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: account equally well for natural languages and the artificial languages
Constraining Transformational Montague Granmar: : : constructed by logicians.zl On the other hand, he wanted a mathematfcally
A Framework and a Fragment ‘ : elegant theory, and while a linguist would of course welcome formal

elegance if i “
1. Introduction: three types of constraluts. gan t is attainable within the limits set by empirical constraints,

the linguist is obligated to put higher priority on the facts of natural

1.1. The need for constraints.

. : 1 . e
Montague's theory of grammarl/imposes strong constraints on the anguages. For example, if it could be shown to hold universally that

languages with sentence~initial -
correspondence between syntactic rules and semantic interpretation Buag nitial complementizers had 0§ly leftward un

bounded movement rule N -
" rules, but virtually no constraints on the form of syntactic or gemantic rules, and-those with sentence-final complementizers

: only right ‘ .
operations. His theory has been of interest to linguists even without nly rightward ones, the linguist would want to constrain his theory so

further constraints, I think in large part because it provides an ; as to rule out the non-occurring possibilities, even though doing so would

' " ‘ s C
explicit and rigorous-semantic framework within which clegant golutions probably make the theory less "elegant". Conmsiderations of elegance or

have been provided to many classically difficult semantic problems, simplicity do come in, of course, particularly in trying to extrapolate

Another point of particular interest to linguists is the compositionality from the universal propoerties of the finite set of actual natural

languages to the uni . i
-constraint, which {s a strong and interesting constraint whose soundness : guag he unlversals of language that havd a principled and not

. . an accidental ig,
can to some degree be confirmed or disconfirmed wlthout formal constraints ntal basis

: Insof .
on the operations, just by following some implicit standards for what . ; nsofar as constrainks on grammars are hypotheses about universalsg,
. . i it 2ould be argued that i
constitute reasonable rules. Nevertheleas, I think linguists are agreed B it 1is premature to begin proposing any for

]
: j ontague pramma ! : " "
that the task of fmposing further constraints ie imperative & some Form f Montague grammar, and that many more "fragments" of many more Languagen
i

. hould .
of Montague grammar is to be taken seriously as a candidate for a theory should be written first Ny response would be that it 18 certainly too

of natursl languages, insofar s one of the Linguist's ehief goals {n early to have much cenfidence in any proposed censtralnts, hut never top

eonstrucking such & theory is te cheracterine the elass of possible natural early to start proposing and {nvestigating potentinl constraints. The

rowl ‘ Eruitful ‘ - thin transform
languages as nartowly as possible; u ulness of constraint-inspired research within transformational grammax

. P ; . (i ; L o has been e hou } i i i3
"This emphasis on the need for additional Eonstraints is hot nicant ag en enormous, and it should be neither surprising nor discouraging
: that there are i \
a criticism of Montague's own work, since it stems from goals not shared 8 re are nevertheless still fundamental disagreements about almost

by Montague. On the one hand, he clearly wanted a theoryiwhich would ) all the constraints that have so far been proposed. So I will emphasize
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at th ted y
¢ outset that all the constraints suggested herein are highly tentative:
) b »

my hope 1is that they may stimulate others to find better onesg

1.2, The compositionality constraint,

The main constraint in Montague's theory, and the one that mak;s i
.80 Interesting semantically, is the cémpositionnlity constraint, {,e,,
the requirement that there be a semantic interpretation rule correspanding
£0 each syntactie formation tule; g0 that the interpretation of each |
expreasion is determined by the 1nterpfet#tlon of its syntactie subparts
and the rule by which they were combined., If we adopt the two-stage
" semantics of Montague (1973) (henceforth PIQ), in which the first stage
consists of translation from the natural language into a formaljzed
language .of intensional logic and the second stage consists of a model-
theoretic semantics for that language, then the compositionallty constraint
can be represented in part by the requirement that syntactic and semantic
rules come in pairs of the following form:
(1) Syntactic rule n: If ? e PA and B ¢ PB‘ then
Y& Pc, where y = Flﬁy,ﬁ).
.‘2) Semantic rule n: If o,B translate into o', B, resp;ctively, then

Fi(u.ﬂ) translates into Gk(q',ﬂ')‘

The parameters to be specified for the particular rules are the following
’ (1) the categories A and s of the input expressions and the category ¢
of the resultin H
// 8 expression; (1i) the syntactic operation Fi’ which may

be as sim £ n ope
| ple as concatenation or as complex as a transformational peration;
14

and (111)‘the *semantic' operation Gy» which {8 actually a syntactic

operation mapping two expressions of the intensional logic onto an
expression of the intensional logic; buf I shall continue to refer to
it as a semantic operation to distinguish it from the natural language
syntactic operation Fig

The compositionality constraint further requires that all ecxnressions
of a given syntactic category be translated inte expressions of a single
type; ot semantie catepsry, in the intensional logle. It does not, however,
require any correspondence between the form of the syntactic operation

Fl and the form of the semantlc operation Gy of the corresponding semantic

rule, other than what is required by the correspondence between categories
of expressions and the logical types of their translations.

"% said at the beginning that the compositionality constraint is a
strong one; but in fact that assessment presdpposes some constraints on the
gyntactic operations Fi and the semantic operations Gk' Otherwise, 1
believe it puts virtually no constraint on elther the gyntactic or semantic
analysis of a given possible language.é/ Hence an additional reason to look
for constraints on the form of the rules is to give more substance to the
compositionality constraint, And with a more explicit statement of the
pexrmissible forms of rules, one could propose ways of tightening the
compositionality constraint itself, by imposing correspondences between

the form of the syntéctic operation F1 for a given syntactic rule and the

semantic operation Gk of the corresponding semantic rule.



