So we can define within Ace for any consis~e~t ri' o:: ~iii~:? E <1> (cpR(<p') E 
Suppose that P([Rcp]('ljJ)) = P('ljJ) o P(<p) an e me -
<I> .L iff 'lj)R( <p' ) E <1> l). 

. ddition to the assumptions above that 
'fbeOrelil (Fefan:a ;;!51~~;~~~:~s~ ~ormula in first order logic. 

every orm . f - . and further ._. and <1> .Lare r.e. Then: <p +-> 'ljJ 1f 0<p - 0\\), -

. amic semantics are equivalent . Far from 
The two notions of C~P i~ dy?, the inclusion in WSPs of functions froi_n 
"eliminating representatio_nal1sm,akes them essentially representational; this 
discours~ re!erents to obJects ~Id but about how our information abo_ut_ the 
information is not about ~he ~SPs is useful because they indicate the rmmi:1al 
world is structured. Bu: usm~ . needed to treat phenomena for which 
amount of representational i~ormatton to pragmatic-semantic contexts. 
DRT was designed. I apply this strategy now 

• Pra tics/Semantics Interface 
3.1. Model Theoretic Contexts for the groa tic content--a set of WSPs or state . In 
In SDRT, each SDRS h~ a ;ode~ th~~~ a formula of logic, where discourse 
fact an SDRS is a notauon var1an h . bles are typed· there are variables 

• bl In SDRT t e varia ' ) referents become vana es. h b, anaphoric antecedents as in (2) above ' 
and terms for SDRSs (whic can e d . di 'dual variables In SDRT models, 

al't variables an m v1 • . 
variables labels, eventu . 1 Y h t tes or rather their representatives, ai:e 

• we have the corresponding types-~ t ~~er; are a number of ways to do this 
elements the domains of our mo es. fc aradoxes We could just make 
familiar from the literature on the semr t p Asher i993) . But we can also 
SDRSs the internal correlates t? WSPs se~i:Jted urposes here . Consider a 
exploit the following observati~ f~~~up out of ~tomic formulas of the form 
language L with first order form ~ DRS (or again a first order formula). The 
R(n, n', lti , ... n,) an~ n:<p, where~ is a is that R(n, n') is a condition in an 
intended interpretauon of R(n, n' nl' ••• n.~ SDRS n, and so on and that the 
SDRS whose label is :r1:i_and ~at n, occ~s i~ ~s requires that in the first order 
condition R(n, n') is sattsfie~ m that co~s e~a~e variable polyadicity. We would 
language the discourse relation sy~?o f R( n') to hold (see Asher 1993 for 
also have to say more about _wh~t it i~ ~r th;,f(n) is the set of worlds in which 
more details). The int~rpret~tion or n~~~~ will not work for a DRT treatment of 
a is true. In light ofthi~ eq~valeS;~~ 'th sets of worlds expressible by some 
the attitudes) we can identify s wi d 

. ' d 1 guage 1·ust sketche . 
formula m the first or er an . ontexts model-theoretically, we need a set 

To define the update of discourse c . t and information concerning the 
states, a set of available attachme~t pom s, f constitute these states--for 
structure of the formulas whose mterpre~~ ~~~ main eventualities of WSP's; 
temporal anaphora, we need to have access . 

15 A similar representation theorem for a slightly different conception of model theoretic context is 

proved in Asher (1993) . 
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1w. 

and for phenomena exploiting Parallel 
tr:es of c~nstituents. A model-theoretic and Co~tr~st, we need the embeddin 
~~ll i'0"J:" of ' set of l,bclkd st,tes ';.,";':;,".:'"'ti";" of'""'°'"" context the~ 

e s. . ssociatedwith each label are t fwe ~ ounded, pre-ordering < on 
embe?ding tree and a main eventu . wo ~nctions correlating it with an 
associated with the label was expressedal~y\h w:ch depe_nds on how the state e ormula cp m the discourse 

Definition· A di • · scourse context is a tuple (X C ~ Pow(WSP)); < is a well-founded , <, ::nt, e, f) where: X c (Labels 
iff V<w_, f> Es, 3x E Dom(f) s.th f~-~r er'.ng on LABELS s.th. n; < Jt; 
~ label m X; and for ri;:s EX V • ( ) - {w. 3h <w,h> Es;}. Current is 
is the main eventuality i~ cp ;hi~(~~: 3u E Do~(f) e(Jt) = u and u •' "" - e embedding tree of cp. 16 

The < _minimal element in LABELs corre ,· 
<, ~e isolate as before pred(n; ,:) d h spond~ to the outermost SDRS. Using 
topic s;, then either Spre<l( ~'rr.11 an t 1e associated state spred( ) Ifs h Sp i s,, i:) . .,,,n;. or e se pred(s ,:) _ d ir;, i: • , as a 
c~dJ~·fi~es~ By definin~ the function Current for :rioctet~t: s J:fed(pred(s;, i:), i:) F 

e set of available attachment s·t . eoretic contexts we i es as m section 22. ' 

3~ A Model Theoretic Anal is of • 
GIVen a context and a set~f att~~ca-Semantica CCP: 
P?tential of new information within s:nt sites, we now define the context chan e 
discourse relation and the semantic ef~h a cotext. We need first to compute tfe 
th: DICE axioms to compute disco ects o . the new attachment. We ma use 
axioms with variables ranging over s~~=s r::ations by repl~cing the a's in ihose 
names f~st order formulas that express SDR perhaps their mternal correlates (the 

A difficulty with the ra m • S~)-
always local. As we ha~e !ee~tics-semantics notion of CCP is that it is not 
attachment position and the conte~:~~ates have effects beyond simply the 
~t us suppose now that an attachment ~!e pr~deces_sor of t~e attachment site. 
- (~: <, Current, e, f) has been chosrn ;hrti I~ X given a discourse structure,: 
position must be accessible to dis • . e discourse referents for the topic 
must be reflected in the semantics ~ourse referents in a subordinate state This 
respect assignments made in topic~. ~:e must constrain the subordinate st~tes to 

Top(n;, ,:) = S;, where 3s' >i: s s th s' F j), 
={<w,p: wEW},othe~ise.n; n; 

We now define the model-theoretic relative to an attachment ·nt . content of new information cp llcpll 
function P(cp) (section 3 l)po~ 1t; m a context,:, using the semantic up1~f t 
that are di . . s content must respect th • a e scourse related to the new co ft e assignments in states 
operate on a set of WSPs that encode inti ns I ~ent, and so I require that P( cp) 
whose label is the attachment site but also ofrrmatiohn not_ only from the constituent om t e topic. 

lkJJl(n:.,,:) = P(cp) [<w, g>: 3h3k3w' (g = h Uk & IITop(n;, ,:)lllt'_,)} <w, h> E lla,11,,.,, & <w', k> E 

I~ those cases where cp is the first sent • discourse context •o = <{n: : o ence of a ~scourse, we attach to the null 
lkJJl(J¼i:o) = [P(cp)Joo = Oq,. o o}, ¢, l¼, ¢, P (Oo is defined in 3.1). In this case, 

16 Note that all th • e assignments in a state have the same dam • am . 
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To revise the model-theoretic context after adding the new information by 
means of some discourse link, the Update axioms of section 2.3 may be used. 
Here is the translation of (A4) into the model-theoretic setting. Define for a set of 
variables, f ?:{ g iff dom(g) - dom(f) UY. ( o is state composition here.) 

(A4') Spi:ed(lti, i:) F (n:,jj,pred(1t., ,:) & n,: "a,) --+ 
(i) Update(Xi:, Narration(n., n;)) = X,,[Update(Spred(it,. i:), Narration(n,, 

zj)/Spred(it;, ,;) ]; 
(ii) Update(Spred(it;, i:), Narration(rt,, rrJ) = { <W, g>: 3f3~(<w, f> E (Spred(it;, 

,;) 0 s;)& g 2.ruf & g(~) = {w: 3h <W, h> Es,} & <W ,g> F (Narration(Jtp 

zj &rr.,:~)} 

In updating we encode the new state as the value of a new variable . The other 
update axioms for the other discourse relations are analogous and allow us to 
define the update of model-theoretic counterparts to SDRT contexts. 

I now define the CCP of a formula cp with label n;, given an attachment point 
it, and a DICE computation of R(it,, n;) in a context,:= <X, <, Current, e, f> . 

~cp,n; (,:) = (X', Current,<' , f , e' ), where 
(i) X' = Update(X,,, ~) (ii) <' = the well-founded pre-ordering on labels in X' subject to the constraints 

on< in the definition of model-theoretic contexts. 

(iii) current := n; (iv) e' = e U { <Jt; , e>} where e is the main eventuality of cp; 
(v) f = f U { <Jt;, t(cp)>}, where t(cp) is the embedding tree of cp. 

Using ~cp,n;, and generalizing over n, :!qi is a function over sets of discourse 
contexts . The set of accessible pragmatic-semantic model-theoretic contexts S 
contains the empty discourse context i:0 and is closed under :!qi • 

This representation of CCP is simpler than that of SDRT, because we have 
abstracted away from the details of the representational language which don't 
matter for the update. A second disparity with SDRT update is that the updates 
are strictly monotonic. Toe assignments to earlier values are always carried along 
and so we predict that any propositional antecedent or earlier discourse referent 
will be available--contrary to fact. One of the functions of discourse structure as 
in the examples (3) and (4) is to make us "forget" about certain antecedents when 
they are no longer in an appropriate part of the discourse structure. Now they can, 
as (4) shows, be usually accessed by anaphoric, definite descriptions; so we need 
the information encoded in the update for definites. To make the model-theoretic 
CCP equivalent to that of SDRT, I require that the translation of any pronoun in a 
sentence into a formula cp only use a variable that is in Dom([) for some <w, f> E 
s, where s:n; and n; is either the attachment site or some state< n:. 

--3(cp') is a partial function from SDRSs into SDRSs. It is partial because 
DICE is not guaranteed to yield a discourse relation R holding between 1tq, and 
the chosen attachment site . Let us partialize it further so that there is a set of 
formulas <I> .l characterized as absurd (i.e. those that are not satisfiable in at any 
world in any model) and that --3(cp') returns a value only if the result is not in <I> .l· 

'fbeorem: (i) Let cp and'¢ be a finite sequence of formulas (cp., ••• cp.) , and let cp' be 
a formula. (ii) Let ocp = {s: ( ... (i:0:!.cp) :! cp2 :!. ••• :!. cp0)} E Sand define 
(iii) cp E-3 '¢ iff \:/cp' E <I> (cp--3(cp') E cl> .1.iff'¢--3(cp')E<I> _L) . (iv) suppose 
DICE yields the same discourse relations for --3 as it does for '.'.'!.·Then: 

cp E-3 '¢ iff O cp = 011'-
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The proof uses the same conversion from trace equivalence to bisimulation 
appealed to in Fernando's theorem and found in Park (1981), and it exploits fact 
that we can encode an SDRS by means of a characteristic first order formula. 

The complexity of the characteristic formulas encoding SDRSs is perhaps 
r.e., but its complexity depends upon the exact nature of satisfaction conditions 
for discourse relations, which still require further investigation. Nevertheless, the 
model-theoretic notion of context can model SDRT's analysis of VP ellipsis, 
simple propositional anaphora and temporal anaphora, as well as lots of cases of 
disambiguation. We have shown that SDRSs are equivalent to the model­
theoretic notions of discourse context and CCP. Thus, SDRT does not make any 
representational commitments over and above those given in the model-theoretic 
version. Of course these are still considerable. 
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Modal Correspondence for Models 

B . Lawrence S. Moss Jon arw1se 
Indiana University 

t d 11 ·c and obtains 
A.~:tr:;er considers the correspondence th=~r{o f~~;m:~ ;he o::y ideas are to 
T!1re:pondence results for models as :;!~s correspondence results in terms of 
c nsider infinitary modal l~g1c, to dp 1 f mula and to identify bisimilar model-
co . . tances of a given mo a or , 
substitut10n ms 
world pairs. 

Introduction 
1 d d odal logic. A first-order correspondent for X 
Let X be a formula of stan far :. h the following frame correspondence holds: 
. first-order sentence C;x or w ic 
1s a • 1 t 

For all frames F, the following are eqmva en : 
(F[x, ex]) 

1. FF X 
2. FF ex 

b 1 Fis being overloaded here. In (1), we 
We hasten to point out that the sym do th frame F and all worlds w E F, 
mean that for all valuations V base 1 o~ I e (2) we mean that F satisfies Cx 

(F, V, w) F X in the s~ns~ o~ m~:,il :~:~in:e this overloading throughout the 
in the sense of first-or er og1c. k 1 which use we have in mind. 
paper , counting on context to n_ia e( c ea) such that (F[x, ex]) holds come from 

The main examples of pairs X, l~x t· nd refinements. As it happens, 
Th nd its genera 1za 10ns a d 

the Sahlqvist eorem a . k we only refer the intereste 
d f the details of this wor , so ( B 

we do not nee _a~y o (S hl . t 1975) and to two other works van en-
reader to the ongmal paper a qv1s 
them 1984, 1985) where it is discussedd. th ne we'll use as an illustration 

One example of this correspon ence, e o 

later, is the following: 

□(( /\ Op) -+ q) V □ (□q-+ p) ) _ )) 
~P = (Yx)(Yy)(Yz)(R(x, y) I\ R(x, z) -+ (R(y , z) V R(z , y V z - y . 

. . . . d o be locally connected. A proof that the eqmva-
A frame sat1sfymg Cp, is sa1 t d . Benthem 1985) page 47 . 
Jenee (F[p, cp]) holds can be f~un ; (van nalogs of the f;ame correspondence 

The point of this paper is to iscuss: lt might be the following: 
results for models. One's first guess at sue a resu . . 

(F[ ]) For all models M, the following are equivalent. 
(M[x, ex]) Assume X, Cx • 

l. M FX 
2. MF ex 
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However, (M[x, ex]) is false for almost all X· The problem is that while 
(2) implies (1), there are typically too many models for (1) to imply (2). For a 
concrete example, we return to local connectedness. Consider a model M with 
three points, u, v, and w. The relation R is defined by R(u, v) and R(u, w) (and 
only these). This frame is clearly not locally connected. But we can turn it into 
a model of the modal sentence p. Just let V be defined by Vp = Vq = 0. It is not 
hard to check that M does satisfy the modal formula p at each point . So the 
correspondence results for frames do not go through if one simply substitutes 
"models" for "frames." 

There are several possible diagnoses for this failure. One might be that in 
the case of the model correspondence results, one must alter either x or ex. We 
do not believe that this would work. In fact, if we take the example of ex from 
above, then there are no formulas x' giving an equivalence as in (M[x, ex]); we 
present related ideas in Section 7. 

A second intuition behind the failure of (M[x, ex]) has to do with the 
meaning and treatment of the atomic propositions p and q as they are used in 
the frame results. If F F r.p, then not only will F satisfy r.p at all worlds and 
under all valuations, but F will also satisfy every substitution instance of r.p. 
We exploit this kind of satisfaction in this paper. Indeed, we feel that part of 
the failure of (M[x, ex]) is due to the fact that (1) is interpreted as usual in 
modal logic while it seems equally reasonable to require the satisfaction of all 
substitution instances of r.p. 

Finally, it is well-known that the satisfaction of modal formulas is pre­
served under bisimulations: if M p= x and M is bisimilar to M' then M' p= X· 
However, first-order satisfaction lacks this important property. Thus to get a 
correspondence between (1) and (2) we should not insist that M p= Cx but only 
that some model M' bisimilar to M satisfies ex. 

To summarize our strategy for getting model correspondence results: on 
one hand we consider substitution instances of the modal formulas, and on the 
other we allow the first-order correspondent to hold not on the original model 
but on some model bisimilar to it. This leads us to two results, one which applies 
to all models and one which applies only to image finite models. 

Theorem 1.1 If a modal formula x has a first-order frame correspondent ex, 
then for all models M, the following are equivalent: 

1. M satisfies all substitution instances of x in infinitary modal logic. 
2. Fr(StrEx(M)) F ex · 

In part (2), Fr(StrEx(M)) refers to the frame underlying the strongly exten­
sional quotient of M . (All terms are defined in Section 2.) In (1), we make 
use of infinitary modal logic. Our second theorem, by contrast, applied to the 
standard modal logic (which we call the finitary part of the full infinitary logic): 

Theorem 1.2 If a finitary modal formula x has a first-order frame correspon­
dent ex, then for all image finite models M, the following are equivalent: 

1. M satisfies all substitution instances of x in standard modal logic. 
2. Fr(StrEx(M)) F Cx-
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. in this a er is to present these two and some relate? r:sults. 
Our mam purpose h p p lt grew out of looking at modal logic m the 

. • t· n for t ese resu s h 
Our mspira 10 ]If unded sets as presented in Barwise-Moss (1996). We ave 
context of non-we o ' .. 

d them here in more familiar terms. 
presente 

2 Background 
h a few points of background having to do with frames and models, 

w_e_ colllect~oner:he strongly extensional quotient, and substitution. 
b1s1mu a 1 , 

Infinitary Modal Logic, Frames, and Models . 
2.1 . ositions (It will be important that AtProp is a 
Fix a set AtProp of at~m1sc t:~p ou sho~ld ignore this for now.) We use letters 
set and not a proper c as ' t ~ positions The infinitary modal language 
like p and q to range over a om1c pro • 
£, is the smallest collection such that 

1. AtProp ~ .C 
2. The constant T (for true) belongs to £,. 

3. If r.p E .C, then -,r.p E .C. 
If <I> • y subset of .C then /\ <I> E .C. 

4. is an_ . F _: (W R) consisting of a set W of worlds together 
A frame 1s a pair - ' •b·1 · 1 t· of F A . . R W R is called the access1 J ity re a wn • 

with a bmary r:lat10n o~ p. -> P(W) where -P(W) is the power set of 
valuation on F is a map V . At rop ' 

W. A d 1 ·s a pair M = (F V) consisting of a frame F and a valuation 
mo e 1 ' h" •t (W R V) rather than 

V F When we have to display everyt mg, we wn e , '. M 
((;n R). V). If Mis a model, then Fr(M) is the frame un!erzmgWe .occasion­

' A' model-world pair is a pair (M,w) such that: W) ~ define the 
11 M for the name of its set of worlds, rather t an • e 

a y use . (M ) ._ b recursion on r.p E £, as follows: 
satisfaction relat10n , w r 'P Y . 

(M,w)p=p ifwEV(p) 
(M,w)p=T forall(M,w) 
(M )p= r.p if(M,w)v!=r.p ._ 

'w -, 1·f for some v E W such that R(w, v), (M, v) r 'P 
(M,w) F ◊r.p 
(M w) F /\ <I> if (M, w) p r.p for all r.p E <I> 

' . • l of /\ · we write r.p I\ 'I/; for 
The finitary boolean connective /\ is a specia case : . l 

F V V d ,_, as abbreviat10ns as usua • 
/\{r.p,'lj;}. We also introduce , , , ->, an 

2 2 Bisimulation . 
• ) d M' = (W'' R'' V') be models. A bisimulatwn b~tween 

1;,;t~ ;/1:' :;:at::= from W to W' (that is a subset of W x W') with the 

following properties: . 1 '( ) 
• If W = w' then for all p E AtProp, w E V(p) iff w E V p • , d - , 

- ' 1 h th t I R' v an v - v • If w = w' and w Rv, then there is some v sue a w ;: v' • 
If - , d w' R' v' then there is some v such that w R v and v - • • w=wan , 
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Further, we write (M, w) = (M', w') if there is some bisimulation =o 
between M and M' such that w =ow'. It is not hard to check that = itself is 
a bisimulation, and indeed it is the largest bisimulation between M and M' . 
When M = M', this relation = is an equivalence relation. (However, it is not 
true that every bisimulation is an equivalence relation.) 

The last fact we need is that if (M, w) = (M', w') , then for all modal for­
mulas cp, finitary or infinitary, (M, w) F cp iff (M', w') F cp. This fact is usually 
proved for finitary formulas by induction, but the same proof goes through for 
infinitary formulas; the limit steps of the induction are trivial. 

One important fact is that the converse to this is false; it is possible to 
have pairs (M, w) and (M', w') which satisfy the same flnitary formulas but 
which are not bisimilar. Nevertheless, there is a reasonable hypothesis on M 
and N which, together with the assumption that (M, w) and (M', w') satisfy 
the same finitary formulas, allows us to conclude that (M, w) = (M', w'). This 
is that M and M' are image flnite. This means that each world in these models 
has only finitely many successors in the accessibility relation R. Other names 
for this concept are locally flnite and flnitely branching. 

It is also the case that if (M, w) and (M', w') satisfy all of the same in­
flnitary formulas, then they are bisimilar. As it happens, there is a stronger 
result: there is a single infinitary formula 0(M, w) so that for all (M', w') , 
(M',w') F 0(M,w) iff (M,w) = (M',w'). This is not at all immediate. We 
discuss this result and the work behind it in Section 3 below. 

2.3 The Strongly Extensional Quotient 

A model M is strongly extensional if (M, u) = (M, v) implies u = v, for all 
worlds u and v of M. Every model is bisimilar to a strongly extensional model, 
and this is unique up to isomorphism. Definition For every model M, we 

define a model StrEx(M), the strongly extensional quotient of M, and its un­
derlying frame Fr(StrEx(M)), as follows. Their common set of worlds is the set 
of equivalence classes of M under the bisimulation relation. Writing ti for the 
equivalence class of the world v, we define an accessibility relation R on these 
equivalence classes by: 

R(v, w) iff R(v, x) for some x EM such that (M, x) = (M, w). 

This is easily seen to be a well-defined relation on StrEx(M) and gives us our 
desired frame. This frame is made into a model by taking 

V(p) {w I w E VM(p)} . 

We sometimes denote the set of world also by StrEx(M) also. 

Consider, for example, the three-point model M from Section l. Notice 
that (M, v) = (M, w) ¢. (M, u), so StrEx(M) will be a two-point model with 
one edge and an empty valuation. In contrast to the frame of M, the frame of 
StrEx(M) is locally connected. 
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ition 2.l 
d 1 and Jet w and v belong to 

Let M = (W, R, V) be a mo e , 

propos and (M, w) satisfy the same 
W- _ St Ex(M w). Hence StrEx(M) 

(M w) = r ' 
1• ' ntences. _ 

rn~:J :) == StrEx(M,v) , the_n w = v. 
2. If ( ,(M) is strongly extenswnal. 
3 StrEx h" t • h" r we m d d for the rest of t is pape , 

on hypersets. While not nee e . 1 models and sets. Call a frame 
Rernark\ t· nship between strongly extension; 1 F is strongly extensional. 

at ~e(;, ~;° strongly extens~onal if evl~;~u:;ed~ t~:nsitive set, then th_e. frame 
F - t see that if W is any we . . ZFC every trans1t1ve set 
It is e~Y isostrongly extensional. ~hus, w::t;.: theo;y ZF A of hyperset_s 
(W, E ) . to a strongly extenswnal fr • 1· to Honsel and Forti , 
W gives nse l d somewhat ear ier , f h 

A eel and independent y an . . morphic to a frame o t e 

~;;1::s t~at ~very strongly e~:~nsi::t\ta:e g:n:;al, of course, such s:s ~ll 
1 (W E-1) for some trans1 iv~ - (WR) has just one world wan w_ w 
form , 11£ unded. For example, if F - , . fi n - {O} and is certamly 
not be we O k wn as n sat1s es - . b k 
then the corresponding set, no d l log, ic reported here began m our oo 

d d The work on mo a h t 
not wellfoun e • tudy this universe of yperse s. 

. Moss (1966), where we s • 
Barw1se- . 

2.4 Facts on Substitution 
. . . AtProp --> Prop. We write the val~e of 

Definition A substitut10n is a map s ~h t s is flnitary if each Sp is a fimtary 
b ( ) or as s . We say a ] p __, Prop and we 

sat p either y s p P h"cally to a map [s : rop , 
h extends homomorp 1 

sentence. Eac s . f this map on the formula cp. 
. [s] for the action o 

wnte cp . . S bstitution Lemma. 
Our first goal in this direction is a u 

. F and let s be a substitution. Define a 
. . L t V be a valuatwn on , Defimt10n e 

valuation vs on F by 

vs(p) 
{w E W : (F, V, w) \== s(p)}. 

ll F V w and s' and all infinitary 
(Substitution Lemma) For a ' ' Lemma 2.2 

formulas i.p, [] iff (F,Vs,w)\=='-P· 
(F,V,w) \== '-P 3 

. the result is immediate from the 
f B . duction on i.p. For atomic p, -, 

Proo Y m . t are trivial. 
definition. The induction s eps 

. M \== i.p[s] Further, 
. \== if for all substitutions s, • 

Definition We wnte M 00 cp [ ] 
. M\== ,n if for all finitary s, M F '-P 3 • 

we wnte w.,., 
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Proposition 2.3 If p 1--
r-- cp, then for all valuations V (F V) I-

' , r oo cp. 
Proof Fix V and a substitution s C . 
tells us that (F V•) I- B L • onsider the valuation v•. Our assumptio 

' r-- cp. Y emma 2.2, (F, V) f= cp[s] . n 
The converse of Proposition 2 3 is £ l . --i 
when cp is especially simple in p. ro a _st~ m8general, but we'll see that it holds 

posI 10n .1. 

3 Modal Characterization Theorem 
In this section we . 

, present a basic result for infinitary modal logic. 

Definition Let (M ) b 
h , w ea model-world pa' A • fi . 

c aracterizes (M w) if for all d l '.r. nm mtary modal formula 0 
, mo e -world pairs (N, v), 

(N, v) 1-- 0 iff ( r-- M, w) = (N, v). 

The main result of this section is that ever 
formula 0(M, w); of course 0(M ) . . y (M, w) has a characterizing 

L ( ' , w Is umque up to t· 
et M, w) be a model-world ai seman IC equivalence. 

cursion on the ordinal number a as fon:~:e define a formula 0°'(M, w) by re-

0°(M, w) = 
0°'+I(M,w) = 
0>.(M,w) = 

Proposition 3.1 For all (M ) • 
1. 0°'(M w) - 0°'(N ) , w and (N, v), and all a, either 

' - ,v, or 
2• f= 8°'(M, w) <--> -,0°'(N, v). 

. We need to define a cardinal that m 
m a model. Given a model M d easures the "productivity" of a world 

l an a world w of M th h • 
words v E M such that wR Th , e c ildren of w are the 
X • . v. e set of descendant f · 

contammg w and such that 'f X s o w IS the smallest set 
(M I v E then all f ' h'l 

K , w) to be the smallest infin. t ~ v s c I dren are in X. Define 
of win StrEx(M) have < K child1r:n~egular cardmal such that all descendants 

Theorem 3.2 
That is, 

For all (M w) 0K(Mw) 
, , ' characterizes (M, w) up to bisimulation. 

(N, v) f= 0K(M,w) iff (M, w) = (N, v). 

We are especially interested 1·n th 
( e case when M • • case, K M, w) = w for all w E M S M . is image finite. In this 

of the sentences 0n(M, w). If th. o ( , w) is :haracterized by the conjunction 
e set of atomic propositions is finite, each of 
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these is a finitary sentence. This tighter result holds not only when M is image 
finite, but also when StrEx(M) is image finite. 

We shall not give the proofs of the results of this section here, since they 
are merely restatements of results from Chapter 11 of our book (Barwise and 
Moss 1996). That chapter has a number of results on modal characterization, 
including different proofs of some of the results of this paper. It also discusses 
the relation of set theory and modal logic at length . 

In the remainder of this section, we discuss some corollaries of Theo­
rem 3.2. One of the most basic is the following result: 

Corollary 3.3 The following are equivalent for model-world pairs (M, w) and 
(M',w'): 

1. (M,w) = (M',w'). 
2. For all infinitary cp, (M, w) F cp iff (M', w') F cp. 

Characterization by Finitary Formulas Although we shall not need the follow­
ing result, we present it for completeness. 

Proposition 3.4 Assume that AtProp is finite. Then (M, w) is characterizable 
up to bisimulation by a finitary modal formula iff the accessibility relation in 
StrEx(M) is finite and wellfounded below w. 

Proof First, we show by induction on the wellfounded part of a relation R 
that if R is finite and wellfounded below w, then (M, w) is characterizable by a 
finitary modal formula. If w has no successors, then (M, w) is characterized by 

;\ {p I w E V(p)} I\ ;\ { ,p I w \l V(p)} I\ ,◊T. 

Since we are assuming that the language has only finitely many atomic propo­
sitions, this sentence is finitary. It clearly characterizes (M, w). Assuming that 
we have finitary sentences 0(M, v) characterizing the successors of w, we get 
0(M,w) by 

0(M,w) ;\ ◊0(M,v) I\ □ V 0(M,v). 
wRv wRv 

So if (M, w) is any model-world pair and in (StrEx(M), w) is in the wellfounded 
part of R, then (M, w) can be characterized by a finitary formula. 

For the converse, suppose that (StrEx(M), w) is characterized by a modal 
formula 'I/; of depth n . It is easy to check that for every model-world pair (N, v) 
and each natural number n, there is a wellfounded strongly extensional model 
N' and world v' EN' so that (N, v) and (N', v') satisfy the same modal formulas 
of depth :::; n . Applying this to (StrEx(M) , w) , we get a wellfounded (N, v) 
which also satisfies 'lj; . But this means that (StrEx(M) , w) = (N, v). It is not 
hard to show that if ( N, v) is wellfounded and strongly extensional, and if 
(N, v) = (N', v'), then (N, v) is isomorphic to (N', v'); this fact is proved by 
induction on the height of v in N. However, this is a contradiction, since the 
subframe generated by w is not wellfounded while the subframe generated by 
vis wellfounded. Therefore, (StrEx(M), w) is in the wellfounded part of R. --! 
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Classes of Model- World Pairs Closed Under Bisimulation A result of van Ben­
them's states that a first-order definable class C is closed under bisimulation 
iff there is a single finitary modal formula characterizing it (see van Benthem 
1985). Here is a version of this for infinitary logic. 

Proposition 3.5 Let K be any class of model-world pairs. Then the following 
are equivalent: 

1. K is closed under bisimulation. 
2. There is a class C of infinitary modal formulas such that for all (M, w), 

(M,w) EK iff(M,w) p C. 

Proof (2) ⇒ (1) is immediate from the fact that bisimilar pairs satisfy the 
same infinitary formulas. In the other direction, for each model N, let 'lfN be: 

V B(N, v) -> 
vEN 

V 
VEN 

(N,v) EK 

B(N, v). 

We remark that in each '/fN, the disjunction in the consequent really is a (set­
sized) modal formula: the worlds of N form a set and v ranges over this set. 
It is easy to check that (N, v) F '/fN iff (N, v) E K. Let C be the class of all 
formulas 'lj; N, as N runs through all models. We then check that ( N, v) F C iff 
(N,v) EK. --1 

(We do not know a condition on K that would allow us to change (2) to require 
that C be a set.) 

On the ordering of infinitary modal formulas The infinitary modal formulas, 
like the formulas in any semantically-presented logical system, have a natural 
order :::; defined on them by 

cp:::; 'lj; iff (M, w) F cp-> 'ljJ for all model-world pairs (M, w). 

This order is a preorder, and we usually identify equivalent formulas to get a 
partial order. The infinitary boolean operators imply that this partial order is 
a complete lattice. We write L for this lattice. 

Proposition 3.6 The maximal elements of L - {F} are exactly the character­
izing formulas B(M, w). 

Proof This is easy to check, since a formula cp is maximal in L - {F} iff cp 
is satisfied at exactly one model-world bisimulation class. This last condition 
means that cp is (equivalent) to a characterizer. --1 

4 An Example: Connectedness 

Recall the connectedness formula p and its first-order correspondent Cp from 
the introduction. In this section, we prove a correspondence result for these 
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. 1 cases of Theorem 1.1 
t" n are spec1a h t th suits in this sec 10 Our hope is t a e 

fortllul3S ind ~~:~~c~~::: p an~ Cp c-~~r::k:11:h:0 ;::::~;~ations easier to follow 
d 1.2 an . . this section w1 

all reasoning m f 
concret_e 5 and 6 below. . fi 11 infinitary instances o 
. sections del that satis es a 
in M be a mo 

Let ) ) V o(Dq ___, p) 
D((p/\Dp --->q 11 

f StrEx(M) is loca y 
We want to show that the frame o 

fits worlds w. 
at each o h t is satisfies )) 
connected, t a , ( ) ___, (R(y z) V R(z,y) V z = y • 

('v'x)('v'y)(\lz)(R(x,y)/\Rx,z , ht R(w u) and R(w,v). 
d v such t a ' - (- -) r 

- StrEx(M), arrd fix u an · holds: R(i1, v), R v, u ' 0 

Fix a world w o~ t one of the following alternatives f these hold. Let s be the 
We want to see t a ds a contradiction that none o 
- - - Suppose towar 
u - v: g substitution: 
followin ) V V{0(M,v') \ R(v,v')} 

= 0(M,v ')} 
Sp - V{0(M,u') \ R(u,u 
Sq - □((spf\Osp) ___, sq) or (M,w) \== 
ave two cases: either (M, w) \== . 

For this s, we h s· (M v) does satisfy 
) ) ___, s ) mce ' h t 

□ (□sq___, Sp • (M v) \== (sp /\ □sp q h t for some u' such t a 
In the first cash et, (M' v) \== Sq· This means tR_a - -) In the second case, 

e see t a ' . St E (M) ( u, v • . 
Sp/\ □sp, w - (M u'). Therefore, m r x ' (M u) \== Sp· This means 
R(u,u'), (M,v) = B ~(Mu)\== □sq , and so we have, f' v (Mu)== (M,v'). 

(M, u)_ \==Sq(~ s~) : (M, ~), or for so~e s~c(:e:)orE~th:r ;ay, ;e have verified 
that either , 1 te to· u = v or R v, • 

d" • trans a • E (M)) 
These last con 1t1ons ondition Cp holds in Fr(Str x Fr(StrEx(M)) is locally 
that the first-order c the other way: suppose that d ce result to see that 

Now we want to go the known frame corres~on en d at all worlds. In 

(1) 

d We can now use (M)) V) satisfies Pan . .1 connecte • . h model (Fr(StrEx . ' d StrEx(M) are bisimi ar, 
at all valuat10ns V, t e d l StrEx(M). Smee Man 

does the mo e l 
particular, so f . age finite mode s 

. the result or im . . 

M \== ; 0 continue this exam:~:~ 1~ :::~::
1
:~ finitary ~n_stan:: ~!!' :~::~a; 

h" ase we assume der cond1t1on. 
M. Int is c ' h t M satisfies the first-~r . (1) . ineluctably infinitary. 
we want to prove t a the substitut10n s m is 

b t of luck because 
seem to e ou t around this problem. d l t the successors of u be 
However, we can ge f v be vi, .. . ' Vj, an e . 

Let the successors o n be the following substitution: 
For each n , let s 

'tLl,· · ·•'tLk· n )V···ven(M,vj) 
= en(M,v) V 0 ~M,v1 V . . . V en(M,uk) 

(2) 

si - 0n(M,u1) V 0 (M,u2) . 
sq - . ) each sn is a finitary 

. finite ( there are iust two 
Since the set of atomic sentences is 

substitution. h ve two cases: 
For each n, we a 49 



1. (M, w) F □ ((s; /\ □s;) -> s;) 
2. (M, w) F □ (□s;-> s;) 

Since there are infinitely many n and two choices possible for each, we see that 
one of the two alternatives must occur infinitely often. We'll give the argument 
in the second case, the first being similar (and in fact a bit easier). 

So assume that for infinitely many n, (M, w) F □(□s;-> s;). Applying 
this to u, and using the fact that (M, u) F s; for all n, we see that (M, u) F s; 
for infinitely many n. i,From this, we have that for each n either (M, u) F 
en ( M, v) for infinitely many n, or there is a successor Vk of v such that ( M, u) F 
en(M, vk) - If (M, u) F en(M, v) for infinitely many n, then (M, u) F 0(M, v); 
this is because 0(M, v) is the conjunction of its finite approximations, and each 
approximation is stronger than its predecessors. So (M, u) = (M, v) in this case. 

If for infinitely many n there is some vk as above, then as v has only 
finitely many successors, there must be a fixed vk so that for infinitely many n, 
(M, u) F en(M, vk)- And as we have seen, this implies that (M, u) = (M, vk)­

This illustrates the direction (1) => (2) in Theorem 1.2. Going the other 
way, assume that StrEx(M) is locally connected. Then as we have seen, M 
satisfies all infinitary substitution instances of p. A fortiori, MFw p. 

5 Proof of the First Correspondence Theorem 

In this section , we prove Theorem 1.1. The proof is a consequence of two results 
having to do with the relation Foo (see Section 2.4) and the strongly extensional 
quotient. The first of these uses the characterization results of Section 3. 

Lemma 5.1 S~ppose that M Foo <p. Then Fr(StrEx(M)) F <pas well. 

Proof Let V be any valuation on Fr(StrEx(M)) . Define the substitutions by 

s(p) V{0(StrEx(M),w) I w E V(p)}. 

We need two claims at this point. First, for all v and w in M, if v = w, then 
(M, v) F 1jJ (s] iff (M, w) F 1jJ(s]. This is by induction on 1jJ. For the atomic 
case, the important subsidiary fact is that (M, v) F 0(StrEx(M), w) iff v = w. 
The boolean steps are trivial, and the ◊ step comes from the definition of 
bisimulation. 

The second thing we need is that 

(M, w) F <p[s] iff (Fr(StrEx(M)), V, w) F <p. 

(This would establish the lemma, of course.) The proof here is by induction 
on <p. The atomic case is by the definition of s. The induction step for ◊ is 
worth looking at: if (M, w) F ◊<p[s], then there is some v so that R(w, v) 
and (M,v) F <p[s]. By induction hypothesis, (Fr(StrEx(M)) , V,v) F <p. But in 
StrEx(M), R(w,v). So (Fr(StrEx(M)), V,w) F ◊<p. 

Going the other way, suppose that (Fr(StrEx(M)), V, w) F ◊<p. Let v 
be such that R(w,v) and (Fr(StrEx(M)), V,v) F <p. By induction hypothesis, 
(M, v) F <p[s] . Now vis bisimilar to some child v' of w, and by our first claim 
above, (M, v') F <p[s]. Hence (M, w) F ◊<p[s] . -, 
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5 2 IfFr(StrEx(M)) F <p, then M Foo <p. 
Lemma • 

th t M e-- <p[s]. Let V be the 
f Let s be any substitution; we show a ' 

proo ) b 
valuation defined on StrEx(M y 

V(p) {w \ (M,w) F s(p)}. 

1 . that for all <p and all worlds w, 
We c aim ' 

(M, w) F <p[s] iff (Fr(StrEx(M)), V, w) F <p. 

. L 5 1 For atomic propositions, the result 
The proof is pretty much~ m e~~ -~ ~hat if (Fr(StrEx(M)), V,w) F ◊r.p , 
is immediate. The only thmg toh~ ec i ose that v is such that R(w, v) and 

(M ) e-- ◊r.p[s] To see t is, supp ) e-- [ ] Then in 
then 'w ' - • B induction hypothesis, (M, v ' r.p s • 
(Fr(StrEx(M)), V, v) F r.p. y , - s· bisimilar worlds satisfy the same 

has a child v' such that v = v. mce ] -, 
M, ~ f las (M v') F r.p[s]. Hence (M, w) F ◊r.p[s • 
infimtary ormu ' ' th t has c as a frame corre-

Now we prove Theorem 1.12 S;:Jpo: X ~ff ~r(StrE;(M)) F X· By the 

spondent. By Lemmas 5•1 andd \' F (S~Ex(M)) F X iffFr(StrEx(M)) F ex. 
definition of a frame correspon en ' r 
This completes the proof. 

6 The Image Finite Case 
d main result of the paper, Theorem 1.2. We need a 

We now prove the se5coln . the proof there will not go through. 
variation on Lemma . , smce 

h set of atomic sentences is finite. Let M be a 
Lemma 6.1 Assume that ~ : ii ·t V be a valuation on StrEx(M) with 

h th t StrEx(M) JS image m e, 
model sue a . . fi 11 d s be the substitution 
the property that V(p) is fimte or a p, an 

s(p) = V{0(StrEx(M),w) \ w E V(p)} . 

] ber n let sn be the substitution 
and for each natura num , 

sn(p) = ' V{en(StrEx(M),w) I w E V(p)} . 
. r 1 and all worlds w, the following are equivalent: 

Then for all fimtary ,ormu as r.p 

1. (M, w) F r.p[s]. l.-- [sn] 
2. For all but finitely many n, (M, w) ~ r.p • 
3. For infinitely many n, (M, w) F <p[s ]. 

tomic case is most interesting. Clearly if 
Proof By induction on r.p. The a n] If (M w) F --ip[s], then for each 
(M,w) F p[s] then for all n, (M,w) F p[s • n (M w) F ....,em(StrEx(M),v). 
v E V(p) there is some n so that for tl~:- :i1 n' (M, w) F --ip[sn]. 
Since V(p) is finite, we see that for am t· , ea,sy· it is for them that we 

h . d t" for nega ion are , 
The steps of t e m uc i~n . t that since <p is finitary, we have a 

need both (2) and (3) . For conJunction: no e 
. t" The rest follows easily. . -1 

finite conJunc ion. t ◊ . s similar to the atomic case. 
The induction step for the opera or i 
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We now prove Theorem 1 2 • . , which we restate fo th r e reader's co • 

Theorem 6 2 If fl . nvemence. 
d t • a mtary modal form 1 
"';, '-;;,;en fo, all image finite mode:';, X ,:& :,:rnt-o;de, frame '""~P=-

2 w X ' e o owmg are equivalent· 

· Fr(StrEx(M)) I= cx. • 

Proof As before (2) ( • that Ml= ' ⇒ l) is by Lemma 5 2 I 
contradict:o~· t:: sh~": that Fr(StrEx(M)) ~- Xn ::,:~ter direction, assume 

that (Fr(StrEx(M);h; IS ;~e. Th~n there is a valuation V Suxpose towards a 
a finite set (Th" . , , w r- ·X with the addition 1 an a world w such 
of depth k ~an b: t8 \~~neral fact concerning ima:e ~:~fe~ty that _each V(p) is 
using some V such n; I ated at a world w by some V thee .:ames: if_ a sentence 
distance from w. tat each V(p) is included in the (fi -t)1 can be mvalidated 
above B is a most k.) Now we use Lem m _e set of worlds whose 
all ·s y( our assumption that (M w)._ ma 6.1, withs and sn as defined 

n . o M w) I= [ ) ' r-w X we see that (M ) 
(F,(St,Ex( Mn V w) ,'_ & =.1L But now by the ~,ond d • , w F xi•" I fm 

, , r X· This is a contradiction. aim m Lemma 5.1, --j 

Remarks on the Model C orresponde T 
In this section we wa t t nee heorems 

' n o present a £ 
~~rrespondence theorems cannot be e:-te~ults which indicate that the model 

ere are no other possible mod 1 I y improved. (This is not to 
our basic results it does t e correspondence results It ju t say that 
two halves ) no seem to be possible to n • s means that in · arrow the g b All f • ap etween the 

o our examples in this s • 
:~~~=:~n!o~~ceaspl condnectedness. Si;~:;:x:::;e:s~notledd£for the correspondence 

on ence (0 or most oth • 
mulas in which all t : ne source of exceptions is th er mstances 
occurrences We d al o~1hc propositions either have all p \~ase of modal for-

. ea wit this situation in Sect· 8 b os1 ive or all negative ion elow.) 

7 

Why image finite models are • to show that th . . used m Theorem 1.2 F" • 
Recall the sent::c;;1~:~: ~o i~age finite models in ;~:~r:: g;;e.an example 
finitary instances o . ec ion 1. We want a model _- is necessary. 

We take f p without being locally connected. M which satisfies all 

w {a,b,c} u {b I N} n nE U {c,,lnEN}. 

On this, we put 
• R(a, b), R(a, c), R(b, b). 
• For all n, R(b, bn) and R(c Cn) 
• For all n < m R(b ' • ' n, bm) and R(c,,, Cm) -
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W 'll wnek with a Jangu"'' with oountably many atomic p<◊p™itions, say Pn 

(ri\ w)· The valuation V is given as follows: 

V(pn) == {b} U {bm \ m2':n} U {c} U {Cm\ m2':n}. 

,iote that band e diffee on the foemola O AnPn- It follows that (M,n) is not 
bisimil"' to any locally connected model. We claim, howevec, that M satisfies 
nil finita<Y instances of pat nil points. The only point wmth oonsidoeing is n. It 

0 
ste,1ghtfoewMd to show that band e agere on all fmitary rnod,1 foernuhs- Let 

, s, a finitMY substitution. Since tho submodels genornted by b and e aeo locally 

00
,neeted, (M, b) and (M, e) satisfy p[sJ. And since (M, b) and (M, e) satisfy nil 

of the same formulas, they indeed satisfy the same disjunct of p[s] . Suppose that 
they satisfy the second disjunct D(Dsq-> sp)- Since R(b, b), (M, b) \== □sq-> Sp­

Therefore, (M,c) also satisfies this formula. It follows that (M,a) \== p[s]. 

Are all substitution instances necessary? Second we have a remark on Theo­
rem 1.1. We show that there is no set S of substitutions such that the following 

are equivalent: 
1. For alls ES, M \== p[s] . 
2. Fr(StrEx(M)) \== Cp-To see this, fix a set S of substitutions. Let r;, be an infinite regular cardinal 

such that all boolean combinations of all formulas in each Sp are of size < r;,. We 
consider a language where At Prop == {Pa \ a < r;,}. For this, we build two models 
M

1 
and M2- M1 is the obvious generalization of the model M from above in this 

section. M2 is the same as M1 except that we do not include the edge R(b,b). 
M2 is bisimilar to a locally connected model, since (M2, b) == (M2, c). Thus, for 

all p (in Sor otherwise), and all w E M2, (M2,w) \== p[s]. 
It is reasonably easy to see that at corresponding points, M1 and M1 and 

M2 agree on all formulas of modal depth < r;,. Therefore, since M2 has property 
(1) above, so does M1 -But M1 is strongly extensional but not locally connected, 

so (2) fails. Thus (1) and (2) are not equivalent. 

On flnitary substitution instances and Theorem 1.2 Finally, we have a parallel 
remark on Theorem 1.2. As it is formulated, part (1) seems to require a check 
of infinitely many substitution instances. We show here that this is necessary. 
In other words, we show that there is no single finitary tp so that for all image 

finite models M the following are equivalent: 

1. M \== tp 
2. Fr(StrEx(M)) \== cp Suppose towards a contradiction that tp exists. Let n be its modal depth. 

Consider the models M1 and M2 from the discussion above, with r;, == w. Let 

N1 be the submode! determined by 

Then N1 and N2 are image finite. As before, N1 is not bisimilar to a locally 
connected model while N2 is . And N1 and N2 agree on tp. This is a contradiction. 

{ a, b, bi , ... , bn, c, CJ, • •• , en}-
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8 A Full Correspondence Result 

Recall from Section 1 that the t . 
for the case of local connected::s:tiv~cor:espondenc~ result (M[x, ex]) is false 
spondence results. However th : ( [x , xD also falls for most other corre­
hold. ' ere is one class of cases where (M[x, ex]) does 

Proposition 8.1 Let <p be a formula . h' h 
1 • . m w 1c every atomic pr ·t· h on y pos1t1ve occurrences or only t· opos1 wn p as 

on a frame F . If (F, V) Foo <p, th::g; ;e<p~ccurrences. Let V be any valuation 

Proof Let s be the followin s b . . 
then s(p) = F. If p occurs only !eg~ti~;;;~:: ~~p oc()rs only positively in <p, 
By Lemma 2.2, (F, vs) F <p. Note also th t vs en~ P. = T. So (F, V! F <p[s] . 
<p, and vs (p) = F if P occurs negatively. a (p) - 0 if p occurs positively in 

. Let W be any valuation; we show that (F W) I-
m <p, V 8 (p) c W(p). And 'f . ' , <p. If P occurs positively 

·1 - 1 P occurs negatively then W(p) c v•c ) I 
eas1 Y by induction on <p that (F W) 1- ' - P • t follows 

' ,<p. --j 

Theorem 8.2 Let <p be a formula in wh . h . 
only positive occurrences or only t. ic every atomic proposition p has 

sentence Ccp such that for all model;e:; :;e f,ocllcur~ences. The:e is a first-order 
1. M Foo <p e O owmg are eqmvalent: 

2- M F c"' in first-order logic. 

Proo~ Let ST( <p) be the standard translation of T 
followmg replacements· Ifp occu ·t· 1 <p. ake ST(<p) and make the 

. • rs posi ive Y replace each P( ) b F · 
negatively, replace each P(x) by T Th d 1 x Y ; 1f p occurs 
This defines ccp. • en e ete the second-order quantifiers. 

Let F be the frame unde 1 • M B 
(l'): FF <p. The standard fra~;mg . • ~Proposition 8.1, (1) is equivalent to 
to (2'): F F c'P. (In the notat1·ocnorfresp0Sn e~ce result is that (1') is equivalent 

. rom ect10n 1 this f 
result 1s the equivalence (F[x c ]) £ th ' ' rame correspondence 
fact that if a first-order sent~n~ or h IS sentence.) But also it is a general 
then truth in a model is the same on y as _R (and no u~ary relations P(x)) 
equivalent to (2). as truth m the underlymg frame. So (2') is 

--j 

9 A characterization of infinitary model logic 

If we have a sentence <p of infinitary modal logic, then the class 

Mod(<p) {(M,w) / (M,w) F 1.p} 

is closed under bisimulation. The converse i 
ample, the class K, of all model ·th f s false, however. Consider, for ex-

. fi . s WI rames of the form (K <-1) h . 
an m mte cardinal, construed as . ·t· 1 d' . , , w ere K 1s 

an m1 Ia or ma! with ordering <. Since each 
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of these frames is strongly extensional, this class is closed under bisimulation. 
However, it is not the class of models of any infinitary sentences, as a simple 
downward Lowenheim-Skolem argument demonstrates. 

The aim of this section is to show that Theorem 3.2, in combination with 
well-known facts about the familiar sequence of approximations =a to bisim­
ulation, yields a simple characterization of the classes definable in infinitary 
modal logic. (The result of this section was independently observed by Alexan­
dru Bal tag.) 

We recall the relations =a defined by induction on a as follows: 

(M, w) =o (N, v) iff 
(M, w) =a+l (N, v) iff 

for all p E AtProp, w E V(p) iff w' E V'(p) . 
(M, w) =a (N, v), 
\;/ child wo of w :3 child vo of v(M, wo) =a (N, vo), & 
\;/ child vo of v :3 child wo of w(M, wo) =a (N, vo)-

(M, w) =>. (N, v) iff for all a< >. , (M, w) =a (N, v). 

We summarize some well-known and easily established facts about these 
relations. 

Proposition 9.1 
1. Each = a is an equivalence relation on model-world pairs. 
2. The equivalence relations get increasingly fine as a increases. 
3. (M,w) = (N,v) ifffor all ordinals a, (M,w) =a (N,v). 
4. (M, w) =a (N, v) iff for all modal formulas <p of modal depth at most a, 

(M,w) F <p iff(N,v) F <p. 

Let K, be a class of model-world pairs. We say that K, is bounded by a if K, 

is closed under the equivalence relation =a; that is, if for all ( M, w) =a ( N , v), 
if (M, w) EK, then (N, v) EK,, K, is bounded if it is bounded by some ordinal. 

Every class of model-world pairs definable by some infinitary modal sen­
tence is bounded (indeed, it is bounded by the modal depth of any sentence <p 
defining the class). The point of this section is to observe that the converse is 
also true. 

Theorem 9.2 A class K, of model-world pairs is definable by an infinitary 
modal sentence iff K, is bounded by some ordinal. 

Proof Suppose K, is bounded by a. It is easy to see that the class of all 
formulas of the form B°'(M, w) is a set. Hence, so is 

0 = {B°'(M,w) I (M,w) EK,} . 

Let <p = V 0. Clearly every (M, w) E K, is a model of <p. We claim that the 
converse is true. For suppose (N, v) p <p. Then there is an (M, w) E K, such 
that (N, v) p 0a(M, w). But then, as is easily checked by induction on a, 
(N, v) =a (M, w). Hence (N, v) EK, since K, is bounded by a. --J 

We can look at this as a characterization theorem for infinitary modal 
logic. Any extension of infinitary modal logic that had a sentence not equivalent 
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to one in infinitary modal logic would defi 
tary modal logic is the largest log· h nhe an unbounded class. Hence, infini-

N 
ic sue t at every d fi bl 1 • 

ote, by contrast that 1·t • . e na e c ass 1s bounded. , is easy to obtam p • • 
modal logic that have the sam t· f roper extens10ns of infinitary 

e no 10n o equ· I L 
class of model-world pairs closed u d b' . IVa ence. et K, be any unbounded 

h 
n er 1s1mulatio (W 

sue a class above ) Add . n. e gave an example of 
· a new atomic pro ·r I ( 

the same syntactic operations B th p~s1 10n n K, and closed under 
'w E K,. Since K, is closed under . . . ' . n_e ' w ' In(K) iff (

M ) · or e semantics defi (M ) ~ 

logic, while able to define clas t d bfi1S1mulat1on, it is clear that this new 
ses no e nab! • • fi • 

:xample), has the property that (M w) d (e~n m mtary_modal logic (K, for 
1ff (M, w) = (N, v). ' an , v) are eqmvalent in this logic 

10 Is that all there is? 

~e have shown in this paper that ever f gives rise to a model correspo d y rame correspondence result (F(x c ]) 
. h n ence result The natu 1 • ' x 
is w ether every model corres o d • . ~a quest10n at this point 
(M'[x, ex]) be given as follows: p n ence result anses m this way. That is, let 

(M'[x, ex]) For all models M the foll • • l. M l=oo X ' owmg are eqmvalent: 

2. Fr(StrEx(M)) I= ex 

A very natural question at this point would be· doe M' • • 
Results on this have been obtained b G' • ~ ( [x_, ex]) imply (F[x, ex])? 
Benthem. y wvanna d Agostmo, and by Johan van 
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1 Introduction 
Previously I have followed e.g. Karttunen, Heim and Zeevat in assuming that presuppositions 
must always be satisfied in their local context: Geurts [Geu95] has caricatured this type of 
model as offering Local Satisfaction Guaranteed. In this paper I will consider how the guaran­
tee might be relaxed somewhat, so that whilst there remains a preference for presuppositions 
to be satisfied, there is no guarantee. I will firstly introduce a cut-down cancellation theory of 
presupposition, where presuppositions place defeasible constraints not on the local context , 
but on the global context . One could say that this was a model of Global Satisfaction Pre­
ferred. I will then show how the cancellation model can be altered so that presuppositions 
place defeasible constraints not on the global context, but on their local context of evalua­
tion. This would presumably be a Local Satisfaction Preferred model of presupposition ( Local 

Satisfaction Guaranteed or Your Money Back, perhaps). 
One way to think about the purpose of this paper is as a way of combining two traditions 

in presupposition theory, cancellationist and dynamic. This combination is very much in the 
spirit of Soames' proposals [So82] , but improves on his account in two respects: (1) unlike 
Soames' account, or for that matter any of the standard cancellationist accounts such as 
[Gaz79a, vdS88, Me92], the system allows a treatment of quantified open presuppositions; 
(2) common-sense reasoning is allowed to influence the behaviour of the system, and can, for 
instance, strengthen the notoriously weak presuppositions found in Soames' account and in 

others in the dynamic tradition [Kar7 4, Hei83a] . 
Readers will probably not be surprised that my real purpose in writing this paper is not to 

achieve historical synthesis, but to extend and defend the dynamic account of presupposition 
I have advocated elsewhere. This account consists of a dynamic semantics which ( as well as 
providing the meaning of a fragment of English including quantifiers, pronouns and epistemic 
modalities) defines what it is for a local context to satisfy a presupposition, and also an 
account of global accommodation enabling an initially unsatisfied presupposition to be added 

to the global context of interpretation. 
Other dynamic models, Heim's CCP account and van der Sandt's DRT-based theory 

[vdS92], allow for yet more forms of accommodation. Apart from global accommodation , 
there is also a possibility of presupposit ions being added in local context s involved in the 
interpret ation of a sentence. If sentence S has the form "If A then B" , and B carries a 
presupposition P , then there are three possibilities. (1) Global accommodation. If P itself is 
accommodated, we derive the same effect as if S was replaced by "P and if A t hen B". (2) 
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Local Accommodation, i.e. accommodation in h 
accommodation of p would g1·ve th ff t e local context of the trigger itself L e same e ect as rep! • s b " f • ocaJ 
Intermediate accommodation in m t . I . . acmg y I A then p and B" ( 
the global and local context' alon: t:::;::;g~ this is accommodation at any site in bet~e 3) 
~he case of S there is only one intermediat .:r I_y s~ted path of anaphoric accessibility. ~n 
mtermediate accommodation has a a te s1 eh, I~ t e antecedent of the conditional so th n 

n euec muc hke rep! • S • h " ' at 
Elsewhere [Bea95 Bea94a Bea94b] I h . acmg wit If p and A then B" 

d
. ' ' ave provided ext • • me iate accommodation O . ens1ve arguments against i t · r, more precisely I ha d h n er-

themselves trigger intermediate acco d t· ' ve argue t at presuppositions do n t mmo a 10n althou h • t • d" 0 

same effects will be achieved through th ' g m cer am IScourse contexts th 
[ Fg l o er processes such as d • t • • e 
v 4 and accommodation th h d I . ' . omam res nct1on of quantifi roug mo a subordmat1on [R b87] ~ • ers 

argument, without rehearsing it complete! b h o . • ogive the flavour of the 
reading of El, below, would correspond to ~2~ serve t at the mtermediate accommodation 

El If a woman buys a truck, she always sells her cadillac. 

E2 If a woman who owns a cadillac buys a truck, she always sells her cadillac. 

The point is that El seems, in the absence of a • to be taken for granted that worn h b ny special context, rather strange. It seems 
clearly felicitous. If El had an int en wd_ot uy a truck will have a cadillac to sell. Yet E2 is 

l 
erme Ia e accommodation read· • E2 

no e~p anation for the infelicity. I conclude that El h • mg as I~ ' there would be 
readmg.1 as no such mtermed1ate accommodation 

If these arguments against intermediate accommoda i 
forms of accommodation global and l I A I h _ton are accepted, there remain two 

I d ' oca · s ave said the mod ] I h 
ous y escribes global accommodation I th· . ' e ave proposed previ-
modation, an approach which draw • n is ~~~er, I discuss one approach to local accom-
local accommodation and cancellat· s on a para e first observed by Heim [Hei83a] between 

IOil. 

