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Type raising, continuations, and classical logic

Philippe de Groote
Inria-Lorraine

Abstract. There is a striking analogy between type raising, as intro-
duced by Montague (1973), and the notion of continuation that has
been developped in programming language theory in order to give com-
positional semantics to control operators (Stratchey and Wadsworth,
1974). In fact, this analogy is such that it is possible to see Montague’s
semantics as a continuation based semantics.

On the other hand, the notion of continuation allows classical logic to be
given a Curry-Howard interpretation (Griffin 1990). In particular, the
double negation law ((A — 1) — 1) — A is provided with a computa-
tional content, which may be used to give a type logical interpretation
of type lowering.

Putting the pieces of the picture together, it is possible to use “classical
extensions” of the A-calculus in order to express the semantic compo-
nents of the lexical entries of Morrill’s (1994) type logical grammars.
This solution offers the advantage of not burdening the syntax by en-
forcing type raising to the worst case.

1 Type raising and continuations

Montague (1973) introduced type raising as a way of providing a compositional
semantics to constructs that may give rise to scope ambiguities. Such constructs
(typically, quantifiers) have semantic scopes that may be wider than their apparent
syntactic scopes. Around the same time, computer scientists were trying to provide
a compositional semantics to full jumps (i.e., ‘goto’ statements), which led to the
discovery of continuations (Stratchey and Wadsworth, 1974).

Both problems are similar, and both solutions present striking similitudes. Mon-
tague’s type raising is based on Leibniz’s principle, which consists of identifying an
entity with the set of its properties. Consequently, the type of entities e is replaced
by (e — t) — t, where t is the type of propositions. In programming language
theory, a continuation semantics (as opposed to a direct semantics) consists in pro-
viding the semantic function with the continuation of the program as an explicit
parameter. Let P be a program, let [—] be the semantic function, and let s be
some initial state. If we consider programs as state transformers, a direct semantics
is such that [P]s € State. On the other hand, a continuation semantics gives
[P] s € (State — State) — State. In fact, in both cases (type raising and con-
tinuation semantics), a type A is replaced by a type (4 — O) — O, where O is the
type of observable entities or facts.

2 Negative translations and classical logic

In the realm of the A-calculus, the notion of continuation gave rise to the so-called
CPS-transformations (Plotkin 1975). These are continuation-based syntactic trans-
formations of the A-terms that allow given evaluation strategies (typically, call-by-
name or call-by-value) to be simulated.



For instance, Plotkin’s call-by-value CPS-transformation is as follows:
t = M.kc
T = Ak.kx;
Ax. M = Mk.k(Az. M);
MN = Me.M (Om.N (An.mnk))

Now, compare the following naive type logical grammar, where the lexical items
are assigned a direct interpretation:

John - : NP
Mary - M : NP
loves - JAz.\y.LOVEyz : (NP\S)/NP

together with the grammar, where the lexical items are assigned a Montague-like
interpretation:

John - Mk kJ : NP
Mary - Mk.kMm : NP
loves - Af.A\g.f(Az.g(My.LOVEyz)) : (NP\S)/NP

Again, the analogy between continuation and type raising is striking. The Montague-
like interpretation may almost be seen as the call-by-value CPS-transform of the
direct interpretation. This opens a new line of research that has been advocated in
Barker’s recent work (2000, 2001).

When applying a CPS-transformation to a typed A-term, it induced another
transformation at the type level (Meyer and Wand, 1985). For instance, the above
CPS-transformation induces the following type transformation:

a=(a*— 1) = L, where:

a* = a, for a atomic;

(@ = B)* = o* = 5.

Griffin (1990) observed that these type transformations amount to double neg-
ative translations of classical logic into minimalist logic, and that it allows classical
logic to be provided with a formulae-as-type interpretation. In this setting, the
double negation law ((A — 1) — 1) — A, which corresponds to type lowering, is
given a computational content by considering the absurd type L to be the type of
observable entities (this is radically different from the usual interpretation of L as
the empty type).

3 The \u-calculus

Griffin’s discovery gave rise to several extensions of the A-calculus, which aim at
adapting the Curry-Howard isomorphism to the case of classical logic. The Au-
calculus (Parigot 1992) is such a system.

The Au-calculus is a strict extension of the A-calculus. Its syntax is provided
with a second alphabet of variables («, 8,7, ... — called the p-variables), and two
additional constructs: p-abatraction (ua.t), and naming (at).

These constructs obey the following typing rules:

[a : —A]
a: —A t: A t: L
at @ L pa.t A

Besides g-reduction:



B) Mz.t)t — t{z = u]
a notion of p-reduction is defined:
(1) (o) — pB.ufat; =B ()]

where u[at; := B (t;v)] stands for the term u where each subterm of the form
at; has been replaced by 8 (¢;v). It corresponds to the following proof-theoretic
reduction:

- 1 : . :
a: —(A— B) t;: A—> B . t;:A—-B v: A
at; + L B:-B tiv: B
. ﬂ(tiv):J_
u: L ) : .
pa.u : A— B v:A ulat;:=p(t;v)] + L
—
(na.u)v : B uB.ulat; ;== B (t;v)] : B

As well-known, classical logic is not naturally confluent. Consequently, there
exist variants of the Ap-calculus that do not satisfy the Church-Rosser property
(Parigot 2000). This is the case if we also consider the symmetric of the y-reduction
rule:

(1) v(pa-u) — pp.ulat; = p(vt:)]

Finally, for the purpose of the example given in the next section, we also add the
following simplification rules:

(0) po.u — ulat; ==t

which may be applied only to terms of type L.

4 Semantic recipes as A\u-terms

Dealing with a calculus that do not satisfy the Church-Rosser property is not a
defect in the case of natural language semantics. Indeed, the fact that a same
term may have several different normal forms allows one to deal with semantic
ambiguities.

If we consider the sentential category S (or, semantically, Montague’s type t) to
be our domain of observable facts, the following typing judgement is derivable:

0 1 0
PERSON: et =z :e a:e—t T e

(PERSONZ) : ¢t (ax) : t

(PERSONZ) D (ax) : t

Vz.(PERSONZ) D (ax) : t

pa. V. (PERSONZ) D (az) : e



This allows the following type logical lexical entries to be defined:

everybody - pa.Vz.(PERSONZ) D (axz) : NP
somebody - po.3z.(PERSONZ) A (az) : NP
loves - Az.Ay.LOVEy 2 : (NP\S)/NP

Then, the sentence
everybody loves somebody
has only one parsing, to which is associated the following semantic reading:
(Az. A\y.LOVEy z) (per. 3z.(PERSON z) A () (ua. VZ.(PERSON z) D (a z)).

This Au-term may be considered as an underspecified representation. Indeed, its
possible reductions yield two different normal forms:

(Az.Ay.LOVEy z) (par. 3z.(PERSON ) A (a z)) (uo. V2 .(PERSON z) D (a z))

— (A\y.LOVEy (ua. Jz.(PERSON z) A (az))) (pa. Vz.(PERSON z) D (az))  (B)
— LOVE (pa. Vz.(PERSON z) D (a z)) (ua. z.(PERSON z) A (a x)) 8)
— (uB.Vz.(PERSON ) D (B (LOVEZ))) (pa. Iz.(PERSON z) A (a x)) (u')
— pfB.Vz.(PERSON z) D (B (LOVE z (ua. Jy.(PERSON y) A (ay)))) ()
— Vz.(PERSON z) D (LOVE z (pua. Jy.(PERSON y) A (ay))) (0)
— Vz.(PERSON z) D (pa. Jy.(PERSON y) A (a (LOVEz y))) (u')
— Vz.(PERSON z) D (Jy.(PERSON y) A (LOVE 2 y)) (o)
(Az. Ay.LOVEy ) (pa. 3z.(PERSON z) A (a ) (pa. V.(PERSON z) D (a )
— (A\y.LOVEy (ua. Jz.(PERSON z) A (az))) (pa. Vz.(PERSON z) D (ax))  (B)
— LOVE (pa. Vz.(PERSON z) D (a z)) (ua. z.(PERSON z) A (v x)) )
— (uB.Vz.(PERSON ) D (B (LOVEZ))) (pa. Iz.(PERSON z) A (. x)) (1)
— po. Jy.(PERSONy) A (a ((uf.Vz.(PERSON z) D (8 (LOVEZ))) y)) (u')
— Jy.(PERSONY) A ((u8.Vz.(PERSON z) D (8 (LOVEZ))) y) (0)
— Jy.(PERSONY) A (u8.Vx.(PERSONz) D (8 (LOVEZ Y))) (w)
— Jy.(PERSONy) A (Vz.(PERSONz) D (LOVEz y)) (0)

These correspond to subject and object wide scope readings, respectively.

5 conclusions

We have argued that Montague’s type raising is a particular case of continuation.
Consequently, continuation based formalisms, which have been developped in the
context of programming language theory, may be used to deal with the sort of se-
mantic ambiguities for which Montague invented type raising. Parigot’s Au-calculus
is such a formalism, and we have shown how it may be used to cope with quan-
tifier scope ambiguities. We claim that the Ap-calculus is particularly suitable for
expressing compositional semantics of natural languages. For instance, it allows
Cooper’s (1983) storage to be given a type logical foundation. In fact, it allows a
lot of dynamic constructs to be defined, which is of particular interest for discourse
representation.
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Abstract

We present a novel, type-logical analysis of po-
larity sensitivity: how negative polarity items
(like any and ever) or positive ones (like some)
are licensed or prohibited. It takes not just
scopal relations but also linear order into ac-
count, using the programming-language no-
tions of delimited continuations and evaluation
order, respectively. It thus achieves greater em-
pirical coverage than previous proposals.

1 Introduction

Polarity sensitivity (Ladusaw, 1979) has been a popu-
lar linguistic phenomenon to analyze in the categorial
(Dowty, 1994), lexical-functional (Fry, 1997, 1999), and
type-logical (Bernardi, 2002; Bernardi and Moot, 2001)
approaches to grammar. The multitude of these analy-
ses is in part due to the more explicit emphasis that these
traditions place on the syntax-semantics interface—be it
in the form of Montague-style semantic rules, the Curry-
Howard isomorphism, or linear logic as glue—and the
fact that polarity sensitivity is a phenomenon that spans
syntax and semantics.

On one hand, which polarity items are licensed or pro-
hibited in a given linguistic environment depends, by and
large, on semantic properties of that environment (Ladu-
saw, 1979; Krifka, 1995, inter alia). For example, to
a first approximation, negative polarity items can occur
only in downward-entailing contexts, such as under the
scope of a monotonically decreasing quantifier. A quan-
tifier g, of type (e — f) — t where e is the type of indi-
viduals and 7 is the type of truth values, is monotonically
decreasing just in case

(1)  Vs1.¥s2. (Vx. s2(x) = 51(x) = q(s1) = q(s2).
Thus (2a) is acceptable because the scope of nobody is
downward-entailing, whereas (2b—c) are unacceptable.

(2) a. Nobody saw anybody.
b. *Everybody saw anybody.
c. *Alice saw anybody.

On the other hand, a restriction on surface syntactic
form, such as that imposed by polarity sensitivity, is by
definition a matter of syntax. Besides, there are syntac-
tic restrictions on the configuration relating the licensor
to the licensee. For example, (2a) above is acceptable—
nobody manages to license anybody—but (3) below is
not. As the contrast in (4) further illustrates, the licen-
sor usually needs to precede the licensee.

(3) *Anybody saw nobody.

(4) a. Nobody’s mother saw anybody’s father.
b. *Anybody’s mother saw nobody’s father.

The syntactic relations allowed between licensor and li-
censee for polarity sensitivity purposes are similar to
those allowed between antecedent and pronoun for vari-
able binding purposes. To take one example, just as an
antecedent’s ability to bind a (c-commanded) pronoun
percolates up to a containing phrase (such as in (5), what
Biiring (2001) calls “binding out of DP”), a licensor’s
ability to license a (c-commanded) polarity item perco-
lates up to a containing phrase (such as in (4a)).

(5) [Every boy;’s mother] saw his; father.

Moreover, just as a bindee can precede a binder in a sen-
tence when the bindee sits in a clause that excludes the
binder (as in (6); see Williams, 1997, §2.1), a licensee
can precede a licensor in a sentence when the licensee
sits in a clause that excludes the licensor (as in (7); see
Ladusaw, 1979, page 112).

(6) That he; would be arrested for speeding came as a
surprise to every; motorist.

(7) That anybody would be arrested for speeding came
as a surprise to the district attorney.

This paper presents a new, type-logical account of po-
larity sensitivity that encompasses the semantic proper-
ties exemplified in (2) and the syntactic properties exem-
plified in (3—4). Taking advantage of the Curry-Howard
isomorphism, it is the first account of polarity sensitivity
in the grammatical frameworks mentioned above to cor-
rectly fault (3) for the failure of nobody to appear before



m Axiom

For each unary mode « (blank, u, or p in this paper):

<>(,1"|—A|:Il rro,A OB
r-o,A * O FA
T+A A+ C,A  T[O.AlF B
T o, E
Cul F OLA °© I'[A]+ B Qa

For each binary mode g (blank or ¢ in this paper):

I'tB A+C ArBoC T[BogC]+A
—Oﬁ OBE
FogA+ BogC IAI+-A

AogBrC A+ BfgA 't A

NI L JE

A+ CjgB AogI'+ B

BogArC '-A A+ A\gB

\sl \sE
A+ B\gC [FogA+B

Figure 1: Natural deduction rules for multimodal cate-
gorial grammar (Bernardi, 2002, pages 9 and 50). To
reduce notation, we do not distinguish structural punc-
tuation from logical connectives.

(Root) AdrAo, 1

(Left) (BoC)o.K 4 Bo. (CoK)
(Right) (OBoC)o, K 4 Co, (Ko OB)
(T) A FOA

(K") OAo OB F O(AoB)
(Unquote) OO A FOLA

Figure 2: Structural postulates

anybody. The analysis makes further correct predictions,
as we will see at the end of §3.

The analysis here borrows the concepts of delim-
ited continuations (Felleisen, 1988; Danvy and Filinski,
1990) and evaluation order from the study of program-
ming languages. Thus this paper is about computational
linguistics, in the sense of applying insights from com-
puter science to linguistics. The basic idea transfers to
other formalisms, but type-logical grammar—more pre-
cisely, multimodal categorial grammar—offers a frag-
ment NLOg- whose parsing problem is decidable using
proof-net technology (Moot, 2002, §9.2), which is of
great help while developing and testing the theory.

2 Delimited continuations

Figure 1 shows natural deduction rules for multimodal
categorial grammar, a member of the type-logical fam-
ily of grammar formalisms (Moortgat, 1996a; Bernardi,
2002). Figure 2 lists our structural postulates. These two
figures form the logic underlying our account.

We use two binary modes: the default mode (blank)
for surface syntactic composition, and the continuation
mode c¢. As usual, a formula of the form A o B can be
read as “A followed by B”. By contrast, a formula of
the form A o, B can be read as “A in the context B”. In
programming-language terms, the formula A o. B plugs
a subexpression A into a delimited continuation B. The
Root rule creates a trivial continuation: it says that 1 is
a right identity for the ¢ mode, where 1 can be thought
of as a nullary connective, effectively enabling empty an-
tecedents for the ¢ mode. The binary modes, along with
the first three postulates in Figure 2, provide a new way
to encode Moortgat’s ternary connective g (1996b) for in-
situ quantification. For intuition, it may help to draw log-
ical formulas as binary trees, distinguishing graphically
between the two modes.

To further capture the interaction between scope inver-
sion and polarity sensitivity exemplified in (3—4), we use
three unary modes: the value mode (blank), the unquota-
tion mode u, and the polarity mode p. The value mode
marks when an expression is devoid of in-situ quantifi-
cation, or, in programming-language terms, when it is a
pure value rather than a computation with control effects.
As a special case, any formula can be turned pure by em-
bedding it under a diamond using the T postulate, analo-
gous to guotation or staging in programming languages.
Quotations can be concatenated using the K’ postulate.
The unquotation mode # marks when a diamond can be
canceled using the Unquote postulate. Unquotation is
also known as eval or run in programming languages.
The polarity mode p, and the empirical utility of these
unary modes, are explained in §3.

A derivation is considered complete if it culminates in
a sequent whose antecedent is built using the default bi-
nary mode o only, and whose conclusion is a type of the
form ¢,A. Below is a derivation of Alice saw Bob.

saw + (np\Oys)/np  Bob + np
8)  Alice+ np saw o Bob F np\ O,
Alice o (saw o Bob) + O,
Note that clauses take the type ©,s rather than the usual s,
so the Unquote rule can operate on clauses. We abbrevi-
ate O, s to s° below.

To illustrate in-situ quantification, Figure 3 on the fol-
lowing page shows a derivation of Alice saw a man’s
mother. For brevity, we treat a man as a single lexical
item. It is a quantificational noun phrase whose polarity
is neutral in a sense that contrasts with other quantifiers
considered below. The crucial part of this derivation is
the use of the structural postulates Root, Left, and Right
to divide the sentence into two parts: the subexpression
a man and its context Alice saw _’s mother. The type of
a man, s°[.(np\:s°), can be read as “a subexpression that
produces a clause when placed in a context that can en-
close an np to make a clause”.

/E

\E



Axiom
np + np

’s mother + np\np

E uantifier e
saw + (np\s°)/np np o ’s mother + np JE \ Q Typ
Alice + np saw o (np o ’s mother) + np\ s° a man $°/e(np\cs°)
- ; = \E nobody 5% [(np\esT)
Alice o (saw o (np o ’s mother)) + s B B
O(Alice o (saw o ( ’s mother))) + ¢s° anybody s e(np\es )
0] o(np o S
O(ATi P S 0 e Unquote somebody s /(np\cs™)
(o) o] o) o
. ice o (saw o (np o ’s mother))) + s K’ thrice everybody  5°/.(np\est)
OAlice o (Osaw o (Onp o &’s mother)) F s°
Ali ’ h °
0 1.ce 0 (Osaw o (np © © ,S mother)) - s — Root somebody anybody
(©Alice o (Osaw o (np o &’s mother))) o, 1 + s Richt X
(¢saw o (np o ©’s mother)) o, (1 o GAlice) + s° R'ght
i
(np o ©’s mother) o, ((1 o GAlice) o Gsaw) F s° Le?;,t everybody
np o, (¢’s mother o ((1 o GAlice) o Osaw)) + s° I e
aman + s°/.(np\cs°) ¢&’s mother o ((1 o GAlice) o Gsaw) + np\.s° /CE e
aman o (¢’s mother o ((1 o OAlice) o Osaw)) + s° Left ¢ _ - fiobody
(a man o ¢’s mother) o, ((1 o GAlice) o Gsaw) F 5° ht
i
(¢saw o (a man o &’s mother)) o, (1 o OAlice) F s° Right U
(©Alice o (Osaw o (a man o ¢’s mother))) o, 1 + s5° Root a man
OAlice o (Osaw o (a man o &’s mother)) + s .
T thrice

Alice o (saw o (a man o ’s mother)) + s°

Figure 3: In-situ quantification: deriving Alice saw a man’s mother

3 Polarity sensitivity and evaluation order

The p mode mediates polarity sensitivity. For every unary
mode a, we can derive A + O},<0,A from the rules in Fig-
ure 1. This fact is particularly useful when @ = p, be-
cause we assign the types ©,0,<,s and 0, , 0,8 to pos-
itive and negative clauses, respectively, and can derive
9) s°F OMD;OPS, s°F Dﬁ,opous.

In words, a neutral clause can be silently converted into a
positive or negative one. We henceforth write s* and s~
for ¢,0,¢,s and 0,0 ,0,s. By (9), both types are “sub-
types” of s° (that is to say, entailed by s°).

The p mode is used in Figure 5 on the next page to
derive Nobody saw anybody. Unlike a man, the quan-
tifier anybody has the type s~ /.(np\.s~), showing that it
takes scope over a negative clause to make another neg-
ative clause. Meanwhile, the quantifier nobody has the
type s°/.(np\.s~), showing that it takes scope over a neg-
ative clause to make a neutral clause. Thus nobody can
take scope over the negative clause returned by anybody
to make a neutral clause, which is complete.

The contrast between (2a) and (3) boils down to the
Right (but not Left) postulate’s requirement that the left-
most constituent be of the form ¢B. (In programming-
language terms, a subexpression can be evaluated only if
all other subexpressions to its left are pure.) For nobody
to take scope over (and license) anybody in (3) requires
the context *Anybody saw _. In other words, the sequent

(10) np o (1 o Ganybody) o Osaw) F s~

Figure 4: Quantifier type assign-
ments, and a corresponding finite-
state machine

must be derived, in which the Right rule forces the con-
stituents anybody and saw to be embedded under dia-
monds. Figure 6 shows an attempt at deriving (10), which
fails because the type s~ for negative clauses cannot be
Unquoted (shown with question marks). The sequent
in (10) cannot be derived, and the sentence *Anybody saw
nobody is not admitted. Nevertheless, Somebody saw ev-
erybody is correctly predicted to have ambiguous scope,
because neutral and positive clauses can be Unquoted.

The quantifiers a man, nobody, and anybody in Figures
3 and 5 exemplify a general pattern of analysis: every
polarity-sensitive item, be it traditionally considered a li-
censor or a licensee, specifies in its type an input polarity
(of the clause it takes scope over) and an output polarity
(of the clause it produces). Figure 4 lists more quantifiers
and their input and output polarities. As shown there,
these type assignments can be visualized as a finite-state
machine. The states are the three clause types. The &-
transitions are the two derivability relations in (9). The
non-g transitions are the quantifiers. The start states are
the clausal types that can be Unquoted. The final state is
the clausal type returned by verbs, namely neutral.

The precise pattern of predictions made by this the-
ory can be stated in two parts. First, due to the lexical
types in Figure 4 and the “subtyping” relations in (9), the
quantifiers in a sentence must form a valid transition se-
quence, from widest to narrowest scope. This constraint
is standard in type-logical accounts of polarity sensitiv-
ity. Second, thanks to the unary modes in the structural



onp o (Osaw onp) F 8°

anybody o (saw o np) s~

> Root, Right, Right 1
np o, ((1 0 Onp) o Gsaw) ks g<> | g O(anybody o (saw o np)) F O~ ¢
Op(np o (1 0 Onp) 0 Gsaw)) k Ops° "7 L9277
np o, ((1 0 Onp) o Gsaw) F s~ ’i O(anybody o (saw o np)) + s~ :
anybod - - — \c — K’ twice
ybody F 5™ [.(np\cs™) (1 0 Onp) o Osaw F np\cs LE Canybody o (Osaw o Onp) F s
anybody o ((1 o Onp) o Osaw) + S_ Right, Right, Left Oanybody o (Osaw onp) ks~ o
onp o, ((Osaw o anybody) o 1) + s T twice (©anybody o (¢Gsaw o np)) o, 1 + s~ Richt
- i
np o ((saw o anybody) o 1) + s I (Osaw o np) o, (1 o Ganybody) F 5~ R.ght
nobody F s°/.(np\cs”)  (saw o anybody) o 1 + np\s~ /EC 1 0w (1 o Ganybody) o Osaw) F s~ ig
body o, bod 1)rs° ¢
nobody o, ((saw o anybody) o 1) + s Left, Root

nobody o (saw o anybody) F s°

Figure 5: Polarity licensing: deriving Nobody saw anybody

postulates in Figure 2, whenever two quantifiers take in-
verse rather than linear scope with respect to each other,
the transitions must pass through a start state (that is, a
clause type that can be Unquoted) in between. This con-
straint is an empirical advance over previous accounts,
which are oblivious to linear order.