1.3, 7The well-formedness constraint,

-~ Wh
at I mean by the well-formedness constraiat is given in (3):

(3) The well-formedness constraint,

Each syntactic rule operates
on -

well-formed expressions of specified categories to produce
a well-formed expression of a specified category

This con
straint comes from Montague, but not in quite as strong a f
orm ag

I would lik
e to propose, For any ambiguous language, such as any -natural

1
anguage, Montague's general theory ag specified in Montague (1970b)

(henceforth UG) calls for giving the syntax in two parts: a set of

syntactic
1 rules of the form glven in (1) above for a disambiguated language
]

a . £ €
nd the specification of an ambiguar:ing relation R which pairs expressions

of th
e disambiguated language with expressions of the actual ambiguous

language.
guage, The well-formedness constraint within Montague's theory

holds onl
y for the syntax of the disambiguated language, which is in effect
" a co
nstrgct of thevMontague grammarian, much as are the deep sfructu
x res

c .
of the tfnnsformational grammarian, The disambiguated language L°
'underlying'
ying® a given natural language L could, if no additional constraint
. '8

are imposed, differ from the natural lmlguage in I]UiLQ atbitzm.y ways
»

.which vould rob the well=formednass constraint of empirieal sentent,
if we cculd eliminate the ambiguating relation completely, then the
well-formedness constraint would require that the inputs and outputs of all
.syntectic rules be well-formed surface expressions of the given langu
" which is presumably what we have empirical daga about, o
In an earlier paper,él I suggested that the following limited

diffe:ences bECVQEII the disambiguated lauguage L' and the surface langua e L
8
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be tolerated, and no others: (1) L' contains labelled brackets, I does
not, and the ambiguating téiation simply deletes the brackets; (i1) L'
contains "variables" like 923' L does not, and the ambiguating relation
simply deletes the subscriptj (1ii) L' contains morphological represénta—

tions such as see + Past or she, which the ambiguating relation maps into
[+ Acc )

the surface forms saw and her. From the point of view of Hontague's theory,

these are constraints on the form of the ambiguating relation R. From a

linguistic perspective, they might better be viewed as eliminating R completely

but adding the specific devices of labelled bracketing, indexed pronouns, and

a morphological component to the theory to take over some of the intended

functions of R, Taken either way, my aim is to make the well-formedness

constraint empirically as strong as possible without giving up descriptive
adequacy.

The strength of the well-formedness constraint can be illustrated best
by showing some of the sorts of analyses it disallows. For example, Siegel
(1976b) presents syntactic(and semantic arguments in favor of a dual categori-
zation of adjectives in English (and in Russian), with some adjectives classi-

fied as applying directly to common nouns (CN/CN in PTQ terminology) and
others classified as one-place predicates (t///7e). .If the well-formedness
eonstraint is taken seriously as part of the syntax, the aﬂalysig of ak
least some adjectives as common noun modifiers is independently selected
on purely syntactic grounds over the classic transformational derivation
of all pronominal a&jectives from predicate adjectives in relative clauses,

gince the classic analysis requires the generation of ill-formed expressions

as part of the derivation of well-formed ones, as in (4).



(4) *a convert who is recent --) a recent convert
Although the analysis of all adjectives as common noun modifiers as in
Montague (1970a) (EFL) cannot be completely ruled out by the well-formedneas
con.strainty s the constraint does rule out any analysis which would syn-
tactically generate such expressions as (5a) as part of the derivation of
(sb). ' .
(5) (a) *be an asleep entity

(b) be asleep '
As this example illustrates, one effect of the well.formedness constraint
is to au!;omatically disallow obligatory rules. '

I will briefly mantiﬁn some further examples of analyses ruled out
by the well-formedness constraint; these are discussed further in Partee
{forthcoming) .

A(i) Analyses of the easy-to-please construction like that of Lasnik
and Fiengo (1374) would be ruled out because of the ill~formedness of the
source structure as exemplified in. (6), and like that of Chomsky (1978 ).‘
by the 1ll-formedness of the source as shown in (7).

(6) eJohn is easy to please John -~ John is easy to please

(7) *John is easy whom to please ~3 John is easy to please )
Chomsky's classical analysis of the easy to please construction, 1llustrated
in (8), does not violate the well~formedness constraint; an analogous rule
in a Montague framework was proposed in Partee (1973).

(8) To please John is easy —} John is easy to please
(1) There have been many analyses proposed in the transformational litera-
ture for pseudo-cleft sentences like (9); of the hypothesized sources listed

below as (10 a-e), only (10a) and (10b) satisfy the well-formedness constraint.

(9) What John ate was the meat
(10) (a) s[Jc.vhn ate the meat]
(.b) Np[what John ate] was Np[the meat]
(e) pr s{John ate the meat:]] was Np[the meat]
(d4) NP[ s[John ate wh-something]] was NP[ s[Jchn ate the meat]]
(e) NP[ s.[John ate the meat]] was NP[A] .
(111) The constraint would also rule out all cases‘ of lexically governed
obligatory extraposition, as illustrated by the widely accépted transfopmae
tional derivation of (11b) from (lla). .
(11) (a) <*That Susan is asleep appears
{b) It appears that Susan is asleep
It may be that the well-formedness constraint 1s too strong and needs
to be weakened somewhatj I believe that its effects are good ones in the
cases cited, but I do not want to try to argue for that here. The examples
were included primarily to illustrate that the constraiﬁt dces indeed have
quite atréng effects on the class of grammars compatible Qit'h given data
about the well-formed surface expressions of a given natural lanquage. If
it is correct, it could have important efi;ects for theories of first~language

acquisition, since it places rather severe limitations on the abstractness

~of the relation between surface forms and the structures that need to be

.

posited for their derivation.

1.4. The need for constraints on the form of rules.

The compositioxiality constraint 1imits the possible pairings of syn-
tactic and semantic rules, and the Qell-formedness constraint indirectly
limits the class of syntactic rules for a given language by constraining
their outputs to be well-formed expressions of that language. But heither

of these kinds of constraints puts any limlts on the syntactic operations Fi
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or ¢ aemantic operatlions G1 that occur in the rules, an& without some
constraints on these as w§11, the class of grammars avallable within a
Montague framework still Includes infinitely many grammars that are incom-
patible with strongly supported linguistic universals. Consider, for example,
a hypothetical rule that formed the conjunction of two sentences by a
syntactic operation F1 that interleaved the successive words of the first

sentence with the successive words of the second sentence, so that FicJohn

went to the store, Mary raked the leaves) would yieéld "John Mary went raked

to the the leaves store". Compositionality does not rule out any particular
choice of Fi; as long as the rule is uniformly interpreted, say as conjunction,
the compositionality requirement is met, The well-formedness constraint can
eliminate such a rule from English, or any other known natural language, since
its output is clearly ill-formed, but the well-formedness constraint does not
furnish us with a basis for predicting that no possible human language could
have such a rule.’ Clearly the potential of Montague grammar as a theory of
human linguistic competence would be strengthened by the inclusion of con-
straints on Fhe form of the rules in addition to compositionality and the

well-formedness constraint. In the remainder of the paper. I will consider

a number of possible constraints of this sort on the syntactic rules and
suggest ways of incorporating them into a tightened format for writing synéac¥
tic rules in a (modified) Montague framework.