Describing a system allowing some form of local accom • • 
allow presuppositional constructions to b b" b modat1on is easy. One can simply e am 1guous etween a • 
a non-presupposing reading where wh t Id h . presupposmg reading and 
B t h 

a wou ot erw1se be presup d • • 
u , t at would also not take us £ Wh . pose is mstead asserted. 

h 
very ar. at 1s more prob! f b h 

tee nically, is specifying under wh t . t ema ic, ot empirically and 
I .ll a circums ances local accommodat· E 

':I make a simple assumption also made b other wn occurs. mpirically, 
Heim, an assumption which is implicit in {i f authors, such as van der Sandt and 
local accommodation occurs whe I b clance a wn models, although expressed differently: 

1 
b 

I 
n g O a accommodation is rul d t 1 •1 

go a accommodation to be ruled out if it w . _e ou • w1 I only allow 
accommodating would leave the com h d" ould ca~se mcons1stency, that is, if globally 
well be that the determination of thpre en m~ agent with contradictory information. It may 
but it is not the aim of th1·s p et aptprdopnate accommodation strategy is more complex 

aper o s u y such e • • 1 • • ' 
concentrate on the technical problem. mpmca issues m detail. Rather, I will 

What is the nature of the technical difficult • • • • 
of local and global accommodation? A . . / associated with descnbmg a combined model 

i . prmc1p e goal of presupposition theory is to account for 

I do accept that in a context where a set of cadilla • 
ma_rkedly more felicitous, and be understood as restrict;do:;nmgh women was already salient, El might become 
of mtermediate accommodation would be derived th h sue women much as m E2. In this case the effects 
not to say that presuppositions play no role in d roug a separate process of domain restriction This is 
themselves license such restriction. omam restriction, but that presuppositions do not ln and of 
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. £ ences that we make when understanding a sentence containing presupposition triggers. To 
in e\his rneans that we must ultimately aim to formally describe an inference relation saying 
rn::ch sentences of English follow from which other sentences in which contexts of utterance. 
w \Ieirn's terms, allowing alternative forms of accommodation could mean that a single 
In tence has multiple context change potentials ( CCPs). This means that an inference relation 
se~l in effect involve some form of quantification over alternative possible CCPs. Furthermore, 
w~ have a working assumption as to which CCPs are preferred , i.e. that those involving global 
wccornmodation are ceteris paribus preferred to those involving local accommodation. The 
~efinition of the inference relation must utilise whatever information is available, and so must 
be defined in terms of these preferences . The technical problem, then, is to describe an 
inference relation which not only accounts for the dynamic effects of different CCPs, but also 
accounts for preferences between alternative CCPs. The goal of this paper is to present a 

declarative description of such inference relations.2 

The effects of local accommodation will be obtained by allowing presuppositions also to 
be asserted in their local context (an assumption first found in Gazdar's model) and by then 
stating a preference for the presupposition also to be satisfied in the incoming context. If 
the presupposition is not satisfied in the incoming context, assertion of the presupposition 
will produce the effect of local accommodation. If the presupposition is already satisfied, the 
assertion of the presupposition will have no further effect on the information state.3 In the 
next section, I will define a static system, so as to concentrate on the nature of preferences 
rather than on the interaction between preferences and dynamic semantics. in the next 
three sections I will show how dynamic effects of various sorts can be obtained, showing in 
outline how it is possible to add (1) sensitivity to local context (2) a dynamic model of global 
accommodation, and (3) a complete CCP account of meaning extending to first order . 

2 Global Satisfaction Preferred 
A system will now be defined in which presuppositions are interpreted as providing global 
preferences, which is essentially the idea of cancellationist accounts. The formalisation is over 

2 Note that both van der Sandt (vdS92] and Zeevat (Zee92] have provided dynamic models in which the 
preferences for one form of accommodation over another are described. But the descriptions are given proce­
durally. A procedural or algorithmic statement of the theory can have its advantages: it can be compact, and 
it can make for straightforward computer implementation. But such a statement can also make formal study 
of the effects of the theory difficult. It is typically awkward to check general properties of an inference relation 
which is given partly algorithmically. It is presumably for this reason that van der Sandt and Geurts [SG91] 
have investigated how van der Sandt's theory may be declaratively restated. A major difference between van 
der Sandt and Geurts' approach on the one hand, and the system proposed in the current paper on the other, 
is that van der Sandt and Geurts are committed to a particular form of representation (i.e. DRSs), whereas 

the current proposal provides a more abstract description of information states. 
3There are cases where presuppositions apparently do not hold in their local context (see [Kay921), although 

this only occurs with a limited range of triggers. I will not deal with such cases in the current paper. More 
generally, we might like to vary exactly what was asserted according to what propositions hold in the incoming 
context. For instance we might like the assertion associated with "the handlebar" to vary as follows: if there is 
already a salient handlebar, there should be no assertion; if there is no handlebar but there is a salient bicycle 
then a handlebar marker should be introduced and linked to the marker for bicycle appropriately; and if there 
is neither bike nor handlebar then perhaps a handlebar marker should just be added. I see no reason why 
CCPs should not be defined in this way, and combined with the model given in this paper such that various 
of these options are preferred over others. But such a general account of local accommodation goes beyond 

what I will actually formalise here. 
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the language of propositional logic augmented with a unary presupposition operator, a ( 
introduced in my Amsterdam Colloquium paper of 4 years ago). as 

Models are pairs (W, F), where W is a set of worlds and F is an interpretation funct i 
mapping atomic formulae onto sets of worlds . It may be assumed that [.] is an essentia~n 
classical valuation, mapping formulae onto the set of worlds where they would be classicalJ.Y 
true, and giving formulae 8</J the same valuation as </J. An information state will just be as: 
of worlds, the update of an information state u with a formula </J, written u + <p, will just b: 
given by u n [</J], and u will be said to satisfy <p, written u I= </J, if u is a fixed point of </J, i.e. 
u + <p = u4 . Ifµ is a pair of states (u, T), I will writeµ+ </J to mean (u + </J, T + </J). 

The preferences of a formula <p, written i </J, will be defined in terms of an information 
ordering, which, as before, is a set of pairs of states (epistemic alternatives). Definition DI 
below specifies the set of good orderings (GO) relative to some model. Firstly, the minimaU_y 
constrained ordering 0, which is the set of pairs of any two non-absurd states, is a good 
ordering (the set of non-absurd states defined over a set of worlds W being written W*) . 
Secondly, an ordering w(</J), which is one where there is a preference for states where </J holds 
is a good ordering. For a pair (u, T) to be in w(</J), it must be the case that if T satisfies¢,: 
then er does too. Thirdly, the intersection of any two good orderings is also a good ordering. 
I will not explore the algebraic structure of the Good Orderings here. 

Definition Dl (Good Orderings) The set of good orderings is the smallest set GO such 
that {1) 0 is in GO, {2) for any <p, w(</J) is in GO, and {3) for any O and O' in GO, 0 n O' 
is in GO, where 0 and w(</J) are defined by: 

W* p(W)\0 
0 w· x w· 

w(</J) {(er,T)E0 I T l= </J---->ul=</J} 

It is natural to write er 2:o T for (er, T) E 0, and u > T to mean that er 2:o T but T "i.o u. 
Since any formula which is satisfied by the minimally informative state W is a tautology, and 
is thus also satisfied by every other state, it follows that every non-absurd state is at least as 
preferable as Win any ordering w(</J). Indeed, this property holds for any good ordering 0: 
Ver E W*,er 2:o W. 

For each formula </J an associated set of preferences i ¢ will now be recursively stipulated. 
Here the only clause which actually introduces preferences is that for presuppositional for­
mulae, a formula 8¢ setting up a preference for states where </J holds. Atomic formulae carry 
the trivial preference ordering 0, which means that no state is strictly preferred to any other. 
The negation of a formula carries the same preferences as its argument, and the conjunction 
of two formulae carries a combination of the input preferences of the two conjuncts. Here two 
orderings are combined simply by taking their intersection. 

4 In this and the coming two sections I will not take advantage of the generality of this definition of satis­
faction, and could equally well have defined u F ¢ as equivalent to u <;; [¢). 
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finition 
DZ ( GSP Orderings) 

pe 1¢ = 0 for atomic <p 

t <p t -a</J = 

t (¢/\-if,,) = 

t(</J-t-if,,) = 

t (</JV-if,,) = 

t ¢n t -if,, 
t-a(<jJf\-a'I{') 

t -,(-a</J /\ -,-ij,,) 

t 8¢ = w(</>) 

[=t ¢n t -if,,] 

[=1 ¢n 1-if,,] 

. d the case of formulae 
. ·11 b ·mportant to consi er l ,i. 

. a notion of entailment it wi e i t f referred inputs for a formu a 'I', 

When defint~tl denied presuppositions. So the se. o p t of those that are actually 
containin~ ex~t~e ydefined as the set of the preferre~-i~~:: :insistent with ¢, and u to T 

written it "."i <p I write c( </J) for the set of states w ~c 
consistent with . • t higher in the ordering O than u. 

that Tis no ) 
to mean d Preferred Inputs 

. N n-Preference, an 
. . D3 ( Consistency, 0 

Defin1t1on 
c( <p) = { er \ ( u + <p) i 0} 

·ff T >o er _. u 2:o T 
(7 to T " - _; } 

it¢ - { er E c( ¢) \ v'T E c( ¢) er "t-0 T 

.1 th .,, written ¢,..__,,-if,,, 
u ositionally entai ano er 'I'.' 

Now one formula <p can be defi;:~ to r~;::r:f inputs <p contextually entails -if,,: 
d ly if with respect to all o 'I' s p 

if an on 

. . D4 (Presuppositional Entailment) 
Defimt1on 

<p,..__,, -if,, iff Vu E it¢ (u + </J) \== -if,, 

. . ht erhaps be worried. What 
. d finition for the first time mig p . of logical con-

A logician peering at :his_ e and why is it being described as a notion ·n at least two 
strange new fangled relation is ,..__,, , d conservative notion of consequence i 

? I believe it could be terme a . 
sequence • . . 1 t t the classical relation 

8 t r ,..__,, is equiva en ° . . 1 senses. h blanguage without the -opera o ' t f m 8 introduce non-tnvia 
Firstly, fort ;:s is so because none of the operators apa\h:; the set of preferred inputs 

of consequence. 1 t ·vial preferences, so <p ,..__,, -if,, 

preference_s if their arg:::;;:!::::~ f~r;ula is just the s~t of ai :t:;:h!:e t!a!h~a::tension 

~;+ :::~; I~~'c:'.d::,::~~~s :~,s~:;,t~:~K{yi~::::;~ ic::~:t;::r!~;::\~s~:~::1::rc: 
, d will presupposi ion 

set of preferred states, an h ld remain 
l • ·1 t patterns s ou 

propositional ogic. . ence relation all classical entai men T this initially let 
Secondly, under this consequ 8 with entailment defined by,..__,,_ . o see ia~ed with the 

valid for the full lanr~ge of;~:rve that since the preference o~de;~ng ;~o; is just that for 
us consider the c?nc us10~- the definition of,..__,,, and since the va u~ ion t Now the premise. 
conclusion is not mvolved m s of 8 on the right of an entailmen • ·11 not affect 
¢, we may safely erase all occurrenc:ub-formula -if,,. Clearly replacing -if,, by 8-if,, ~i with which 
Suppose that some form~la <p has :nd a fortiori will not affect the set of state 
the semantic interpretation of ¢, 
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</> is consistent. Now suppose that </> is classical, i.e. does not contain any instances of the 
8-operator. Then, as shown above, all its classical consequences will also be presuppositionaJ 
entailments. Now modifying any number of sub-formulae by enclosing them in (any number 
of) 8-operators can only restrict the set of preferred inputs to ¢. It is easily seen that the 
set of entailments of the modified premise must be a strict superset of the entailments of the 
original premise. So, "--"' is a strictly weaker notion of consequence than classical entailment 
in that more formulae are presuppositionally entailed than classically entailed. ' 

Next we consider how the presuppositions of a formula may be defined using the ideas 
underlying presuppositional entailment. The following definition says that one formula pre­
supposes another if and only if all preferred states of the first satisfy the second: 

Definition D5 (GSP Presupposition) 

</> »asP 1/; iff Va E it</> a F 'If 

If</> is consistent (i.e. c(</>) :::i 0) then for any state a in 1't</>, a+</> must be nonempty. 
Further, since + is defined in terms of intersection, and since the set of propositions which 
are satisfied in an T is just the union of those which are satisfied in a and those which are 
satisfied in T, it follows that the earlier definition of presuppositional entailment could be 
rewritten: </> "--"' 1/; iff Va E it</> (a F 1/; or [</>] F 1/; . Given that additionally [</>] F 1/; holds 
if and only if</> F 1/;, where F is the classical entailment notion (extension of consequent con­
taining extension of premise) , it follows that"" can here be expressed in terms of preferential 
presupposition and classical entailment: </> "-" 1/; iff </> »asP 1/; or </> F 1/;5 . The following 
relatively weak properties of the system show that it is natural to think of 8-formulae as 
potential presuppositions in Gazdar's sense, for they emerge as presuppositions when nothing 
conflicts, and disappear otherwise: 

1. The presupposition operator yields presuppositions even when embedded: if</> contains 
a subformula 81/; and no other 8-formulae, and the conjunction of</> and 1/; is consistent, 
then </> »asp 1/J. 

2. Presuppositions persist if there is no conflict: if</>» 'ljJ and x is a 
non-presuppositional formula such that the conjunction of¢,, 1/; and x is consistent, then 
</> I\ X »asp 1/J. 

3. Presuppositions disappear when conflicting material is added: if</> » 1/;, and although 
the conjunction of </> and x is consistent, that of </>, 'ljJ and x is inconsistent, then 
</> I\ X :;basP 1P • 

What this shows is that we have here the beginnings of a cancellationist account of pre­
supposition. Of course, much would need to be shown before we could really be confident 
about this system, and much needs to be added (e.g. cancellation by implicatures) before the 
system would be very potent as a theory of presupposition. But the system still manifests at 
least the most basic property of a cancellationist theory. That is, presuppositions project if 
there is no conflict and are canceled otherwise. Given that the developments in the current 
article are only intended to be proofs of concept, this provides sufficient foundation to move 
on to the next stage, of showing how a preference for global satisfaction can be replaced by 
a preference for local satisfaction. 

5 This provides another demonstration that """' is conservative with respect to classical entailment in the 
senses discussed above. 
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-c-. ample .. 
_i;, )C K (8K ' B) where K is the proposit10n that 

b 1 • presented as -, A -, " ' · K. f that E3, e ow, is re . ·t · that there is a umque mg 0 
SupPose . K. f France and B is the proposi wn . a umque mg o , 
there is . bald Abbreviate this formula as ¢. 
France who is • . 

. King of France so it's not the case that the King of France is bald . 
E3 There 1s no ' 

. t d ith ,i, formula can be calculated as follows: 
The preferences associa e w 'I' 

(1) 

(2) 

(3) 

( 4) 
(5) 

1K 
0 

1 (,K) 

1K==0 

1B 

(6) 

(7) 

(8) 

(9) 
(10) 

(11) 

(12) 

(13) 

(14) 

0 

1 (8K) 
== w(K) 

1(8K I\ B) 
== w(K) n 0 == w(K) 

1 (,(8K AB)) 
== 1 (8K AB) == w(K) 

1 (,KA ,(8K I\ B)) 
== 0 n w(K) == w(K) 

. . resu ositional preference for contexts where K 
So, the sentence is associated wit~ a p PP onl involves those preferences which are 

holds. However, the set of preferred mput~ it(</>l 1 y. lly entails ,K the set of contexts 
. f th f rmula Smee 'I' c assica ' . (,1,) • 

consistent with assertion o e o • h K holds In fact no context m c 'I' is 
• ntexts w ere • 

consistent with <P, c( </>)' contams no co t t . c( </>) so that it( <P) == c( <P). Since the 
higher in the 1 <P ordering than any other ~on ext mt h~re K holds it follows that K the 

. £ ,1, d not contam con ex s w ' 
set of preferred mputs . or 'I' oe~ K . , not presupposed ( or entailed)• 
proposition that there is a Frenc mg, is 

3 Local Satisfaction Preferred 
( SP) stem above conjunction is symmetrical, its 

In the Global Satisfaction Preferred G sy . t Th only change now made to that 
fl . rdering of the conJunc s. e . f 11 • 

preferences not re ectmg any O • t d •th conJ·unction6 . In the o owmg 
. f th preferences associa e wi system is an alteration o ese . f 

---------:--:--;--::. :;:---;:. ::=;;-;. . and dis'unction are taken to be still defined in terms o 
6The preferences associated with ,mphcabon d ~ Thus disjunction becomes asymmetnc once 

the equivalences with conjunction and negat10n us: ha ov:, ense to define the preferences for disjunction 
· B t • this system it mig t ma e s · f cancellat10n 

conjunction is asymmetnc. ~ in s of the disjuncts. For now problematic cases o 
symmetrically, as the intersection of the preference b h died by defining disjunction so as to enforce local 

· • disjunct need not e an 
of presuppositions occurring in ah di d b the cancellation mechanism. 
satisfaction, but can instead be an e Y 
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definition, whilst the presuppositions of the left conjunct become preferences of the wh 
conjunction, those of the right conjunct only impose a preference for satisfaction in a cont ole 
which has been first augmented with the left conjunct: eict 

Definition D6 (Local Satisfaction Preference for Conjunction) 

i (¢/\'¢) 

It is easily checked that this operation does not introduce any non-good orderings?_ 
Let presupposition in the LSP system (»LsP) be defined as for the GSP system exceptin 

that the preferences associated with conjunction are altered. The system's properties ca! 
be described as follows, where »K denotes the relation of presupposition found Karttunen's 
[Kar74] system:8 

1. When there is no inconsistency, Karttunen presuppositions are LSP presuppositions: if 
</> has just one presuppositional subformula, </> »K 'lj;, and the conjunction of¢ and 1/; is 
consistent, then </> »LsP 'lj; . 

2. Non-Karttunen presuppositions are not LSP presuppositions: if¢ has just one presup.. 
positional subformula, and </> t,K 'lj;, then </> ;bLsP 'lj; 

3. Inconsistency with presuppositions causes cancellation: if </> has just one presupposi­
tional subformula, </> »LsP 'lj;, and although the conjunction of ¢ and x is consistent, 
that of¢, 'lj; and x is inconsistent, then </> I\ x ;bLsP 'lj;. 

These results, which I hope with further study could be strengthened, show that the LSP 
system is Karttunen-like when there is no inconsistency, and thus typically produces weaker 
presuppositions than the cancellationist GSP model. However, under threat of inconsistency, 
LSP presuppositions vanish into thin air, in the manner of a cancellationist rather than a 
dynamic semantic account of presupposition9 . 

7Define the localisation of Oto q, as L(0, q,) = { (u, r) E 0 I (u + ¢, r + <j,) E O}. Now the above clause 
for conjunction may be written: i (¢ /\ ,j,,) = i q, n L(j ,j,, , ¢,) 

To determine whether this produces only good orderings, we need to check that if O is a good ordering then 
L(0, <f,) is a good ordering. But if O is a good ordering then either O = 0, or O = w(x) for some X, or O is 
an intersection of two other good orderings 0 1 and 0 2 . The three cases break down as follows: 

1. If O = 0 then L(0,¢,) = 0 

2. If O = w(x) then L(0, <f,) = w(<f,-> x) 

3. If O = 0 1 n 0 2 then L(0, ¢,) = L(01 , <j,) n L(02 , ¢) 

It follows that the preferences associated with the LSP system are still good orderings. 
8The presuppositional properties of Karttunen's 197 4 system are also found in Karttunen and Peters' joint 

proposal [KP79), and in Heim's [Hei83a) if local and intermediate accommodation (details of which she does 
not specify in detail) are ignored. In [Bea92) a semantics for the formal language used here is proposed which 
manifests those properties, and » K can be taken as the presupposition relation in that system. Assuming 
that q, » K rr, this relation can be summed up extensionally as follows: (1) ,q, » K rr; (2) q, I\ ,j,, » K rr; (3) 
q,-> ,j,, » Krr; (4) ,j,, I\ q, » K,j,,-> rr;(5) ,j,,-> q, » K,j,,-> rr. Also, unsurprisingly, we have that for all¢, 
8cp»Kcp, 

9 0ne noteworthy aspect of LSP concerns the fact that whilst the presuppositions of a formula may be 
canceled by explicitly denying them, denying the truth of the actual arguments of 8-operators can still leave 
non-trivial conditional presuppositions. For instance, let a be(</,-> ,(8(,j,,)/\x))/\,,j,,. The left-hand conjunct 
introduces a preference for states where q, -> ,j,, holds. But this preference is not canceled by the conjunction 
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-o:,ea:rnple 1 d that" i·n the consequent of a 
P . f t' "the know e ge • 

in example contams the ac ive . ,, "no decent logician was involved m 
'I'he f~llo~ tse D for "David wrote the article ' N for l . . was involved in writing the 

co~~itlO::e· article", and T for "the belief ~hat no d;c~:: :r~::i~ attractive assumption that 
writing ·n disturb the editors". Under t e suspec d . the translation D ---t (BN /\ T): 
article wi . b 1· f plus presupposition of truth, we enve 

ldgeis eie 
kJ!OWe .. 

call this ¢. . h k I dge that no decent logician was involved in writing 
If David wrote the article the~ t e now e 

E4 rt'cle will disturb the editors. 
the a 1 

. t d with </> can be calculated as follows: 
The preferences associa e 

t (BN /\T) 
(l) = {µ Et aN \ µ + aN Et T} 

(2) = {µ E w(N) \ µ + aN E 0} 

(3) = w(N) 

(4) t (D ---t (BN I\ T)) 
(5) = t (-,(D /\ -,(BN /\ T)) 

(5) t (D /\ (BN I\ T)) 

(7) = {µ Et DIµ+ D Et (BN /\ T)} 

(8) = {µ E 0 \µ+DE w(N)} 

(9) = {(a r) \ (a+D,r+D) Ew(N)} , 
(10) = {(a,,r) \ (a+D,r+D) E {(a',r') \ (r' \= N)---t (a\= N)}} 

(11) = {(a,r)\(r+D\=N)---t(a+D\=N)} 

~~:~ = {(a,r)\(r\=D---tN)---t(a\=D---tN)} 

( ) - w(D ---t N) N 
14 - ---t aN I\ T) is a preference for contexts where D ---t. 

So associated with the formula D ( d e g by Karttunen [Kar74], Heim 
holds.10 This mirrors the behaviour of systems propose m~r~ than it would classically entail. In 

f l till ends up presuppositionally enta1lmg 
with ,1/J. So the ormu a s .1 ,q, · realise that Bill 
particular a presupposit1onally entr s th • discourse 'If Mary closed her eyes then she did not . . d and we 

An e~~mple may cl~r'.fy. ~;;s; :~d r:ther odd. If we take the _tw_o sentences ~:nb:ht;;~~~n:rs~ has the 
was smiling. He wa~n ~- , wh (8(b'll-is-smiling) /\ mary-realises-b11l-1s-sm1lmg), t c· the oddity of this 
understand the 'realise clause ';t- t t~at it entails that Mary did not close her eyes. iven be cases where 

~;~::r::r~ :: °'~0~:u~s::e:~e~c t:is result is proble".'at!~is~:ei~~~esp;~~:tt:~:~~::i::r presuppositi~~, 

LSP predicts stronger presupposition\ th::1;~:~:~~:, at least in this case, _the inferenc\cou:i/:r::;o~ i{s 
and GSP predicts no presupp~s1t1on.d ~ that the conditional introduced an imphc~ture ~ at t . tly weaker 
be removed by stipulating, as is stan ar , Id th n produce a variant of LSP that did pro uce s n~ 
antecedent was unresolved. Whether we cou f) G~P and whether this would be desirable, I_ canno say. I ue 

resu ositions than (some similar vanant o , e from line 12 to 13. This relies on an ana _og 
p 101:~he calculation of the preferences for ¢, note the pas+ s;g\= N that a + D \= N. To see that this is so, 

11 • g us to deduce from a + D \= N says that \fw E <1, 
of the deduction theorem a owm Id . hich classically satisfy D. Then a . . fi D _, N 
observe that a+ D is that subset of war ~l m atw fi N It follows that \fw E u,, w classically satls es , 
if w classically satisfies D then w class1ca y sa is es • 

and thence the desired result. 
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[Hei83a] and myself [Bea95] . In all of these systems, a sentence "If A then B", where B h 
a presupposition P, itself carries a presupposition equivalent to "If A then P". It is eas·~ 
verified th~~ the preferred proposition D ---> N is consistent with the ¢, and so becomes a f~ 
presuppos1t10n. 

4 Adding Common Sense to LSP 

In earlier work [Bea95, Bea:MS] I have proposed a model for global accommodation which is 
intended to take preferential knowledge about the world into account. Once again, information 
orderings are at the heart of the model. 

The idea is that global accommodation is modeled not as a repair strategy on "faulty" 
information states (i.e. states that do not satisfy presuppositions) , but instead as a monotonic 
filtering operation. A hearer cannot be sure of the assumptions that the speaker is making, 
and so maintains a number of alternative context sets, or epistemic alternatives, all of which 
might, as far as the hearer knows, correctly represent the speakers' assumptions. As discourse 
proceeds, each use of a presuppositional expression provides the hearer with more information 
about what the speaker was taking for granted, and so allows the hearer to filter out various 
epistemic alternatives. After each uttered sentence, some alternatives are filtered out, and 
the remainder are updated with the content of the utterance. This produces a new set of 
alternatives which is both compatible with what the speaker has presupposed, and with what 
the speaker has asserted. 

To complicate the picture slightly, it is allowed that the hearers knowledge of the speaker 
is not of an absolute character, in the sense that of the various things that the speaker 
might have assumed, some alternatives are more plausible than others. To account for this, 
the hearer's knowledge of the speakers' assumptions is modeled using a preference ordering 
over epistemic alternatives. These orderings should have certain structural properties (e.g. 
transitivity, reflexivity), but in general will not be good orderings.in the above technical sense. 
Intuitively, a pair (a, T) will be in the ordering just in case a is considered at least as plausible 
a model of the speaker's assumptions as T . In terms of information orderings, update proceeds 
by filtering out those pairs for which at least one of the alternatives is incompatible with the 
speaker's presuppositions, and otherwise updating both members of each pair with the new 
information. 

It must now be determined how such a plausibility ordering may be combined with the LSP 
system, which involves its own ordering determined not by common sense but by a preference 
for satisfaction of conventionally stipulated presuppositions . This combination will take the 
form of a definition of presuppositional entailment which is sensitive to an external plausibility 
ordering, so that ¢ "-"o 'ljJ if 'ljJ is a presuppositional consequence of ¢ relative to the ordering 
0 . 

One obvious possibility would be to take the intersection of the two orderings, and use 
that in the new definition of consequence. But I do not think this would give the right results 
empirically. Suppose that states are preferred where Mary does not own a rhinoceros, and 
I say 'I didn't realise that Mary owned a rhinoceros.' Taking the intersection of an ordering 
encoding a preference for states where Mary owns a rhinoceros with one where there is a 
preference for states where Mary does not own a rhinoceros will have a canceling effect . 
The set of maximal states in the resulting ordering would contain both states where Mary 
had a rhinoceros and states where she did not, and so there would be no net preference 
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m strong impression is that even 
M did own a rhinoceros. However_, y "f I say 'I didn't realise that 

where ary a rhmoceros, 1 . d 
for stat~s . ·ma facie unlikely that M~r! owns . caveat, then I am comm1tte . to 
tbough it i; ;7hinoceros' and do not exphc'.tly men:_1on :tat someone has said, satisf~ct10n 
Mal'Y owne . g a rhinoceros. Thus, when i~terpr: mg higher priority than satisfaction of 
Mary's hav1n "tional defaults could be said to ave a b 
of the presuppos;eferences about how the world ought to e. ciated with the presuppositions 

n sense P d" th aximal states asso 1 . t tes 
cornrno odel this by firstly fin mg ~ ~ - d . to select amongst the resu tmg_s a .• 

We can m d then using the plaus1b1hty or ermg f t tes S which are maximal m 
tterance, an h 1 ts of the set o s a d • 

of the u . max( 0, S) defines t e e emen . . 11 tails 'lj; relative to the or enng 
I the followmg, .,, that ¢ presuppos1t1ona y en 
n . 0 and¢ "-"O 'I' means 
tbe ordenng , 

0: E t ·1 ent) 
. . D7 (Plausible Presuppositional n a1 m 

Defin1t1on } 
( 0 S) = { u E s \ '<:/T E s u I T 

m; ""~ 'Ip iff Yu E max(O, M) (a+¢) \= -it, 
t £ aspects of all the 

t . of entailment which in principle can accoun or 
h. defines a no 10n 

T is b This notion allows for: 
desiderata a ove. 

. . t ·1ed in their local context. 
1 Filtering of presuppos1t1ons en a1 . 

• ositions that are explicitly demed. 
2. Cancellation of presupp h erated when a presupposition 

ositions such as t ose gen 
3. Strengthening of weak pr~;~i a conditional. 

is located in the conseque 

Example h L. "I land at Heathrow", S 
- L -, as I\ C, w ere IS 

• mple as ¢ - f • " Represent the followmg ex~ " ·11 b llected by some sister o mme : 
. " dC1s Iw1 eco is "I have a sister , an 

sister will collect me. 
E5 If I land at Heathrow, my . 11 d 

. section we know that 11¢ contams a an 
By analogy with the example in the prev~ot~s tablished that if I land at Heathrow t_hen 

L _, S holds i.e. where l is es . contexts where it is 

t~y co:t::~e;h~:w consider t~o classes of contex\e~~:~tc:n~:t:stablished that I have 

est:~~ished th;t if I land at Heathrowh the~t 11· sh::t::1~:~ed \hat I have a sister ( anSd thuds a Josr-
. ntexts w ere 1 A ~ L _, an u r , 

a sister class B contams co • ter that is, Vu E , a r . • · 
tiori th~t if I land at Heathrow then I h:ve :;:~ge .of the world means that it is a priori i;; 

B u ~ S Our common sense no in a sister is in any way causa 
and Yu E , r • ld take for granted that my hav g d that type A con­
plausible that a speaker wloud t Heathrow. Therefore, it could be argue h d ·t is a priori 
d d t whether I an a . . . d • On the other an , 1 

epen en on d . the plaus1b1hty or enng. ld be relatively 
•n t d to be low own m t B contexts cou 

::~:;i:~y ;:usible that I do actu~llyl_ have£ a assios:~gs~e/~: make the following assumption 
F 11 • this me o re , 

high in the ordering. 0 0 ';mg . 
about the plausibility ordering O. 
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For every class A contexts, there is a class B context which is higher in the Q_ 

ordering. That is Va, if (i) a /== L -. S and (ii) a lie S, then :fr, T /== S and 
T >o a. 

%en thIB, g;vcn also that O doc, cont,Cn oomo A =dB type contexts, and that all cont"'1 
fo ¢ aw eithec ;n cl= A oc in class B, ;t follow, that rnlativc to the o,decing 0, ¢ P>esupp: 
sitionally entails S, ¢ ~o S. That i, to say, celativc to sud, an oedecing, tho sentence "Ir 

1 land at Heathrow, my sister will collect me." entails that I do have a sister. 

5 Notes on a First Order Extension 

In this section, two changes are proposed to LSP: the classical semantics used above is re­
placed by a dynamic semantics, and the whole system is extended to first order level. The 
dynamic semantics is inspired by Heim [Hei83a, Hei83b] and Dekker [Dek93]. Limitations of 
space unfortunately prevent me from providing adequate motivation and introduction to the 
semantics itself: the reader is referred to the discussions of related systems in the papers by 
Heim and Dekker, to Groenendijk and Stokhof's fGS9Ia], and especially to my [Bea94a). 

Definition D8 (Models foe FO LSP) MM,O ace triple, (W D, If.If) whe,e W i, a nonempty 
set of worlds, D is a nonempty domain of individuals (assumed constant across worlds), and 
11-11 is an interpretation function which relative to a world maps each n-ary predicate onto a set of n-tuples of individuals from D. 

Definition D9 (Assignment Functions) I will use partial assignment functions f, g, map­
ping a subset of variables onto elements of D: 

(1) G denotes the set of all possible partial assignments for a given model; 

(2) f 2: g means that g agrees with f on valuations for all variables in the domain of g, but that f may have a larger domain; 

(3) f >x g means f extends g by having the variable x in its domain. 

Definition DIO (Information States and Updates) Information states or contexts a, r are sets of world-assignment pairs. 
(1) a+¢; denotes the update of a with <p; 

(2) if a contains no assignments valuing x, then ax is an information state differing from 
a by having all the assignments extended to value x, defined by: ax = { (w, f) / 3g(w, g) E 
a and f 2'.x g}, and if a contains assignments valuing x then ax is undefined; 

(3) a*¢; is a restricted update of a with ¢; in which no new variables are introduced, defined 
by a*¢>= {(w,f) Ea/ 3g 2: f, (w,g) Ea+¢;}. 

Definition Dll (Satisfaction and Ordinary Dynamic Entailment) 
(1) Satisfaction of a formula relative to an information state is defined by: 
a /== ¢; iff a * ¢; = a . 

(2) A non-presuppositional form of dynamic entailment is defined by: 
¢; /== 'lj; iff for all a containing assignments with uniform domain, a+¢; /== 'lj; . 
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• of the following, it is possible that one • • 12 (Heim/Dekker semantics) In all e because O"x is undefined 
oefin,t,on ~nent t,= of the right hand "'' ~ und,:n::,}i;';,ft undefined. Clau,c, foe 
of the cz°m:e for existentials): in this case the /ffet ;~lo: standard ( dynamically motivated} in the c au d. ·unctions and implications are ta en o o universals, isJ 

•valences. equi 

a+ P(xi, .. •, Xn) 

a+,¢; 

{ (f w) E u I (w, f (xi) , ... , f (xn)) E IIPllw} 
' • the domain of all assignments (if xi ... 'Xn are in 

• otherwise undefined.) in a, 

(a+¢;)+¢ 

a\(a*¢>) 

a+ 3xrp O"x + ¢ 

a+ 8¢; a+¢> .. 

• • ormulae of this system, most of the defimt10ns I defining the preferences associated w1tbh £ . d over modulo reinterpretation of some 
n f h. er can e carne ' ow sets the earlier sections o t is pap f . bles In particular, states a are n 

from ental constants, and of the range o vana ~ is redefined as pW x G\0, and new 
fundam assi nment pairs instead of worlds, and W orderings, c(¢;) (in terms of the new 

~:t;;:!atio:s follow immediately foe t• '::~:e1,;0:; pec,upposition) . _The prefece~res_;;: 

~otionl of upd:!e1~tn~d ~ :· t~r:c:;~ over the£new noti~:t~!t!0 ::~t:::::::~~1:~e;~ed 
formu ae can the trivial pre erence re • le predications defined to carry s1mp 
as follows: 

£ Existentials ( first version)) Definition D13 (Preferences or 

t(:3x¢;) = {(a,T)l(ax,rx)Etif;} 

Example f 3x f x) I\ 8(h(x)) I\ r(x)), a crude translation of Heim's E6, 
Let us consider the treatment o b.k( ,,( d r £or "is riding his bicycle". 

,, h £ "has I e an with f for "fat man ' or 

E6 A fat man is riding his bike. 

11 be calculated as follows The preferences can 

( ) r (8(h(x)) 

1 = {(a,T) I (T /== h(x))-+ (u F h(x))} (2) 

(3) r (8(h(x)) I\ r(x)) 

(4) = r (8(h(x)) 

(5) r (f(x) I\ 8(h(x)) I\ r(x)) </,. d fined as ,3x,q,, and also uses 
-

~::--;---:--::;-:=-::=:;;;:;;--;:i~~--+= ~0 1;, iiiss ddEefined as ,(q,l\.,p) and that Yx IS e ,1, I= 1P that '7 F </,--+ 1/1, "The derivation assumes that </, .,, . p· ti it is taken to follow from '7 + .,, 
uire demonstrat10n. irs y a couple of lemmas that req f I= q, that '7 I= Yx</,. 

and secondly it is taken to follow ram '7x 
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(6) 

(7) 

(8) 

(9) 

(10) 

(11) 

{(a,T) I (T+f(x) I= h(x))----> (a+f(x) I= h(x))} 

{ (a, T) I (TI= J(x)----> h(x))----> (a I= f(x)----> h(x))} 

i (:lxf(x) I\ 8(h(x)) I\ r(x)) 

{ (a, T) I (ax, Tx) Ei (f(x) I\ 8(h(x)) I\ r(x)) 

{(a,T) I (Tx I= f(x)----> h(x))----> (ax I= f(x)----> h(x))} 

{(a,T) I (TI= Vxf(x)----> h(x))----> (a I= Vf(x)-+ h(x))} 

This shows that the system as defined manifests the projection of open presuppositions 
familiar from Heim's analysis: an existentially bound presupposition trigger can yield a uni­
versal presupposition. However, this universal is now only a default: if the input context 
guarantees that not all fat men have bikes, then the presupposition could be canceled/locally 
accommodated. Although the universal presupposition does not seem appropriate in this case 
even as a default, there are a number of ways to alter the system such that an existentiall; 
bound trigger yielded an existential presupposition. In this regard, see the developments of 
related systems in [Bea94a, Bea95): one can alter the preferences associated with the existen­
tial quantifier, or those associated with the 8-operator so as to derive existential instead of 
universal presuppositions, but I will not attempt such modifications here. 

To the extent that LSP is a cancellationist account at all, it is the first such account 
which provides any treatment at all of the interaction of presupposition and quantification, 
even if that treatment still requires further work, and thus LSP improves significantly on the 
cancellationst models of Gazdar [Gaz79a), van der Sandt [vdS88), Mercer [Me87, Me92) and 
Soames [So82]. 

6 Last Words 

There is considerable space for further study and development. In general, one can see 
approximately what behaviour to expect of the systems proposed here because they combine 
several existing proposals. Yet it remains necessary to study the properties of the systems in 
detail. As far as further development is concerned, I can think of two directions of research 
which might be particularly beneficial. Firstly, one might consider making the notion of 
local accommodation more sophisticated, allowing the locally accommodated material to go 
beyond a simple assertion of the presupposition. This would be necessary if the system was to 
deal with cases where the insertion of bridging material associated with a definite description 
happens locally. 12 Secondly, it would be natural to introduce a treatment of implicature, 
the interaction between implicature and presupposition being one of the cornerstones of the 
cancellation models. Here it seems appropriate to think in terms of the reconstrual of Gricean 
principles adopted by van der Sandt [vdS92] in terms of informativity constraints. 13 

12C.f. footnote 3, above. We might want to analyse "If you ride a bike, hold the handlebar tightly." as 
involving the local insertion of bridging material linking the handlebar marker to the bicycle marker. 

13In brief, the effects of van der Sandt's treatment could be obtained by making it a (possibly defeasible) 
requirement of update with any non-presuppositional formula that the local context neither satisfies the formula 
nor satisfies its negation. Thus instead of quantifying over contexts which are consistent with the formula, 
as in the LSP notion of presuppositional entailment, we would be able to quantify over contexts in which all 
sub-formulae played a non-trivial role in the update. Thus we would be able to avoid globally accommodating a 
presupposition which would render any subformula uninformative, and thus achieve the same result as Gazdar 
achieves using potential implicatures. 
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Degree Questions, Maximal Informativeness, and 
Exhaustivity* 

Sigrid Beck, Universitat Tiibingen 
Hotze Rullmann, Rijksuniversiteit Groningen 

1. Introduction 

Our aim in this paper is to develop a satisfactory account of degree 
questions like (1). 

(1) How many books did John read? 

We focus on the fact that (1) requires an answer naming the maximal 
number of books John read. In Rullmann (1995) it is argued that maximality 
in degree questions is one and the same thing as exhaustivity in questions 
involving individuals. While we adopt this idea as our starting point, we 
discuss problems for his account with respect to examples like (2), which 
requires naming the minimal number of eggs that are sufficient. 

(2) How many eggs are sufficient to bake this cake? 

We solve this problem by generalizing Rullmann's (1995) approach. This 
then leads to a more general discussion of exhaustivity in questions, in 
which we argue for a flexible approach to exhaustivity. Our paper can be 
regarded as an extension of a Karttunen (1977) semantics for interrogatives 
and as a defense of this extended system against various criticisms of 
Karttunen based on exhaustivity and maximality. 
The structure of the paper is as follows. In section 2 we present Rullmann's 
analysis, which is stated in terms of Karttunen's semantics for questions. 
Section 3 deals with empirical problems for this analysis. While those 
problems do not affect the central idea, they do affect the specific 
implementation in terms of a maximality operator. We will suggest that the 
various data should receive a uniform explanation in terms of maximal 
informativeness. To this effect we will adopt in section 4 a proposal by 
Heim (1994). She reanalyzes exhaustivity not as a property of the semantics 
of a question itself, but as a property of the notion of answerhood. We will 
show that (and why) her proposal carries over to degree questions. This 
leaves us with a satisfactory analysis of degree questions in a Karttunen 
framework. Section 5 is concerned with the relation between this analysis 
and Rullmann's (1995) proposal, as well as an analysis along the lines of 
Groenendijk & Stokhof (henceforth: G&S) (1982, 1984). We will show 
how in some sense our analysis can remodel their results. However, the 
differences between our proposal and G&S's semantics are not merely a 
matter of implementation. Section 6 is devoted to the differences between 
the two proposals and their potential empirical implications. This includes 

• We are grateful to the audience at the 10th Amsterdam ColloquiUIIl and to Irene Heim, 
Jack Hoeksema, Amim von Stechow and Wolfgang Sternefeld for comments and 
discussion. The second author is supported by a grant from the NWO, the Dutch 
Organization for Scientific Research, as part of the PIONIER-project 'Reflections of 
Logical Patterns in Language Structure and Language Use'. Research of the first author was 
supported by the DFG grant to the SFB 340. 
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discussion of well-known phenomena (like different kinds of question 
embedding verbs and mention-some interpretations) as well as some new 
data (in particular a type of degree question that involves at least and at 
nwst). Section 7 discusses two potential ways of implementing our 
suggestions formally. We conclude that our proposal ought to be considered 
as an alternative, flexible approach to exhaustivity, and maximality. 

2. Rullmann (1995) 

2.1. Karttunen (1977) 

Before discussing Rullmann's (1995) implementation of maximality, we 
will briefly sketch Karttunen's semantics for questions on which his account 
is based. For a full exposition the reader is referred to Karttunen (1977). In 
Karttunen's semantics the denotation of a question is a set of propositions, 
namely the set of all those propositions that are true answers to the question. 
If for instance Mary, Sue and Jane were at the party and no one else was, 
then the denotation of the question (3a) will be the set of propositions given 
in (3b): 

(3) a. 
b. 

C. 

Who was at the party? 
{Mary was at the party, Sue was at the party, Jane was at the 
party} 
A.p3x[person(x) & p(w) & p=A.w'[x was at the party in w']] 

More generally, (3a) denotes the set of propositions (3c), which we can 
think of informally as the set of propositions of the form 'x was at the party', 
where xis a person (though in reality of course propositions can't be said to 
have a 'form', because they are sets of possible worlds). 
We will usually use the term "Karttunen denotation" to refer to the exten­
sion of a question (i.e. to an object of type <<S,t>,t> ). When we are talking 
about Karttunen intensions (i.e. objects of type <S,<<s,t>,t>> ), this should 
be clear from the context. 

2.2. Degree questions and maximality 

In chapter 3 of his dissertation, Rullmann (1995) notes that degree questions 
like ( 4a) and ( 4b) require an answer that is in some sense maximal: 

(4) a. 
b. 
C. 

How many books did John read? 
How high can John jump? 
Jill knows how high John can jump. 

Someone who utters (4a) wants to know the maximal number n such that 
John read n books. Similarly, (4b) asks for the maximal (degree of) height d 
such that John can jump d-high. The embedded case (4c) is parallel: Jill has 
to be aware of the maximal height John can jump. Note that if John read 
five books and not more than five books, then the only possible true answer 
to (4a) will be "five", even though the proposition that John read four books 
is literally speaking true in that situation. We will call this effect 
maximality. 
Rullmann's idea is that (4a) and (4b) really mean something like (5a,b): 
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(5) a. 

b. 

• h greatest number of Which number n is such that n is t e 

books that Johnd ~eadh? test degree such that John can 
Which degree is t e grea 
jump d-high? . 

. 4 ) d (4b) can be represented as m 
Quasi-formally, the interpretations of ( a t:i picks out the maximal degree 
(6a) and (6b), where max is an operato~ "?" is a question-operator whose 

her) from a set of degrees an • (or num b 1 . 
semantics is spelled out e ow. 

(6) 
?n· n=max(11.n'[John read n' books]_) 

~-- ?d; d=max(Ad'(John can jump d'-high]) 

. d in a Karttunen-style se~~ntics of 
This basic idea can be im~lemere f n is the set of propositions that 

uestions, where the denota~10n o a ques 10 
q true answers to the question: 
are . '])]] 

-11.w'[n= max(11.n'[John read n' books ~n w_ ' 
a. 11.p3n[p(w) & P- , d- (11.d'[John can jump d'-h1gh m w ])]] 
b. 11.p:3d[p(w) & p=AW [ - max 

(7) 

otations of the paraphrases in (5a,b). 
(7a,b) are basically the Ka~~r~n den denote a singleton set (or the e~pty 
Note that these formulas w1 a ways . 1 degree or number. The smgle 
set), because there ~s at most one ma~~fmann's theory accounts for the 
element is the maximum answer, so u 

l • 
maximality effect. ·n stl give examples of degree questions 
In the rest of the paper we w1) ~ier than degrees, for simplicity. 
involving numbers (how many ra 

2.3. Individual questions and exhaustivity . . 
. . n be extended to questions mvolvm_g 

Rullmann shows that his analysis cab .f we adopt a Link-style analysis 
individuals rather t~en dewees or num t ~~~ ~ot only atomic individuals, but 
in which the domam of discourse con a s Maximality should then be 
also their mereological sums, or lr~uiio~ on groups. A question like (8) 
interpreted with respect _to the pa;-o re_~al group of individuals such that 
can be analyzed as askmg for t e maxi 
this group was at the party: 

(8) a. t~fc;~\:ts:eh~~~i ;\~s:h~r~~:st group that was at the 
b. 

C. 

d. 

party? h rty]) 
?x: x=max(11.x'[x' was at t e pa ' - x(11.x'[x' was at 
11.p3x[p(w) & person(x) & p = AW (x - ma . 
the party in w'])]] 

. . t this analvsis is that it builds . . h • ht be raised agams , . th b 
l One immediate obJecuon. t at m1g . ith no role to play for pragmaucs, ere y 
maximality into the semanucs of quesuin~ar implicatures in declarative sentences. v:te 
separating this phenomenon from that o \n theory we eventually argue for is one w~1ch 
will leave this issue aside for the m?ment. i~l in the analysis of unembedded quesuons 
does leave more room for pragmaucs, espec y 
(see section 7.3.). 75 
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Following a suggestion by Jacobso (199 mality can be used to account for th n 5), Rullmann shows that maxi-
for by G&S (1982, 1984)_ G&S df ~rop~rty of str~ng exhaustivity argued 
qu~st10~s, weak and strong exhausti~~~ng;h two kmd~ ?f ~xhaustivity in 
which licenses inferences of the followfug f::: exhaustivity is the property 

(9) John knows who was at the party 
Mary was at the party. • 
John knows that Mary was at the part y. 

Strong exhaustivity is the propert of • • 
draw inferences of the following tyype (9uesdtd1C?';1S which m~es it possible to ma ition to ones like (9)): 

(IO) John knows who was at the party. 
Mary was not at the party 
John knows that Mary wa:.. not at the party. 

G&S (l982) propose a semantics for • • • Karttunen's theory but which que}hons which is an alternative to 
exhaustivity (unlike Karttune:.~coun{s . or bo!h weak and and strong 
exhaustivity). ana ysis, which captures only weak 

Rullmann (1995) argues that by intr d • • • • 
semantics of questions we get a their ut~:f 1~ax~1al~ty mto the Karttunen 
both weak and strong exhaustivit y F e S s theory accounts for 
guarantees that a question will alwais· de irs:, as. nolted above, maximality 
Because there is a one-to-one relation n~ e a smg ~ton set of propositions. 
el~ments, we may therefore as well id n ~tween smglet?n sets and their 
with the proposition that is the . e tify the denotation of a question 
class of question-embedding ver~~iq~~ ~ember of this set (at least for the 
and which G&S call extensionat ic can take that-cl~use complements 
denotation of (8a) will be the prop~s~th ~sc17)ow). This means that the 
set containing it: i IOn m , rather than the singleton 

(l l) tp:3x[p(w) & person(x) & p = A.w'[x = 
max(Ax'[x' was at the party in w'])]] 

Now suppose that in the actual world w M 
party and no one else was Then the , .. aryd, Sue and Jane were at the · proposit10n enoted by (11) will be: 

0 2) Aw'[Mary+Sue+Jane = max(A.x'[ , th • x was at e party m w'])] 

This proposition contains all and onl h • • 
Jane_were at !he party and no one els~ ~~se ;orl?s m which M!ll"Y, Sue and 
relat10n to .this proposition this will im I .h o~ if John stands m the kn~w­
~-ember ot { Mary, Sue, Jane}, John k;Jwt a~ (i) for every x such that x 1s a 
(n) for every x such that x is not a sbt at f was at the party, and that 
knows that x was not at the party (C m~~l er_ o {_Mary, Sue, Jane}, John 
knowing p entails knowin ever • rue~ . y, Just _hke G&S we assume that 
ma~imality accounts forg bot/ $~~ko!~~n entailed by p.)_I~ other words, 
addmg maximality to Karttunen's th ;irong _exhaust1v1ty. Thus, by 
theory that - though not formall e uieory o q~es!10ns, we end up with a 
intuitions that motivate G&S's t?eoiy. valent to it - is able to account for the 
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Note that strong exhaustivity plays a role in degree questions in just the 
same way that it does in individual questions. If John knows how many 
books Bill read, and in fact Bill read five books and not more than five, then 
by strong exhaustivity, John knows that Bill did not read n books, for any 
n>5. Rullmann's (1995) analysis of degree questions accounts for this 
implication in the same way that it does for individual questions. 

In this paper, we build on and substantially modify Rullmann's proposal in 
order to deal with a class of degree questions in which minimality rather 
than maximality seems to be called for. We show that if we interpret 
maximality as maximal informativeness and apply it at the level of pro­
positions rather than degrees or individuals, we can account for this class of 
examples, while at the same time preserving the intuition that maximality 
and exhaustivity are two sides of the same coin. In the second half of the 
paper, we then show that by adopting this perspective we get a theory which 
allows for a more flexible approach to weak and strong exhaustivity than 
the one defended by G&S. In this respect we largely follow Heim (1994). In 
support of this approach we will discuss data (in part derived from the 
existing literature) which show that degree and non-degree questions are not 
uniformly interpreted exhaustively. Finally, we suggest two ways in which 
non-exhaustive and exhaustive interpretations of questions may be related 
in a theory either lexically (by means of meaning postulates or lexical 
decomposition) or by type shifting. 

3. Problems with the maximality operator 

3.1. Degree questions requiring a minimal answer 

Consider a question like (13): 

(13) How many eggs are sufficient (to bake this cake)? 

Intuitively, if you ask (13), you want to know the smallest number n, such 
that n eggs would be enough. The interpretation we would get for (13) in 
Rullmann's (1995) analysis, however, is given in (14): 

(14) ?n: n=max(A.n'[n' eggs are sufficient to bake this cake]) 

This is not a satisfactory interpretation for (13), for two (related) reasons. 
Firstly, the maximum is likely to be undefined in this case: Suppose that in 
fact, three eggs are sufficient to bake the cake, but fewer than three eggs are 
not. Then four eggs are also sufficient, and so are five, six etc. So there is no 
largest number of eggs that would be sufficient. Let us ignore this problem 
for a moment, though. Maybe the set of numbers is contextually restricted 
in some way, so that a largest element is defined. Even then, we do not end 
up with the desired interpretation for the question, because this gives us the 
largest number of eggs sufficient, while we intuitively want the smallest 
such number, namely three.So if we formalize (13) in a way analogous to 
(4a) in section 2.2, a more appropriate solution would be (15): 

(15) ?n: n=min(A.n'[n' eggs are sufficient to bake this cake]) 
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There are f, h 
suifficient.· a ew ot er predicates that behave in h 

t e same way as be 

(16) a. 

b. 

C. 

Mit wieviel Geld k · . 
With how much ann em Professor auskommen? 
"On how m money can a professor make do 
w· . uch m?ney can a professor live?" 
H ie ~eit zu sc~w1mmen ist ausreichend? • 
,. ow ar t? ~w1m is sufficient • 
~o~ far IS It sufficient to swim?" 

W1ev1el Arsen kann einen Menschen umb . ? 
~w much arsenic can a man kill nngen. 
Ho~w 1:1uch _arsenic is ~nough to kill somebod ?" 

big a difference (m light intensity)is perc~ivable? 
In all these examples an a . • 

d. 

~inimal _amount of i'nonef pi~p~~l~ answer would name_ a minimum (the 
bd1stance It suffices to swim etc ) r th h \Professor_ can live, the minimal 
e th~ c~s~? • ' a er t an a maximum. Why should that 

The _mm1m u1:1" interpretation cruci II 
questi?n predicate. We will some ha ~ 1epends on what we will call the 
what is the argument of the maw at m o~ally use this term to refer to 
degre_e questions in section 2 that~ o!:rator 11:1 formulas like (14). In the 
quest10n predicates that allowed . f,q ed maximal answers, we always had 
~egrees. So for instance in (I~) ~~nces fr~m larger dergrees to smaller 
mferences from a number n to b e question predicate (17b) allows 
read five books, then he has also:~~ :is mb smkaller than n; i.e. if John has 

ur oo s, three books etc 
(17) a. H . • 

b A ~w[J many boo~s did John read? 
• n ohn read n books in w'J 

So in (17) the question predicate has the follo . 
wmg property: 

(18) : predicate pis downward scalar iff 
or all n,m: P(n) & m$n -> P(m) 

In th~ minimality inducing exam les 
quest10n predicate had the reve . p (13) and (16), on the other hand the rse property: , 

(19) A predicate p is upward scalar iff 
For all n,m: P(n) & n$m -> P(m) 

So fi • or mstance if three eggs are suff . 
also be sufficient. ic1ent, then four eggs, five eggs etc. will 
The upward scalar predicates see . 
present know why this should be m ~o. be con~1derably rarer. We do not at 
first overlooked. so, It explams, however, why they were 

We th!n~ that the difference between h . . . 
the n:1m1mality inducing ones b ·1 t de max1m~hty mducing examples and 
huest1on predicate allows inferen~;ss froo;n Jo mformativity. In case the 
t. e mos~ ii:iformative answer to th . a ~rge number to smaller ones 
smce this implies all other tr e quest10n will be to name the maximum' 

ue answers. In the minimality case 1·t . ' , 1s most 

78 

informative to give the minimum answer because here the minimum implies 
all other true answers. 
Therefore, we believe that it is misguided to give the maximum (or, for that 
matter, the minimum) any special status. We have come to the conclusion 
that we should have neither a maximum nor a minimum operator in the 
semantics of degree questions. Note that we do not get an ambiguity; what 
type of answer is required seems fixed for a given predicate. The fact that 
we choose the maximum answer in the case of downward scalar predicates 
should follow from general principles. The same principles should account 
for the fact that upward scalar predicates require a minimum answer. 
So far, our remarks on informativity have been completely informal. Before 
we turn to a proper formalization of our idea, we would like to discuss 
another type of question predicate that behaves in yet another way with 
degree questions. 

3.2. Degree questions with nonscalar predicates 

Consider (20): 

(20) a. 
b. 
C. 

With how many people can you play this game? 
How many courses are you allowed to take per semester? 
How high can a helicopter fly? 

A complete answer to (20a) could be, for instance, between 4 and 6. This is, 
in effect, a complete list of all true answers to the question, or to put it 
differently, their conjunction. Similarly for the other examples. 
The question predicates in (20) are predicates that do not allow inferences 
either from large degrees to smaller ones or the other way around. If it is 
permissible to take five courses per semester, for example, then nothing 
follows about the possibility of taking six courses or four courses. You 
might be required to take at least five courses. On the other hand, six might 
be too many. In other words, in cases like (20) we know that there might be 
a lower bound as well as an upper bound for the degrees that the predicate 
applies to. More complicated scenarios are conceivable, for example that 
you are allowed to take either 4 courses or else between 6 and 8. Or a game 
may be played with any even number of players. 
Hence, the question predicates in (20a-c) are neither downward scalar nor 
upward scalar. We will refer to them as nonscalar predicates. Since in these 
cases naming one true answer does not allow any inferences, the only fully 
informative answer is the conjunction of all true answers. So this is a case 
where neither a maximum nor a minimum operator would get us anywhere. 
Resorting to informativeness, however, is still a natural thing to do. 

4. Maximal informativeness of answers 

We are now in a position to formalize our idea that informativeness is the 
crucial notion in describing the types of answers you get in degree 
questions. Our strategy will be to incorporate informativeness not into the 
semantics of the question, but into the definition of answerhood to a 
question. We will take as our starting point the ordinary Karttunen seman­
tics for questions. On the basis of that we will define the concept of a 
maximally informative answer. As it turns out, the notion of maximally 
informative answer that we need for degree questions, has already been 
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formalized as a concept of answerhood in the Karttunen system by Heim 
(1994), who calls it answer 1. 

(21) the answer! to a question Qin w answerl(Q)(w) = n(Q(w)) 

Later on, we will see a second concept of answerhood, answer2. To see how 
answer! works, we will now consider an example for each of our three 
types of question predicate. 
The easiest case are the nonscalar predicates. Intersection of all propositions 
in the Karttunen denotation of the question is just conjunction of all those 
propositions in which the question predicate is truthfully applied to its 
argument. So for instance in (22a), given the Karttunen denotation (22b) 

(22) a. How many courses are you allowed to take? 
b. Ap:3n[p(w) & p=Aw'[you are allowed in w' to taken courses]] 

the intersection of the propositions in (22b) will be the conjunction of all the 
true propositions of the form "you are allowed to take n courses". So for 
instance if you are actually allowed to take either four .or between six and 
eight courses, answerl(ll(22a)ll)(w) would be the following proposition: 

(23) Aw[you are allowed to take 4 courses in wand you are allowed to 
take 6 courses in w and you are allowed to take 7 courses in w and 
you are allowed to take 8 courses in w] 

In the case of a downward scalar question like (24a) answerl(ll(24a)ll)(w) 
would be as in (24b) : 

(24) a. 
b. 
C. 

How many books did John read? 
n(A.p:3n[p(w) & p = Aw'[John read n books. in w']]) 
Aw'[John read 5 books in w'] 

Now suppose that John actually read five books (and not more than five). 
The proposition that John read four books (which is also in the Karttunen 
denotation of (24a)) is actually a superset of the proposition that he read 
five books. Similarly for the other true propositions of the form "John read n 
books". So the intersection of all these true propositions is the same set as 
the proposition that John read five books, (24c). answerl(ll(24a)ll)(w) is thus 
identical to the maximum answer. 
Finally, consider a minimum case like (25a). Answerl(ll(25a)ll)(w) would 
be constructed as in (25b ): 

(25) a. 
b. 
C. 