The input and output polarities of quantifiers are highly
mutually constrained. Take everybody for example. If
we hold the polarity assignments of the other quantifiers
fixed, then the existence of a linear-scope reading for
A man introduced everybody to somebody forces every-
body to be input-positive and output-neutral. But then
our account predicts that Nobody introduced everybody to
somebody has a linear-scope reading, unlike the simpler
sentence Nobody introduced Alice to somebody. This pre-
diction is borne out, as observed by Kroch (1974, pages
121-122) and discussed by Szabolcsi (2004).
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ABSTRACT

Computer scientists, logicians and functional programmers
have studied continuations in laboratory settings for years.
As a result of that work, continuations are now accepted
as an indispensable tool for reasoning about control, order
of evaluation, classical versus intuitionistic proof, and more.
But all of the applications just mentioned concern artifi-
cial languages; what about natural languages, the languages
spoken by humans in their daily life? Do natural languages
get by without any of the marvelous control operators pro-
vided by continuations, or can we find continuations in the
wild? This paper argues yes: that an adequate and com-
plete analysis of natural language must recognize and rely
on continuations. In support of this claim, I identify four
independent linguistic phenomena for which a simple CPS-
based description provides an insightful analysis.

1. INTRODUCTION

The applications of continuations to date are remarkably

diverse. As representative examples, I will mention three

strands of research here: first, continuations provide an order-
independent way of describing evaluation order in formal

languages. For instance, Plotkin [10] shows how various

Continuation-Passing Style (CPS) transforms can model eval-
uation disciplines such as call-by-name or call-by-value. Sec-

ond, Griffin [5], Murthy [9] and others show that continu-

ations are intimately involved in characterizing the compu-

tational content of classical (as opposed to intuitionistic)

proofs. Third, continuations provide a useful tool for pro-

grammers who want to use powerful control operators such

as call/cc in Scheme (and its analogs in other functional

programming languages); conversely, Queinnec [11] shows

how to use continuations in order to write in a direct style

and still be assured that programs will behave in a reason-

able way when it is the program’s users who have access to

powerful control operators (such as the ‘back’ button on a

web browser).

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.
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As diverse as these applications are, they all involve the
design and analysis of artificial languages (i.e., programming
languages and logical languages), as opposed to natural lan-
guages (the sort of languages that humans characteristically
use when communicating with each other). We might won-
der, then, whether continuations are relevant for the study
of natural languages. This is the master question addressed
by this paper:

¢ [Relevance] Are there phenomena in natural language
that can profitably be analyzed using continuations?

Obviously, I believe that the answer is “yes”! 1 will try
to persuade you to believe likewise by presenting four case
studies, each of which has an analysis in terms of continua-
tions.

An affirmative answer to the master question of relevance
leads to a number of subquestions, including the following.

e [Universality] Even if some natural languages make
use of continuation, do all languages make use of con-
tinuations?

Languages differ in many ways. For instance, all languages
make a distinction between nouns and verbs, but not all
languages make a distinction between singular nouns and
plural nouns. I have drawn the case studies below exclu-
sively from English, since that simplifies the exposition, but
we must remain alert to the possibility that English may
be unusual or even unique in the relevant respects. In fact,
however, all of the phenomena discussed below have close
analogs in many other languages. Coordination in particu-
lar is widespread: as far as I know, every language provides
some way of saying something equivalent to John saw Mary
and Tom, where the coordinating conjunction and combines
two noun phrases (Mary and Tom) into a single complex
noun phrase Mary and Tom. If an adequate analysis of co-
ordination depends on continuations, as I argue below, that
would strongly suggest that every natural language makes
essential use of continuations.

e [Distribution] Which specific control operators do
natural languages make use of? Which control op-
erators are more ‘natural’?

A variety of control operators that make use of continuations
have been proposed over the years, some of which differ in
fairly subtle ways: call/cc versus control (C), shift and
reset versus fcontrol and run, and so on. Sometimes one



operator can be expressed in terms of another; neverthe-
less, if one or the other version is more prevalent in natural
language, that might suggest that some operators are more
‘natural’ than others. In the discussion below, I will ar-
gue that C and fcontrol/run are remarkably well-suited to
handling quantification and focus.

e [Delimitation] Does natural language prefer delim-
ited or undelimited continuations?

Historically, the first continuation operators were undelim-
ited (e.g., call/cc or J). Felleisen [4, 3] proposed delim-
ited continuations (sometimes called ‘composable’ continua-
tions) such as control (‘C’) and prompt (‘%’). Interestingly,
the natural-language phenomena discussed in this paper all
seem to require some form of delimitation.

2. PRELIMINARIES

The intrepid reader is welcome to skip directly to the case
studies, backtracking to this section only if some assumption
or technique seems puzzling.

Theoretical computer scientists think deeply about the
nature of formal languages. Many of the tools and tech-
niques that are relevant for the study and the design of for-
mal languages apply also to the study of natural language,
including lexical analysis, parsing, and denotational seman-
tics. As a result, computer scientists have highly developed
intuitions about languages and about good ways to analyze
them. These intuitions will go a long way towards under-
standing the issues and phenomena discussed below; after
all, one of my main goals in this paper is to emphasize sim-
ilarities between formal languages and natural languages.

Nevertheless, there are significant differences between com-
puter science approaches and linguistic approaches. I have
made some effort to present a discussion of natural language
in a way that makes sense to a computer scientist—but only
up to a point. To the extent that the assumptions and tech-
niques agree with standard practice in computer science,
well and good; but when there are differences, I will depend
on the reader to trust that the linguistic assumptions are co-
herent and well motivated, and to keep an open mind about
what is the “right” way to model language.

2.1 Declarative sentences denote truth values

As a starting point, it is necessary to think of natural lan-
guage utterances as expressing computations. Natural lan-
guage is clearly capable of specifying algorithms: just think
of a recipe in a cookbook. Natural language can also express
imperatives (Shut the door!), queries, and can even impinge
on the real world in a direct way that formal languages typ-
ically do not (I hereby declare you husband and wife).

In this paper, however, I will concentrate exclusively on
relatively simple and mundane declarative sentences such as
Everyone left. Declarative sentences will have a type equiv-
alent to a boolean, and their values will be either true or
false. To see how this makes sense, it may help to con-
sider the role of everyone left in the conditional sentence If
(everyone left), then shut the door.

A little thought will reveal that treating declarative sen-
tences as denoting truth values is inadequate in general. Af-
ter all, there are more than two possible meanings for sen-
tences. Even if Everyone left and The room is empty are
both true, they have different meanings. But the same ob-

jection applies for formal languages: ‘x == x’ means some-
thing very different from ‘x == 3’ yet it still makes sense to
treat them both as boolean expressions.

In some more elaborate linguistic treatments, sentences
denote functions from times and worlds to truth values, with
an analogous shift for expressions of other types. In the par-
lance of linguistics, a treatment in terms of truth values is
‘extensional’; and a system with times and worlds is ‘in-
tensional’. Shan [13] shows that intensionalization can be
rendered as a monad. Intensionality is not crucial in any of
the discussions below, and the types will be complex enough
anyway, so I will use an extensional semantics on which sen-
tences denote truth values.

2.2 Methodology: formal grammar fragments

It is standard in mainstream linguistics when analyzing a
particular type of expression to provide a formal grammar
approximating the syntax and the semantics of the expres-
sions under study, and that is the approach that I will take in
this paper. Although I intend the grammar fragment devel-
oped below to capture something genuine about the nature
of the natural language expressions, it is important to bear
in mind that any formal grammar is at best an approxima-
tion of natural language, i.e., a hypothesis, not a definition,
and the degree to which the formal treatment accurately re-
flects the behavior of the natural language expression will
always be an empirical issue.

In the fragment, each expression will be assigned mem-
bership in some syntactic category, and the name of each
syntactic category will also serve to indicate the semantic
type of the meanings of expressions in that category.

A concrete example will help make this clear. Here is a
direct-style starting point that the fragment below will build
on:

(1) Some direct-style lexical entries:

Syntactic category

Expression (= type) Semantic value

John e j
Mary e m
left e—t left
saw e—(e—t) saw

Intuitively, e is the category of expressions that denote in-
dividuals. Since the semantic job of the proper name John
is to refer to a particular individual (in this case, the in-
dividual j), the word John is a member of the category e.
Expressions in a category with a complex label of the form
A—B will denote a function from meanings of type A to
meanings of type B. Expressions in category t denote truth
values (booleans), so that an intransitive verb such as left
has type e—t and denotes a function from individuals to
truth values.

Syntactic combination in this direct grammar will always
correspond semantically to functional application.
(2) fz:B = x:A f:A—B
This way of specifying syntactic combination is a kind of
BNF notation enhanced in two ways: categories have been
labeled with semantic values, and the syntactic categories
contain variables over types. The idea is that (2) schema-
tizes over a set of valid BNF rules for any choice of cat-
egories A and B. For instance, (2) licenses combining the
noun phrase John with the intransitive verb phrase left (in



that order) by virtue of the following instantiations: A = e,
B =t, f = left, and x = j. This gives rise to the following
syntactic and semantic analysis for the declarative sentence
John left.

left j:t

je left:e—t
| |
John left

The intended interpretation is that a use of the sentence
John left will be predicted to be true just in case the function
denoted by left maps the individual referred to by John onto
the truth value true.

Unlike most formal languages, which tend to prefer a uni-
form direction of functional application, English allows some
arguments to precede the function that applies to them, as
in the example immediately above, and some to follow. For
instance, in the sentence John saw Mary, the transitive verb
saw combines first with Mary on its right, then the verb
phrase saw Mary combines with the argument John to its
left. Thus we need a second rule for syntactic combination
to allow for arguments that appear on the right:

(3) fx:B = f:A—B x:A

One of the ways in which the formal grammar developed
here is unrealistic is that the syntactic categories of left and
saw as given in (1) do not specify which arguments follow
and which precede. Thus in addition to deriving John left
and John saw Mary, it also incorrectly derives the ungram-
matical sentences *Left John and *Saw John Mary (the star
indicates that the string it is prefixed to is not well-formed).

It is not difficult to build grammars that take linear or-
der into account; but since order will not play an important
role in what follows, I have opted to ignore linear order in
an effort to keep the correspondence between syntactic cate-
gory and semantic type as transparent as possible: since the
syntactic category of saw is e— (e—t), it is clear that the
semantic type of its value will be a function from individuals
to functions from individuals to truth values.

2.3 Strategy: case studies

My strategy will be to discuss a number of cases in which
a continuation-based analysis is elegant and potentially in-
sightful. I will discuss several different cases rather than
developing a single analysis in more depth for two reasons:
first, because which solutions strike a responsive cord varies
from one person to another; and second, for the sheer joy of
considering a number of different natural language phenom-
ena.

There will be four case studies: quantification, coordina-
tion, focus particles, and misplaced modifiers. (I will intro-
duce each one of these phenomena using concrete examples
below, of course.) The treatments of quantification and co-
ordination have been developed in some detail in [1], but
the proposals for focus particles and misplaced modifiers
are new to this paper. There are a few other continuation-
based analyses of natural language already in the literature:
Shan [15] proposes a continuation-based analysis of question
formation, and Shan and Barker [17] discuss a continuation
approach to the phenomena of weak crossover and superi-
ority, which unfortunately requires background discussions
that are too complex to attempt here. In addition, at this

conference, Shan will present a new continuation-based anal-
ysis of negative polarity.

3. CASE STUDY: QUANTIFICATION

The most carefully worked out natural-language applica-
tion of continuations to date concerns quantification ([2],
[1], [17]). According to the simple analysis above in sec-
tion 2, the sentence John left denotes the truth value (left
j) and does not involve quantification; a sentence like Ev-
eryone left, however, is quantificational, and means roughly
Vz.left x. (We say that the symbol ‘v’ is a quantifier, and
likewise ‘3’ below.)*

The main problem of interest is what I call ‘scope dis-
placement’: even when a quantificational expression such as
everyone occurs in a deeply embedded position, the quan-
tifier it contributes can take semantic scope over the entire
sentence.

(4) a. John (saw everyone).
b. Vz.saw x j

Here, even though everyone is buried within the verb phrase
saw everyone,® in the paraphrase in (4b), the logical quan-
tifier V takes scope over the entire meaning. Continuations,
of course, are superb at allowing a deeply embedded oper-
ator to take control over a larger expression in which it is
embedded, and the analysis described here is based on that
ability.

3.1 From quantification to continuization

We proceed by deducing a type for quantificational expres-
sions like everyone, no one, or someone. Syntactically, these
quantificational expressions can be substituted in any posi-
tion occupied by a proper name. Thus since John saw Mary
is grammatical, the sentences Fveryone saw Mary, John saw
everyone, Someone saw everyone, etc., will all be grammat-
ical as well. Yet it is problematic assigning everyone type e,
the same type as John or Mary, since there is no particular
individual who has all and only the properties that are true
of everyone. The inadequacy of supposing that quantifica-
tional noun phrases denote individuals is even more stark in
the case of no one: if No one left is true, which individual
has the property of leaving?

We can solve this dilemma by considering the parallelism
in the following two syntactic analyses:

T use expressions in the first-order predicate calculus to
specify what I have in mind for the meaning. At one level,
this suggests that natural language can be translated into
some suitable logical language, and this is in fact a per-
fectly legitimate technique. At a deeper level of analysis,
however, I am assuming for the purposes of this paper that
words are logical constants denoting some specific individ-
ual, truth value, or function, and that the denotations of
complex phrases are composed from the denotations of their
constituent words entirely through functional application
as governed by the various syntactic combination rules as
given. In Montague’s [8] terms, the intermediate logical de-
scription language is non-essential, and could be dispensed
with entirely if desired.

2The parentheses in (4a) indicate what I take to be a con-
stituent. There is abundant evidence that the transitive
verb saw forms a constituent with its direct object every-
one to the exclusion of the subject John. To give just one
argument, note that verb phrases can be coordinated (see
section 5): John (saw everyone) and (called home).



(5) t t

N

e e—t 77 e—t

Jo|hn le|ft everlyone 1e|ft

If John has a type that combines with the type of left to
form a complex expression of type t, then presumably ev-
eryone must also have a type that combines with the type
of left to produce an expression of type t. Since we want
to avoid giving everyone the type e, the next simplest type
that will serve is (e—t)—t. This is in fact the main in-
sight proposed by Montague [8]: that noun phrases such as
everyone and no one can have the type (e—t)—t, which
he called a generalized quantifier (for reasons I won’t discuss
here). Intuitively, what this analysis says is that everyone
is a function mapping a verb phrase to a truth value.

(6) t t

N

(e—t)—t e—t e e—t

everyone left John /\

e—(e—t) 77

saw  everyone

This naive solution works out fine for the example Fveryone
left (although it has the rather disturbing effect of reversing
the direction of functional application, a point I'll return
to shortly). But if we attempt to place a quantificational
expression in some other position where a proper name can
occur (i.e., instead of John saw Mary we have John saw
everyone, as in the diagram on the right of (6)), the solution
breaks down: the generalized quantifier type (e—t)—t does
not suffice, and we seem to need a yet higher type.

This is the point at which continuations enter the picture.
Consider again the diagrams in (5) from the point of view
of continuations. What is the continuation of the expression
John relative to the sentence John left? It will be a func-
tion mapping individuals into truth values, i.e., a function
of type e—t. Not coincidentally, this happens to also be the
type of the verb phrase left. From this perspective, the pro-
posed generalized quantifier type for everyone, (e—t)—t,
is a function from its continuation (type e—t) to a truth
value.

Now we can understand better how to deal with the situ-
ation depicted in (6). What is the continuation of everyone
in the sentence John saw everyone? Well, once again it will
be a function mapping individuals to truth values. More
specifically, it will be the function mapping each individual
T to true just in case John saw z. If only we had a way of
providing the denotation of everyone with access to its con-
tinuation, a single type would serve in all of the examples
considered so far.

In operational terms, we need the control operator C:

(7) E[CM] > M (Az.E[z])

What (7) says is that when CM occurs in an evaluation
context F, evaluation proceeds by packaging the context
as a continuation (i.e., Az.E[z]), then replacing the entire
computation with M applied to the continuation.

Then if everyone denotes C(AP.Nx.Pzx), John saw every-
one will denote (AP.Vz.Pz)(Az.saw z j), which is equivalent
via -reduction to Vx.saw z j, as desired.

My denotational implementation of this analysis will be
based on the following CPS transform:
(8) a. @ = Ak.kr o

b. MN = Ak.M(Am.N(An.k(mn)))

I prove a simulation result for this transform in [1].

Note that the transform does not provide a rule for ex-
pressions of the form Az.M. It is possible to omit such a rule
here because the natural language constructions considered
in this paper involve only functional application, and never
lambda abstraction.®

As a consequence, the type of the CPS transform of an
expression of any direct type X will be (X—o)—o, where
o is some answer type. In particular, the type of the CPS
transform of a direct expression of type A—B will simply be
((A—B)—0)—o0, rather than the more traditional (e.g., [7])
type A'—((B'—0)—0c), where X’ is the type of the trans-
form of an expression of type X. This difference in types
accounts for the expression ‘«(mn)’ in (8b) rather than the
traditional ‘mnk’. I find this typing much simpler; however,
it seems to be wrenching for people used to the standard
transform, so this is one of the places where I must ask the
reader to keep an open mind about the right way to do
things.

The CPS transform of the lexical items in (1) all depend
on the rule governing constants in (8a):

(9) CPS transforms of the lexical entries in (1):

John (e—A)—A AK.K
Mary (e—A)—A AK.K M
left ((e—t)—A)—A Ak.k left
saw ((e—(e—t))—A)—A \k.k saw

(for any constant «)

Thus for the purposes of the transform, left counts as a con-
stant, even though its direct denotation left is a function of
type e—t.

Here A is a variable over syntactic categories (in effect,
over types). For the sake of quantification alone, we could
replace the type variables here with t. The more general
rules will be needed, however, when we extend the fragment
to handle focus in the next section.

The syntactic combination rules for the CPS grammar will
be as follows:

(10) A&e.M(Am.

P

(An.k(mn))):(B—E)—D
:((A—B)—C)—D N:(A—E)—C

Zl

=l

(11) Ax.N(\n.

(Am.k(mn))):(B—C)—E
:(A—D)—E M:((A—B)—C)—D

2|

These syntactic combination rules just make explicit how
to syntactically and semantically combine expressions that
have already undergone the CPS transform. Thus (10) is
the CPS analog of (3), and (11) is the analog of (2).

Some of the complexity in (10) and (11) could be reduced
if we chose C = D = E. This would suffice for present pur-
poses except for the treatment of focus in the next section,
which depends on allowing a control operator to return an
answer that is not of type t.

3It is an interesting question whether this abstraction-free
approach can be maintained in a more complete analysis
of natural language. One strategy is to use continuations
instead of lambda abstraction whenever natural language
seems to require lambda abstraction; see, e.g., [17] for a
continuation-based treatment of relative clause formation.



((A—B)—C)—D
_ b
(B—E)—D

Figure 1: Derivation of (10): a natural-deduction
proof using only — Elimination and — Introduction
that (A—B)—C)—D, (A—E)—C I (B—E)—D.

The proof in figure 1 may help untangle the types. The
semantic values in (10) (and hence the application rule in
the CPS transform given in (8b)) are just the Curry-Howard
labelling of the proof in figure 1. An analogous derivation is
available for (11), but is not included here.

These rules give us the following derivation:

(t—t)—t

(e—=t)—t  ((e—t)—t)—t
| |
John left
[John left] = Ak.[Ak.kleft] (A f.[Ak.&j](Az.k(fz)))
~ k.k(left j)

which, after application to the trivial continuation Az.zx,
yields the same denotation provided by the direct grammar,
namely, left j.

At this point we can add lexical entries for some quantifi-
cational noun phrases that have no direct counterpart.
(e—t)—t
(e—t)—t

Ak NVT.KT
Ak.dz.kT

12) everyone
( ¥
someone

Since everyone has the same type as the CPS transform of
John, we now have

[Everyone left] = Ak.[Ak.kleft](Af.[A&.Vz.kx](Az.k(fx)))
~ Ak.Vz.k(left x),

as well as
[John saw everyone] ~ Ak.Vz.x(saw z j)

which yield Vz.left x and Vx.saw z j after application to the
trivial continuation, as desired.

Note that continuization has restored the natural direc-
tion of functional application (which had been reversed by
the first strategy depicted in (6)). That is, not only is the
direction of (the CPS analog of) functional application in
John left right-to-left, the direction of application in the con-
tinuized grammar for handling Fveryone left is also right-to-
left.

3.2 Quantificational ambiguity

The transform as specified in (8b) imposes a left-to-right
evaluation discipline. But we might just as well have used
instead

(13) MN = Ax.N(An.M (Am.k(mn)))

in which the right-hand component, N, is evaluated first. For
sentences containing only one quantificational noun phrase,
order of evaluation makes no difference. But for sentences
containing two or more quantificational noun phrases, a dif-

ference in order of evaluation corresponds to a difference in
the predicted meaning:

(14) a. Someone saw everyone.
b. JaVy.saw z y
c. Yydr.saw x y

Given the availability of both evaluation orders, the sentence
in (14a) containing two quantificational noun phrases will
have meanings that (after application to the trivial contin-
uation) reduce to either (14b) (for left-to-right evaluation)
or (14c) (for right-to-left evaluation).

The consensus in the field is that sentences like (14a) are
in fact ambiguous in exactly the way considered here. The
interpretation in (14b) corresponds to a situation in which
there is some particular person who has the property of see-
ing everyone, and the interpretation in (14c) corresponds to
a situation in which there is a potentially different see-er
who saw each person.

Quantifier scope ambiguity has been studied in consid-
erable detail. For more discussion of the predictions of
continuation-based analyses with respect to this type of am-
biguity, see [1], [2] and [17].

4. CASE STUDY: FOCUS

In this section I propose that a phenomenon called ‘focus’,
along with so-called focus particles such as only, behave like
Sitaram’s [18, 19] run and fcontrol. One point of interest
is that these control operators rely on delimited continua-
tions. Delimited continuations have received a considerable
amount of attention recently, and in fact are the topic of
at least three papers at the workshop. I believe that they
play an important role in natural language as well. In fact,
I would be (mildly) surprised to find a natural language op-
erator that behaved exclusively in an undelimited manner.