2. Constraint$ on the form of rules.

2.1+ The nature of Montague syntax.

Since a Montague syntax consists of rules which work "bottom-up”, com-
bining well-formed expressions to produce new well-formed expressions, many
of Montague's rulés have the effect of what would normallf be expressed as

two or more rules in a transformational grammar. Montague's PIQ has many

10

examples of such rules: 54, the simple subject-predicate rule, for instance,
is analégous to a phrase-structure rule (t —> T IV) plus a transformation
of subject-verb number agreement. One immediate concern to the linguist

is whether 1t will be possible to find a constrained form of syntactic rules
when one rule may have to incorporate a number of diverse operation§ into a
aingle operation Fi' I will propose that each syntactic operation Fi must

be statable as a composition of subfunctions,é/ where each subfunction is

itself a composition of certain primitive operations (to be specified below,

" gection 3.). The intultive idea is that the factors that should make one

grammax préferable to another in this framework sﬁould be reflected in the
simplicity of the definition of each subfunction together with the simplicity
of expressing each full syntactic operation Fi as a composltion of subfunce
tions.

The fact that Mantague syntax works “bottom-up" also has certain effects
on the possible form of rules. Suppose we want the rules to operate on
and produce labelled bracketed structuresZ/ as in transformational grammar
{TG). One plausible constraint in TG is that no "structure-building” be
allowed: transformations must operate on the tree structuxegl of the input
expression but not create new labelled nodés except by operations such as
copying or Chomsky-adjunction which do so uniformly. This prohibition
would rule out, for instance, the "extraction anaiysis" of pseudo-clefts
which derives sentences (9) from (10a) (repeated below), building a number
of new nodes in the process.

(9) What John ate was the meat.

{10a) John ate the meat.
In a Montague syntax with labelled bracketing, some structure~bullding is

inevitable because of the absence of a separate phrase structure component.
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Consider a syntactic rule of the form (1) above, in which F, is simple

- concatenation. The interpretation of such a rule in a labelled bracketed |

system 1s that it operates on a pair of inputs as shown in (12) and produc;-s )

an output as shown in (13): concatenation then amounts to sistef-adjmction

plus creation of a parent node.

an [«], [A]
an [,[x] [LA]]

While one cannok absolutely prohibit structure~bullding in a bottomeup

pystem, o comparsble effect would be achieved by adopting the following:
(€1) No Internal Structure Bullding: The only new node that can

be added by a rule is a single parent node labelled to indi-
cate the category of the x-esulting expression. (The pair of
brackets labelled (“C") in (13) represent such a node,)
(As in TG, certain primitive operations may be defined to create duplicates
of existing nodes; the constraint in effect prohibits node-addition from

being a separate primitive operation.) X am in favor of this constraint in

' part because it can help to tighten the notion of syntactic category and

strengthen the degree to which surface structure facts provide evidence
for deeper structure. The free insertion of new labelled nodes into derived

8
structures would seem to weaken the empirical import of the labelled nodes

in both these resgpects.

A second constraint which {s built into the Montague syntax is that
there is no extrinsic rule orderingé

(C2) No Extrinsic Rule Ordering:

There is a high degree of intrinsic rule ordering because every category is

recursively defined, so that the domains of the rules are sets of n-tuples

12

of categories and not just the single category 5_2/ So one‘cannot, for
example, mpply the relative clause rule until one has bullt up a common
noun phrase and a sentence to apply it to, and one cannot apply tﬁat rule
after a determiner has been added to the common noun phrase to produce a
term phrase, |

2,2 Consequences of the well-formedness constraint.

Suppose we adopt the well-formedness constraint in the form proposed
in mection 1.3 above, where the only exceptions to surface welleformedness
to be tolerated are (1) the inclusion of labelled brackets, (14} the inclusien
of indexed varlables, and (111} the inclusion of abstract morphological repres
sentations that can be mapped into actual phonological forms by morphological
and morphophonemie rules. Then two immediate cpnstrainf;s follow, -bé;th of
vwhich I want to accept.

{C3) No Obligatory Rules

(C4) No Purely Abstract Morphemes

The first of these is clear enough; note that what standardly happens to

rules considered obligatory in TG is that they get incorporated as s@fmtions
in rules that do more besides, in the way that number-agreement is incorporated
into subject-predicate rules. Not everyone working in the MG framework has
accepted this constraint; my own reflexive rule in Partee (1973) violates

it, as do several of the rules involved in Rodman's analysis of relative
clauges in Rodman (1976). My proposal that late obligatory morphological
rules should be perndttgd reflects the judgment that the complexity of doing
all the morphology as one builds expressions up (with the concomitant need

to "undo" some of it at later stages) 1s so great as to outweigh the appeal

of the well-formedness constraint in such cases; advocacy of a larger class

of obligatory rules would presumably involve similar considerations for other

cases.
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The class of elements that (C4) is intended to prohibit are those
which never have a phonological realization. This would permit a present

tense morpheme which is sometimes phonologically null, but xrule out such

elements as Bennett's $ and # (Bennett 1974), or morphemes such 4s Q and IMP which sre

son;étimes used In TG to "trigger" certain rules before being obligatorily
deleted.

2.3 Transformational modifications of Montagque syntax.

Since Montague himself put no constraints on the syntactic operations
Fi' not even that they be limited to recursive functions (a minimal constraint
if the grammar is to be learnable), his rules already have at least as much
power. as transformational rules. So although the introduction of labelled
brackets 1s in one sense an extension rather than a restriction of his system,
my motivation in adding the brackets to the generated expressions is to

make it possible to restrict the class of rules by making the labelled bracket~

ing (which represents the derived constituent structure) one of a limited

set of properties of expressions to which the rules may refer, and in particular

to disallow reference to previous stages of the derivational history.

{C5} Ng Appeal o Derivational History.

Labelled bracketing will not be the only property of expressions to
whiech £ules may be sensitive, howeverj see the dlscusaisn of recursively
defined properties in sectioﬁ 2.4 below.