How many eggs are sufficient? 
n(A.p:3n[p(w) & p= A.w'[n eggs are sufficient in w']]) 
Aw'[3 eggs are sufficient in w'] 

Let us assume once more that three eggs are sufficient (and fewer than three 
eggs are not sufficient). The true propositions in the Karttunen denotation 
are of the form "n eggs are sufficient" for n ~ 3. The proposition that three 
eggs are sufficient is a subset of all the propositions in that set. Therefore, 
the intersection of all the propositons in the set is identical to the 
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. . (25 ) We thus end up with the 
. . that three eggs are sufficient, c • 

ropos1t1on II 
~inimum answer as answerl(\1(25a) )(~i"the ori inal Karttunen denotation 
Note that answerl can only ?e e~pt\1 always ~ontain at least the actual 

empty already. Otherwise, it w1 
was • l 
world. . ak a difference whether we take the ma~1ma ' 
Note also that it can_only m e .f h is more than one proposition m the 

inimal or intersect1ve an~wer ~ t _ere . more than one true "simple" 

::!~t~:;!t~~~~ti~~)~r:~~~e~tf Y •
1~f 1:fs ~~~~~s~~/r~~:~~o;th th!~~:i 

for instance in cases mvolv1~g h. h the Karttunen denotation is not a 
possibility are f~equently cases i~ :u/~xamples involve modals l~e can _or 
singleton. That is why so many o get then depends on the mferent1al 
b [lowed to. What type of answer we 
ea h ct· te • properties oft e pre ica • . that we have looked at, the notion 

So for the three types o~ degree dquest~~s We will now relate this n~tion to 
of answer! seems to give goo reft t G&S's semantics for questions. In 
Rullmann's orig~nal proposal ~~ :ie ~t ~ack to the issue of exhaustivity. 
the course of domg that we w1 so g 

5. Strong exhaustivity and answer2 
. f swerl for example (26a), (26b), to 

Compare our denotation_ o . an(26c) (assuming the same facts about the 
Rullmann's (1995) semantics m 
actual world as before): 

How many books did Joh!l read? 
(26) a. ).w[John read five books m w] . 

b. ).w(max(An[John read n books m w])=S] 
C. 

. . al While (26c) contains the information 
The two propositions are not iden1~ • k John read (26b) expresses just the 
that five is the maximal nu~?er ~ ~o ~ullmann'; semantics and answer! 
proposition that John read ive oo s. 
also differ in (27): 

(27) a. 
b. 
C. 

Who was at the party? . 
).w(Mary+Sue+Jane were at th~ party m w) S Jane) 
Aw(max(h(x was at the party m w])=Mary+ ue+ 

. . h aximal group that was at the party 
(27c) expresses the proposr\on th(~\~)just says that Mary, Sue and Jane 
consists of Mary' Sue an an~. f ation as to whether there were other 
were at the party, without any m do(27b) gives the complete true ans~e~, 
people there or not. In other wor s, plus the information that this is 
while (27c) gives the complete true ~swer 
the complete true answer to ~he quest10n. tures the same information as the 
Rullmann shows that (27c) ma sense cap we cannot introduce G&S's 
G&S denotation (28) of (27a)(u~rtunaJe~1~ referred to G&S (1982)): 
theory here, for reasons of space. e rea e 

(28) ).w'[).x(x was at the party in w']=Ax(x was at the party in w]] 

. . , ro osal and G&S's semantics incorporate 
So essentially,_w_hile Rullm~nn \P P erl only yields weak exhaustivity. 
strong exhaust1V1ty, our not10n o answ 
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Discussion of this issue in the last decade has made clear at least that we 
need to have strong exhaustivity at some points, for example in questions 
embedded under the verb know. Fortunately, Heim's (1994) paper already 
contains a proposal of how to get strong exhaustivity from answerl, namely 
by means of her notion of answer2. 

(29) answer2(Q)(w) = Aw'[answerl(Q)(w') = answerl(Q)(w)] 

Heim (1994) shows that answer2 will in general produce the same truth 
conditions as the G&S-semantics. However, in certain cases this equiva­
lence breaks down. See Heim (1994) for discussion. 
This means that we can obtain the information needed to capture strong 
exhaustivity from the original Karttunen denotation, by applying answerl 
and answer2. 
Answer2 in a sense remodels a G&S semantics. Moreover, we think that a 
G&S semantics gives a fairly good result for degree questions, although we 
don't have the room to show this.2 This raises the question of why we went 
through all this trouble of defining notions of answerhood on the basis of a 
Karttunen semantics, if we could have had a satisfactory result in a G&S 
semantics straightforwardly without such a fuss. 3 This question will be 
addressed in the next section. 

6. Arguments for a flexible approach to exhaustivity 

Summarizing our discussion so far, we have a theory of questions which 
makes available at least three distinct semantic objects that are associated 
with a question. Firstly, there is the Karttunen denotation, the set of all true 
propositions that count as (not necessarily exhaustive) answers to the 
question. Let's call this set Q(w) (Q being the Karttunen intension). 
Secondly, we have answerl(Q)(w), the proposition that is _the intersection of 
all the members of Q(w). This constitutes the weakly exhaustive true 
answer to the question. Thirdly, we have answer2(Q)(w), which is the 
strongly exhaustive answer to the question and which is (almost) the same 
as the denotation that G&S assign to questions. An important question that 
arises then is whether we really need all three of these notions. Couldn't we 
just use the strongly exhaustive answer2, as G&S have argued so forcefully 
throughout their work? In this section we will address this question, arguing 
that having all three notions allows us to adopt a more flexible theory that 
takes into account cases in which insisting on strong exhaustivity gives rise 
to truth conditions that appear to be stronger than is supported by our 
intuitions. In taking this position we have been greatly inspired by Heim 
(1994) who also provides many of the arguments discussed in this section. 
Our discussion is primarily intended to motivate a flexible approach to 
exhaustivity, rather than to argue against a specific alternative like G&S's. 
The points we are going to make are not necessarily problematic for G&S 

2G&S don't treat degree questions explicitly. 
3In addition to strong exhaustivity, G&S use another argument against Karttunen's theory, 
namely the distinction between what they call the de re and the de dicto readings of the 
head noun of the wh-phrase. We do not deal with this important issue in this paper, because 
it is orthogonal to the problem of exhaustivity. We hope to work out a suggestion in future 
work. 

82 

. nd account for some_ of 
. . G&S explicitly discu~s a We nonetheless think 

h n taken individu;ll~~ntion-some interpretauo11:s-h and flexible system 
VJ e . particular t e erges supports a nc "th various degrees 
the~t;~ global picture ~~t~t~;retations for que~tio~~c~i and elegance. ~n 
tha_ h provides a range f ·ts greater overall simp d Y.udge problematic 
whiC haustivity' beca1;1se o I ill resent facts that we o _J it as a property 
o~;~ion, at c~rtain poinytst:e~; th~t trea~ strong _exh~~!~1~xilicitly in each 
a o&S or in fact an . We will mention 
for , . question denotation. 
of the basic 

case- . ithout strong exhaustivity 
1 Embedded questions w answer2 in terms of 

6. • h it is possible to define . this is crucially 
As Heim podints ~:;ti~~:r~s of the Karttune~r1e(it!0 ~~ct any stron1gl~ 

erl an ans have only answ t back answer o 
an~:e-w'ay stree!- \\'.hen ~:iation), it's no! possible to g!er2 contains less 
a haustive question int~rp So in a certain sense, ans f on For instance, 
ex Karttunen denotation. d the Karttunen denota i .. • n on the set of 
\~iormation th~n aan~;f ~l n!;ation impose thethsea~:iJ:~~~:er2, but their 

e a question (30b) will have 
beca~s ld (30a) and . 11 differ:4 
possible wor s, . d answerl will genera y 
Karttunen denotation an 

Who was at the party? 'I 
(30) a. Who was not at the party. tion-

b. . . will therefore be ques . 
for strong exhaustivity bedded question and its 

One potential proble_m . riminate between an em surprise (Berman 
embe<;lding verbs ~hic~i~~s~re emotive £actives s~to::h (31a) is false, for 
negation. A case in p b) may very well be true a t the arty was expected 
1991. Heim 1994): (3~ h"ch everyone who was a )so expected to be 
instance in a situation i:;; ~ut some people who were a 
to be there by the sp~a , 
there did not show up. 

ho was at the party. 
(31) a It surprised mew ho was not at the party. 

b It surprised me w 1 at our disposal, 
• fn~an~& ·1 .f we have the no io 

This can be captt~~-~~s~~ ~ave is answer2.bl are propositional attitu~e 
but not if the on? ·1tustrating the sa1!1-e I?r1 e~tion. The verbs we have in 
Another examp e i ys of conveying in orm 
verbs which refer to wa d Marc 

---------~--=: and Bill, Graham an • Sue and Jane were at tbe party swerl((30a))(w) will be (1), 
4To see Ibis, suppose that ~~e people in tbe context. Then an 

and that they are 
were not, ))( ) will be (ii) • ] 
and answerl((30b w S +Jane ~ere at the party m w . ] 

(i) )..w[Mary+ ue Marc were not at the partY m w_ . 
(ii) )..w[Bill~~~:r and answer2((30b),t :}~': ~~1~ at me party in w'll _ ']] 

Answer2((30a),w) w rl((30~))(w) = )..w'[Mary+ ue Marc were not at the partY m w 1 
(iii) )..w(answe ( ) =J..w'(Bill+Graharn+ . . whenever tbe answer 
(iv) )..w(answerl((30b))_~e worlds will be idenucal, smc;e artY, tbe answerl to 

However, these two sets o:i~~s:at Mary, Sue and Jane w~i/!nd J~e in tbe universe of 
to (30a) will be the propo tbat the complement of Mary' 

ted questton will be the nega tbe party 
discourse were not at • 83 



mind include tell, read, write down and list. These verbs seem to have two 
distinct senses (although it's not at all clear whether we are dealing with an 
actual ambiguity here), a transparent and a non-transparent one (cf. Heim 
1994). On the transparent sense of read, reading who was at the party 
implies reading who was not at the party. This is the sense that G&S seem 
to have in mind when they argue for strong exhaustivity. However, although 
we acknowledge the existence of the transparent sense, we believe that there 
also is a sense in which (32a) and (32b) are not equivalent - and in fact tend 
to think this is the sense in which this class of verbs is ordinarily 
understood: 

(32) a. 
b. 

John read/wrote down who was at the party. 
John read/wrote down who was not at the party. 

We agree with Heim (1994) that there is an interpretation for these verbs 
(which is still fairly transparent, but not completely) in which for instance 
tell means something like 'cause one to know answer2 by uttering answer!'. 
The point is that in this sense the verbs would make use of answer! as well 
as answer2. 

A third case in which answerl seems to play a role in embedded wh­
constructions is based on the semantics of the noun answer (Heim (1994)). 
She notes that (33) may be true in a situation where John just happens to 
know a proposition which constitutes the weakly exhaustive answer to the 
embedded question, even if he is not aware that it is the weakly exhaustive 
answer. 

(33) John knows the answer to the question who was at the party. 

So suppose that Mary and Sue were the only party guests then (33) is true if 
John knows the propositions that Mary and Sue were at the party, even if he 
believes (wrongly) that others attended the party as well. The noun answer 
must therefore mean answerl. But because answer! cannot be retrieved 
from answer2, this implies that the embedded question itself cannot be 
strongly exhaustive. 

6.2. Mention-some readings 

Another argument showing that sometimes questions are not even weakly 
exhaustive can be based on what G&S call the mention-some interpretation 
of questions (see especially G&S 1984, chapter 6). Some examples which 
favor the mention-some interpretation are the following: 

(34) a. 
b. 

John knows where you can buy the New York Times. 
Mary told me how to get to the train station. 

(34a) for instance has a reading on which it is true even if John isn't able to 
provide a complete list of places where one can buy the NYT, but only one 
particular location, say, the newsstand at the train station. G&S account for 
the existence of the mention-some interpretation in terms of disjunctions of 
questions -- an analysis which we don't have the space to discuss here. What 
is relevant for our present purposes is that the mention- some interpretation 
can be straightforwardly captured if we can avail ourselves of the Karttunen 
interpretation of the embedded question. On the mention some 
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. . ff John knows at least one of the 
interpretatio~ (34a) will be ~rue / tion of the embedded question. Note 
propositions m the Kar~tunen e~? a represents a case in which not only 
that the mention-some mter~r~ta io~ 
strong, but also we~ ex_haust1v1ty fa1ls.ntion-some interpretation i~ act~ally 
An important question is whe~ th~ me s to be possible in principle if the 
available. For ~any speakers it o\r ~e:me sort. We don't know h?w to 
question contams a m?dal eleme f dal"ty Other factors that obviously 
explain this _apparent ii:y1~~~te if :~nti~n-~ome interpretations are of a 
play a role m the ~va1 a _1 i y . d t" ons of plausibility and world 
pragmatic nature, mcludmg cons1 era 1 
knowledge. 

6.3. (Non-)exhaustivity markers 
. f n a roach which recognizes the 

Yet another argument m_ favor ~ a irtves from the use of various 
existence of non:exhausttve _r~admg~~ a uestion as being underst~od 
linguistic expressions to exphc1tly 11; 0 e qsuch marker is the expression 
either exhaustively or non-exhausttve y. n 
for example in (35): 

(35) Who for example was at the party last night? . 

kes ex licit that she will be satisfied 
By adding for example t~e s~eaker ~tsense/answer to the question. For 
with a non-exhaust!ve (m t ~ we bedded questions. However, there are 
example cannot e~s1_ly occu{ m ~m ther languages that can. In Dutch we 
other noln(-exh(a3u6s)t)1va1~df:~:~: i~ cognate so (see (37)). 
find zaa see , 

(36) Jan wil weten wie er zoal (niet) op het feest waren. ere 

Jan wants knowkwho theh: f~~a~x~~tp)l:t~~~i(:it:it the party" 
"John wants to now w 

(37) Hans will wissen, wer so (?nicht) auf dem Fes~:r-

Hans wants to knk ow wwhhoo sfote~~tp\:e:ea:~not) at the party" 
"John wants to now 

. Jan/Hans wants a few representative 
What these sentences express is th~t rt While this interpretation i~ a 
examples of peo~le_ who were at t e pa ti y. Although we will not provide 
rather vag~e one, it is_ clearly non-~xh~~~sJ~ity-markers, we believe th~t 
a formal mter_Pret3:t10n for non ex uestions in natural language m 
intuitively their ex1ste~ce shr°~s. tha\nierpreted non-exhaustively. The 
Principle have the option o em~ . . 

. be marked to enforce this mterpretat1on. question can 
. . k e find expressions in natural 

In addition ~o non-exhaust1v1ty ~i~t:~~:austivity. German has the wo~d 
language which can be used tfo mt" (Reis 1992 Beck to appear), and m 
alles which has exactly that . unc ion . ' 
Dutch we find the correspondmg allemaal. 

(38) Hij weet wie er allemaal op het feest waren. 
He knows who there all at the party ~ere 
"He knows who all were at the party 
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(39) Er weiss, wer alles auf dem Fest war. 
He knows who all on the party was 
"He knows who all were at the party" 

To these examples from our own native languages we add (40) from a 
dialect of Irish English discussed by McCloskey (to appear) : 

(40) a. 
b. 

What all did you get for Christmas? 
What did you get all for Christmas? 

What these expressions do is force a (weakly) exhaustive interpretation of 
the question in which they are contained. They are incompatible with a 
mention-some interpretation: 

(41) Hans weiss woman alles/ueberall die NYT kaufen kann 
Hans knows where one all/everywhere the NYT buy can 
"Hans knows where all you can buy the NYT." 

In contrast to (34a), (41) does not have the mention-some interpretation and 
can only be interpreted exhaustively. It should be pointed out though that 
alles and allemaal do not force strong exhaustivity, which explains why 
they are not incompatible with the class of verbs mentioned earlier like 
surprise which disprefer a strongly exhaustive interpretation: 

(42) Es hat mich tiberrascht, wer alles auf dem Fest war. 
it has me surprised who all at the party was 
"It surprised me who all was at the party." 

We suggest the following semantics for allemaaflalleslall: 

(43) alles(Q)(w) = Ap[p=n(Q(w))] 

Alles operates on a question denotation and gives us the weakly exhaustive 
interpretation, i.e. the set containing answer 1. Since we propose to deal with 
mention-some interpretations via the elements in the Karttunen denotation, 
from (43) there will be no way back to a real mention-some interpretation. 
The only element in the set denoted by the question is already weakly 
exhaustive. 
We believe that just like non-exhaustivity markers such as for example 
exhaustivity markers like German alles pose a challenge to a theory that 
uniformly gives every question an exhaustive interpretation. If the basic 
meaning of questions already were an exhaustive one, exhaustivity markers 
would be superfluous and the question with the exhaustivity marker should 
have exactly the same interpretation as the corresponding question without 
it. However, we feel that this is not the case: (41) differs in meaning from 
(34a) in that the former does not allow a nonexhaustive interpretation 
whereas the latter does. A rigid approach to exhaustivity will have no way 
to deal with this difference (for instance the G&S approach to the mention­
some interpretation could not, in our judgment, predict that (41) does not 
have a mention-some interpretation, since alles could make no difference to 
the original question interpretation). 
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4. Degree questions with at least/at most . . 
6. t gets us back to the issue of degree questions. Consider 
The next argumen 
the paradigm in (44): 

(44) a. 

b. 

c. 

Wieviele Leute waren da? 
How many people were there ?" 
"How many people were_ there. ? 
Wieviele Leute waren mm des tens da. 
How many people were at least there ?" 
"How many people were there at leas_J. 
Wieviele Leute waren hoechstens d~ 
How many people were at most the ?" 
"How many people were there at most. 

. d"ff t This holds also 
. . . . clear that (44a-c) mean somethmg i eren. 

The mtuition is 
for the embedded case: 

(45) a. 

b. 

c. 

Hans weiss, wieviele Leute da waren. 
Hans knows how many pe~t~:~~~e~~~~e" 
"Hans knows how many P P. d tens dawaren. • • • le Leute mm es Hans weiss, wievie least there were 
Hans knows how many P;~~~~:~ere there at least" 
"Hans k~ows ~o"':' many e hoechstens da waren. 
Hans weiss, wieviele Leut ple at most there were 
Hans knows how many ppe~ople were there at most" 
"Hans knows how many 

. We will come to a tentative 
(45b) and (45c) ar_e act~ally a bit odd. 
explanation for that m a mm~te. know the exact number of people wh~ 
For ( 45a) to be true, Hans as to h to know a reasonable lower boun 
where there. For (45b) to be true, he :ere for (45c) a reasonable upper 
of the number of people who were ~ere there and Hans knows that 
bound. So for example if in fact 8Z p:oir~ there, one 'could truthfully utter 
definitely no more than 90 peop e 
(45c). . . we will assume that at least and at most 
For the following formal discu~10Jo namely (46) 
mean exactly what they norma y ' 

(46) a. 
b. 

(N) (P) <=> card(t-..x[N(x) & P(x)));::: n 
at least n (N) (P) <-> card(t-..x[N(x) & P(x)l) ::; n 
at most n -

(47) a-care the Karttunen denotations of (44) a-c: 

(47) a. t-..p3n[p(w) & p=t-..w'[3x[peop~~;L~h~:1~~l:11t 

b. t-..p3n[p(w) & p=t-..w'[card(t-..x~:~t~~:~efx)(w')]);::: n 11 

t-..p3n[p(w) & p=t-..w'[card(t-..x[people(x) &( )( ')1) < n 11 
c. were_there x w -

Th (47) a-c are the sets 
h t ally 86 people were there. en 

Now suppose t at ac u 
given in (48) a-c: 
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(48) a. 
b. 

C. 

{ 86 people were ther 8 { at least 86 people e,5 th people were there } were ere 1 , ••• 
{ t there, at least 84 peopl~ at east 85 people were 

a most 86 people were ther were t ere, ••• } 
there, at most 88 peopf~ at most 87 people were 

A 1 • were there } 
pp ying answerl to these s • ' ••• ets will result in the follo • 

(49) a. Aw[86 wing propositions: 
b. A [ people were there in w] 

w at least 86 peo 1 c. Aw[ at most 86 pt were there in w] 
. peop e were there in w] 

This would mean that f most, he would have to ~r Hans to know how man there. This is not th now th!lt at most the act al y people were there at 
know that definite!; ~~sult we intuitively want· ~t itu~te~ of people were 
number of people w more than a reasonabl~ u su icient for Hans to 
iote<pretotion runs ,:,; tte<e. The same holds fo, f fs't1 h~nd odi:: the actual 
What is going on h ? e sam~ problem.5 • e or inary G&S 
pretation is the onl ere. We think that in ( 45b c) • any kind will alw/ sofe that m~kes sense. An ~xh~e I?en~10n-some inter-
pretation predicts t~th ead t<;> _unintuitive results in ~stivthe interpretation of 
and (45)b,c are . -con?it10ns that are too s at e resulting inter­
have discussed t1~st more instances of a menti~~ng. So ~chnically (44)b c 
themselves, and (ii) fpa,ately because (i) the da;.some m_teq,retation. We 
~e~ree questions will ~~ause they _show that non-exh:re qu~te i_nteresting by 
is in fact possible i non-maximality and non • ~stiv~ty in the case of 
might be (50) in an degree questions. Another e -minimality, and that that 
realistic life-size sc n 1 appropnate context (e g anxample demonstrating this u pture of a polar bear) • • artist wanting to mak 
(5 - ea 

0) How tall can a polar bear be? 

The enforced mention-som • odd: A predicate like kn e interpretation might be 
order to interpret (45b c)w seem~ to favour exhaustive ~hat mak~s (45)b,c, 
of combining the questio~ one ~ight ~ave to use a slig~~terpd_r~tat10ns. So in meamng with know Y is1avoured way 

7 T • 
. wo approaches to flexible exhaustivity 

We have reviewed an literature which sh umber of arguments artl 
strdongly),exhaustiv~:n~~:; q~e~tions do not Jnifo~t~~tom the existing 
un ercut an approach . re_ at10n. Jointly and se a eive a (weakly or 
meaning of the ques:~:h~h exhaustivity is biii1t~\~~'t1th~se arguments 
arguments that at least . . owever, we are also c_ y into the basic 
especially when in so_me cases (stron ) h con:"'i?ced by G&S's 
therefo~e conclu~e fif1 de~ling V.:ith an em;ed~~n austivit}'. is called for, 
exhaustivity is calle'd f owin~ Hei_m (1994), that g ~er~ like know. We or, one in which the b . d a ~xible approach t 
~---------- asic enotation of questions • o 
5. ~a 

Note that here also a maxi • 
come out as (45a) whil mahty operator would iv ' e (45c) 1s undefined g e the wrong results· (45b) · • would 
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non-exhaustive one, but where exhaustivity may arise as a result of severnl 
facto" that are so to speak external to the question itself. We believe that 
the three formal notions that we have discussed in this paper (the Karttunen 
denotation, answed, and answe'2l may play a key ,ote in a,ticulating such 
,n apprnach. The geneml apprnaeh we advocate immediately rnises severnl 
important questions as to when and how exhaustivity of eithe, vadety 
comes into play. We do not have a definitive answe< to these questions, but 
in the remainder of this paper we would like to explore two possible ways 
one may go about answering them. The two approaches have in common 
that they assign to the question the non-exhaustive Karttunen denotation as 
i~ basic inteq,retatlon. They diffe, howeve< in the way in which weak and 

strong exhaustivity come into play. 

7.1. Lexical semantics of question-embedding predicates 

On the first approach, exhaustivity is built into the meaning of certain 
question-embedding predicates. So fa, instance, we c,n distinguish the 
exhaustive interpretation of the verb know from its mention-some inter-

pretation as follows: 

(51) 
a. knOWexhaustCQ)(x)(w) iffknow ro (answer2(Q)(w))(x)(w) 
b. knoWmentionsorne(Q)(x)(w) iff 3p[Q{w~(p) & knOWpro/P)(x)(w)l 

Here knowprop is the denotation of the propositional attitude verb know that 

takes a that-complement. knOWexhaust and knoWrnentionsorne are relations between a person and a 
question intension (and a possible wodd) which a,e defined in ienns of 
know,.op• Whethe< we do this with a meaning postulate o, by means of 
lexical decomposition is immaterial for our present purposes. A person x 
stands in the knoWexhauscrelation to a question-intension Qin a world w iff 
x stands in the know prop-relation to answer2(Q)(w) in w. x bears the 
knoWrnentionsorne-relation to Qin w iff in w X stands in the knOWprop-relation 

to at least one of the propositions in Q(w). Similarly, we can account for the contrast between the "transparent" and the 

"non-transparent" sense of write as follows: 
iff writepr0 p(answer2(Q)(w))(x)(w) 
iff writepr0 p(answerl (Q)(w))(x)(w) (52) a. write1ransp(Q)(x)(w) 

b. writenontransp(Q)(x)(w) 

7 .2. Type shifts 
The second approach treats the operations that tum the Karttunen denotation 
into either answerl, answer2, or a mention-some interpretation as type­
shifting operations that tum a set of propositions (the Karttunen denotation) 
into a proposition. Type-shifting is triggered whenever there is a mismatch 
between the type of argument required by the embedding predicate and the 
basic type of the embedded question. Some predicates like wonder (G&S's 
intensional verbs) inherently take a complement of the type of a question­
intension, <s,<p,t>> (where pis the type of a proposition, <s,t>). For such 
verbs, no type-shifting is necessary. Other verbs - which are extensional in 
G&S's sense - take propositional complements, of type p. If their 
complement is an embedded question, it is necessary to apply a type shift. 
We can now view answer 1 and answer2 as type-shifting operations which 
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!ower an object oft e 
Interpretation a YP <S,<p,t>> to one oft 
what we want' t son_iewhat more com le ype P: To get the mentio 
!n tre ext~nsiind~? :~eexistintially :u~ti&ei~~i~ is neede~i._ Intu~~~T/ 
imp e_mentmg this is b e~ edded question T : J?ropositions that ar, 
'J::s~~~:r over proposit1o~~:~~tpt:e question-i~te!~o~i~~:i a ogne wa~ 01 

• <<s,<p,t>>,t>. Let's call th. eneralized 
(53) is operation 

Th. answe.r3(Q)(w) = AP[3p[P(w)(p) & Q(w)(p)]] 
is generalized .. 

embedding verb b quantifier can now be co . 
quantified object-~ ~i~hstandard techniques ~~ted with the question­
or type shifts). an extensional verb (QR are u~ed_ to combine a 

' quant1fymg-in, stora e 
(54) know (answ g ' 

iff AP3 ri(Q)(w))(John)(w) 
iff 3 p w)(p) & Q(w)(p)J (Aw'J... 

. . p[know(p)(John)(w) & Q(w)(p)jfknow(q)(John)(w')J) 
In pnnc1ple each f 
but ideally ;arious ~x!he three typeshifting o era . . 
:a:~nd only certain spee~i~/~~t~~s ca~ be idfotifi~~~~ ~x~\w.ays av~lable, 
howev:~. concrete proposals to arr:~{! ~: ~ny hexamples. A~ii:;~i~~ fact 
The relative pros and w at these factors might' :ee 
clear. In the first a cons of t~e_two approaches ' 
(extensional) questio~~roth I~ is possible to s we ~ave sketched will be 
gets. But since in a sen em _e~dmg predicate wh pec1 y e~actly for each 
:~:lope of achieving ;er!~H;s dore by brute for~t/f~fs o: Interpret~tion it 
to samg. The se_cond approach atP anatory_ account of wh~proach gives_ up 
It . y tha_t at this point this i ms to provide just that b ~ we get which 
1 I? possible that the truth ? not much more than a p ' _ut It would be fair 
ex1cal as well as a r !s somewhere in the . romI?sory note. 

pretty mu~h lexica1le~(:at1~al possibility to typ~1ii1~e'c1.e. 0at t!iere is a 
more flexible way (55) ·&· h now plus answer2) oth enam shifts seem 
normally take an interroga~~! at be a case in poi~t. si~~es%em/_ to apply in a 
5 rgument. e zeve does not 

( 5) You won't b I" 
e ieve who I met last night 

7.3. Unemb dd d • e e questions 

We have not consid 
rel~tion to answers ered so _far the case of unemb 
til~~ve rather uncon.tr!~r;~vlyn~~ f ormh ally :elatee1i:! 1~e:~_ons and their 

a speaker S asks . a t e relat10n is i Is paper. We 
t\oug~ not all) infers t~aiu;st10n Q, a hearer uni~ssence J?ragmatic. So 

at Is satisfactory for S d wants to know a satisfa~ost c1rcumstances 
answerl, answer2 . epends on the . . c ory answer to Q 
hear~r will provid~ ~hJ~s_t fn exa!flple answe?~IfI~ context. It may b~ 
maxims, so in arti a m ormat10n s/he can / e ement of Q(w). The 
ne~essary, but to cular the answer will be t accordance with Gricean 
s_atisfied by an exa!ore than that. If the conte~e and as informative as 
list. On the other hana1~ answer, a hearer will no~ ~uggests that S will be 

, It seems a natural strategy to pore ~dwith a complete 
rovI e a maximum of 
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. formation, that is, answerl. This in turn carries the implicature that the 
10 arer really was as informative as possible, i.e. given an answer A it is 
h~ten inferred that A is the complete answer. S thus concludes answer2 from 
0 nswerl. If this inference is not desired, the answer provided must be 
~arked as partial (by adding something like for example, among others, ... ). 
What we have sketched above should extend to degree questions in parti­
cular: If for instance John in fact read five books, no well-informed person 
would answer the question "how many books did John read?" with "John 
read four books", since the answer is, while true, not the most informative 
one. Giving the most informative answer involves no extra trouble, so it 
should be very highly preferred. Since the answer actually given carries the 
implicature that it is the most informative answer, such an answer would 
even be very misleading. . 
In the case of unembedded questions , there are various other formal 
relations possible between question and answer. See for example G&S for 
discussion. What is important for our purposes is that we believe that the 
Karttunen denotation will work ok for unembedded questions as well as 
embedded questions. That is, we believe that the various relations of 
pragmatically "good" answer to Q can be defined given the information that 
the Karttunen denotation Q provides. Although we do not formally show 
this, we feel justified in that assumption since from the Karttunen 
denotation the G&S denotation (more or less) can be derived, and G&S 
have demonstrated in detail the usefulness of that in defining question­
answer relations. 

8. Summary and conclusion 

We have suggested a Karttunen semantics for degree questions which 
captures the maximality effect without using a maximality operator in the 
question semantics. In our semantics, the maximal answer has no special 
status in the question denotation at all. This gives us a greater flexibility, 
which, we claim, is needed. This is demonstrated by degree questions 
requiring a minimum answer, or ones requiring an explicit list of all true 
members of the Karttunen question denotation. What type of answer we get 
is determined by semantic properties of the question predicate: Upward 
scalar predicates determine minimum answers, downward scalar predicates 
determine maximum answers, and non-scalar predicates require complete 
lists. We always get the most informative answer. We therefore link 
questions to their most informative answers by a notion of answerhood 
defined in Heim (1994), thus accounting for maximality without assuming a 
maximality operator, plus minimality, plus list answers. In the context of 
individual questions, our strategy to this point can account for weak 
exhaustivity, but not strong exhaustivity. This can be remedied by defining 
a second notion of answerhood (cf. Heim). 
We are thus left with a fairly rich system of semantic notions concerning 
interrogatives: the Karttunen denotation, answer! and answer2. We believe 
that there are good arguments that this rich system is in fact useful: There 
seem to be predicates using answer 1 instead of or in addition to answer2, 
and we think that there are ones which use the Karttunen denotation either 
directly or indirectly. 
By way of presenting arguments for our richer system, we have considered 
a number of data indicating flexibility in the way an interrogative sentence 
gets interpreted. The intended interpretation can be marked syntactically in 
certain ways (alles, for example, zoal) , but it need not be. It is clear that 
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semantic theories of interrogatives need to capture this flexibility. It is less 
clear what is the best way to go about that task. 
Our overall strategy is to have a rather weak question denotation, from 
which other information is recovered by applying certain semantic opera­
tions to it. Starting from a Karttunen denotation, it is possible to strengthen 
the information contained in it in various ways. This gives one a range of 
interpretational possibilities, all of which, we argue, play a role in natural 
language. We hope that external factors can be identified that determine 
which interpretation is actually chosen. G&S pursue the opposite strategy: 
They start with a question denotation that contains the maximum of 
information one can get (i.e. what we end up with in the "optimal" case). 
There are thus cases in which they have to get rid of surplus information, so 
to speak. 
We believe that our strategy is more suited to treat natural language inter­
rogatives. It allows for a greater flexibility in what we think is a more 
natural way. However, we acknowledge that this is in a sense a plausibility 
argument, and that technically it might be feasible to do things the other 
way around. 
In addition to that, we have argued that semantic notions might play a role 
that are not, as far as we can see, recoverable in a G&S system. If our 
arguments are considered valid, we have a real advantage over a G&S 
system (or in fact any system that treats strong exhaustivity as a property of 
the basic semantics of interrogative sentences). In this respect, our proposal 
can be seen as a defense of a Karttunen semantics for interrogatives. 
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Discourse Grammar and Dynamic Logicl 
Martin H. van den Berg 

1 introduction 
Nowada s little will doubt that the large scale structu~e of natu:al language 
. y . e as the sentence-syntactic structure that is the subJect of more 
is as_ ~ecurls1l: . t · These large scale structures, which is the subject of our 
trad1t1ona mgms ics. d Its etc Fol 
inv~stigations, includt~ stories~~~x~:~~~:;e::;t~::~ st~~:~~r:~:t~ the g~nerai 
lowmg common prac ice, we 

term disco_urse. I will make a first stab at combining the discourse parsin~ 
h In_ th: fe:~~~ed in (Priist 1992, Priist et.al. 1994) and applied in (Pol~ny1 

medc ;n~:~983 Polanyi 1988) with the dynamic logic for plurals pr:sente . at 
an c • ( d B 1994) and in my d1ssertat1on 
the Ninth Amsterdam Colloquium van en erg 
(van den Berg 1996a). 

1.1 Anaphora h to be 
In the formal treatment of anaphoric linking, two se(arate stage~e;;:e) has 

distin~uish~d. First, the_ ante~:~::~ 0 ~::::;a:h:o:n:e::~:~: ;i:es a value to 

to be idet:fi:! ~:~o;~!::~iized (us~). Existing theories of discourse semantics 
the anap o . h ful formal apparatus to formalize the latter, but 
provide us ":it n; ~:ic::;:pon at all by Dynamic Predicate Lo~ic and its 
the former 1s . 11 b Discourse Representat10n Theory 
descendants (DPL), and only margm~ y tiie value picked up is identical to an 
(DRT) which concentrates on cases w ere d t 

, t th t is easilly calculated from existing antece en s. 
existing antecedent o: ho one! . ~ hat the formalism for the use of anaphors 

Let me start wit exp ammg w . fr h 
is. First, let me characterize what an anaphor is. The followmg quote om t e 

"competition" gives a definition: . 
. J"b 1 way It is not narrowly restncted 

"The term anaphoric is us~ here m ba ;. ~~ via. coindexing with a preceding 

~::::1;:;;~ie':1'tt:ir~::::~:;e a: :pres:!on i~r::~.i,n such a way that its 

interpretation depends on one or more forego g [in. 1. Groenendijk et.al. 1995] 

The last of this I agree with. In fact, this should be read v:ry lotely. ~::~ 
1 art of a meaning depends on one or more foregomg p r~es, 

wp:~nit;aid~o be anaphoric. This includes not only pronouns land tdefim~s~tt~~ 
b. t • fiers the way events re ate o eac 

also contexts sets of ar itr_ary quan lb bl 1 vPs Although the latter can 
in narratives and embeddmg an pro a Y a so • 

1. This paper forms a pair with (van den Berg and Polanyi 1996). 
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often just as well be described in terms of copying of sufficiently abstracted out 
material. 

The way I implement this is by a dynamic logic that is capable of dealing 
with plurals in a generalized quantifier setting, and can deal with the fact the 
elements of plural objects often have relations with elements of other plural 
objects; relations that can be carried by the anaphoric links. This logic, called 
FDPL, is defined in (van den Berg 1996, and an earlier version in 1994). This is 
essentially a coindexing approach, hence my disagreement with the first part of 
the quote. The following examples illustrate the kind of nominal cases this logic 
can deal with correctly: 

(1) A1 man walked in the park. He'f. whistled. 
(2) Some1 people entered the bar. Theyf_ ordered a beer. 
(3) Some1 people entered the bar. The'f. men sat down at the bar and th~ 

women went to the juke-box. 
(4) John1 went to Paris. Mary/: went to Paris too. The!J1.+2 had a great time. 
(5) If a1 student marries an2other2.,ei student, the1+2 man usually finishes 

earlier, but thef +2 woman has higher grades. 
(6) Every1 car that entered the village was dirty. Especially the? wheels were 

full of dirt. If ity had a backdoor, i~ too was a mess. 

This serves illustrates the notation: superscripts represent newly introduced 
indices (referents), subscripts represent old (bound) indices. When an expression 
is co-indexed with more than antecedent, a + sign is put between them; thef+2 
woman (5) means that the woman is selected from the set constructed from 
referents 1 and 2, and the unique woman in this set is introduced as referent 
4. Note the use of "#" an2other2.,e 1 to express that the introduced referent 2 is 
not equal to 1. A dot(·) is used to denote an underspecified position, this will 
correspond to a unification variable in the semantics. 

1.2 Prust et.al. 1995 

In (Priist et.al. 1995), from now on denoted by DGVP, it is observed, that the 
translation of language into logic results in type logical expressions that have a 
syntactic form that encode the information structure of the translated expres­
sion, without the idiosyncrasies the actual language syntax. 

Because that paper deals with VP-anaphora, a modified copying approach 
is all that is needed to explain anaphoric linking. For example, in 

(7) John went to Paris. Bill did too. 

merely copying went to Paris into did gives the right meaning: 

(8) John went to Paris. Bill went to Paris. 

The DGVP formalism is versatile enough to encode a simple form of abstraction: 
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Bill 
d book on computer science. 

l .b He borrowe a 
(9) John went to the i rary. 

did too. . . wa that the first two sentences are 
The unification mechanism is defitnhed/;r:,,..,, :rid borrowed a book on computer 

h John went to e i • ~ 
taken toget er as art is copied to did: . 
science and then the relevant p d b k on computer science. Bill 

·b He borrowe a 00 
(10) John went to the li rary. d a book on computer science too. 

went to the library and borrowe 

In terms of the discourse tree: 

)&b ( )l(J.)&>.u[wtl(u)&bor(u)](b) 
>.u[wtl(u or u 

wtl(j)&bor(j) 
Y(b) 

~ 
wtl(j) bor(X) 

. lified2 example: 
This is best illustrated by a s1mp 

John gave Mary a book. )))) 
(ll) ( _ • 3y(y = m, 3z(b(z) , g(x, Y, z 
(12) 3x x - J, M b John 
(13) A book was give to ary _Y. g(x .y z)))) 

) 3 ( m 3x(x - J, ' ' • d (14) 3z(b(z , y y = , . . of distinguishing between active an 
Which shows that formahsm is capable 

passive sentences. 

1 3 The logical language . f FDPL dynamic binding 
• • • lilied vers10n ° ' . 

The logic I will use in this ~:p;r ~~a : 1:!ple predicate logical syt:- : 1~!u!:: 
is encoded in a language ! vnriety (distributive, pseu o- IS n , 

•fi bols ror every ~ 
1• d quant1 er sym • =- e uantifier logic rather than typ 

- . lification is the use of first order q m \es can just as well be given 
2. One important s1mp translate into type-logic, most ex;h.P has the advantage of being 
logic. Although expressions ic with quantifier symbols). . IS h uantifiers is supposed 
in quantifier logic (pred1cat~l log adable. The order of application ~f tt e qFor example, the first 
more compact and more e~1 yt;:n of lambda's in the actual tra~~ a i~;-the actual translation 
to mirror the order of app ica th actual translation (depen mg 
case given here might have as e 
formalism chosen): [ _ m /\ p2(y)l)(.>-P3.3z[(b)(z) /\ P3(z)l)) 

[ _ . /\ p (x)](.>-S>-Tg' (x)(S)(T)(.>-P2.3Y Y -
,>_p1 .3xx-J 1 

, ·- ,p,>_Q[.>-xQ(.>-yP(.>-zg(x,y,z)))l h ta bit and use simplified 
g .- I\ • akes sense to c ea 

I ·ty of which illustrates why it m 
The comp ex1 
formulas. 
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collective and singular) th . 
Th ere exists wher d d 

e on_ly difference is the way cont~xt e nee _e , a_quantifier with that variet . 
dynamic variables. Example (1) i's t selts are identified with earlier introduc:d 

rans ated as: 
(15) 3'x C ·[ ( ) 

I - m X1 , w(x1)] /\ Vx2 c;; X1 [x2 = x2, wh(x2)] 
Because in th' £ is paper, we are really d J' . 
ormulas, I will only give a sketch of ea ml~fi with t~e syntactic form of these 

Defi ·t· ( a s1mp I ed vers10n of FDPL 
m 10n Semantics of FDPL) D . • 

val~ed relations between states sta ynam1~ formulas are interpreted as 3-
va;iables to plural objects (sets/ Th:~e::~t~1g:ments (G, H, K) of dynamic 
w en a formula is defined and wh 't . m ions ave a form in which we define 
true. en 1 is true, rather than in terms ff, ls 
Th • 0 a e and 

e mterpretation is relative to a model (p(E),I) . 

(16) [Px1 ... XnDd .-

[Px1 . . . XnD+ .-

(17) [x c;; YDd 

{ < G, H > / G = H} 

{<G,H>/G-H& G( - < xi), .. ·, G(xn) > E I(P)} 
.-

[x c;; YD+ . -
(18) 

{ < G, H > / G = H} 

{< G,H > / G = H&G(x) c;; G(y)} 

[cxDd .- {< G,H > I G "='x H&G(x) = 0} 
[cxD+ .- [ext 

(19) [+r/>Dd .- [¢D+ 
[+¢D+ .- [¢D+ 

(20) [¢/\ 1W ·- [r/>Dd O [1W 
[¢ /\ ¢D+ .- [¢D+ 0 [¢D+ 

(21) 
[-.¢Rd .- { < G, H > I G[¢D+ H or G[-,ct,D+ H} 

[-.¢»+ .- { < G, H > I G[¢Dd H & -,:JK G[¢D+ K} 

~uantifiers are defined by essential] writin 
i~g the dynamic possibilities and ti; £ 11 ? out the traditional definition us-
s1mplified). e O owmg maximization operator ( . 

(22) G[Mx,;;y(r/>WH .­

G[Mx,;;y(rf;)D+ H .-

agam: 
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This defines a formula G[Mx,;;y(<P)]dH which is true for an input G, giving an 
output H, iff G[¢JdH holds between them and for no larger set (within the set 
G(y)) ¢ is also true. Then quantifiers are defined by the following: 

(23) Qx <;; y(¢,¢) := €x'';y /\€x<:;;x' I\ Mx'<:;;y(rf;[x'/x]) I\ Mx,;;x,(V') /\Q(x',x) 

x' is the dynamically introduced referent denoting the CN anaphor, x is the 
subset of these that denotes the normal anaphor. Non of these need be unique, 
though the CN usually is. I refer to (van den Berg 1996a) for details. 

1.4 Simple Examples 

As a simple example, take 

(24) A1 man walked in the park. Hei whistled. 

The local translations of these sentences are 3x c;; •(m(x), witp(x)) for the first, 
and 3y c;; ·(y = y, wh(y)) for the second sentence. The discourse rules are then 
applied, and the second translation is default unified with the first resulting in 
3y c;; x(y = y, wh(y)). So how can we set up the rules to achieve this? Note one 
thing that will become a problem very soon. In DGVP, we essentially used term­
unification, mapping identical positions in the formulas on identical positions . 
But here the referent x when introduced is in a different position ( to the left in 
x c;; z) than when it is used (to the right in y c;; x). So we have to remember to 
built in something that takes care of this. 

2 Unification Structures 

To use FDPL in a unification grammar, we have to add unification variables 
X. We will add variables for all objects of the language x• for unification 
variables that take the position of dynamic variables, xv,n to take the position 
of predicates of arity n, Qq to take the position of quantifiers, and X 1 to take the 
position of formulas. I will always omit the superscripts of unification variables, 
because their use will make their type clear. 

2.1 Unification 
2.1.1 Unification Ordering 

Suppose we have an algebra of expressions A and a relation of unification n on 
the terms of A. Then we also have ordering on the terms: ¢ ::( v, iff ¢ = ¢ n v,. 
in words: ¢ is at least as specific as v,, if when we unify¢ with¢, we do not get 
anything new: 
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more geneml 

more specific 

This can also be put around, if we have a pre-ordering, than the unification of¢ 
and 7j; is the most general object x that is is at least as specific as both 7j; and ¢, 
if it exists. The generalization of¢ and 7j; is the most specific object x that is at 
least as general as both 7j; and ¢. Neither of these need be unique. If the ordering 
was derived from a notion of unification, the unification one gets by applying 
this definition is the original one. This means that any notion of unification can 
be defined by giving the corresponding ordering. Because defining an ordering 
involves two expressions, whereas defining unification directly involves three, 
the ordering is easier to define. 

2.1.2 Ordering of Syntacto-Semantic Structures 

The ordering of terms of dynamic type logic, written as ¢ j 1j; is defined in­
directly. First I define an ordering ¢ je 'lj;, which means that ¢ is at least as 
specific than 7j; given some substitution (by E, called the unifier) of values for 
unification variables and some renaming of variables (also done bye) . We then 
say that ¢ j 1j; iff ¢ je 1j; for some unifier E that only renames bound variables 
(but may substitute anything). 

Definition (Unifiers) A unifier E EUNIF is a function that maps unification 
variables of a type a on meaningful expressions of the same type. 

Unifiers are used in the definition of the ordering. To simplify the below defi­
nitions, we do not assume transitivity of the ordering these definitions define. 
This means that the following is slightly more complex than you might expect: 

Definition (Ordering Rules) The ordering on expressions of dynamic type 
logic, relative to a unifier, is defined indirectly. First an ordering je is defined, 
which orders expressions relative to a unifier E, then a global ordering j is 
defined by 

(25) ¢ j 1j; iff there is a unifier E and expressions ¢1 ... <Pn such that ¢ je 
¢1 je ••• je ¢n je 'lj; 

When¢ j 'lj; , the expression¢ is said to be at least as specific as 'lj;. 

There is one last ingredient to the logic. It is assumed that there is some ba­
sic ordering ::::; on the predicates, called the Aristotelian ordering. For example 

98 

d t define a generalization 
. This can be use O ) 

woman::::;person::::;animate::::;(.... ) that results in move(pers_on • 
lk(• h ) and run mary t 

between wa JO n . 1 given to impose a erm-
F' t basic ru es are • e 

The definition is in two parts. irs ' Then extra rules are given to impos 
. d • g on the terms. 

unification-like or enn . . . p P' 
t' cally contentful relations. . Aristotelian ordenng. for ' 

seman 1 d ed using the pre-given 
Predicates are or er 

predicates: 

P l 'ff p < P' k b-
(26) P j€ 1 - • d't'on serves to ma e su 

. ·t but an extra con I I ) b low)· it 
Variables are ordere_d by i~e~~~sy~imulate real abstraction ( cf. (2.1? bl: it has 
stitution by _unifi;at1onit~~:iable is "replaced" by a unifi<:at10;0:a;1:, d~namic 
makes that if a ynam h f mula that we are companng. ' 
to be replaced throughout t e or 

variables: . iable X EX = x . 
, ·tr - x' and for no unificatwn var ' 

(27) X je X l X -

Quantifiers should be the same: 

(28) Q ~€ Q' iff Q = Q'. do For ¢ any expression, X 
. what they are supposed to • 

Unification vanables do t e-
a unification variable of the same yp • 

(29) ,1, -<c X iff (X = <P· . t "'or p p 1 n-ary pred-
'I' -, ification par • r• ' h 

Finally the recursive rules finish t(~e ::~~u:ariables or unification variables t at 
' t t' t' terms Y icates,t1,· · ·, n, i, · · · , n 

take their position): P' d t -< c t~ and . . • and 
, t' ) iff p -<e an i -, 

P(t t) -<c P'(t1,·· · • n -(30) I,· ·. ' n -, 

tn ~€ t~- . . 
l R R' logical connectives. 

,1, .1, ,1,1 1/!' formu as, , 
For .,, , .,,, "' , -< .1,, and R = R' . 

,1,1 R' .1,1 iff </> -<e <I>' and 1/! -€ "' 
(31) <i>R1/! ~€"' 'I' -

"'or s t s'' t' terms: 
r· ' ' , d -< s' 

) -< (t' c s') iff t ~€ t an 8 -€ 
(32) (t <;; s -€ -

Finally, for quantifiers: ·tr Q -< Q' and ( t C s) ~€ ( t' <;; s') and 

Q C (,1, •'•) -<€ Q't' <;; s'(</>'' 1/J') I -€ -
(33) t - S 'I'• 'I' - / 

</> -<e <I>' and 1/! ~€ 1P • lt from the above would 
- 'fication-like resu s d b e 

f VP-anaphora term uni already remarke a av ' 
In thde case ile us to give some simple examples, _bt~t :for new and old referents. 
alrea y ena f th different pos1 ion r h" 

have the problem o e / ld rule de6'.ls with t is: 
for NPS we h' h I will call the new o ' 
The following rule , w ic 
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(34) (x C t) -< (X - -( <;; x) provided EX = x 
Note how th· l • • is ru e mteracts with th 
bound t_o a unifier that assi ns e rule for ordering variables. W 
</> j( 1P IS achieved b a g x to X, so we will never have e are now 
x need be replaced ;:y i)plymg this rule, 1P cannot contain x (xfj( x. Hence if 

Th
. · o course not l 

1s completes th ct· • ' a I t . . e 1Scuss10n of th b • • erm-umficat10n rules (plus the e as1c ordenng rules, resulti • • 
Here are some simpl I rule for coordmating "old" "' ng m basic 
(35) 3'x c , c =P ethot c= be =o immedia.:. ocw" positi=). 

1 - X [m(x1) w(x )) -< 3s X 
(36) 3s X <;; X1 [m(X), ~(X)l) -<- s <;; xi[m(X) , w(X)) 

(37) V - 3 X C X1 [Y Z) 
x2 <;; xi [x2 = x h( )) - , 2,w X2 j'ix2 C Y'[x -

The next step is to d Ii - 2 - x2, wh(x2)) 

add information to a: u:~!~s~~::::~t ;:!~~:;ion mechanisms that are used to 

on enominator and D 2.2 Comm D 
Although the above d . efault Unification r . pre-or er 1s gi t a 1zat10n, other relations also ven o be able to define unificatio 
a notion called co suggest themselves. The t II • • n and gener-mmon denominator: o owmg diagram defines 

</> 1P 

I 
(¢¢1/;)n1/; 

Informally: the common deno • umfies with 1/;. How this mmator of </> relative to 1P is tha 
corresponding positions in :~rk; for term-unification is easy t~ part oCf </> that 
umfication v · b e ormulas, when tw ct· see. ompare 
as follows: ana Jes, otherwise, take the value in ; tagree, replace them by a . n general, the definition is 

Definition (Commo D • to 1/;' written as q; ¢ 1P n. enommator) The common den • 
equivalent) that .fi' is t_he most specific expression ommator of¢ relative , um es with 1/J . , more general than q; (or 
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The common denominator need not be unique. A notion of default unification 

can be defined using this. 
Definition (Default Unification) The default unification of¢ with 1/;, written 

as q; » 1/! , is the unification of 1/J with ¢ ¢ 1/;. 
As generalization and unification, default unification need not be unique

3
• This 

now gives us enough to deal with a large number of simple examples. Note 
that example (1), already discussed as an example to inspire us , works directly. 

Suppose we have the meaning of the first sentence: 

(38) A man1 walked in the park. 
3'x1 <;; Z[m(x1), w(x1)] 

And we interpret the second sentence, to begin with out of context: 

( 40) He whistled. 
Vx2 <:;; Y[x2 = x2, wh(x2)] 

We now default unify this with the earlier sentence. As it turns out, because 
we added the extra rule making this not exactly term-unification, the common 
denominator is not unique in an interesting, non-trivial way. If this were only 

term-unification, the only common denominator would be 

(42) QY <:;; Z[Z' , Z"] 
leaving not much content, unifying this with the second sentence and conjoining 

the result with the first gives: 

Although, as we will see in the discussion of example (3), this is not a reading 
we can dismiss in general, a more reasonable resolution follows from applying 
the new/ old rule: the common denominator when this is applied becomes 

( 44) QY <:;; xi [Z', Z"] 
Now unifying this with the second sentence and conjoining the result with the 

first makes: 

which is the more common reading: the second sentence introduces x2 as the 
largest subset of x1 that is identical to itself (i.e. x2 = x1) and claims that the 

elements of this set(= the man) whistles. 

3. The complexity of both operations is of the same order as the unification operation. 
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3 Discourse Grammar 

The above is anecdotal at best. The next thing to do is to give actual rules for 
constructing discourse, and apply these to the examples. Only when that works 
can it be said that we have an actual discourse grammar. to do this, we first 
have to decide what the actual objects of the grammar are. 

3.1 Discourse Units and Discourse Operators 

In sentence syntax, the basic components are words of many different categories 
and constructs made of these. The components of discourse consist of control 
material, called discourse operators (Dos), and the actual content: propositional 
material called discourse constituent units (Deus). 

In the Linguistics Discourse Model (LDM), originally proposed by Polanyi, 
and worked out by her and a number of other authors, the interpretation of 
discourse is a recursive structural and semantic representation of a source text 
in terms of the Deu and DO components, built by incrementally parsing the text. 

Discourse Operators are typically expressed as lexical items or idiomatic ex­
pressions. They include vocatives, affirmations/disaffirmations and many types 
of particles, exclamations, connectives, etc. Discourse Operators express the at­
titude of the speaker towards what is being said, meta-information about the 
state of the discourse, specification of the relationships among Deu's, etc. To 
achieve all this, DO's form a mixed bunch. There are discourse operators that 
take one or more Deu's and form a new, construct, Deu (these are called Deu­
modifiers), DO's that change a Deu in a DO and stand alone DO's like anyway and idiomatic expressions. 

An elementary Deu is a (minimal) utterance encoding a single event or 
state of affairs indexed for physical and socially constructed situation of utter­
ance (real or modeled), modality, specificity, point of view, etc. Typically, an 
elementary Deu takes the form of a simple sentence or clause but that need not 
be the case. Semantically, elementary Deu's are simple quantifications ( "predi­cations'). 

Discourse Constituent Units are defined recursively over elementary Deu's, 
by applying discourse operators to one or more Deus. Important special cases 
are embedding a Deu under an operator that changes one or more of the indices 
and composition of two Deus, forming coordination, subordinations and binary 
attachments. I refer to (Polanyi and van den Berg 1996) for further details. 

3.2 digression: DCU representations are not DRS's 

In the linguistic discourse model, Deus are typically represented by boxes. Take the example 

(46) John entered the bar. He sat down at a table. 
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This corresponds to e s th ( implified) DCU: 

,---,.1n;-;t;;;er;;;a:;::cttiioa1n1::1Sfi:p,eeaaki«eir;--, AA<ldddrre_e;.,sseieee­
Speech Event: Conversat10n 

Genre Unit: Story 
modality: Realis 

event: to 

John entered the bar (at t1 in to) 
John sat down at a table (at t2 > t, m to) 

• ·t is a story who tells the story 
This contains all kind of _in~ormat10n: th;:a: world and 'when, etc. The ~ost 
and to whom, whether this IS about the ·al attention, is the actual meanmg, 

• nt part and a part that gets spec1 Th" 1 oks a bit like a DRS m promme , themselves. 1s o 
here represented by the s~ntences . dental This can be seen if it is made mo~e 
DRT, but the resemblanc~ is only ac~1 bl d. namic logic, like the one defined m 
formal as follows ( assummg some smta e y 
the next section): 

Interaction: Speaker s, Addressee 
Speech Event: Conversation 

Genre Unit: Story 
modality: Realis 

3x(john(x), 3t(t ~ to, enter(t, x))] 

a 

3y ~XX -Y, -( _ NEXTt(t c to, sitdown(t, y)]) 

• • • otation and standard interpretation~ 
Here we see the sim1lanty between this n al/event variables for the moment). 
of logical formulas (I suppressed the tempor • a wo,---

( )) 3 c x(x = y,sitdown(y))]' ' (47) ff3x(john(x),enter x I\ y - . 

e that makes the dynamics of the lo_g1c In DRT the boxes are part of the languag . t way of writing down a meanmg 
t • k Here the boxes are simply a conve~1en th· k of the components of the 1c • , Th" akes easier to m 
together with its context. is mh' h . hat I will do below. I will, however, 
box as features in a grammar, ~ ic I is ;olanyi and van den Berg 1996), only 
refrain from using the b?x n~tat10;- n ~oth as the resulting parse tree and the 
the end result of a parse is wntten. own'the construction of that tree, and boxes 
interpreting box. Here, the focus hes ~~ ed I will therefore use an abbreviated 
on every node would have to bed cons1 ~:o~onally given) features, in particular 
notation, omitti?g ~II unchan'i7 1/0;:is is yet another simplification. the index matenal m the top a . 

3.3 Semantic Features . d . . h t semantic values are stored as 
• h t y be raise 1s. w a f th· per The first question t a ma stored? For the purposes o is p_a . ' 

features of the DCU and how ~re thtyll there is the semantics itself, which IS two features are important. First o a ' 
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stored in the Sem attribute. Next to this, there is a feature that encodes what 
the DCU is about, called the Schema attribute. Essentially, it is the common 
denominator of all still relevant sub-DCUs4 . for example, for 

(48) John comes from San Francisco. He lives downtown. 

The schema is (the logical equivalent of) John LOCATED, where LOCATED 
is some appropriate, more general predication. In the case of subordination, 
the subordinated clause does not contribute to the schema, as in the case of 
interruption: 

(49) John comes from San Francisco. You met him yesterday. He can tell you 
were you can get the best dim sum. 

The schema of the first two sentences is the first sentence itself, the second 
sentence does not make a contribution. 

The schema of a basic DCU is identical to the semantics, how the schema 
is calculated for a complex DCU has to be defined in the discourse rules. 

Now we know what the features are, we can look at how the actually look. 
As already discussed before, they will have the form of syntacto-semantic 
structure, logical expressions stored as syntactic objects and with operations on 
them as syntactic objects (as the unification order defined above illustrates). 

The grammar formalism defined in DGVP and repeated in a simpler form 
below, will work on such structures independently of the choice of logical lan­
guage provided (1) the syntax of the language is rich enough to encode different 
information structures as different expressions and (2) the translation is con­
sistent and assigns like structures to like expressions. Any recursively defined 
translation scheme will satisfy the latter, and the former is easily satisfied as 
long as the construction of the expression can be read back from the logical 
formula that results from this construction, as is the case for classic Montague 
Grammar and formalisms that succeeded it. The predicate logic language used 
here is sufficient to deal with the simple examples discussed here, but when 
more complex phenomena, like topic/focus, active/passive and sub-sentential 
relations are to be treated, we will need type-theory. I will leave that to a later 
place. 