4.1 fcontrol and run

There are many control operators that rely on delimited
continuations, including Felleisen’s control and prompt, shift
and reset, and others. I will discuss Sitaram’s fcontrol and
run here for the simple reason that they provide exactly the
functionality required for describing the behavior of focus
particles such as only.

Roughly, fcontrol provides a way to throw a signal, and
run catches and handles signals thrown by fcontrol.

The fcontrol operator takes one argument, and throws
two values: the argument to fcontrol and the prefix of the
continuation of the fcontrol expression up to the closest
enclosing run.

The run operator takes two arguments: an expression pos-
sibly containing an occurrence of fcontrol, and a “han-
dler” function that processes the two arguments thrown by
fcontrol.

For instance, in

(+ 1 (run (*x 2 (+ (fcontrol 3) 4))
(lambda (x k) (kx (k x)))))

The invocation of fcontrol throws the two values 3 and a
(truncated) continuation k. Since k is the continuation of
the expression “(fcontrol 3)” relative to the larger expres-
sion only up to the closest occurrence of run, x will be the
function Ay.(* 2 (4+y4)). The handler procedure will bind
x to 3 and k to x, and the result of the entire computation
will be 37.



The continuation caught by the fcontrol is delimited, in
the sense that it does not contain any material outside the
scope of the enclosing run; in particular, the function corre-
sponding to the continuation does not contain the increment
operation (there is no “4 1”7 inside of ). In this example,
since the continuation is just a function, it can be called sev-
eral times without replacing the current evaluation context.
This allows expressions like (k (k x)) as in the example at
hand, in which one occurrence of a continuation takes an
expression involving another occurrence of the same contin-
uation as an argument. This is the sense in which delimited
continuations are ‘composable’.

Before we can make use of run and fcontrol, we must
consider the meaning of sentences containing focus marking
and focus particles.

4.2 Focus

Most (probably all) languages provide some way of marking
some constituent in a sentence as having extra prominence.
In spoken English, this is typically accomplished in part by
a local maximum in the fundamental frequency (the low-
est frequency at which the vocal folds are vibrating). By
convention, the location of such a ‘pitch accent’ is indicated
typographically by setting the most affected word in capital
letters:
(15) a. JOHN saw Mary.

b. John SAW Mary.

c. John saw MARY.

There is a distinct but elusive difference in meaning among
these sentences that depends on the location of the pitch
accent. In each case, it remains true that John saw Mary,
but which piece of information is being emphasized differs.
In traditional terms, the constituent containing the pitch
accents is said to be ‘in focus’, which means (very roughly)
that it carries the new information provided by the sentence.

These observations can be sharpened by noting that the
location of the pitch accent correlates with the precise piece
of information requested by a question.

(16) a. Who saw Mary?
b. What did John do to Mary?
c. Who did John see?

Thus (15a) can be a suitable answer only to the question in
(16a), and not to either (16b) or (16¢), and similarly for the
other answer/question pairs.

The semantic effect of the location of pitch accent becomes
even more tangible in the presence of a focus particle such
as only, also, or too.

(17) a. John only drinks PERrier.
b. John only DRINKS Perrier.

We say that only ‘associates’ with whatever element is in
focus. With a pitch accent on the first syllable of Perrier,
then, Perrier will be in focus, and (17a) conveys at least the
information paraphrased in (18):
(18) a. John drinks Perrier.
b. There is nothing else that John drinks
other than Perrier.

The particle only, then, picks out some element in the situa-
tion and contrasts it with other possible alternative choices:
John doesn’t drink whiskey, he doesn’t drink milk, he only
drinks Perrier.

With a pitch accent on the verb drinks in (17b), however,
the appropriate paraphrases differ:

(19) a. John drinks Perrier.
b. There is nothing else that John does with Perrier
other than drink it.

It remains true that John drinks Perrier, but now the ele-
ment of the situation that only puts into contrast with other
alternatives is the activity of drinking. According to (17b),
all John does with Perrier is drink it: he doesn’t sell it, he
doesn’t photograph it, he doesn’t bathe in it.

Note that the conditions under which (17a) and (17b) will
be true are mutually distinct: (17a) can be true even if John
sometimes bathes in Perrier, and (17b) can be true even if
John sometimes drinks whiskey. Thus in the presence of
only, the location of the pitch accent can determine whether
a sentence is true or false.

I will treat pitch accent in a sentence as if it were an
operator F immediately preceding the constituent that is in
focus (i.e., that bears the pitch accent). I will continue to
use capitals to help guide pronunciation.

(20) a. John only drinks F(PERrier).
b. John only F(DRINKS) Perrier.

Now we’re ready to attempt an analysis in terms of run and
fcontrol. The key is to ask the following question: given
pitch accent on Perrier, what precisely is the relation that
holds between John and Perrier and nothing else?

(21) a. John only drinks F(PERrier).
b. Azy.drink z y

The answer is the relation that holds between John and some
object z if John drinks z. In other words, (21b) is a contin-
uation, namely, the continuation of the focussed expression
delimited by the enclosing only.

Considering next the contrasting example with pitch in-
stead on drinks, what is the relation that holds between John
and the activity of drinking and nothing else?

(22) a. John only F(DRINKS) Perrier.
b. Azy.x Perrier y

The answer this time is the relation that holds between John
and some activity z if John does = to Perrier. Once again,
the desired relation is the continuation of the focussed word
up to but not including only.

Based on these examples, we can now guess that the se-
mantic effect of pitch accent on a constituent is exactly
fcontrol.* So where I wrote ‘F’ in (22), the meaning is
fcontrol. (In a happy coincidence, in this application we
can construe the ‘f” of fcontrol as mnemonic for ‘focus’.)
Similarly, the meaning of only will invoke run. It remains
only to specify the handler routine that unpacks the infor-
mation provided by the use of fcontrol:

[only P] = runPAzky.(and (kzy)
(Vz(or(equal z z)(not(xzy)))))

This denotation gives rise to the following analyses:

(23) John only drinks F(PERrier).
(and (drinks Perrier j)
(V z (or (equal Perrier z)
(not (drinks z j)))))

(24) John only F(DRINKS) Perrier.
(and (drinks Perrier j)
(V z (or (equal drinks z)
(not (z Perrier j)))))

4Chung-chieh Shan first noticed the similarity between my
analysis of focus and Sitaram’s operators.



These meanings are equivalent to the paraphrases we started
with in (18) and (19).

Now, it only makes sense to bother building continua-
tions if the meaning captured by the continuation can be
arbitrarily complex. The examples we have discussed so far
have been as simple as possible, so it is worth considering
examples in which the delimited continuation is more com-
plicated.

(25) Mary only tried to dance with F(JOHN).
(and (tried-to-dance-with jm)
(V z (or (equalj z)
(not (tried-to-dance-with z m)))))
(26) Mary only tried to F(DANCE) with John.
(and (tried-to-dance-with jm)
(V z (or (equaldance z)
(not (tried-to-z-with j m)))))
The simple denotational fragment in section 8 does not at-
tempt to reconstruct the full power of run and fcontrol,
but it does handle the examples discussed here.?

5. CASE STUDY: COORDINATION

One of the distinctive features of natural language is the
pervasive use of polymorphic coordination.

(27) a. [John left] and [Mary left]. t
b. John [left] and [slept]. e—t
c. John [saw] and [remembered] Mary. e— (e—t)
d. [John] and [Mary] left. e

The types in the right column of (27) correspond to the
(direct, pre-CPS) type of the bracketed expressions coordi-
nated by and. In (27a), two clauses (type t) coordinate to
form a complex sentence; in (27b), two verb phrases (type
e—t) coordinate to form a complex verb phrase; and so on.

What about quantificational noun phrases? They also can
coordinate:
(28) a. Someone or everyone left.

b. John or everyone left.

Even more interesting, they can more or less freely coordi-
nate with proper names as in (28b), providing confirmation
that proper names and quantificational noun phrases are
syntactically interchangeable, as predicted by the analysis
in section 3.

We can arrive at a continuation-based analysis of coor-
dination if we consider that (27d) means the same thing
as John left and Mary left.® The continuation of the co-
ordinated phrase is Az.left z; what the conjunction does is

5There is an important dependence on the context of utter-
ance that goes unrecognized in this analysis. If John only
DRANK Perrier quantified over absolutely everything that
John might have done with Perrier, then it would entail that
he didn’t buy Perrier, that he didn’t swallow Perrier, that
he didn’t taste Perrier, that he didn’t raise Perrier to his
lips, that he didn’t do all kinds of things to Perrier that
he must have done. The standard assumption is that the
quantification over alternatives must be context-dependent,
so that what a use of only really means is that there is
no other contextually-relevant thing that John did to Per-
rier. How precisely to calculate what ought to count as a
contextually-relevant activity is a problem for AI, and not
for linguistics.

5There are other kinds of coordination not treated here. For
instance, John and Mary are a happy couple cannot be para-
phrased as *John is a happy couple and Mary is a happy
couple. Interestingly, unlike conjunction, disjunction dis-

take this continuation and distribute it across each of the
conjuncts. The resulting analysis of conjunction involves
adding two new rules for syntactic combination:

(29) Ak.and(Lk)(Re):A == L:A  “and” R:A

(30) Ak.or(Lk)(Rk):A s= L:A “or” R:A
These rules differ from one another only in substitution of
or for and.

The syntactic parts of these rules simply say that any-
where that an expression of type A can occur, an expression
of the form “A; and A2” or “A; or As” can also occur, as
long as A1 and As are themselves expressions of category A.

What the semantic parts of the rules say is: whatever
you were planning on doing to the value provided by the
expression in this position, first do it to the value of the
left conjunct, then do it to the value of the right conjunct,
and conjoin the two results. This schema guarantees the
following example paraphrases:

(31) a. John left and slept.  John left and John slept.
b. John and Mary left. John left and Mary left.
c. John or everyone left. John left or everyone left.

One sign of the utility of coordination is that in Wall Street
Journal text, and is the second most commonly used word
(first place goes to the). If suitably constrained with syn-
tactic marking (such as parentheses) overtly marking the
syntactic strings involved, coordination as a control opera-
tor could provide a rather appealing programming device.
Imagine being able to write if (x == (2 or 3)) then ...
and have it mean if ((x == 2) or (x == 3)) then ....7

6. CASESTUDY: MISPLACED MODIFIERS

As a final example of a natural language construction that
might profit from a continuation-based analysis, consider the
following data:
(32) a. An occasional sailor walked by.

b. John drank a quiet cup of tea.

The modifier occasional is misplaced:® there is no specific
sailor (nor even any set of sailors) that has the property of
being occasional; rather, it is the event of a sailor walking
by that happens occasionally compared with other relevant
events. Similarly, in (32b), it is not the cup of tea that is
quiet in the relevant sense, but the activity of drinking the
tea.

Once again, we have an embedded element that needs to
take semantic force at a higher level, and once again we
can allow that expression to take control by providing it
with access to its continuation. (Chris Potts (personal com-
munication) first suggested using continuations to analyze
misplaced modifiers, though he shouldn’t be held respon-
sible for the shortcomings of my treatment here.) Assum-
ing we know what the adverb occasionally means, we can
give the misplaced adjective occasional the following deno-
tation: CAk.occasionally(kAz.z), and similarly for quietly

plays only the kind of behavior characterized by the rule
given in (30).

"Hayo Thielecke points out that J, an APL-like language
whose web site (http://www.jsoftware.com) claims that it
uses “constructs and syntax which closely mirror those of
natural language”, has a construction that is a special case
of the operator imagined here. More specifically, under cer-
tain circumstances x (f g h) yevaluatesas (x £ y) g (x
h y), which is isomorphic to example (27¢).

8If you prefer fancy terminology, this is a type of hypallage.



and quiet. The idea is to replace the misplaced adjective

with the trivial adjective meaning Az.z, and then let its ad-

verbial counterpart take scope over the complete sentence.
This analysis gives the following equivalences:

(33) a. An occasional sailor walked by.
Occasionally, a sailor walked by.

b. John drank a quiet cup of tea.
Quietly, John drank a cup of tea.

Additional details (such as the type of adjectives and nouns)
are given in the cumulative fragment below in section 8.

7. HISTORICAL NOTES

If natural language is rife with phenomena that beg for
a continuation-based analysis, why hasn’t anyone noticed
before? The answer, of course, is that some people have
noticed. In fact, I would suggest that in addition to the
many independent discoveries of continuations described by
Reynolds [12], Richard Montague [8] also invented a tech-
nique that relies in a limited way on continuations.

Montague was a logician at UCLA who was one of the ma-
jor figures in the early days of establishing formal approaches
to natural language semantics. In 1970 he constructed the
first popular formal analysis of quantification [8]. He did this
by suggesting that quantificational noun phrases such as ev-
eryone differ from non-quantificational noun phrases such
as John in just the way I proposed in section 3: quantifi-
cational noun phrases are in effect control operators whose
meanings are properly expressed as functions on their own
continuations.

The main limitation of Montague’s approach is that noun
phrases were the only type of expression that had access to
their continuations; nevertheless, with hindsight, anyone fa-
miliar with continuation-passing style programming will im-
mediately recognize a primitive form of continuation passing
in Montague’s formal grammars. Joe Goguen, my colleague
at UCSD, was a colleague of Montague’s at UCLA during
the 70’s, and he tells me that the connection between Mon-
tague’s techniques and continuations was noticed long ago,
at least in the folklore, if not in the literature.

It has only been recently, however, that people have ex-
plored this connection systematically, providing a more gen-
eral mechanism for accessing continuations in natural lan-
guage analyses. In particular, Herman Hendriks’ 1993 dis-
sertation [6] proposes a type-shifting system that in effect
produces CPS transforms as needed (and may deserve to be

counted as yet another independent invention of a continuation-

based system). Philippe de Groote [2] provides an analysis of
simple quantification based on the Au-calculus, and a paper
by me [1] explores a continuation-based approach to quan-
tification in considerable detail. Since then, Chung-chieh
Shan has proposed a number of continuation-based analyses
of natural language phenomena ([14], [15], [16]), including
his paper at this conference.

Incidentally, if natural languages do make abundant use
of continuations, then Reynolds was doubly right to speak
of the ‘discovery’ of continuations rather than their ‘inven-
tion’. It is intriguing to consider the possibility that that
the presence of continuation-based control operators in the
native language of the various discoverers may even have
inspired their proposals at some subconscious level.

8. CUMULATIVE FRAGMENT WITH RE-
SET

Figure 2 gives a CPS grammar describing a fragment of En-
glish with a context-free syntax and a denotational seman-
tics. The fragment includes versions of the four analyses
discussed above for quantification, focus, coordination, and
misplaced modifiers.

In addition, the fragment provides a reset operator, asso-
ciated here with the complementizer that (as discussed im-
mediately below). This section will argue for all of the four
phenomena that the relevant continuations must at least
sometimes be delimited.

The meanings listed in the examples below are guaranteed
to be equivalent to the denotations provided by the fragment
up to f-reduction and application to the trivial continuation
Az.T.

For instance, here are some simple examples involving
zero, one, and two quantificational noun phrases:

(34) a. John left. left j
b. Everyone left. Vz.left z
c. John saw Mary. saw m j
d. John saw everyone. Vr.saw T j
e. Someone saw everyone. Jz.Vy.saw y x

Since the fragment does not include extra combination rules

for right-to-left evaluation, there is only one interpretation

for Someone saw everyone (see section 3.2 for discussion).
I now introduce embedded clauses and a reset operator.

(35) a. John claimed [Mary left].
b. John claimed [everyone left].

claim (left m) j

Unlike saw, which denotes a relation between two individ-
uals, claimed relates an individual and a proposition. Syn-
tactically, claimed takes a clause as its first argument. Thus
the bracketed strings in (35) are all complete clauses in their
own right.

The interpretation in (35b) says that John made several
different claims, one for each person. The interpretation in
(35¢) says that he made one single claim, a claim about
everybody. Both interpretations seem to be valid.

In continuation terms, we need to be able to delimit the
continuation for everyone so as to extend only as far as the
material in the embedded clause. In order to experiment
with delimitation, I will adopt the following expository strat-
egy: as shown by comparing (35b) with (35c), claimed op-
tionally allows its argument clause to be introduced by the
complementizer that. By giving that the semantics of a reset
operator, we can add or subtract delimitation at will and see
what happens. As shown in (35c¢), for instance, the presence
of the that delimits the embedded clause and produces the
second legitimate interpretation.

The following set of sentences illustrates the analysis of
focus.

Vz.claimed (left x) j
c. John claimed that [everyone left]. claimed (Vz.left x) j



left ((e—=t)—A)—A Ak.k left

saw ((e—(e—t))—A)—A AK.K saw
claimed ((t—(e—t))—A)—A Ak.k claimed
John (e—t)—t AK.K §

Mary (e—t)—t AK.K M
everyone (e—t)—t AR NT.KT
someone (e—t)—t Ak.dr.kT

a (((e—t)—e)—t)—t AK.K a

sailor ((e—t)—t)—t Ak.k sailor
tall (((e—t)—(e—t))—t)—t Ak.k tall

occasional (((e—t)—(e—t))—t)—t Ak.occasionally(k(\z.z))

A M(Am.N(An.k(mn))):(B—E)—D
A N(AnM(Am.&(mn))):(B—C)—E N:(A—D)—E
Ak.and(Lr)(Rk):A s= LA

Ak.or(Lk)(Rk):A = LA
e (X, K):A— ((A—t) x A) = ‘P
MXrk.only (Xk):A—t m= “only”
Mes(X(Az.z)):A m= “that”

M:((A—B)—C)—D

N:(A—E)—C
M:((A—B)—C)—D
“and” R:A
“or” R:A
X:A—t

X:A—((B—t) x B)
X:A

Figure 2: A grammar in continuation passing style covering most of the examples discussed in the text.

(36) a. John only saw F (MARY).
only(A\k(km), A\x.saw z j)
b. John only F (SAW) Mary.
only(\k.k saw, \z.x m j)
. John only F (SAW MARY).
only (\k.k(saw m), Az.xj)
d. John only claimed F (MARY LEFT).
only(\s.k(left m), A\z.claimed z j)
e. John claimed Mary only saw F (TOM).
*only (k.kt, Az.claimed (saw z m) j)

f. John claimed that Mary only saw F (TOM).
claimed (only(k.xt, A\z.saw x m)) j

o

Here only is a function taking an ordered pair (X, x) and
returning true just in case X« is true and there is no other
(contextually relevant) meaning Y of the same type as X
such that Yk is true. Thus the interpretation for John only
saw MARY given (36a) entails that John saw Mary and that
there is no other individual that John saw.

Examples (36a) and (36b) show that the pitch accent
marker F can take arguments of different type (here, a tran-
sitive verb saw rather than a noun phrase Mary).

Examples (36b), (36¢), and (36d) show that the focus
marker can take either a single word (e.g., SAW), a com-
plex phrase (SAW MARY), or even an entire clause (MARY
LEFT) as its argument. (In the last case, the only thing
that John claimed was the Mary left; he did not claim that
Tom left, he did not claim that Mary called, etc.)

Comparing (36e) with (36f), we see that once again em-
bedded clauses must be delimited in order to arrive at the
correct interpretation: (36e) does not mean that Tom was
the only person that John claimed Mary saw; rather, it
means that John claimed that Tom was the only person
Mary saw. Thus the presence of the reset operator provided
by that in (36f) is crucial to correctly delimiting the scope
of only.

The next pair of examples shows the interaction of focus

with quantificational noun phrases.

(37) a. John only F(SAW) someone.
only (k. saw, \y.3z.y x j)
b. John only F (SAW SOMEONE).
only (\x.3z.k(saw z), Az.z j)

c. John only saw F (SOMEone).
only (\x.3z.k z, Az.saw z j)

Because the focus marker F takes a continuized meaning as
its argument, it is able to handle quantificational foci with
no trouble.

The next examples demonstrate the analysis of coordina-
tion.

(38) a. John left and Mary left. and(left j)(left m)
b. John and Mary left. and(left j)(left m)
c. John saw Mary and left. and(saw m j)(left j)

d. John saw Mary or everyone. or(saw m j)(Vx.saw z j)

Note that (38d) involves coordinating a proper name with a
quantificational noun phrase, which works fine.

(39) a. John claimed Mary or Tom left.
or(claimed (left m) j)(claimed (left t) j)

b. John claimed that Mary or Tom left.
claimed(or(left m)(left t)) j

Examples (39a) and (39b) show the behavior of coordina-
tion with and without a reset at the level of the embedded
clause. In (39a), John either claims Mary left or claims Tom
left; in (39b), John makes a single indeterminate claim that
either Mary or Tom left. Since the interpretation in (39b)
is certainly possible for this sentence, it provides additional
evidence that a reset for delimiting embedded clauses must
be available.
Finally, we have misplaced modifiers:



(40) a. John saw a tall sailor.
saw (a(tall sailor)) j

b. John saw an occasional sailor.
occasionally (saw (a sailor) j)

c. John claimed that an occasional sailor left.
claimed (occasionally (left (a sailor))) j

The adjective tall is a normal adjective and has no special
control properties. The adjective occasional, however, takes
scope over an entire clause. In (40c), in order for the leav-
ing to be occasional rather than the claiming activity to
be occasional, it is once again necessary to provide a reset
delimiting the scope of the misplaced modifier within the
embedded clause.

The examples above show that quantification, focus, co-
ordination, and misplaced modifiers all require some form of
delimitation at least some of the time in order to generate
appropriate interpretations.

A word of warning: each of the analyses in this brief
survey has grave inadequacies in the simple form presented
here. In addition, many of the interactions among the phe-
nomena behave badly in the cumulative fragment (consider,
for instance, that is not possible to generate an analysis for
pitch accent on just one conjunct, even thought this is some-
thing that native speakers have no trouble interpreting, as
for John only claimed that Mary or TOM left). This is the
normal state of affairs when dealing with natural language,
of course; as Sapir put it, “all grammars leak”. The de-
light comes from figuring out an equally simple grammar
that performs better. In any case, I am not aware of any
potential problem that could not be dealt with by a suitably-
developed continuation-based analysis along the lines of the
approximations offered here; in other words, I believe each
of these proposals to be a viable approach.

9. CONCLUSIONS

I have suggested that continuations provide an appealing
analysis of a variety of natural language phenomena. It is
possible for a skeptic to claim that natural language seman-
tics has gotten by well enough without continuations so far.
To be sure, each of the phenomena discussed above have
well-established treatments in the linguistic literature that
do not mention continuations. In the same way, computer
scientists were perfectly able to deal meaningfully with the
difference between call-by-value versus call-by-name before
Plotkin’s CPS analysis [10]. Yet I take it that these days
everyone recognizes that a full understanding of evaluation
disciplines requires continuations (or else something very like
continuations). It is my hope, then, that the examples in
this paper, or other analyses yet to be discovered, either
individually or cumulatively, will someday make continua-
tions seem as indispensable for the description of natural
language as they currently are for the theory of computa-
tion and logic.