Another modification I am introducing into Montague's system, one whiéh
does yepresent an extension rather than a restriction, is to allow the syn~
tactic operations to be partial functions. This corresponds to the inclusion
of "structural analysis" statements in transformations, and requir;s a modifi;

catlon in the basic form of the syntactic rules:

(14) Syntactic rule n: If ol€ P, and ﬂé P, and of,4 are of the form A,

the|'1 YEPC, where ¥ = Fi(d,ﬂ).

14

The addition of the structural analysis clause means that a given syntactic
rule will not necessarily apply to all expressions of the input categories.
The requirement that the functions alwéys be total functions is linguistically
unnatural, and its abandonment does not, as far as I am aware, have any unde-
sirable consequences for the rest of the system.—l—o/ Restrictions on the
allowable form of the structural analysis statement will be specified in later
sections, and will be in part borrowed from transformational theory. It may -
be noted that transformational rules in the framework of Chomsky (1957) have
the form of (14), with the restriction that the category of both input(s) and
output is always S.

2.4. Features as recursively defined properties.

In Partee (forthcoming) it is proposed that Montague's bottom—ué form
of syntax, in which the syntactic rules take the form of a recursive defini-
tion of the set of expressions of each category, provides a natural way to
unify the linguists®' use of features on lexical items and features on non-
terminal nodes if both kinds of features are viewed as properties of expres-
sions.ll/ vConsider syntactic gender, for example, in languages like those
of the Romance family,lg/ Each lexical common or proper noun has a specified
gender; and for each syntactic rule which creates a commen neun phwase er a
term phrase, éne can write a rule specifying the gender of the resulting
phrase, given the gender of each constituent CN or T phrase. For endocentric
constructions, such a recursive property specification rule will simply state
that the gender of the resulting phrase is the gender of one of the constitu~
ent phrases (the head); this corresponds to the notion of "feature-climbing"
in the linguistic literature. Foxr non-endocentric constructions, the rules

will be less uniform. The gender of a term phrase formed fzj:ér_n a sentence,
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‘such as a that-clause, will always be a certain fixed gender, such as neuter

or maseuline, and the gender of & eonjolned term phrase will be a specifisble

function of the genders of the constituent term phrases. What I propose, then,

is a set of property specification rules that accompany the formation rules,
recursively defining properties to which syntactic rules may refe?, starting
with lexically specified properties and specifying properties of derived
expressions on the basis of the properties of the constituents and the rule
that 15 combining them.

In addition, it appears to be necessary to allow some of the syntactic
formation rules themselves to add or change property specifications, either
by cz')pying, as In the case of agreement rules, or by stipulation, as in the
case of government rules, e.g. the addition of case marking when a verb is

combined with its object. This last case represents something of a problem

for this approach for languages in which there is a rich case morphology, since

addition of a case specification to a full term phrase would seem to require
top-down rather than bottom-up transmission of the case specification to the
appropriate subconstituents of the term phrase. (The problem is not so
great for English where only pronouns show case, so I have been able to make
dowlth an 2d hoc treatment of case in this fragment. But I do not see any
way to give a satisfactory treatment for the general case within this frame-
work, so further modifica£ion seems inevitable,.)

One must of course seek constraints on the gset of permissible properties
in this framework, just as one must constrain the use of features in a trans-
formational framework, if one wishes to forbid the encoding of arbitrary
aspects of derlvational his!:ory.-l—:v Although I do not have specific con-
straints to offer at this point, I will 1list here the properties used in the

' fragment of section 4 below, which can be grouped into four types. FPFurther

[ 16

work will be needed to see vhether these types can ba narrowly defined by

some formal means, whether some can be eliminated, and whether others need
to be added.

Type 1: Morphological properties.
(L) GENDER (el) is defined recursively for term phrases and common noun
phrases, and is copied by rules onto pronouns. The values for this
property are Masc(ullne), Fem(inine), Neut(er), and Com(mon). Common
gender‘&st the gender assigned to conjoined terms whose constituents

differ in’ gender; in various dialects it is realized as he, he or she,

or they (the latter éeating problems for the treatment of number which
' are ignored here.) I
(11) PERSON (<t ), a feature whose values are 1, 2, and 3, 18 defined
recursively for term phrases, copled by rule onto pronouns, and referred
to in the ;ubject—verb agreement operation (subfunction AGR in the
fragmen.t)'. The PTQ fragment has only third persoﬁ t}erm phrases, but
the person property is included here to illustrate the more genexsl
case. .

(111) NUMBER (=¢), with values Sg and Pl, 1s also defined recursively for
term phrases and referred to in the subject-verb agreement rule as well
as in the rules of quantification and relativization. 1In this fragment,
all term phrases are singular; in an extended fragment, a f:reatment of
plural along the lines of Bennett (1974) could be given by referring to
the property specification "NUMBER (o) = P1" where Bennett has "ot is
of the form $3".

(iv) CASE (#t) is a property whose values are Nom and Acci it is not an
inherent property of expressions in this fragment, ITmt is assigned to

term phrases by the subfunction ACC(et), which occurs in the rules com~

bining term phrases with transitive verbs and prepositiéns.
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" ber of suggestions for decomposing even the more traditional categories
1ike Verh into complexes of features (e.g. Verb as [+V, ~N], Adjective

C ' 14 . :
as [_w, +N] v etc.-/), s0 there may be independent justification for fea-
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Type 2: Cateqorial properties.

There is just one property of the sort I am calling categorial in this
fxagment, namely VERB(A-* ), whose values are + and —. This property is not
a particularly attractive one, since it is simply a reflection of the absence
of the grammatical category "verb" in the PTQ fragment. 'However, recent work

on cross-categorial generalizations within the X-bar theory has led to a num-

tures of this sort. At any rate, such properties do not signifiéantly increase
overall ‘expressive power, since they are (at worst) replacéable by finite
disjunctions of category membership statements.

Type 3: Relational properties.