3.4 Right-attachment 

When a new DCU is added to the discourse structure being constructed, it can 
only be added to a DCU that is still being constructed. This means that the DCU 
has to be attached to the right edge of the discourse tree. There is essentially 
only one way of attaching a DCU: 

4. In {Polanyi and van den Berg 1996), the "meaningsn written in the tree are examples 
of the Schema not the Sem atribute, as the following two examples will also illustrate: In 
a subordination, the subordinated material disappears. This is exactly what the Schema is 
supposed to encode. 
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d. to different 
mber of rules are defined, corre~pon mg 

Within this scheme, a nu t f the two component ncu s. 
ways of constructing DCUc ou o 

3 .5 List-rules 

List-rule R-List 1 \ ~:i,1 \ R \ ~:i2
2 

\ 

~ Dcu Semi [RiSchemai » Sem2 ⇒ l Schema1 J l Schema2 J 
(50) SemJ - Schema,» Sem2 

Schema J - • hen-
d r t construction w • d 

Application of this_ rule is c_aUel (l:es not only contain variables) an 
~ S is non-tnv1a • g 

- Schema1 'I' ern2 d" tion [R] its meanm • 
E {and, or, . .. } a coor ma ' . . 

- R . t tension when. 
Application of this rule is called hs ex 
- Schema1 ¢ Sem2 = Scherna1, 
_ DCU 1 = List, and d. t· n [R] its meaning. . 

d } a coor ma 10 , ( ) b \ow 1s _ R E { an , or, • • • h. h has the form a e ' 

I th case of extension, the discourse tr~:~ :a~: equivalent features ( except, 
n e . (b) because the two no 

often wntten as ' 
obviously, the semantics): 

b) 

a) 
List 

A DCU1 

List 

~ 
DCU2 DCU3 

List DCU3 

A 
DCU1 DCU2 

. . n't yet clear 
And similar for n-ary hsts. \ication of the list rule, although it was 

We already saw an app l (1) 
. . the discussion of examp e • 

that 1t was, m 
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Dcu 

Dcu 
Sem 

Schema 

List 

~n C Z[m[n), w[,017Dt5cau,----;;--yy~--------

3 x1 <;; Z[m(xi), w(xi)] Sc/em Vx2 <;; Z[x2 = x2 wh( )] 
E ema Vx C Z[ ' x2 

xample (2) has exactly the sam :-----=-----=-.:'.-"'-2~-2~x~2_:=~x-"2,~w~h~(~x~2l])ll I 

Example (3) b . . e structure. 

Sem 
Schema 

· rmgs m somethi 
;. new is that it shows that the di;~.newl' and illustrates list-extension Wh t 

0t:::::c~~=ma, =Y not be where;::;; ~;:!'.:'::'.t{~Mee gramn:a, .,:, . is example consists 

(51) (a) S 1 d ome. people entered the bar (b) Th 2 
an (c) thef women went to th : k b e1 men sat down at the b . . e JU e- ox. ar 

this is parsed in two steps. First DCU d a an DCUb are combined, 

Dcu 
Sem 

Schema 

List 
3x1 <;; Z[p(x1),e(x1)] /IV C QY C x

1 
[p(Y), Z'] x 2 xi [m(x2), sd(x2)] 

17'Dkucu----;;-xx __ __c_A~ 
~XI <;; Z[p(xi), e(x1)] 17~DecCl~J----;;--vy~------~ 

x1 <;; Z[p(xi),e(x1)] Sche Vx2 <;; Z[m(x2),sd(x2)] 
Sem 

Schema ma - Vx2 CZ[ ( 

Where I assumed th t - m x2) , sd(x
2

)] 
N a m (men) conn ow this DCU is combined 'th h s. i utes a subsort of p (people) ·. m ::; p . 

wi t e third DCU: 

Dcu Y' 
Sem Schema ~XJ <;; Z'[w(x3), wjb(x3)] 

~--''---=._ :::x~3Uc<;;....'.Zq_:'J:lw~( xi:_,3J)_,_', W"':'.JJ.!"b~(2:xi3 )ti] J 
Resulting in the top DCU: 

List Dcu 
Sem 

Schema 
3x1 C Z[p(xi),e(xi)] /I Vx2 C I ' xi w x3 'wJb(x3)] QY C x

1
[p(Y) Z'] x, m(x2),sd(x2)] /I vx3 c I ( ) • 

Note that this is indeed a list ext • ens10n; the schema does not h 
(QY c c ange: 

- x1[p(Y), Z']) ¢ (Vx3 ~ Z'[w(x3), sd(x3)]) = ( y C ' 
Also note that the 5 , Q - X1 [p(Y), Z ]) • 

f em-,ormula expre h • 
o people that entered th . sses t e nght meaning· Th • b , e maximal s b t ( • ere 1s a set 

ar and the maximal subset (x2) of mu sef x2) of men of x1 sat down at t~l en o Xi went to the juke-box. e 
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4 
More Complicated Linkage 

Examples (4-6) constitute co-indexing that cannot be resolved by the above 

system, for different reasons. 

4 ,1 Sum-linkage 

Let's look at ( 4). 
(4) John1 went to Paris. Mari went to Paris too. Theiil.+ 2 had a great time. 

The first two sentences constitute an example of a common denominator that 
has to be calculated not using the new /old rule , but plain term-unification. The 

construct-DCU resulting from the first two sentences will then become: 

List 3'x, <;; Z\j(x1), toP(x,)] /I Vx2 <;; Z'\j(x2), toP(x2)l Dcu 
Sem 

Schema 
QY <;; Z"[p(Y) , toP(Y)] 

But this DCU does not contain enough information to resolve the link needed 
for the third sentence. Default unification of the schema of this DCU with the 
semantics of the third DCU does not add the required anaphoric link. 

What is needed here is another refinement of the ordering, resulting in a refine­

ment of unification. Look at the new/ old rule again: 

(x <;;; t) ~( (X ~ x) provided (X = x. 

The informal content of this rule is as follows: 
Suppose a quantification holds for x int, then if we "rename" x by X throughout 
the formula, then we can choose X from x and the quantification still holds. 

This cannot be easily maintained formally because (1) the "bound" variable is a 
unification variable and (2) this a dynamic logic, so after stating a quantification, 
the formulas in its scope may have introduced variables that will conflict with a 
repetition of the same quantification with only X renamed. all other variables 

would have to be renamed too. This informal analysis inspires us to try another ordering rule. This is 

called the summed-extension rule5
• 

Note that this rule has no direct constraint. However, the X has to come from 
somewhere, and this means an implicit constraint (from a previous rule) of 

~X =X-If we are allowed to apply this rule, one possible common denominator of 

the meanings of John1 went to Paris and Mari went to Paris too is: 

(53) 3X <;;; x1 + x2[P(X) , toP(X)] 

5. The expression x <;; y + z is true in an assignment G when G(x) is a subset of G(y) U G(z). 
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And the default unification of this with the semantics of the third sentence 
TheYf.+2 had a great time. gives the required resolution: 

4.2 Virtual Discourse Referents 

Example (5) constitutes an intriguing variation on the previous analysis: 

(5) If a1 student marries an2other2-t,i student, thel+2 man usually finishes 
earlier, but thef +2 woman has higher grades. 

Whereas in the case of (4), the referent x1 + x2 is created and named x 3 , here 
the x1 + X2 referent is never really introduced, it only exists during its use, it 
is a virtual referent. Despite this strange fact , this does correspond to what is 
the naive analysis of this sentence. When asked, the usual paraphrase of this 
sentence that people give is something like 

(56) If a student marries another student, the male one of them usually finishes 
earlier, but the female one of them has higher grades. 

where the discourse referent is real (them). 
Another problem that is made obvious by this example is that the border 

between sentence and discourse grammar is even vaguer than already suggested. 
Here two referents from one sentence have to be combined. It is not clear how 
to that, without adding more of sentence grammar to our discourse grammar. 
This goes far beyond the scope of this paper. Note that when we were able to 
derive x 1 + x 2 from the first sentence, the analysis is essentially a combination 
of the analyses of (3) and (4). 

4.3 Indirect Linkage 

Example (6) illustrates that linkage need not always be medi3.ted by the subset 
relation. 

(6) Every1 car that entered the village was dirty. Especially the? wheels were 
full of dirt. If ity had a backdoor, i4 too was a mess. 

However, except for the obvious observation that this means that the ~-relation 
that until now was hardwired into the local meaning may itself have to be 
calculated relative to the context, this example is fairly similar to the previous 
ones. Instead, I will discuss the following example, that Asher discussed during 
the conference6 . He observed that the sentences 

(58) (a) 
(b) 

A woman, who had just flown in from New York, went into the bar. 
A family joined her. 

6. It only have my memory of this at the moment, so I am reinventing the example, hopefully 
without missing some es.5ential points. 
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First we can do a 
k ds of sentences. 

Can be followed by a number of different in 

simple sum-reference 

(59) They started talking. f nts discussed earlier. However, 
. h be treated identically to the sum-re ere 

wh1c can 

in M . rca on a holiday "d d 

(60) They were going to ::sonly to refer to the fami\ T~1:~:1c:~;5~{:i~ :e 
The plural pronoun(they) se iust flown m from New or "ble) But that iust 

k I dge Someone h t - not imposs1 • 1 by world now_ e • holiday (althoug i is b b \ity of different reso_ u-
\eaving immedi_ate\\o:tthe different weights the 1;;; :~hing to the discussion 
tells us something a o Id-knowledge, it does not a a . 
tions will get from wor ·b\e grammatically. I d ·n terms of the dis­
of what readings are pi°ssi are straightforwardly ana iz\ t~o sentences form a 

Both above ana ysis d far. Assuming the rs 
mar rules discusse so 

course gram f \lows: 

dCsoou= t,ee ~ o ,A h 

t the (a+b) node, 

Then the (59) ~ntenee ot<~h::0 

Ah (59) 

a b 

h to the (b) node. 
the (60) sentence attac es 

whereas 

• t defy our analysis: 
there are also sentence that seem o 

However, . bl k purse. 
rrying a ac 

) The woman was ca . . 
(61 ~en started talking. . 
(62) The wo .. , 
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The problems with these are I t conflict in an interesting way re a ed, but the solutions may appear at fi 
I (6 ) · rst to 
n 1 something strange seems t • 

but that referent is not introd d . o be happenmg. We pick up the w 
ansv.:er_ is, that this is just ano::r :n a rifht ;dge. So what is going on here~rr;:• 
cons1Stmg of the first two sentence:amp e o sum-reference. The construct D e 

::::. =-• the <>th« (,,} """' to :::'7.:::Y two "";rnots Ooe (x,} rnferac~ 
we can select the woman as the m . I as a p ural object. This mean 

w. The sum on! . axima subset x of + h s y contams two objects, on! on 3 _x1 x2 t at satisfies 
(63) V y e of which is a woman· 

x <;;; X(w(x), cbp(x)) • 

But The women intended in (62) 
explicitly with the female memb seem to be the one woman mentio 
explicitly present in the context Tehrs o! the family. But this last group is nedt 
and d" · ere 1s only a dis no a 1scourse referent to th 1 1 . course referent to the 
u~wrap this entity, we have to eh~v:r:h-entity ;hich is the family. To be :~~a:~ 
will wnte this as E .. Using this I will ::t:m er-of relation in our language. We 

(64) G(l x) = G(x) U {d I 3e E G(x).d E e} 

!he flattening of the set referred to b 7 • 1s now easy Y x • Definmg a flattened sub t 1 • se re at10n 

(65) x C: y is true when G(l x) <;;; G(l y). 

And when this is an all d • • easy owe restnct10n to quantifiers, the translation of (62) is 

(66) Vx c: X(w(x),st(x)) 

e sumo the woman a d th f and x can then be resolved to th f 
This example and th . . 1 . n e amily. 
h ' e ongma example (6) 

t e ~u_bset-relation is only a default-rel . sugg:sts that for anaphoric linka e 
~xphc1t other relation is given (as in a at1on, ~h1ch can be overridden when !n t ~ prominent implicit relation while i::~e/k~ the wheels of the car) o~ there 
m . e au t would result in an ill-defined 

5 Conclusions 

The a_bove only scratches the surface f • what it shows is that fairly sim I o discourse resolution. I do think th t 
unification, can already ach· p e means, not deviating too much fro t a 1eve a number of d"ff m erm-~~ I erent cases. Also, the way of 

7· To be a real flattenin h" may themselv . g, t ts should be defined as a limit b 
they don't. es contain plural entities, but for the mome~t ~~use theoretically, plural entities ' assume, as simplification, that 
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defining unification in terms of an ordering that we can have independent in­
tuitions about gives a controlled way of introducing new properties. Because of 
the theory neutral way default unification and the discourse rules formulated in 
terms of it are defined, changing logical representation will not easily break the 

rules. 

5.1 Simplifications 
There were a number of simplifications and things that were brushed under the 
table. Non of these are fatal, most of them would contribute a long discussion 

for which there is no room. 

5.1.1 Type-logic 
I restricted myself to a predicate logical language, rather than the type-logic 
that a sentence grammar would actually produce. This was done for several 
reasons. First of all, the type-logic would not contribute any extra insights for 
the cases discussed here. Predicate logic can already express enough structure to 
distinguish different positions/roles in the translation. Type logic is needed to 
explain why quantifiers are constructed the way they are , but that is well-known 
territory. Another reason not to mess with type logic is the extra complications 
that dynamic logic poses. Although in no way really problematic ( cf. Muskens 
1990) it would constitute a long and really different discussion. 

5.1.2 Other Rules 
in this paper, I only discussed the construction and extension rules of DGVP. The 
other rules function similarly, and can also be applied directly to noun-phrase 

cases8 . We expect no surprises in this direction. 

5.2 Further Research 
Real work has to be done in a number of directions. First and foremost, the 
artificial distinction between sentence and discourse grammar makes that phe­
nomena that play on the borderline of these cannot be easily understood. There 
is some hope that this will change in the near future, because it has become 
clearer and clearer , that as Bod remarks in the last chapter of his 1995 dis­
sertation, structural disambiguation in sentence grammar needs clues from the 
context to work. A more union of sentence and discourse seems to be something 

that both sides might profit from. Another extension is in the direction of other anaphora than nominal 
anaphora. The similarity between events and noun-phrase for example should 

lead to a similar treatment in discourse grammar. 

8. All this is not surprising. When we discussed the forms the rules should take, we discussed 
as many NP-examples as VP-examples to argue for the particular forms they take. 
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Discourse Structure and Discourse Interpretation1 

Livia Polanyi 
Martin H. van den Berg 

1 Introduction 

In this paper, we will address the well known problem of the apparent non-linear 
flow of temporal information in narrative. We will show that many seeming 
exceptions to the Strong Narrative Hypothesis (SNH) (Polanyi, 1987) which 
states that the order of event clauses in a text is isomorphic with the order of 
events in the model of the text can be accommodated within the SNH when the 
hierarchical structure of the narrative text itself is understood. In our discussion 
in the present paper we will use the formal machinery of the Linguistic Discourse 
Model (LDM), a recursive discourse grammar developed by Polanyi and Schain 
a series of papers (Polanyi and Scha 1984; Polanyi 1987, 1988, 1996; Priist, Scha 
and van den Berg 1994; Scha and Polanyi 1988) to suggest a proper treatment 
of some classes of putative counterexamples to the SNH. In doing so, our aim 
is to demonstrate the utility of the LDM framework in helping to identify and 
resolve complex issues in the structure and interpretation of natural discourse. 

2 Interpretation of temporal relations in discourse 

A common view on narrative texts is to regard them essentially as linear se­
quences of event clauses which push the "position" on the time-line further 
and further. These event clauses encode non-habitual, specific states of affairs 
which are to be interpreted as instantaneous. are distinguished in the world's 
languages from non-event clauses morphosyntactically, using tense marking, par­
ticles, etc. (Labov and Waletzsky 1967; Labov 1972; Longacre, 1976; Kamp and 
Rohrer 1983; Hinrichs 1986; Dowty 1986). This view of narrative restated in 
Polanyi (1987) as The Strong Narrative Hypothesis (SNH) holds that: 

The order of event clauses in a narrative is isomorphic with the order 
of events in the semantic model of the text. 

The temporal interpretation of a simple fiat narrative text such as (1): 

(1) (a) John came to the door. 
(b) He left the groceries in the kitchen. 
(c) I put them away. 
( d) Then he left. 

1. This paper forms a pair with {van den berg 1996b). 
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can be schematically represented as in (2) . . 
some states of affairs in some world W dm which the text of (1) expresses 
process of constructing a model C f ahn . mterpreting T is the incremental 

rom t e mformation in the text . 

(in W) 
Tl T2 T3 T4 

COME LEAVE PUT AWAY EXIT 
(2) (in text) a b C d 

come leave 
(in C) put away exit 

tl t2 t3 t4 
The semantic representation of the narrative i . 
a simple box notation in wh· h th tself Is represented informally in 
textual indexes at which inter1cp t et_ top part of the box shows the social and 
h re a 10n occurs and th b t 

s ows the propositions interpreted at th . d e o tom part of the box 
be assigned in a recursive data struct ese Iln_ exes in the order they would 
discourse interpretation2_ ure resu tmg from a procedure of formal 

(3) 
interaction- Speaker I Addressee 

speech event-Conversation 
genre unit-Story 
modality-realis 

polarity-positive 
point of view-p 

John came to the door (at t1) 
John left the groceries (at t2) 

I put the groceries away (at t3) 
John left (at t4) 

While the simple narrative in (la-d) a si . . 
no problems to the SNH other t t' mple hstmg of events in time, presents 
fl hb , s rue ures commonly fo d . 

as acks, causal elaborations . un m narratives such as 
h , commentaries governed · 1 speec , repairs and entropic action ' mam c auses, reported 

this section, we will give an exa slprefsent hmore difficulty. In the remainder of 
d" mp e o eac of these h . 

iscuss the problems each presents for . . . p enomena m turn and 
the next section we will prese t t_he m1tial formulation of the SNH. In 
D . ' n an overview of the h. 

iscourse Model (LDM) which .11 mac mery of the Linguistic 
we w1 use to analy h f h apparent counterexample in ord t d . ze eac o t ese classes of 

t b er o etermme how th SN . mus e amended to provide e H as given above 
narrative time. a more adequate generalization of the flow of 

2. Cf. (van den berg 1996b) . 
' section 3 for some more details. 
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2-1 Putative counterexamples to the SNH 

Probably the best known apparent counterexample to the SN H is the flashback. 
As exemplified in the following example, there are cases when the forward pro­
gression of time is interrupted and an event clause- or sequence of event clauses 
intended to be interpreted as having taken place previous to the last mainline 
timepoint is interpolated between event clauses intended to be interpreted at 
immediately adjoining timepoints: 

(4) John came home and left the groceries. He'd stopped for gas on the 
way home. And then visited his grandmother. I put them away and 
then he left. 

Using the box notation, the interpretation of this narrative containing a flash­
backed interlude is represented as shown below: 

(5) 
Interaction: Speaker, Addressee 

Speech Event: Conversation 
Genre Unit: Story 

Episode 1 (at to) 
modality: realis 
point of view: 1 

John came to the door (at t1) 
Flashback Episode ( at t0 < t2) 

John left the groceries (at t2 > t1) 
modality: realis 

~ 

point of view: 1 

I put the groceries away ( at t3 > t2) John stopped for gas (at t~) 

John left (at t4 > t3) John visited his grandmother (at t; > t~) 

In examples such as the following discussed in Moens and Steedman (1988) and 
Lascarides and Asher (1991) among other places, a second event may provide 
an explanation of how a first event came about: 

(6) John fell. Bill pushed him. 

In the cases of causal subordination as we term examples of this sort, the second 
event clause receives an interpretation in which it preceded the first in time. 
When we return to discuss this example later on in the paper, the interpretation 
indexes which may appear merely decorative and straightforward in the two 
preceding examples will take on a critical role.3 

In the case of commentary as shown here, an entire explanatory dialogue 
may be interpolated in the middle of a linear temporal sequence: 

(7) John came home and left the groceries. Oh. Why did he do that? 
Because he'd stopped for gas on the way home. And then visited 
his grandmother. Anyway, I put them away and then he left. 

3. This is the case for all of the subsequent classes of counterexample many of which function 
as explanations as well and so we shall omit using our boxes until we take up the examples 
again in some more detail. 
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The interpolated dialogue itself ma contain . 
which appear to provide counter e!am le t e~~nt claus_es, as this example does, 
in as interpolated dialogue need not foll~wo in e _SNH smce an event mentioned 
mterrupting discussion took plac Th t time the last event before the 
intuitively assign to this disco ed e emporal order of the text which we 
SNH. urse oes not seem to obey the constraints of the 

Similar problems may aris • th . . 
speech such as the i II . e m e mterpretat10n of text including reported 

o owmg example: 

(8) John came home and left th . 
I stopped for gas on the :::;c~~:·/ ;ked why he_w_as late. He said, 
mother. So I said "OK" I t th • nd then visited my grand-

• pu em away and then he left 
In this case, as was the case for our commentar • 
ported speech may itself contain event I J example, the segment of re­
tary, we do not interpret John's sto \:us7~r owev~r,ju~t as in the commen­
taken place after John's leav· thpp g . gas. m this example as having 

ing e groceries. 
Cases of the Governed main clause (GMC) h . 

elaborations much as the flashb ck 1 sue as m example (9) are 
discussed. However in GMC coa t ortcausa elaboration cases we have already 

. , ns rue ions one event is d d 
senes of subsequent event clauses h' h , . . expan e upon in a 
event at a different level of granu: :; are ~nterpreted as reporting the same 
been earlier packaged together int n y so t at several sub-events which had 
below): o one event are each presented alone. (See 4.2 

(
9

) ~~~~e~~~eh;:/ti:~::~:e~::::i;~;st~n ~he pantry. Then he went to the 
found the unopened cont . e . reezer. He opened the door 
Then he jerked it out wii::t::e way in the bac~ and grabbed it. 
a bowl from the cupboard served out ~:wetul_ motion. He got himself 
room to watch TV I t' h ig elping and went to the living 

• pu away t e groceries. Then he left. 
There remain two other classes of counterex . . 
cases of entropic action Renairs 1· 1 th amples to discuss: repa1rs and the 

· • ,,. nvo ve e replacement of • f • 
mat10n in the semantic represent t· f one piece o mfor-

h. h . a !On o a text by another p' f • c . w 1c 1s encoded subsequent to th . , . 1ece o m,ormat10n 
• e m,ormat10n to be replac d I h 
mg segments include event clause h e • n sue repair-

s sue as example (10) on • h 
appears to make an incorrect prediction. , ce agam t e SNH 

(10) John came home and left the groceries Th 
his grandmother. No. He called M~ en he wrapped the present for 
present for his grandmother A ry. 1nd then he wrapped the 
left. • nyway, put them away and then he 

However, analyzing of all of the henom 
allow us to salvage the SNH w'th p I t· Jena presented so far under the LDM will 

· 1 Ie a Ive Y mmor adjustment C f actwn such as the example b I s. ases o entropic 
e ow present more of a challenge for our approach. 
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(ll) But as soon as the Mariner, who was a man of infinite-resources-and­
sagacity, found himself truly inside the whale's dark inside cupboards, he 
stumped and he jumped and he thumped and he bumped, and he pranced 
and he danced, and he banged and he clanged, and he hit and he bit, and 
he leaped and he creeped, and he prowled and he howled, and he hopped 
and he dropped, and he cried and he sighed, and he crawled and he bawled, 
and he stepped and he lept,, and he danced hornpipes where he shouldn't 
and the whale felt most unhappy indeed. 

[Rudyard Kipling. How the whale got his throat, p. 11] 

In this case, we do not assign a unique and linearized order to the Mariner's 
many actions after finding himself truly inside the whale's inside cupboards. We 
assume some instances of stumping, jumping, prowling, sighing etc. on 
the part of the Mariner, but we do not assume that the text is instructing 
us that a prowling following a jumping and preceded a sighing, each of 
which occurred at a discrete instant in the world modeled by the text. On the 
contrary, we assume that a somewhat chaotic scene is being reported in which, 
over a period of time, the Mariner might have engaged in one or another of these 
activities in no set order. The Linguistic Discourse Model to which we now turn 
will provide us with many notions for accounting for all of these challenges to 
the SNH but to give us clues about the interpretation of entropic action we shall 
have to reach somewhat beyond formal mechanisms. 

3 Overview of the Linguistic Discourse Model 

The Linguistic Discourse Model (LDM) is designed to provide the tools needed 
to understand discourse syntactic and semantic processes. The model consists 
of a context free grammar implementing incremental discourse parsing and a 
language to describe the structured semantic component that results from the 
parsing process. Under the LDM discourse interpretation is treated as the incre­
mental construction of a recursive data structure representing the interpretation 
of the "discourse" . 

The LDM is a theory of discourse interpretation modeled as a parser which 
incrementally builds a structural and semantic representation of a source text. 
Under the LDM, the surface structure of discourse is composed of discourse 
constituent units (Deus) and discourse operators (Dos). DCUs carry propo­
sitional information (they are "of type t"), while DOs carry non-propositional 
information. Both DCUs and DOS are defined in a joined recursion starting with 
basic expressions. 

An elementary Discourse Constituent Unit is a (minimal) utterance en­
coding a single event or state of affairs indexed for physical and socially con­
structed situation of utterance (real or modeled), modality, polarity, specificity, 
point of view, etc. An elementary DCU may have the form of a simple sentence 
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or clause but that need not b th expressions. e e case. They translate as b • asic quantificational 

Ele~e_ntary Discourse Operator 
~p:'c1fymg relationships among ocu th expr_ess non-propositional informat· 
ta.,, se.id, meta-info,mation abon:;h e ;tt•tnde of the speake, towMds wh:;•, 
ors mclude logical operators . e s ate of the discourse, etc Th IS 

typ_es of particles, exclamati~::cat~ves, afflr1'.1ations/disaflirmati~ns ::ed opera-

which make a complex DO out at: (u:~n7iect1tes. They also include mod:::: 
Comp! a Ye ementary) ocu. , 

ex ocus are compos d f e rom elementary ocus b • 

• Coordination (which creates lists y. narratives. of many types including topic ch • 
S b 

ams and 

• u ordination (of ,, 1• t n errupti " I or not). ng e ements whether semanticall I • B' Y re ated 

mary attachment ( Questions • 
• Emdbedding under an appropri~t:;5y(;;cmuetncdlofygical operations, ••• ). , mpora mo ifiers, ... ). -mo i ing) DO (modals te 1 

In accordance with rules of discourse r • • 

~;;~:t~~:a1; ~~~~;; O:n ~:wly_ c~ea~e~r::~:: ~:~~~~~gc°ocour~~::;:ach;d: 
on the right ed f ' e ng t edge of a discourse n, u th ge o the parse tree are ·1 bl parse tree. Only DCUs 

ese are the only once that can still b:::i~ t e ~or ,~urther processing, because o e under construction" : 

+ 

3.1 Sentence Grammar and D' 
Th b 

.1scourse Gra 
e a ove characte . t· mmar 

in " I nza ion of the most b • • g e emen_tary predications" poses a r b~1c umts of discourse as consitut-
grammar with sentence grammars p _o_ em for the mteraction of discourse 
cours~ IS split into two parts. Firs.t ~ad~twnally, the_ process of parsing a dis-
cons1 ered to be sentences- ar e _1scourse umts -in such case 

::::::::erm=,, =d then th:,::::, :;0::.~•n~s,<l synt""ic th:;:~ru~ 
1Scourse grammar. me together following the 

Recently, this two step a sentence grammar side. It has p:roach has also come under attack from th 
of the meaning, but also of the :;u~~servefd that disambiguation, not on!; 

re o a sentence, is guided by recent 

utterances (cf. Lang 1977 for observations concerning meaning, and Bod 1995 

§8.2, for suggestions about structure). From the side of discourse grammar the following examples illustrate the 

problem. All three contain two elementary ocus: 

(12) John went inside. He ordered a beer. 
(13) John went inside and he ordered a beer. 
(14) John went inside because he needed a beer. 
In the last two case, standard sentence syntax will analyze this as one unit: 
there is an overlap between the realms of sentence and discourse grammar. The 
only solution to both the problem of context sensitivity of sentence grammar 
and the problem of partitioning the discourse in natural units seems to be to 
define one uniform grammar for both sentences and discourse. Achieving this is 
still far away, currently it seems best to rely on existing sentence grammars. 

3.2 Discourse semantics 
So far, we have not said anything specific about discourse semantics and how 
this interacts with the discourse construction rules. and it is not our intention 
here to provide a treatment of this complex subject. However, it is adressed in 
(van den berg 1996b), where the resolution of nominal anaphora is discussed. 
The approach in that paper can be adopted without much adjustment to cover 

the temporal cases we deal with in this paper. 

4 Discourse structure and temporal interpretation 
In this section, we will present analyses of the classes of apparent counter­
examples to the SNH presented earlier. We will show how the LDM framework 
sheds light on the regulation of interpretation of time in narrative discourse as 
well as how an orderly interpretations of temporal development emerges from 

seemingly complex surface orderings of event clauses. 

4.1 Discourse subordination and the flow of Narrative Time 
Under an LDM, many of the classes of apparent counterexamples to the SNH 

presented above are subordinated to the narrative timeline which they in­
terrupt; the interrupted mainline is represented as a Narrative list at the 
Coordination node dominating the subordinated constituents while the main­
line narrative remains accessible for resumption. Once closed off by attachment 
of a ocu to a higher node to its right, however, the subordinated "interrupting" 
constituent is no longer available for continuation - syntactically or semanti­
cally. In this way, the forward motion of narrative time which the SNH suggests 
results from a sequence of event clauses is seen to be an effect of event clauses 
interpreted relative to the same domain structurally (i.e. as daughters of the 
same dominating narrative Coordination) and, as we shall see, semantically 
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as well as only DCUs interpreted relative to the same set of indexes participate 
in the same narrative coordination and thus can be constituent actions on the 
same narrative mainline. (The classes of counter example which are not treated 
as discourse subordinations, repair, a Binary operation , and entropic action 
are discussed in sub-sections (4.4) and (4.5) below. 

The Treatment of flashback in the LDM is straightforward. For an example like: 

(15) (a) John came home (b) and left the groceries. (c) He'd stopped for 
gas on the way home. (d) And then visited his grandmother. 
(e) I put them away (f) and then he left. 

the rules of discourse syntax assign a structure like this: 

C-Narrative 

a~ 

A 
b C-Narrative 

A 
C d 

As is shown here, a flashbacked segment containing a narrative, forms its own 
independent narrative line. When the embedded narrative is completed, a con­
comitant shift in interpretative indexes as signalled, in spoken language, by a 
shift in intonation4 forces an abandonment of the embedded constituent and a 
return at the next event clause to develop the narrative mainline. 

The treatment of causal elaboration in the LDM like that of the , flashback is 
straightforward and hardly surprising. Causal elaboration is simply an elabo­
rating constituent and is embedded under the appropriate S node in the parse 
tree. For the example discussed above, (a) John Jell (b) Bill pushed him. the parse tree 

S (John Jell) 

~ 
a (John Jell) b (Bill pushed him) 

4. Often accompanied by a shift in body positioning as well. 
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• onent to resu t d by the semantic comp is interpre e It in the following representa-
tion: 

(16) -
Interaction: Speaker, Addr~ssee 

Speech Event: ?onversation 
Genre Unit: Story 

-
Episode 1 ( at to) 
modality: realis Flashback Episode ( at t~ < t2) 

modality: realis point of view: !_ 
point of view: 1 

-John fell (at t,) 

- Bill pushed John (at t\) 
-

f I sin which • of the same sequences o c ause f th narrative case This differs rom e d 'allows· 
the parse tree can be rawn as 1' • 

C-Narrative 

~ b (Bill pushed him) a ( John fell) 

• It in the construction of • t semantics resu . t Ve case the instructions O . "fi tly from the representat10n In the narra 1 ' h. h differs s1gm can 
the following representat10n wt ic art· 

1 b tlon coun erp · for its causal e a ora 

(17) 
interaction-Speaker/ Addressee 

speech event-Conversation 
genre unit-Sto_ry 
modality-realis 

polarity-positive 
point of view-p 

John fell (at ti) 
Bill pushed John (at t2) 
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(a) John fell. Bill pushed him. 
(a') Jan vie/. Bill had 'm geduwd. 

2. The Narrative Case 
(b) John fell. Bill pushed him. 
(b') Jan vie/. Bill duwde 'm. 

It is not possible to translate the narrative case with Jan vie/. Bill had 'm 
geduwd. nor is it possible to translate the causal elaboration with { Jan vie/. 
Bill duwde 'm. The inability to translate the phenomenon into Dutch5 suggests 
that what we are seeing here is not some very deep universal semantic phe­
nomenon but possibly merely a superficial phenonemon of English. Even this 
status, however, is rather more than the "ambiguity" deserves since when one 
considers spoken English rather than written English the apparent identity in 
form between the two cases disappears in this language as well. Prosodically, 
the narrative case John fell. Bill pushed him is realized using a listing intonation 
while, when these strings are communicating a case of causal elaboration, John 
fell. Bill pushed him. are prosodically realized so that the elaborating clauses 
are encoded with markedly lower pitch and volume. 

There is thus really no more "ambiguity" in these forms than in the past 
and present tense forms of the verb read in I read (/rid/) a lot of books everyday 
versus I read (/red/) a lot of books in the past. While in written English they 
may be spelled identically, they are not realized phonologically in the same way. 
Perhaps we need not , therefore, develop complex theories of disambiguation to 
account for differences in assigning meanings to these two forms. 

A commentary which is interpolated in the middle of a linear temporal sequence 
may be topically unrelated to the ongoing narrative or, as in the case of the 
example discussed earlier, may contain material relevant to the narrative: 

(18) (a) John came home (b) and left the groceries. (c) Why did he 
do that'? (d) Because he'd stopped for gas on the way home. 
(e) And then visited his grandmother. Anyway, (f) I-put them away 
(g) and then he left. 

In this case, the interpolated commentary will be subordinated to the inter­
rupted narrative which will remain structurally accessible for completion. The 
parse tree the LDM assigns to this example is shown below: 

5. Or any number of other languages. 
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C-Narrative 

f (put groceries away) 
g ( left) 

) S-leave groceries 
a ( come home /~ 

/ B-Question/ Answer 
b (leave groceries) ~ 

?) C-because 
c(Why. ~ 

e ( Visited grandmother) 
d ( Stopped for gas) 

borated mformation added 
tion covered so far' the ela roviding motivation for 

In the cases of e\abora t" to the discourse, often p ed main clause, the 

substantially new inf~:::t:~: line. In the case of ::~r::;r~nown by presenting 
tions on the mam nds upon an even d in the narrative 

ac . added merely expa . that what occurre 
information f magnification so 

ater degree O ·1 it at a gre d in more detai • 
world can be observe 

d ain clause . \l formed event clauses 
4.2 Governe m MC constructions consi~t of wedo not advance its time 
Governed main clause ( G ~s of the main narrative bu\ b rations. In narrative 
which are related to thedeveunsal elaborations, GMCS arfe e a o events differs in the 

fl hbacks an ca d • tion o some \ex 
line. Like as . e ranularity of escnp s rovide a more comp ' 
GMC constru~tio::~r:d !tructures: the gover~~~ ~~~ st~ucturally superior~~~ 
governmg an g d wn of an event reporte . d ntial ocus, and the 
finer grained break ~ flashbacks , explanatory/ evi e clauses interpreted at the 
The common factor m The sNH holds only for eve~\rom Linde, 1980: 
is the shift m mdexel. the following story adapte . 
same indexes. Consi er artment 

Renting the ap (b) The 
f offee in a drugstore. (d) 

DOWN for a cup O C D him our story. 
( 9) (a) We SETTLED to us. (c) and we TOL ( ) "STOP some-
1 druggist STROLLED over to do. (f) He TOLD us g. a ood price." 

d ASKED him. (e) whatK h. (i) if the apartment is g (\) We 
an (h) AS im h treet corner 
one on the street, d. d (k) We went to t e s .f hould take the 

t ' what we i h (n) i we s 
(}.) So tha s ( ) We asked t em 

rried couple m ,, 
stopped a ma . d ( ) "yes 
apartment (o) Thet sr (r{ and RENTED it. 

(20) (q) So we WENT ac 
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I 

I 

Having read the story, let us consider some b . 
people stopped on the street and k d as~ facts. How many times were 
t _he apartment? Yes. Just once. But ::w ema: out the wisdom of taking 
t10ns of the stoppings and a k' . Y times are vanous manifesta-
0 · s mgs mvoked? Th • " 

nee m the reported speech of the dr . • _e answer is Three times". 
that's what we did and . ugg1st , once m the PRO-verbal form S 

once more m the I b . o 
the street corner (I) We stopped a . de a oration on (j) -(k) We went to 
should take the apartment. This e;:;;:;:;;e couple_(m) We asked them (n) if we 
done is an example of a na t. ed narrative elaboration on what was 

. rra 1ve GMC s· · · 
treats it as a subordinated c t·t • mce it is an elaboration the LDM 

ons 1 uent as shown below: ' 

S-(j) 

~ 
C-we did 

~ 
k I S-DD-m 

~ 
m n 

The corresponding semantic represe t t· n a 10n o t is GMC is shown below: 
Interaction: Couple, Linde 

Speech Event: Conversation 

f h 

Genre Unit: Story 
modality: realis 

Episode (attn) 

point of view: magnification 1 
point of view: magnification 2 

Couple went to street corner (at t') 
That's what couple did (at tn) Couple stopped -ed 1 

a marn couple (at t' > t') - C I k 2 1 oup e as ed married couple X (at t' > t') 
3 2 

Narrative structure and NP h 
, ( -anap ora Our anal • f th G 

tees 1984) observation of the similarit b t ys1s o_ . e MC supports Par-
seen from the following examples: y e ween ent1t1es and events as can be 

(21) a 

b 

There is some food the freezer. 
There is some spinach "'h 
d . . • 1 • ere are some noodl A d h . elzczous ice cream. es. n t ere zs some 

John took some food from the freezer He . 
he took some noodles. Finally h h l .d h. took some spinach. Then 
cream. e e pe zmself to some delicious ice 
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(21a) has a simple structure: first , the food is mentioned as a whole. Then an 
elaboration of its content is given enumerating types of food. Therefore in (21'): 

21' There is some food the freezer. There is some spinach. There are some 
noodles and there is a large pink elephant. 

The pink elephant must be a type of food, which is unlikely. Accordingly, the dis­
course is judged marked. Similarly, in the narrative case, the event-clause John 
took some food from the freezer introduces an event, which is further specified in 
the subsequent narrative. Just as the list of thing§ in (21') cannot escape being 
a food because each item on the list is necessarily part of the entity the list 
elaborates upon, the embedded narrative can never push the time point beyond 
the interpretation time of the dominant event. 

With this analysis of the GMC the narrative mainline is seen to emerge from 
the surface complexities of the text once the complex hierarchical structure of 
the discourse is revealed. The SNH continues to obtain in cases of discourse 
subordination it is clear to which (sub)text the constraint must apply. The 
case of reported speech may also be treated as a discourse subordination, as 
we shall see, with the DCU corresponding to the reporting clause dominating a 
structurally subordinated segment of reported speech. However, a more elegant 
and complete solution which treats the reporting clause as a DO is arguably 
preferable to the simpler DCU /ocu embedding structure. 

4 .3 Treatment of Reported Speech in the LDM 

Under the simpler treatment, syntactically, the reported DCUs are embedded as 
the right daughters of a Subordination node of the type Reported Speech, 
semantically, the entire reported Interaction in which the reported DCUs were 
uttered is embedded relative to the Interaction in which the reporting event 
took place as is shown here6 : 

6. This is a case which corresponds to modal subordination as discussed by Roberts 1987 
etc. The modal subordination case is to be distinguished from the case of simple structural 
subordination in which the modal indexes of the embedded constituent differ from that of 
the matrix but do not correspond to a context within its modal scope. A third case of dis­
course subordination under the LDM is the case of true interruption . In this case, no semantic 
relationship obtains between the syntactically dominant constituent and the embedded inter­
rupting constituent. These semantic differences are reflected in the architectures of the boxes 
assigned to each type of subordination. In the case of modal subordination such as reported 
speech, the box corresponding to the embedded constituent is inside the box of the dominant 
constituent. In the case of elaboration , the boxes of matrix and subordinate are placed side 
by side with an arrow indicating the predication for which the embedded constituent pro­
vides more detail. In the interrupting case, the boxes corresponding to syntactically dominant 
and syntactically embedded segments are side by side. There is no arrow between them. In 
all cases, relationships among the indexes at the top of each box makes clear the semantic 
relationships among the predications. 
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(22) 

Therefore, 

a 

indexes of reporting ocu 

e1 at t 1 

event of reporting 

indexes of DCU reported l 
event{s) reported / 

C-Narrative 

b S-b f 

A 
C C-Narrative 

A 
d e 

g 

is the parse tree corresponding to exam I 
(23) (a) At 7 , l k p e (23), Reported Speech: 

. o c oc John came home (b) 
s_azd, (d) I stopped for gas on th and left the groceries. (c) He 
zted my grandmother. (f) I putt~ way home. (e) And then vis-

while the semantics c b em away (g) and then he left. 
an e represented as shown. 

(24) • 

Internction:lndividual X,Addressee 
Speech Event.·Conversation 

Genre Unit:Story 
modality:realis 

point of view: 1 

John came home at t1 
John left the groceries at t2 

John said at t3 
Interaction:Modele4 John M d le4 . . 

1 0 e Individual X 
Speech Event:Conversation 

modality:realis 
point of view: 1 

John stopped for gas at t 
John visited grandmother a: t2 

Individual X t pu away groceries at t4 
John left at ts 
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Although this treatment is adequate for the examples of reported speech we 
have been working with here, it is not adequate for the general case of reported 
speech in which often there is no explicit reporting clause but who is speaking 
is indicated tone of voice in spoken narration and change of speaker is signalled 
only through a simple alternation of quoted blocks on a printed page. A more 
unified treatment of reported speech would treat what appear to be a clausal 
structures (the He said. She said) as Dos which serve to mark a shift in indexes 
of interpretation at a given moment in an unfolding discourse rather than as 
ocus which represent events on the event line. Developing this line of analysis 
further is beyond the scope of the present paper, however. 

4.4 Treatment of Repair in the LDM 

Unlike the other apparent counterexamples to the SNH which were uniformly 
treated from a discourse syntactic point of view as subordinations, repair is 
handled as a Binary relation holding between a faulty constituent and the 
constituent which repairs it. Operating on the semantic representation, repair 
replaces the information in need of repair with new information. Consider ex­
ample (25): 

(25) (a) John came home and (b) left the groceries. (c) Then he wrapped 
his present for his grandmother. (d) No. He called Mary. (e) And 
then he wrapped the present for his grandmother. (f) Anyway, I 
put them away (g) and then he left. 

The LDM assigns the following structural description to this discourse: 

C-Narrative 

a b S-b e 

A 
C d 

Notice that in the discourse parse tree all information is preserved while, unlike 
the subordinated case, the rightmost constituent in a repair dominates as indi­
cated by the extension of the R node which corresponds to its right daughter 
rather than to the left daughter as in the case of an S node. In the semantic 
representation corresponding to the repaired discourse not all information is 
present. The instruction which discourse attachment at an R node sends to se­
mantics is to replace information already in the representation with the newer, 
more correct, information. This property of discourse leads us to claim that 
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while discourse syntax is monotonic, discourse semantics is non-monotonic; in­
formation is lost from the semantic representation in the case of REPAIR as is 
shown in the example below. 

interaction-Speaker/ Addressee 
speech event- Conversation 

genre unit-Story 
modality- realis 

polarity-positive 
point of view-p 

John came to the door (at t1) 
John left the groceries (at t2) 

John called Mary (at t3) 
John wrapped present (at t4) 

I put the groceries away ( at t5) 

John left (at t6) 

4.5 Treatment of Entropic Action in the LDM 

The question of what we have termed here entropic action -sequences of verbs 
which fulfill all morphological and syntactic criteria for encoding instantaneous 
non-habitual and non-iterative sequential action and which nonetheless describe 
an unordered and iterative non-punctual swirl of activity - present a problem 
for the SNH which can not be dealt with neatly by demonstrating how an embed­
ded sequence of events does not interfere with the orderly unfolding of narration 
along a sequentially organized timeline. Something rather different is going on 
here and it is worth exploring some of the issues a bit, even if very briefly, infor­
mally and somewhat inconclusively. Consider once again this small paragraph 
from Rudyard Kipling's How the whale got his throat: 

But as soon as the Mariner, who was a man of infinite-resources-and­
sagacity, found himself truly inside the whale's dark inside cupboards, he stumped 
and he jumped and he thumped and he bumped, and he pranced and he danced, 
and he banged and he clanged, and he hit and he bit, and he leaped and he 
creeped, and he prowled and he howled, and he hopped and he dropped, and he 
cried and he sighed, and he crawled and he bawled, and he stepped and he lept,, 
and he danced hornpipes where he shouldn't and the whale felt most unhappy 
indeed. 

One thing is certain, all of this complex action is happening more or less at 
once and more or less in an unordered fashion and it is only because language 
forces linearization are these actions presented in any given order at all. One 
impression one may have is of an observer trying to characterize just what sort 
of fit the Mariner is thro"'.ing, trying to get it right, the observer tries first one 
term and then another and then another over a period of time noticing still more 
dimensions to the man's behavior. Even though there are a multiplicity of verbs 
used, the impression one gets from reading this passage, especially in reading this 
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. licit of actions being predicated but 

Passage aloud, is that there is_ not a mu~ty1~cal ~ngagement between the_ Mariner 
I. t d rhythmic noisy P f ? ls it mference 

only one comp ica e . Id this impression come rom. 'd . 
and the whale's intenor. Where ~ou t to call upon particularly to a1 u~. m 
and world knowledge we _woul wa~his passage more than in und~rstan dmg 
understanding what is gomg o: mother sources of information which a1 m 
language in general? Or are t ere . . 
building this impression? . der the language of the piece begmmng 

To answer this question, let us cons1 d nd he bumped and contmumg 
d h • ped and he thumpe a h y first 

with he stumped an e ;um d and he clanged. Take t e _ver 
to he pranced and he danced, and he ba;i: rhyme, of course, and their rhythm 
clausal pair he stumped and he ;umped, y re etition of the pronoun he. Under 
. hanced by the syntactically unnecessary Cp de which captures what these 
1s en d' t d under a no t 
the LDM this couplet is coor ma _e t of their syntactic structure, mos 

' In this case mos • g· 
two DCUS hold in common. d d deal of their lexical meanm • 
of their phonological structure an a goo 

C- he -umped (moving heavely up and down) 

A 
he stumped he jumped 

h d and then the next he bumped 
· ountered he t umpe 

When the next clause is e;c d der the same C- node: 
these are easily accommo ate un 

C- he -umped (moving heavely up and down) 

he stumped he jumped he thumped he bumped 

. eated structure is very strong, str?ng 
By now the rhythm emergmg from the rep f the he -umped paradigm and mto 

ugh to carry us across the breakdown o t deal of structure with its sister 
:~~ he -anced paradigm which still shares :n~:~e natme of the X-ing is bas'.cally 

b th the he X-ed structure contmues . d by the monosyllab1c1ty of 
- as o . d the rhythm came . 
the same as is the rhymmg. an . t the parse tree looks like this: 
the couplet members. At this pom , 
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C- he monosyl-ed (moving up and down) 

~ 
C- he -anced (lightly) C- he -umped (heavely) 

A 
he stumped he jumped he bumped he thumped he pranced he danced 

While thumped, bumped, pranced, and danced primarily describe movement, they 
also suggest sounds. This connection of sound with movement is picked up in 
the next couplet he banged and he clanged but the balance between the two 
is reversed: in bang and clang there is rhythmic movement but predominately 
rhythmic loud sound. A higher level coordination is possible at this point and 
increasingly higher level Coordinations will be possible on and on until and 
he danced hornpipes where he shouldn't which breaks the pattern syntactically 
by introducing an object, hornpipes, and a long embedded clause, where he 
shouldn't, and breaks the pattern phonologically by introducing multisyllabic­
ity (again with hornpipes and the long embedded clause and then semantically 
with shouldn't, which, by changing the polarity, signals the end of the entire 
interlude and moves the discourse to where the whale can participate as an ex­
periencing subject and react to all of the Mariner's continuous rhythmic noisy 
behavior. Interestingly, this impression of ceaseless repetitive sound and motion 
is captured by the LDM as it recursively cranks through coordinating equivalent 
structures until all of those actions are captured by one C-DCU which is inter­
preted not at a series of moments in time, but at one moment. Thus, while the 
LDM demonstrates how in discourse a moment of time may be expanded with a 
GMC so that a number of actions can be seen to be constituitive of a higher level 
more general action, so, too, can it show how an apparent string of separate 
events are constituitive of one single higher level predicate which _might obtain 
at one instant or over an interval of time depending on the precise nature of the 
actions described. 

5 Conclusion: Revised SNH 

In conclusion, we now consider once again the SNH which we stated earlier held 
that: 

The order of event clauses in a narrative is isomorphic with the 
order of events in the semantic model of the text. 

Considering our analysis here, we conclude that the SNH is essentially 
correct provided that 
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(1) Proper components for the linear sequence are chosen, and I 

. ear se uence are allowed to be comp ex. 
(2) Constituents of the Im q . k" of naturally occurring 

d" f the intricate wor mgs . . f 
In our view, an understan mg oh A dequate approach to the complexities o 

I d" urse is w1thm reac • n a 
comp ex isco d te three essential insights: 
discourse must accommo a 

t" tructure is not flat. . 
• Discourse syntax and sema(n ic sd) . crementally. The result of the mter­

• • terpreted parse m 
• A discourse is m . , . e data structure. . 

pretation procedu:e :s a recurs~v monotonically. Corresponding semantics 
• Discourse syntax is mterpret: . ) 

u date may be non-monotonic (repa1r • 
p . h" h the LDM is being developed. 

These are the three premises upon w ic 
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Predicate Logic Unplugged 

Johan Bos 

U niversitiit des Saarlandes 

1 Introduction 

In this paper we describe the syntax and semantics of a description language for 
underspecified semantic representations. This concept is discussed in general and in 
particular applied to Predicate Logic and Discourse Representation Theory. 

The reason for exploring underspecified representations as suitable semantic 
representations for natural language expressions emerges directly from practical 
natural language processing applications. The so-called Combinatorial Explosion 
Puzzle, a well known problem in this area, can succesfully be tackled by using 
underspecified representations. The source of this problem, scopal ambiguities in 
natural language expressions, is discussed in section 2. 

The core of the paper presents Hole Semantics. This is a general proposal for a 
framework, in principle suitable for any logic, where underspecified representations 
play a central role. There is a clear separation between the object language ( the 
logical language one is interested in) and the meta language (the language that 
describes and interprets underspecified structures). It has been noted by various 
authors that the meaning of an underspecified semantic representation cannot be 
expressed in terms of a disjunction of denotations, but rather as a set of denotations 
(cf. Poesio 1994) . We support this view, and ·use it as underlying principle for 
the definition of the semantic interpretation function of underspecified structures. 
Section 3 is an informal introduction to Hole Semantics, and in section 4 things are 
formally defined. In section 5 we apply Hole Semantics to Predicate Logic, resulting 
in an "unplugged" version of (static and dynamic) Predicate Logic. In section 6 we 
show that this idea easily carries over to Discourse Representation Structures. 

A lot of attention has been paid to "underspecified semantics" recently. Strongly 
related to the work presented here are Quasi Logical Forms (Alshawi 1992, Alsahwi 
and Crouch 1992), Underspecified Discourse Representation Structures (UDRSs) 
(Reyle 1993), Minimal Recursion Semantics (Egg and Lebeth 1995) , and further 
(Poesio 1994, Muskens 1995, Pinkal 1995). The work presented here provides a 
straightforward syntax and semantics for a general kind of scopally underspecified 
representations. 

2 Natural Language Ambiguities 

In every day life, people communicate with each other by uttering true statements, 
or to put this more generally: they say things that make sense. In a situation where 
a speaker utters an utterance p, the hearer tries to interpret p in such a way that p 
denotes truth (rather than falsity). This probably strongly affects the way ambigu­
ous utterances are processed by human beings. Imagine a situation where someone 
utters (1 ): 

(1) Do not sleep and pay attention, please! 

Utterance (1) is in isolation ambiguous. There is a reading where the nega­
tion outscopes "sleep and pay attention" and a reading where negation only has 
scope over "sleep". Normally, it is context, intonation, or world knowledge that en­
ables a person to select the appropriate reading. Disambiguation is not the topic 
of this paper. What we are interested in is what introduces these ambiguities, how 
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we represent ambiguities in a logical representation, and how we interpret these 
representations. 

Ambiguities in natural language are caused by different sources, such as pred­
icative ambiguities or structural syntactic ambiguities, but in this paper we will 
restrict ourselves to semantic scope ambiguities. Among these we find all natu­
ral language expressions that, when translated into some logical form, introduce 
boolean operators, quantifiers, modals, questions, and many more. We will refer to 
these as operators. When at least two operators appear related to each other in 
a natural language expression, there is a chance that the expression is ambiguous. 
In (1) it is the scope of negation ("not") and conjunction ("and") that cause the 
ambiguity. 

In the following examples the ambiguity is caused by the scope of implication 
and conjunction (2), and the scope of the intensional verb and disjunction (3). The 
absence of prosodic information in these examples make them ambiguous. 

(2) If a man walks then he whistles and a woman is happy 

(3) Do you want tea or coffee? 

Standard examples in the literature on quantifier scope ambiguities and un­
derspecification are (4) and (5). These kinds of examples are traditionally used to 
provide evidence that human beings do not disambiguate while processing natu­
ral language input. While (4) is said to have thousands of readings, it seems very 
unlikely that humans generate and test every one of them. 

A politician can fool most voters on most issues most of the 
(4) time, but no politician can fool all voters on every single issue 

all of the time 

(5) Everybody is not here 

In the previously mentioned references to underspecified semantics, most au­
thors seem to agree on an approach where an underspecified representation plays 
a central role. Scope ambiguities are not resolved but are put together in a very 
compact representation. Of interest is a kind of representation that describes the 
( complete and sound) logical translations of ambiguous expressions. In this paper 
we define a semantic representation that is able to express underspecification for 
any kind of object language. First we sketch the basic idea of underspecified repre­
sentations, then we move on to precisely defining its ingredients and properties. 

3 U nderspecifi.ed Representations 

Semantic representations of natural language expressions are traditionally con­
structed on the basis of their syntactic analysis. Since expressions can be seman­
tically ambiguous, this is a one-to-many mapping. The idea of underspecified rep­
resentations is to make this mapping functional, i.e., a one-to-one mapping from 
syntactic to semantic structure. The interpretation of an underspecified semantic 
representation is (hence) the set of interpretations that are expressed in it. 

The way we define underspecified representations is as follows. Take an object 
language (the logic in which you are interested), and define the syntax of its basic 
formulas. We label these formulas for an obvious reason: it will be very easy to 
talk about them on a meta level. Labels are used as constants. Then we introduce 
variables over labels, which we will refer to as holes, as arguments of scope bearing 
operators. The last step is to add a set of constraints on the labels and holes, that tell 

134 

ether in such a way that all readings 
how the different pieces of structur~s fi~ tog t f' labeled formulas a set of meta 

S h t nd up with 1s a se o ' . 
are covered. o w a we e . Th. ·sour underspecified representat10n 
variables (holes), and a set of constramts. is I 

(UR). . he different formulas in UR with respect 
Constraints state relat10ns ?etween t h t £ mula (with label l) is in the 

1 ·t • possible to say t a a or 
to scope. For examp e, '. is h) b l < h This constraint forces l to be directly 
scope of an operator (with hole f h y 1- ~t operator (e.g., l is in the scope of an 
or indirectly in the scope of,~ o_ t ere eva h 
operator with label l'' and l is m the scope of ) • . scope in an UR In order to 

So metaphorically speaking, hole~ undehrsphecl1fy hould be plug~ed with the 
' . • t pretat10n t e o es s 

give URs a non-amb1guo~s m er th~t all the constraints of UR are satisfied. 
(labeled) formulas of UR m such a way 1 here we take Propositional Logic as 
We illustrate this idea with a Simple exa~p/, w 1 conventions· holes are represented 
object language. We use the followi~g ;o a tn; where l is a .label with index i. 
by h; i an index. We label a formu a ash ,. .' me syntactic analysis for it on 

' . (l) A e that t ere 1s so 
Consider agam • ssum . ("d not") as "li : ~h1", and the 

. b •ia UR Translate the negation ° . " ,, d 
which we m our • h ,, T k "l . S" as translat10n for sleep , an 

• (" ") "l • h2 V 3 • a e 3 • F. 11 disjunction or as . 2 ·,, . le for "widest scope" we take "ho". ma y, _we 
"!4 : P" for "pay attention • As ,mnab . " 1 " hould be in the scope of negation 
set our constraints in the followmg way.a· s_eep t (l < h ) "pay attention" in the 
(l3 < h1) and in the scope of the left isJunc 3t - l 2a~d l2 can both take wide 

- . . . t (l < h ) and the opera ors 1 . 
scope of the nght d1sJunc 4 - 3 ' h. 1 epresentation of the UR for ( 1) is 

(l < h and l2 ::; ho). Then a grap ica r 
scope 1 - o 1. db rows)· 
( the constraints are graphically rea ize y ar . • 

ho 

/ 

(6) 

b:S 
. h inter retation of (6), by taking into consid-

Now we wiU pay att~nt10~r~%t h:les t: labels (pluggings). In other words: a 
eration the possible mappmgs . ·th the set of holes as scope and the 

. . b.. t' assignment function, w1 . p 
pluggmg is a IJeC ive . 1 th re exactly two possible pluggmgs, 1 
set of labels as range. In this examp e, ere a 

and P2: 

(7) Pi: {ho= li,h1 = l2,h2 = l3,h3 = l4} 

(8) P2:{ho=l2,h1=b,h2=li,h3=l4} . 
re indeed the only admissible pluggmgs: for 

The reader may check that these a. . ·t will never be in the scope of h1 
l d t ome into question smce 1 . bl 

hole ho label 3 oes no c . ld be satisfied; for hole h3, the only smta e 
or h2 and hence not all constra'.nts w~u and (8) correspond to the object lang_uage 
candidate IS k The two pluggmgsl( )Th . t pretation of (6) is a set, contammg 
formulas in (9) and (10) respective y. em er 
the interpretation of (9) and that of (10). 

(9) (~(sleepV pay_attention)) 

(lO) ((~sleep) v pay_attention) 

We summarize and discuss this section shortly. 
An UR consists of a set of 
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labeled formulas, a set of meta variables that represent scope (holes), and a set of 
constraints on these. The idea of labeling is taken directly from Reyle's Underspec­
ified DRSs (Reyle 1993). A notable difference is that Reyle uses labels for DRss 
whereas we use them for smaller logical units, since this gives us an advantage With 
respect to the descriptive power of URs. In this section we sketched by way of an 
example what URs are. The next section formalizes these ideas. 

4 Hole Semantics 

The underspecified representations proposed in the previous section are now subject 
to more formal specifications. We define the syntax and semantics of an UR, and 
also the notions proper UR, consistent UR, and possible pluggings. Let us start with the syntax. 