In closing, I would like to add one more subquestion to
the list of questions discussed in the introductory section.

e [Innovation] Are there uses for continuations in natu-
ral language that computer scientists haven’t thought
up yet?

Besides whatever intrinsic interest there might be in find-
ing continuations in a natural setting, it is conceivable that

once we look more closely, natural language will do interest-
ing things with continuations that have not yet been dreamt
up by theoretical computer scientists. I doubt that any of
the natural language constructions treated above will seem
breathtakingly new to an experienced continuation hacker;
but then, I have chosen these examples precisely in order to
maximize the degree to which they seem like garden-variety
control operators. In the same spirit that pharmaceutical
companies survey compounds harvested from tropical rain
forests in hopes of finding medically useful substances un-
known to laboratory scientists, we should consider that there
are a lot of poorly understood languages out there—who
knows what amazing control operators lurk in languages
spoken in the forests of New Guinea?
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ABSTRACT

Making a linguistic theory is like making a programming
language: one typically devises a type system to delineate
the acceptable utterances and a denotational semantics to
explain observations on their behavior. Via this connection,
the programming language concept of delimited continua-
tions can help analyze natural language phenomena such as
quantification and polarity sensitivity. Using a logical meta-
language whose syntax includes control operators and whose
semantics involves evaluation order, these analyses can be
expressed in direct style rather than continuation-passing
style, and these phenomena can be thought of as computa-
tional side effects.

Categories and Subject Descriptors

D.3.3 [Programming languages]: Language constructs
and features—control structures; J.5 [Linguistics]

General Terms
Languages, Theory

Keywords

Delimited continuations, control effects, natural language
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1. INTRODUCTION

This paper is about computational linguistics, in the sense
of applying insights from computer science to linguistics.
Linguistics strives to scientifically explain empirical obser-
vations of natural language. Semantics, in particular, is con-
cerned with phenomena such as the following. In (1) below,
some sentences to the left entail their counterparts to the
right, but others do not.

Permission to make digital or hard copies of all or part of this work for
personal or classroom use is granted without fee provided that copies are
not made or distributed for profit or commercial advantage and that copies
bear this notice and the full citation on the first page. To copy otherwise, to
republish, to post on servers or to redistribute to lists, requires prior specific
permission and/or a fee.

Continuation Workshop 2004 Venice, Italy

Copyright 200X ACM X-XXXXX-XX-X/XX/XX ...$5.00.

(1) Every student passed - Every diligent student passed
No student passed  F No diligent student passed
A student passed ¥ A diligent student passed
Most students passed ¥ Most diligent students passed

The sentence in (2) is ambiguous between at least two read-
ings. On one reading, the speaker must decline to run any
spot that fails to substantiate any claims whatsoever. On
another reading, there exist certain claims (anti-war ones,
say) such that the speaker must decline to run any spot
that fails to substantiate them.

(2) We must decline to run any spot that fails to substan-
tiate certain claims.!

Finally, among the four sentences in (3), only (3a) is accept-
able. That is, only it can be used in idealized conversation.
The unacceptability of the rest is notated with asterisks.

(3) a. No student liked any course.
b. *Every student liked any course.
c. ¥*A student liked any course.
d. *Most students liked any course.

The linguistic entailments and non-entailments in (1) are
facts about English, in that only a speaker of English can
make these judgments. Nevertheless, they presumably have
to do with corresponding logical entailments and non-en-
tailments: both the English speaker who judges that Ev-
ery student passed entails Fvery diligent student passed and
the Mandarin speaker who judges that Meige xuesheng dou
jige-le entails Meige yonggong-de zuesheng dou jige-le rely
on knowing that, if every student passed, then every diligent
student passed. Thus the typical linguistic theory specifies
a semantics for natural language by translating declarative
sentences into logical statements with truth conditions. The
linguistic entailments in (1) hold, goes the theory, because
the meanings—truth conditions—of the two sentences are
such that any model that verifies the former also verifies the
latter. Much work in natural language semantics aims in
this way, as depicted in Figure 1, to explain the horizon-
tal by positing the vertical. This approach is reminiscent
of programming language research where an ill-understood
language (perhaps one with a complicating feature like ex-

IThis sentence is part of a statement made by the cable
television company Comcast after its CNN channel rejected
an anti-war commercial hours before it was scheduled to air
on January 28, 2003.



Every student passed -

|

Vz. student(x) = passed(z)

|

(some truth condition on models) +

Every diligent student passed

|

F V. (student(z) A diligent(z)) = passed(z)

|

(some other truth condition on models)

Figure 1: The translation/denotation approach to natural language semantics

ceptions) is studied by translation into a simpler language
(without exceptions) that is better understood.

The translation target posited in natural language seman-
tics is often some combination of the A-calculus and pred-
icate logic. For example, the verb passed might be trans-
lated as Az.passed(x). This paper argues by example that
the translation target should be a logical metalanguage with
first-class delimited continuations. The examples are two
natural language phenomena: quantification by words like
every and most in (1), and polarity sensitivity on the part
of words like any in (3).

Quantification was first analyzed explicitly using contin-
uations by Barker (2002). Building on that insight, this
paper makes the following two contributions. First, I ana-
lyze natural language in direct style rather than in continua-
tion-passing style. In other words, the logical metalanguage
used here is one that includes control operators for delim-
ited continuations, rather than a pure A-calculus in which
denotations need to handle continuations explicitly. Natu-
ral language is thus endowed with an operational semantics
from computer science that is richer than just Sn-reduction.

Second, I propose a new analysis of polarity sensitivity
that improves upon prior theories in explaining why No stu-
dent liked any course is acceptable but *Any student liked
no course is not. This analysis crucially relies on the notion
of evaluation order from programming languages, thus elu-
cidating the role of control effects in natural language and
supporting the broader claim that linguistic phenomena can
be fruitfully thought of as computational side effects.

The rest of this paper is organized as follows. In §2,
I introduce a simple grammatical formalism. In §3, I de-
scribe the linguistic phenomenon of quantification and show
a straw man analysis that deals with some cases but not
others. I then introduce a programming language with de-
limited continuations and use it to improve the straw man
analysis: quantification in non-subject position is treated
in §4, and inverse scope is covered in §5. In §6, I turn to the
linguistic phenomenon of polarity sensitivity and show how
a computationally motivated notion of evaluation order im-
proves upon previous analyses. In §7, I place these examples
in a broader context and conclude.

2. A GRAMMATICAL FORMALISM

In this section, I introduce a simple grammatical formal-
ism for use in the rest of the paper. It is a notational variant
of categorial grammar (as introduced by Carpenter (1997;
chapter 4), for instance).

The verb like usually requires an object to its right and a
subject to its left.

(4) a. Alice liked CS187.
b. *Alice liked.
c. *Alice liked Bob CS187.

Intuitively, like is a function that takes two arguments, and
the sentences (4b—c) are unacceptable due to type mismatch.
We can model this formally by assigning types to the denota-
tions of Alice, CS187, and liked, which we take to be atomic
expressions.

(5) [Alice] = alice : Thing
(6) [CS187] = cs187 : Thing
(7) [liked] = liked : Thing — Thing — Bool

Here Thing is the type of individual objects, and Bool is the
type of truth values or propositions. Following (justifiable)
standard practice in linguistics, we let liked take its object as
the first argument and its subject as the second argument.
For example, in (4a), the first argument to liked is ¢s187,
and the second argument is alice.

As (4a) shows, there are two ways to combine expressions.
A function can take its argument either to its right (combin-
ing liked with CS187) or to its left (combining Alice with
liked CS187). We denote these two cases with two infix op-
erators: “/’ for forward combination and “V’ for backward
combination. (The tick marks depict the direction in which
a function “leans on” an argument.)

(8) fre=f(z):p
(9) a\f=f(x): B
We can now derive the sentence (4a)—that is, prove it to

have type Bool. The derivation can be written as a tree (10)
or a term (11).

where f:a— 0, x: «

where f:a— (3, x: «

(10)
Alice
liked (CS187

(11) [Alice] \ ([liked] 7 [CS187]) = liked cs187 alice : Bool

By convention, the infix operators / and \ associate to the
right, so parentheses such as those in (11) above are optional.

Unfortunately, the system set up so far derives not only
the acceptable sentence (4a) but also the unacceptable sen-
tence (12), with the same meaning.

(12) *Alice CS187 liked.

The reason the system derives (12) is that the direction of
function application is unconstrained: in the derivation be-
low, liked takes its first (object) argument to the left, which
is usually disallowed in English.

(13)
Alice
CS187  liked

(14)  [Alice] \ [CS187] \ [liked] = liked cs187 alice : Bool

To rule out this derivation of (12) in our type system, we

split the function type constructor “—” into two type con-
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structors and “>”, one for each direction of appli-
cation. Using these new type constructors, we change the
denotation of liked to specify that its first argument is to its
right and its second argument is to its left.

RN

(15) [liked] = liked : Thing < Thing - Bool

We also revise the combination rules (8) and (9) to require
different function type constructors.

(16) fre:p
17 z\f:p8

The system now rejects (12) while continuing to accept (4a),
as desired.

where f:a 503, : «

where f:a > (3, z: «

3. QUANTIFICATION

The linguistic phenomenon of quantification is illustrated
by the following sentences.

(18) a. Every student liked CS187.
b. Some student liked every course.
c. Alice consulted Bob before most meetings.

As with the previously encountered sentences, the natural
language semanticist wants to translate English into logical
formulas that account for entailment and other properties.
More precisely, the problem is to posit translation rules that
map these sentences thus. For instance, we would like to
map (18a) to a formula like

(19) Vz. student(z) = x \ liked 7 cs187 : Bool,
where the constants
(20) V: (Thing — Bool) — Bool, = : Bool — Bool — Bool

are drawn from the (higher-order) abstract syntax of predi-
cate logic. To this end, what should the subject noun phrase
every student denote? Unlike with Alice, there is nothing of
type Thing that the quantificational noun phrase every stu-
dent can denote and still allow the desired translation (19)
to be generated. At the same time, we would like to retain
the denotation that we previously computed for the verb
phrase liked CS187, namely liked / cs187. Taking these con-
siderations into account, one way to translate (18a) to (19)
is for the determiner every to denote

(21) [every] = Xr. Xs.Vz.7(z) = z\s
: (Thing — Bool) = (Thing — Bool) % Bool.

Here the restrictor r and the scope s are A-bound variables
intended to receive, respectively, the denotations of the noun
student (of type Thing — Bool) and the verb phrase liked
CS187 (of type Thing = Bool). (More precisely, r and s are
X-bound variables; the tick mark again signifies the direction
of function application.) In a non-quantificational sentence
like (4a), the verb phrase takes the subject as its argument;
by contrast, in the quantificational sentence (18a), the sub-
ject takes the verb phrase as its argument.

Extended with the lexical entry (21) for every, and as-
suming that student denotes

(22) [student]] = student : Thing — Bool,

the grammar can derive the sentence (18a).

(23)

every student liked CS187
(24) ([every] ! [student]) 7 [liked] # [CS187] = (19)

The existential determiner some can be analyzed similarly:
let some denote

(25) [some] = Xr. Xs. 3z.r(z) Az\s
: (Thing — Bool) =% (Thing = Bool) - Bool
to derive the sentence Some student liked CS187.

(26)

some student liked CS187
(27) ([some] / [student]) 7 [liked] 7 [CS187]
= Jz. student(x) A z \ liked 7 cs187 : Bool

To summarize, we treat determiners like every and some
as functions of two arguments: the restrictor and the scope
of a quantifier, both functions from Thing to Bool. Such
higher-order functions are a popular analysis of natural lan-
guage determiners, and have been known to semanticists
since Montague (1974) as generalized quantifiers. However,
the simplistic account presented above only handles quan-
tificational noun phrases in subject position, as in (18a) but
not (18b) or (18c). For example, in (18b), neither forward
nor backward combination can apply to join the verb liked,
of type Thing = Thing — Bool, to its object every course, of
type (Thing = Bool) = Bool. Yet, empirically speaking, the
sentence (18b) is not only acceptable but in fact ambiguous
between two available readings. This problem has prompted
a great variety of supplementary proposals in the linguistics
literature (Barwise and Cooper 1981; Hendriks 1993; May
1985; inter alia). The next section presents a solution using
delimited continuations.

4. DELIMITED CONTINUATIONS

First-class continuations represent “the entire (default) fu-
ture for the computation” (Kelsey, Clinger, Rees et al. 1998).
Refining this concept, Felleisen (1988) introduced delimited
continuations, which encapsulate only a prefix of that future.
This paper uses shift and reset (Danvy and Filinski 1989,
1990), a popular choice of control operators for delimited
continuations.

To review briefly, the shift operator (notated &) captures
the current context of computation, removing it and making
it available to the program as a function. For example, when
evaluating the term

(28) 10 x (£f. 1+ f(2)),

the variable f is bound to the function that multiplies every
number by 10. Thus the above expression evaluates to 21 via
the following sequence of reductions. (The reduced subex-
pression at each step is underlined.)

(29) [10 x (&f.1+ £(2))]
> [1 4+ (M. [10 x v])(2)]
>[14+10x2]]>[14+[20]] > [1+20] > [21] > 21



Term reductions are performed deterministically in applica-
tive order: call-by-value and left-to-right.

The reset operator (notated with square brackets [ ]) de-
lineates how far shift can reach: shift captures the current
context of computation up to the closest dynamically en-
closing reset. Hence “3 x” below is out of reach.

(30) [3x[10x (&f-14 f(2))]]
> [3x [1+ (. [10 x v])(2)]]
> [3x [1+[10x2]]] > [3x [14[20]]] > --- 1> 63

Shift and reset come with an operational semantics (illus-
trated by the reductions above) as well as a denotational
semantics (via the CPS transform). That both kinds of se-
mantics are available is important to linguistics, because
the meanings of natural language expressions (studied in se-
mantics) need to be related to how humans process them
(studied in psycholinguistics).

Quantificational expressions in natural language can be
thought of as phrases that manipulate their context. In a
sentence like Alice liked CS187 (4a), the context of CS187
is the function mapping each thing = to the proposition that
Alice liked z. Compared to the proper noun CS187, what is
special about a quantificational expression like every course
is that it captures its surrounding context when used.

(31) Alice liked [every course].

Thus, loosely speaking, the meaning of the sentence (31) no
longer has the overall shape alice\liked7--- once the occur-
rence of every course is considered, much as the meaning of
the program (28) no longer has the overall shape 10 x ---
once the shift expression is evaluated. Let us add shift and
reset to the target language of our translation from English.
We can then translate every course as

(32) [every course] = £s.Va. course(z) = s(x) : Thinggo.
The type notation a‘fy here indicates an « with a control
effect; the CPS transform maps it to (« — ) — §. The
denotation of every course behaves locally as a Thing, but
requires the current context to have the answer type Bool
and maintains that answer type.

To see the new denotation (32) in action, let us derive
the sentence (31). The type of every course is ThingE,
similar to the type Thing of C'S187, so the derivation of (31)
is analogous to (10-11).

(33)
Alice
liked every course
(34)  [[Alice]\ [liked] / [every course]]
= [alice\liked 7 £s. V. course(z) = s(z)]
> [Vz. course(z) = (Awv. [alice\ liked / v])(z)] > - - -
> Vz. course(x) = alice\ liked / z : Bool

Like the straw man analysis in §3, the denotation in (32)
generalizes to determiners other than every: we can abstract
the noun course out of every course, and deal with some
student similarly.

(35) [every] = Xr.€s.Vz. r(z) = s(x),
(36) [some] = Xr. £s. Fz. () A s(x)
: (Thing — Bool) < ThingE|

(We require here that the restrictor r have the type Thing—
Bool, not a type of the form Thing — Bool‘f,, so r cannot
incur control effects when applied to z. Any control effect in
the restrictor, such as induced by the quantificational noun
phrase a company in the sentence Every representative of a
company left, must be contained within reset.)

More importantly, unlike the straw man analysis, the new
analysis works uniformly for quantificational expressions in
subject, object, and other positions, such as in (18a—c). In-
tuitively, this is because shift captures the context of an
expression no matter how deeply it is embedded in the sen-
tence.? By adding control operators for delimited continua-
tions to our logical metalanguage, we arrive at an analysis
of quantification with greater empirical coverage.

Figure 2 shows a logical metalanguage that formalizes the
basic ideas presented above. It is in this language that
denotations on this page are written and reduced. Refin-
ing Danvy and Filinski’s original shift-reset language, we
distinguish between pure and impure expressions. An im-
pure expression may incur control effects when evaluated,
whereas a pure expression only incurs control effects con-
tained within reset (Danvy and Hatcliff 1992, 1994; Nielsen
2001; Thielecke 2003). This distinction is reflected in the
typing judgments: an impure judgment

5
(37) '-FE:a

not only gives a type a for E itself but also specifies two
answer types v and §. By contrast, a pure judgment

(38) '-E:a

only gives a type « for E itself. As can be seen in the Lift
rule, pure expressions are polymorphic in the answer type.

As mentioned in §2, the use of directionality in function
types to control word order is not new in linguistics, but the
use of delimited control operators to analyze quantification
is. It turns out that we can tie the potential presence of
control effects in function bodies to directionality. That is,
only directional functions—those whose types are decorated
with tick marks—are potentially impure; all non-directional
functions we need to deal with, including contexts captured
by shift, are pure. Another link between directionality and
control effects is that the 5E and —E rules for directional
function application are not merely mirror images of each
other: the answer types 7o through 3 are chained differently
through the premises. This is due to left-to-right evaluation.

Having made the distinction between pure and impure
expressions, we require in our Shift rule that the body of
a shift expression be pure. This change from Danvy and
Filinski’s original system simplifies the type system and the
CPS transform, but a shift expression £ f. F in their language
may need to be rewritten here to £ f. [E].

The CPS transform for the metalanguage follows from
the typing rules and is standard; it supplies a denotational
semantics. The operational semantics for the metalanguage
specifies a computation relation between complete terms; it
is also standard and shown in Figure 3.

The present analysis is almost, but not quite, the direct-
style analogue of Barker’s (2002) CPS analysis. Put in
direct-style terms, Barker’s function bodies are always pure,
whereas function bodies here can harbor control effects. In

2No matter how deep, that is, up to the closest dynamically
enclosing reset. Control delimiters correspond to islands in
natural language (Barker 2002).
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Figure 2: A logical metalanguage with directionality and delimited control operators
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other words, function bodies are allowed to shift, as in the
determiner denotations in (35) and (36). By contrast, Barker
uses choice functions to assign meanings to determiners.

5. QUANTIFIER SCOPE AMBIGUITY

Of course, natural language phenomena are never as sim-
ple as a couple of programming language control operators.
Quantification is no exception, so to speak. For example,
the sentence Some student liked every course (18b) is am-
biguous between the following two readings.

(39) Jz. student(z) A Vy. course(y) = z\liked / y
(40) Vy. course(y) = Jx. student(z) A z\ liked / y

In the surface scope reading (39), some takes scope over ev-
ery. In the inverse scope reading (40), every takes scope
over some. Given that evaluation takes place from left to
right, the shift for some student is evaluated before the shift
for every course. Our grammar thus predicts the surface
scope reading but not the inverse scope reading. This pre-
diction can be seen in the first few reductions of the (unique)
derivation for (18b):

(41) [([some] / [student]) \ [liked] / [every] / [course] |
= [((Xr.&s. 3z r(x) A s(x)) / student)
\liked 7 (X7 €5.Vy. 7(y) = s(y)) / course) |
> [(£s. 3. student(z) A s(z))
\liked 7 (X7 €5.Vy. 7(y) = s(y)) / course) |
> [3. student(z) A (Av. [v
\liked 7 (X7 £5.Vy. r(y) =

s(y)) 7 course)]) (z)]

Regardless of what evaluation order we specify, as long as
our rules for semantic translation remain deterministic, they
will only generate one reading for the sentence. Hence our
theory fails to predict the ambiguity of the sentence (18b).

To better account for the data, we need to introduce some
sort of nondeterminism into our theory. There are two natu-
ral ways to proceed. First, we can allow arbitrary evaluation
order, not just left-to-right. This change would render our
term calculus nonconfluent, a result unwelcome for most pro-
gramming language researchers but welcome for us in light of
the ambiguous natural language sentence (18b). This route
has been pursued with some success by Barker (2002) and
de Groote (2001). However, there are empirical reasons to



maintain left-to-right evaluation, one of which appears in §6.

A second way to introduce nondeterminism is to main-
tain left-to-right evaluation but generalize shift and reset to
a hierarchy of control operators (Barker 2000; Danvy and
Filinski 1990; Shan and Barker 2003), leaving it unspecified
at which level on the hierarchy each quantificational phrase
shifts. Following Danvy and Filinski, we extend our logical
metalanguage by superscripting every shift expression and
pair of reset brackets with a nonnegative integer to indicate
a level on the control hierarchy. Level 0 is the highest level
(not the lowest). When a shift expression at level n is eval-
uated, it captures the current context of computation up to
the closest dynamically enclosing reset at level n or higher
(smaller). For example, whereas the expression

(42) 3% [10 x (6.1 + £(2)))°]°
evaluates to 63 as in (30), the expression
(43) [3 % [10 x (£°F.1+ £(2)))°]°

evaluates to 1 + 3 x 10 x 2, or 61. The superscripts can be
thought of “strength levels” for shifts and resets.

Danvy and Filinski (1990) give a denotational semantics
for multiple levels of delimited control using continuations
of higher-order type. We can take advantage of that work
in our quantificational denotations (35-36) by letting them
shift at any level. The ambiguity of (18b) is then predicted
as follows. Suppose that some student shifts at level m and
every course shifts at level n.

(44) Some™ student liked every™ course.

If m < n, the surface scope reading (39) results. If m > n,
the inverse scope reading (40) results. In general, a quanti-
fier that shifts at a higher level always scopes over another
that shifts on a lower level, regardless of which one is eval-
uated first. This way, evaluation order does not determine
scoping possibilities among quantifiers in a sentence unless
two quantifiers happen to shift at the same level.

To summarize the discussion so far, whether we introduce
nondeterministic evaluation order or a hierarchy of delimited
control operators, we can account for the ambiguity of the
sentence (18b), as well as more complicated cases of quantifi-
cation in English and Mandarin (Shan 2003). For example,
both the nondeterministic evaluation order approach and
the control hierarchy approach predict correctly that the
sentence below, with three quantifiers, is 5-way ambiguous.

(45) Every representative of a company saw most samples.

Despite the fact that there are three quantifiers in this sen-
tence and 3! = 6, this sentence has only 5 readings. Because
a company occurs within the restrictor of every representa-
tive of a company, it is incoherent for every to scope over
most and most over a. The reason neither approach gener-
ates such a reading can be seen in the denotation of every
in (35): “Vz” is located immediately above “=" in the ab-
stract syntax, with no intervening control delimiter, so no
control operator can insert any material (such as most-quan-
tification over samples) in between.