Following a suggestion of Friedman (1974),;§/ we iptroduce two recursively
defined relational properties: MAINVERB(cX ,/3 ) ("o is a main verb of /5") and !
HMMERM(N ,ﬂ ) ("efig a waln term ofp"),f each of which has the values + and ~ , '
The ﬁrincipal need for such relational ptﬁperties is the existence of rules
whicﬁ apply to full term ph;ases or verb phrases in ways that require identi-
fying the head (or heads in the case of conjoined phrases), such as the attach-

ment of the present tense morpheme tothe head verb(s) of a verb phrase in

‘sentence-formation. It is well known that PTQ incorrectly genera'tes (15a)

instead of (15b) because Montague's rule S4 changes only the leftmost bagic
verb of the verb phrase to its present tense form. ‘

" (15) (a) <*John walks and talk

18

cholce of one among four possible ways of solving this and related problems.
The other three are (i) appeal to derivational history,‘ which we wish to
exclude generally; (ii) the introduction of abstract morphemes like Bennett's
", which we also wish to exclude generally; and (iii) defining the tense-
attachment operation in terms of the labelled hracketiﬁg of the verb phrase.
The first two of these are in a sense rotational variants of the relational
property solution,l—e-/ since both the relational property and the introduction
of Bennett's "#" can be viewed as encodi;ng the relevant aspects of the deriva-
tional history (as a property of the derived string in one case and as an
ow}ert marker in the derived string in the other.) My preference for the
recursiveiy defined property s%:lution derives largely from the expectation
that only a small set of such relational properties like‘ MAINVERB will be needed
and that they will be universally definable. Thus even if the three solu-
tions (Friedman's, (i), and (ii)) are equivalent with respect to the PTQ
fragment, I would expect to find evidence that they are not equivalent in
terms of predictions about the class of possible grammars of natural language.
(The remaining approach, (iii), was one I advocated in introducing labelled
bracketing into the Montague framework in Partee (1973, 1975), but I have not
found any way of implementing it without defining the atf:achment subfunction
itself récursively, which in effect is Just another form of the derivational
history solution.) -

Type 4: Indexed pro-form properties.

The two properties PRO(X )} and INDEX(eA) are of a somewhat special kind,

and perhaps would better be treated in an entirely separate component of the

(b) John walks and talks

The introduction of the relational property MAINVERB(of , '0 ) represents a

grammar.-l—?-/ The PRO property value is + for both subscripted and unsubscripted
pronouns (and - for all other basic terms and term phrases) and is used to

identify term phrases to be put into the accusative as well as in the operations
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affecting subscripted pronouns. The INDEX property is the only property
with infinitely many values: o=, 6,1,2, v o s 'The substitution of a
“real pronoun” for an indexed one is viewed, partly following Bach (1976, 1978),
as just "desubscripting” the indexed pronoun (changing a numerical value of
the INDEX property to "=~"), with accompanying addition of gender ana number
features as mpecified In the particular rule. This treatment £its in witi’i
the constraint suggested in Partee (forthcoming) that indexed elements be
permitted in the syntax only as indexed forms of actually occurring pro-forms

(such as pronouns, there, then, do so, etc.)

One respect in which the PRO and INDEX properties differ from the other
properties is that they are lexically determined and not modified recursively
in the way that properties like GENDER, MAINVERB, etc., are (except in the
trivial respect that the value of PRO is specified as — for all recursively
built up, non-basic, term phrases.)

2.5 PBound varilables and "everywhere substitution".

" Both the relative clause rule and the quantification rules in PIQ include
the operation of substituting an appropriate pronoun for every occurrence of

hgi in a certain domain. This operation, because of the “every occurrence"

clause, cannot be defined in any natural way as a transformatlional rule, since
the structural description qf a transformation must partition the input struc-
‘ture into a fixed finite number of factors. Attempts to reproduce such rules
as transformations (e.g. in the Cooper-grammar of Cooper and Parsons (1976))
involve innovationa such as allowing "iterable " factors such as (16):
(16) (x he1 Y)e

" The introduction of such terms into transformations not only makes the strucw
tural description non-finite but raises questions aboﬁt the interpretation of

the structural description, since what is intended is to allow for multiple
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occurrences of the pame he, surrounded by different X's and ¥'s. Allowing

iterated application of a single finitely stated transformation won't work
either, unless some way could be found to insure that the same hgi is chosen
for each successive application.lg/

Rather than make the primitive operatlons powerful enough so that such
an operation of "ever&where substitution” could be defined in terms of
them, I have chosen to make “everywhere substitution" itself one of the primi-
tive operations; with constraints on its use designed to limit its appli-
cation to cases where the elements substituted for are interprcted as bound
variables. I belleve that an operation of this sort is needed in some compon-
ent .of the grammar in any framework. An explicit statement of the generative
semanticists' rule of quantifier-lowering requires such an operation, and an
analogous operation is needed in the interpretive rules if it is not included
in the syntactic rules.lg/ 20/

2.6 Functions, subfunctions, and primitive operations.

The fact that the output of eachvrule must be a syntéctically well-
formed expression appears to require a loss of generalization with respect
to what in a transformational grammar would be treated as obligatory trans-
formations. For example, in PTQ, person and number agreement of the tensed
verb with the subject is stated separately for each tenge as it is introduced;
accusative-marking must be stated separately as part of each rule that combines
a verb or preposition with a term-phrase object. If reflexivization is not
to be a single obligatory rule (which it cannot be if the well-formedness
constraint is correct), reflexivization must be built into the subject-predi-
cate rule(s) and additionally into one or more vérb—phrase creating rules
(to handle cases where the antecedeng,of a reflexive 1s in the verb phrase.)

The significance of this loss of generalization is that we then have no basis
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for predicting that, say, reflexivization should operate in the same way
in each rule in vhich it is introduced.

To remedy this shortcoming, I will follow a suggestion made by Emmon
Bach and require that each syntactic operation Fi be specifiable as a compos-
ition of "subfunctions”, where each subfunction is itself defined as a compos-
ition of certaln primitive operations (to be specified below.) A frequently
recurring operation, specific to a particular language, that i1s smaller than
a whole xﬁle but bigger than a primitive operation will be defined just once
in the grammar, given a name, and then simply referred to by that name in
the statement of each rule in which it is used. For example, one useful
subfunction for PTQ is the subfunction PROFORM(<: ), which defines the pronouh
agreeing in gender and number with the common noun or term phrase . ‘

a7) 1 K € B UP,, PROFORM(ct) = [ he ]

GENDER (< )
NUMBER (4)
PRO: +
INDEX: o=

(The bracketed feature specifications represent the composition of four

primitive operations of property specification.)