Definition 1: SYNTAX UR 

Let H a set of variables over formulas, L the set of labeled X-formulas, 
and C the set of constraints on HU L. Then an UR U = (H, L, C) 

In the rest of the paper, we will use U for an underspecified representation 
and Hu, Lu, and Cu to refer to the holes, labeled formulas and constraints of 
U respectively. The syntax of expressions in Lu obviously depends on the object 
language, therefore we do not pay any attention to it just now, but postpone it to 
the next section, where we take predicate logic as our target language. We use P 
(sometimes indexed) for pluggings, which are total assignments from holes to labels. 

Let us first make a brief excursion to lattice theory, from which we borrow 
some principles. We can view a U = (H, L, C) as a join semi-lattice (Hu U Lu, S). 
S is reflexive, transitive and antisymmetric and therefore a partial order. For any 
k;, ki E Hu ULu, there is a k such that k is the least upper bound of k; and ki· End 
of excursion. Now we define subordination for labels or holes in U as SUB(k,k'), 
meaning "k is subordinated to k'", or k' subordinates k. 

Definition 2: SUBORDINATION (SUB) 

Let l be a label, h a hole, k a hole or a label of U. Then: 
1. SUBu(k,k); 

2. SUBu(k, k') if there is a k S k' E Cu 

3. SUBu ( h, l) if there is a ¢ such that I : rp E Lu and h is an argument 
of l: rp and it is not the case that SUBu(l , h); 

4. SUBu(k, k') if there is a k" such that SUBu(k, k") and SUBu(k", k'); 
5. SUB is only defined on the basis of 1-4. 

The second clause is the explicit way of defining subordination: if there is a 
constraint S present in U. The first clause represents reflexivity, the third clause 
defines subordination on labeled formulas that have holes as arguments. The fourth 
clause expresses transitivity. With SUB we can define a proper UR. 

Definition 3: PROPER UR 

An UR U is proper itf for all k, k' E Hu U Lu it is the case that there is 
a k" such that SUBu(k,k") and SUBu(k',k"). 

A proper UR is one which describes a join semi-lattice. Yet we are able to 
define what, with respect to a plugging, a consistent UR is, using the following 
notational convention: for any k E Hu U Lu, we define lp(k) = P(k) itf k E Hu, 
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Lu. A consistent d I (k) = k iff k E an P t 
luggings into accoun . 

P Definition 4: CONSISTENT UR 

h• h • proper, taking UR is an UR w IC is 

' ch that SUB(k ,k'), it is the case t~at either 
CONSu,P iff for all k,k su, and SUB(k',k) is not supported. 

I(k) = I(k'), or I(k) # I(k) . Pl ggings are, as we have 

W h e not yet defined what pos~ible pl~~gm~:::hol:s to labels. A plugging 
e av • us section bijective func wns . Ju in is consistent. 

discussed in the prevwble if the' UR, with respect to this pkingg th1;; plugging into 
for an UR U is p~ss1 th~ underspecified representat10n, ta h!ve already defined 
In other words, w en . 'oin semi-lattice. Smee we . 
account, ha,; the puri:t::fi~in~ ~ossible pluggings is an easy Job. hat a consistent 1 , . 

w .. . POSSIBLE PLUGGING (PP) Defirnt10n 5. 

PPu = {PI CONSp,u} . to this plugging. We will 
• • • f U is consistent with respect - < {ho}, { Ii : 

A plugging is ~oss1:!::~ples First example: suppos~ ~ha~ U :nd SUB(li,h1) 
illustrate this with wo£ mula ¢.· Hence, SUB(li,li), SU h i;h Ii, P(ho)=l1, since ¢>} {Ii < ho} for some or . p for U is one sue a 

' I~ Then a possible pluggmg < 

are va1 • . fan UR: {hi S l1,h2 _ 
CONSu,P holds. I • consider the following con_stramts: P(ho)=/3, P(h1)=l2, 

Second examp e. h } then a pluggmg P w ere . b I ng is not 
/2,h S ho,li S ho,h::; h1,•t1::; Tt~ UR to which these constramt~.d :~d with p 
and P(h2)=li is not poss1 le. SUB(/ h2) and SUB(h2 ,ho) are va I 

• e for examp e, 3' . t· ymmetry. 
consistent, smc ' )" d "SUB(li z3)", violatmg an is and consistency of 
lead to "SUB(l3 ,/1 da~e have d~fined the syntax, prop;rne~s, able to address the 

u:
0
;;r~:: s!:a~tic interpretat~n of;:~~ ;:t;~tan: define it as follows. an I • h I that subordinates allot ers. labe or o e 

Definition 6: TOP . , h that k' E 

• k H U Lu and there is no k sue OP - I(k) iff E u (k k') 
T P,U - k' and CONS-SUBP,Cu ' • . . 

Hu U Lu, k # ' . TOP As interpretat10n 
• • retation of an UR is that of itsID • to avoid confusion 

The semantic mterp t model M we will use ~- M' as 'll adopt the UR ith respect O a for which we WI function for s, w. t'on of the object language, with the interpretat10n func I 

traditional [.]M,P· 

• • 7• SEMANTICS UR (U) Defirnt10n · 

P ] Ip E PPu} 
ITTUIDM = { [TO P,U M ,P 'fied representa-
w. t' of an underspec1 . 

• Tj1i~ de::i:~~no;t;~~:cttf:n~:a~:t::;;::t:~:s , ::a:t:; :~ ::;::na::!~~:~~~ 
twn U ' is t x me reasons it might be an a I the interpretat10n 
pluggings for U 1~ ~{e: the object denotations are tru:~e;:n~e:~lues: {0}, {1}, and 
tion. For examp ' t· Jar object language has three d UR might have more 
of an UR for this par icu k to capture the fact that an . be avoided 
{O 1 }. This approach IS too wea denotation. This s1tuat10n can 
th;n one interpretation with the same 

on·unction! 1. Read this giving disjunction scope over c J 
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if we relate the object denotation to a plugging, as we do in our revised semantic 
interpretation function. 

Definition 8: SEMANTICS UR (revised) (U*) 

Here ~-ID* is defined as a function from URs to a set of pairs of pluggings 
and object language denotations. And this ends the general specification of Hole 
Semantics. In the next section we will apply Hole Semantics to Predicate Logic. 

5 Predicate Logic "Unplugged" 

In this section we take Predicate Logic as object language, resulting in Predicate 
Logic Unplugged (PLU). Given the framework of Hole Semantics described in the 
previous section, we only need to define the syntax of PLU formulas and their 
model interpretation. Taking as convention that terms (written as t1, ... , tn) are 
either object language variables or constants, PLU formulas are defined as follows: 

Definition 9: Syntax PLU formulas 

1. If h;, hJ are holes, then h; -, hJ, h; v hJ, h; II hJ are PLU formulas; 
2. If his a hole, then ,his a PLU formula; 

3. If x is an object language variable, h a hole, then Vx h and :lx h 
are PLU formulas; 

4. If R is a predicate symbol for an n-place predicate, and t1, ... , tn 
are terms, then Rt1, ... , tn is a PLU formula; 

5. Nothing else is a PLU formula . 

The syntax of PLU formulas is in principle the same as that of ordinary Pred­
icate Logic, with the exception that holes in places, where normally PL-formulas 
are found, are introduced. We will illustrate Predicate Logic Unplugged with an 
example. Consider (5), repeated here for convenience as (11), and its translation 
(12) in UPL. 

(11) Everybody is not here 

(12) 

11: Vx h1 
12 : h2 _, h3 
l3: Bx 
l4 : ,h4 
ls: Hx 

11:::; ho 
12:::; h1 
h1 :::; h2 
/3 :::; h2 
h2::, l3 
l4:::; ho 
ls ::, h3 
ls::, h4 

> 

Note that I(ho) is TOP, and the label which is plugged into this ho will receive 
widest scope. The other holes in (12) are introduced by the scope bearing operators 
(universal quantifier, negation, and implication) . Further, notice that we constrain 
l3 to be directly in the scope of h2 via the constraints l3 :::; h2 and h2 :::; [3, and this 
is also the case for 12 and h1. These extra constraints exclude unwanted readings. 
In a graphical representation, the UR looks like: 
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ii : Vxh1 
(13) 1 i 

b : h2 _, h3 
1i 

ho 

/3: Bx ls: Hx 

There are two pluggings (the interested reader may verify this). ~lugging ?4) 
• • h universal quantifier wide scope, outscopmg nega wn. 

interprets (12) as givmg t : . 1 . i (l5) which is true in a model where 
The corresponding formula m pre~1cat; og1c s) do ~ot have the property being at 
all persons (in the relevant domam, o course 
the speaker's location.2 

(14) P1: {ho= Ii, h1 = /2, h2 = /3, h3 = /4, h4 = ls} 

(15) Vx(Bx-> , Hx) 

• ) ation outscoping the universal quantifier. 
Plugging (16) mter~rets (12 as ne~h t is not at the speaker's location this 

In a mode( whdere tther; i::a:::r:::;:ndi:g formula in predicate logic is (17). interpretat10n eno es ru · 

(16) P2: {ho = /4,h1 = l2,h2 = l3,h3 = ls,h4 = ii} 

(17) ,Vx(Bx-> Hx) 

The model int:rpretation of PLU can a~~ stt:h~ ;;, ~ll:w:-~:!1ePE~fs ~~: 
interpretation function for PLU form~las, t t· function (F(d) E D if d is a 

t t) and F an mterpre a 10n 
domain (a nonemp Y se I d" te symbol R). As usual, we use g d F( R) C Dn for an n-p ace pre 1ca 
constant, an • D t t [t] is g( t) if t is a variable, and g' for total assignment functions. ror a erm , M,g 

and F(t) is t is a constant. 

Definition 10: Interpretation Function for PLU ([.Vw) 

1. [h; -> hJVw = l 
M,P,g PLU 

"ff [h]PW = 0 or [hJ]M = 1 
I ' M,P,g ,P,g 

2. [h vhyw = 1 
' J M,P,g PLU 

"ff [h]PW = 1 or [hJ]M = 1 
I ' M,P,g ,P,g 

3. [h; 11 hJ]~~ = 1 
"ff [h]PLU' '!c [h YMLU = l 
I ' M,P,g J ,P,g 

4. [,h;Vw = 1 M,P,g 
"ff [h·]PLU = 0 
I 'M,P,g 

5. [Vx h vw = l 
' M,P,g ]PLU - 1 

iff for all d E D it is the case that [h; M,P,g(d/x] -

6. [:3 h ]PLU _ 1 
X i M,P,g - PLU - l 

iff for at ]east some d E D it is the case that [hdM,P,g(d/x] -

-- • h ,, • l as H for convenience. 2. We translate the deictic property "bemg ere s1mp y ' 
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7. [Rt1, ... , tn]MPLU == l 
,P,g 

iff < [t1]M,g, ... , [tn]M,9 >E F(R) 

Using definition 11, we are able to define an interpretation of underspecified 
representations of PLU itself, since this definition does not depend on the object 
language. In fact, using the syntax of PLU, it is fairly easy to define a dynamic 
underspecified Predicate Logic. 

Suppose that [.]MDPLU is the interpretation function that interprets labeled ,P 

PLU-formulas as in Dynamic Predicate Logic (DPL) (Groenendijk and Stokhof 
1991). An assignment g is a function from variables to elements of D, g'[x]g means 
that g' is an x-variant of g. 

Definition 11: Interpretation Function for DPLU ([.]DPLU) 

1. 

2. 

[hi -, hj]MDPLU == 
,P 

{(g,g) I Vg'((g,g') E [hi]Kf,tu--> 3911((9 1,911 ) E [hj]Kf,tu))} 

[hvhj]MDPLU == 
,P 

{ (g, g) / 3g'( (g, g') E [hi]Kf,tu V (g, g') E [hj]Kf,tun 

3. 

4. 

[hi I\ hj]MDPLU == 
,P 

{(g,g') / 3911((9,9 11
) E [hi]Kf,;u&(g",g') E [hj]Kf,;u)} 

[-ahi]MDPLU == 
,P 

{(g,g) / -a3g'((g,g') E [hi]f,f;u)} 

5. [Vx h;]MDPLU == 
,P 

{(g,g) I Vg'(g'[x]g-, 3911 ((9 1,911 ) E [hi]f[tu))} 

6. [3x hi]MDPLU == 
,P 

{(g,g') I 3g"(g"[x]g&(g",g') E [h;]Kf,tu)} 

7. [Rt1, ... , tn]f,[tu == 

{ (g, 9) I< [t1]~,9, ... , [tn]M,g >E F(R)} 

6 Underspecified Discourse Representation Structures 

As stressed before, Hole Semantics is in principle independent of the object language. 
Besides Predicate Logic, we could also take Discourse Representation Structures 
(DRSs, as proposed in Discourse Representation Theory (DRT) Kamp and Reyle 
1993) as object language, resulting in DRT Unplugged (DRTU). We first define 
DRTU formulas: 

Definition 12: Syntax DRTU formulas 

1. If hi, hj are holes, k1, .. . , kn holes or labels, then [ lh; --> hj], 
0{k1, ... , kn}, [ 1--ahi], [ /h; V hi]} are DRTU formulas; 

2. If x is a discourse marker, P a symbol for an n-place predicate, 
then [xi] and [ IP(x1, ... , Xn)] are DRTU formulas. 

3. Nothing else is a DRTU formula. 

Here a DRS is represented as [DIC], D the set of discourse markers, C the set 
of conditions. The merger (0) makes one DRS out of several by taking the union 
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• • e ectivel of its argument, a set of DRSs. 
of the domains andD~i/ond1;10ns r sple be r~alised along theHnes presented in h d fi ·t· n of [ ] can ,or examp . ad . 
T e e m 10 • 1993 W, ·n not present it here, but mste give 
Kohlhase et al. 1995 or Muskens • d: wi (l8) The UR translation is shown 
an example. Consider again (2), repeate ere as . 
in (19) . 

(18) If a man walks then he whistles and a woman is happy 

(19) 

/i : [ I h1 --> h2 ] 
12 : 0{h3, h4} 
13 : 0{l4, ls, 16} 
/4: [ XI ] 
ls : [ I man(x) ] 
16 : [ I walk(x) ] 
/7 : [ I whistle(x) ] 
ls : 0{/9, Lio, 111} 
l9: [Y I l 
ho: [ I woman(y) ] 
111 : [ I happy(y) ] 

• • for (l9) and therefore two readings for (2) 
There are two possible pluggmgs 1.' DRS in 21 and for convenience 

h fi t ading (paraphrased as a mear , d 
available. T e rs re . 25) t . d by plugging (20) correspon s to • the more familiar boxed notat10n nggere 
m • ~ the "wide scope disjunction rea mg. 

(20) P1: {ho== li,h1 == l3,h2 == l2,h3 == 1;,h4 == ls} 

(21) [ I [ x I man(x) walk(x)]-, [ y I whistle(x) woman(y) happy(y)]] 

X 
y 

(22) whistle(x) 
man(x) 

-, 
woman(y) 

walk(x) 
1 happy(y) 

-
The other possible plugging (23) results in~ re(2~)g :h(~; )onjunction outscopes 

disjunction. The DRS for this reading is shown m an . 

(23) P 1 : { ho== 12, h1 == /3, h2 == l1, h3 == h, h4 == ls} 

(24) [ y I woman(y) happy(y) [ x I man(x) walk(x)] -, [ I whistle(x) ] ] 

y 

woman(y) 
happy(y) 

(25) 
X 

_, I J 
man(x) I whistle(x) J walk(x) 
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7 Conclusion 

We proposed a framework for unders . 
called Hole Semantics, and claimed tte~1fied semantics representations in gene 
:eta _levHel, it is independent of the ob;e~/~e to a clear seperation of object ::~ 

ons m ole Semantics corre anguages. Underspecified R 
meta variables (holes) and su~po~~ to_ a partial descriptions of the sema ;?rese~ta­
mantics can be applied both t or m~t10n constraints. We have shown t n ics, usmg 
Representation Theory with o Predicate Logic (static and dynamic) an~abHole Se-

, respect to semantically amb· 1scourse 
1guous scope. 
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The Role of Context in the Interpretation of 
Generic Sentences1 

Lawrence Cavedon2 and Sheila Glasbey3 

Abstract 

We argue that context plays an important role in the interpretation of 
generic sentences. The examples we use to demonstrate this have also been 
used to argue that normative approaches (upon which logics of normality are 
based) to generics have some fundamental problems related to scope. We use 
Barwise and Seligman's channel theory-a model of information-flow based 
on ideas from situation theory-as the basis for an analysis of generics that 
provides a context for each generic sentence and thereby avoids the problems 
raised. The channel-theoretic analysis provides the basis for a framework for 
reasoning both with generics (about the default properties of individuals) and 
about them ( to infer new generics). Modelling the context of a generic also 
allows us to model the sort of misunderstandings that may occur in a dialogue, 
whereby a listener misinterprets the scope of an uttered generic sentence. 

1 Generics and Context 

It is generally agreed that generic sentences are used to convey information about 
regularities of one kind or another, and that the generalizations thus made may 
have exceptions which do not invalidate the truth of such statements. Consider, for 
example, the generic sentence: 

(1) Swans are white. 

This appears to convey some kind of general relationship between the property of 
being a swan and the property of being white, such that we might expect any swan 
we encountered to be white, while being prepared to accept that this particular swan 
might be exceptional in some sense with respect to the property of whiteness- for 
example it might still have the dark feathers of a very young swan. The existence 
of such exceptions has made it difficult to give an adequate semantics for generic 
sentences. The problem has been extensively discussed in the literature and a 
number of attempts made to overcome it. It has become clear that we cannot 
capture the semantics of generics adequately by postulating a generic quantifier 
which corresponds to something like 'most' or 'usually'. There are well-known 
examples such as: 

(2) Turtles live long lives. 

which speakers accept as true even when they know that most turtles are killed by 
predators in their youth. 4 A comprehensive survey of the problem of exceptions and 
the various solutions proposed in the literature is given in ([Pelletier and Carlson, 1995], 
Introduction). 

1 Acknowledgements: This work has benefited from comments by Ariel Cohen, Robin Cooper, 
and a number of participants at the Tenth Amsterdam Colloquium. Glasbey's work is supported 
by an EPSRC postdoctoral fellowship. 

2 Department of Computer Science, RMIT University, Melbourne, Australia. 
3Centre for Cognitive Science, University of Edinburgh, UK. 
4 [Morreau, 1992] argues that the generic "Potatoes contain vitamin en would be true eveu if 

all potatoes were boiled to the extent that none of them actually did contain vitamin C. 
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A less frequently-discussed feat . 
has visited Australia and k ure of genencs is the following Supp 
bl k , nows that th . • ose our sp k 

ac • She may well reply to (1) b . e swans mdigenous to that count ea er 
Y saymg: ry are 

(3) That's not true of Australian swans. 
A Swans are black in Australia 

nd a native Australian a cou le • 
the equivalent in her own Jangu~geoff_centuries ago might have truthfully as 

o . serted 

(4) Swans are black. 

A closely-related • f 
pa!f o examples is the coll . 

" owmg: 
(5) 

Peacocks have brightly coloured tail feathers. 

(6) Peacocks lay eggs. 

It appears that (5) d ( ) 
that O J an 6 are both accepted 

n y the males have bright tail feath ~ true, even by someone who kno 
These examples reveal the im ers an only the females Jay eggs. 5 ws 

sentences. The truth of a gene~i~r:ance of context to the interpretation of e . 
the s~eaker is talking about". If it ~~s to depend on context in the sense al" n~nc 
we will probably accept ( 4) is c ear that she is talking about A . w at 
acceptable when iven . as true. It is interesting, however tha ustralia, then 
peacocks"-· g m reply to a question like '"D II ' h t (5) and (6) seem 
us to accept!(·~·), :et need not already be "focusing" o: m:;e w at yoku ~now about 

rue. peacoc s m order £ 
(5) ITT 

and (6) are problem t· £ 
[Morreau, 1992)) which cf ic or standard "normative" accounts of . 
problem is that there a aim that generics are about "normal" . d'g~;encs (e.g. 
that both have bri ht re_ no peacocks that qualify as normal her m 1v1 uals. The 

males" and (6) to ~us::~:ef:::r:s:~d Jay eggs. Intuitively, (5)7e~~:~: ~::~o;t: 

We need an account that can ca ture . .. 
we need to capture the ki p precisely this dependenc on 
the content of (5) and (6) ndNo~_rea~oning that is/isn't Jicen~d o~o~ex~. ~lso, 
of (5) we • o ice, ,or example th t h e as1s of 
have bri cannot reason correctly that if A is a , a , w ile_ accepting the truth 

k ghtly coloured tail feathers . This f peacock, A will (almost certainly) 
peacoc . , o course, is because A b 

may e a female 
The challenge is to provid 
th k' d e an account of • 
so;in~nw~~i~:text~depend~ncy discussed g=~~~;s :~c;hallt~ for exceptions and 
w or is not licensed on the b . , ic a so models the rea-

e propose such an account b _as1s of a true generic. In th' 
([Barwise and Seligman 1994) a[~ef. on Barw1se and Seligman's Channel ;:aper 

, , e igman and Barwise, 1993)). eory 

2 Channel Theory 

Channel theory is a h . 
larities (' • . mat ematical framework wh' h • 

I.e., Jaw-like dependencies) and . ic provides an account of regu-
5 is an attempt to 'd 

Occasionally someone d' prov1 ea comprehensive 
However most speakers s Isputes (6) and points out that in fa . . 
species. eem happy to use 'peacock' to refer toc~:t~s the peahens which lay eggs. 

the male and female of the 
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model of information flow. Building on the situation-theoretic model of con­
straints, Barwise and Seligman take regularities to reflect the structure of the 
world (as discriminated by some agent) without attempting to reduce these infor­
mational entities to some "more primitive" relationship (e.g. quantification over 
"normal" individuals). As such, the channel-theoretic analysis of generics below 
does not provide any sort of reductionist account of why true generics are so, but 
it does provide a structural account which is used to explain some problematic 
issues in generics. 

Barwise and Seligman are particularly concerned with modelling the paradoxical 
issue that regularities seem to be both reliable (i.e., underly inference) yet fallible 
(i.e., may admit exceptions). Such properties am, of course, also required of the 
semantic objects used to model generic sentences. Barwise and Seligman resolve 
the problem by ensuring that relationships between tokens (or individuals) play a 
central role, as well as the relationships at the type level. As we see below, this gives 
rise to the concept of a channel- a classification of token-level connections by type­
level relationships. In our model of generics, a generic sentence effectively describes 
a channel-Le. a generic can only be true or false relative to some channel-and 
this channel thereby provides a context against which the generic is evaluated. This 
model is discussed further in the next section. 

At the heart of channel theory is a relativistic theory of information, based on the 
concept of a classification. A classification is a structure that carves up (part of) 
the world into tokens and assigns various types to these tokens. 

Definition A classification A is a structure (tok(A), typ(A), :A) consisting of a set 
of tokens tok(A), a set of types typ(A) and a relation :A on tok(A) x typ(A) . For 
t E tok(A) and¢, E typ(A), we say tis classified by¢, in A ift :A¢, holds.6 

The tokens of a classification may be objects, individuals, situations, or even other 
classifications, while the types are properties appropriate for classifying (along some 
dimension) these tokens. A classification can be seen as a representation of informa­
tion of a particular sort. This representation is highly relativistic-intuitively, one 
could view a classification as being relativised to a specific agent, epistemic state, 
point of view, or perspective on the world. 

The second main concept is that of a channel. A channel C is an informational link 
between two classifications A and B, licensing the flow of information of a particular 
sort. Formally, a channel is itself a classification-the tokens of C are connections, 
each linking tokens of A and B. 7 

Definition Let A and B be classifications. A channel C : A =} B linking A and 
B is a classification (tok(C), typ(C), :). The tokens of C are connections, denoted 
s >--> s', withs E tok(A) ands' E tok(B). The types of C are constraints, denoted 
¢,----+1/;, with¢, E typ(A) and 1/J E typ(B). 

If ( t >--> t' : ef;----+1/;) holds in C, this signifies that t being of type ¢, carries the infor­
mation that t' is of type 1/J. The type-token distinction allows for characterisation 
of different sorts of exceptions to the general rule. If a connection t >--> t' fails to be 
classified by a constraint ef;----+1/; and t : ¢, then t >--> t' is said to be an exception 
to that constraint. Exceptions may lead to erroneous inference (i.e., a conclusion 
that (t' : 1/J) holds may be reached whereas the channel does not support this). 

6 In general, there are two classification relations 1 one for positive and one for negative classi­
fication. However 1 we do not make use of negative classification in this abstract 1 so it is omitted 
for simplicity. We drop the subscript from the relation when this causes no confusion. 

7 We slightly abuse Seligman and Barwise's definition here---connections and constraints should 
not be identified -with the tokens/types they connect. However, this abuse simplifies matters 
somewhat. 
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Alternatively, a token t ma b . 
Y e exceptional w'th 

cause the ~onstraint is not applicable to it- lh. respect to a constraint simply be-
no connect10n in the pertinent channel t is corresponds to the case whereb 

emanates from t Y 
It should be noted that channel theor d • 
the connections of a given channel andyth:es not_ r:quire any relationship between 
the theory is concerned every conne t· assertib1hty of its constraints-as far 
• rd • ' c 10n may well • as 
mva I ~tmg the constraints within that h constitute an exception, without 
too flexible, then the framework could a~c;nnel. Of cour_se, if this was found to be 
excep~10ns were minimised. However . mm~date an imposed requirement that 
behav10ur highlighted by the example' t;~~ flex1b1hty seems to reflect the sort of 

s O e prev10us section. 

3 Modelling Generics in Channel Theory 
In this section, we describe a sim le 
This_ simple model will suffice for bJus~~:~ne1-theoretic model of generic sentences. 
relat~ng to context that we discussed ear17! ou{ approach to the particular issues 
prov1drng a more complex (situation-th t· ) ater ,_ we embellish the model by 
types. eore ic semantic framework for representing 

A simple channel-theoretic mode] f . 
of a classification to mode] propert:s ::nencs is obtained by using the type-level 
type-level constraint is used to mode] d the token-level to mode] individuals. A 
between a token t and itse]f8 is includ ad g:nenc relationship, while a connection 
generic relationship represented b e m a_ cha_nne] if t is appropriate to the 
B y any constramts m that channel 

or example, "Swans are white" describes a ch • 
form s f--+ s and a constraint swan-.white w:nnel c_ containing connections of the 
of sw~ns, swan is a type that hold f ' _ere s is taken from some collection 
of wh1te~objects. Under this modet :e :a~-obJects and white is a type that holds 
are not mvolved in tokens contain~d . ~u d_ expect_ that Australian (black) swans 
them •. Other swan-tokens (e.g. dirt m ' smce this generic is not applicable to 
except10ns in C. The distinction bet:::ans or ~oung swans) may correspond to 

£subtle one, but the the distinction turn n extcteptb10ns and inapplicable tokens is a 
urther below s ou O e a useful one and w d' ' e ISCUSS it 

In the channel-theoretic mode] of . -
strative content which . h genencs, a generic statement has both d 

1 . , 1s a c annel and a d . . a emon-
;gu _a~1ty (i._e., constraint) supported by that ch:scnpt1v~ ~ontent.' which is the 

ustm s not10n, mcorporated into situ t· n~el. This is very similar to J. L. 
ment_s are "about" situations. In situa:i~:n semantics, that. certain kinds of state-
strat1ve content and an i'n' semantics, the situation is the d 
f ' ,on supported b th t . . emon-

o the statement- thus a situation is effi / a s1tuat10n is the descriptive content 
appropriate infon. See ([Cooper 1995])e; ive]y classified as being of the type of the 

' ,or a recent discus • f h 
There is thus a clear parall 1 b t sion o t ese ideas. 
and th . e e ween our proposed t· 

e situation semantics analysis of no . seman ics for generic statements 
tent of a generic is the assertion that . n-ghenenc statements. Basically the con-
¢,-.01, i th a given c anne] c sup t ' 

. 'P- .e., e assertion that C is of ty e ¢-.¢ 9 por s a certain constraint 
with a channel effectively captures th/"sco ,; The co_llection of tokens associated 
asserted to hold. Sentences (5) and (6) . fe ~ver which the associated generic is 

B In general, of course, a connection . mvo ve different channels-the first channel 

ass~;; !~;~:eg :~:o~fily d~aling with ,~:J'e~~::.~v;o~':i:!ii!~1rsent tokens , but for simplicity here we 
. s1 cat10ns whose tok • 

a umform treatment of nested generics. ens are channels and types are constraints we also allow 
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supports a regularity involving male peacock-tokens while the second supports a 
regularity involving female peacock-tokens. 

The channel-theoretic view of the semantic content of generics inherits several fea­
tures from the channel-theoretic notion of regularities. In particular, channel-types 
(i.e., constraints) are primitive entities and there is no direct relationship between 
the fact that a channel supports a particular regularity, and the properties re­
quired of the associated individuals. Some/many/all10 of the tokens satisfying the 
antecedent type of the constraint may be exceptions without undermining the chan­
nel's support of that constraint. This property seems supported by several of the 
examples well-known in the literature and described earlier. 

The channel-theoretic view ignores the issue of precisely what it is that makes a 
particular generic true, other than that the generic describes the way (a part of) the 
world happens to be structured. However, this is not as unsatisfactory as it may 
seem: the channel-theoretic view can be seen as consistent with any explanation 
regarding which generics are or are not true, and the formal framework provides 
important properties of its own. 11 The challenge for accounts of generics that do 
not directly relate the truth of the generic to the properties of the individuals is 
in providing a means for reasoning defeasibly about individuals: e.g. given "Birds 
fly" and a bird t, we should be able to reach the default conclusion that t can fly. 
Defeasible reasoning using the channel-theoretic model is outlined in some detail 
below. 

Another question that needs answering concerns which channel it is that a given 
generic describes. The short answer is that it is the one which the speaker has in 
mind when she asserts the generic sentence. This does not allow us to specify the 
"appropriate" channel objectively-Le., for a given generic sentence such as "Birds 
fly", we cannot determine in isolation exactly which channel is the demonstrative 
content. In fact, there is often more than one channel that can be deemed "appro­
priate", containing different numbers of exceptions ( e.g. the channel ranging over 
all birds; the channel ranging over individuals of the species of birds that fly, ruling 
out penguins and emus; the channel ranging over individual birds that fly, ruling out 
penguins and sick birds) .12 What is important from the point of view of our formal 
model is that the supporting channel-and the associated collection of "relevant" 
tokens-plays an important role in the interpretation of generics. This is further 
demonstrated below, when we discuss how difference between speaker and hearer 
as to what is the appropriate supporting channel can lead to misunderstanding in 
dialogues involving generic sentences. 

4 Channels and Context 

In this section, we further discuss the role played by a channel in providing a scope 
to a regularity. As explained above, the channel-theoretic model of generics views a 
generic sentence as describing a channel. The described channel effectively provides 

1°For example, the channel supporting Morreau's generic involving boiled potatoes would contain 
only exceptions. 

11 The normative view of generics (e.g. [Morreau, 1992]) itself does not provide a particularly 
conclusive account as to which generics are true and which are false. Under the normative view, a 
true generic is one which holds universally over all "normal" individuals; however, it is never clear 
as to what exactly constitutes a "normal" individual other than the fact that it has the properties 
claimed of it by the generic. 

12 The example channels described would contain decreasing numbers of exceptions, since sick 
birds would be ex_ceptions in the second channel, and penguins and emus would be exceptions in 
the first channel. 
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a "scope of applicability" for the generic relationship. A channel has a collection 
of tokens associated with it, and it is only those tokens which are "relevant" to the 
generic relationship . 

This is illustrated by considering example (1): "Swans are white". By uttering this 
sentence, the speaker is asserting that the relationship swan-,white is supported 
by some channel C1. We expect Ci-the channel which the speaker is describing­
is concerned with European swans, which are, by and large, white in colour. This 
is reflected by taking the set of tokens associated with C1 to be European-swan­
tokens-i.e. for alls>---> s E tok(C 1), s is a European swan token. 

The problem of conflicting generics, each of which seems applicable, is also addressed 
by the channel-theoretic model. For example, the sentences (5) and (6) involving 
peacocks can simply be seen as describing different channels: (5) describes a channel 
that contains only male-peacock tokens, while (6) describes a channel containing 
only female-peacock tokens. Another pair of examples which illustrates the problem 
is the following: 

(7) Dutch make good sailors. 
Dutch make good farmers. 

Even if we assume that farmers make poor sailors and sailors make poor farmers, we 
can make sense of the above sentences by ensuring that the first sentence describes 
a channel which is restricted to sailor-tokens and the second sentence a channel 
which is restricted to farmer-tokens. This corresponds with our intuitions that 
these sentences can be paraphrased as 'Dutch sailors are good sailors' and 'Dutch 
farmers are good farmers' respectively. 

As with the pair of peacock sentences, normative accounts of generics are stretched 
by such pairs of generics being simultaneously acceptable, since this may rule out 
the possibility of there being any "normal" individuals at all. 

The channel-theoretic analysis is also 'flexible enough to allow "arbitrary" exceptions 
to generic relationships. For example, not all European swans are white; hence, 
there will be some European swan-tokens which are exceptions in the channel C1. 
For example, ifs is such a token then s >---> s : swan-,white does not hold in C1; 
however, this in no way invalidates the fact that C1 supports sw~n->white. 

In our model, the distinction between exceptions and "irrelevant" tokens (i.e., those 
outside the scope of applicability of a generic) parallels an agent's expectations re­
garding default reasoning. An appropriate channel supporting "Peacocks lay eggs" 
would not contain any male-peacock tokens; in the channel-theoretic model of de­
feasible reasoning described below, no default conclusion regarding a male peacock's 
egg-laying abilities would be drawn. On the other hand, female-peacock tokens are 
relevant to the channel supporting this generic; hence, in the absence of other in­
formation, a female peacock token would be defeasibly assumed to be an egg-layer. 
Of course--as discussed above--the "appropriate" channel for a given use of this 
generic sentence may not be the one that applies to all and only female-peacock 
tokens. For example, it may exclude sick-peacock, old-peacock and young-peacock 
tokens. What is seen as the exact scope of the generic, defined by the channel being 
described, may differ between different agents-for example between two partici­
pants in a dialogue. This is the source of potential miscommunication described 
later. However, the channel that the agent describes with her utterance determines 
in part those tokens about which she is prepared to draw default conclusions, using 
the generic relationship. 13 

13The importance of "scoping" when performing default reasoning has been discussed in the AI 
literature-see ([Etherington et al., 1991)). • 
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5 Reasoning with Generics 

. . that they are used for default reasoning. This 
An important property of generics is . d the inference of properties of the 

involve both the inference of new g_enencs an . . 
::ociated individuals. For example, given the followmg. 

"Birds fly" 
"Tillermids are birds" 14 

th t "Tillermids fly" . Furthermore, if we 
we would probably conclude by default lad conclude by default that Tweety can 

bird then we wou . • 
were told Tweety was a '. . 11 told that Tillermids were a kmd of pengum, 
fly. However' if we were add1tiona y l' nclusion Similarly, if we knew that 

then we would proba?ly w:~::~: :;r c:~c;:d~0 that he ~an fly. 
Tweety was a pengum, w 

5.1 Inferring new generics from old 

. ed a number of operations on channels which f?rm 
Barwise and Seligman have defin l I of information flow. For example, given 
the basis of a channel-theoretic ca _cu ts t . the constraints </>_,1/J and 1/J--->r' 
channels C1 and C2_ "."hich respect1;~:e:o::::nels contains the constraint f->T. 

the serial compos1tion (Ci, C2) o . d to be modified in order to display 
[Cavedon, 1995] showed that these or::;::i~sr::oning (e.g. lack of Transitivi_ty and 
the behaviour reqmred _of systems odon showed that by modifying the operat10ns so 
Monotonicity). In particular, Cave d tions of a channel, a powerful 
that they take account of the backgrnun a;s~~r generics with certain desirable 
logic of conditionals is obtamed, leadmg to a og 

• 15 
properties. . , b k round assumptions via the context 
A channel implicitly reflects a constramt s a~ g th generic "Birds fly" will reflect 
it provides. For example, the ch~nnel su~port1~gdes epenguins by virtue of the fact 
the implicit assumption that this gednednc exc u ceptions in the channel. However, 

. k either exclu e or are ex h h that pengum to ens are t· more explicit allowing t e c an-
we define a method that makes these assump iotns, them Mo~t importantly, the 

b dified so as to accoun ,or • . . • 
nel operations to e mo d b hannel C are made explicit via 

. b h ' d gularity supporte Y a c • th 
assumpt10ns e m a re d t 'th' C itself. This is captured via e 
C's relationship to other channels, an no wi, l1ln s We assume each classification 

l I t • h' defined stepwise as ,o ow • h 
subchanne re a 10ns 1P, . d . < associated with its types-t us 
A has a (primitive) type-entailment or enng _A 

·1 ,1, 16 </> <A 1/J if 1/J enta1 s 'I'· . . Ac B 
- . b 1 • fication of classification B, written - , 

Definition Classification A is a su c asSi ith <A when restricted to 
ifjtok(A) <;;; tok(B) , typ(A) <;;; typ(B), SB(;r:es</>whold;inAiffa:</>holdsin 
typ(A), and for each a E tok(A) and</> E typ , • 

B. ,i,1 ---,01,1 be constraints contained in channels C : 1 t(. B and 
Definition Let </>->1/J, 'I' 'I' . ,!, ol, < </>' ->1/J' wrt C and C , if: 
C': A' ⇒ B', respectively. We write '!'_,'I' -(A',B') ' 

14Tillerrnids are an imaginary kind of bir~. . th· y has some similarities to the situation-
15Taking account of background assumptl';;" ';ibe~\:([Barwise, 19851). However, as discussed 

theoretic approach to a log~c of cond1~1c;als ::crequire the provision of a type which captures all 
below, the channel-theoretic ap_proac oes_ n - . 
background assumptions of a given constrain~- < but there are some obvious mm1mum 

16We don't impose any particular properties on _A ' 

requirements. h .6 channels when this causes no confusion. 
17We drop the reference tot e speci c 
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1. A!;;;; A',B !;;;; B', 

2 • ¢ SA' ¢', and 

3- '1/J' Ss, 'If;. 

Definition Let c . A =c;, B 
typ(C) to typ(C') We sayC _and C' : A' =c;, B' be channels 
if • zs a S(A',B') - subchannel ofc''watnfd f a Junction from 

r , written C c 
1. A!;;;; A', Br;; B'; -U,A.',B•) C', 

2. tok(C) c;;: tok(C'); 

3. for all c E tok(C) and 
'YE typ(C) ifc. . C 

4- for all -y E typ(C) < ' • 'Y zn then c: J('Y) in C'; 
~ . ' 'Y -(A.' ,8 ') f('Y) wrt C and C' 

e write C c( C' .~ h • 
- A.',B') Z1 t ere exists an f such that 

The subchannel ordering ref! t . C r;;U,A.',B') C'. 
C C C' mea th ' ec s a notion of "in . . 
ex~ le ns at C makes explicit some of the creasmg discrimination", in that 
is des~rib;d ~;«1; ~escribed by "Birds fly" (i e (~:~~gro~nd assumptions of C. For 
typ(C')). Tb i_r s which aren 't penguins -fl~" C ->({.zes) E typ(C)) whereas C' 
the same ( e_ reqmrement that tok(C) C tok(C') Le. zrd I\ ....,penguin-, flies) E 

or mcreasing) t - ensures that w d 
C' is not to be see con ext as we move up the ord . e are ealing with 
valid entities. n as a somehow "truer" version of C~~~~t ~ote, however, that 

c annels are equally 
The subchannel orderin allow 
e:plicated without repre!entin s the background assumptions of a c 
t10ns need not be full re g those assumptions in C itself Fu h han~el C to be 
across different su y presented m any one channel (i e th rt er, Cs assump­
are then evaluate/:r-channels). The channel operation~ .of ;y may be distributed 
nel. For example thgeamst_ al background hierarchy of channel arwd1se and Seligman 

I , sena compo ·t · h s or ered bys b h onysupport,j;-, 'fth b s1 ion c annel (C ·C) d fi . u can-
is determined by:~ k'e ackground.assumptions of CI, a~d / ;ed ear her will now 

ec mg whether there are any I h 2 o not conflict. This 
1. C1 r;;/i C'1, C2 !;;;;1, C'2; and superc annels C'1,C'2 such that: 

2. ante(J1 ( 'P->'1/J)) t . 
notes ¢'_ls ype-conf11cts with ante(h('I/J->r)) h 

. , w ere ante(¢;' ->'If;') de-
By mod1fyin th • 
For . g e operations in this wa 

a hi::a:~;~;0:i~ ~entcs, [Cavedon, [;:S{~:;~:~l aC::f iti~nal logic is obtained. 
constraints type-co:~r :Ug ;et of channels. In particular i;~~thm for constructing 

;i~~~;~i:: 1!de Cantece~e~t: : i:~~:~:h::::p~~:tnF1siructe: :~::t:::;do: :~~ 
2 supports p • • or example 'f c 

....,penguin-, flies is inser enguzn-,....,Jlies, then a channel C' , I 1 _ supports 
as an implicit b k ted as a superchannel of C _. l supporting bird/\ 

ac ground assu t· 1 Le . ....,penguin • 
the modified mp 10n to bird->fl • 19 C Is recognised 

operators le d t zes. avedon h 
requirements of non a s o a powerful logic of gener· _s ows that using 
([C -monotonicity th p 1cs, satisfying th 1 avedon, 1995)) for f th , e enguin principle and d d e usua 

is ur er properties and details. gra e normality. See 
In the full model back 

sufge;,~hannel 's const:aints. ground assumptions need not be represent d . h 
e definition avoids ins rt. . e Ill t e antecedent of a 

of the pres f e mg ~bird as an • r . 
ence o the constraint penguin---,bird. i;! 'ri~:::;;t~~~5tjo) renguin---,~Jlies because 

, or the full definition. 
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5.2 Reasoning defeasibly about individuals 

In the channel-theoretic model of generics, generics are "simply true"-i.e., whether 
or not a generic is supported by a channel is not at all determined by the properties 
of individuals associated with that channel. In order to be able to reason defeasibly 
about individuals, we therefore need to impose a concept of "maximal normality" 
on channels. That is, when an agent reasons about individuals using a constraint 
supported by a channel, she assumes that as many individuals as possible associated 
with that channel are normal. Earlier, we stated that, given a channel C supporting 
a generic G, the individuals that an agent was willing to draw (default) inference 
using G on were those that participated in connections in C. Hence, the maximal 
normality condition ensures that channels contain as many connections as possible­
only the individuals which an agent considers "abnormal" with respect to a generic 
have no associated connection in the pertinent channel. 

Maximal normality is defined against a collection of channels ordered by subchannel 
and some given collection of information. This information is a set of propositions 
of the form (s : ¢), denoting the assertion that s is of type ¢. To ensure that 
normality is maximal, the only time an exception is permitted is when one of the 
following conditions holds: 

1. the given information conflicts with the information that would otherwise be 
inferred; 

2. inheritance from separate premises would conflict. 

The second case is taken care of by referring to the channel hierarchy since con­
flicting consequences lead to encoded background assumptions, as described above. 
This leads to the following definitions. 

Definition Let C : A =c;, A be a channel {which is part of a channel hierarchy) 
supporting a constraint q;->'1/J, '1t a collection of propositions (formed from the tokens 
and types of A), and t E tok(A) a token such that (t: ¢) E '¥. The token tis said 
to be inappropriate in C wrt '1t if either: 

1. ( t : i//) E '1t and 'I/; type-conflicts with ?/;', or 

2. there exists a channel C' such that C r;;f C', where q;->'1/; E typ( C) and f ( r/>->'1/;) = 
¢' ->'1/;1 and ( t : r) E '1t, where r type-conflicts with ¢'. 

To illustrate the second case, if '1t contains (tweety : penguin) then tweety is in­
appropriate in the channel C1 (in the last paragraph of the previous subsection) 
supporting bird-> flies since the information in '1t conflicts with the antecedent of 
the constraint in C' 1 . On the other hand, tweety is "normal" in C2. Maximal nor­
mality is defined by requiring that for any channel C : A =c;, A, every token in A 
which is not inappropriate in C participates in a connection in C. 

Inference via channels proceeds as follows. If t >--> t E tok(C), q;->'1/; E typ(C) and 
t: ¢, then we infer t: ?/;. 20 Hence, in our example, we cannot infer tweety: flies 
in C1 because tweety is inappropriate in C1 and therefore there is no connection 
tweety >--> tweety in C1 . On the other hand, tweety is not inappropriate in C2 , 

meaning we can infer tweety: ,flies. 

We have only sketched the channel-theoretic model for default reasoning here. See 
([Cavedon, 1995]) for further details and a discussion of the properties of the model. 

20 Note that the connection may not be classified by the constraint-i.e. it may be that (t ,__. t: 
<P-"P) does not hold in C. In this case, t ......... t is said to be an exceptional connection and leads 
to the inference of incorrect information. Information which an agent concludes by default may 
in fact turn out tci be incorrect. However, models of default reasoning are more concerned with 
determining what an agent can reasonably conclude, given only partial information. 
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6 More Complex Types 

We will now examine how we can incorporate more complex types into our con­
straints. We may use situation-theoretic types for this purpose, such as can 
be obtained from the grammatical processing of sentences by a situation-theoretic 
grammar of the kind developed by Cooper and described in the FraCaS deliverable 
D8 ([FraCaS, 1994], ch.3). Using such situation-theoretic types in our constraints 
will facilitate the development of a situation-theoretic grammar for the processing 
of generic sentences, and we intend to pursue work on this in the future. 

Furthermore, the use of situation-theoretic types in our constraints seems particu­
larly appropriate given that channel theory developed in part from earlier situation­
theoretic notions of information flow and constraints, described, for example, in 
([Barwise and Perry, 1983]). 

A further advantage of using situation-theoretic types is that they allow us to com­
bine our analysis of generic sentences with a situation-theoretic analysis of bare 
plurals, which enables us to account for the availability of generic v. existential 
readings of bare plurals (see [Glasbey, 1995] for a proposal along these lines). We 
do not, however, attempt to do this here. 

We will use the Extended Kamp Notation (EKN) of ([Barwise and Cooper, 1993]), 
which represents situation-theoretic objects using a graphical notation similar to 
DRT ([Kamp and Reyle, 1993]). A box notation is used for situation-theoretic ob­
jects such as infons, situations and propositions. Propositions in EKN include 
objects of the form: 

chase(X,Y) 

{P} 

which is the proposition P that a situation S supports the infon I chase(X,Y) I (the 

latter being written in standard linear notation as « chase, X, Y i l »). X and 
Y are parameters21 which fill the argument roles of the relation chase. A propo­
sition like this one, that a situation supports an infon,22 is called an Austinian 
proposition. 

Situation-theoretic objects may have restrictions imposed on them, as shown be­
low, where the object Q is restricted by a proposition or conjunction of propositions 
z. 

rn 
Q denotes an object only if Z is true. 

A situation-theoretic type is formed by simultaneously abstracting over one or more 
of the parameters of a proposition, using the technique of simultaneous abstrac­
tion developed in ([Aczel and Lunnon, 1991], [Lunnon, 1991]). For example, we 
may abstract over X and Y in the proposition P above to give: 

21 We denote parameters by capital letters. 
22 The situation is also said to be of the type represented by the infon, if the proposition is true. 
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X,Y 

~ 
chase(X, Y) 

. X y air such that situation S supports the in-
which is the bmary type of an , . p d C 1993] we .can index the roles 

[ Y)l r.- II ·ng [Barw1se an ooper, , 
fon chase(X,- ro owl ·th y kind of situation-theoretic 

L----..--. --;-c- b t ted over parameters w1 an . h 
correspondmg to a s rac - . h I sponding to x and Y above wit 
object. For example, we can mdex t e roes corre 

ri, r2 respectively: 

~ 
chase(X, Y) 

. nt of parameters to the roles of an abstract, all roles with the same 
In any ass1gnme 
role index must be assigned to the same parameter. 

Grammatical processing of a sentence such as: 

(8) Fido chased Kitty. 

using a situation-theoretic grammar would give the type:23 

T R -->R' r1 --> S, r2 __. X, r3 __. y, r4 __. , rs __. , r5 

~ 

~ 
named(X, 'Fido') 

chase(X,Y,T) 
~ 

named(Y, 'Kitty') 

. ase has a time argument, filled here by the 
We assume here that the relat10n ch d t ecessarily be filled in the syntax. 

S h fme argument nee no n 
parameter T. uc a I d' . f the time arguments of relations. 
See ([Glasbey, 1994], ch.3) for 1scuss1on o . 

. . ortin information about the nammg of 
Rand R' are resource s1tlua[gons suig93] fo~ discussion of resource situations). 
individuals (see, for examp e, ooper, 

~~:o:::~!g:;~~~;~:~.t~~::~;ec: ~~~:::::l:,a~~=c:1:::i::~n~~:::~uent of a channel-

---------:---;:--~.:::::--;::::-::;: ll as certain other kinds of informat10n that are not 
23We ignore tense informat10n here, as we 

central to our analysis. 
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~ r1 ----, S, r2 ----, X, r3 ----, T, r4 ----, D 

smoking(X,T) 

r I 

after-dinner(T',D) 

~ 
named(X, 'Mary') 

~ 

Ti;::;D 
day(D) 

~ 
L:J 

The above tells us that ther . 
The antecedent t . e is a constraint in a chan I C 
'Mary', a time T 3;!~ I:~ quaternary type of a situation n; a; i~:~~een two types. 
T. The succedent type is :y D, there S supports the fact ~hat M:;id_ual X ~amed 
same day D and a ti 'qua ernary type of a situation S' t y IS ~mokmg at 
fact that T' is the (w:eT) ~hatdt_emporally includes T, such t~:t;e time T, the 

a er- mner period of day D. supports the 
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Second reading: 

r1 ----> S, r2 --> X, r3 --> T, r4 --> D 

~ 

LBJ w 
in(X,S,T) 

named(X,'Mary') 
after-dinner(T ,D) 
day(D) 

r2 --> X, r3 --> T, r4 --> D, rs --> S', r5--> T' 

~ 

~ 

~ smoking(X,T') 
named(X,'Mary') T 

The above tells us that there is a constraint in a channel C2 between two types. 
The antecedent is a 4-ary type of a situation S, an individual X named 'Mary', a 
time T which is the after-dinner period of D, and a day D, where S supports the 
information that X is in that situation for the duration of time T. The succedent 
is a quaternary type of the individual named 'Mary', the same time T, a time T' 
temporally included in T, and a situation S'. 

Notice that in each of these constraints there are certain parameters which occur 
in the succedent but not in the antecedent type. In the constraint corresponding to 
the first reading, these are S' and T'. We paraphrased the content of the succedent 
by referring to 'a time T" and 'a situation S". Clearly we want to think of these 
parameters as being existentially quantified over. 

What we need is to ensure that parameters appearing in the succedent but not 
in the antecedent of a constraint get an existential interpretation (similar to what 
happens to variables in DRT). 

This is not difficult to achieve, using the apparatus of channel theory and situation 
theory. Suppose we have a channel that supports the constraint q;-->7/;, and contains 
connections of the form p >-> q. Now suppose we have the information that [r1 --> X] : 
¢. From this, we can infer ("by default") that there must be an assignment [r2--> Y] 
such that [r2 --> Y] : 7/J. That is: 

[r1 --> X] : ¢ -->d :lY s.t. ([r1 --> X] >-> [r2 --> Y]) & [r2 --> Y] : ¢ 

where '--,d' is some kind of default inference. 

In general, if we have a constraint q;-->7/;, and fr is an assignment to the roles of 
¢, we need to be able to infer the existence of an appropriate extension h to fr, 
such that h is an assignment to the roles of 7/J. Thus we need to quantify over 
assignments, in such a way that, if we have a channel supporting the constraint 
q;-->7/J, then: 

VJ (f: q; -->d :lf' s.t. (f [;;; f') & (!': 7/J) & (f >-> J')) 

which gives us the required existential quantification over roles in J' that are not 
inf. (For further discussion, see [Cavedon, 1995].) 
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7 Generics in Dialogue 

Finally, we turn briefly to the use of • • 
of the ways in which . genenc sentences in dialo W 
!ague involving generi:::::~:standing~ may occur between !~;~ici ea~iscuss some 
concerned. The work out!" d hes--:part1cularly where the "scope" i th ts m a dia-me ere 1s described in mo d . 0 e generic is 
We discussed.earlier how we take the re eta1l in ([Cavedon and Glasbe 
demonstrative content (wh· h . content of a generic statement to • Y, 1996]) 
is the regularity or constraint ;c is a channel) and a descriptive con/ons1st o_f a • 
statement is the ass t· h upported by that channel) The t ent (which <p er 10n t at a giv h • • con ent of a • 

• :,~,"Tn':, ~~i~:nn nf tnke·M· =n:~~a"':::;~ ';, :::•: p~ticlli~ con::::;;; 
here as (10) and (ll;he genenc IS asserted to hold. Sentence:(~;l:~x (~a)ptures the , repeated 

(10) 

(11) 

Peacocks have brightly coloured tail feathers. 

Peacocks lay eggs. 

involve different channels-th fi 

:~;:n~)a::\~h:o::~~:~ :::rs:i: ifs::i~fr?f si:v~~;i~~r::~!~:~:!:!c::~::netc~k 
pnate one for a given use of . c anne is the "correct' (or m • e 
:rpropri~te channel to be the ao~:n;~~c~e;:ence.A ks discussed earlier, w:s!a:t::~ 

ens e makes 
e genenc statement. e spea er has m mind wh h 

Now consider a dialogue situation. It ma ;:~~!: :~~~~a;:: :or the hearer to_ fuJiy ~~~~;~t~:: ~~::~:~~~ ioehs not supply 
o earer may remam uncert . a t e speaker is 

r mkay take the speaker to be describing am, may ask for further information 
spea er had in mind. This ch 1· some channel other than th , the 

O 
th anne may contai e one the 

ne e speaker intended. For e I n more or fewer connections th 
utterance of (10) h xamp e, the hearer • an 1 , w ere the speaker was r ~ . may misunderstand an 
ma e peacock tokens, and assume e errmg to the channel containin 
'jj pe~ock tokms, mrue =<l femru~"' she w.s refwing tn the ch=nd cont;,:~ 

It is also possible that the h • tt earer may m1su d t 
:e :::c~ Co~ider, for example, an uttera:c:r~t(9~ the descriptive content of the 

a ove as at least two readings. , repeated here as (12), which 

( 12) Mary smokes after dinner. 

It may happen that th readin e speaker utters (12) with the • • g, whereas the hearer instead obta· th mtent1on of conveying the first 
H ms e second readin 24 

ere, we are solely concerned with mod • g. 
where the hearer is mistaken about theel~ng the first kind of misunderstandin 
not about the descriptive content (th em~nstrative content (the channel) ~-t 
W e constramt) u 

: will not present a detailed model o • • • 
pomt out some of the features th f dialogue m this paper. Instead • 
generic statements and offe akt arehreqmred of a model for a dialogu .' we] ':ill 
,~;:::::;:-::-::-::-:~~-•~-:_..::.=:._r _:a:.__s etc of such a mod I W, e mvo vmg 

24Perhaps this is unlikely in d' 1 e • e begin with a short 
usually sufficient to d. . . a ia ogue between native s k 
ably much more likel;":t!:'sh between such alternative rea~7:g:r;,;here intonational clues are 
identify the intended readin~ur m wntten text , in cases where sufficien: m1s~nde~standing is prob-. con ext is not provided to 
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dialogue between two conversational participants, T (a teacher) and S (a student). 
T has given S an assignment to find out as much as he can about a species of bird 

unfamiliar to them both-the Tillermid. 

T(1) Tell me what you've found out so far about Tiller-mids. 

S(1) Well-Tiller-mids are black, with scarlet wing-tips. They lay pale blue eggs 

and they catch fieldmice to feed to their young. 

T(2) Tell me, are they all black with scarlet wing-tips? 

S(2) Well, no. Actually just the males. The females are a sort of dingy brown 

all over. 

The dialogue begins with a request by T for S to give her some information about 
Tillermids. Notice that, as far as we can tell, T appears to be seeking information 
about "Tillermids in general"--she makes no reference to any particular subset of 
the species such as "the females". S(l) replies with three generic clauses, each 
giving a property of Tillermids. There is no indication of whether S intends the 
demonstrative content of the clause in each case to be the channel involving all 

Tillermid tokens, or one involving a subset of these. 
T asks for this clarification in the case of S's first generic statement-she asks 
whether Tillermids are all "black with scarlet wing-tips". In our model of generics, 
we take this to be T asking which channel is the demonstrative content of S's first 

generic statement. 
8(2) replies, telling T that the generic applies to "just the males"-i.e., the channel 
that he has in mind for this generic is the one involving only male Tillermid tokens. 
He adds the further statement that 'The females are a sort of dingy brown all over', 
which clearly refers to the channel involving only female Tillermids. 

We thus have what appears to be a rather common kind of conversational inter­
change, where one speaker offers some information and the hearer accepts this while 
requesting further information and/or clarification, which the first speaker then sup­
plies. We would not want to say that S "misled" T by saying 'Tillermids are black 
with scarlet wing-tips'-but, rather, that the information he gave was insufficient 

We clearly need to model the fact that what occurs initially here is a "partial 
for T's purposes. 

transfer" of information from S to T. The part of the information that is successfully 
tranferred is the descriptive content of the generic-the constraint TILL---+BSWT 
where TI LL is the property of being a Tillermid and BSWT is the property of 
being black with scarlet wing-tips. The information that is not conveyed is the 
demonstrative content-the channel which supports this constraint. 

A range of alternative responses by T might have occurred here. T could, for ex­
ample, have assumed that S was talking about the channel involving all Tillermids. 
The misunderstanding might have come to light only later-say, when T, seeing a 
brown bird nearby, says 'Well, that's obviously not a Tillermid' and S says 'It could 
be a female'. Another possibility is that T might have used her world knowledge 
about birds ( the fact that the male of the species is often more brightly-coloured 
than the female) to infer that S was probably talking about male Tillermids only. 

Remember, however, that Tis a teacher, and teachers can be over-pernickety about 

the use of language. Suppose that T replies as follows: 
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T(3) : Hmm. Isn't it rather misleadin th -
scarlet wing-tips? You really ~ b en, to say that Tzllermids are black w ·th 
about the whole species or ml us e careful to specify whether you are talk _z 

, on Y part of zt. zng 
S(3) : Sorry. 

Now suppose T continues addressing a suitably-chastised S: 

T(4) : OK, let's go on. Wh 
bl n at was the second thing? Yiou say T ·11 ue eggs r z ermids lay pale 

S(4) : Well, about half of them do. 

T(5) : 

S(5) 

That's very odd Wh t l 
• a co our eggs do the other half lay? 