There exist in the computational linguistics literature al-
gorithms for computing the possible quantifier scopings of
a sentence like (45) (Hobbs and Shieber 1987; followed by
Lewin 1990; Moran 1988). Having related quantifier scoping
to control operators, we gain a denotational understanding

of these algorithms that accords with our theoretical intu-
itions and empirical observations.

An extended logical metalanguage with an infinite hierar-
chy of control operators is shown in Figure 4. This system is
more complex than the one in Figure 2 in two ways. First,
instead of making a binary distinction between pure and im-
pure expressions, we use a number to measure “how pure”
each expression is. An expression is pure up to level n if it
only incurs control effects at levels above n when evaluated.
Pure expressions are the special case when n = 0. The pu-
rity level of an expression is reflected in its typing judgment:
a judgment

(46) '+E:an

states that the expression FE is pure up to level n. Here aln
is a computation type with n levels: as defined in the figure,
it consists of 2”7 — 1 value types that together specify how
a computation that is pure up to level n affects answer types
between levels 0 and n — 1. In the special case where n = 1,
the computation type «a!l is of the familiar form ai.

In the previous system in Figure 2, directional functions
are always impure (that is, pure up to level 1) while non-
directional functions are always pure (that is, pure up to
level 0). In the current system, both kinds of functions de-
clare in their types up to what level their bodies are pure.
For example, the determiners every and some, now allowed
to shift at any level, both have not just the type

1
00|5.n

(47) (Thing — Bool) = Thing, "

1
0°|5.'n )
ln

but also the type

I'yO!n
~2!n

~yiln
Boolwz!n

Bool

48 Thing — Bool?%'™) = Thing
y1lln

(but see the second technical complication below). As the
argument type Thing— Boolzgiz above shows, the first argu-
ment to these determiners, the restrictor, is non-directional
yet can be impure (that is, pure up to level n + 1).

To traverse the control hierarchy, we add a new Reset rule,
which makes an expression more pure, and a new Lift rule,
which makes an expression less pure. (Consecutive nested
resets like [[E]""']" can be abbreviated to [E]" without loss
of coherence.)

A second complication in this system, in contrast to Fig-
ure 2, is that we can no longer encode logical quantification
using a higher-order constant like V : (Thing— Bool) — Bool,
because such a constant requires its argument—the logical
formula to be quantified—to be a pure function. This re-
quirement is problematic because it is exactly the impurity
of quantified logical formulas that underlies this account of
quantifier scope ambiguity. On one hand, we want to quan-
tify logical formulas that are impure; on the other hand, we
want to rule out expressions like

(49) Vx.¢f. x,

where the logical variable & “leaks” illicitly into the sur-
rounding context. This issue is precisely the problem of clas-
sifying open and closed terms in staged programming (see
Taha and Nielsen 2003 and references therein): the types
Thing and Bool really represent not individuals or truth val-
ues but staged programs that compute individuals and truth
values. For this paper, we adopt the simplistic solution of
adjoining to these types a set of free logical variables for
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Figure 4: Extending the logical metalanguage to a hierarchy of control operators

tracking purposes, denoted p, g, . ... Unfortunately, we also
need to stipulate that these logical variables be freshly a-
renamed (“created by gensym”) for each occurrence of a
quantifier in a sentence.

As before, the CPS transform and reductions for this met-
alanguage are standard; the latter appears in Figure 5.

The present analysis is almost, but not quite, the direct-
style analogue of Shan and Barker’s (2003) CPS analysis,
even though both use a control hierarchy. Each level in Shan
and Barker’s hierarchy is intuitively a staged computation
produced at one level higher. More concretely, a computa-
tion type with n levels in that system has the shape

(50) (@2)5

rather than the shape
(51)

The issue above of how to encode logical quantification over
impure formulas receives a more satisfactory treatment in
Shan and Barker’s system: no stipulation of a-renaming is
necessary, because there is no analogue of (49) to prohibit.
The relation between that system and staged programming
with effects has yet to be explored.

6. POLARITY SENSITIVITY

Because the analysis so far focuses on the truth-condi-
tional meaning of quantifiers, it equates the determiners a

and some—both are existential quantifiers with the type and
denotation in (36). Furthermore, sentences like Has anyone
arrived? suggest that the determiner any also means the
same thing as a and some. To the contrary, though, the de-
terminers a, some, and any are not always interchangeable
in their existential usage. The sentences and readings in (52)
show that they take scope differently relative to negation (in
these cases the quantifier no).

(52) a. No student liked some course.
b. No student liked a course.
c. No student liked any course.
d. Some student liked no course.
e. A student liked no course.
f. *Any student liked no course.

(unambiguous 3-)
(ambiguous -3, 3-)
(unambiguous —3)
(unambiguous 3-)
(ambiguous —3, 3-)
(unacceptable)

The determiner any is a negative polarity item: to a first
approximation, it can occur only in downward-entailing con-
texts, such as under the scope of a monotonically decreasing
quantifier (Ladusaw 1979). A quantifier g, of type (Thing —
Bool) — Bool, is monotonically decreasing just in case

(53) Vs1.Vsz. (Va. s2(z) = s1(z)) = q(s1) = q(s2).

The quantificational noun phrases no student and no course
are monotonically decreasing since, for instance, if no stu-
dent liked any course in general, then no student liked any
computer science course in particular.

Whereas any is a negative polarity item, some is a positive
polarity item. Roughly speaking, some is allergic to down-
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Figure 5: Reductions for the extended logical metalanguage

ward-entailing contexts (especially those with an overtly
negative word like no). These generalizations regarding po-
larity items cover the data in (52a—e): in principle, goes the
theory, all these sentences are ambiguous between two scop-
ings, but the polarity sensitivity of some and any rule out
one scoping each in (52a), (52¢), (52d), and (52f). These
four sentences are thus predicted to be unambiguous, but it
remains unclear why (52f) is downright unacceptable.

In the type-theoretic tradition of linguistics, polarity sen-
sitivity is typically implemented by splitting the answer type
Bool into several types, each a different functor applied to
Bool, that are related by subtyping (Bernardi 2002; Bernardi
and Moot 2001; Fry 1999). For instance, to differentiate the
determiners in (52) from each other in our formalism, we
can add the types BoolPos and BoolNeg alongside Bool, such
that both are supertypes of Bool (but not of each other).

(54)

Bool < BoolPos Bool < BoolNeg

We also extend the subtyping relation between (value and
computation) types with the usual closure rules, and allow
implicit coercion from a subtype to a supertype.

o <a Bn<gln

(55)

a<a a® Bn < o &Y B''n
o <a A'In<Aln §n<dn
(56) Sln 16"n
Qi Sy,
'FE:an aln<pgn
(57) Sub
'k FE:Bn

We then add a side condition to Reset, requiring that the
produced answer type be Bool or BoolPos, not BoolNeg.

T'FE:ad

(58) — Reset where 8 < BoolPos
TFI[E]: B
rrg:o”0

(59) 1in Reset where 3 < BoolPos

I'E[E]: B (n+1)
Finally, we refine the types of our determiners from (47) to

Boold'™

(60) [no] : (Thing — Bool) = ThlngBOOIN "5." ,

BoolPos?

(61) [some] : (Thing — Bool) = ThmgBoolPosg.n ,

Bool'sIn
(62) [a] : (Thing — Bool) - Thing,,_ ot
(63) [any] : (Thing — Bool) = Thin B°°'Negg.‘

BooINeg ”

The chain of answer-type transitions from one quantifica-
tional expression to the next acts as a finite-state automa-
ton, shown in Figure 6. The states of the automaton are
the three supertypes of Bool; the e-transitions are the two
subtyping relations in (54); and the non-e transitions are the
determiners in (60-63).

Figure 6: An automaton of answer-type transitions

This three-state machine enforces polarity constraints as
follows. Any valid derivation for a sentence assigns each
of its quantifiers to shift at a certain level in the control
hierarchy. For each level, the quantifiers at that level—in
the order in which they are evaluated—must form

e cither a path from BoolPos to Bool in the state ma-
chine, in other words a string of determiners matching
the regular expression “some” (a|no any™)*”;

e or a path from Bool to Bool in the state machine, in
other words a string of determiners matching the reg-
ular expression “(a|no any™)*”.

Furthermore, the BoolPos-to-Bool levels in the hierarchy
must all be higher than the Bool-to-Bool levels. Every as-
signment of quantifiers to levels that satisfies these condi-
tions gives a reading for the sentence, in which quantifiers
at higher levels scope wider, and, among quantifiers at the
same level, ones evaluated earlier scope wider.

Consider now the two alternative ways to characterize
scope ambiguity suggested in §5. The first approach is to
allow arbitrary evaluation order (and use a degenerate con-
trol hierarchy of one level only). If we take this route,
we can account for all of the acceptability and ambiguity



judgments in (52a—e), but we cannot distinguish the accept-
able sentence (52c) from the unacceptable (52f). In other
words, it would be a mystery how the acceptability of a sen-
tence hinges on the linear order in which the quantifiers no
and any appear. This mystery has been noted by Ladu-
saw (1979; §9.2) and Fry (1999; §8.2) as a defect in current
accounts of polarity sensitivity.

The second approach, using a control hierarchy with mul-
tiple levels, fares better by comparison.®> We can stick to
left-to-right evaluation, under which—as desired—an any
must be preceded by a no that scopes over it with no inter-
vening a or some. Indeed, the variations in ambiguity and
acceptability among sentences in (52) are completely cap-
tured. For intuition, we can imagine that the hearer of a
sentence must first process the trigger for a downward-en-
tailing context, like no, before it makes sense to process a
negative polarity item, like any.* Intuition aside, the pro-
gramming-language notion of evaluation order provides the
syntactic hacker of formal types with a new tool with which
to capture observed regularities in natural language.

7. LINGUISTIC SIDE EFFECTS

This paper outlines how quantification and polarity sen-
sitivity in natural language can be modeled using delimited
continuations. These two examples support my claim that
the formal theory and computational intuition we have for
continuations can help us construct, understand, and main-
tain linguistic theories. To be sure, this work is far from the
first time insights from programming languages are applied
to natural language:

e It has long been noted that the intensional logic in
which Montague grammar is couched can be under-
stood computationally (Hobbs and Rosenschein 1978;
Hung and Zucker 1991).

e Dynamic semantics (Groenendijk and Stokhof 1991),
which relates anaphora and discourse in natural lan-
guages to nondeterminism and mutable state in pro-
gramming languages (van Eijck 1998), has been ap-
plied to a variety of natural language phenomena, such
as verb-phrase ellipsis (van Eijck and Francez 1995;
Gardent 1991; Hardt 1999).

However, the link between natural language and continua-
tions has only recently been made explicit, and this paper’s
use of control operators for a direct-style analysis is novel.
The analyses presented here are part of a larger project,
that of relating computational side effects to linguistic side
effects. The term “computational side effect” here covers
all programming language features where either it is unclear
what a denotational semantics should look like, or the “ob-
vious” denotational semantics (such as making each arith-
metic expression denote a number) turns out to break refer-
ential transparency. A computational side effect of the first

3 Although this paper uses Danvy and Filinski’s control hi-
erarchy, polarity sensitivity can be expressed equally well in
Shan and Barker’s system.

4The syntactic distinction among the types Bool, BoolPos,
and BoolNeg may even be semantically interpretable via the
formulas-as-types correspondence, but the potential for such
a connection has only been briefly explored (Bernardi and
Nilsen 2001) and we do not examine it here. In this con-
nection, Krifka (1995) and others have proposed on prag-
matic grounds that determiners like any are negative polar-
ity items because they indicate extreme points on a scale.

kind is jumps to labels; one of the second kind is mutable
state. By analogy, I use the term “linguistic side effects”
to refer to aspects of natural language where either it is
unclear what a denotational semantics should look like, or
the “obvious” denotational semantics (such as making each
clause denote whether it is true) turns out to break ref-
erential transparency. Besides quantification and polarity
sensitivity, some examples are:

(64) a. Bob thinks Alice likes CS187. (Intensionality)
b. A man walks. He whistles. (Variable binding)
c. Which star did Alice see? (Interrogatives)
d. Alice only saw VENUS. (Focus)
e. The king of France whistles. (Presuppositions)

To study linguistic side effects, I propose to draw an anal-
ogy between them and computational side effects. Just
as computer scientists want to express all computational
side effects in a uniform and modular framework and study
how control interacts with mutable state (Felleisen and Hieb
1992), linguists want to investigate properties common to all
linguistic side effects and study how quantification interacts
with variable binding. Furthermore, just as computer scien-
tists want to relate operational notions like evaluation order
and parameter passing to denotational models like continu-
ations and monads, linguists want to relate the dynamics of
information in language processing to the static definition
of a language as a generative device. Whether this analogy
yields a linguistic theory that is empirically adequate is an
open scientific question that I find attractive to pursue.
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Parasitic Scope
Chris BarkerUCSD

The availability of an internal reading feame(likewisedifferen) can depend on the pres-
ence of a scope-taking element elsewhere in the clause.

(1) John read the same book.

(2) Everyone read the same book.

(1) has only a deictic reading, on which there must be some pragmatically salient book.
(2) has in addition a (sentenceyJERNAL reading on which the book each person read is
compared only to the book read by each of the other people.

Keenan (1992|_&P) proves that the internal reading cannot be expressed as the com-
positional interaction of any set of generalized quantifiers. A popular alternative strat-
egy (Stump 1982 ms.; Moltmann 199&P; van Eijck 2004 submitted) is to allow noun
phrases to form discontinuous (i.e., non-compositional) higher-order (“n-ary”) quantifiers.

However, it is not clear how to extend such accounts to cases in which the NP containing
sameis inside another NP:

(3) [Two men with the same name] walked into the room.

Although never noted in the literature (as far as | know), the bracketed noun phrase also
has an internal reading, on which a use of (3) will be true just in case any two men who
walked into the room have the same name as each other. The challenge for the approaches
just mentioned is that the dependent noun phtheesame names contained within the
noun phrase with which it would need to combine to form an n-ary quantifier.

| will propose a compositional analysis of NP-internal cases like (3), then show how
the proposal generalizes to handle examples such as (1) and (2).

Familiar quantifiers such a&veryondunction syn-
tactically as noun phrases, take scope over a clause,|and
return a clause as a result, and therefore have seman- ./
tic type ({e, t), t). Analogously, | propose thatame
functions syntactically as an adjective (i.e., a nomi ak(N/N)l\N)/N (N/l/\T)\N

NP

modifier), takes scope over a nominal, and returns a ' /\\
nominal: type((Adj, N), N), or in somewhat more de- 1N
tail, (({(e,t), (e, 1)), (e, t)), (e, ).

In fact, this is a fairly natural semantic type for a N N\N
adjective to have: just as a LIFT type-shifting operation an A
(Partee and Rooth, Steedman, Jacobson, etc.) charac- with NP
terizes the semantic relationship between a non-quan- Y

(¢]

tificational noun phrase such dshnand its quantifi-
cational equivalent (namely, the generalized quantifier NN N
AP.Pj), | show how LIFT also characterizes the rela- |
tionship between a non-quantificational adjective such 1 name
astall and the quantificational type proposed $ame Figure 1:two men with the same

name after QR’ingsame




(4) a.[samé = \F.AX.3A € choice : Ve € Cov(X) : F(A)(c)

b. [men with the same narfhe: AX.3AVc € Cov(X) : with(the(A(name)))(c)
Given (4a),men with the same namell denote the property that is true of a set of entities
X justin case there is some choice functid(an adjective meaning mapping each nominal
to a singleton set), and every member of the pragmatically-supplied Cox¢X ) has the
(unigue) name picked out b§(name). Distributing over the elements of a cover builds in
the distributivity that Carlson (1985&P) argues is essential 8ame but unlike Carlson’s
proposal, does not make direct reference to any set of events (which is a good thing, in
view of NP-internal uses like (3)!).

The same syntactic and semantic analysis easily accounts for (5) (and similarly for (2)):
(5) The same waiter served everyone. [Stump, Heim]

S
S (NP\|S)/S N
everyone
(NP\S)/S T <(N/N>|\N)/N (N/N)\N
| same
everyone A N/N N

|
1 S QA
/\ [ &
NP VP A

NP VP
N/NP N Vv NP
| /\ 4 N
the served 1 the A served 1
((N/N)l\N)/N 1\|T N/N N
| |
same waiter 2  waiter

We derive parasitic scope as follows. First step (the leftmost tree): quantifieevaigeone
Heim-and-Kratzer style (1998:186), i.e., with an unnamed nadieminating the QR index
(in this case, ‘1’). Note that the semantic typerofs (e, t), the same semantic type as a
nominal. Second step: allogameto take scope at (or even simpler, choose= N), in
which casesamehijacks the nuclear scope e¥eryone Becausesamedoesn't even have

a suitable place to take scope until ae@eryoneéhas undergone QR, the scopesaimeis
parasitic on that oéveryone Then using again (4a), the truth conditions require that (5)
will be true only if there is a choice functiaf such that everyone was served by the waiter
picked out byA(waiter).

I will also present the analysis in a non-derivational, direct compositional, variable-free,
continuation-based framework. That formulation allows a further simple generalization
that accounts (for the first time) for examples in which the trigger is not a plural or quan-
tificational NP, e.g., the internal readingdifhn read the same book quickly and slawly
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[Same and different] appear to be totally resistant to a
strictly compositional semantic analysis... Stump (1982:2)

ABSTRACT: Keenan (1992) proves there is no generalized quan-
tifier that expresses the meaning the same two books. And in-
deed, previous analyses of adjectives like same have been heav-
ily pragmatic (Dowty 1985, Beck 2000) or else deliberately non-
compositional, either building syntactically discontinuous higher-
order quantifiers (Keenan 1992, van Eijck 2003), or relying on side
calculations (Stump 1982, Moltmann 1992). Building on insights
of Carlson (1987), I propose the first strictly compositional seman-
tic account of same. New data, including especially NP-internal
uses such as two men with the same name, suggests that same is
a quantificational element taking scope over nominals. Given LIFT
as a basic type-shifting operator, I show that this proposal follows
naturally from the fact that same is an adjective. Independently-
motivated assumptions extend the analysis to standard examples
such as Anna and Bill read the same book via a mechanism I call
PARASITIC SCOPE, in which the scope of same depends on the scope
of some other scope-taking element in the sentence. Although I ini-
tially express the main analysis within a movement-based frame-
work with Quantifier Raising in the style of Heim and Kratzer
(1998), I go on to implement the analysis within a continuation-
based, variable-free, directly compositional combinatory-categorial
grammar, without Quantifier Movement or any use of Logical Form
distinct from surface structure. The empirical payoff for dealing in
continuations is that a simple generalization accounts for the first
time for cases in which same distributes over objects other than NP
denotations, as in the relevant interpretation of John hit and killed
the same man.

This is a rough draft of July 2, 2004 based on my SALT 14 talk at Northwestern University on
15 May 2004. Please check my web page (http://ling.ucsd.edu/~barker) for revised versions!
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1. A compositional semantic account of same

This paper seeks to understand the semantic behavior of same (with more limited
discussions of some related adjectives, notably different) in a variety of its most
typical uses, including (1):

(1) Anna and Bill read the same book.

There is a deictic reading of (1) that depends on identifying some contextually-
salient book (see section 1.1). But what will be the central topic of this paper is
a distinct interpretation on which a use of (1) will be true just in case there exists
some book x—any book z—such that Anna read z and Bill read x. Carlson (1987)
calls this second type of interpretation an INTERNAL reading, which he describes
(p- 532) as a case in which “the sentence, in some way or other, provides its own
context”.

Remarkably, as far as I know, there has never been a compositional semantic
analysis of the internal reading of sentences like (1).

This is not because same is in any way exotic or rare; quite the contrary, same
is deeply ingrained into the core of English, across all registers and dialects; fur-
thermore, similar remarks apply to analogous expressions in other languages.

Nor is there any paralyzing uncertainty about what the truth conditions are, at
least for relatively simple examples like (1). Setting aside the vagueness inherent
in deciding how similar two objects have to be in order to count as the same (see
section 1.2), the truth conditions of (1) are clear and robust. Indeed, the stark
difference in meaning between (1) and the same sentence with same removed (i.e.,
Anna and Bill read the book, or a book) is exactly the sort of meaning difference
that semanticists are usually most eager to analyze.

Perhaps one reason that a compositional semantic treatment has not been pro-
posed in almost a quarter-century of study is that standard semantic techniques
seem to lead to a dead end (witness the quotation from Stump (1982) above). In-
deed, as discussed below in section 2, Keenan (astonishingly!) proves that there
is no composition of generalized quantifiers that can possibly express the internal
meaning of (1).

Yet despair would be premature. Keenan’s result does not mean that same is
non-compositional; all it shows is that the meaning of same cannot be expressed in
terms of generalized quantifiers. But after all, same is an adjective, not a determiner
or an NP. I suggest below that the characteristic behavior of same falls out once
we recognize that it is a scope-taking adjective, and not an NP. In fact, I argue in
section 5 that the existence of such scope-taking adjectives arises quite naturally
in any system that recognizes LIFT as a legitimate type-shifting operation (in the
presence of a sufficiently general theory of scope-taking).

As emphasized by Carlson (1987), the conditions under which same takes scope
often depend on the presence of other scope-taking elements elsewhere in the sen-
tence.

(2) a. The same waiter served John.
b. The same waiter served everyone. [Stump, Heim]



The standard judgment (with which I agree) is that (2b) has an internal interpre-
tation that (2a) lacks, and the availability of the extra reading has to do with the
fact that everyone is quantificational. I will argue that the scope of same depends
on the scope of everyone in a certain way that I will call PARASITIC SCOPE, for
reasons that will become clear in section 6.

I should hasten to say that even though same has not received an analysis that
is both compositional and semantic, it has received insightful analyses that are
either compositional or semantic. Among the compositional analyses are Dowty
(1985) and also Beck’s (2000) analysis of different, both of which rely heavily on
pragmatically-controlled free variables. Relying on free variables simplifies the com-
binatorics, at the cost of denying that there is any formal link between, for instance,
the denotation of Anna and Bill in (1) and the properties that pick out the book
in question on the internal reading.

Of course, whether an analysis ought to be semantic (i.e., combinatoric) or else
pragmatic (in this case, relying on free variables) is legitimately debatable. I provide
arguments below in section 3 that pragmatic approaches have empirical shortcom-
ings compared to the semantic approach developed below.

There are also explicit formal analyses that are semantic (combinatoric) but not
compositional, including Stump’s (1982) pioneering treatment, Moltmann (1992),
and van Eijck (2003). These analyses either allow for side calculations carried out
in parallel with normal composition (Stump, Moltmann), or else combine discon-
tinuous NPs into higher-order (“n-ary”) quantifiers, i.e., treat Anna and Bill ... the
same book as a semantic unit, as in van Eijck, building on suggestions in Keenan
(1992). As each of these authors point out, the reason these analyses fail to be com-
positional is that they require combining elements semantically in an order that is
incompatible with gross syntactic constituency.