Using this subfunction, we can define further a subfunction PROSUB(c , £ ,6‘)

4 OF higi ind a pronoun which

is the appropriate proform of ¢ (see the fragment in section 4,) This sub-~

which substitutes for every occurrence of he

function shows up in the relativization and quantification {Qles of PrQ,
and would show up in other rules as well in extensions of PTQ.

"Capturing generalizations” depends not only on the form of grammars
but on the evaluation metric as well. It 1a‘intended here that the evaluation
metric should count a defined.subfunction as % single operatlion within a large
function definition, but should also take into account for the grammar as a

whole the number and complexity of the defined subfunctions. Intuitively,
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this use of subfunctions is analogous to the use of Eubroutines in complicated
computer programs. There is no advantage to separately defining a gubroutine
if it wili be used only once; there may be Lf it recurs at several different
points in the program. A sharper definition of the evaluation metric, incor-
porating appropriate tradeoff values among complexities in different parts ‘
of the grammar, is eventually needed but is probably not within reach in the
near future. »

The initial motivation for defining the rule-size operations Fi in terms
of intermediate-level subfunctions was to capture a kind of generalization
that is normally captured in transformational grammar by a single transforma-
tion; in this respect it may appear simply to be a "patch" on MG to enable
it to reach a level of adequacy already attained by TG. Recent work by Bach
{ ms. g; ms. b) suggests, however, that the subfunction notion may have fruit-
ful application to cases not representable ag single transformations;gl/ it
may turn out, for instance, to provide a helpful tool for expressing-some of
the kinds of typologlcal generalizations about families of ruleg that tend
to cluster together in languages (e.g. Greenberg (1963)).

The particular primitive operations to be taken as basic will be specified
in section 3 below; some of them have already been discussed above (e.g. "every-
whére substitution”). The choices are quite tentative at this point, since
the primitives should be universal (unlike the language~particular functions
and subfunctions), and there has not been very much work done so far in the ‘

MG framework on languages. other than English.gg/

2.7. Conjunction and "across-the board" rules.

Several of the errors in PTQ involve failure of rules to apply covrrectly

when one of the input expressions 1s a conjoined phrase (Friedman (1974)).
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" For example, as Friedman notes, ﬁTQ generates all of the following:

(18) 8111 seeks John and find he or Mary.

(19) John has talked and walk.

(20) Mary or John finds a fish and she eats 1t. ,
The last example has both a reasonable derivation, on which she is coreferentiai
with Mary, and an inappropriate derivation, on which she {s coreferential with
Mary or John, The error responsible foﬁ the second derivation 1s that the
pronoun corresponding to a given term phrase 15 determined by considering

Just the gender of the first basic term or comnon noun in the term phrase. In

PTQ, the first basic term or common noun phrase 15 the head of the term phrase
in a1l cases except conjoined term phrases,

Sentence {(18) illustrates two errors: present tense marking applies
only to :the first verb of the verb phrase (again appropriate for all cases
except conjoined verb phrases), and accusative marking applies only when the
term phrase to be markéd is a single pronoun. Sentence (19) i1lustrates
another tense-marking failure: a verb phrase is put into-the present perfect
by.prefixing has and putting the first verb of the verb phrase into the past
participle form.

In the fragment below, these errors are corrected by a means similar
to that employed by Friedman. The device’of recursive property specification
described in section 2.4 is used to define the notions "main verb of a verb
phrase” and “"main term of a term phrase"; whenever conjunction is involved,
there will be more than one main verb or main term, and subfunctions such as
tense-attachment and accusative marking are defined to apply to all main verbs
or main terms of the affected phrases. The recursive definition of the gender

property provides for the appropriate specification of the gender of conjoined

v "

B R -y
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phrases, so that a pronoun whose anteéedent is Mary or John will be given
comsion gendef {he or she or they, depending on dialeétgg/).

These corrections solve most of the problems connected with conjunction
in PTQ (some remaining ones are discussed in section §), and the devices
employed are for the most part independently justifiable., But there seems
to be a higher-order gencralization that is not reflected in the rules, since
1t 18 probably universal that rules 1ike accusative marking should apply to
al) conjuncts of a conjoined phrase, A similar problem exists in transforma=
tional grammar, where the netion of “across~the board rules" {first probosed
by Ross (1968)) has been suggested as a solution, though never éomp!etely or
adequately formalized; as far as | am aware. What is needed, in either frame-
vork, 1s a way of predicting, from the form of a rule as stated for simple
non-conjoined input structures, exactly how the rule will apply vhen one or
more of the input structures is or.confa1ns a conjoined phrase. 1 do not have
such a formulatioﬁ to offer; the treatmeﬁt in section 4 should therefore be
regarded as something of a "brute force" solution. - .

2.8. The separation of morphology and syntax.

The fragment presented in section 4 below incorporates certain working
assumptions about the separation of mofphoIogy énd syntax. I have nothing to
offer here about the basis for a principled distinction; this is an area much
in need of further research. I assume that the rule for the alternation of .
a/an does not belong in the syntax (where Montague had it in PTQ), and 1 generate
such terminal strings as (21) (brackets omitted), leaving it to later components

to tufn this into (22).
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(21) Mary believe  Pres that HE
[CASE:NOM] [NuM:Sg] GENDER: Fem
. NUM: Sg
PRO: +
INDEX: -
have Pres walk en.
[NuM:Sg]

(22) Mary believes that she has walked.

How much power the morphological ru1es‘have can of course make a differ-
ence to the demands placed on the syntax. I assume that morphological rules
must follow all syntactic rules and may not operéte across-the-board or across
variables. Hence I assume, for instance, that the problém of across-the-board
case marking noted in the previous section must be solved within the syntax,
and that the mofphoiogica] component can only tell us what the actual case
forms of various lexical items are.

3. A formal framework.

The framework proposed here is tentative; I am sure that neither the
'form nor the content is optimai. -In this framework, the specification of the
syntax of a natnra] language has four parts: (i) a.lexicon, (ii) a defined
set of syntactic subfunctions. (iii) a set of syntactic rules, and (iv) a ‘
set of property-specification rules. The framework specifies the form of all
of these as well as the primitive syntactic operations from which the functions
and subfunctions are built. Perhaps the framework should also specify the
set of properties and property values that may be used in‘the property-specifi-
" cation rules (and operated on in the other rules), but it seems premature
to try to specify such a set universajly at this boint.