They don't lay an 
Y eggs at all, because they 're mat 

eggs. es. Only the females lay 

T(6) : Do you think I don't know that'< Don't b . . 
• e impertinent I 

S(6) : Sorry. • 

Now we have a misunderstanding. S takin ' . 
more likely, seeing a chance to et back g T_ s reprimand to heart (or ' perhaps 
half of them" lay pale blue eggs 1f . f at his teacher) spells out that "about 
Til!ermids lay eggs so he is corre~t toes:, ~h co~rse, technically correct---only female 
half of the species" do so T' . d y at about half of them"' meaning "about 
h ' • s mISun erstandi • b 

er world knowledge (that only£ I l ng anses ecause she has already used 
lay pale blue eggs' refers to th err;t es :~ eggs) to infer that S's statement 'They 
when S( 4) spells out that 'Abou: ~a~;:; t~nvol[ving female Til!ermids only. Thus 
mean about half of the female Tillerm 'd ;m I? pale blue eggs)', T takes this to 
ot~er half (of the females) lays. 8(5) e~ sj . uzz ed, she asks what colour eggs the 
of impertinence. P ams, and T takes his reply to be a piece 

Now that the meanings of the first two f ' . 
fully negotiated (Sand T can bes 'd t ohS s generic statements have been success-

• d") T ai o ave the sam h l 
mm ' moves on to the third, and asks: e c anne -constraint pairs "in 

T(J) : What was the other thing? 

S(7) : They catch fieldmice to fieed to th . ezr young. 

T(8) : Ah yes. Now, is that all of them, 
or just the males, or just the females? 

S(8) : I don't know. 

Interestingly, it turns out that S did not h " 
here as the demonstrative content of the ave a ,fully-specified" channel in mind 
their young'. It seems quite reasonable th g:~:~1c hThey catch fieldmice to feed to 
sometimes make generic statements with \ is s_ ould be the case--that we may 
appropriate one. A formal model of th ~u I knowmg exactly which channel is the 
capture this underspecification th e Ia ogue will therefore need to be able to 
d • d on e part of the speak II 
. iscusse above like the interaction of the h ' . er, as we as other factors 
mformation received. earer s pnor knowledge with the new 

We thus require a model which can ca tu . 
ful communication"-which includ p re what we might call "partially success-

es cases where some but not all of th I e re evant 
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information in the speaker's mind is transferred to the hearer. A suitable model for 
this purpose appears to be the channel-theoretic model of dialogue developed by 
[Healey and Vogel, 1994]. Healey and Vogel (H&V) present a semantic framework 
for modelling the information flow between participants in a dialogue which takes 
account of the idea that it is unlikely that any two speakers will understand "ex­
actly the same thing" by an utterance, even in cases where there is no perceived 
ambiguity or misunderstanding. H&V consider that one important source of this 
variation is the fact that it is unlikely that any two individuals will have exactly 
the same "ontology"-they will almost certainly "carve up the world in different 
ways". They point out that this raises problems for traditional semantic theories 
which assume an interpretation function mapping the meanings of words onto parts 
of the world. Our dialogue, while not particularly highlighting matters of ontology, 
would nevertheless be difficult to model in a traditional framework given that, as 
we have seen, the transfer of information is not an all-or-nothing matter. We have 
seen how it is possible for only part of the speaker's intended meaning to "reach" 
(or be understood by) the hearer. 

We will not give details of the H&V model here, but refer the interested reader to 
([Healey and Vogel, 1994]), and to ([Cavedon and Glasbey, 1996]) where we apply 
this model to the above dialogue. The essence of the H&V model is a "communica­
tion channel" which exists between two participants A and B in a conversation.25 

The communication channel is composed of two channels-a "production channel" 
which supports constraints between idea types (in A's head) and types of utterances 
(as made by A), and a "reception channel" which supports constraints between char­
acteristics of utterances (as made by A) and idea types in B's head. The model 
allows communication to take place even when the idea that B ends up with is not 
(exactly) the idea that A set out to convey. Communication can thus be partially 
successful. We can model, for example, the fact that a generic statement by S may 
succeed in conveying the descriptive content (the constraint) but not the demon­
strative content (the channel) to T. We can therefore also model the requests for 
clarification and the negotiation which result eventually in all S's pertinent informa­
tion being conveyed to T. We could also model cases where the descriptive content is 
"misunderstood"-for example where the wrong reading for an ambiguous generic 
sentence like (12) is conveyed. 

8 Conclusion 

We have shown that generic statements make reference to a "context", and that 
this context plays an important role in their interpretation. The context defines 
the intended "scope" of the generic-which can be thought of as the collection of 
individuals which the generic statement is "about". 

We described a channel-theoretic model of generics which endows constraints with 
a context-this context being the channel supporting the constraint. This enables 
us to model the information content of a generic statement in a way which captures 
in a precise way the observed reference to context. We can thus give an adequate 
semantics for a number of generic sentences that have posed problems for previous 
accounts. In fact, we believe that these problematic examples provide empirical 
support for channel theory's particular structural account of regularities. 

We showed, too, how the channel-theoretic analysis provides the basis of a frame­
work for reasoning both with generics (i.e., about the default properties of individ-

25 Healey and Vogel actually consider multi-agent communication but for simplicity we restrict 
ourselves to two participants. 

159 



uals) and about them (to infer new generics). This gives a powerful logic of generics 
supporting the usual requirements of non-monotonicity, the Penguin-principle and 
graded normality. 

By linking the channel-theoretic framework to a situation-theoretic analysis of sen­
tences, we can obtain a rich ontology of semantic objects which allows powerful 
formal models of a wide range of generic phenomena. 

Finally, we discussed some of the kinds of misunderstandings that can occur in 
dialogues involving generic statements. We outlined how our account of generics 
may be combined with a formal model of dialogue (such as that of Healey and Vogel) 
in a way which allows us to model misunderstandings about the demonstrative 
content (i.e., the channel) of a generic statement. Further work is needed to develop 
and extend such models to include other kinds of misunderstanding and an account 
of belief revision on the part of the dialogue participants. 
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Generics and Frequency Adverbs as Probability Judgments* 
Ariel Cohen 

Carnegie Mellon University 

Abstract 
This paper argues that several seemingly unrelated properties of generics and 
frequency adverbs have a single underlying cause. Generics and frequency ad­
verbs are unbounded, they cannot be applied to temporary generalizations, and 
they require a regular distribution of events along the time axis. A generic may 
be false even if the vast majority of individuals in its domain satisfy the predi­
cated property, whereas a freqeuncy statement using e.g. usually would be true. 
Truth judgments of generics vary considerably across speakers, whereas truth 
judgments of frequency statements are much more uniform. These phenomena 
can all be accounted for if we assume that generics and frequency adverbs ex­
press probability judgments, and if, in turn, we interpret probability judgments 
to be statements of relative frequency in the limit. 

1 Five Puzzles 
Generics and frequency statements occur frequently in natural language. Much 
of our knowledge about the world is expressed using such sentences--one needs 
only to glance at an encyclopedia to encounter myriads of examples. Yet it is far 
from clear what such sentences mean, i.e. what a given sentence entails, what 
it presupposes, and what it is that makes it t:rue or false. 

With a view towards a solution to this general conundrum, we will con­
sider five more specific puzzles in this paper. We will argue that these puzzles 
can be solved if we assume that generics and frequency statements express prob­
ability judgments, and if these probability judgments, in turn, are interpreted 
as relative frequencies in the limit. 

1.1 Unboundedness 
Declerk (1986) has noted that generics are unbounded, and the same seems to 
hold of frequency staements as well. According to Declerk, "a sentence refers 
to a bounded number of events ... if that sentence somehow involves reference 
to something that acts as a boundary for the number of events" (p. 172). 
Thus, (1.a) is acceptable, because it is about an unbounded set of events, 
whereas (l.b) is ruled out, because it sets an explicit limit on the size of its 
domain, namely 365: 

(1) a. John always/0 walks to school. 
b . *On 365 occasions John always/0 walks to school. 
The "something" which serves as a boundary may be an explicit limit, 

as in (l.b), but need not be; sentences which refer to specific times or places, or 
which hold of relatively short durations, are bounded too. For example, (2 .a) 
(Henriette de Swart, personal communication) is fine, whereas (2.b) is not: 1 

(2) a. This year, John always/0 walks to school. 

*· I would like to thank Bob Carpenter, Greg Carlson, Clark Glymour, Chris Manning, 
Carolyn Penstein-Rose, Henriette de Swart and the audience at the Amsterdam Colloquium 
for helpful comments and suggestions. 
l. Cf. Comrie's (1976) claim that a habitual reading results if a sentence refers to a situation 
holding through an extended period of time. 
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. b. *This morning, John always/0 walks to school. 
Genencs and frequency statements which . . . . 
be unbounded in the same Th c quantify over md1v1duals seem to 

way. us 1or exampl (3 ) (f 
easily receives a generic interpretation' (3 b) . e, -~ rom Carlson 1977) 
grammatical: ' • is not genenc, and (3.c) is not even 

(3) a. 

b. 
Texans are often/0 tall. 

Three Texans are tall. 

c. *Three Texans are often tall. 

:While both (3.b) and (3.c) entail that the siz f . 
is 3, sentence (3.a) expresses no such Ii ·t ed~ thhe domam of the quantifier 

I mi , an is t us unbounded 
t should be emphasized that b • b . • 

finite. The size of the domain of th em; fiun . ounded. is not the same as being 
is a finite number of Texans, and, i: !~al:k~l:omd (3.:) is, ~f course, ~nite; there 
of Texans throughout eternity assum. . th t o ' t ere will be a fimte number 
however, no limit on the numbe f 11 mg ~ the earth will not exist forever; 

B . b r O exans 1s expressed by (3 a) 
emg ounded, then, is a property f th h 1 • • 

noun phrase· it is dependent . o e w o e sentence, not just the 
phrase amo~g them t on a variety of factors in addition to the noun 

' ense, aspect the use of mod 1 d d 
(see Declerk 1986) A nu . 11 ' . as an a verbial phrases 

. • menca Y quantified noun h £ 
sometimes be interpreted generically as the £ 11 . p rase, or example, may 
al. 1995) indicate: ' 0 owmg examples (from Krifka et 

(4) 
a. Two canaries can be kept in the same cage if it is large enough 
b. Two magnets either attract or repel each other. • 
c. Two's company; three's a crowd. 

It should be noted that the sentences in (4) are n 
containing respectively two . ot about the bounded domains 

' , cananes two magnet t 
sentences are about the unbounded d' . ~ ~r wo people; rather, these 
pairs of canaries magnets d lomams contammg unspecified numbers of 

. , , an peop e. 
U nhke the domain of a determiner the d . . 

adverb cannot be restricted b th ' omam of a genenc or frequency 
Y e context to a bounded t (C f 19 ) 

example, when immediately followin (5.a) se rot 86 • For 
the lions in the circus and g 1 'sentence (5.b) would be only about 
hand, would be false ~ince i7ay very we 1 be true; sentence (5.c), on the other 
(5) ' expresses a statement about lions in general: 

a. There are three lions in the circus. 
b. Every lion is tame. 

c. Lions are usually/0 tame. 

Context can, in fact, restrict the do . f . 
set. For example when (6) . tt d . mam o a genenc to an unbounded 
A ' is u ere m the context of d" · 

merica, it would be true but wh . a 1scuss10n of North 
the Mediterranean-false: ' en uttered m the context of a discussion of 

(6) Trees display a variety of vivid colors in the fall. 
Declerk and Croft discuss the h . 

not provide an explanation; why is it th~t :~:~ena ?escnbed ~ere, but they do 
adverbs are unbounded in this wa ? I h" omams of_genencs and frequency 

y n t is paper we will propose an answer. 
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1.2 Temporary Generalizations 
Generics and frequency statements do not hold of generalizations which are 
perceived to be temporary. Suppose it so happened that all Supreme Court 
judges had a prime Social Security number; this would not suffice for (7) to be 
true: 

(7) Supreme Court judges always/usually/0 have a prime Social Security 
number. 

It seems that the truth of (7) requires that Supreme Court judges have a prime 
Social Security number not just at present, but that this property can reason­
ably be expected to hold in the future with some regularity, say because a law 
were enacted which posed restrictions on the Social Security number of judges. 

This property of generics has been observed by many researchers. It is 
usually claimed that the problem with sentences such as (7) is not that they 
express a temporary generalization, but rather an accidental one. Generics, it 
is proposed, have a modal character; they only express properties which are, in 
some sense, "necessary," "normative," "essential," or "inherent." 2 

What precisely is meant by these terms has yet to be made precise; 
but even if such a formulation were possible, it seems that modal approaches 
miss the mark. The following sentences are true, although they do not seem to 
express necessary (essential, inherent, etc.) properties: 

(8) a. A cheetah outruns any other animal. 
b. Spices are affordable. 
c. Gold cubes are smaller than 10 cubic meters. 
d. Dogs annoy Sam. 

Perhaps running fast is an inherent property of cheetahs, but certainly not the 
property of running faster than any other animal, since some other animal might 
have been faster. Affordability is not a necessary property of spices-in fact, 
throughout much of history, spices were extremely expensive; yet (8.b) is true 
nonetheless. Similarly, we would be hard-pressed to claim that gold cubes are 
inherently smaller than 10 cubic meters, or that annoying Sam is an essential 
property of dogs. 

Even if a modal approach were appropriate for generics, this would still 
leave frequency statements unaccounted for. Advocates of the modal view of 
generics either ignore the latter, or treat them as lacking a modal character. But 
this leaves unexplained the unacceptability of frequency adverbs in sentences 
such as (7) above. 

1.3 Regular Distribution in Time 
Stump (1981) has noticed that a frequency statement implies a regular distribu­
tion of events in time. Thus, for example, for (9.a) to be true, it is not sufficient 
that there exist some events of John's jogging in the park: 

(9) a. John sometimes jogs in the park. 
b. John jogs in the park. 

Rather, these events should be distributed in time with some repeated regular­
ity, say once a week, a month or a year. The same seems to hold for generics, 

2. For modal approaches see, among others , Lawler (1973); Dahl (1975) ; Burton-Roberts 
(1977); Heim (1982); Schubert and Pelletier (1989). 
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exists as some sort of abstract, Platonic classification of entities into normal 
,nd abnmmal ones, but if that ls the case, how do people obtain knowledge of 

this classification when they make their truth judgments? 
In fact, the prospects for finding a definition of normality which would 

fit all cases seem rather dim. Consider the following sentences (from Krifka et 

al. 1995): 
(12) a . Two and two equals four. 

b. A lion has a mane. 
c. Six apples cost one dollar. 

d. A turtle is long-lived. 
e. A pheasant lays speckled eggs. 

Krifka et al. point out that with regard to (12 .a), the most normal worlds are 
those where the laws of mathematics hold (arguably all worlds); with regard 
to (12.b)-those whew ,wootypical p,operlies hold; and with n,gMd to (12.c), 
only one wodd is consid«ed nonoal-the ,e,l wodd. fa, some"""" it ls hs<d 
to come up with any reasonable definition of normality. For example, it might 
be suggested that for (12.d) and (12.e), the most normal worlds are those where 
the laws of biology hold; however, a world where all turtles reach old age or 
where all pheasants lay eggs (hence no males, and no one to fertilize the eggs) 
would be a highly abnormal one, biologically speaking. Krifka et al. suggest 
that the definition of normality in every given case is accommodated by the 

hearer, but no account of such accommodation is proposed. 
. Whether or not the normality view can account for generics, it cannot be 

applied to the case of frequency advechs. The latte, do not quantify we< nonnal 
individuals, otherwise (13) would be false, since, by hypothesis, all normal birds 

do fly: 
(13) Birds are sometimes incapable of flying. 

A completely different theory, then, would have to be developed in order to 
explain frequency adverbs, yet a unifying account of the two phenomena would 
be highly desirable, given the many similarities between them, some of which 

are discussed in this paper. 

1.5 Uncertain and Conflicting Truth Judgments 
Generic sentences such as Birds fly are often presented as being unproblem- • 
atically true. It is rarely noted that truth judgments of such sentences are of­
ten uncertain, and vary considerably among individuals . When, in an informal 
study, informants were asked to judge the truth of (14.a), some agreed that it 
was true, some were uncertain, and said things like, "Well, it's sort of true, but 
then there is the penguin," and others claimed it was outright false . In contrast, 
there was almost unanimous agreement when a judging a frequency statement; 

virtually all informants agreed that (14.b) was true. 

(14) a. Birds fly 
b . Birds usually fly. 

The fifth puzzle, then, is why truth judgments of generics and frequency state-

ments differ in this manner . 167 



J 

2 Probability 

2.1 Probability-Based Truth Cond"t· h' I Ions . 
T IS paper argues the thesis that all fiv 
if we assume that generics and f e puzzles above can be accounted for 

requency statements e b b' . ments. Before presenting th . xpress pro a ihty judg-
b e arguments for this view l t b 

a out the relation between truth d't• ' e us e more precise 
con J IOns and prob bTt • d 

assume that frequency adverb d th . a J J y JU gments. We will 
t • s an e genenc operato t l'k ermmers, in that they denot b' 1 . r ac 1 e generalized de-
e e mary re atwns between · 6 
1orm of (15.a), then, would be (15.b): properties. The logical 

(l5) a. Birds always fly. 

b. always(bird, fly) 

I~ see~s plausible that for (15.a) to be true . . 
bird flies needs to be 1 s· ·1 1 ' the probability that an arbitrary 

• 1m1 ar Y, never would re • th ' 
0, sometimes would require it t b . qmre is probability to be 
fairly large. We will follo ot e non-zero, and often would require it to be 
h w mos researcher s in int t. 

t e counterpart of most and . th erpre mg usually as being 
, reqmre e probabTt t b 

now, we will treat the phonologic 11 11 . 11 y o e greater than 0.5. For 
·th 1 a Y nu genenc operator 

w1 usua ly; both require the probabilit t b , gen, as synonymous 
assumption will be revised below). y o e greater than 0.5 (this simplifying 

We can now propose the followin truth .. 
frequency statements (where P(A/B) . thg . ~ond1twns for generics and 
B) : is e cond1t1onal probability of A given 

Definition 1 (Truth d"t• 
iff con I wns, first attempt) A sentence Q( 1/J, q>) is true 

P(cp /1/J) = l 
P(cp/1/J) = 0 
P(cp/1/J) > O 
P(cp/1/J) » 0 
P(cp /1/J) « l 
P(cp /1/J) > 0.5 

if Q = always 
if Q = never 
if Q = sometimes 
if Q = often 
if Q = seldom 
if Q = usually 

P(cp /1/J) > 0.5 if Q = gen 

2.2_ Interpretations of Probability 
As it stands, definition 1 does not reall . 
so, we need to specify the mean· f thy give us truth conditions. For it to do 

mg o e term P(A/B) Wh t d . 
say, for example, that the prob bTt th . . • a oes it mean to 

Th a J J y at a fair com comes "h d ,, . 
e meaning of probability h b h . up ea s 1s 0.5? 

least the time of Laplace (see L. J. C:he:e;9~ e topic of mu~h debate since at 
goal here to provide a general solution to this ~-~or an ?verv1ew) . It is not our 
a more modest one. We will att t _P I osoph1cal problem; our aim is 
• d emp to provide an accou t f th Ju gments expressed by generics d f n o e probability 
examine three theories two wh· ahnh requlency statements. To this end, we will 

, 1c ave a ready b r d 
and one which, perhaps, ought to be. een app ie to this problem, 

6. This is, in fact , a simplification. We will return to this issue in section 4.1. 
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Logical Relation. The idea underlying logical relation theories is that P(A/B) 
is the ratio of possible worlds in which both A and B hold to those where 
B holds. The probability that a coin comes up "heads," then, is the ratio of 
worlds in which it comes up "heads" to worlds in which it is tossed. Of course, in 
order to make sense of the idea of ratios of possible worlds, one needs to define 
some measure function on worlds, and a variety of such functions have been 
proposed in the literature . Schubert and Pelletier (1989) apply this framework 
to the problem of generics, and they assume (but do not specify) a measure 
function which favors worlds close to the real world in terms of the "inherent" 
or "essential" nature of things. 

Ratio of Sets. A different approach is proposed by Aquist et al. (1980) in 
their account of frequency adverbs. They suggest that if A and B are sets of 
individuals,7 the probability P(A/B) is the ratio of the cardinality of An B to 
the cardinality of B. Hence the probability of a fair coin to come up "heads" 
would be 0.5 just in case in half of all observed tosses, the coin came up "heads." 

Relative Frequency. A somewhat similar view is that probability judgments do 
not express simple ratios of finite sets, but statements of relative frequency in 
the limit, i.e. the mathematical limit of the ratio as the number of Bs approaches 
infinity. 

The underlying idea is simple. If we want to know how likely smokers 
are to get lung cancer, we count the number of cancer patients among smokers, 
and divide by the total number of smokers in our sample. We do this for large 
samples, over long periods of time. The larger the sample and the longer the 
duration of the study, the closer the ratio will get to the desired probability. In 
the limit, as time goes by, and the sample size approaches infinity, the ratio will 
be the probability. Of course, we cannot actually examine an infinite number 
of smokers; but we can extrapolate from a finite sequence of examinations to 
what the limit might be. The longer the actual sequence is, the more confidence 
we should have in the correctness of the extrapolation. 

2.3 Characterizations of Probability Judgments 
The question is, of course, which, if any, of the interpretations above should 
we choose? L. J. Cohen 1989 argues that different interpretations of probability 
are appropriate for different types of probability judgments. He characterizes 
probability judgments using four parameters, and points out that different in­
terpretations are appropriate for different settings of these parameters. We will 
follow his proposal and examine the behavior of generics and frequency state­
ments with respect to the four parameters. 

2.3.1 Necessity vs. Contingency 
The first parameter indicates whether a probability judgment expresses a neces­
sary or contingent statement. In general, generics and frequency statements are 
true or false contingently; they may be true in the real world, yet false in other 
worlds, and vice versa. It just happens to be the case that, in the real world, 

7. Or tuples of i~dividuals. 
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C
(l6) A computer usually /0 computes the daily weather forecast 
arlson (1989) observes that • 

"_the daily weather forecast" requires an intensional interpreta-
tion, where its meaning cannot be taken as rigidly referring to 
the present w~ather forecast, e.g. the one appearing in today's 
co~y- of the Times predicting light rain and highs in the u er 

. th1r.ties (p. 179, emphasis added). pp 
The mtens10nality exhibited here, it is important to note, is with respect to the 

8. Or rather, as we will claim in section 4.1 below, open formulas. 
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time index, but not with respect to possible worlds.9 Suppose that the weather 
report is John's favorite newspaper column. Then (17) would have the same 
truth conditions as (16) , although there are any number of worlds where John 
never so much as glances at the daily weather forecast: 

(17) A computer usually /0 computes John's favorite newspaper column. 
We should make it clear what we are not saying here. We are definitely not 
claiming that the property of being the daily weather report, or of being 
John's favorite newspaper column, has the same extension in all possible worlds; 
clearly, in different worlds, there may be different weather conditions, and John 
may have different preferences. What we are claiming is that the truth condi­
tion of a generic sentence do not depend on the extensions of the properties 
it relates in any other world but the real one, though the truth conditions do 
depend on the extensions of the properties at different times. 

To give another example, suppose that John is fears all bats, but no other 
animal. The set of bats is equivalent to the set of animals John fears, though 
the intensions of the respective terms differ; there are any number of possible 
worlds where John feels nothing but love towards bats. However, it seems that 
we can substitute the term animals which John fears for bats without changing 

truth conditions: 
(18) a. Bats usually /0 fly. 

b . Animals which John fears usually/0 fly. 
Similarly, there is no logical necessity for the whale to be the largest 

animal on earth, or for the quetzal to be Guatemala's national bird; yet (19.a) 
and (19.b) have the same truth conditions as (20.a) and (20.b), respectively: 

(19) a. The whale suckles its young. 
b. The quetzal has a magnificent, golden-green tail. 

(20) a. The largest animal on earth suckles its young. 
b . Guatemala's national bird has a magnificent, golden-green tail. 
Generics and frequency statements, then, are parametric on time, but 

not on possible worlds; if two properties have the same extension throughout 
time, they can be freely exchanged in a generic sentence salva veritate. An ac­
count of probability is needed, then, where different descriptions of the same 
timeless property can be substituted for each other without changing the prob-

ability. 
Ratio theories are clearly unsuitable, since sets are purely extensional en-

tities. Logical relation theories are not appropriate either, since they would pre­
dict that generics and frequency statements are parametric on possible worlds­
one term can be substituted for another only if the two are logically equivalent . 

Relative frequency theories, on the other hand, satisfy the requirement 
exactly. The relevant frequency of As among Bs is not the one that happens to 
hold at present, but at the "end of time," i.e. in the limit of an infinite number 
of observations. On the other hand, possible worlds play no role in the relative 
frequency interpretation of probability; what matters is the frequency of As 
among Bs in the real world, regardless of what may happen in other worlds. 

9. For the distinction between the two types of intensionality, depending on the index in­

volved, cf. Landman (1989). 
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10-~ e urther observations to "correct" th 

· L. J. Cohen refers to th· e 1s property as £ somewhat confusing, as well as b . counter actuaJizability, but we belie th· • emg rather cumbersome. ve 1s term 1s 

172 

relative frequency and move it as close to the limit (i.e. the probability) as we 

wish. The second major difficulty with relative frequency theories is encoun-
tered in the case of infinite reference classes. Imagine, for example, an infinite 
sequence of coin tosses. The probability that a coin lands "heads" is claimed 
to be the limit of the ratio of "heads" outcomes to the total number of coin 
tosses, as the number of tosses approaches infinity. However , not all sequences 
are guaranteed to have limits; it is quite possible for a given sequence not to 

converge at all. An even more serious objection is that there may be more than one 
limit, depending on the order of elements in the sequence. Suppose, for example, 
that we construct an infinite sequence of coin tosses by choosing the first nine 
"tails" outcomes, then the first "heads" outcome, then the following nine "tails" 
outcomes, etc. Then the relative frequency of "heads" outcomes will be 0.1, 
rather than 0.5; yet the probability that a fair coin comes up "heads" is surely 

0.5, regardless of the way in which the coin tosses are sampled. 
Taken from the perspective of a general theory of probability, these 

are, indeed, weighty problems. Every problem, however , is also an opportunity; 
and from the point of view of a linguistic theory of generics and frequency 
statements, these difficulties are actually advantages. If we assume that the 
probability judgments expressed by these constructions are relative frequencies 
in the limit, we would predict that generics and frequency statements should be 
interpreted in such a way that the problems discussed above do not occur-they 
will simply be legislated out. In other words, we could use the shortcomings of 
the relative frequency view to predict constraints on the class of acceptable 

generics and frequency statements. 

3.2 The Unboundedness Constraint 
Since finite reference classes pose a problem for the relative frequency view, let 
us simply get rid of them, and treat the reference class as if it were infinite. That 
is to say, we will regard the reference class as if it were possible to examine more 
and more of its members at will, without ever "running out" of individuals. The 
reference class need not actually be infinite; but it must be consistent to treat as 
if it were. This assumption would be consistent unless the sentence entails some 
limit on the size of the reference class. In other words, the reference class can 
be treated as infinite only if the sentence is unbounded, otherwise the sentence 
would be unacceptable. This is, of course, precisely the phenomenon described 
in section 1.1 above, i.e. that generics and frequency statements are unbounded. 

The unboundedness constraint, then, suggests a solution to our first 
puzzle. It also accounts for the second puzzle, namely the one concerning tem­
porary generalizations. As we have noted in section 1.2 above, even if all current 
Supreme Court judges happened to have a prime Social Security number, (21) 

would not be true: (21) Supreme Court judges always/usually/0 have a prime Social Security 

number. 
Because of the unboundedness constraint, (21) cannot be interpreted to be 
about the bounded domain of current Supreme Court judges, but rather about 
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the unbounded domain of such judges over an extended period of time. If the 
number of judges is unbounded, i.e. if one can, so to speak, sample more and 
more Supreme Court judges and examine their Social Security numbers, the 
temporary discrepancy will disappear after a while, and judges with prime So­
cial Security numbers will be in the minority. Since probabilities are relative 
frequencies "in the long run," rather than at present, sentence (21) is not true. 

3.3 The Homogeneity Constraint 

The second problem with the view of probabilities as relative frequencies is, as 
mentioned above, the fact that an infinite sequence might have more than one 
limit, depending on the manner in which this sequence is constructed. Most 
attempts to combat this problem involve postulating some constraints on the 
possible sequences constructed out of a given reference class, such that the 
sequences be random or homogeneous. This means that the relative frequencies 
over all "suitable" subsequences would converge to the same limit. 

The idea of homogeneity can apply to the reference class itself, rather 
than to a sequence based on it. The following definition is based on Salmon (1977): 

Definition 2 (Homogeneity) A reference class 'lj; is homogeneous with re­
spect to a property rp, iff there is no set of properties !l such that: 

1. !l induces a partition on 'lj;, i.e. 'ix: ('lj;(x)-+ 3!w En: w(x)). 
2. The partition induced by !l is relevant, in the sense that 

3w E !1: P(rp/'lj; /\ w) =/ P(rp/'lj;). 

Thus, a reference class 'lj; is homogeneous iff it cannot be partitioned in such 
a way that the probability of rp given one of the subsets of the reference class 
induced by the partition is different from the probability of rp given 'lj; as a whole. 

We would like to require that the domain of generics and frequency 
adverbs be homogeneous. The requirements of definition 2, however, are far too 
strong. Salmon notes that there are two trivial cases of hom()geneous reference 
classes: when all 'lj;s are rps and when no 'lj;s are rps. In the former case, the 
probability of rp given any subset of the reference class would be equal to 1, 
and in the latter case to 0. He observes that, as the definition stands, it will 
only be satisfied in the trivial case, as a relevant partition can always be found 
in any non-trivial case. Suppose that at least one 'lj; is a rp, and at least one 'lj; 
is not a rp; now let n = {rp, 'lj; /\ , rp}. n is clearly a partition of 'lj;; moreover, 
it is a relevant partition, since P(rp/'lj; /\ rp) = 1 and P(rp/'lj; /\ ('lj; /\ ,rp)) = 0. 
Clearly, then, the class of possible partitions needs to be constrained in some 
way, so that only ''suitable" ones be considered, if the concept of homogeneity 
is to play any useful role at all. A considerable body of work has been devoted 
to formalizing such constraints, 11 but the level of success achieved is debatable. 

We would like to suggest that, at least insofar as generics and frequency 
statements are concerned, the suitability of a given partition is a pragmatic 
matter. A partition is suitable to the extent that it is considered salient, given 
the context and the language user's model of the world. In other words, it 

11. See Salmon (1977) for an overview. 
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• • • eeds to "make sense," given the way we 
cannot be any arbitrary p~rt1tion; it n. c or a frequency adverb, then, needs to 
view the world. Th: domam of a g~nenredicated property and a set of salient be homogeneous with respect to t e p 

partitions. . £ r ever w E n, P(rpl¢ /\ w) be the 
Salmon's definition reqmres that o ·1 yt ng We would require only 

• t seems unnecessan Y s ro · h 
same, but this requiremen t· fy the condition as determined by t e 
that for every w E n, P(rpl¢ /\ w) sa is ter than 0.5 for generics, etc.), 

( I to 1 for always, grea £ 
frequency adverb e.g. equa I f the probability be the same or 

-1 that the actual va ue 0 
but not necessan y . definition 1 as follows: . 
every w En. We can now re:71~e . ed version) A sentence Q(1/;, rp) is • • 3 (Truth cond1bons, rev1s n 
Defimt10n . rt ·t. of 1P and for every w E , true iff for every n' a salient pa i ion ' 

P(rpl¢ /\ w) = l if Q = always 
P(rpl¢ /\ w) = 0 if Q =never. 
P(rpl¢ /\ w) > 0 if Q = sometimes 
P(rp l¢ /\ w) » 0 if Q = often 
P(rpl¢ /\ w) « 1 if Q = seldom 
P(rpl¢ /\ w) > 0.5 if Q = usually 

P(rpl¢ /\ w) > 0.5 if Q = gen 

3.4 Some Salient Partitions t't' is salient or not. For example, Jorge 
It is usually fairly clear whether 1~ ~ar Ih~ohn n1·mals are divided into such groups 

£ t nomy m w IC a 1· t . Luis Borges's amous axo ' d t doo-s is clearly not sa ien ; m 
as those that e ong O 

1 'fi t'on which humans wou n 
b 1 t the Emperor an s ray o· ' Id fi d 

fact its sole purpose is to demonstrate a c ass1 ca I 

extr~mely unnatural. h th partition is considered salient in 
h I • dgments on w e er a • d' 'd 

Nevert e ess, JU It res languages and m 1v1 u-nsiderably across cu u , 
a given context may vary co I nsider a partition which groups 
als. A speaker of Dyirbal, for examp e, md 7 c; be quite natural (Dixon 1982); 

d crickets water an re 0 
together women, . ogs, nd ~uch a partition very bizarre. . 
a speaker of English may fi t an exhaustive list of salient par-

We will not attempt her~ to ~resenh d't'ons under under which a 
tt t to identify t e con i I h h titions nor will we a emp h ditions have to do wit t e 

' • • • 1· t Plausibly t ese con . . d particular part1t1on is sa ien • ' d ' t as well as the lingmst1c an 
t· elated by the pre ica e, 

nature of the proper ies r . . mples however, are in order. 
extralinguistic context. Some illustrative exa ' 

3.4.1 ~ime • • for almost all speakers in many cases is that of 
A partit10n which seems salient . . t t poral intervals. For example, (9.a), • • tition of the domam m o em 
time, 1.e. a par ) uantification over events: repeated here as (22 ' expresses q k 

t • /0 J·ogs in the par . Id (22) John some Imes . th t· e partition it wou mean 
d b h mogeneous given e im ' t 

If (22) is require to e o . '. h k ·s greater than 0 (or grea er • • f J h ' J·oggmg m t e par I that the probability o o n s . . 

W'Jk' s,, in Other Inquisitions (Umvers1ty. of 
12. From "The Analytical Languag~ of John :s i::t 'really a partition, since some categories Texas Press, 1964). Of course, Borges s taxonomy 
overlap. 
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than 0.5 for the generic) in each one of a series oft . 
of th~ intervals would vary from sentence to sent emporal mt~rvals. The size 
perceived to be a reasonable sample s· Th e~ce, dependmg on what is 
might be on the order of weeks· given!Z;3 us, ~v~m (22), the interval size 
ye_ars long; and given (23.b), the' intervai si~:)~::~d ~nterval would be several 
mmutes: e on the order of several 
(23) 

:· ~::en sometim~s/0 spends her holidays in Switzerland. 

1 • . 1s broadcast _is often/0 interrupted by commercials. 
t is the homogeneity requirement then h" h 

discussed in section 1.3 above that f , d , w ic accounts for the fact 
d , requency a verbs and gen • . ' 

omain to be regularly distributed in t· S encs reqmre their 
J h , . ime. entence (22) then im r h 

o n s Jogging in the park occurs with some re l ·t , . , pies t at 
that in each one of the intervals into which th gu :n {' beca~se its t_r~th requires 
jogs in the park. e se o events is partJt10ned, John 

3.4.2 Space 

Another partition which is often perceived to be . . 
a partition of the individuals in the d . ds_ahent is that of space, i.e. 
th omam accor mg to the regio • h . 

ey are located. This would explain wh (10 ) ns m w ich 
true, even though the majority of Israelisyd ]:a , repehated here as (24), is not 

(24) I . . o Ive on t e coastal plan . 
sraehs live on the coastal plane. e. 

If the domain oflsraelis is partitioned accord· . 
which they live, there will obvious! b b mg to t~e geog'.aph1cal regions in 
do not live on the coastal y e su sets of this domam whose members 

domain is not homogeneout~~:,r:te::~:e who live in Jer~~alem. Hence, the 
plane, and (24) is not true_ 13 p the property of hvmg on the coastal 

Partitioning individuals according to their lo t · 
ethnic groups, would also account for (10 b) a d (10 ca) wns, or, perhaps, their 
and (25.b), respectively: • n .c , repeated here as (25 .a) 

(25) a. People in southeast Asia speak Chinese. 
b. People have black hair. 

Although the majority of people in southeast Asia " . 
are regions ( and peoples) whe Ch" do speak Chmese, there 

re mese speakers are in th • · A 
consequence, the set of southeast A . . e mmonty. s a 
h s1ans 1s not homogeneo • th t e property of speakin Ch" . us w1 respect to 

majority of people in th; wor;:~=~ea~!c~~:1r I:h~o~ true. Sitlar~y, while the 
or of all ethnic groups Most S d" . , is oes not old mall regions 
hair. If such a partitio~ is tak c_ant mav1ans, for example, do not have black 

en m o account the domain f l f ·1 
homogeneous with respect to th f, . o peop e a1 s to be 

e property o havmg black hair. 
3.4.3 Age 

Sentences (10.d) and. (10.e), repeated here as (26.a) and (26.b) 
ca(;/) e accounted for if age is considered a salient partition: , respectively, 

a. People are over three years old. 

~ rding to definition 3, the sentence is d" 
tences which violate the homogeneity c t . ire rcted to be false. Some would judge sen­
accommodate such judgments all we neondstradm : suhch as (24), to be lacking a truth value. To 

. ' e o 01sc angedefi ·t· 3 h 
reqmrement is a presupposition rather th ·1 Ill ion so t at the homogeneity 

an an enta1 ment of a sentence. 
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b. Crocodiles die before they attain an age of two weeks. 
The majority of people are clearly over three years old, and the majority of 
crocodiles do, indeed, perish in their infancy; yet (26.a) and (26.b) are not 
true. If we partition people according to their ages, there will be subsets of 
people such that the probability for their members to be over three year old is 
zero. Hence the domain of the generic quantifier is not homogen~ous, and sen­
tence (26.a) is not true. Similarly, the domain of crocodiles is not homogeneous 
with respect to the property of dying before the age of two weeks. If we parti­
tion crocodiles according to their ages, there will be subsets of crocodiles all of 
whose members are older than two weeks; hence the homogeneity constraint is 
violated and (26.b) is not true. 

3.4.4 Gender 
Gender is often a salient partition too. Thus, although the majority of primary 
school teachers are female, (10.f), repeated here as (27), is not true: 

(27) Primary school teachers are female . 
The reason seems to be that, if we partition the set of teachers according to 
their genders, there will obviously be a set, the probability of whose members 
to be female is zero-the set of male teachers. Therefore, the set of teachers is 
not homogeneous with respect to the property of being female . 

The same kind of partition would account for (10.g), repeated here 
as (28) : 

(28) Bees are sexually sterile. 
Although the vast majority of bees are, indeed, sterile, there is a subset of bees 
which is not, if bees are partitioned according to their genders-the drones. 
Since their probability to be sexually sterile is rather low, the homogeneity 
constraint is not satisfied. 

3.4 .5 Subject Matter 
The majority of books are probably printed in paperback rather than in hard­
cover, yet (10.h), repeated here as (29), is false: 

(29) Books are paperbacks. 
We suggest that in this case, the relevant salient partition involves dividing 
books according to their subject matter. Detective stories, for example, are 
much more likely to be published as paperbacks, whereas reference books are 
more likely to be printed in hardcover. The domain of books, then, is not ho­
mogeneous with respect to the property of being a paperback; any browser 
in a bookstore will see shelves where the majority of books are paperbacks, 
and shelves where the majority are hardcover. Consequently, the homogeneity 
constraint is not satisfied, and (29) is not true. 

3.4.6 Abstract Domains 
Sentence (10.i), repeated here as (30), is an interesting example: 

(30) Prime numbers are odd. 
Although the vast majority of prime numbers, indeed, infinitely many of them 
except for 2, are odd, (30) is false. This seems to be the case in general for 
generics involving mathematical statements-they do not allow any exceptions. 
The explanation for this fact, we claim, is that in mathematical domains, every 
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partition is salient. Mathematics is an abstract realm, where we do not have 
solid intuitions about what is or is not "natural"; every way to divide up the do­
main seems to make just as much sense as any other way. Since some partitions 
of the set of primes (e.g. the partition into even and odd numbers) include the 
singleton set {2}, the probability of whose sole member to be odd is, of course, 
zero, the homogeneity constraint is violated. 

Note that sentences similar to (30), but which are divorced from the 
realm of mathematics, may be judged true. Suppose that, in order to reduce 
the risk of forgery, it were decided that the identifying number on $1000 bills 
be prime. Given such a scenario, (31) would be true: 
(31) $1000 bills have an odd identifying number. 

The domain of $1000 bills is not abstract, and some partitions (e.g. a partition 
based on the date on which a bill was printed) would be more salient than others. 
A partition which would isolate the one specific $1000 bill with the identifying 
number 2 would not normally be considered salient; hence the domain of $1000 
bills is homogeneous, and sentence (31)-true. 

3.4. 7 Frequency Adverbs vs. Generics 

We have noted in section 1.4 above that sentences (24)-(30) would be true if the 
frequency adverb usually were used instead of the phonologically null generic 
quantifier. We propose that the reason for this difference between generics and 
frequency adverbs stems from different saliency criteria for partitions. For fre­
quency adverbs, only the time partition is considered salient; only temporal 
partitions are relevant for satisfying the homogeneity constraint. Thus, while 
frequency statements, just like generics, require regular distribution of events 
in time, they do not have similar requirements with respect to other partitions. 
This, perhaps, is the source of the intuition that the temporal sense of frequency 
adverb is somehow primary, and the atemporal sense is somehow secondary or 
derived. We agree with Lewis (1975) that frequency adverbs may bind both 
tempora114 and atemporal variables; but they only require homogeneity with 
respect to the time partition, regardless of what type of entities they quantify over. 

3.4.8 Biological Family 

Judgments of the saliency of partitions might vary among individuals. For a 
zoologist, very fine distinctions among birds might be salient; not so for the 
layperson. Indeed, a zoologist might judge Birds fly to be false for just this 
reason. For such a speaker, there would be a salient partition of the set of 
birds, such that some of its subsets would have a majority of non-flying birds. 
For example, if we partition the domain of birds into biological families, the 
penguin family (Spheniscidae) would be just such a subset. For other speakers, 
a partition into families may not be salient, and they would Judge Birds fly to be 
true. Variations in saliency judgments among people explains the phenomenon 
discussed in section 1.5 above, namely that truth judgments of generics vary 
considerably among individuals. Indeed, different people may have different 
intuitions about some of the other partitions mentioned in this section. 

14. Or quasi-temporal, e.g. events, situations, occasions, and the like. 
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l uire their domains to be homoge-Recall that frequency adverbs on YS_req . th1·s partition the domain 
• t ·fon mce given ' 

neous with respect to the time par.~~ .spect ;o the property of flying (the ma-
of birds is, indeed, homo~eneo~s w1 . re they first evolved and, as far as can 
jority of birds at any given time, sm_ce t d fly) Birds usually fly is unprob­
be determined, until they become e;~1:c ; ;h of 'frequency statements do not 
lematically true. Since judgments o e hru th time these truth judgments 

• f partition ot er an ' h 
depend on the saliency o any t ong individuals, than trut 
are more certain, and enjoy wider agreemen am 
judgments of generics. 

4 Extensions to the Theory t d here can be extended. 
• h·ch the theory presen e 

There are several ways m _w I do little more than point out the problems 
Limitations of space permit us to . £ ed to A. Cohen (forthcoming) for 
and sketch the solutions; the reader is re err 
the details. 

A b"t ry Open Formulas 
4.1 Probabilities over r I ra d th logical form of generics and 

• f we have presente e . 
In the discuss10n so ar, '!/; d ¢ are properties. This represen-
frequency statements as Q( 'lj;'. ¢)' w~er~ an ting for sentences such as (32)' 

• h er would face d1fficult1es m accoun 
:~:::, se;::vto 'quantify over more than one variable: 

(32) Women live longer than men. b- t but rather about pairs 
• 1 about women or a ou men, . 

Sentence (32) is not s1mp Y re adequate representat10n 
F th· nd other reasons, a mo . 

of men and women. or is a £ 11 wing Heim (1982). This raises 
seems to be that of a tr_i-par.tite st::~~~;:~s oaso relating open formulas, ~ather 
a problem, however: Heim views q t d fine probabilities over arbitrary 
than properties-we need, therefore, a w:y b~·t; calculus does not let us do this, 
open formulas. While the traditional pro ah I 11990) which make it possible, and 

1• (H lpern 1990· Bacc us t d 
there are forma isms a ' . t rally into the theory presen e which, in fact, can be incorporated qmte na u 
here. 

4.2 Domain Restriction t'f over all the individuals 
A generic or a frequency adverb does not always quan I y 
in its domain: . 

(33) Mammals usually/0 bear hve you_ng. ma! is likely to bear live 
t that any arbitrary mam 

Sentence (33) does no mean rk I to do so. In other words, only mam-
young· only fertile, adult females ~re I e y l t for the truth or falsity of (33). 

' • fashwn are re evan h 
mals which procreate m some . t d with an account, such as t e 

d h should be mtegra e (34 ) The theory presente ere bt • (34 b) rather than .a , 
d • A Cohen (1994), of how too am . ' one propose m • 

as the truth conditions of (33): 

(34) a. P(live-younglmammal) > 0.5 te) > 0 5 
b. P(live-younglmammal /\ procrea . 

4.3 Distinction Readings . bl for the account of gener-
k tences provide a pro em The following well nown sen . 11) · 

• t d here (and other theories of genencs as we . 1cs presen e 
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(35) a. The Frenchman eats horsemeat. 
b. Dutchmen are good sailors. 

Sentences (35.a) and (35.b) might be true even if an arbitrary Frenchman is 
unlikely to eat horsemeat, or if an arbitrary Dutchman is unlikely to be a good 
sailor. What the sentences in (35) seem to say is that a Frenchman is more 
likely to eat horsemeat than an arbitrary person is, and that a Dutch sailor is 
more likely to be a good one than an arbitrary sailor is. Note that (35 .a) might 
be true even if a horsemeat eater is more likely to be, say, Belgian, and (35.b) 
might be true even if a good sailor is more likely to be, say, British. 

We refer to such readings of generics as distinction readings. The analysis 
of generics as probability judgments provides a natural way to represent the 
respective truth conditions of (35.a) and (35. b): 

(36) a. P( eat-horsemeat/French) > P( eat-horsemeat/person) 
b. P(good-sailor/Dutch /\ sailor) > P(good-sailor/sailor) 

It turns out that the account of domain restriction can also be applied to the 
problem of distinction readings, thus providing a unified theory of the two 
readings of generics. 

4.4 Quantificational Predicates 

The term quantificational predicate is due to Krifka et al. (1995), who use it to 
designate a class of predicates such as be common, be rare, and be widespread: 

Consider the sentence A rhino (with blue eyes) is common. It does 
not express a property of a specific rhino, nor does it express a 
generalization over individual rhinos. Instead its meaning is 'The 
chance of encountering a (blue-eyed) rhino is high ', that is, it 
is a statement about the distribution of rhinos (p. 96, emphasis 
added). 

A quantificational predicate, then, is a statement about the chance of observing 
individuals satisfying a certain property; this seems to call for an analysis in 
terms of probability. We propose to represent the meaning of (37.a) as (37.b): 
(37) a. Rhinos are common in Africa. 

b. P(rhino/animalin-Africa) » 0 
Krifka et al. go on to note that 

in be common, as well was [sic] in the similar be widespread, 
there is a meaning component implying that one can come across 
the entities in question at many places all over the universe; a 
sentence such as Rhinos are common in Africa seems to be false 
in case there are many rhinos in Africa, but all of them gathered 
at a single place, say, in the Ngorongoro crater (p. 97). 

This requirement would follow naturally from the homogeneity constraint; the 
reference class needs to be homogeneous with respect to the property of being 
a rhino, given the space partition. Therefore, for (37.a) to be true, rhinos need 
to be distributed more or less evenly across Africa. 

5 Summary 

Our goal in this paper has been to account for a variety of properties of generics 
and frequency adverbs without appealing to mysterious devices such as essential 

• • Instead we have argued for a unifie~ g~nerics 
properties or normality relations. . ' f lative frequency in the hm1t, and 

t t ents as express10ns o re 
and frequency s a em t· for five puzzling phenomena: 
Proposed that this provides explana ions d bs1 ·s unbounded because 

• d frequency a ver 
l. The domain of genencs an. b nsistent to regard the reference for limits to be meaningful, it must e co 

class as infinite. t h ld of temporary generaliza-
• d fr ency adverbs do no O . . h 

2. Genencs an equ t be bounded in time e1t er. b th reference class may no 
tions, ecause e . 1 r distribution of events 

fr dverbs reqmre regu a . 
3. Generics and equency a . . 1· t partition and the domam 

• • because time is a sa ien , 
along the time axis b h o eneous with respect to it. 
of these quantifiers needs to e om g "f the maJ·ority of instances 

fail to be true even 1 b 4. Generic sentences may b for a generic sentence to e 
support the predicated property, d ecau~e f the quantifier be homoge­
true, it is also necessary that the o~_am o 

• h t t all salient part1t1ons. 
neous wit respec o . . . d t of the truth or falsity of 

"d ably m the1r JU gmen s d. 
5. People vary cons1 er f r f partitions vary across in !-generics, because judgments o sa iency o 

viduals. 
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Quantifiers, Contex s, an t d Anaphora 

Jaap van der Does 
Univ. of Amsterdam 

ILLC: WINS 

Abstract . 1 anaphora by means of gen-
• 1 tudy the interpretation of nomma d DRT and DPL is that In this artic e we s of viewing first-or er t d ·ng 

eralized quantifier theory. One way "de the scope of their antecedent by ex en hiow 

::·:::::;:,::, ~:;;:; -:;;:;t:,n:o";: ',';;';;-;;:';.'::; ::;::; .:::::,::,""/;, ::: 
eral these scope pnnc1ples are. . lural anaphoric noun phrases. o 

gen I hora but that they may fail for P_ d . this light. Our own proposal 
smgu ar anap_ :nantics of quantifiers are reviewe m a as eneralized quan-
recendt dyn;;::/~~t:pe tradition. It treats th_e relev_anlt_ a:e;;::; fromgtheir antecedent. 
stan s m t • ted by matena m h · To 
• h. h are contextually res nc and the same mec amsm. 

~~:::ta;~ E-type anaphora ar~ t:~;e•r~:::ydi::nsional categorial system, which 
make this precise, we present ad a l 'of discourses in a compositional way. • fa w, e c ass generates the meaning o 

1 Introduction . K 1981) can be seen as exploiting h ra (Heim 1982, amp DRT's logic for singular anap o 
the equivalence of (la) and (lb). h" ti 

man walks in the park. He w is es. 
(1) a. A • h rk and whistles. . 

b. A man walks m t e pa d . t (2) without loss of meanmg. 
• (l ) can be transforme m 0 Due to this eqmvalence, a 

(2) :lx[Mx II Wx I\ Whx] h antecedent sentence of (la) induces 
A • II-known (2) is obtained as follows. T ~ . ted by the conditions in the body. sis we , • d" ourse referent res nc the DRS (3a), where xis a isc 

(3) a. x [Mx II Wx] 

b. x[Mx II Wx II Whx] with this DRS to give (3b). Finally, (~b) 
Next the anaphor sentence 'Wh\ ith::!~~urse operator 3. This strateg~ co:r~:: 
is interpreted as (2) by means o und variables. Since the meanm_g 

·th Geach's view that pronouns areMbo/1 Wx] the process can also be viewed as 
WI ·t wn is :lx[ x ' h th" ·s so is seen antecedent sentence on I s o • 1 de the anaphor sentence. T at is I d" "k and 

d" th scope of :lx to me u f of DRT (Groenen IJ 

:~::nu::! c1:arly in D~L's cornposit~~ai ::c~:::r::e1;:rmalization (4a) of (la) is f 1991) A crucial feature 0 

Stokho • h. h has its standard meaning. equivalent to (4b), w ic 

(4) a. :lx(Mx II Wx) II Whx 

b. :lx(Mx II Wx II Whx) . d to the synonorny of (5a) and • extens10n correspon s A related principle of scope 

183 
(5b). 



l 

(5) a. If a man walks in the park, he whistles. 
b. Every man who walks in the park, whistles 

In DPL, and mut. mut. in DRT, these sentences can be obtained from each other 
since (6a) and (6b) are equivalent. 

(6) a. 3x(Mx I\ Wx) ➔ Whx 
b. \lx(Mx I\ Wx ➔ Whx) 

However, the generality of scope extension as principle of anaphor resolution 
was already challenged by Evans (1977, 1980). In his polemics with Geach he held 
that not all pronouns with an antecedent are bound variables. His main observation 
was that pairs like (7a) and (7b) are unequivalent. 

(7) a. Quite a few men drove a Jaguar. They whistled. 
b. Quite a few men drove a Jaguar and whistled. 

The difference between (7a) and (7b) cannot be explained if 'they' in (7a) is bound 
by 'quite a few' in the standard sense. For then both sentences would mean that 
about half of the men who drove a Jaguar whistled. Instead, (7a) implies (7b) but 
not conversely. In particular, (7b) does not imply the anaphor sentence of (7a), 
which means that each man who drove a Jaguar whistled. 

Observations such as these make us face a number of questions. How general are 
the principles of anaphor resolution embodied in the first-order versions of DRT and 
DPL? Are there extensions of these logics which treat quantifiers so that the scope 
principles remain fully general? Or should we perhaps distinguish in a principled 
way between the noun phrases which do and those which do not allow their scope 
to be extended? 

The results in section 2 imply that scope extension can be sustained for all 
singular but not for all plural anaphora. This is shown in detail in section 3 and 4, 
respectively. It gives a logical reason of why it is non-trivial to incorporate dynamic 
generalized quantifiers within DRT and DPL. Section 4 also reviews some of the 
proposals made in this direction. 

Since we prefer to treat anaphora outside the scope of their antecedent in a 
uniform way, we leave the idea of scope extension all together. Instead, we treat 
the relevant anaphora as generalized quantifiers which are contextually restricted 
by material inherited from their antecedent. This approach developed out of Evans 
1977, 1980, Neale 1990, Ludlow and Neale 1991 using the context sets of Westerstahl 
1984. Cf. also Van Deemter 1991 and Van den Berg 1991, 1996, among others. To 
make this precise, section 5 presents a labelled, many dimensional categorial system 
which generates the meaning of a wide class of discourses in a compositional way. 

2 Anaphora and scope extension 

The proper setting for studying scope extension is generalized quantifier theory, 
provided we first lay down how anaphoric links influence meaning. A convenient 
way is to view anaphoric noun phrases as contextually restricted quantifiers. Then 
the anaphoric element is a determiner A, left unspecified for the moment, while the 
anaphoric link between D• and A, in (8a) means (8b).i 

(8) a. D' AB ... A,C 
b. DAB ... AAnBC 

This treatment seems far removed from the dynamic semantics of DRT and DPL, 
but we shall indicate how the theories fit within this framework. 

In view of (4) and (6), we want to know for which D and A (9a- 9b) and ( 
10a- 10b) are equivalent: 

1 In this article I often speak of determiners , but mut. mut. the same remarks can be made {or 
non-complex noun phrases. 
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(9) a. D• AB & AiC 
b. DABnC 

(10) a. D' AB ⇒ A,C 
b. DA n BC . A in (10a) is that the unary quanti~ers 

- d 1 f D' The reason for usmg . • \es of scope extens10n. 
D' is the ua O • - f malizing the prmcip 1 f 
in DRT and DPL leave some roo:,1:(;~ ~Q) . This means that the equiva ence o 
Recall that DPL defines p ⇒ Q th' as the equivalence of (lla-llb). 
(lOa-l0b) amounts to the same mg 

(11) a. D•AB & A.C . 
b. DA n BC db t ·te different ways of scope extension: 

Accordingly, we should study two relat~ h; b;:1alled 'absorption' in (1~)- h' h 
Roberts' teles_coping in (~) vs. ~~~; :~! (lOa-lOb) is one of inverse logic: for w IC 

The quest10n concernmg (9a ] l'd?2 
D are the equivalences (A) or [A va I • 

(A) Di AB & AiC {c> DAB nC 
- - BC 

[A] (D' AB ⇒ A.C) {c> DA n . d A the anaphoric deter-

D in (A) and [A] is called_ the(;.)nte~~t~Y s!;~:::~;.r ;; now we just observe that 
. The full paper studies a 

mmer. . f • t rsective D. 
they collapse m case o m e . . f 11 A B A', B' :3 

. D . ·ntersectwe iff or a , , 
Definition 1 A determmer is , , ; 

I B' (DAB {c> DAB) 
An B == A n ⇒ DA n BC whence the collapse. 

f D· DAB n C {c> ' • 2 1 will first 
Notice that for an intersec ive • f (A) but the examples in sect10n • 
S t . 2 2 has a formal treatment o , 

ec 10n • • ht pect 
give us a feel for what we m1g ex • 

mples f th anaphoric 2.1 Some exa ' inference uses a pronoun or e 
The most familiar pattern ~f Evans 

1 t· cf the equivalence m (1). 
e emen , • . ark They whistled. 
(1) All men walked :n the park. and whistled. 

{c> All men walked m the p . . t d to the context set 
. al quantifier restnc e . D 

Here, 'they' is interprete~ as a(u)n::e:: instance of (all). For conservative one 
'men walking in the park • So.' 1 1 

. . f (all) is always vahd. d1rect10n o 

(2) DAB An B <; C 
⇒ DAB n C is false. For instance, (3) 

hall see in almost all other cases the converse 
But as we s , 
is invalid. 

. th ark and whistled. 
(3) Some men walked :n e p k They whistled. 

_.J,.. Some men walked m the par • . . ·tr D in (A) is 
r . . r d which is the case I 

The first sentence of the co1'.clus::e:sn:~:pl~ the second sentence which states 
MONt- But clearly the prem1sse h' tl 

lk. • the park w 1s e. 
that all men wa mg m . 

. . atterns of reasomng. . 
------:--~-;;;;-;-::;;;:::-:;keidl, imilar questions for syllog1stlc P_ d co-conservative iff 

2Cf. Van Benthem (1984) :h~ ~sk~nt:rsective iff Dis both conserv~t1v~~~ {c} DA n BB. And 
3 Alternative defimt1ons ar • . (D is co-conservative iff for a~l A, ·fl . tersective determiners 

Dis conservahv~ and symmeW~AB {c} OBA.) Keenan (1987) 1dent1 es m 
D is symmetnc ,ff for all A, B. 185 
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Once anaphora are viewed as contextually restricted quantifiers, there are quit 
a few variants of (1) without pronouns. Cf. Van Deemter 1991. Take (4), fo~ 
example.4 

(4) Five men bought whiskey. Five got drunk. 
·{cc} Five men bought whiskey and got drunk. 

As we already noted, the antecedent determiner in (A) must be MONt. And indeed 
( 4) is valid if 'five' is read as the monotone increasing 'at least five', but invalid if 
read as the non-monotonic 'exactly five'. The use of the monotone decreasing 'at 
most five' would result in invalidity as well. Moreover, (5) is invalid on each option 
for the numeral. 

(5) Five men bought whiskey. Some got drunk. 
'f, Five men bought whiskey and got drunk. 

The above examples suggest that as soon as the antecedent D and the anaphoric 
A are one and the same MONt determiner a valid equivalence results. That this is 
not true is shown by (6). 

(6) Most men went to the party. Most whistled. 
'f, Most men went to the party and whistled. 

Although the top discourse follows from the sentence at bottom, the converse direc­
tion fails (consider four men of which three walk and two whistle). Therefore, we 
need to look for special MONt determiners, and we shall give the relevant properties 
shortly. 