Now, whether a particular phenomenon ought to be treated compositionally is
also open to debate, though the decision may ultimately depend on methodological
preference. But it is one thing to resort to a non-compositional analysis when it is
the only type of analysis available, and quite another to do so when a compositional
analysis exists. So one important goal of this paper is to show that a strictly
compositional semantic analysis is not only possible, but fairly elegant.

Finally, I should also note that there are insightful discussions of same and
different that assume that a compositional semantic analysis is possible, but do not
provide complete details, notably Carlson (1987; see especially remarks on pages
531, 541, 545). In some sense, then, the analysis below justifies Carlson’s optimism
that a compositional semantic account exists. As may already be clear, I have
relied heavily on Carlson’s insights at every stage in the research reported here,
especially concerning the relationship between distributivity and adjectives like
same. However, the analysis below departs from some of Carlson’s main hypotheses
in other ways; in particular, the NP-internal uses of same discussed below (e.g., two
men with the same name) show that same does not require any direct reference to
events, one of Carlson’s main conclusions.

Although I initially develop the analysis below in terms of quantifier raising at
LF in the style of Heim and Kratzer (1998), in part for the sake of expository famil-
iarity, the analysis does not depend in any essential way on movement, quantifier
raising, or LF. I demonstrate this by translating the analysis into a continuation-
based, variable-free, directly compositional combinatory categorial grammar. The



empirical payoff for switching to a continuation-based treatment is the first-ever
formal account of examples in which same distributes over non-NP denotations, as
in the relevant reading of John hit and killed the same man.

I believe that it is no accident that the first compositional semantic account of
same falls out from a continuation-based approach. Continuations are a technique
originally developed for studying the semantics of programming languages. I will
not devote much space below to motivating or characterizing continuations (see
Barker (2002), de Groote (2001), Shan and Barker (2003), Barker and Shan (2004),
and references there), concentrating instead on explaining the behavior of same.
Nevertheless, one of my main motivations for studying same is to provide support
for the claim that continuations provide new and valuable insights into the nature
of scope-taking.

I conclude that despite Stump’s pessimism and Keenan’s discouraging result,
same does in fact have a perfectly reasonable strictly compositional semantic treat-
ment, and that the discovery of such an analysis supports the claim that continua-
tions are ideally suited for reasoning about scope-taking.

1.1. First preliminary: deictic same. Same always has a deictic use that depends
on identifying some salient object present in the discourse context. For instance, if
Ivan holds up a copy of Jane Austen’s Emma, Jorge might utter (8):

(3) Hey, I just read the same book!

In the described situation, it is appropriate to assume that same conveys the prop-
erty that an object has if it is held by Ivan. And in fact, this kind of context-
dependent reading is the only interpretation same has in (3).

But if there is a plural NP in the sentence, another interpretation emerges:

(4) a. Anna and Bill read the same book. (same as (1))
b. Anna and Bill read the held-by-Ivan book. Deictic
¢. Anna and Bill read the read-by-Anna-and-Bill book. Internal

In the same situation described for (3), (4a) can certainly have a deictic use as
paraphrased in (4b) that asserts that Anna and Bill read the book that Ivan is
holding. But (as discussed above) there is another, “internal”, interpretation, as
paraphrased in (4c) on which (4a) is true whenever there is some book that Anna
and Bill each read.

Like most authors (though by no means all, e.g., Dowty (1985)), I will assume
that the internal reading is a systematic interpretation distinct from the deictic
uses, and that it requires a formal grammatical account. I will argue explicitly
against attempting to unify the internal and deictic uses in section 3.

Carlson notes that one of the key differences between the deictic use and the
internal use is that an internal use is only possible if the trigger NP is interpreted
distributively. That is, the interpretation in (4b) is consistent with Anna and Bill
reading the book collaboratively, but the internal reading in (4c) entails that Anna
and Bill each read the book independently. As Carlson also noted, although there
must always be some element for internal same to distribute over, it need not be
an NP meaning. Such uses with non-NP triggers are discussed in section 4 and
analyzed in section 7.



1.2. Second preliminary: Types versus tokens. One fascinating aspect of the seman-
tics of same (and similar expressions such as different, opposite, etc.) is variation
in just how similar two objects have to be in order to count as the same (or how
different, etc.).

(5) I drive a Ford Falcon and Enzo drives the same car.

For instance, as Nunberg (1984) notes, (5) can be true even though the speaker and
Enzo drive different objects, as long as both cars have the same make and model.
In other words, the cars need only be type-identical, not token-identical. Lasersohn
(2000), discussing Nunberg’s account, persuasively argues that the difference be-
tween type identity and token identity is a different in degree, not in kind. In any
case, I will assume that this phenomenon is orthogonal to the compositional issues
discussed here, and will play no further part in this paper.

2. Beyond the Frege boundary

Keenan (1992) proves there is no set of generalized quantifiers that can be composed
to adequately render the contribution to truth conditions of (6a).

(6) Anna and Bill read the same two books.

To see the form of the proof, it is necessary to view the sequence of NPs Anna
and Bill ... the same two books as a discontinuous predicate over relations. For
instance, in (6a), this sequence combines with the transitive verb read to form a
complete sentence. In Keenan’s terminology, a sequence is REDUCIBLE if it can be
decomposed into separate generalized quantifiers that accurately reflect the truth
conditions of the orginal complex expression. So the main question here is whether
the sequence Anna and Bill ... the same two books is reducible. If not, then
according to Keenan, that sequences lies “beyond the Frege boundary”.

Keenan answers this question by proving Reducibility Equivalence: if two se-
quences are reducible, and if they yield the same truth value whenever the transi-
tive verb meaning happens to be a cross product, then the two sequences must be
completely equivalent, i.e., give the same result for every transitive verb meaning.

(7)a. Anna and Bill read the same two books.
b. (Both) Anna and Bill read exactly two books.

In order to prove that NPs containing same are not reducible, Keenan’s strategy
is as follows: we first establish that the sequences Anna and Bill ... the same two
books and Both Anna and Bill ... exactly two books yield the same truth value
for any cross-product relation, and then we observe that they give different truth
values on at least one other (non-cross-product) relation.

The first step is to establish that the two sequences give the same result for any
cross-product relation. If read denotes a cross product, then every reader in the
domain reads every book. In any situation in which there are more than two books,
both (6a) and (6b) will be false. This is because when read denotes a cross product,
Anna and Bill will each have read every book in the domain, and if there are more



than two books, that will falsify both sentences. Similarly, in any situation in which
there are fewer than two books, both sentences will be false. Therefore, assume that
there are exactly two relevant books. Because read is a cross product, Anna and
Bill (or however many people end up in subject position) each read both books;
this is sufficient to satisfy the truth conditions of both sentences. Thus (6a) and
(6b) are defined (felicitous) over the same set of models, and they yield the same
truth value for any relation that is a cross product.

By Reducibility Equivalence, if the sequence Anna and Bill ... the same two
books is reducible, then (6a) and (6b) must be synonymous. The next step, then,
is to show that there is at least one possible (non cross-product) relation for which
the two sentences are not synonymous. Therefore imagine that Anna reads exactly
two books, and that Bill also reads exactly two books, but the books Anna reads
are different than the books that Bill reads. Then (6a) is false (they didn’t read
the same books), but (6b) is true (they read exactly two books each). Assuming
that the NPs Anna and Bill, both Anna and Bill, and ezactly two books can be ren-
dered by garden variety generalized quantifiers along the lines proposed in Barwise
and Cooper (1981), we can deduce that the same two books cannot be adequately
translated by any generalized quantifier, and furthermore that the culprit must be
the presence of same.

A proof of Reducibility Equivalence and additional details concerning this specific
example can be found both in Keenan (1992) and also in Dekker (2003); see also
van Eijck (2004) for additional results concerning reducibility.

How could there be any compositional analysis given Keenan’s result? One
possible answer is that we could recognize the existence of discontinuous (i.e., non-
compositional) quantifiers such as Anna and Bill ... the same two books. This is
in effect the proposal of Stump (1982). As the analysis of a sentence proceeds,
Stump places each NP onto a Cooper store. Certain types of NP, including NPs
containing same, are able to interact with other NPs while in the store, in effect
forming a discontinuous constituent. Later, the sequence of NPs can be cashed out
and applied to a transitive verb meaning. Van Eijck (2003), building on suggestions
of Keenan (1992) proposes a similar strategy.

Discontinuous quantifier strategies are perfectly coherent and precise, and they
are weakly compositional in the sense that the meaning of the whole depends on
the meanings of the parts. But they are certainly not directly compositional in
the sense of, e.g., Jacobson (1999). Direct compositionality is a particularly strict
form of compositionality on which each syntactic constituent has a denotation that
depends only on the meanings of its immediate subconstituents. So unless it is
possible to justify Anna and Bill ... the same two books as a syntactic constituent
(which seems unlikely), we must conclude that the analyses of Stump and van Eijck
fail to be compositional.

A second possible answer, and the one pursued here, is that Keenan’s result
only bears on the possibility of reducing NP meanings to (what he calls type <1>)
generalized quantifiers. If we allow NPs to denote objects other than generalized
quantifiers, Keenan’s result does not apply. I will argue below that although same
does take scope, it is not a generalized quantifier. But this should not be surprising:
after all, same is an adjective, not an NP! Put another way, Keenan’s result is only
a show-stopper if we assume that the only kind of scope-taking expression is an
NP.



3. The internal reading is not a special case of the deictic reading

Given that a deictic reading is always available for same, one obvious and important
question is whether the internal reading could be adequately treated as a special
case of a deictic reading. After all, pronouns standardly receive exactly this kind
of analysis:

(8) a. Mary saw him;.
b. Everyone; thinks she; ; is intelligent.

On the traditional analysis, pronouns translate as variables. (8a) has only a deictic
reading on which the pronoun translates as a variable that receives its value from
context. (8b) has both a deictic and a quantificationally-bound reading (potentially
analogous to an internal reading for same), depending on whether the pronoun
translates as some independent variable (i.e., ‘j’), or translates as the same variable
bound by the quantifier introduced by everyone (i.e., ‘¢’). There is no difference in
the analysis of the pronoun; the bound reading arises when the variable that serves
as the translation of the pronoun happens to coincide with the index of some other
element in the same sentence.

Perhaps, then, same introduces some variable, and the internal reading arises
when that hypothetical variable is bound by some other element in the sentence.

(9) Two women in this room have the same name.

On the deictic reading, the speaker may have a specific name in mind, as when (9)
is used in the following monologue: “My friend Heddy’s name is highly unusual;
nevertheless, two women in this room have the same name.” In such a context, (9)
will be true only if there are two women in the room whose name is Heddy.

On the internal reading, in contrast, (9) will be true just in case there is any
name such that two women in the room have that name. To emphasize the quan-
tificational nature of these truth conditions, note that a speaker might assert (9) on
the basis of a mistaken belief that there are two women in the room named Heddy.
But if, unbeknownst to the speaker, there are two women named Mary in the room,
the sentence is nevertheless true, albeit accidentally.

In view of these observations, it seems inescapable that on the internal reading,
some element in the sentence must in effect introduce an existential quantifier over
names. Nor can we pin the existential force on the cardinal two:

(10) Everyone read the same book.

In addition to the deictic reading (on which we have a specific book in mind, say,
Emma), (10) has an internal reading on which it is true if there is any book such
that everyone read that book.

Dowty (1985) proposes an analysis of same that explicitly attempts to reduce
the internal reading to a special case of the deictic reading. On Dowty’s proposal,
in addition to introducing existential quantification, the denotation of same also
introduces two contextually-determined variables, C' and R.

(11) [same] = AN.Xa3f : {z} = f(N) AVe < C : Rxe [Dowty]



Here, C'is a contextually-specified set of individuals that Dowty calls a comparison
class. In the case of (10), C will be assigned by the context to the set of individuals
quantified over by everyone. The relation R is a contextually-specified relation over
individuals, the relation that holds between each member of the comparison class
and the object x that the predicate same book picks out. In (10), R will be [read],
so (10) will assert that there is some book z such that everyone read z.!

Beck (2000) proposes an analysis for different that also crucially relies on a
contextually-supplied comparison set (though it is not clear whether her analysis
generalizes to same). Analogously to Beck’s discussion of different, there is a parallel
between the uses of same here with uses that have an overt as phrases (e.g., the same
book as everyone else read), which arguably motivates reference to a comparison
class and a comparison relation.

Bearing in mind that one of Dowty’s goals is to unify the deictic and the in-
ternal readings, certainly there will always be a choices for C' and R that result
in appropriate truth conditions for the deictic reading. Dowty provides an exam-
ple involving different motivating the claim that the values of R and C can be
determined from outside the sentence (i.e., deictically):

(12) The teachers discussed Tazi Driver, but the students saw a different movie.

If we choose C' = the teachers and R = discussed, we get appropriate truth condi-
tions for (12): each student saw a movie that is different from a discussed movie.

However, it is not clear that there is ever a situation in which a deictic use is
able to exploit the full truth-conditional power provided by access to a comparison
set.

(13) The men discussed a house. John read the same book.

If we could choose C' as the set of men and R as the relation discussed, (13) would
assert that there exists a book such that each of the men discussed that book, and
that is the book that John read. But there is no such reading; nor is there even a
reading on which John read the same book that each of the men read (i.e., choosing
C = the men and R = read).

Now, the absence of logically possible readings can perhaps be explained on
pragmatic grounds (though it is not obvious to me what such an explanation would
look like in this case). But there seems to be a systematic pattern at work: whenever
one of C' or R takes its value from the same clause as same, the other does too.

(14) Anna and Bill read the same book.

If the comparison class C' is the set consisting of Anna and Bill, then the relation
R must be read.

Even more suspiciously, there seems to also be a systematic relation between the
values of R and C for the internal case: on any internal reading, R always turns

11 have taken some liberties in my presentation of Dowty’s proposal in an order to facilitate
comparison with my own proposal below. Most notably, the existential quantifier in (11) quantifies
over adjective meanings, though Dowty’s version quantifies over individuals (leading to equivalent
truth conditions). In any case, I have (I hope) faithfully preserved the the roles of C' and R.



out to be the remainder of the clause after the NP giving rise to the comparison
class C has been subtracted.

(15) Anna and Bill must have read the same book.

For instance, there is a reading of (15) on which C is the set consisting of Anna
and Bill and R is the remainder relation must-have-read; but there is no reading
on which C is Anna and Bill but R is just read (in which case (15) would express
a tautology).

What I'm suggesting, then, is that there is a systematic correlation between the
choice of C' and the choice of R that goes unexplained on the pragmatic account.
As Carlson (1987:532) puts it, on the internal reading, “the comparison is somehow
made available by virtue of the meaning of the sentence itself”. We shall see that
on the semantic account below, at least for the internal reading, the relation that
serves the role of R systematically corresponds to what is left over after subtracting
the NP corresponding to the comparison set.

There are also some empirical difficulties for the unified analysis, at least in the
version of the analysis given in (11).2

(16) a. The men or the women read the same book.
b. Ann read and Bill reviewed the same book.

In (16a), the truth conditions are clear: either the men read the same book, or else
the women read the same book. Yet there is no choice for C that gives the correct
truth conditions.

Similarly, for the right node raising example in (16b), there is no suitable choice
for R. In particular, we can’t chose the complex relation of reading-or-reviewing,
since there would be no way of guaranteeing that what Ann did to the book was
read it, or that what Bill did to the book was review it.3

In any case, I will take the discussion in this section as motivating at least
considering a semantic (combinatoric) treatment.

4. Distributivity, events, and NP-internal same

Carlson (1987) makes a strong case that the availability of an internal reading
depends on distributing over events:

(17) John read the same book.

In (17), there is just a single reading event, and only a deictic reading is possible.

2Dowty’s paper, though highly insightful, remains unpublished in draft form; a more developed
analysis might very well have anticipated examples like those discussed here.

3Needless to say, these examples only come out in favor of a compositional semantic account
if I can show how they would be dealt with in a precise and explicit way. I have not included
derivations of these examples in this version of this paper, but would be happy to furnish details
upon request (my email address is barker@ucsd.edu). The treatment of disjunction follows the
proposal in Barker (2002, section 4), and a variant of the Geach rule discussed below in section
7.6 handles Right Node Raising.
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(18)a. John and Bill read the same book. Conj. NPs
b. The men read the same book. Plural NP
c. John hit and killed the same man. Conj. Vs

d. John read the same book yesterday and today. Conj. Adv.
e. John read the same book quickly and slowly. Conj. Adv.

In (18), in contrast, internal readings are also available—but only when the sen-
tence describes multiple events. In (18a), for instance, if John and Bill read the
book collaboratively, the internal reading disappears. Similarly for (18b), the men
in question must each participate in a separate reading event. In (18c), in order
for an internal reading to be available, the hitting and the killing must be sepa-
rate events (i.e., the blow was not in and of itself fatal.) In (18d), if John read
slowly and continuously for 48 hours, the internal reading disappears; and finally,
in (18e), quickly and slowly cannot describe the manner in which John read dif-
ferent chapters—rather, they must describe the manner in which John performed
separate readings of the book.

One of the most interesting aspects of same is the variety of triggers for the
internal reading: in (18), we have coordinated NPs, other types of plural NP,
coordinated verbs, coordinated adjuncts, and coordinated adverbs. Singular quan-
tificational NPs are also capable of triggering an internal reading:

(19)a. Everyone read the same book.
b. No one read the same book.
c. John read the same book every quarter.
d. John read the same book twice.

As (19d) shows, even a quantificational adverb can trigger an internal reading,.

It appears to be a sufficient condition for the availability of an internal reading
that some element in the sentence—any element—entails the existence of multiple
events.

Yet event multiplication (as Tovena and Van Peteghem (in press) call it) is not
a necessary condition for the internal reading.

(20) [Two men with the same name] are sitting in this room.

Although never before noted in the literature (as far as I know), NP-internal uses
of same such that in (20) also clearly can have an internal reading. On the deictic
interpretation, (20) makes a claim about the prevalence of some specific name; on
the internal reading, (20) will be true if there is any name such that two men sitting
in the room share that name, whether the speaker is aware of what that name might
be or not.

If we want to claim that the internal reading requires multiple events, then we
must decide that having a name must qualify as an event. I will assume instead that
what the internal reading requires is multiple situations. Distinct events certainly
count as distinct situations, but configurations of objects described by non-verbal
relations can also serve as distinct situations.
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5. Why nominal scope is natural for same

The general strategy I will take in the remainder of the paper is to begin by ana-
lyzing the NP-internal use of same. This will give us a basic syntactic and semantic
analysis. Then I will extend the analysis to more familiar examples. In each case,
the adjustments are fairly minor. NP-internal same, then, tells us almost everything
we need to know about same.

In this section, I show that—given LIFT as a basic type-shifting operation—we
can predict the possibility of adjectives behaving the way that same behaves. In
other words, I claim that it is natural for adjectives to take scope. Furthermore, I
claim that when they do, it is natural for them to take scope over nominals.

5.1. NP-internal same is essentially quantificational. The truth conditions for
the internal reading entail that the meaning of same must be essentially quantifi-
cational, since (20) will be true if there is any suitable name. (This is the same
conclusion we came to in section 3 with respect to other uses of same.) A paraphrase
of the internal reading of (20), then, might be

(21) I fcnoice- two men with the f name are sitting in this room.

This paraphrase quantifies over adjective meanings (type ({e,t), (e, t)). But not
just any adjective meaning will do; same insists on a value that is, in effect, a
choice function, in the following sense: given any set of entities X, it will return
a singleton set chosen from X. Thus (20) will be true only if there is some choice
function f that picks out (a singleton set containing) a specific name (for instance,
f(name) might be {Ed}) such that two men sitting in the room have that name.

Given that there is existential quantification involved, we must try to determine
where that existential quantifier can take scope.

(22) [ John met two [ men with the same name])

T T

not here here

For the example in (22), either of the scope possibilities indicated will do. But if
two is replaced with a determiner that is downward monotonic on its first argument,
then allowing the existential to take wide scope gives inappropriately weak truth
conditions:

(23) a. John met fewer than three men with the same name.
b. 3f. John met fewer than three men with the f name.

The paraphrase in (23b) will be true if there is any name such that John has met
fewer than three men with that name. But those truth conditions are too weak for
any reading of (23a): in particular, the internal reading of (23a) should never be
true merely because John has met only two people named Orville during his life.

Therefore I will assume that the existential quantifier introduced by same can
take scope at the level of the nominal. There are other logical possibilities for
the scoping of the existential introduced by same besides the nominal position, of
course, but we shall see immediately below that other considerations converge on
the nominal as the natural place for the existential to take scope.
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5.2. Anatomy of a quantifier. Moortgat (e.g., 1997) generalizes over scope-taking
expressions by providing a category constructor ¢ (‘¢’ for guantificational) that
builds a scope-taking category by combining three elements: a local syntactic Per-
sonality, a scope Target, and a final Result category. The category of everyone, for
instance, is ¢(NP,S,S): locally, everyone behaves as an NP, takes scope over a clause
of category S, and produces as a result another clause.

The semantic type of a scope-taking expression ¢(P,T,R) is ((P',T"), R'), where
P, T’ and R’ are the types of categories P, T, and R, respectively. Assuming that
the natural basic semantic type of a non-quantificational NP such as John is e (the
type of an individual), and that the (extensional) type of a clause is t (the type
of a truth-value), then everyone will have semantic type ((e,t), t)—maturally, the
type of a generalized quantifier.

For most scope-taking expressions, the target category and the result category
are the same (schematically, ¢(P,X,X)), though not always. For instance, in-situ
wh-phrases might reasonably be analyzed as having category ¢(NP,S,Q): something
that functions locally as an NP, takes scope over a clause, and turns that clause
into a question.

I have suggested above that same is a scope-taking element that functions locally
as an adjective and takes scope over a nominal. Assuming that the result category
is the same as the scope target, we can anticipate that the category that we will
arrive at below for same will be ¢(Adj, N, N).

5.3. An indispensable type-shifting operator: LIFT. Most grammatical systems that
allow any type-shifting at all provide a shifting operation identical to or closely re-
lated to an operator that I will call LIFT, including Partee and Rooth (1983), Partee
(1987), Hendriks (1993), Jacobson (1999), Steedman (2000), and many others.

I will take for basic category labels NP, S, and N (where N is the category of
nominals such as men). In order for syntactic categories to record the effect of
type-shifting, in addition to the basic categories, we will need structured syntactic
categories. Therefore we will also have categories of the form A\B and B/A, where
A and B are categories. Then the categories of verbs and verb phrases can be built
up from the basic categories as follows:

(24)

NP NP\S

Jo%n
(NP\S)/NP NP
| \

saw Mary

As in Lambek (1958), slashes lean in the direction of the expected argument: saw
expects an NP on its right to form a verb phrase of category NP\S, which in turn
expects an NP to its left to form an S. Categories of the form B/A and A\B have
semantic type (A’, B’).