3.1. Primitive operations.

The primitive operations are all operatfons on labelled bracketed strings

P
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{or trees), although the inputs may also include strings without labetled
bracketing. There are five primitive operations: Concatenation/adjunction,
simple substitution, everywhere substitution, property specification} and
property copying. V

(i) Concatenation/adjunction.  The concatenation/adjunction operation

applies to ahy nuhber of arguments, concatenates them, and provides a new
outermost pair of labelled brackets (in tree terms, it-provides a parent node).
The label on the added brackets can be specified in one of two ways: (a)

by stipulating it to be a particular category symbol; (b) be requiring it

to be identical to.the category of one of the arguments. For illustration of
typé (a), see all of the syntéctic rules of section 4 except S14 and S15. For
illustration of type (b), see the definition of the subfunction ATTACH whose
outputs include such expressions as (23) and (24).

(23) L IV/t[ v/t [believe] en] ;[that.....]]
(28) L TV[ qylfind] en][Mary]]

Since the operation takes any finite number of arguments and includes the_
addition of outer brackets with a specified Tabel, it is really a family of
operations. We could write a given one of these operations as, e.g. CONCATn’A.
where n is the number of arguments and A the category label to be added, as i
illustrated in (25) '
(25) CONCAT, y(a »6 ) = y[a 6 ]

|
o o
For perspicuity, however, I have used in the fragment below a notation which - {
more nearly displays the form of the output, as in (26).

\

(26) t[a 5]
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The composition of concatenation operations is {1lustrated in rule
S7 of the fragment; Fc could be written In the notatfon of (25) above as
(27): '

(27) Fg ( 6, 8) = CONCAT, 1y ( &, CONCAT, | (that,-8))

(11) Simple substitution. This operation, which s written as SUB (a, 8, &),

substitutes o for g in 8. We require thata and B be constituents of the i
same category. (The requirement is independent and could be dropped 1f it .
turns out to ba too strong.) Any properties that have Eeen specified for
B that do not confliet with properties of o are preserved as properties of
a in the result (e.g. case, if a 15 unmarked for case.) Deletion results
'if o is the null string e; we assume that the null string counts as a member
of any category, so that by fiat deletion does not violate the category-
preserving requirement. Additional constraints on déletion should be added; ;
there is no deletion at all in the frégment below.

There 15 not much use of SUB in the fragment below; 1t occurs pnly in
the definition of three subfunctions. NoM(a ), AcCC( u,, and ATTACH( 8,8 ),
a]l.of.which are slightly atypical in that they are designed as across-the-
board rules. Consjder ACC{ o), given in (28).

(28) AcCl e) = SuB(
- [CASE:ACC]

» B, o) for all B such that

MAINTERM( B, o) = +.
The effect of this subfunction is to add'the property specification indicating
accusative case to « or to each conjunct of a if o is a conjoined term phrase.
The prose quantification in the statement of the subfunction should probably
not be permitted; I have used it in the absence of a good general scheme for

across-the-board operations.
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One place in the grammar where SUB would be expected to turn up is in
the quantification rules S14 and S15; the reason it does not s discussed .

fn section 5.

(111} Everywhere substitution. This operation, discussed in séction
2,5 above, is represented as ESUB ( o, g, &),  Its effect is to substitute

a for every occurrence of g in 8, retaining any properties of g that do

-not conflict with properties already specified for o . As {n simple substity-

tion, aand g must be of the same category. Further, B must be an indexed
pro-form these are always he, in the fragment, but an extended fragment
might have pro-forms for additional categories. This restriction reflects
the hypothesis that ESUB 1s always associated with variable building.
In the fragment below, ESUB is ﬁsed in the deftnition'of the

subfunction PROSUB: PROSUB ( o, 1, 6) substitutes the pronominal form of o
for every occurrence of bgd in 8. (In an 1nterpr¢tivé variént of Montague
grammar such as that in Cooper and Parsons (1976}, in which no indexed pro-
forms occur in the syntax, ESUB would be eliminated from the syntax completely.)
The retention of non-conflicting properties has the effect that whatéver case
properties have been assigned to the varlous occurrences of 394 will be
carried over to the pronoun; that are substituted for them. Without this
convention, it is hard to see how one could write a uniform rule that has the
same effect as Montague's complex condition involving "...for hgj or hjﬂh re-
spectively" in his rules $3, 514 - S16.

(iv) Property specif}cation. In addition to the property specification

rules themselves, to be discussed below, the syntactic operations can include
the addition of properties with particular values. Properties can be added
to individual lexical items or to constituents, but not to strfngs which are

not constituents. Property specification s illustrated in the definition of
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the subfunction ACC, given above in (28). The notation adopted here is much
like standard feature notation: property names and specified values are put
in brackets under the constitent to which the property is added.

(v} Property copying. This operation is similar to property specifica-
tion, except that instead of specifying a particular value for the added pro-
perty, we write, e.g., [GENDER ( o)) to mean that the gender value to be
assigned is whatever the gender value of a is. This ﬁperation {s used for
agreement fules, and is illustrated in the fragment in the definition of the
subfunction AGR. Both kinds of property opératiohs are illustrated in the
subfunction PROFORM. Both property specification and property addition are
to be understood as overriding any previously specified values for the mentioned
properties, but leaving intact the values of any,broperties not mentioned in
the rule. )

Thisrcomp1etes_the inventory of %he-primitive operatfons.

3.2. Syntactic rules. Each syntactic rule is to be of the form given in (29).

: (29) If oy e Ppps cees oy Ppps A @y ooy o are of the form

SA, T.hen Fy { a 1s e un) P, where Fy { U1s vans un) = ...