2.2 The validity of (A) 

We are going to characterize the logical determiners which validate (A) for a certain 
choice of A.5 Relative to A, these are the determiners for which it is all one whether 
they are linked anaphorically to A ( the lefthand side of (A)), or whether they have 
their scope extended to include the descriptive material of the anaphor sentence 
( the righthand side of (A)). 
(A) DAB & AA n BC, iff DAB n C. 

As it happens, in this characterization the choice of A cannot be fully arbitrary, 
but it is sufficient to require that A is restrictive. This notion corresponds to one 
of the three inferences which make up (A) for the special case where A is D . 

(7) (a) DABnC 
DAB 

(b) DABnC 
DAnBC 

(c) DAB DAnBC 
DABnC 

We leave the import of (7c) for the full paper. Property (7a) is familiar: D has it 
iff D is MONt, The most relevant property for the characterization we are after is 
(7b). A determiner D has (7b) iff it is restrictive. 6 

(8) DAB B ~ C 
DAnCB 

For instance, from right to left we have: DAB n C; (res) DA n BB n C; (cons) 
DAnBC. Notice that restrictiveness is weaker than intersectivity and .j,MON. Prime 
cases such as the anaphoric use of 'some' and 'all' will therefore be covered by our 

4 In the discussion at AcTen after my talk, Barbara Partee said to disagree with the walk-in-the 
park variant of ( 4) because it requires the second five to introduce a new quintet. According to 
Hans Kamp this variant would be acceptable after some reflection. Herman Hendriks suggested 
the present version which raised no linguistic objections. 

5 Recall that a determiner is logical iff it is conservative (CONS)) and invariant under suitable 
changes and permutations of the domain (EXT and ISOM). Cf. Westerst3hl 1989, or Van der Doe~ 
& Van Eijck 1996 for an introduction. 

6 Van Benthem (1984) proposed this principle as part of confirmation in his study of conditional 
relations. Cf. also Lapierre 1996. 

186 

It An example of a restrictive quantifier which is neither intersective nor .j,MON 
resu • ( ) 
is 'most'; witness the validity of 9 : 

(9) Most logic books are yellow and expe~sive 
Most yellow logic books are expensive 

. tates that logical A have (A) iff the only deter-
We now prove theorem 4, which s b . d f A by restricting the cardinality 

miners which validate (A) are those o tame rom 

of its first argument. h th t 
For each D with (A) we have for all A sue a 

Lemma 1 Let A be restrictive . 

DA # 0 • AA = DA. . . 
• C A as is shown by the following imphcat10ns: 

PROOF. Let D have (A) . Then D AB· AAB. Conversely, let A be such that 
DAB; (cons) DAA n B; (A) AA n x' 'th DAX. Since D has (A) it is MONt, 
DA# 0, and assume AAB. C~oose a~ . ":'1 AA n (XU B)B . Now (A) implies: 
whence DAX u B . Since A 1s restrictive. 0 

DA(X u B) n B; i.e., DAB. . f D h ' h 
The proof of this lemma already gives some information on the kmd o w IC 

validate (A)• □ 
Corollary 2 If D has (A) then D is MONt and D ~ A 

1 t DA# 0 can be removed by 
For logical determiners the restriction in lemma o 

means of the following concept. e . .7 

For a Class of cardinals 0 the determiner D is defined by. 
Definition 2 

De AB ⇒ \A\ E 0 & DAB 

In case e = {r;,} we write DK for De · 
. If a logical determiner D has (A), then 

Lemma 3 Let A be logical and _restrictive. 
D = A e for some class of cardinals 0. 

PROOF. Let D have (A), and define: 

e := {r;,: 3A(DA # 0 & \A\= r;,)} e 
e e DAB Then, \A\ E 0, and by corollary 2: A AB. 

To show D ~ A , assum • Ae AB Then \A\ E 0 and AAB. By 
1 t h w A e c D assume • . 

Converse y, o s O . - , • h \A'\ _ \A\ and DA' # 0. Lemma 1 gives: 
definition of 0, there is an A wit -

(#) For all B': DA' B' {cc} AA' B' • 
1 

A --t A Clearly: 
S. \A\ _ \A'\ there is a bijection g: • 

mce - , ~---:c::c- , B)\ 
\An An B\ = \A' n g(A n B)\ and \An B\ = \A n g(A n I 

( . l't ) AA'g(AnB)· (#) DA g(An 
We have the following equivalences: AAB; log1ca I y , D 

B)· (logicality) DAB. . . 3 
, . t of A are logical and restrictive , lemma 

Since (almost?) all important ms ances . • (A) scope extension does not 
h f t antecedent determmers m h' h 

makes plain t at or mos bl characterization of the logical A w ic 
preserve meaning. Lemma 3 also ena es a 

have (A). . ( ) ·ffD = Ae for 
A . l . l and (A) iff for all logical D: D has A i 

Theorem 4 ,s ogica ' 
some class of cardinals 0. d h t 

. . nd (A). We have already observe _t a 
PROOF. First assume th_at . A is l~g~cal al that A e is logical if A is. So with a 
the A with (A) are restrictive, an it is c ear 

-------:----;---::-=-;:;-::-:::;.~;:-, . als and classes may assume the domains E to be finite, 

7Those who feel unco,mfort:bl~ ;~t?c::~f~:l' and 'set' for 'class'. 187 
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view to lemma 3 the only thing which re • 
D is that the A e have (A) B t th" mams to prove the equivalence for I • e . u is property of A is preserved as w ll · og1caJ 

A AB & AA n BC e • 

¢? IAI E 0 & AAB & AAnBC 
¢? IAI E 0 & AABnC 
¢:, A 6 ABnC 

Conversely, if the logical determiners w·th ( • 
then A must have (A) too: A= A{"'"=~} A) are precisely the Ae for some 0 

The next sections apply theorem 4 to sho ·t • D 
In section 3 it is used to stud th w I s impact for current discourse lo • 
to study plural definites and ~um::::antics of singular pronouns, and in secti!:~ 

3 Singular anaphora and th • t . e1r an ecedents 
Smgular anaphora are perhaps the most • • 
change with the place of occu N puzzlmg of all, smce their meaning m 
t t d 

rrence. evertheless we h JI ay 
rea e as contextualized quantifie . . . , s a argue that they can b 

(i) a full description of the determ1· rs m ahprhmc1p_led way. Besi_des, this section givees 
£ • ners w 1c satisfy th • • I 
or smgular pronouns (section 3 1) d ("") . e prmc1p e of scope extension 

which may be antecedent to ~ sinan I 11 a umversal to single out the determiners 
digression on the interpretation of g~ ar !pronoun (section 3.2). Section 3.3 is a 
Th · t smgu ar pronouns in t f h 

e pie ure which emerges is that i"t d k erms o c oice fuctions f • oes not ma em h d"ff • 
o smgular anaphora whether it is iven b m uc I erence_for the semantics 
contextual restriction. Mainly pl \ Yh ean~ ~f scope extension or in terms of 

ura anap ora d1stmguish the two 

3.1 Singular anaphora • 

Let us first make a few observations to show that • f • 
as contextually restricted existent· I "fi I we mterpret singular pronouns 
DPL T . ia quant1 ers they b h h • 

· 0 this end recall that th • I . e ave muc as .m DRT and 
• I . e smgu ar version of ' , h 

a smgu ar mterpretation. They a . . some as a numberless and 
R 11· . re given m (10) where • • usse ian smgular description the'. ' some 1s equivalent to a 

(10) someAB ¢? An B -I 0 
. . some• AB ¢? A n B "I 0 & IAI = 1 -

S1m1larly, on a Russellian view the semantics o '· ' • • 
some has (some) we know from theo 4 th f a is either some or some•. Since 
o • rem at some• has ( ) 
ver, some has (some') Th . some as well. More-

. . I · us we see that mterpr f • I 
ex1stent1a s gives what is required. e mg smgu ar pronouns as 

(11) A man walks in the park. He whistles . 

A man walks in the park and whistles 

To be precise, the equivalence (11) holds iff 'a' and ' ' • 
some; or both as some•· or, , . . he are both mterpreted as 
th . , a 1s mterpreted as the d • f 

e existential some. It is invalid if 'a' is . . escnp 10n some• and 'he' as 
description. an existential and 'the' a singular definite 

Since some is intersective the remark • • 
too. So, donkey-like sentences can be has~ slct10n 2 make ~lain that it has [some], 
(12) If . n e along these Imes as well:.s 

a man walks m the park, he whistles. 

Every man who walks in the park, whistles. 

sit would be interesting to compare th. • 
sophical literature. Neale (1990 ch t 15s &view) on singular descriptions with that in th h"l 
MIGs h 1 ap er 6 shows that d k e P 

1 
o-

' among ot er anaphoric sentences, can be . on eys'. sag~ plants, bathrooms and 
as numberless descriptions· i e u . 1 . handled by mterpretmg smgular E-type 
w 11 · 11 h ' · ·, mvera quantifiers with pronouns 

e m a t e cases were a universal reading is req . d : no?-e~pty first argument. This works mre ' ut it fails for such texts as in 11. 
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It is worth to notice that the difference in quantificational force of the singulars­
existential in (11), universal in (12)- is closely related to the polarity of the an­
tecedent and the anaphor. By default we have that an occurrence of a singular 
pronoun is existential (weak) if its polarity and that of its antecedent 'a' are the 
same (both positive or both negative); it is universal (strong) otherwise. This 
generalizes Kanazawa's obervation concerning monotonic determiners to arbitrary 
constructions, and can be formalized by means of a monotonicity calculus. Cf. Van 
Benthem 1986, Sanchez 1991, Kanazawa 1994. However , in case of other antecedents 

than 'a' it seems that singular pronouns favour a weak reading. 
DRT and DPL The existential semantics for singular pronouns appears far re­
moved from compositional versions of DRT, but it is not. A denotation for singular 
pronouns which is essentially the same as that in DPL can be phrased in terms of 
choice functions. Before we give this denotation, let us quickly recall the treatment 

of pronouns in DPL. In DPL the pronoun 'he' in (la) is a variable which is captured dynamically by 

the preceding existential quantifier . 

(la) A man walks in the park. He whistles . 
The basic idea is that the existential associated with the indefinite 'a' introduces 

an object d stored under x to give assignment a~ . 

(la') 
3x d Mx d Wx d Whx d 

a ~ ax _:__; ax ---+ ax ---t ax 
Next, the atomic sentences within the scope of the quantifier test one after the other 
whether d is a man and a walker. If so, d is picked up by the pronoun 'he'. When 

dis a whistler as well, (la) is true. 
A slightly different but logically equivalent approach would hold that 'he' chooses 

an object from the set of walking men. For the case at hand, this can be made precise 

as follows.9 • 

Definition 3 A function g : p(A) ---+ A is a choice function for A iff for all non­
empty X ~ A: g(X) E X . In terms of a choice function f the determiner (f) is 

defined by: 

(f)EAB ¢A-I 0 /\ fE(A) EB 
for all A, B ~ E. The dual [f] of (f) is defined by: [f]EAB ¢ ~(f) EAB. 

Using (f) the anaphoric link in (12a) can be interpreted as (12b) . 

(12) a. D; AB & A,C 
b. 3f : DAB & (f)An BC 

We should therefore ask for the D which satisfy (cf) . 

(cf) 3f : DAB & (f)A n BC, iff DAB n C. 
But since 3f : (f)AB iff An B -I 0, for all A, B, it is the same to ask for the D 
with (some). We therefore know from theorem 4: 
Corollary 5 The logical determiners D which have (cf) are precisely those with D 

== some6 for some class of cardinals 0 . D 

The result shows that as soon as pronouns are treated by means of choice functions 
DRT's and DPL's mechanism of extending the scope of some only carries over to the 
indicated subparts of this quantifier. To know whether or not this is too restrictive, 

9 We gloss over the fact that the choice function should be dependent on the variable. Cf. Van 
der Does 1994. Another important issue is that the restricting domains may be dependent on each 
other. Cf. Van den Berg 1991, 1996, and section 5, among other places. The idea to use choice 
functions to interpret singular pronouns is found at many different places: Urs Egli, Meyer-Viol 
1992, Chierchia 1992, Gawron, Nerbonne, Peters 199lshow, Von Heusinger & Peregrin, Van Eijck 

1993. Also: Muskens 1989. 189 



we have to determine the class of possible antecedents of singular pronomina. This 
is done in section 3.2. Here it is shown that the only other possible antecedents 
are the analogous subparts of one . Hence, corollary 5 does not prohibit intuitively 
acceptable linkings, for such antecedents can be defined in terms of some in the 
familiar way. Consider for instance (13). 

(13) a. Just one man drove a Jaguar. He whistled. 
b. Just one man drove a Jaguar and whistled. 

As for (7), the difference between (13a) and (13b) cannot be explained if 'he' in 
(13a) is bound by 'just one' in the standard sense. However, this observation does 
not suffice to show that a bound variable analysis of (13a) is impossible. One could 
read the antecedent sentence as stating: :lx.'x is the unique man driving a Jaguar' . 
This first-order definition of 'just one' splices the quantifier into an existential and 
a uniquely satisfied predicate. And scope extension would still hold for the first. 
Cf. Groenendijk, Stokhof, Veltman 1995. However, in case of quantifiers like 'quite 
a few' and 'most' this resort to first-order definitions is impossible. Cf. Barwise and 
Cooper 1981. 

3.2 Antecedents for singular anaphora 

Corollary 5 states that the interpretation of singular pronouns by means of scope 
extension should be limited to certain subparts of 'some'. So, adopting scope ex­
tension as the main principle of pronoun resolution one would like to know whether 
this gives us all the cases we want . To this end we have to determine which noun 
phrases may figure as antecedent to singular anaphora (hence: s-antecedent). We 
shall give an answer to this question by proposing constraints on their denotations. 
They imply that the only logical determiners which may be antecedent to a singular 
anaphor are those of form :'some5 ', 'a', 'just one', 'the', 'one of the ' , ' one ... out of 
- '. These can all be interpreted as some9 or one9 . 

A strong intuition concerning singular antecedents is that their denotation intro­
duces a possible referent for the anaphor. The singular dynamicity constraint SDYN 
corresponds to this intuition. Given CONS, which is assumed throughout, the fol­
lowing two formulations are equivalent: 

SDYNl DEAB ⇒ :lb EB: DEA{b} 

SDYN2 DEAB ⇒ :lb EA n B: DEA{b} 

We propose the following 'universal'. 

Constraint 1 All s-antecedents satisfy SDYN. 

In fact, the constraint can be taken locally relative to given E, A, B or globally 
relative to all E, A, B (global variant) . This makes a difference for determiners 
such as 'every' and 'at most one' which for particular E, A, B may respectively be 
equivalent to the SDYN 'the" and 'just one', although they are clearly not SDYN on 
all E, A, B . In such situations the local variant would allow: 

(14) Every/at most one man cried. He was unhappy. 

But (14) is ruled out on the global variant. It has as an immediate consequence 
that no non-empty SDYN determiner is MON.j.. For if D is globally SDYN then it is 
positive in the sense that: DEAB always implies Ai- 0 i- B. And of course each 
non-empty MON.j. D has DA0 for some A. This corresponds to our judgement that 
there can be no link between the antecedents and 'he' in (15). 

(15) No/at most one man walked his dog. *He is lazy. 

From now on we work with the global version of SDYN. 
What about logical s-antecedents with a different monotonicity behaviour? 

Proposition 6 answers the MoNt case. For simplicity we now assume FIN: the 
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domains considered are finite. Let X be a set of natural numbers, and define as 

before: DX AB ¢}def IAI E X & DAB. 

Proposition 6 The only MONt s-antecedents are those of form somex with X a 

set of natural numbers. 
PROOF . It is clear that somex SDYN, and MONt. So, tak~ a logical D with these 
properties. Since D is logical, we may view it as a relat10n d between numbers 

according to the equivalence: 

DAB¢} dlA - BIIA n Bl 
Notice that D is a relation among sets and d the corresponding_ relation among 
numbers. Restricting our attention to finite domains, the properties of D become 

regularities in the number tree: 

0 00 
1 
2 
3 30 

20 
10 

21 
11 

01 

12 
02 

03 

1 & d( + - 1)1 E g if d03 then also SDYN corresponds to: dnm ⇒ m 2: n 11?' • • -, _ 
d21 And according to MONt all positions to the right of a + for d are + as well . 
dn~ ⇒ \/k(m.:; k .:; n + m ⇒ dn + m - k, k). Similarly for MON.). and + 's to the 
left. Using these regularities we see first that not: dmO for all m, due to SDYN. 

? 
? ? 

? ? ? 

Second, for each line m + 1 at which d has a'+' SDYN gives dml. For example: 

only if: 

? ? 

? ? ? ? 

? ? + + ? + 

In combination with MONt this implies for that m and all n 2'. 1: dmn. 

? 
? ? 

+ + + 

Now , let X = {n : d has a '+' at row n}.x From the previous remarks it is cle~ 

that the resulting pattern 1s that of some 
In principle this simple result already gives many possible antecedents for singul~ 
antecedents'. But presumably not all of them are realized in natural language: 
should not be too complex to describe. E .g., somew, w the set of n~tural numb_ers, 
is the meaning of some , a, at least one (which are equi:alent_accordmg to quantifier 
theory). Also, (at least) one of the n denotes: some , which for n = 1 gives the 
meaning of the5g. And so forth , and so further •• • . . 

Proposition 6 is in perfect harmony with corollary 5, which said _that scope 
extension for singular pronouns is just possible for the somex. So, if t~';{t are 



any problematic SDYN antecedents they sh Id b . 
of such determiners can be quite chaotic o~ut a: ~on-mon?tomc. The behaviour 
shown, they will always subsume 'exactly • x,, he prev10us proof has already 

one wr some set X of natural n 
Corollary 7 For each logical SDYN D: exact! x umbers. 
bers. Y one ~ D, X some set of num-

PRo_oF. Just observe that D is D{n , d has a'+' at row n} 
prev10us proof. , and reason as in the 

Moreover, it is often claimed that t . 0 
tecedent but that only the ind fi ·t no JUsKt any determiner is suitable as an an-
. · • e Ill es are. eenan 1987 · 
1mtes with the intersective d t . B proposes to identify indef-. e ermmers ut as soo 
mto one of form Dx this has to be re la~ed b ? as we ~urn an intersective D 

A P Y weak mtersect1v1ty (relative to X)-IO 
n B - A' n B' & (/A/ , • 
. . - E X ¢> /A I E X) ⇒ (DAB ¢> DA' B') 

Intersect1v1ty corres d t h £ . 
\/k : dkm. For insta~::: s o t e ollowmg regularity in the tree of numbers: dnm ⇒ 

? only if: 
? ? + 

+ ? ? + ? 

? ? + ? ? ? ? + ? ? ? 
. . 

Weak intersectivity is the same regularity rela~ivized t.o X · 

dnm ⇒ \/k(k + m E X ⇒ dkm) • 

Let p be a set of natural numbers and define (P) 
have the following characterization. ' AB ¢>def /An B/ E P. We 

Proposition 8 The only non-empty logical -
SDYN D are those of form ( { 1} U P) X . h X non-monotonic, weakly intersective, 
0 rt P , (ii) 3k > 1: k rt P. wzt f 0, P sets of numbers such that (i) 

PROOF. Let D be of form ( {l} U PV Th . . . 
that it contains the relevant parts of th 1 t D IS tc~YN IS Immediate from the fact 
is also clear that D is weak! . t _e - iagona Le., dml for all m + 1 EX). It 
f Y m ersect1ve. The non-man t • •t f D 
rom non-emptiness, (i) and (ii) . For b (i) D O _omci Y O now follows 

M_ON.j.. And by (ii) each row k + l at which D h has ,n~ pomts mO so that it is not 
with I > 1, which blocks MONt. as a + lacks at least one point dkl 

Conversely, let D have th . 
X := {n. d h ' , e properties named. Define p := {k . 3/ d/k} d 

• as a + at row n} It is clear th t D C (P)X • • , an 
!hen /AnB/ E p and /A/ EX. s·o 3/.d/ AnB : - , so assume (PV AB. 
mtersectivity: d/A _Bl/An B/, and he~ce I nd /A-B/:/AnB/ EX. By weak 
and that p has (i) and ("" ) s · D . DAB. It remams to show that 1 E p 
d 11 • mce 1s non empty 1 E p , II ' 

oes (i). Finally D cannot t . . II . - , . 10 ows from SDYN, as 
b h ' con am a m-diagonals with > 1 , h . 

e t e monotonic someX S c··) . m - , 10r t en 1t would • o u 1s true as well. 0 
There are of course many determiners ({1} x . 
antecedents; the converse of con t . t 1 . U P) which do not figure as s­
this form, and (16) is marked. s ram is false . For instance, one or five has 

(16) One or five boys sold records. *He was rich. 

IOThis has ramifications for Keenan's r 
'there are two of the twelve men in th p opdosa~. Thhe comp~ex indefinite two of the twelve-as in· 
th· e gar en - as meanmg· 212 b . • 

is case we seem to need weak intersectivit H • . ' ut is not intersective. So in 
?f the records' are also weakly intersectiv r t ~~ever, pro_port10nal determiners like 'ten percent 
mtersectivity nor weak intersectivity pro :rl ue It~llowed I~ e~iste?tial sentences. Thus, neither 
Note, by the way, that both forms of int~rse\· ~~ a~ns tlhe d1stnbut.1on of indefinite noun phrases. 

c IVI Y imp y conservativity. 
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In fact it seems that the cases were P = 0 are the only non-monotonic s-antecedents, 
besides the MONt somex that comes from P = {n: n?: 1} . In short: 

Constraint 2 For each X, only the strongest and the weakest ( { 1} U P) x with 
0 rt P figure as s-antecedents. 

Here, strength is measured by ~: ( { 1}) X ~ ( { 1} U P) X ~ somex . It is attractive 
that the constraint couples logical strength to simplicity of linguistic expression. 
Still, it is descriptive rather than explanatory. 

In section 4 we consider distributive plural anaphora and their antecedents. But 
first we digress a bit further on the determiners obtained from choice functions. 11 

3.3 Digression: determiners from choice functions 

Fix a domain E and let CFe be the set of choice functions fe for E with f(0) EE 
arbitrary. In lifting f of type et.e to a determiner (!) of type et.ett the following 
requirements are reasonable: 

1. (/) should be stronger than some; 
2. (/) should be as logical as possible. 

The lifting given in definition 3 behaves well in these respects: 

(/)eAB <c> fe(A) EB & A f 0 

We need A f 0, for otherwise (/) is neither part of some, nor CONS. In particular, 
without this requirement we have (/)0{!(0)}, but not some0{f (0)} and not (/)00. 
On the other hand, (/) does have these properties. In fact, it is not difficult to see 
that: 

1. somee = u/ECFE(/); 
2. For an arbitrary f of type et.e: f E CFe iff (/) is CONS! 

As to the latter, if f rt CFe there exist a non-empty X with f(X) rt X. So we can 
use the previous observation with X instead of 0 to see that (/) is not CONS. 

To establish logicality of (/), this determiner should be a functor which is in­
variant under growth of suitable domains. Such functors could be derived from 
choice functors, which assign a choice function fe to each domain E . These func­
tors should have EXT in the following sense: fe(X) = fe,(X), for 0 f X ~ E,E' . 
Then, for a choice functor f: 

f has EXT iff (/) has EXT in the corresponding sense. 

For let(/) have EXT and 0 f. X ~ E,E'. Then (/)eX{/e(X)} and by EXT for 
(/): (f)e,X{fe(X)}. So: fe,(X) E {/e(X)}, and fe,(X) = fe(X). 

This is as near as we can get to logicality, since in general (/) will not be closed 
under permutations. E.g., let f{l,2} = 1 and f{2,3} = 2, then the bijection ,r 
which maps 1 onto 3 gives: (/){l, 2}{1} and not (/),r{l, 2}1r{l}. Indeed, [/] and 
(/) can only be logical on singleton domains (for a permutation ,r with ,r(a) = b: 
a= f({a}) = f(1r{a}) = b). 

Along similar lines we see that the denotations for indefinites that arise from 
choice functions do not comply with Keenan's thesis that the indefinites in type 
et.ett are exactly the intersective determiners. For an f with f{l, 2} = 1 and 
f{2, 3} = 3 has: (/){1, 2}{2, 3} and not (/){3, 2}{2, 1} . However, in the course 
of the present discussion we have already seen other assumptions that counter this 
claim. For instance, the quantificational E-type approach to singular pronouns in 
section 3.1 holds that the definite singular pronouns denote the intersective some, 
against the thesis of Keenan (and that of Barwise and Cooper 1981 concerning 
definites). 

11 This section is inspired by discussions with Yoad. Winter on his work concerning indefinites and 
choice functions. Cf. his contribution to the proceedings. 
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I 
It would be nice to have a characteri . 

properties of type et. ett elements As it z~t10n of the determiners (/) in terms 
delimits the set of determiners of ~his form.a~~;t~:a natural cluster of properti:: 

I. positive iff DXY implies X 'F 0 'F y 
2. almost reflexive iff DXX, for X 'F 0 
3. continuous iff DXLJ1v; ¢} :3i EI: DXY; 

4. functional iff: DX{a} and DX{b} . I imp ya== b 

Proposition 9 A determiner D in type et ett i .. 
uous and functional if! there . h . f • . s positive, almost reflexive contin-

,s a c ozce unction f such that D == (/) ' 
PROOF. It is clear that (/) is positive almo . . • 
Conversely, note that Dis continuous,and fst rt~flex1lve , co~tmuous and functional 
* unc 10na only 1f for y 'F 0· • 
() DXY<c}3!aEY:DX{a} • 
('31' • means: exactly one.) Hence an almost fl . 
function f by· f(X) is th . re ex1ve D allows us to define the ch . 
I • e umque a E X with DX{ } £ X oice 

e sewhere. Now we have the follow1·n . 1 a or 'F 0, and arbitrary 
g equiva ences: 

• (f)XY 

• f(X) E Y and X fc 0 

• DX {f (X)}, f(X) E Y, and X fc 0 
• DXY 

From top to bottom, the second ste uses X 
definition off while the th" d t p . 'F _0 , almost reflexivity, (*) and the 

' Ir s ep uses contmu1ty (h ) 
to top the first step uses positivity (*) d th d fi . ~nee: MONt • From bottom 

. ' , an e e mt10n of/. 0 
Smee the proof does not depend on the <lorn . E 
for functors f and D. · am we also have the analogous result 

With a view to th t d 
b (/) e purpor e scopelessness of the • d fi ·t , , 
Y , the lifting proposed has a fam•i· h"t h T m e m e a as interpreted 
"th I iar I c he noun ph (f)A • w1 respect to conjunctions and dis. unct. • . . rase is scopeless 

scopeless with respect to complem tJ t· wnsdm its second argument. But it is 
• f A • en a 10n an quantificatio J b h I Is presupposed rather than stat d t b na ver p rases only 

Id e o e non-empty (In c f th . one cou also require that th b . . • ase O e quantifiers 
t ey e pos1t1ve.) For the s 
o someA by means of wide scope ex· t f I . ame reason generalization 

fail. However, changing the lifting to/s en Ia quantification over f may sometimes 

U)sAB ¢} JE(A) EB 

provided that A 'F 0 together with th . 
results above, and does make (/) ~ use of a partial logic gives mut. mut. the 

scope ess. Cf. Fodor and Sag 1982. 

4 Plural anaphora and some of their antecedents 
4.1 Definite anaphora 

As is well-known d fi ·t , e m e noun phrases such as 'the , 'th , ' 
are often interpreted by mean f h . _Y ' e man, those four records ' 

. s o an anap one Imk Th • . 
as to t~eir precise semantical status. In DRT a deli •. ere _is an ongomg debate 
express10n. And in quantification th ·t . . mte DA is treated as an open 
{Y : An X C Y} ( cf Barwise d eCory I is mterpreted as a principal filter of form 
d" - • an ooper 1981 The cont t t X · 1sregarded in what follows ) Th" h • ex se 1s sometimes 
ea~h such D has (D), sine~ this1::::n:a: e~c~ach definite D _is .J,MoN. Therefore, 
bnef look at some examples. .J,MoN determmer. Let us have a 
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There are numberless, singular, and plural forms of the quantifier all: 

(13) allAB 
all' AB 
aWAB 

¢} A<;; B 
¢} A <;; B & IAI == 1 
<c} A <;; B & IAI > 1 

The semantics of 'the' is all8 (singular) or allP, (plural), and that of 'all' and 'they' 
is all (numberless) or allP (plural). Each of these versions satisfy (all). In fact we 
have for all 0: all9 has (all9 ), even though these determiners need not be .J,MON. 

This accords with our intuitions. For instance, (14) is valid if 'the' and 'they' are 
both numberless, both plural, or 'the' plural and 'they' numberless: 

(14) The books are boring. They are dusty. 

The books are boring and dusty. 

In case 'the' is numberless and 'they' plural (14) is invalid. For conservative an­
tecedent D the direction from top to bottom is always valid, but for (14) the converse 
fails (the bottom sentence need not imply that at least two boring books are dusty). 
Theorem 4 implies the following characterization for the numberless case. 

Proposition 10 Call a determiner D maximal if! for all E: Ds <;; alls . The only 
determiners with (all) are the maximal MONt ones. 

Notice that the maximal MONt determiners are precisely those of form all9 . Natural 
language examples of maximal MONt determiners would be: the four, the five or 
more, . . . And (15) is indeed valid . 

(15) The four statutes were expensive. They sold quickly. 

The four statutes were expensive and sold quickly. 

This would also be true on the plural form of 'they', for another consequence of 
theorem 4 is: 

Proposition 11 The only logical D with (all9 ) are those with D == all0 ' for some 
0' <;;0. 

Next we consider numerals, as main examples of quantifiers in discourse logic. 

4.2 Numerals 

An important category for discourse logics are the indefinite or weak noun phrases 
which often figure as antecedents for plural anaphora. Numerals are prime examples 
of indefinites. As in the case of definites there is an ongoing debate concerning 
their semantic status. In DRT they are modeled as open expressions. They are 
essentially different from quantificational noun phrases. Discourse operators bind 
them depending on the place at which they occur. In quantifier theory indefinite 
noun phrases are mostly identified with intersectives. 

Call a determiner INTt iff it is intersective and MONt. It is not hard to see that 
each INTt A has (A). Well-known examples of INTt determiners are 'a', 'some', 'at 
least n', 'infinitely many', besides conjunctions and disjunctions of such determiners. 
For example, (16) is valid, iff 'five' means: at least five. 

(16) Five women went to a bar. Five had a beer. 

Five women went to a bar and had a beer. 

Theorem 4 shows that the only other antecedent determiners with this property are 
the parts of 'five' with the size of their first argument restricted. In English some of 
these determiners are realized in partitive constructions like 'five of the ten' (5 10 ) 

or 'five of the ten or more' (5{KCIO:oK}), as in (17). 

(17) Five of the ten or more women went to a bar. Five had a beer. 

Five of the ten or more women went to a bar and had a beer. 
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Scope extension for I I 
such as (18). p ura anaphora is best studied by prototypical . 
( discourses 
18) Four women went to a b Th 

ar. ey had a beer. 
Four women went to a bar and had a beer 

Is (18) valid? The answer varies with ou . • 
t1val, referential, or quantificational Cf \tie~ on numerals, which could be ct · 
stake. • • an er Does 1992, 1994 for th . a Jee-

It • I e issues at 
is c ear that (18) is invalid if '£ ' . 

By contrast, (18) would hold ot is t_he quantifier four: it is not oH 
'four books appeared' is · on a re erent1al treatment. For then the orm _aue _ 

. semantics f 
(1_9) all4BnCA<cc>BnC<;A&/BnC/=4 o 

with C some context set. This referential u . 
(;;b)~here they also put a cardinal restric~;o~ :~~~rals Is close to their adjectival 

Is. e noun; e.g., (17a) is true iff 

(l 7) a. Four books appeared. 

b. 3"':[IX/ = 4 /\ X <; B /\ X <; A] 

Ye~, ~here is a crucial difference: (17b) would . 
This _18 best seen from a slight! more make the equ'.valence in (18) invalid 
termmer D could be treated in :n ad. g;neral stance. Logically speaking any de. 
empirically). The recipe in (18) is bJe': !~al :ay (whether or not this is desirabJ -
1981, Van Eijck 1985, Kamp and Reyl:~c99; t e above proposal Cf. also Verkuy~ 

(18) adj1 (D)AB <cc> 3X <; A[DAX /\ X C ;] 

Van Benthem (1986) observes that ad · (D) i 
D iff D is conservative and MONt JNow s ~l"'.ays MoNt. Indeed: adj1 (D) = 
at least n, so we are back to the qu.ant·fi ~- adJi Uust n) = adj! (at least n) -

The semantics of numerals . d1 ca wnal use which invalidates (18) -
n t· f h m secon -order DRT b b • 
. a wn o t e referential and the ua . . can est e seen as a combi-
mterpreting the DRS (20) by mea! o::1:c~t_10nal use. In DRT (17b) results from 
(20) X[/X/ - e IScourse operator 3. 

- 4 /\ X <; B II X <; A] 
One could think of X ct· 
• ( as a 1scourse referent ( f h 
m 19)). It lives during certain stages i th c. t e contextually restricted noun 
bound variable as soon ,o a ct· n e construct10n of a DRS but become · ( = ISC0Urse operat • J" ' S a 
m 18) the DRS (20) is transformed into (21/r is app ied. In case of the discourse 

(21) X[/X/ = 4 /\ X <; D /\ X <; B /\ X c S] . 

Therefore, (18) should be val"d . -1 , smce (19a) is of . 
(19) a. 3X[IX/ = 4 /\ X CD course equivalent to (20). 

b 3 [ - /\XCB/\XCS] 
• X /X/ = 4 /\ X <; D /\ X ~ B n SJ -

A problem for this ap h • h 
(22) Just four boo!roac is td at does not explain why (22) is invalid. 

appeare and sold like hot cakes 
Just four books appeared. They sold like hot c k. 

In current versions of DRT 'just £ ' . . a es 
adjective. In the first case it d our Is either a quantifier or it is more like an 
Su h r k oes not allow anapho • r k 