LIFT says that any expression in category A will also be in category B/(A\B).
LIFT is so basic and natural that in Lambek’s (1958) grammar, and therefore all
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type-logical grammars based on Lambek’s work, LIFT doesn’t even need to be stip-
ulated, since it is a theorem of the logical system:

(25) LIFT as a theorem in the Lambek calculus: A - B/(A\B):

1

\E
/1,1

A A\B
_B
B/(A\B)

In particular, if the proper name John is in the category NP, then John is auto-
matically also in the category S/(NP\S) by virtue of LIFT.

Note that the derived category S/(NP\S) has semantic type ((e,t),t), the se-
mantic type of a generalized quantifier. In other words, the LIFT operation char-
acterizes, among other things, the relationship between individual-denoting NPs
like John and their generalized-quantifier counterparts. Furthermore, the Curry-
Howard labelling of the proof in (25) tells us that the denotation of the generalized
quantifier version of John will be AP.P j, where j is the individual denoted by John,
which is exactly the right meaning for the generalized quantifier version of John to
have.

What this suggests is that we can approximate Moortgat’s g operator using
slashed categories: an expression with category ¢(P,T,R), then, corresponds to
the slashed category R/(P\T).*

In this instance, then, LIFT turns an expression with no scope-taking ability into
a quantificational expression. Analogously, I will show how judicious application of
LIFT will turn a normal (non scope-taking) adjective into a scope-taking adjective
suitable to serve as the category of same.

One way of putting it is that the LIFT operation makes John aware of its sur-
roundings. We can gloss the category of a verb phrase NP\S as saying “I need an
NP to my left in order to be a complete S”. Then the gloss on the category of the
LIFTed, version of John, S/(NP\S), is “I need something that needs me.”

Although LIFT enables every NP to take on the semantic type of a generalized
quantifier, only some NPs have meanings that take advantage of the additional
expressive range available to the generalized quantifier type. For instance, every-
one has a meaning that is essentially quantificational, and therefore can only be
expressed by a generalized quantifier. This means that everyone’s most basic cate-
gory is S/(NP\S), i.e., a category that looks like a lifted non-quantificational NP.

4In section 7, it will be necessary to distinguish between normal slashes, such as the slash in
NP\S that governs the linear order of arguments, versus quantificational slashes. In the more
detailed system in section 7, ¢(P, T, R) will be rendered as R//(P\T), where \\ and // constitute a
mode of combination that is parallel to but distinct from / and \. But it will significantly simplify
discussion here to collapse the both modes onto / and \.
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(26)

S/(NP\S) NP\S S/(NP\S) NP\S
| | | |
NP left everyone left

John

In general, then, scope-taking expressions live at the level of a LIFTed non-scope-
taking expression.

As mentioned above, our goal is to arrive at a category for same of N/(Adj\N):
locally, an adjective, taking scope at a nominal, and producing a nominal as a
result. We’ll get there the same way we arrived at a generalized quantifier from a
non-quantificational NP, i.e., by LIFTing; except that in this case, we’ll need to lift
twice.

First, we can implement the category Adj as an expression that expects a nominal
N to its right to form a complex nominal:

(27) a. b.
N N

N/N N N/N (N/N)\N
| | | |
red book red N

|
book

In our anthropomorphic interpretation, the adjective red is the kind of expression
that needs an N, and the basic nominal book in (27a) satisfies that need. After we
lift book, as in (27b), the adjective is still seeking an N, but the nominal has had
its consciousness raised, so that now it is seeking something that seeks a nominal:
“I need something that needs me.”

(28)
N

N/ ((N/I NAN) - (N/ l\lT)\N
N/N N
reld b0|ok

Now we can lift the adjective, so that it says “I need something that needs me to
need it”.

At this point, we have the category we are seeking, which is ¢(N/N, N, N) =
N/((N/N)\N): locally, an adjective, taking scope over a nominal.

Two observations: although we have arrived at this point in steps via two ap-
plications of LIFT, the relationship between the basic Adjective category N\N and
the scope-taking category N/((N/N)\N) is characterized by a single application of
LIFT. Second, the Curry-Howard labelling of the LIFTing operation provides a de-
notation for the lifted adjective that parallels the generalized quantifier denotation
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of a proper name: AP.Pred, where red is the basic (i.e., category N/N) meaning
of red.

Just as a quantificational NP such as everyone has the category of a LIFTed
non-quantificational NP such as John, a scope-taking adjective such as same has
the category of a LiFTed normal adjective like red.

5.4. From type clash to Quantifier Raising, Heim and Kratzer style. Now that we
have a quantificational category, we need to provide a mechanism that will allow it
to take scope. I will develop my initial discussion of scope in the style of Heim and
Kratzer’s (1998) textbook for several reasons, not least of all because it is simple,
well motivated, and familiar to most readers.

In addition, Heim and Kratzer’s specific implementation of quantifier raising has
one unusual detail that will turn out to be convenient for our purposes. Eventually,
however, I will replace quantifier raising in section 7 with a continuation-based
combinatory categorial grammar for reasons discussed in detail there.

Heim and Kratzer motivate quantifier raising as a strategy to repair type clash.
As we saw in (26), a quantificational or lifted NP can occur in subject position
without any problem, since a verb phrase is exactly the right sort of object to
satisfy the needs of the lifted NP. But when generalized quantifier NPs occur in
non-subject positions, type clash can occur.

(29)

NP NP\S
I

John
(NP\S)/NP S/(NP\S)
| |
saw everyone
That is, saw expects a simple NP to its right, but finds instead a generalized
quantifier. Since plain LIFT will not help here, we need some other way. Quantifier
Raising is the standard technique to resolve this type clash. The basic idea is to
raise the generalized quantifier to adjoin to its scope target, replacing the raised
quantifier with a variable over simple NP denotations (as Heim and Kratzer have
it, in this case the variable will be the numeral 1).



(30)

S/(N|P\S) S

everyone
NP NP\S

|
John

(NP\S)/NP NP
|
Saw

This resolves the type clash at the level of the transitive verb, since now the verb
finds just the type of argument it was hoping for (i.e., NP).

Unfortunately, quantifier raising resolves type clash lower down only to recreate
it higher up. At the adjunction site, the generalized quantifier expects an argument
of category NP\S, but finds instead an expression of category S. Interestingly, Heim
and Kratzer propose a slightly different version of Quantifier Raising that introduces
an intermediate node in between the scope target and the result category:®

(31)

S/(NP|\S) NP\S
\
S

~

everyone /
1

>

NP VP

V NP

|
saw 1

Following Heim and Kratzer, we can articulate the raising operation into the fol-
lowing steps:

(32) (i) Replace the scope-taking expression with a variable.
(ii) Adjoin the scope-taking expression to its scope target.
(iii) Adjoin a second occurrence of the variable inserted in step (i) to the scope target.

Even these steps do not alleviate all type clashes, since step (iii) creates a subtree
with an index (interpreted as a variable) of type e as sister to an S node of type t:
neither one has a type appropriate to serve as a function on the other. Therefore,
as Heim and Kratzer explain, the node inserted in step (iii) receives a special inter-
pretation: this constituent translates as a lambda abstract with the index serving

5T will sometimes use VP as an abbreviation of NP\S, and V as an abbreviation for (NP\S)/NP
to keep the trees a little bit simpler.
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as the distinguished variable. (To visualize the interpretation of the constituent in
question, just draw a A to the left of the uppermost occurrence of the variable.)

In any case, what is most important for present purposes is that the interpre-
tation of the node inserted in step (iii) will have just the right semantic type to
serve as an argument of the scope-taking expression. The importance of this extra
node is that it will play a crucial role in the discussion of parasitic scope in section
6. Heim and Kratzer do not provide their intermediate node with a category label,
so we are free to asign it to category NP\S, since that is the category that the
generalized quantifier to its left is looking for.

In general, the raising algorithm will produce analogous results for any scope-
taking category ¢(P,T,R): after inserting a variable, raising, and abstracting, the
node inserted in step (iii) will have semantic type (P’,T"), which is just the right
sort of object to serve as the argument to the denotation of the scope-taking element
(whose semantic type, recall, is ((P',T"), R')).

In particular, since our LIFTed adjective has category ¢(Adj, N, N) = N/(Adj\N),
it functions locally as an adjective, takes scope over a nominal, and returns a
nominal as a result:

(33)
NP
NP N/ ((N/| NOAN) - (N/N)\N
I\ e 1AN
thA\T theAN
N/ ((N/N<1h7I N /lNAl\ll
same name 1 name

On the left, before Quantifier Raising, there is type clash at the level of the adjective.
On the right, after Quantifier Raising, the adjective has found its scope.

Thus giving same a LIFTed category automatically predicts that it can take scope
over a nominal.

5.5. Denotation for same. If we LIFTed and raised a typical intersective adjective
such as long, the semantics of lifting in combination with the semantics of raising
cancel out, in the same way that quantifier raising a LIFTed proper name makes no
detectable semantic difference. It is only when the meaning of the NP in question
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is essentially quantificational (e.g., everyone) that quantifier raising makes a de-
tectable difference. Just so, raising an adjective only makes a detectable difference
if the adjective’s meaning is essentially quantificational.

I am proposing, of course, that same is just such an adjective:

(34) a. type(same) = type(q(Adj,N,N)) = ((Adj’, N'), N")
b. [same] = AF(adj Ny AXe. T fenoiceVr < X : F fx

Here F is a variable over objects of type (Adj,N), the type of a function from
adjective meanings to nominal meanings, i.e., semantic type (((e,t), (e, t)), (e, t}).
In addition, f is a variable over choice functions of type ({e,t), (e, t)). Usually,
choice functions are given type ((e,t),e), but as explained above in section 5.1,
we need a function that will deliver a result that is suitable to combine with a
determiner; therefore a choice function here will be a nominal modifier that takes
(the characteristic function of) a set of individuals and returns a singleton set whose
unique member is chosen from the original set. For instance, if name denotes a
property that is true of the names Anna, Bill, and Cam, then f([name]) might be
the property that it true only of the name Bill. Finally, I will use capital X as a
variable over non-atomic entities. For example, if X = [Anna and Bill] =a® b in
the usual way, then a < X and b < X, where < is the proper-part relation over
the count domain.
Inserting the denotation in (34b) into the analysis in (31), we have:

(35)a. [two men with the same name] =

b. two(AX.3fVz < X : [with(the(f(name))) (men)] (z))

Then a sentence such as Two men with the same name left can be paraphrased as
follows: There is an object X with cardinality 2 such that there is a choice function
f such that each proper subpart of X has f(name), and X left.

This analysis builds the distributivity that Carlson (1987) argues characterizes
the internal use of same directly into its lexical meaning. Unlike Carlson, however,
there is no direct reference to events or sets of events. This is a good thing, of
course, in view of NP-internal examples such as (35)!

5.6. Why same is obliged to take non-trivial scope. The analysis here says that
same needs to take scope at some dominating nominal. But I have assumed that
an adjective is a nominal modifier, i.e., has category N/N. That means that in an NP
such as two men with the same name, there are two nodes labelled N that dominate
same: men with the same name, and same name, the nominal complement of the,
as illustrated in (33).

But if the N node corresponding to same name were a legitimate scope target
for same, we would expect *two same men left to be grammatical with an internal
reading.

What, then, prevents same from adjoining to its mother? The answer I will offer
is that nothing prevents this from the point of view of scope-taking; but because of
details of the denotation of same, the meaning that results is guaranteed to be true
of no object, and hence will be useless. More specifically, the property denoted by
same men would be true of a non-atomic entity X just in case there is some choice
function f and every proper subpart of X is f(men). For the sake of discussion,
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choose X = [Bill and Cam] = b & c. No matter what choice function we select as
the value of f, we have {b} = f(men) and {c} = f(men). But since f is a choice
function, it follows that b = ¢, contrary to the entailment that X is non-atomic,
i.e., has distinct atomic parts. By analogous reasoning, there is no suitable choice
for X, and the property is semantically guaranteed to denote the empty property
in all situations.

In fact, there are other quantificational adjectives that are perfectly happy taking
trivial scope.

(36) a. two men with different names
b. two different men

For instance, in addition to the quantificational internal reading of (36a), in which
different takes scope over the nominal men with _ names, in (36b), different takes
trivial scope over only men. (I suspect that this is what Carlson (1987) calls the
‘various’ reading of different.)

It might seem that two different men means the same thing as two men, and we’ve
swung from a contradictory description with same to a semantically redundant
modification with different; but as noted in Barker (1998), there are situations in
which trivial-scope different has a non-trivial semantic effect:

(37) a. 4000 ships passed through the lock last year. [Krifkal
b. 4000 different ships passed through the lock last year.

As Krifka (1990) observes, (37a) can be true if 2000 distinct ships passed through
the lock twice each, in which case what we have 4000 of are ship stages. In (37b),
the addition of different renders the stage-based interpretation unavailable: there
must be at least 4000 distinct ships. The ships must be different at the level of the
individual, and two stages of the same ship do not count as different.

For an example of a quantificational adjective even closer to same, consider
similar, which clearly has a quantificational interpretation as in Two men with
similar names left (by an argument closely analogous to the discussion of same
above). But similar also has a use with trivial scope, as in Two similar men
left. The relevant difference between same and similar is that two distinct atomic
entities can fall within the (vague) tolerance of counting as sufficiently similar,
without counting as the same.

5.7. A definiteness puzzle. Why does same require the definite determiner? That
is, why does English insist on the same name rather than a same name? Even
more peculiar, definite descriptions involving same do not trigger existence presup-
positions the way that typical definite descriptions do.

(38) a. John and Bill read the long book.
b. John and Bill didn’t read the long book.
c. Did John and Bill read the long book?
d. John and Bill might have read the long book.

In (38a), a use of the definite description the long book presupposes the existence
of a long book. Thus whether the sentence is negated (38b), questioned (38c),
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or embedded beneath an epistemic modal (38d), the implication remains that a
(unique) long book exists.

(39) a. John and Bill read the same book.
b. John and Bill didn’t read the same book.
c. Did John and Bill read the same book?
d. John and Bill might have read the same book.

But if the non-quantificational adjective long is replaced with same, the presuppo-
sition disappears: whether or not there is a (unique) book that John and Bill each
read is precisely what is at issue in (39a), so if the sentence is negated, questioned,
or embedded under an epistemic modal, there is no guarantee that such a book
exists.

The quantificational analysis can provide some insight, at least at a functional
level. Consider once again the proposed denotation for two men with the same
name:

(40) two(AX.3fVx < X : [with(the(f(name))) (men)] (x))

Since f is a choice function, f(name) is semantically guaranteed to denote a prop-
erty that is true of a unique name. It makes a certain amount of sense that when
a nominal is semantically guaranteed to denote a singleton set that the determiner
would be the rather than a; but even if so, it remains a mystery why the pre-
supposed part of the existence implication normally associated with a use of the
definite determiner is suspended in the case of same.

6. Parasitic Scope

This section shows how the analysis for the NP-internal use easily accounts for more
standard examples such as Fveryone read the same book. The key insight is that,
when raising an NP, the extra node inserted by Heim and Kratzer-style quantifier
raising has the same semantic type as a nominal, namely, (e, t). I will exploit this
fact by allowing same to take the extra node as its scope target.

In order to make this idea work, we need to identify the category N with the
category NP\S. But we chose N arbitrarily as a basic syntactic category, so nothing
prevents us from choosing N = NP\S.°

Once we agree that N is an abbreviation for NP\S, parasitic scope falls out:”

6Ultimately7 it will be necessary to distinguish syntactically between nominals (category
N),verb phrases (NP\S), and the node inserted during quantifier raising (currently, also NP\S).
The analysis in section 7 will make these distinctions; nevertheless, it is not misleading to collapse
those distinctions here for the sake of exposition, since the final analysis in section 7 will still
arrive a single lexical entry for same that simultaneously covers NP-internal examples as well as
the examples discussed in this section.

"The key example developed in this section will be a type of sentence attributed to Heim in
Dowty (1985). Similar examples appear in Stump (1982) without discussion. One point of interest
with respect to this sentence is that the trigger (everyone) is asymmetrically c-commanded by
the NP containing same. This is one type of example that makes it more difficult to attempt to
reduce the behavior of same or different to reflexives or anaphors such as each other (see Beck
(2000) for an instance of this type of analysis for different).
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(41) The same waiter served everyone. [Stump; Heim]

Parasitic Scope:

S

N\

everyone N

AS N/ AN
everyone N SAIE Adj N
/\ A
1 S 2
A 1 S
K K ~ ~
the N V NP thOAN VANP
| |
served 1 A scr\|/cd {
N/(A|dj\N)1TT Adj N
| |
same waiter 2  waiter

In the tree on the left, everyone has already taken scope, creating an intermediate
node labelled N. This newly-created node then serves as the scope target for same,
which then raises to yield the tree on the right.

The reason I call this parasitic scope is that the scope target for same does
not even exist until everyone takes its scope. The adjective then hijacks the scope
of everyone, intervening between the quantifier and what would otherwise be its
semantic argument.

Because the semantic argument of the generalized quantifier is (e,t), the same
type as a nominal, we can use the same denotation for same proposed above in
(34b). More specifically, we have:

(42) a. The same waiter served everyone.
b. everyone(AX.3fVz < X : served(z)(the(f(waiter))))

c. Everyone collectively has the property of being a group such that
there is a unique waiter who served each member of the group.

This analysis assumes that everyone denotes a generalized quantifier that can take
a property of non-atomic entities as its argument. This somewhat problematic
assumption is discussed in some detail in section 6.2; but first, I'll show how the
same analysis accounts for plural NP triggers without any further stipulation.

6.1. Plural triggers. Plural NPs are the prototypical triggers for licensing an inter-
nal reading for same or different:
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(43) a. The men read the same book.
b. John and Bill read the same book.

Here is how the assumptions defended so far account for examples like (43): ob-
viously, plural NPs like John and Bill and the men are NPs. Therefore they can
undergo LIFT just like a proper name such as John. In some theories, such as Partee
and Rooth (1983), they not only can but must undergo LIFT in order to coordinate
with generalized quantifiers, as in every woman and the men. Unlike Partee and
Rooth, but like, e.g., Jacobson (1999), I will assume that LIFT applies freely unless
something blocks it.

The net result is that plural NPs are always members of the quantificational
category S/(NP\S), and therefore can freely undergo quantifier raising. Normally,
quantifier raising an individual-denoting expression has no effect on the final result.
But here raising a plural NP does make a detectable difference, since it provides a
target for same to take scope at.

Thus we automatically predict that, for instance, (43b) has an internal reading
that entails that there is a unique book such that proper subparts of the non-atomic
entity consisting of John and Bill each read that book, as desired.

Nothing in the reasoning just given was specific to plural NPs. We might expect,
then, that the same derivation applies to singular NPs; and in fact, it does:

(44) a. John read the same book.
b. John(AX.3fVz < X.read(the(f(book)))(z))

Like any NP, John can LIFT, undergo quantifier raising, and serve as a scope host to
parasitic same. But the resulting interpretation is incoherent: it entails that there
is a book such that each of the proper subparts of John read that book. Since <
gives dominance in the count domain (not the mass domain), John has no suitable
proper subparts. The explanation for why (4a) does not have an discernible internal
reading, then, is that there are no subparts for the distributivity that is built into
the denotation of same to quantify over.

6.2. A puzzle for forging a formal link: each. As mentioned above, although the
semantics of same comport beautifully with fairly standard assumptions about the
denotations of plural NPs, they require some less standard assumptions about the
denotations of generalized quantifiers like everyone and each person.

The problem is that because same is inherently distributive, it returns a property
that is true only of non-atomic entities. But quantifiers like everyone are usually
assumed to quantify over atomic individuals.

Fortunately for the analysis here, the quantifiers in question for the most part
are also compatible with other collective predicates.

(45) a. #John gathered in the living room.
b. Everyone gathered in the living room.
c. No one gathered in the living room.

The truth conditions of (45b) require that there is a non-atomic entity X such
that every relevant person is a part of X and X has the property of gathering in
the living room. But these are exactly the truth conditions we were wishing for for



23

same. 1 will assume (perhaps over-optimistically) that any analysis that will provide
the right truth conditions for (45b) will automatically explain the corresponding
problematic example involving same.

Unfortunately, any explanation for (45b) is unlikely to extend to examples in-
volving each.

(46) a. *Each person gathered in the living room.
b. The men (*each) gathered in the living room.

Unlike everyone, each person does not accept a predicate that is true only of non-
atomic entities, whether each appears in determiner position as in (46a), or floated
as in (46b). Apparently, each truly does insist on quantification over atomic entities.

(47)a. Each student follows the same core curriculum.
b. In a cooperative approach to the sponge activity,
you can furnish each student with the same tessellating shape.
c. The students each read the same book.

It is all the more surprising, then, that determiner each seems to be compatible
with a internal reading with same as in (47a) and (47b), though the internal reading
seems somewhat degraded with floated each as in (47c¢).

I will sketch a tentative solution here for the problem posed by each. Intuitively,
it is reasonably clear why (46a) is bad when (47a) is good: each in (46a) requires
every member of the relevant set of individuals to have the property of gathering
in the living room. Since single individuals cannot gather, (46a) is deviant. But
each in (47a) requires that every relevant individual has the property of reading a
certain book, and that is a property that the individuals involved do in fact have.

We can express the fact that the reading property goes all the way down to
individuals by adding sensitivity to COVERS (in the sense of Schwarzschild (1996))
to the denotation for same. There is independent motivation for doing so:

(48) a. The men and the women gathered in different rooms.
b. The men gathered in different rooms.

(Similar examples can be constructed using same, but the truth conditions are
clearer with different; see section 8 below for a denotation for different.) There is
a salient reading of (48a) on which the men gathered in one room, and the women
gathered in some other room. Certainly it was not the individual men and women
who were gathering; instead, the group consisting of all the men and all the women
must be divided up somehow into subgroups. Given the conjunction, one salient
division puts the men in one subgroup and the women in the other subgroup. Thus
in (48), we must assume some way of dividing up the people into (non-atomic)
subgroups before we can evaluate whether the sentence is true.

Following Schwarzschild, then, let Cov(X), a cover over X, be a set of parts of
X such that every subpart of X is contained in one of the members of Cov(X).
Then we can consider revising the denotation of same as follows:

(49) Asin (34): AFAX3fVe < X : Ffx
New: AFAX3fVze € Cov(X): Ffx
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The only difference is that instead of quantifying over all the subparts of each group
X, we quantify over only certain salient subparts of X, the subparts delivered by
the Cov function. According to Schwarzschild and others, the Cov function is
essentially pragmatic in nature, but is nevertheless sensitive to linguistic structure.
For instance, the conjunction in (48a) makes the cover consisting of the men and
the women highly salient.

All we need assume at this point is that each, whether floated or not, somehow
forces an atomic cover.

The data in (48) make a compelling case that the distributivity built into scope-
taking adjectives must be sensitive to covers, so the refinement in (49) is justified
regardless of the treatment of each. However, sensitivity to covers does not play an
important role in the remainder of the discussion, and I will revert to the original
approximation in (48a) for the sake of expository simplicity.

As for each, what is left unexplained is how precisely the presence of each forces
the selection of an atomic cover, though see Beck (2000) for many relevant ob-
servations and proposals concerning the selection of covers for examples involving
different.

7. Continuations

Up to this point I have developed my proposal within a hybrid framework that grafts
a Categorial-Grammar theory of categories onto a movement theory of scope-taking.
The justification for using CG categories was in order to show how LIFTing explains
why it is natural for scope-taking adjectives to target nominals (and indeed, why
it is natural for them to take scope in the first place).

The justification for using a movement theory of scope-taking was in order to
exploit the familiarity of Quantifier Raising for ease of exposition. Especially in-
triguing was the discovery that inserting an extra node during Quantifier Raising—
what I have been calling “Quantifier Raising Heim and Kratzer style”—provides
exactly the right structure to enable parasitic scope.

It would be easy to jump to the conclusion that my analysis of same only works
in the context of a movement theory of scope-taking. But in fact, the analysis works
perfectly well within a system that is DIRECTLY COMPOSITIONAL in the sense of,
e.g., Jacobson (1999): each syntactic constituent has a corresponding semantic
interpretation, and there is no movement, no quantifier raising, and no LF distinct
from surface constituency. (Incidentally, the analysis below is also variable-free,
though that fact does not play any significant role in this discussion.)

My movement-free treatment will rely heavily on continuations in order to char-
acterize the behavior of same in the most general way. We shall see that in a
continuation-based system, there is no need even to stipulate a mechanism equiva-
lent to HK-style node insertion, since I will show that parasitic scope falls out given
two independently-motivated assumptions: function composition (the Geach rule)
and an Identity rule.

The advantage of building a continuation-based account is that it not only cov-
ers NP-internal and standard parasitic uses of same, it also accounts for internal
readings with non-NP triggers, such as John hit and killed the same man.
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7.1. Continuations. Continuations are a technique borrowed from computer science
for analyzing the semantics of programming languages.

I will not attempt to motivate the theory of continuations here in any great detail;
for description, motivation, and history, as well as other linguistic applications of
continuations, see Barker (2002), de Groote (2001), Barker (2004), Shan and Barker
(2003), and Barker and Shan (2004).

Nevertheless, I will offer a (somewhat limited) analogy from the semantics of
focus. In general, the continuation of a subexpression B embedded in a larger
expression A is the function mapping objects of type B onto the result of inserting
that object in place of B within A. That sounds complicated, but in fact it is a
concept familiar from the study of focus, since it is nothing more than the focus
denotation of A when B is placed in focus:

F]]FOC

[John saw [everyone] = \z.saw x j

The focus value of the sentence John saw everyone when everyone is in focus is the
property of being seen by John. This property is also the continuation of the NP
everyone with respect to the sentence.®

The connection between continuations and quantification is immediate: not co-
incidentally, the semantic argument of the generalized quantifier everyone after
quantifier raising is this same property, as underlined here:

[John saw everyone] = everyone(Az.saw  j)

In general, the argument of a scope-taking expression is its continuation with re-
spect to the expression over which it takes scope. In other words, the problem of
accounting for in-situ quantification is equivalent to the problem of providing each
expression with access to its own continuation. This is why a system that explicitly
recognizes and manipulates continuations is ideally suited to reasoning about scope
taking.

7.2. Modes of combination. In the discussion above, the category NP\S served as
the category of the argument to a generalized quantifier. However, this category
also served for labelling verb phrases. It was convenient to pretend that a single
category would suffice for both types of object for the sake of simplicity; but NP
continuations are not the same thing as verb phrases, and we would have eventually
needed to distinguish between them in any framework. Therefore we will provide a
new mode of combination specifically for manipulating continuations: in addition
to A\B and B/A, we now have A\B and B//A. (This is a new MODE in the sense
of Type-Logical grammar; see Barker and Shan (2004) for an extended discussion
of continuations in multi-modal Type-Logical Grammar.) The semantic types of
these continuation-slashed categories are the same as their respective plain slashed
categories, namely, (A’, B').

7.8. Type-shifters for in-situ quantification. We need only add a mechanism for
scope-taking to replace Quantifier Raising. This will be accomplished by providing

8] am not claiming that there is a direct connection between scope-taking and focus. Rather,
both scope-taking and focus deal in continuations; see Barker (2004) for a sketch of what a
continuation-based theory of focus might look like.
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type-shifting operators. Just as we needed a LIFT for the plain slash, we will need
an exactly analogous Lift for the continuation slash:

(50) Lift (B/(A\B)) / A AFMz.Fx

Lift (BJ(A\B)) / A AFXz.Fx

Done A/ (AJ(B\B)) MF.F(\x.x)

Compose ((EJ(ANC)) / (DJ(BYC)) / (EJ((A/B)\D))
ALARNG.L(AL.R(Ar.k(1r)))

In addition to the two versions of lifting, there are two other type-shifters in (50),
namely, Done and Compose. What goes up must eventually come down, so after
Lifting builds more complex categories, Done simplifies them, typically as one of
the last steps in a derivation.

The Compose rule (whose abbreviation ‘C’ also stands for ‘Continuation’) is the
main rule governing continuations. The operator in (50) is doubly curried, so it
may be more helpful to think of the Compose rule as licensing subtrees that match
the following form:

(51)

EIANC)
EJ(A/B\D)  DAB\C)

Focusing on the underlined parts, you can discern buried within these categories
normal categorial cancellation: A/B followed by B yields A. Thus the Compose
rule governs syntactic combination in the presence of continuations.

An example will show how a quantificational NP in direct object position takes
semantic scope over an entire clause.

john NP
saw (NP\S)/NP
everyone S //(NP\\S)

These lexical items give rise to the following derivation:

(52)
S

|
S JSRS)

T

,//// \;\\\
S J((S/(NP\S))\S) S A(NP)R\S)
‘ //\\
S/(NP\S) S A((NP\S)/NP)\S) S i(N|P\S)

| |
NP (NP\S)/NP everyone

John saw
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In this tree, each branching node is licensed by the Compose schema. The nodes
with exactly one daughter are licensed by the other type-shifting schemata as fol-
lows:

(53)
D
C
I[|J C  everyone
L1
jol|m salw

everyone(Az.saw z j)

Because everyone lives at a higher type (i.e., because it is essentially quantifica-
tional), it is necessary to Lift saw before it can combine with everyone via the
Compose rule.

Note that the quantificational expression everyone does not undergo movement.
Furthermore, the verb phrase saw everyone is a constituent in the final derivation,
just as in the surface syntax. In general, this system strictly maintains direct
compositionality: anything that is a constituent in the syntax is a constituent in
the semantics as well, and vice-versa.

7.4. NP-internal same. At this point we can provide an account of NP-internal
same using almost the same category and denotation proposed above in (34), dif-
fering only in the substitution of continuation mode slashes where appropriate:

(54) two, the N/NP

same N/J((N/N)W\N)
men, name N
with (N\N)/NP
(55)
NP

two/\]D)

C

Loc

Lol ¢

| | |
men with L C L

the same name  two(same(\f)\z.[with(the(f name)) (men)](z)))
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Once again the constituency is the natural syntactic constituency, and same takes
semantic scope without movement.

7.5. Parasitic scope without movement. Just as above in section 6, the same lexical
entry for same works for parasitic scope (remembering that N now abbreviates
NPA\S rather than NP\S).

In order to arrive at parasitic scope, we must simulate Heim and Kratzer style
quantifier raising, i.e., inserting an extra node in between the scope target and the
result category. Ideally, we would need nothing special beyond the basic general
mechanism for taking scope. We shall come remarkably close to the ideal here:
parasitic scope will follow from two additional assumptions, each of which are mo-
tivated by phenomena independent of same. But for the initial discussion it will
be helpful to consider a type-shifting operator that implements Heim and Kratzer-
style QR directly, then explain later how the operator can be factored into simpler,
independently-motivated operations.

(56) HK: (S /7 (N /7 (NPRS)) W N)) / (S/(NPRS))

Here’s how to understand the HK operator (named in honor of Heim and Kratzer,
naturally). On the right side of the plain slash (‘/’) is the category of a generalized
quantifier, i.e., SJ/(NP\S) (the rightmost underlined portion); thus HK takes a
plain generalized quantifier as an input. It returns as a shifted result a more complex
scope-taking category that splits up the generalized quantifier type into two parts:
S on the left (the leftmost underlined portion of (56)), and NP\\S in the middle
(the second underlined portion). Sandwiched in between are two occurrences of the
category we want to insert (in this case, N). The first (leftmost) occurrence builds a
(virtual) node labelled N above the scope target node S; and the second occurrence
looks for the newly-constructed N node, above which it constructs the final result
S.

It is important not to take the movement metaphor in the previous paragraph
too seriously: there is no “movement” and no “building”. Rather, as always with
a combinatory categorial grammar, there is only application of type-shifting oper-
ators.
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(57)
D
C(]I|.,]D>)
C
I|, C HK
(C|3 I|J everLone
C(I|LL) ((|3
L
C serlfed
&b
t1'|16 sa1|ne Wailter everyone(same(\fA\z.served z (the(fwaiter))))

In this derivation, HK applies to the trigger everyone in order to allow same to take
parasitic scope.’

7.6. Factoring HK. The HK operator in (56) is nothing more than a simple-minded
implementation of Heim and Kratzer-style quantifier raising. However, as men-
tioned above, we can reduce (56) to simpler, independently-motivated factors.

One factor is function composition, for which there is abundant motivation in
the literature. For instance, function composition provides an analysis of Right
Node Raising such as John bought and Mary sold the record, as well as other types
of so-called non-constituent coordination (Steedman (1985), Dowty (1988, 1997)).
Jacobson (e.g., 1992, 1999) provides a wide variety of additional empirical argu-
ments in favor of adopting function composition, so it is reasonable to assume that
any adequate grammar will provide some kind of function composition. The specific
instance we will need is:

(58) Geach: ((AJC) / (BJC)) / (AJB)  Afrghe.f(gx)

Following Jacobson, I will call this curried version of function composition the
Geach rule. Once again, it may be easier to understand function composition by
considering the sub-trees licensed by this rule:

9Unlike previous derivations, here some of the type-shifting operators (e.g., C(LD)) are com-
plex, formed by applying type-shifters directly to other type-shifters. But because the type shifting
operators apply freely, and because each shifter is (deliberately) expressed in the form of a cate-
gory, nothing prevents this; see (61) for an example.



The Geach rule expresses the sense in which categorial combination is transitive:
if an expression of category A/B (something that needs a B to yield an A) is
followed by an expression of category B//C (something that needs a C to form a
B), then these two expressions form a sequence that only needs an C in order to
yield a A. In other words, treating the slash as a division symbol (which is where
the slash symbol came from in the first place), we have % X g = %. Like LIFT
and Lift, function composition is a theorem in the Lambek calculus and therefore
in type-logical grammar (see, e.g., Jager (2001:42) for derivations and discussion).

In addition to the Geach rule, the only other factor we need is an identity cate-

gory:
(60) Identity: AJA Ax.x

Once again thinking of the slash as a division sign, it is easy to see why this is
an identity category, since % x A=Ax % = A. Allowing the identity type is
like allowing multiplication by 1: multiplying by 1 is guaranteed to not change the
value of an expression, but nevertheless can be useful for simplifying certain types
of algebraic expressions involving fractions.

In Shan and Barker (2003), various instantiations of the identity category are
used extensively in the role of an NP gap, in relatively clauses, as WH-trace, etc. In
type-logical grammar, identity categories correspond to allowing empty antecedents
in logical derivations: hypothesize an A, then immediately discharge the assump-
tion by /-Introduction. Barker and Shan (2004; see especially section 5) discuss
linguistic motivation for allowing empty antecedents in Type-Logical Grammar. In
other words, there is good reason to allow identity categories as in (60) completely
independently of the treatment of same.

In any case, if we have Geach and Identity, we can implement the HK operator
as follows:

(61) ((G everyone) (LI)) = (G everyone) ([(D/(E\D))/E] [AJA])
=G everyone) (D] ((A/ AND)]
[(((AC) / (BJC)) / (AJB)) (SJ(NPYS))] (DJ((AJA)ND))
= [((S7C) / (NP\S)JC))] (DJ((AJAND))
= SJ((AJANNPRS))

In order to get the more specific result corresponding to (56) above, choose A = N
= NP\S.1°

In other words, given the scope taking mechanism in (50), along with function
composition (Geach) and free insertion of identity categories, parasitic scope falls
out for free.

10Unlike previous derivations, in this case type-shifting categories combine with a lexical item
that precedes it rather than follows it. But once again, nothing prevents this.
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7.7. Non-NP triggers. Carlson (1987) emphasizes that same and different can also
distribute over other types of expressions besides NPs:

(62) a. John read and reviewed the same book. V and V
b. John read the same book quickly and thoroughly. Adv and Adv
c. John read the same book every day. Quantificational Adv
d. John usually read the same book. Quantificational Adv

As far as I know, no one has proposed an explicit analysis of same when it oc-
curs with non-NP triggers. One advantage of the analysis proposed here is that
generalizing to non-NP triggers is quite easy.

In order to generalize to non-NP triggers, it is necessary to generalize the lexical
entry for parasitic same ever so slightly.

(63) Old: (NPY\S) 7 ((N/N) |\ (NPR$S))
New: (ANS) / ((N/N) |\ (ARS))

I have written out out NP\\S rather than the equivalent N for the scope target and
the result, since we need to examine the internal structure in order to perceive the
full correspondence between the old category and the new one. The only differ-
ence is that instead of targeting a category that specifically mentions NP (i.e., the
scope target is NP\\S in the original category), the generalized category targets the
category A\\S, where A is a meta-variable over categories.'!

In continuation terms, NP\\S is a clause that still needs an NP in order to be
complete. Analogously, A\S is a clause that still needs something of category A
in order to be complete, whatever A turns out to be. If we choose A = NP, we
generate the standard examples in which the trigger is a plural or quantificational
NP. But if we choose A = (NP\S)/NP—i.e., the category of a transitive verb—then
we generate an instantiation of the schema that is appropriate when the trigger is
a coordinate transitive verb:

1In a more comprehensive grammar, it would be necessary to distinguish between the category
of a nominal and the category NP\\S. The generality of this proposed lexical entry for same can
be preserved, however, as long as the category for nominals is a continuation whose result is S.
For instance, we could choose N = E\\S, where E is an abstract category with semantic type e.
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(64)

C(LC) C C(LL)

L HK C
L L L € L
j01|r1n tlrlle sa1|ne m|an
L

hit and killed
((same(Af(AR.R(the(fman))(j))))(hit @ killed))

Crucially in (64), HK (or, equivalently, its decomposition in terms of G, L, and I)
applies to the coordinate transitive verb. This only makes sense if we think of the
coordinate transitive verb as potentially taking scope over the clause that contains
it. But there is nothing privileged about NPs with respect to the Lift operator.
Other expression types can freely undergo Lift and take scope, including transitive
verbs. Usually, Lifting a non-quantificational expression has no net semantic effect;
but in the presence of same, Lifting the coordinate verb does have a detectable
semantic effect, since it provides a scope target for same to take parasitic scope.

Thus the analysis here makes concrete and explicit the exact analogy between
the way in which conjoined NPs give rise to an internal reading with same and the
way in which conjoined transitive verbs (and other triggers) do.

7.8. Generalized distributivity. Generalizing the semantics is trivial.
(65) [same] = AF(adj Ny AX I fenoice Ve < X' : F fx

The only change I have made from the original denotation proposed for NP-internal
uses in (34) above is that I have refrained from typing the variable X' (in recognition
of which I have set it in a curly face), which we now allow to range over any type.
(In computer science jargon, the denotation for same is now type-polymorphic.)
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In order for this to work, we must assume that the relevant semantic domains
have a boolean structure (in the sense of Keenan and Faltz (1985)), including at
least closure under a join operation—i.e., that there is a transitive verb denotation
[read] & [reviewed] which is the join of the transitive verb meanings [read] and
[reviewed].

In addition, the part relation < must be well-defined over each of the domains
that are capable of triggering an internal reading for same. In the example at
hand, we must assume that < is the dominates relation induced by the boolean
join structure over the set of transitive verb meanings, so that if hit and killed
denotes the complex relation [hit] @ [killed], then [hit] < ([hit] & [killed]) and
[killed] < ([hit] @ [killed]). This predicts the following truth conditions:

(66) a. John hit and killed the same man.

b. ((same(Af(AR.R(the(fman))(j))))(hit & killed))
c. There is a non-atomic relation of (hitting @ killing) such that
there is a choice function f such that
for all proper parts « of (hitting @ killing),
John did & to f(man).

As noted by Carlson (1987), the distributive quantification built into the meaning
of same only quantifies over verbal meanings that correspond to distinct events.
That is, although it is possible to describe a single striking event as both a hitting
and a killing (David hit and killed Goliath), the internal reading of same forces
the subparts of the complex relation to correspond to separate events. Thus on the
internal reading of (66), the hitting and the killing must be two distinct events. But
this is what we would expect if the quantification built into the meaning of same
behaves like normal quantification, which always quantifies over distinct elements
in any domain.

7.9. Short digression on buying versus selling. The way that the distributivity built
into same insists on distinct events bears on some long-standing issues relating to
the nature of events. On a neo-Davidsonian conception of thematic relations (e.g.,
Parsons 1990), each event must have a unique agent, a unique theme, and so on.
Since every buying event is necessarily also a selling event, and since the agent of
a buying event is the recipient of a selling event, it follows that buying and selling
must count as distinct events, despite necessarily occupying the same physical space
during the same moments of time.

(67) John bought and Mary sold the same book.

This sentence has an internal interpretation on which John was in the habit of
buying a certain type of book and Mary was in the habit of selling the same type
of book. That reading is facilitated (and may even require) that John bought the
relevant books from someone other than Mary, and Mary sold her books to someone
other than John.

But if buying and selling truly are distinct events, we should expect a different
internal reading on which (67) describes a single transaction. Imagine, then, that
John bought a book from Mary, and that was the only book John ever bought in his
life, as well as the only book that Mary ever sold. Native speakers uniformly report
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that (67) cannot be used to describe that transaction. The obvious conclusion
is that buying and selling do not in fact count as distinct events, at least, not
according to the standards of same.

8. Conclusions

I have concentrated mostly on same in this paper, but Keenan (1992) identifies
a number of other constructions that also lie beyond the Frege boundary, some of
which may also have compositional semantic analyses along the lines suggested here
for same. Prime among these, of course, is different.

(68) a. John read and reviewed different books.
b. [different] = AF.AXVf, g € choice;Va,y < X : (Ffe AFgyAf=g) —mx=y

As near as I can tell, this denotation gives reasonable truth conditions for NP-
internal uses, parasitic uses distributing over an NP denotation, as well as uses
with a non-NP trigger as in (68a).

Keenan also draws attention to resumptive uses of same and different:

(69) a. The same people ordered the same dishes.
b. Different students answered different questions.

What is intriguing about the internal reading of (6a) is that not only must the same
group of people end up eating the same collection of dishes, each person in the group
must eat the same dish that that person ate the last time. I will not attempt a
complete analysis of resumptive uses here, except to speculate that the first same
may be a deictic use. In contrast, for (6b), the first occurrence of different seems
to me to have trivial scope (that is, having scope over the minimal N as discussed
above in section 5.6).

Stump, Carlson, Keenan and others observe that same and different are far from
the only adjectives that pose similar challenges for compositional treatments. Other
adjectives mentioned by Carlson include distinct, separate, and similar. (Indeed, I
suspect that similar is a better candidate to serve as the dual of different than same
is.) In addition, other adjectives that may take nominal scope include identical,
unrelated, mutually incompatible, and opposite.

8.1. Can this analysis be re-translated back into a movement framework? In section
7, I argued that continuations provide an insightful way to express an analysis
covering parasitic uses of same, both with NP triggers and non-NP triggers. This
shows that we can have a scope-taking analysis of same in a movement-free, directly
compositional system.

What would we have to do to reconstruct the complete analysis within a QR-
based movement framework?

The crucial insight relating to continuations is that the semantic scope of an
expression is nothing more or less than its continuation with respect to the larger
expression over which it takes scope. That means that in order for same to take
scope that is parasitic on, say, the scope of a conjoined transitive verb, the co-
ordinate verb must somehow take scope over its clause. In the system here, that
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happens quite naturally: the coordinated verbs undergo Lift, and the combinatorics
does the rest.

Thus reconstructing this approach in a movement framework would require two
main innovations. First, we would need to introduce a Categorial-Grammar style
theory of category labels. In effect, this was done in an informal way in the earlier
sections, in which I offered LF trees that contained slashed categories. Note that
in addition to just writing down categories that happen to contain slashes, it is
necessary to make QR sensitive to details of the categories, so that QR would
apply to any category of the shape RJ(P\T).

The second innovation is that type-shifting operators including at least Lift
would have to be freely available. In section 5, I appealed to Lift in order to
motivate a scope-taking lexical category for same as natural; however, nothing in
that section hinged on assuming that Lift was a productive part of any specific
derivation. Nevertheless, it is fairly common to have a movement-based theory
that also makes use of type-shifting operations, though usually type-shifting must
be forced (rather than optional, as here).

Finally, of course, we would have to stipulate Heim and Kratzer-style Quantifier
Raising.

All of this is possible, of course. However, once we have free application of
type-shifting operations that produce arbitrarily complex CG-style category labels,
adding movement to the theory is unnecessary, since we can instead simply add two
type-shifters to handle scope-taking, as shown in section 7.3. In addition to theo-
retical parsimony (no movement, no level of LF distinct from surface structure), the
CCG account enjoys the benefits of direct compositionality, in which each syntactic
constituent has a semantic denotation.

8.2. Summary. Whether the analysis makes use of movement and LF or not,
the approach here depends on constructing continuations. In particular, whenever
same takes parasitic scope, its scope must be defined in terms of the continuation
of some other expression (the trigger) elsewhere in the clause.

To summarize, I am proposing the following general analysis for same:

(70) a. (ANS) / ((N/N) |\ (ARS))
b. AF{Adj,N>)\X~3fchoicevx < X: Ffl'

Given a suitably general theory of scope-taking, and assuming free application of the
independently-motivated operators LLift, Geach, and Identity, this single schematic
lexical entry accounts for NP-internal uses, parasitic uses with NP triggers, and
parasitic uses with non-NP triggers.

Thus continuations provide novel and potentially insightful compositional anal-
yses even in the realm beyond the Frege boundary.
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