~ ~ m is perfectly in order in the 1 . ric m s outside its scope. 
ad~ect1val. But then we come accross th c~~c u~10n of (22), so the use should be 
adJi (at least n) = at least n. The ana e I ~nti~y na1"'.1ed earlier: adj1 Uust n) = 
~f altering the meaning of the premisse t~~o:t1 lmk Is m place but at the expense 
~~~- • ~~~~~~~ 

A proposal which circumvents these rob] . . 
analogue of the solution given for the d p . ems ,1_s m (20). It is a second-order 

ynam1cs of Just one' in (l3). 
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(20) adj 2 (D)AB <cc> :IX[DAX /\ X =An BJ 

This gives adh(D) = D iff D is conservative, and hence includes almost all natural 
language determiners. Following the same route as before we now arrive at the 
interpreted DRS in (23a). 

(23) a 3X[/X/ = 4 /\ X = B n A/\ X <; SJ 
b IA n B/ = 4 11 A n B <; s 

Notice that (23a) is equivalent to the E-type approach in (23b), which invalidates 
(22). It clearly shows that it is not the quantifier itself whose scope is extended 
but rather that of the logically superflous second-order discourse operator. Indeed, 
a DRT-like formalization of these anaphora is possible, and can be summarized in 
the slogan: plural anaphora are bound to be E-type. The following section has a 
categorial system for E-type anaphora. 

5 E-type anaphora and Categorial Semantics 

The sentences with pronominal noun phrases which were problematic for Montago­
vian grammars before the eighties mostly have the property that any 'standard' 
formalization leaves the anaphora and their antecedent noun phrase independent 
of each other. This counters the intuition that the interpretation of such E-type 
anaphora should somehow be affected by the meaning of its antecedent. As we 
have seen, all E-type anaphora can be treated as contextually restricted generalized 
quantifiers. Once more, (24) can be rendered as (25) with interpretation (26). 

(24) Just' two men walk in the park. They, whistle. 

(25) two' MW/\ all, Wh 

(26) twoMW /\ allM n W Wh 

Notice that the E-type approach is independent of noun phrase meaning. Basically 
the same mechanism can be used for all noun phrases which are antecedent to 
anaphora outside their scope. To make this precise, we shall present a labelled, 
many dimensional categorial system which generates the meaning of a wide class of 
discourses in a compositional way. 

5.1 The proof system 

Since deductions use a lot of space this short article concentrates on the general 
form of the lexical items and the rules. We conclude with some worked examples. 

5.1.1 Lexical items 
The basic items in our natural deduction system are vectors of form: 

n:r:a:i:/3:m 

Cf. Oehrle 1988, 1995. Here, T is a lambda-term of type a, i is an index taken from 
an infinite set I, n and m denote functions from indices to lambda-terms with n 
figuring as input and mas output, and /3 is the type of input term n(i). In general 
lexical specifications are of form: 

(27) n: T: a: TYPE(n(i)) : n[i := rJ 

where n[i := rJ is n with i set to T. For the fragment considered here, the only 
exceptions to this scheme are the lexical entries for determiners ( type ( (et) ( (et) t)), 
or et.ett). For simplicity, let us assume that all determiners are sensitive to context 
and contribute to it. Such determiners come with an extra argument for a context 
set: if Dis of type et.ett, then its context dependent form in type et( et.ett) is given 
by the lift: >.C>.X>.Y.DC n XY. Cf. Westerstahl 1984.12 Further, their output 

12 Since not all quantifiers in type ((et)t) can be relativized in this way1 context sensitive quantifiers 
are restricted to those of form D{T) with D a determiner and T the domain of discoursy97 



should be a partially specified context set, so that n[i := >.C >.X >.Y.c n X n Y] 
Notice that this term asks for the same number and the same kind of argument· 
as the determiner itself. But whereas a determiner combined with its argument: 
yields a truth-value, the output term yields a set. 

5.1.2 General rules 

The main difference between the present many-dimensional deduction system and 
the familiar one for simple types , is that some rule schemes concern the interaction 
between the elements of a vector. For instance, a determiner should be able to 
'pop' a context set from the input dimension. Also, the context set contributed by 
a determiner may be specified by a complex term, and we should be able to 'push' 
such terms into the output dimension. The following three rules take care of this: 

n : r : a,: i : (a/3) : m 

n : n(i)(r) : /3: i: (a/3): m(i := n(i)m(i)] 

n : T : ( a/3) : i : a, : m 

n: r(n(i)) : /3: i: a,: m(i := m(i)n(i)] 

n: T: Q: i: TYPE(n(i)) : m 

n : T: Q: j : TYPE(n(j)) : m[j := r] 

Application requires that the output of one premiss is equal to the input of the 
other (cf. conjunction as composition in DPL, Groenendijk and Stokhof 1991): 

n: T: (a/3): i: TYPE(n(i)) : m m: (J": Q: i: TYPE(m(i)): k 

n: r((J") : /3: i: TYPE(n(i)): k(i := m(i)k(i)] 

The output of the lexical items ensure that the output applications in the above 
rules are possible. The rule of abstraction is the most subtle of all, since we should 
also abstract over some of the terms in the output: 

[-: X: Q: i: - : -] 
D 

n: T: /3: i: TYPE(n(i)): m 

n: >.x.r: (a/3): i: TYPE(n(i)): >.(m) 

The use of'-' indicates that these items in the vector may differ per assumption 
occurrence. An index i depends on variable x if i occurs in a vector along a path in 
derivation D which has x as an open assumption. In terms of this notion, >.(m) is 
defined by: m(i) := >.x.m(i) if i depends on x in D, m(i) is unchanged otherwise. 

5.2 An example 

Given the above proof system, fairly standard deductions generate the meaning 
of sentences with E-type anaphora. For example, the phrase Just onei man who 
walks twoi dogs has as a type ett meaning one(who(two(D)(Wx)))(M), where 
who denotes the type et.(et.et) term >.Y >.X >.x[X x I\ Y x]. Figure 1 has a deduction 
which leaves the types of the terms implicit (the changes to in- and output in this 
deduction are given below). 

Since each subexpression comes with an input/output pair, these items tend to 
proliferate. But in each case the functions from indices to term only alter at the 
indicated index. We now show that the phrase in Figure 1 has output 15(i) = 
ll(i) = >.Y(who(two(D)(Wx)))(M) n Y), and 15(j) = >.x.D n Wx be giving the 
relevant deductions for the output states in Figure 2 and 3. (We are looking for 
a more perspicious and economical representation, but hope that the notation is 
sufficiently clear.) 

Figure 4 shows that using the input rules 15(j) can be applied to give calls 
themi the type et meaning: >.x.all(D n Wx)(Cx). So, Just one' man who walks 
twoi dogs calls themi means one(>.x.M xl\two(D)(W x))(>.x.all(DnW x)(Cx)), and 
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FIGURE 1 derivation of: Just and man who walks two' dogs 

3 : two : i : 4 4 : D : i : 5 6 : W : i : 7 7 : X : i : gi 
3 : two(D) : i : 6 6 : W x : i : 9 

3: two(D)(Wx) : i : 10 . 
. t 

3: >.x.two(D)(Wx): t: 11 

2: who: j : 3 3: >.x.two(D)(Wx): j: 12 

l: M: j: 2 2: who(>.x.two(D)(Wx)): j : 13 

O: one: j: 1 1: who(>.x.two(D)(Wx))(M): j: 14 

0: one(who(>.x.two(D)(Wx))(M)): j: 15 

FIGURE 2 output for: walks two i dogs 

4(i) := >.XY.X n Y 5(i) := D 

6(i) :- >.Y.D n Y 

7(i) := W 8(i) := X 0 

9(i) := Wx 

lO(i) := D n Wx n 

ll(i) := >.x.D n W x 

FIGURE 3 output for: just and man who walks two dogs 

3(j) := who 12(j) := >.x.two(D)(W x) 

l(j) : 

2(j) :- M 13(j) := who(>.x .D n Wx) 

>.Y>.X.Y n X 14(j) := who(>.x.D n Wx)(M) 

15(j) := >.X.who(>.x.two(D)(W x))(M) n X 

FIGURE 4 derivation of: calls them; 

15: X: i: J6ffi 

15 : 15( i)( x) : i : 17 17 : pro : i : 18 19 : C : i : 20 20 : X : i : 21 m 

15: pro(l5(i)(x)): i: 19 l9: Cx: i: 22 

15: pro(l5(i)(x))(Cx) : i: 23 m 

15: >.x .pro(l5(i)(x))(Cx) : i: 24 

15: >.x.pro(l5(i)(x))(Cx) : j: 25 

has output 25(i) = >.x.M x I\ two(D)(W x) I\ all(D n W x)(Cx), and 25(j) = >.x._D n 
W x n Cx . Similarly for other choices of determiner. Notice that ou:put 25(1· 1s i°f 
t e eet which captures a dependency of antecedent twol on Just one . Accor mg Y, 
:: are ~orrectly forced to interpret the continuation Theyj bark_ by means of the 
polyadic iteration proiprojB, meaning: some(25(i))(>.x.all(25(J)(x))(B)). 
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Aspect and quantification: an iterative approach* 

Markus Egg 

Abstract 
This paper presents an approach to the aspectual influence of 

DP arguments in order to unify two diverging traditions of aspectual 
semantics, which seem to contradict each other in the aspectual clas­
sification of verbs like to eat: [Krifka 1992] or [Verkuyl 1995] assign no 
aspectual class to these verbs in isolation. Instead, the aspect of whole 
verbal projections of these verbs is calculated. The influence of DP 
arguments (semantically, generalized quantifiers) is considered in this 
calculation. But linguists like [Vendler 1967] and [Dowty 1979] classify 
verbs like to eat without taking into account the influence of different 
kinds of DP arguments. These two traditions are reconciled in terms of 
the proposed approach. It is based on an elaborate notion of iteration 
that involves pragmatic reasoning in a well-defined way. The coverage 
of aspectual theories can be extended in this approach to expressions 
whose classification was problematic till now, e.g., expressions like to 
see twenty zebras or verbal projections with the quantifier all the . 

1 Introduction 

Verbal projections that contain generalized quantifiers (and larger con­
stituents that contain such verbal projections) are still a rather trouble­
some issue for aspectual semantics. Intuitions on the aspectual classifi­
cation of such constituents differ. Consequently, the aspectual theories 
that model these intuitions classify verbs like to eat in seemingly con­
flicting ways: If one regards the verb in isolation or only, like in (1), 
in combination with singular object DPs, as in the aspectual classifi­
cations of [Vendler 1967] and [Dowty 1979], to eat involves a change of 
state, viz., the disappearance of food caused by a consumer: 

(1) to eat a tasty hamburger 

As changes of state belong to the extension of bounded verbal 
expressions1 only, to eat emerges as bounded in these classifications. 

• Thanks to Michael Herweg, Tibor Kiss , the participants of the 10th Amster­
dam Colloquium, and the participants of the conference 'Facts and events in the 
semantics of natural language' in Trient, where I presented parts of this material, 
for their valuable comments and suggestions. The research presented in this paper 
was partially supported by the German Ministry for Education and Research and 
(BMBF) under grant no. OlIVlOlV. The sole responsibility for the content of this 
report remains with the author. 
1. No bounded expression applies to proper parts of elements of its extension. For­
mally, boundedness can be defined as the second-order property BD: 



But if one considers different kinds of object DPs like [Krifka 1992] 
and [Verkuyl 1995], the aspect of VPs whose verb is to eat depends on 
its object DP: The (un-)boundedness of the semantic representation of 
this DP carries over to the representation of the whole VP. Hence, such 
verbs should themselves have no fixed aspect. At this point, intuitions 
- and the theories based upon them - clash. It is the aim of the present 
paper to reconcile these aspectual theories and their insights. 2 

In the following sections, I will present an approach that combines 
the two trends in aspectual semantics. First, the notion of iteration will 
be introduced. In the analysis of the meaning of iterative expressions, 
detailed reasoning is needed to distinguish semantics proper from the 
effects of interacting pragmatic phenomena. Then I will explain the 
influence of DP arguments on the aspect of their verbal projection in 
terms of an underlying iteration. As will be shown in section 5, the ap­
proach can be generalized to account for hitherto neglected problematic 
cases for aspectual classification. Two such cases will be investigated in 
detail: Expressions like Max see twenty zebras are compatible both with 
time frame adverbials (e.g., in five hours) and durative adverbials (as 
for five hours). Following standard assumptions of aspectual semantics, 
the former signals boundedness and the latter, unboundedness. This 
seeming contradiction can be explained in my approach. The second 
case involves DPs with the quantifier all the in aspectually relevant 
argument positions. The fact that they make their predicate bounded 
follows directly from the proposed approach and an appropriate seman­
tics of all the. 

2 Technicalities 

Before turning to the subject of iteration, I will conclude the introduc­
tion by defining some terminology and presenting a number of basic 
assumptions, which I will presuppose in this paper, but cannot go into 
here in detail. 

First of all, I will use the term 'predicate' to refer to verbs, their 
projections, and to larger constituents that contain verbal projections, 
on the condition that these constituents do not yet include sentence 
mood and tense. Maximal constituents that fulfill this condition will 

(i) VP (BD(P) <-> Vx Vy (P(x) A y C x --, ~P(y))) 

2. Note, however, that both these theories classify verbs without aspectually rel­
evant arguments themselves (like the stative to see). These verbs determine the 
aspect of their verbal projections in each case. Thus, both to see a plane and to see 
planes are unbounded. 
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d. ls'· in the following they will be characterized 
be called 'sentence ra ica , . ) 

b rb without inflection (e.g., Max smg- • 
in the examples y a ;e d' t will be described in the tradition of 

The semantics o ?re ica esument frame of each verb contains an 
[Davidson 1967]. That is, the arg t the state of affairs, situation or 
additional argument that represen _s . in this aper) 

t rt (I will use these expressions mterchangeably p 
~:::1::d\~ the denotation of the verb. Sentence radicals, then, turn out 

to be sets of eventualities semantically. . . . What 
d . ·t bl one question anses . 

At this point invariably an mevi a y . bl ld 
• • ? D' ·ng this pro em wou 

is the ontological status ~f event:(::~e:~e [;::::~e 1987], [Galton 1984], 
far exceed the range_ of this ~ap:nd others for discussion). As the ap­
[Herweg 1990] , [Knfka 199 ], d t depend on this ontological 

d • this paper oes no 
proach propose m . 1 pproach and have represented 
choice, I have op~ed for a_ v~ry s~~~ ~e\aken as a claim about the ac­
eventualities as times. This is no . . . sible to adapt the pro-

tual ontological status oi e~~:~ta~:~:~ r;hi:o~i~: on eventualities. For­

posed approach t~- o;to :i~hed ~rom other individuals by means of a 
mally, times are is mg . bl t t' t11 are restricted to times. 
sorted logic, in which the vana es ' , , ••• 

3 The semantics of iteration 
f r the aspectual influence of gener­

The propose~ app_roach acc~u;!:a~on. In this section, I will spell out 
alized quanti~ers i~ terms ~- h the treatment of aspectual influence of 
the theory of iteration on w ic 

DPs is built. 

3.1 The analysis . . . 

1;;:o::C~enil~;,do~::~:~f ~~; ~:;~:Ef :!~::£:::~r~: rt~ 
three times. As th~se ad~erbia s are se~~n ~ossible to investigate their 
very close to the iteration operator,/ i:he findings in this domain to 
semantic properties and then genera ize 

derive the semantics of the iterationfopet~ator. which forms the basis of 
Th d osition I advocate or imes, . 

f e edcvoemrbpials liken times (where n E IN) is surprisingly simple: 
requency a 

II ( II t' P(t11 ))) 
(2) >-.n >-.P >-.t :lt' (t = Ut' /\ card(t') = n I\ \:ft t E . --> 

. predicates on times p onto 
Expressions of the ty~e nht1meds mlapp of a set of times t' with the 

. t h that t is t e un er a 
sets ?f t~mes such f hose members belongs to the extension of p. 
cardmahty n, eac o w 
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. Some ancillary definitions are ne 
times t' is defined as the smallest cessar! here. Underlap of a set of 
member oft': convex time t that comprises every 

(3) Vt Vt' (t = Ut' <--+ 

'r:/t" (t" E t' -; t" kt 
/\ 'r:ft"' ( (t" E t' -. t" C t"') 

• - -> t C t"'))) Convexity is defined in ( 4) I b -
there can only be other parts f. tnh etween_two parts of a convex time 

0 e same time· ' 
(4) 'r:ft (CONV(t) <--+ • 

1ft' Vt" Vt"' (t' c t - /\ t" C t /\ t' < t'" < t" "' - -. t kt)) 

3.2 Interplay of semantics d . 
iteration an pragmatics in the field of 

While this decomposition seems to iv . • 
predicates modified by f g e the nght results for bounded 
too weak a representatiorneq£uency adl:erbs (as in (5)), it looks as if it is 

or cases 1ke (6): 
(5) Nigel go- to the pub three times 

(6) Amelie be- in Oxford th t · ree 1mes 

According to (2), (6) is assigned the following decomposit ' . 
(7) >.t 3t' (t _ U t' , wn. 

- /\ card(t) = 3 /\ \It" (t" E t' . '( 
-> m a o)(t"))) 

The decomposition (7) denotes the . ' 
underlap of a set of times t' Th· set of all times t that are the 
f h' h • • is second set has th b o w Ic belongs to the exten . f A , . ree mem ers, each 

T swn o melie be • o c d 
he problem with (7) . th - rn xmr . 

d. . . 3 is at due to the 1 · 
1v1s1vity of unbounded d' , . cumu ativity and the 

t . pre icates like Ameli b . 0 
enswn of (7) also contains t· e e- rn - xford, the ex-

• 0 con muous uninte t d m xford: Nothing in th . ' rrup e stays of Amelie 
b . e semantics of (7) pre 1 d h 

su mtervals to be adJ·ac t cu est e three involved 
1 en or even overlapping I th 

mu ativity of (7) entails that th th • n ese cases , the cu-
one for which this predicate ho~d rtee subintervals boil down to a single 
way round: Because of the d. . . ~t' ofo. To ,s~ate the problem the other 

· ivisivi Y o Amelie b • o c 
unmterrupted stay of Am 'l · . 0 £ e- rn x1ord, any single 
h . e Ie Ill x ord may b 1· . 

t ree adJacent chunks that l'k . f e sp it up arbitrarily in 
I ew1se all under th d. 

ever, there is a clear intuition th t (6 e pre icate (7). How-
triples of stays of Amelie in O £ad ) can only refer to (underlaps of) 
periods of her absence. x or whose members are interrupted by 

3. These prope t· b r ies can e represented I 
of relation (i) and a suitable sum opera: c o(s'~)dness with respect to a suitable part-
(i) If P (DIV(P) u , on 11 , respectively: 

<--> vt 1ft (P(t) I\ t' Ct ' 
(ii) lfP (CVM(P) <--> 1ft 1ft' (P(t) I\ °i,(t')~pt(~)~ t'))) 

206 

I will rule out this unwanted 'continous' interpretation of un­
bounded predicates modified by frequency adverbials in terms of Grice­
an maxims rather than treating this phenomenon semantically by in­
cluding an additional operator in the semantics of iterative adverbs.4 

The conversation maxim that is at the core of the explanation has 
been derived in [Krifka 1992] from maxims out of [Grice 1975]. I have 
dubbed it the 'maxim of informativeness': 

(8) Out of two true, equally informative expressions, choose the less 
complex one 

(8) entails that the usability of the semantic denotation of an ex­
pression may be narrowed down pragmatically: If elements of this ex­
tension could also be expressed by means of a less complex expression, 
it is infelicitous to refer to these elements by the more complex expres­
sion, although the elements still belong to the denotation of the more 
complex expression. Hence, the use of a more complex expression (as­
suming cooperativity on the part of the speaker) entails that it is more 
informative than less complex expressions. 

Applied to the problematic case (6), the maxim of informative­
ness entails that predicates that include .a frequency adverb are used 
only if they bear more information than the same predicate without 
the frequency adverb. In other words, it would be infelicituous to use a 
predicate that includes a frequency adverb in order to denote an even­
tuality that could also be referred to by the same predicate without 
the frequency adverb. Nevertheless, the more complex and the simpler 
predicate may have overlapping denotations. 

This reasoning explains the strong intuition that (6) cannot be 
used to refer to underlaps of triples of adjacent or overlapping times. 
Although the semantics of (6) comprises underlaps of such triples, the 
maxim of informativeness rules out the 'continuous' interpretation of 
(6), that is, the use of this predicate for underlaps of these triples: Such 
underlaps could be referred to by a simpler expression, viz., Amelie 
be in Oxford. Hence, it is possible to keep the representation (2) for 
frequency adverbs in spite of examples like (6) and let pragmatics do 
the work of excluding the 'continuous' interpretation of sentences like 

4. Note that this step was not motivated by the lack of a suitable operator. A 
variant of the 'S-phase' of [Herweg 1990, 103] could be employed here: 

(i) If P \ft (S - phase(t) <-> P(t) I\ 1ft' (t ct' -, ~P(t'))) 

In prose: The phase operator maps predicates on times P on the predicate of being 
maximal with respect to P. Hence, if t is a phase of P, no t' t is a proper part of 
belongs to the extension of P , too. This operator would at a first glance be useful 
for cases (5) and (6) , as it bounds unbounded predicates by maximizing them while 
it is an identity mapping for bounded predicates (bounded predicates are their own 
phase-predicates). 
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(6). 
Other cases that strengthen th 

involve unbounded predicates like e case for this pragmatic reasonin 
cates may - unlike (6) - b . t (9) and (10), although these pred·g 
fi 

e m erpreted ' t" 1-
ed by frequency adverbs H con muously' if they are mod· 

d 
· owever enforc· 'd" 1-

nee not be the only way of 1 .' mg a IScontinuous' read· 
A ' comp ymg to the • f mg 

continuous' interpretation should be . maxim o i~fonnativeness: 
quency adverbials if there a th pos_s1ble for pr. ed1cates with fre-
. re o er ways h. h 
is more informative than the d" . m w ic this interpretation 
'D" t" pre icate without th f 

iscon muous' interpretations as for (6) . e requency adverb. 
~o _the maxim of informativeness H a~e JUSt o~e way of complying • 
m mformativeness, the pragmati • ence, if_ there is such a difference 
these examples, too. c account given for (6) holds good for 

(9) Max remain- seated three times 

ree times (10) A professor be- in the SCR th • 

. Applying (9) to underlaps of tri 1 • 
adJacent is felicitous. This i b p es of times whose members are 

- . s so ecause to re • 
suppos1t1on apart from its b . . mam seated carries a pre-
i t . as1c meanmg that s • • s no mterrupted (this w ld b ome s1ttmg eventuality 
pre icate : Very roughly .f erms o an unbounded d

. ) ou e rendered in t f 
h h ' I someone remains t d ave appened that should ha . sea e something must 
so. ve caused him to get up but failed to do 

H~nce, although the three uninterru • 
volved m the semantics of (9) might add :ted seat~ng eventualities in-
the three pairs of presupposed p to one if they are adjacent 
g
et d unsuccessful atte t ' 

up an his uninterrupted sitt" mp s at making Max 
Thus, the involved presuppo ·t· mg cannot add up to one single pair 
t" f Sl ion prevents a ' t· • 
ion o predicate (9) from fall" con muous' interpreta-

is more mformative tha th im o m ormativeness (9
) • . mg prey to the max· f • f 

frequency adverbial· Th fn e ~orresponding predicate without th~ 
. · e ormer mvolves th • 

eventualities that should h ree pairs of presupposed 
t. ave caused Max to g t (b 

sea mg eventualities the latt 1 . e up ut haven't) and s· ·1 , er, on y one pair 
. 1m1 ar reasoning is involved in an • • 

This predicate denotes complex eve e~planat1on of example (10). 
eventualities) that involve t h ntualies (underlaps of triples of 

. . up o t ree profess If 
sor is mvolved, the members of the . . ors. only one profes-
of (10) may neither overlap nor b tdr'.ples mvolved in the denotation 
· ·1 e a Jacent d" s1m1 ar to the one emplo d . h , accor mg to a reasoning 

. . ye mt e case of (6) H 
eventualities in the denotation of (10) h • owever, there are other 
not barred by the maxim f . c .' t e reference to whom by (10) is 
· 0 m10rmat1vene 1 
mvolve three different professors If (10) ~s,_name Y, eventualities that 
such an eventuality, it carries . f. . is mterpreted as referring to 

m ormat10n not present in the less com-
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plex A professor be in the SCR; hence, in this case, (10) does not fall 
prey to the maxim of informativeness no matter whether the involved 

three subeventualities are disjointed, adjacent or even overlap. 
These two examples show that the barring of 'continuous' read-

ings is just one strategy of complying to the maxim of informativeness. 
Hence, it would not just be superfluous to include a rnaxirnalization 
operator into the semantics of frequency adverbials, introducing such 
an operator would give the wrong results in a number of cases: This 
inclusion would predict wrongly that the n eventualities involved in 
predicates that include the frequency adverbial n times roust be nei­
ther adjacent nor overlapping, which has been shown to be too strong 

a restriction. 

3.3 Iteration and convexity 
This section finishes with a few words on (non-)convexity of iterative 
eventualities. I will argue that even iterative expressions like (11) in­
volve convex rather than discontinuous eventualities because of the way 

they interact with durative adverbials like for two hours. 

(11) Amelie go- to the letter-box five times 

The argument hinges on the observation that durative adverbials 
do not count gaps within situations. Consider e.g. a situation in which 
Max was in the office from eight to twelve and from two to five . It is 

possible to refer to this situation by (12) but not by (13) : 

(12) Max be- in the office for seven hours 

(13) Max be- in the office for nine hours 

Hence, durative adverbials may serve as a kind of litmus test for 
the convexity of situations. If one applies a durative adverbial to an 
iterative predicate, the denoted iterative situation is convex if the du­
rative adverbial measures the whole span from the beginning of the 
first subeventuality involved in the interative eventuality to the last of 
these subeventualities. Should the adverbial measure only the sum of 
the durations of these subeventualities, iterative predicates stand for 

non-convex eventualities. 
Imagine a situation which lasts three hours and in which Amelie 

goes to the letter-box every five minutes . Each going lasts one minute. 
Then, the sum of the durations of the goings is 36 minutes. The fact 
that (14) but not (15) is adequate as a description of this situation, 
although durative adverbials would not count gaps within a situation, 
shows that iterative predicates denote convex eventualities. 

(14) Amelie go- to the letter-box (repeatedly) for three hours 

209 



(15) Amelie go- to the letter-box (repeatedly) for 36 . 
mmutes 

. This concludes the discussion of f . 
times. Now that their sem t· h requency adverbials like three 

an ics as been est bl. h d 
semantics of the iteration op t . a Is e ' the step to the 

era or 1s very sim 1 . All 
to drop the cardinality restriction on th d t e. one has to do is 
operator is formalized as 'IT ER ' de un er ~pped set. The iterative 

s an defined m (16): 
(16) VP Vt (ITER (P ) , 

s ,t f---) =it (t=Ut' A Vt" (t" I 
. Et -> P(t")))) 

. Accordmg to (16), iteration is a r 1 . 
times p and a time t if and onl "f . e atwn between a predicate on 
t' each of whose members b 1 y I t is the underlap of a set of times 

d . e ongs to the extension f p S h . 
pre 1cates are unbounded th O • uc iterative 

In th· t· ' ey are cumulative and divisive s 
IS sec wn, I have presented an . • 

based on observations ab t f account of iteration that is 
ou requency ad b l "k 

semantic representations of b th th ver s I e ~hree times. The 
basic structure of an und 1 o d ese adverbs and iteration share a 

er appe set of ev t r · 
the extension of the same predicate (th :n ua it1e~ that belong to 
verbs or the iteration operat _e predicate modified by such ad-

. or, respectively) I h h 
considerable interplay with . • ave s own that there is 

. . pragmatics that all . 
pos1t10n of frequency adverbials and f ows a _very ~1mple decom-

o the general 1terat10n operator. 

Generalized quantifiers as . triggers for 
iterative readings 

4 

4.1 Informal description 

Now that we have dealt with iteration w . 
the influence of generalized t·fi ' e are m a position to tackle 
h . quan I ers on the as t 1 l . t eIT predicate This • fl . pee ua c ass1fication of 

• m uence will be re t d . 
ator IT ERN that is part of the deco p~~sen e m terms of an oper-
aspectual influence. The followin su~pos1t10~ for verbs that aIIow this 
presentation of the operator IT iR sectwn Is devoted to an informal 

The proposed approach for thtdescr· . . 
eralized quantifiers on th 1pt10n of the mfluence of gen-

e aspectual class of th • d. 
two basic assumptions: eIT pre icate hinges on 

5. Iterative predicates are d1· . . I 
1 . v1s1ve on y to a t • 1 c ass1fication that distinguishes between t t·cer am ower bound. In an aspectual 

_Oxford and process predicates like t ~/ ive predicates like to love or to be in 
iterative predicates belong to th o wa tnd to tremble, this would entail that 
property. e group o process predicates, which share this 
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• there is a partition of the main individual Ii 6 that is involved in 
the semantics of the aspectually relevant DP 

• argument positions in verbs that allow this aspectual influence are 
determined in the lexicon 

The proposed approach will be introduced on the example (17). 

(17) Max eat- five apples 

For the purpose of exposition, I will start the introduction with 
verbal decompositions in the style of [Dowty 1979] and derive the de­
composition as advocated in my approach from them. This derivation 
is not meant to model a process in language, it merely serves to relate 
two linguistic representations. 

For our example to eat, the Dowty-style decomposition would be 
something like (18): 

(18) >..y >..x >..t make - vanish'(x, y)(t) 

Of course, (18) is only shorthand for an elaborate decomposition 
in terms of operators like CAUSE and BECOME [Dowty 1979, 91ff., 
141]. As formulae that use open variables for eventualities tend to be 
quite unreadable as soon as such operators come into play, I will use 
'decomposition skeletons' like (18) in the following. In addition, as it 
is not the purpose of this paper to spell out exactly what it means to 
eat something, I gloss over the details and represent to eat as 'to make 
vanish'. 

The next step in our expository derivation consists in filling in the 
argument positions in the process of syntactic/semantic construction. 
Here the difference between aspectually relevant and aspectually not 
relevant positions is that the former is filled by an individual variable. 
After all positions but the highest have been filled in, >..-abstraction over 
this individual variable takes place. The result is a property P, viz., a 
relation between a time and an individual. For our example (17), P 
relates entities eaten by Max and the corresponding eventualities of 
eating: 

(19) >..y >..t make - vanish'(m, y)(t) 

So far, there are two separate semantic representations, one for 
the meaning of the DP that fills in the aspectually relevant argument 
position, and one for the property P. These representations are then 
connected in terms of an iteration: The meaning of the sentence radical 
(17) can be glossed as an iteration of the predicate 'P applies to an 

6. The main individual is defined as the one that is predicated over by the NP se­
mantics and whose variable is bound by the application of the determiner semantics 
to the NP semantics. 
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element of the partition of 11' (with 11 being the main individual intro­
duced by the aspectually relevant DP's semantics). Thus, (17) denotes 
an iteration of the predicate 'Max makes an element of the five-apple 
partition vanish'. 

Additional restrictions apply: 
• every member of the partition undergoes P exactly once during 

the iteration 
• iterations are the minimal eventualities that contain all involved 

sub-eventualities 
This makes the ( un-) boundedness of the sentence radical semantics 

dependent on the (un-)boundedness of the semantics of the aspectually 
relevant DP. Note that the second restriction follows from the definition 
of iteration in (16). This machinery is part of the lexical entry of verbs 
like to eat. No such iteration is assumed for the lexical representation 
of verbs like to see. 

Formally, all of the above is put into an operator 'IT ERN '. Thus, 
to eat gets a decomposition like the following: 

(20) >..y >..x >..t IT ERN(>..z >..t' make - vanish'(x, z)(t'), y)(t) 

In words: (20) maps two individuals y and x and one time ton the 
three-place relation !TERN- The first argument of this relation is the 
property P as defined earlier, in our case, the property of being made 
vanish by the second of the above individuals (x, which corresponds to 
the main individual contributed by the subject DP). The first individual 
y appears as the second argument of !TERN, which amounts to being 
singled out as an aspectually relevant argument. In (20), the semantic 
argument position which is picked as the one with aspectual influence 
is the one that is linked to the object DP. This second argument y of 
!TERN, which corresponds to the main individual contributed by the 
object DP, is the one with the partition as described above. Finally, the 
third argument of IT ERN is the time t. IT ERN involves the iteration 
operator IT ERs in a well-defined way, which will be spelt out in detail 
in the definition of IT ERN in the next subsection. 

This operator !TERN has been devised to solve the seeming con­
tradiction between two trends in aspectual semantics as sketched in 
the introduction: The iteration itself models the dependency of the as­
pect on the aspectually relevant DP: It is not bounded itself, but can 
be bounded by additional restrictions (i.e., by the boundedness of the 
semantics of the aspectually relevant DP, see the next subsection for 
details). On the other hand, the intuitions on the aspectual class of 
verbs in isolation emerge in the iterated predicate. E.g., the iterated 
predicate P in the above semantic description of (17) is bounded and 
denotes changes of state. Thus, the proposed approach comprises the 
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. . h trends in aspectual semantics. 
values and ms1ghts of bot h t down aspectual influence of 

In sum, the proposed ~pproac thpu smantics of the involved verbs . 
h • ed1cates to e se DP arguments on t eir pr JTER that singles out . . • es an operator N 

Their decompos1t1on compns h t ts aspectual influence and 
. . the one t a exer 

one argument pos1t1on as f th semantics of this argument to 
h ( )boundedness o e b" carries over t e un- ·t t· n This operator com mes 

. • t rms of an 1 era 10 • 11 
the whole predicate m e l "f erbs in isolation as we 

h f anticists that c ass1 y v 
the insights bot o sem l l ss to verbs themselves. 
as of those that assign no aspectua c a 

4.2 Formal definitions . f JTER i·n 4 1 this subsection 
l tat10n o N • ' 

After the rather informa prese_n_ f th· operator in detail and show 
h f 1 defimt1on o is 1 t will spell out t e orma d d of the aspectually re evan 
11 the (un-)boun e ness . 

how !TERN a ows tics of the whole predicate. 
DP's semantics to carry overt~ the s~man 

First, partition is defined m (21) . 

(21) \::/x \::/X (XE P(x) <-> x = FU(X)_j' _. -,x1 o x2 /\ x1-/= 0)) 
\::/x \::/x2 (x1 E X I\ x2 E X I\ x1 r x2 

1 . artition of x if x is the fusion of X and the 
That is to say, X is a ~ and do not overlap mutually. 

elements of X are not emp '! fi d the element that is part of all 
The empty element O is de ne as 

elements: 

(22) \::/x (0 C x) t (23) 
Overla; and fusion are defined as e~istence of a common par 

and the supremum of a set (24), respectively: 

( <-> :Jz ( z C X I\ Z I;;;; Y)) 
(23)\::fx\::/yxoy - EX->yCx)l\\::fz(\::fy(yE 
(24) \::fx \::/X (x = FU(X) <-> \::fy (y -

X -> YI;;;; z) _. x I;;;; z)) • of rel-
( 6) model intuitions that will become . 

Finally, (25) and ~ 25 th union of two non-overlappmg 
evance later on. Accordmg to ( ) ' ·t· e X and y respectively, like-

d hich have part1 ions ' h 
individuals x an Y w . f X and Y. (26) expresses t e 

·t· iz the set umon o t· wise has a part1 ion, v ., . . "d l and y with a respec ive 
. . h "f th re are two md1v1 ua s x f . 

intmt10n t at 1 e X C y then x is a proper part o y. 
t ·t·on X and y such that , par 1 1 _. X u y E 

(25) \::fx \::fy \::/X \::/Y (XE P(x) /\ y E P(y) I\ -,x o y 

p~u~) ) 
(X P( ) /\ y E P(y) /\ X Cy _. x Cy 

(26) \::fx \::fy \::/X \::/Y E x be defined as fol-
With the help of these definitions, IT ERN can 

lows: 
213 



(27) \IP \Ix \It (ITERN(P,x)(t) -

3Y (YE P(x) /\ \/y (y E y __, 3!t' (t' Ct /\ p t' 
ITER8 (>.t" 3y (y E y /\ P(y)(t")))(t)))- (y)( ))) /\ 

In prose: /TERN holds for a tri le of 
x and a time t if and onl if th _P a ~~operty P, an individual 
of its elements undergoes ; ~~e Is a part1t10n of x such that each 
extension of an iteration of t~:ac ~.once' during t and t belongs to the 
partition of x'. pre Icate p holds for an element of the 

I will now briefly sketch how th· 
influence of DP arguments C .d :s ~perator models the aspectual 

11 • ons1 er wr mstance to leak t Th· 
a ows aspectual influence of ·t b. ou • is verb 
• 1 s su Ject position he 
ical like water leak- out is iv h . ' nee, a sentence rad-
of IT ERN with the . g en t e followmg decomposition in terms 

mantics being the sec:~:;;!::;::~~!~:~ by the subject DP se-

(28) >.t 3x (water'(x) /\ 
ITER (>.z >.t' h . 

N c ange - location'(z)(t'), x)(t)) 

Applying definition (27) to (28) yields th d .. 
e ecompos1t10n (29)· 

(29) >.t 3x (water'(x) /\ 3y (YE P(x)/\ • 
\/y (y E y __, 31t' (t' Ct /\ h 
ITER (>.t" 3 • - c ange - location'(y)(t'))) /\ 

8 Y (y E Y /\ change - location'(y)(t")))(t))) 
If IT ERN can model the aspectual infl 
ter leak- out the ( )b uence of the DP water in wa-
DP's semant~cs mu~:~ar~undedness of the aspectually relevant subject 

that is, (29) must be unb:u~:erdtol t:e :hole p~edicate water leak- out, 
cumulative· 7 Take tw d . e •. n ee ' ( 29) is unbounded, it is even 

(with two ~on-overla;;;;ci:~0 :~:ts~a;:d t' i~_the extension of (29) 
predicate (29) holds fort LJ t' t b r ent1t1es). Then, the same 

, oo, ecause 
• due to the cumulativity of w: t h 

t and t' add up t b. a er, t e two water objects involved in 
of water. o a new o Ject that is once again in the denotation 

• a~cording to (25), the new water object alread .. 
viz., the union Xu X' of th t· . Y has a part1t10n, 

e par 1t10ns X and X' of th t 
objects involved in t and t' e wo water 

• as the predicate 'an iteration takes lace . . 
a certain partition chan es . ~ . . m_ which an element of 
holds for both t and t' t gLJ t' i;s 1r17-~e i_s m itself c~mulative and 

• as each element of the' partiti:n:; ::~e ~nder this predicate 

once during t and t', respectively, and t an:t'::d:r~oes pl exactly 
__ o over ap, each 

7. All cumulative predicates are unbounded b . 
dfink- less than two bottles of b . b , ut not vice versa. For instance, Max 

eer is un ounded, yet not cumulative. 
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element of the new partition X U X' undergoes P exactly once 
during t LJ t'. 
For the sentence radical 50 litres of water leak- out, the decompo­

sition looks similar. Following [Krifka 1992], expressions like litre are 
interpreted as measure functions that map individuals on the cardinal 
that is their volume in litres. 

(30) >.t 3x (water'(x) /\ litre'(x) = 50 /\ 3Y (YE P(x)/\ 
\/y (y E Y --+ 3!t' (t' ~ t /\ change - location'(y)(t'))) /\ 
ITER8 (>.t" 3y (y E Y /\ change - location'(y)(t")))(t))) 

Intuitively, 50 litres of water leak- out is a bounded predicate be-
cause the semantics of the subject DP is bounded. This intuition is 
borne out by its semantic representation (30) . 

Proof: Assume to the contrary two times t and t' with t' c t in 
the domain of (30). Then, every member of a partition Y' of a fifty-litre 
water object x' changes its location exactly once during t'. Similarly, 
every member of a partition Y of a fifty-litre water object x changes its 
location exactly once during t . Ast' C t, there are parts oft not int', i.e., 
the complement t\t'.8 During t\t', however, the iteration 'an element of 
a partition changes its place' must hold, too ( due to the assumption that 
t is in the extension of (30) and the divisivity of iterative predicates) . 
But objects that change their location during t \ t' cannot belong to 
Y', the fifty-litre water partition whose elements change their location 
during t', otherwise the condition that every element of the involved 
partition changes its location exactly once during t would be violated. 
Hence, the partition Y whose elements change their position exactly 
once during t has to comprise additional objects (in addition to Y'). 
Following (26), the fusion of this partition is an object x that has x' 
(the water object with the partition Y', all of whose elements change 
their location during t') as a proper part . Due to the boundedness of the 
semantics of fifty litres of water, however, this object x does not belong 
to the extension of fifty litres of water. This contradicts the assumption 
that t belongs to the extension of (30), hence, (30) is bounded. 

As the discussion of (29) and (30) has shown, IT ERN as part of 
certain verb decompositions captures the observation that these verb 
allow the (un-)boundedness of an aspectually relevant argument (for 
to leak out, the subject) to carry over to the semantics of the whole 
predicate. 

In sum, in this section I have introduced the operator IT E RN 
that models aspectual influence of generalized quantifiers as verbal ar­
guments. The operator singles out the aspectually relevant argument 

8. Formally, the complement can be defined as follows: 
(i) \/x\/y(xc.y-+ \/z(z=y\x <-> ~zox A xLJz=y)) 
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position and involves a partition of the b. . . 
mantics of the aspectually relevant DP OdJect _mtro~uced m the se­
section 3. It has been shown that th an an iterat10n as defined in 
sitions that include IT ER d de aspectual class of verb decomp0-
aspectually relevant D p argNumepetnhs on th~ ( un-) boundedness of the 

en , ence this operat • d 
means of representing aspectual influence' f DP or is an a equate 

0 arguments. 

5 Solutions for aspectual puzzles 

On the basis of this approach the covera f 
be extended. In this t . . ge O aspectual theory can 

sec wn, two hitherto problematic . 
p:esented, whose explanation follows directl in the cases will be 
viz., sentence radicals like (31) th t y proposed approach, 
unbounded and predicates with th a see~_fito be both bounded and 
been treated up to now. e quan I er all the, that have not 

(3l) Max see- twenty zebras 

5.1 Predicates that seem to be bounded d b 
an un ounded 

The problem sentence radicals like (31) 
is the fact that th pose for aspectual semantics 
and time frame ad:eyrba1·arel cl~kmp_atible both with durative adverbials 

s I e m two hours B t d · 
!:r~:~:umptions in aspectual semantics, the. for:~ra;~:~e~~~ !o as:~: 

bounded::!~dness of verbal projections, while the latter signals th!r 

The solution for this problem rests h , . 
pectual influence of DP arg t . on t e assumpt10n that as-

umen s 1s not alway bl' t 
cases of optional aspectual inf! . . s O iga ory. There are 
of a verb like to see may t uence m "'.h1ch e.g. even the object DP 

exer aspectual mfluence 
Formally, this is represented in te f • 

assume IT ERN to occur . ~ms o an adequate operator. I 
aspectual influence of one :~::~ly~; lexical entries for verbs that allow 

paint and numerous other exa:~les ~f~ments ( as in to _eat, to sing, to 
of a whole fam•1 f ). RN also constitutes the core 
of DP argume~~ o E ogper;t~:s thlat model optional aspectual influence 
(3 ) • • ·, P wna aspectual influence of th b · • 

1 is represented with this member of the family: e o Ject m 

(32) >.P >.xi >.x2 >.t ITERN(>.z >.t' P(x2, z )(t') , x1)(t) 

uals :h:n~p;ra::~ :ars a :hree-place relation p (between two individ­
involves IT E~ Th ifimet ) onto a relation with the same arity that 

N• e rs argument of ITER • 
derived from p by replacin ·t d N is a property that is 

g I s secon argument position by X2. The 
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second argument of !TERN (i.e, the aspectually relevant argument is 
X1. 

Applying this operator to the decomposition of to see yields the 
semantic representation of a (possibly contextually triggered) reading 
of to see in which the object argument is aspectually relevant: 

(33) >.x1 >.x2 >.t ITERN(>.z >.t' see'(x2, z)(t'), x 1)(t) 

Following the above explanation of ITERN , the object position 
'x2 ' is singled out as the one that exerts aspectual influence. In prose: 
(33) relates two objects x2 and x1 , and a time if and only if during the 
time parts of x2 are seen in succession by x1 and these parts add up to 
X2. 

Then, (31) emerges as (34). NU maps properties of individuals on 
measure functions that map individuals on their number. The property 
determines the criterion for counting, so to speak, e.g., for living things, 
every single organism would be counted [Krifka 1992]: 

(34) >.t :lx (zebra'(x) /\ NU(zebra')(x) = 
20 I\ ITERN(>.z >.t' see'(m,z)(t'),x)(t) 

This decomposition denotes the set of all times t such that during 
t Max successively sees groups of zebras,· on the condition that these 
groups add up to 20 zebras. 

The additional decomposition (33) for to see explains the puzzle 
of why expressions like (31) are compatible with both durative ad­
verbials and time frame adverbials. If the lexical reading of to see is 
assumed (>.y >.x >.t see'(x, y)(t)), no aspectual influence of arguments 
takes place, hence, predicates like (31) have an unbounded reading that 
is compatible with durative adverbials. On the other hand, if the read­
ing (33) is chosen, the object DP exerts aspectual influence. Then, an 
object DP whose semantics is bounded (like twenty zebras) makes the 
whole predicate bounded, which in turn is compatible with time frame 
adverbials. 

As argument positions with different depths of embedding may 
exert aspectual influence, a whole family of operators like (32) is nec­
essary. If we assume functional composition9 , we need one operator for 
each depth of embedding. The general scheme for these operators is 
given in (35): 

(35) >.P >.xi ... >.xn >.t ITERN(>.z >.t' P(xn , .. -,x2,z)(t'),x1)(t) 

Each member of this family of operators maps a n-ary relation P 
onto another relation of the same arity. This second relation involves 
the operator !TERN , which selects the argument position with the 

9. Functional composition combines a pair of expressions of type < a, (3 > an<l 
< (3, 1 >, respectively, into a new expression of type < a, 1 > 

217 



highest depth of embedding, viz., x1, as its second argument, i.e., the 
one that exerts aspectual influence. The first argument of IT ERN is a 
property derived from P by filling in all its individual arguments with 
the exception of x1 , which has the least embedding. 

By the way, the optional unbounded reading of the well-known 
example (36) of [Dowty 1979] can be explained in terms of an optional 
application of the member of (35) where n = l. 

(36) Tourists detect- the quaint little village 

In this section I have shown how the proposed approach can ex­
plain why there are predicates that seem to be both bounded and un­
bounded, because they are compatible with both durative adverbials 
and time frame adverbials . This phenomenon does not contradict stan­
dard assumptions about the aspectual selection restrictions of these 
adverbials, it is put down to optional aspectual influence of DP argu­
ments. Formally, this is represented as an optional application of an 
operator (out of a whole family of operators) that makes an argument 
position of the involved verb exert aspectual influence. In other words, 
the lexicon allows but does not force the (un-)boundedness of an ar­
gument DP to carry over to the whole sentence radical in the case of 
verbs like to see.10 

5.2 Aspectual influence of the quantifier all the 

Another problem that can be accounted for in terms of the proposed 
analysis is the aspectual influence of DPs with the quantifier all the: 
These DPs may also cause the bounding of the verbal projection they 
appear in (e.g., in (37)). 

(37) Max eat- all the apples 

I assume Link's ([Link 1991]) interpretation of DPs like all the 
apples in terms of the property of being the smallest sum of all elements 

10.The remarkable ease of understanding sentences like (31) in the sense in which 
the object exerts aspectual influence begs the question of whether this application of 
!TERN has to be interpreted as a (possibly quite conventionalized) reinterpretation 
of to see, as I have assumed here. The other option would be to argue that the lexical 
entry of to see is underspecified between a reading that allows and one that bars 
aspectual influence of the object argument. However, even if my assumption that 
the only reading of to see in the lexicon is the one without aspectual influence 
of DP arguments turned out to be false, the members of (35) would still be of 
relevance. They would have a different status, though: instead of being optionally 
applied operators, they would be building blocks of lexical semantics in terms of 
whose presence or absence the difference between the readings of many verbs could 
be described. 
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. h • lved nominal. 11 
of the extens10n oft e mvo 1 . 1 . ·n-semilattice structures to de-

[Link 1991] assumes mereo ogFica JOl t ouns the plural operator 
t • of nouns or coun n 

scribe the denota ions • ties p on the complete 
'*' is defined as an operator that mbaps prope:he members of the de-

. h atomic mem ers are 
join-semilattice w ose 1 a b and c in the do-

f p E if there are three app es ' ' 
notation o • .g., { b } whereas *apple' denotes the set 
main, apple' denotes the set a, ' c ' 

Ub Uc bUc aUbUc}. 
{ a, b, c, a ' a .' ' . [L" k 1991] is an operator that maps 

The denotation of all the m m 
predicates on their supremum: 

(38) )..P a*x(P(x)) 
. . the asterisk is defined as the supre-

The sigma operator without 1 1 tor '*' on p (the sigma 
1 t · • duced by the p ura opera 

mum of the at ice m . th dditional presupposition that 
operator with the star merely carries ea . f P)· 
there is more than one element in the extension o • 

(39) a*x(P(x)) = ix (*P(x) I\ 'Vy (*P(y) --+ yr:;;; x)) 
* ( le'(x)) would be {a U 

In the apple example given above, a x app 

b Uc}. d approach the predicate (37) is assigned 
According to the propose . ' 

the following semantic representat10n: 
)..t ITERN(>-.z )..t' make - vanish'(m, z)(t'), a*x(apple'(x)))(t) 

(40) . d to show the unboundedness and 
Following the reasonmg employe_ 1 ·t be shown that (40) is 

boundedness of (29) and (30) respective y, i can 

bounded. th t (40) contains t and t' with t C 
Proof: Assume to the cont~~yl at the extension of the iteration 

t' This entails that both t and t e ong o m' This predicate is 
• 1 t f the apple supremu • 

of 'Max eats an e emen o , t t However the apple supremum 
divisive, hence, it holds for t \ ' oo. t · ) ' hence if some parts 

b t during t (assump ion ' ' 
has already een ea en d . t' \ t this entails that these 

m are eaten unng , 
of the apple supremu . , le i·s available that does not 

t • dunng t (no app · 
parts are eaten wice Th. ld contradict the assumpt10n 

h 1 supremum) is wou 1 
belong tot e app e . • f (40) which entails that every app e 
th t t' belongs to the extens10n o ' . , 

su;remum part is eate~ e~a~;y ::::it:::::r~~entations of [Link 19_91], 
In sum, on the basis o t . q . 1 h DPs with the quantifier 

d ch explams direct Y w Y 
the propose approa . d d ·f they exert aspectual influence. 
all the make their predicates boun e i 

-- . ear in the semantics of these exprnssions 
11.Universal quantifiers, _which often ar;r ts athered), are attributed to d1stnbu­
(but not in expressions like All the stu en g 

tivity of the verb. 
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6 Conclusion 

In this paper, I have presented a representation of the aspectual influ­
ence of generalized quantifiers on the verbal projection they appear in, 
which is based on an appropriate notion of iteration. The domain of 
the semantics of iteration proper was delimited against the effects of 
interacting pragmatic principles. This approach reconciliates and uni­
fies two seemingly diverging trends of aspectual semantics, viz ., the 
trend to give aspectual classifications for all verbs in isolation ( or with 
singular count noun DP arguments only) and the trend to refute the 
classifiability of certain verbs in isolation because they allow aspectual 
influence of certain DP arguments. This reconciliation then forms the 
basis for an extension of the coverage of aspectual theory. Without hav­
ing to take recourse to additional machinery, the presented approach 
allows an explanation of the problem that some predicates are com­
patible with both durative and time frame adverbials (although these 
compatibilities signal conflicting aspectual classification). In addition, 
the aspectual influence of DPs with the quantifier all the follows directly 
from the presented approach. 
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An Undecidability Result for Polymorphic 
Lambek Calculus 

Martin Emms, C.I.S. Miinchen. 

1 Introduction 

A precursor to linear logic was introduced in [Lambek 1958], who proposed a single 
conclusion sequent calculus which lacked the structural rules of Contraction, Weak­
ening and Permutation. Three connectives are treated, two directed implications 
/ ( right to left),\ (left to right), and a product, which can be identified with lin­
ear logic's multiplicative conjunction. This calculus was introduced as a means for 
reasoning about sequences of linguistic objects, a domain in which the customary 
structural rules indeed are not valid. On grounds of linguistic expressivity, there are 
motivations for considering the calculus which results from the addition of second 
order quantifiers - the Polymorphic Lambek Calculus (PLC). For example, where 
[Pentus 1992] shows that grammars based on the Lambek calculus can recognise 
exactly the context-free languages, [Emms 1993a] shows that grammars based on 
PLC can recognise a strictly larger class of languages. By now a certain amount 
is known about PLC. Besides the above mentioned recognising power result, there 
is in [Emms 1993c], [Emms 1994b] discussion of several kinds of linguistic applica­
tions, in [Emms and LeiB 1993] a Cut elimination result, in [Emms 1994a] several 
completeness results, and in [Emms 1993b] a decidability result for a subset of all 
possible sequents. 

The theme of this paper is embeddings of neighbouring logics into PLC. We describe 
a result1 to the effect that PLC can embed the extension of PLC with the structural 
rules of Permutation, Contraction and Weakening. This enables us to settle, in the 
negative, the open question of the decidability of PLC. We will also show that the 
connectives (/,\,V) suffice to express a variety of other connectives, amongst which 
• are the product, 0, the existential quantifier, and the multiplicative unit, l. We 
conclude with some speculations as to the linguistic significance of these results. 

2 Preliminaries 

Assume a denumerably infinite set of variables. We specify various propositional lan­
guages by£, followed by a series of connectives drawn from the set { 0, 1, T, 0, /, \, V, :l}. 
The calculi of concern will be defined with reference to Figures 1 and 2. Thus we 
are concerned with calculi which may include 2nd order quantification, the binary 
multiplicatives 0, /,\, the multiplicative neutral 1, and the additive neutrals O and 
T. 

The rules derive intuitionistic sequents from intuitionistic sequents, where an in­
tuitionistic sequent is an antecedent sequence of formulae, followed by ' ⇒ ', and 
then a single formula. w, x, y range over formulae, U, V, T range over sequences of 
formulae. x[y/Z] stands for the substitution of y for Z in x, defined to include a 
change of bound variable to avoid accidental capture. The rules (VR) and (:lL) are 
subject to the side condition that Z is not free below the line, and X is not free in 
QZ.x, this latter part allowing QX.x[X/Z] to be an alphabetic variant of QZ.x. 

We will use L(c,)i,;,,;n for the calculus obtained by taking the identity axiom scheme, 
together with the rules associated with each of the connectives ci , with in the case 

1. First reported to the Linear Logic mailing list in April 1995 
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X =} X 

U,y,V=>w T=>x 
-------/1 

U, y/x, T, V => w 

T => X u, y, V => w 
------\1 

U,T,x\y,V => w 

U,x,y, V => w 

U,x0y, V => w 

U,x[y/Z], V => w 

L 

------VL 
U, \fZ.x, V => w 

U,x, V => w 
--------31, Z! 
U,3X.x [X/Z], V => w 

U,V=>w 
----11 
U,1, V => w 

U,O, V => w 

T,x => y 
---/R 
T => y/x 

x,T=>y 
---\R 
T => x\y 

T1 => X T2 => y 

T1, T2 => x0y 
R 

T=>x 
-------'VR, Z! 
T => \fX.x[X/Z] 

T => x[y/X] 
------1R 
T => 3X.x 

=> 1 

T => T 

Figure 1: Identity axiom, and rules for /,\,0,V,3,1,O, T 

Figure 2: Structural Rules 
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of VL and 3R, the obvious proviso that formula y substituted for the bound variable 
be drawn from the appropriate language: L'.( (c;)i<i<n)- A general parameter that 
may be varied is whether sequents with an empty a"i":tt-;;cedent sequence are admitted. 
With a subscript £, we indicate a calculus permitting this ( clearly the axiom scheme 
=> 1 is omitted when there is no£ subscript). The calculi including the second-order 

quantifiers we will refer to as polymorphic. In this notational scheme, d,\,0 is the 
calculus proposed in [Lambek 1958] . 

For any of the calculi that may be defined in this way, the derivability of the following 
Cut rule can be shown (by an inductive argument on the sizes of the premise proofs 
of a Cut2) 

u, x, V => w T => X 

U, T, V => w 
ut 

By adjoining various structural rules to these calculi we obtain versions of familiar 

calculi. Let LJ2 be L},/,@,"v +Weak+ Contr + Perm. This is a formulation of 
2nd order intuitionistic propositional logic. It is also the case that the Cut rule is 
derivable in LJ2, as is shown in [W.W.Tait 1966] (using a semantic argument). The 
undecidability of LJ2, which will be used below, is shown in [Lob 1976],[Gabbay 

1981] . Let IMLL2 be L},/,@,"v + Perm. This is a formulation of second-order intu­
itionistic multiplicative linear logic, referred to as IMLL2 in [Lincoln et al. 1995]. 
We will also refer to L},/,\,@,"v as N-IMLL2, and d,\,@,"v as LC2. 

A simple property of any of the d,\, ••• or L~'\' •• ·calculi is3 : 

Lemma 1 (Unknown Elimination)where L is one of the d,\, •• or L~,\, •• calculi 
then 

there is an X with FV (X) <;;; 
FV(U, V, w) such that 
L 1-U, X, v => w 
LI-Ti => X {

L I-U, T1, V => w 

iff : 

L 1-U, Tn, V => w 

Proof: for one direction use Cut and Cut Elimination, for other choose X = U\w/V 
(shorthand for Un\ ... u1 \w/vn/ . .. /v1) 

When we use this to infer the derivability of two premises U, X, V => w and T => X 
from U, T, V => w we write: 

U,T, V => w 

U, X, V => w T => X 

3 Polymorphic Reconstruction of Structural Rules 

In this section we will be concerned with embeddings of logics with structural rules 
into logics without, using polymorphism to reconstruct the lost structural rules. We 

2. Lambek's proof of Cut elimination for L/ ,0, \ by induction on the complexity of the Cut formula, 
does not work for the polymorphic calculi. The absence of the contraction rule, however, allows a 
similarly simple proof to be given by induction on proof size. See [Emms and Leifi 1993]. 
3. This is not the same as Interpolation, since we do not require the material of X to occur in 
both T and (U, V, w). 
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~~;~;e~~a::;~~nt thedd""'.ell known fact that the absence of structural rules can be 
r Y a mg new ax10m schemes and Cut. 

Example where Lis Ll,/,®,\ , ... or L l,;,®,\, ... < , 

L+Perm 
. . {x ⇒ (y®x)/y , or 
1s equivalent to L+Cut + ~-⇒ y/(y/x), or 

Example where Lis Ll,/,®,\, .. or L l,/,®,\, ... < , 

L+Weak 
. . {x ⇒ x/y,x ⇒ y\x or 
1s equivalent to L+Cut + ~-⇒ l , or ' 

Example where Lis Ll,/,®,\, ·· or L l,!,®,\, ... < , 

} 

} 

{
x ⇒ y/(x\x\y),x ⇒ (y/x/x)\x,} 

L+Contr is equivalent to L+Cut+ or 
x ⇒ x®x, or 

:~:eo~; here/~~ P;00~ in the case of permutati~~, choosing the first formulation 
t· , _erm~ ad 1~n ax10m. From right to left it suffices to note that the 'permuta-
wn ax10m 1s envable m L + Perm Fro I ft t • h • that U a v · l' • m e O ng t, it clearly suffices to show 

d 
. t'· ' ⇒ w imp ies a, U, V ⇒ w, and this we have, given Lemma 1 by the 

enva 10n: , 

U,a,V ⇒ w 

X,a,V ⇒ w U ⇒ X 

a ⇒ (X®a)/X (X®a)/X, U, V ⇒ w /L,®L 

a,U, V ⇒ w ut 

3.1 Embedding Order-1 LP in df,\,v') 

In [Emm~ 1993a], in proving that there are 2nd order Lambek gramma £ th 
permutat10n closure of any CF language it was shown h • rs or • e 
sense t d . h , ow one can m a certam 

, '.a e an axiom sc eme expressing permutation for a ol mor hie 
We begm by essentially reformulating this result as an embe~di~g J .th fo:mula. 
to .C(/ \) we say as t U . • 1 re,erence , , equen ⇒ w is order 1, if w is atomic and no formula in U h 
co'.11plex arguments. We can simulate the possible applications of the 'permutatio~ 
ax10m, x ⇒ y/(y/x), by replacing x with \/X.X/(X/x). This leads to the followin • 
Theorem 1 (Emms 1993) Wh U • g. ' ere , x is any sequence of formulae from .C(/, \), 

£pl I- U ⇒ W 

iff dl,\,vJ I- u· ⇒ w 

where x* = \/X.X/(X/x), LP1 =(Lt,\+ Perm)f(order 1) 

Proof of Theorem 1 (sketch) 

Left to Right 

First we note a 'topicalisation' property for x* categories: 
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dl,\ ,v') 

⇒ L~/,\,v') 
I- U,x;,V ⇒ w 
1- x;,u,v ⇒ w 

Then we argue: 

U,x;, V ⇒ w 

X,V ⇒ w U,x; ⇒ X 
- /R 

U ⇒ X/x; 
- - /L 
X/(X/xi),U, V ⇒ w 

---------'\/L 
\/X.(X/(X/x;)), U, V ⇒ w 

LP1 I- X1, .. . , Xn ⇒ W 

⇒ L(\ I- 7l'(X1, ... , Xn) ⇒ w for some 7l' , because order 1 

⇒ dl,\,v') I- 11'(X1, .. ,,xn) ⇒ w 
⇒ L~/,\,v') I- xi, ... , x;'.. ⇒ w by 'topicalisation' 

The order 1 restriction is used in the first step, allowing one to assume that the 
LP1 proofs consist of an initial permutation step, followed by purely L~ ,\ steps. 

Right to Left 

L~/,\,v') I­
⇒ L~/,\,v')+ (Cut,Perm) 1-
⇒ dl,\,V)+ Perm 1-
⇒ Lt•'+ Perm I-

xi, . . . ,x~ => w 
X1, . .. ,Xn ⇒ w since dl,\,v')+ Perm 1-x; ⇒ xr 
x1, . .. , Xn ⇒ w by Cut elimination 
x1, ... , Xn ⇒ w since the x; are \/ free 

End of Proof 
What is noticeable is that the use of permutation ·in LP1 is recovered within L~/ ,\,v'), 
where d1 ,\,v') itself lacks the permutation structural rule. The access to permutation 
is encoded by the ()* mapping which replaces x with (the closure of) the result of 
applying a permutation axiom scheme (namely x ⇒ y/(y/x)) to it. 

This is a first instance of the use of polymorphism to recover a structural rule. Given 
. the fact that each structural rule matches up with an axiom scheme, there is reason 
to think that there may be other ways to embed structurally more relaxed logics 

into the polymorphic calculus. 
In [Lincoln et al. 1995] there is a proof of such an embedding. The target logic is 

IMLL2 (= Lt,/,®,v + Perm), and the source is LJ2 (= Lt,/ ,®,v + Contr + Weak 
+ Perm), and polymorphism is used to recover the lost Contr and Weak rules. 
In the next section, we carry this strategy one step further, embedding LJ2 not 
into IMLL2, which has Permutation, but N-IMLL2 (= Lt,/,@,\,v), which has no 

Permutation. 
This will then leave us with a picture of how, to date, polymorphism allows embed­
dings of structurally richer into structurally weaker logics, as follows: 
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... thereby dl,\,'t) can recognise the Perm closore of any 
CF language 

• dl,\,'t)+ Perm+ Contr + Weak 

... thereby (dl,\,'t) + Perm) undecidable 

• di,\,\>')+ Perm+ Contr + Weak 

... thereby dl,\,'t)undecidable 

3.2 Embedding LJ2 in N-IMLL2 

"---' 

In [Lincoln et al. 1995] there is a proof of an embedding of LJ2 into the structurally 
stricter IMLL2. They note that certain quantified formulae seem to describe the 
action of the Contraction and Weakening rules, namely 

C 
w 

VX.(X@X)/X} cf. axioms for 'contrac­
VX.1/X as W tion', and 'weakening' 

C and W license single steps of Contraction and Weakening in the sense, 

L f- U, a, a, V =;, w L f- U, V =} w 
=} L I- U, C, a, V ⇒ w ⇒ L I- U, W, a, V ⇒ w 

U, a, a, V ⇒ w 
------1x1L 
U, a@a, V =} w a ⇒ a 
---------/1 

U,(a@a)/a, a, V ⇒ w 
----------VL 
U, VX.X@X/X, a, V ⇒ w ,,________.., 

C 

U, V ⇒ w 
-----IL 
U, 1, V ⇒ w a ⇒ a 
--------/1 

U, I/a, a, V ⇒ w 
---------VL 
U, VX.1/X, a, V ⇒ w 

'-----v--' 
w 

Expressed as it is by a formula of a linear calculus, IMLL2, such a license to apply a 
structural rule is gone as soon as it has been used - in contrast to formulae marked 
with linear logic's exponentials, for which the repeated application of structural rules 
is licensed. However, the surprising fact pointed out in [Lincoln et al. 1995] is: 

that when C, C, C, W is prefixed to a sequence T, one 
has license to apply Contraction and Weakening to T 
indefinitely often. 

Illustration for Contraction case: 

(1) C,C, C, W,U,a , a, V ⇒ x 
------------ML 
C, C, C, W, U, a@a, V ⇒ x a ⇒ a 
-----------V·L,/1 

C,C,C, W,U,C,a,V ⇒ x 
----------Perm 
C, C, C, C , W, U, a, V ⇒ x C ⇒ C C ⇒ C 

--------------rx,L,0 1,®L @R 
( C@C)@( C@C) , W, U, a, V ⇒ x C , C ⇒ C@C 
------------------VL,/L 

C, C, C, W, U, a, V =} x 

This is the key to their embedding: 
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Theorem 2 (Lincoln et al., 1995) Where U, x is any sequence of formulae from 

£{1,/,0,V ), 
L},/,0,'t + Contr + Weak + Perm I- U ⇒ w 

iff L},f,@,'t + Perm I- C, C, C, W , U ⇒ w 

We will prove an embedding of LJ2 in N-IMLL2, the version without with ~er­
mutation. In addition to C and W we need the following formula for encodmg 

permutation: 

p VXW.(X@ Y)/X/Y } cf. axiom for 'permutation' 

Then we observe p licenses left-ward shift, in the sense that where L is any of the 

L!,/,©,\,V, ..• calculi: 

U, a, V ⇒ w 

⇒ P, a , U, V ⇒ w 
U,a , V ⇒ w 

X,a, V ⇒ w 
L 

X 0 a, V ⇒ w U ⇒ X _:.__:_ _______ /L 

~(X~®:_a~):...fX_.:._, u_,:._v_⇒_w ___ a_⇒_a/L 

(X@a)/X/a, a, U, V ⇒ \IL 
VXVY.(X@Y)/X/Y, a, U, V ⇒ w 

p 

Clearly, where T is a sequence of formulae of le~gth n, any permutation, 1r(T), can 
be generated from T by applying n leftward shifts: 

Lemma 2 where p = VX.W.(X 0 Y)/ X/Y, L any of the L!,/,©,\,'t, •• calculi, the 

following is a derivable rule of L 

P, ... ,P,1r(x1,-- - ,Xn) =} W 
'--r--' 
n times 

A useful lemma concerning the structural rule encoding formulae, C, W and P is 

the following: 

· f h l,/,0,\,'t, ·· calculi, weakening in L is admissible Lemma 3 where L 1s any o t e L, 

for x E {C, W, P}. 

Proof: by the following derivation schemes: 

U , V ⇒ w 
-------0L, IL, IL 
U, 1 0 1, V ⇒ w ⇒ I 
--------/1 

U,(101)/1,V ⇒ w VL 

U, VX.X @X/X,V =}W ...__,----, 
C 

U, V ⇒ w 
-----IL 
U , I, V ⇒ w ⇒ I 
-------/1 

U,1/1,V ⇒ w VL 

U, VX.1/X , V ⇒ w 
'--r--' 

w 
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U, V !Ò� w 
-------=L, lL, lL 
U, 1 01, V !Ò� w !Ò� 1 !Ò� 1 
---------/L,/L 

U,(l 01)/1/1,V !Ò� w 
-------------VL 
U, VXVY.(X0Y)/X/Y, V !Ò� w 

End of proof p 

Our strategy to obtain an embedding of LJ2 into L:,/,@,\,v will be parallel to that 
used in [Lincoln et al. 1995]. We will show that for a sequent with a C, C, C, W, P 
prefix (abbreviated as PRE), contraction, weakenings and permutations on material 

after the prefix is admissible in any of the any of the L!'/,@,\,v, •• calculi. 

Lemma 4 where L is any of the any of the L!'/,@,\,'t, ••• calculi, the following 'post­
prefix' permutation, weakening, and contraction rules are admissible in L : 

PRE,U =} X 

PRE,1r(U) =} X 

PRE,U, V !Ò� x 

PRE, U,a, V !Ò� x 

PRE,U,a,a,V !Ò� x 

PRE, U, a, V !Ò� x 

A remark before we give the proofofthis. In (1), which establishes the corresponding 
cases of 'post-CCCW' contraction in IMLL2 , more than 'post-CCCW' permutation 
was used, moving a C formula to where it is needed. At many other places in Lincoln 
et al's embedding proof this is also the case. Now, because for L:,/,@,\,'t we can 
at best obtain 'post-PRE' permutation, it may seem that it will not be possible 
to also establish 'post-PRE' contraction (and to carry through other cases in the 
induction). Part of the solution to this lies in the fact that the PRE block can be 
doubled, so that the formulae in the second occurrence of the prefix are then post­
PRE. The other part of the solution ·is the fact noted in Lemma 3, that weakening is 
already derivable for x E { C, W, P}, which allows the discard of any surplus C's, W 's 
or P's which result from such doublings. 

Proof of Lemma 4 By the following derivation schemes: 

'post-prefix Perm': 

PRE ,U =} X 

-----------·use n P's to Perm, by Lemma 2 
PRE,P1, . .. ,Pn,1r(U) =} X 

1 pply Lemma 3 
PRE, PRE, .. . , PREn,1r(U) !Ò� x 
--------------,ise n C's to Contr on n PRE's 

c 1 , ... ,cn,PRE,1r(U) =} X 
-----------repeatedly use one C to Contr on C, C 

PRE,1r(U) =} X 

'post-prefix Weak' 
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PRE,U, V !Ò� x 
---------use W to Weak on a 
PRE, U, W, a, V !Ò� x , 
--------use 'post-prefix Perm 
PRE, W, U,a, V !Ò� x 

-----------apply Lemma 3 
PRE,PRE1,U,a, V =} X 
----------use 1 C to Contr on PRE 

C, PRE, U, a, V !Ò� x 
--------use 1 C to Contr on C, C 

PRE, U, a, V !Ò� x 

'post-prefix Contr' 

PRE, U,a,a, V !Ò� x 
--------use C to Contr on a 
PRE,U,C,a,V !Ò� x , 
----,-----use 'post-prefix Perm 
PRE,C,U,a, V !Ò� x 

-----------apply Lemma 3 
PRE, PRE1 , U, a, V !Ò� x 
----------use one C to Contr PRE 

C, PRE, U,a, V !Ò� x C 
--------use one C to Contr on C, 

PRE,U,a, V !Ò� x 

End of Proof 
We can now prove an embedding of LJ2 (= L:·1•0 ·" + Contr +Weak+ Perm) into 

L:,/,@,\,'t as follows: 

Theorem 3 where U, x is any sequence of formulae from £(1, /, 0, V), 

LJ2 I- U =} x iH L:,/,@,\,'t J-- C, C, C, w, P, U =} x 

Proof of Theorem 3 
• Left to Right: by induction on the size of the LJ2 proof of U * x. If U * Y is an 

LJ2 axiom, then clearly U !Ò� y is an L:,/,@,\,'t axiom, and by Lemma 3, adding the 
prefix, PRE, will preserve derivability. So for induction suppose for some n that we 
have the property for all LJ2 proofs of size < n, and consider an LJ2 proof of size 

n. 
Lemma 4 covers cases where the last step of the supposed LJ2 proof is Permutation, 
Weakening or Contraction. 
For the single premise cases, it suffices to apply the inductive hypothesis to the 

1 h l . 1,/,0,\,'t 
premise, and then app y t e same ru e m L< • 

For the two premise cases, we must first do prefix doubling: 

Case: the last step is 0R. The lefthand proof below is the supposed LJ2 proof, 
and the righthand proof is the L:,/,@,\,'t derivation establishing the claim. :'he 
derivability of the premises of the right-hand derivation follows by mduct10n given 
the left-hand proof. 
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(ii) I-U2 I- f(M, i, m, n) 
(iii) U 2 I- f(M,i,m,n) 

Typically the various states are encoded by particular atoms, and the counter­
contents, m and n, by corresponding length products of two distinguished atoms. 
(i) implies (ii) is proven by induction on the lengths of accepting computations by 
M. It is relatively clear how to write formulae which effectively execute one step of 
the machine ('i: m := m + l; goto j' c:; (cj 181 a)/c;). However, at the base of the 
induction one n_eeds to discard such formulae (weakening), and for the rest of the 
proof to duplicate them ( contraction). In Kanovich's first proof of the undecidability 
of EMALL, the program-codes get a preceding! to achieve this (eg. !((cj 181 a)/c;)). 

The other proofs all variously use polymorphic formulae to recapture forms of the 
structural rules, and in this respect are similar to the LJ2 embedding proofs. For 
example, in the simplest proof, that for MALL2, program-codes are combined with 1 
by & ( and thus admit Weakening), and two copies of a contraction formula\/ X.X 0 
X/(X&l) are added as a prefix (giving Contraction on program-codes). It may be 
that these undecidability proofs can be recast as embeddings of particular logics 
with limitted forms of the structural rules. 

The implication from (ii) to (iii) is trivial. The implication from (iii) to (i) is in each 
case obtained by defining a particular phase-semantic model from the accepting 
configurations of the machine, and using the soundness of ££2 wrt. phase-semantics 
[Girard 1995]. 

Linguistic significance of the embeddings/encodings 

Besides establishing various undecidability results, the general moral emerging from 
the various embeddings of LJ2 and encodings of Minsky machines, is that certain 
procedural notions can be rather directly represented by particular polymorphic 
premises. This is an interesting development when one returns to looking at the 
second order calculi as ingredients in a linguistic description, for it shows we may 
declaratively capture various phenomena which have a procedural description. 

For example, the notion of 'being an x if repeated access to Contraction and Per­
mutation is allowed' is encoded by x/CCCP. The notion of 'being an x if at most 
two permutations are allowed' is encoded by x/ PP. Or if we wish to classify as D 
anything containing exactly one a, b, c and d, and with a -< c, then this may be 
encoded by D/M, where Mis the 'machine': 

(D/a0c) 181 (\/X\/Y(X 181 Y/X 0b0 Y)) 181 (\/XVY(X 0Y/X 0d0 Y)) 
Embeddings into still weaker logics ? 

We mentioned above that no embeddings of LJ2 into a logic weaker than N-IMLL2 
has been proved. An obvious candidate would be the non-associative version of N­
IMLL2. As with the other structural rules considered in this paper, an associativity 
structural rule can also be supplanted by axiomatic forms: A1 : x0(y0z) => (x0y)0 
z and A2 : (x0y) 0z => x0 (y0z), suggesting an embedding whereby in the prefix 
is included At= 'v'X\/Y'v'Z(((X0Y)0Z)/(X0(Y0Z))) and A~= 'v'X\/Y\/Z((X0 
(Y 181 Z))/((X 181 Y) 181 Z)). However, we face a problem analogous to that when we 
first generalised the result of [Lincoln et al. 1995] to discard permutation: there 
we could at best obtain post-prefix permutation, whereas the proof in [Lincoln 
et al. 1995] uses prefix-internal permutations. In the present case, we might at best 
hope to obtain post-prefix associativity, yet the current proof uses prefix-internal 
associativity. In the previous case, we could get around the problem by using the 
Contraction formulae to generate copies of the prefix - something not requiring 
Permutation - and the inherent weakenability of the structural formulae to discard 
any surplus. In the current case, this strategy will not work, as the use of the 
Contraction formulae to generate copies of the prefix does presuppose associativity: 
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c 181 (C 181 C) leads to (C 181 C) 181 (C 0 C), which only vi~ associativi_ty leads to 
C 181 ( C 181 ( C 181 C)), containing a copy of the start configurat10n. It ~err.tams an_ open 
question whether there is an embedding of LJ2 into the non-associative version of 
N-IMLL2. 

Embeddings between more closely neighbouring logics ? 

The embedding described in [Lincoln et al. 1995] is from a logic with (Contr,"'.eak,~erm) 
to one with just Perm, and the embedding described here is fr_om ~ logic with 
(Contr,\Veak,Perm) to one with no structural rules. In the followmg picture these 
embeddings are represented by unbroken arrows. 

- -0~~ 
' ' ' 

0 

' \ 
:II CP - \ 

\ 
I 
I 
I 
I 
I 

I 
I 

r 
C 

We conjecture that other embeddings in which Contr_ is dropped are p?ssible, as well 
as embeddings where Contr is preserved. These conJectured embeddmgs are repre­
sented by dashed arrows. However, it is not clear that we :nay carry out analog 

• embeddings between logics which already both lack Contraction: ~he dotted arrows 
in the above diagram. We used the contraction block of formulae, m order to ge11:er­
ate duplicates of W and P. Thereby, not only itera~ed Weakening and Permutat10n 
get licensed, but also iterated Contraction itself. It 1s not clear how to define an em­
bedding by which Contraction is licensed only on the formulae encodmg Weakenmg 
and Permutation. 

One thought is that perhaps the embedding of LP1 _into N~IMLL2 can be generali~ed. 
Here we do have an embedding between two logics which ~oth lack Contraction. 
However, in this case, the restriction to order-1 sequent of LP meant tha~ repe~t~~le 
access to permutation did not have to be simulated, but rather Just a smgle m1tial 
permutation. Still it might seem that if all sub-formulae which might play _a rnle 
as a premise have the earlier defined ()* mapping applied to therr.t, then this ':ill 
suffice to embed LP. Examples such as the following show that this strategy fails. 
With permutation we have the following derivation: 

2 ' (Q 



If we replace the permutation steps by left-ward shifts, the formula a/b2/b1 must be 
twice left-ward shifted. Correspondingly, we do not get N-IMLL2 derivability under 
the earlier defined: (a/b2/b1)*, (c/(a/bi/b2))* => c. Nor will we get N-IMLL2 deriv­
ability of (a/b2/b1)*, (c/(a/bj/b2))* => c. Rather we need: ((a/b2/b1)*)*, c/(a/bj/b2) 
=> c. It remains to be explored, however, whether variations on this strategy could 

yield further embeddings between logics which both lack contraction. A further line 
of investigation is a comparison with the work of [Kurtonina and Moortgat 1994], 
[Kurtonina and Moortgat 1995], who also consider embeddings between (implica­
tional) logics with differing associated structural rules. Most particularly they also 
consider embeddings from weaker into stronger logics. This direction of embedding 
has not be considered at all in the 2nd order case. 

How to react to this undecidability result 

We consider now what the reaction to our undecidability result for L;,/,®,\,v', and 
d1•'·"'\hould be. The strongest possible reaction would be to conclude that these 
calculi should now be ruled out as playing a part in the linguist's toolkit for de­
scribing languages. In response to this, one should note that there are some notable 
precedents for not responding to an undecidability result in this way. [Lincoln et al. 
1992] prove purely propositional linear logic (i.e quantifier-free) to be undecidable. 
[Schieber 1986] and [Johnson 1988], each with respect to their own notion of feature­
structure based grammars, prove that the universal recognition problem is unde­
cidable: there can be no algorithm which, given a feature-structure based grammar 
and a string, decides whether the string belongs to the language generated by the 
grammar. In neither of these cases has this undecidability stifled interest in the 
systems. It is also germane to note examples of decidable but provably intractable 
systems which are in wide spread use, such as the type-checking algorithm for the 
polymorphic functional programming language ML [Mairson 1990]. 

In these cases, the continuing interest in the systems involved reflects a switch of 
emphasis from the general situation to some restriction of it. Such a move seems the 
apt reaction to the undecidability for· the 2nd order Lambek calculus, with an inves­
tigation of decidable fragments moving onto t he agenda. [Emms 1993b] contains a 
preliminary investigation of this, in which a subset of all possible sequents is consid­
ered which have the property that, however a proof is unfolded, a set of subproblems 
is generated having the form of (i) in the Unknown Elimination lemma above. This 
forms the basis of a decision procedure for such sequents. Sequents involving the 
polymorphic categories that have been proposed to have linguistic applications ( eg. 
'efX.X/(a\X) (quantification), 'efX.X\X/X (coordination), 'efXW.c/(X\a)/(X/b) 
(extraction)) have this nature, and their derivability can be decided. It is interest­
ing to note that of all the polymorphic formulae involved in the above embeddings, 
all but the formula expressing Contraction have this nature as well. Clearly the ques­
tion of decidable fragments is one requiring further attention. The decidability of 
one oft-mooted candidate, namely a fragment allowing only outermost quantifiers, 
remains an open question. 
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The following sequent is derivable in d,®,\ ,v, but not in d ,\ ,v, where a,b,c, d are 
distinct atoms. 

a/d/c, VX.X/(X\b)/X , c, d, d\c\b ⇒ a 

We must first show that the sequent will only have a proof if we can find an X that 
make the leaves of the following proof derivable: 

X,d\c\b ⇒ b 
- - \R -

a/d/c,X ⇒ a d\c\b ⇒ X\b c,d ⇒ X 
_ _ _ /1/L 

a/d/c,X/(X/b)/X,c,d,d\c\b ⇒ a 
-------------VL 
a/d/c, VX.X/(X/b)/X, c, d, d\c\b ⇒ a 

One can quite quickly eliminate other possible proofs shapes by applying the fol­
lowing observations (whose proofs are here omitted). 1) Let the spine of a prod­
uct free category be recursively defined spine(x/y) = (/, spine(x)), spine(y\x) = 
(\, spine(x)), spine(VX.x) = (V, spine(x)), with spine(x) = () otherwise. One can 
easily show that when a series, (, of inferences belonging to { Slash L, Slash R, 
VL, VR }, separates a pair of inference steps # and $ belonging to { Slash L, VL }, 
associated with two consecutive connectives on the spine of a category, then there 
is an alternative proof, ordering ( before # and $, and with # and $ consecutive. 
2) Slash (and V) Right inferences can be ordered before all others without loss of 
generality. 3) Quantifier-free sequents must satisfy count-invariance [van Benthem 
1986]. 

The derivability of the sequent thus reduces to the problem of finding an X making 
the following derivable: • 

1. a/d/c, X ⇒ a 
2. X, d\c\b ⇒ b 
3. c, d ⇒ X 

Clearly, in the case of d ,®, \,v', c 0 d is such a value for X. We will show that there 
is no product-free value. 

It is clear that no atomic X can be a solution. It also clear that the principal 
connective of X cannot be '/', for this will not solve 1., and cannot be '\', as this 
will not solve 2. This leaves just the possibility that X is quantified. So assume 
X has the form lfY1 ... lfYn-Y, where y is either atomic or has a slash as principal 
connective. In case y is atomic, it is clear X is not a solution for 3. So suppose y 
has a slash as principal connective. Clearly the proofs of 1 and 2 must end with a 
succession of n (VL) inferences, transforming \fY1 ... lfYn-Y to y1 in. the proof of 1, 
and to Y2 in the proof of 2. The two proofs will therefore contain the premises: 

1': a/d/c, Y1 ⇒ a 
2' : Y2, d\c\b ⇒ b 

In order to solve 1', Y1 must have a principal left slash, and in order to solve 2', 
y2 must have a principal right slash, but both y1 and y2 must also have the same 
principal slash as y. 

In this way we have eliminated all possibilities for X. □ 
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