What s further required is a specification of the form of the "structural
anélysis" conditions SA, and of the form of the syntactic operations F{. With
respect to the former I do not have a clear set of criteria, and there is more
prose in that part of the rules of the fragment than I would like. 1 permit
reference to labelled bracketings much as in standard transformational grammar,
reference to specified properties, reference to lexical ite;s. and both quan-
tification and negation (see S14 and $15),

The operations Fi are more tightly constrained: these must be definable

+
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as a composition of primitive operations and subfunctions, where the ;ubfunc-
tions fhemse]ves are language-specific operations defined as compdsitions .
of primitive operations. The only violations of the requirement in the frag-
ment occur in the definitions of the subfunctions NOM, ACC, and ATTACH, which
have been complicated to make them operate across the board in conjunctions,
One important respect in which the framework is still deficient is in
the connection between the specification of the structural analysis SA and
the specification of the operands of the subfunctions used in Fi’ In standard
transformational grammar, the SA of a transformation is always a specification
of a finite partition of a tree, and the rule opefates on the pieces of tree
determined by the partition. But as noied above, thg operation ESUB cannot
be formulated in this way, because there may be no fixed limit on the number
of occurrences of the form to be substituted for in the string. I have not
found ény fully satisfactory formalism for integratin@ ESUB with the other
operations (see section 4.2 for some particular problems); this may eventually
lead‘to an argument for leaving all ESUB operations out of the syntax and
following an interpretive variant of Montague grammar, -such as Cooper {1975).
The problem may be only in devising a suitable notation; there is no diffi-
cufty that I can see in stating rules involving ESUB as well as other opera~
tions éxp]icitly in prose while cbeying all the constraints on operations '
suggested in the previous sections.

3.3. Rules of property specification.

For each syntactic formation rule S, there are zero or more associated
rules of property specification (PSn). If Sn combines o and 8to form a
new expression v , the rules of PSn will specify values fbr properties of y

in terms of values for properties of a« and 8. A typical set of property
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sbec%fications can be seen in PSZI A more_problematic use of the property
§pecif1cation mechanism is its use to specify the "MAiNVERB” of a verb
phrase (tﬁe‘léxical item(s) to which tense or other affixes should be attached):
vhen two verb phrases are conjoined, each of their main verbs becomes a main
verd of the result (PS12), and since an adverb may be applied.to conjofned
as well as simple verb phrases, the property specification rule PS10 must
have a quantifier in it to guarantee that al) of the main verbs of the fnput
vork phrase become main verbs of the rasulting verb phrase, (Bennett's devies
of using “#f to mark tatn verbs‘dves not rieed any additional stipulatfon when
adverbs are added; the main verbs are automatically sti1} main -verbs unless
some rule deletes the "#".)

' Because of this and related problems, I suspect it may be a mistake to
permit "binary properties” Tike MAINVERB (of) to be treated in the same way
as ordinary properties like gender. The binary propérties used in this frag-
ment are all devices for identifying heads of phrases, and that task should
probably have a separate device of'ifs own, with universal principles for
chh‘predictable cases as the fact tha; the addition of adverbs and adjectives
does not affect what is the main verb or main noun of a phrase. This in turn
relates to larger questions of the representation of categories {since IV/IV
adverbs are "modifiers”, while IV//1V verBs 1ike try to do become new heads
of verb phrases; hence the relevant universals are not directly statable ih
PTQ terms. )
3.4. The lexicon.

A full theory of the lexicon is beyond the scope of this paper; see Dowty

{1976) and Dowty (forthcoming)for interesting and extensive treatment
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of the lexicon and 1ts relation to syntax within a Montague framewak. The
only addition 1 propose here fs the addition of certain property spéciffcations
tb lexical items, to serve as inftial inputs to the property specification
rules. I have used an abbreviated feature~like notation in the Texicon of
the fragment; an entry such as (30) is to be upderstood as ap abbreviation
for (31).
(30) Jdohn
Masc
e ]

(31) GENDER (John) = Masc,
PRO (John

-

I have also specified in the fragment that all members of BIV’ va. BIV/t’

and BIV//IV have the value + for the feature "V"; this is a makeshift device
for recaptu}ing the Texical category "verb", which I believe should ratﬁer
be accomplished by a modification of the categorial notation (see, e.g. Bach
(ms. &)). '

This completes the presentation of the framework. The main innovations
are the decomposition of syntactic operations into subfunctions, the proposals
for particular primitives, and the 1nc]u516n of property specification rulel.
The main deficiency, in my opinion, is that prose has not been more fully
eliminated from the writing of the rules.

4. A fragment.

4.0. Introductory remarks

i The fragment of Eng]ish treated here 15 almost identical to that generated e

by PTQ, and the rules are virtually 1dent1ca] in effect with exceptions as

noted below. The semantics 1s unchanged and has been omitted. Property specifi-

cation rules have been added.
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The fragment differs from that of PTQ in the following ways:

(i) Conjunction errors noted in section 2.7 above have been corrected.

(2) Re]étive clause formation requires at least one occurrence of the
variable being relativized on, so vacuous relativization (unicorn such that
John loves Mary, etc.) is elminated.

(3) The CN-scope quantification rule is eliminated (see Partee (1975)
for discussion; the marginal evidence cited there in favor of such a rule now
appears to be spurious.2¥)

(4) In the sentence-scope and IV—scépe quantification rules, vacuous
quantffication is elminated (seé Cooper and Parsons (1976) for discussion),
and the term phrase quantified inmay not be a subscripted pronoun or a dis~
Junction including a subscripted pronoun.

Some discussion of the rules follows in section 5.
4.1. The fragnwnt.

Lexicon.
Byy = {run, walk, taik, rise, change} 4a11 [v: +}
BT = {John, ~ Hary, Bill, ninety,
asc Fem Masc Neut PRO + PRO:+

PRO :! IE’RO [}RO :] [ INDEX EH:INDEXE]
By = (find, lose, cat, Tove, date, be, seek, conceive} all [v: +]
BIAV = {rapidly, slowly, voluntarily, wiiling]y)

v p;ice, temperature}

[Neut]

voman, park, fish, pen,

[Masc] [Fem]

unicorn,

[Neut] [Neut] [Neut] [Neut]

BCN = {man,
[Heut]
. all[Number: Sg]
By/t = {necessarily, allegedly) '
BIAV/T = {in, about}
BlV/t = {believe, éssert }
[vie]  [vs+]

s +o.} all[Number: Sg}‘

i
i
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BIV//IV = {try, wish}

Qv+l [Vet]

By/cn = {every, the, a}

Defined subfunctions

1.

PROFORM (%) = ;[ HE ]

GENDER (o)
NUMBER (o)
PRO: +
INDEX: ~

(for o e Pey U PT)

PROSUB (a,1,6) = ESUB (PROFORM (o), he;.s) (for o e Py Y Py any 6)

AGR (a,8) » (for o e Pps B = Pres)

[NUMBER (a) ]

NOM (q) = SUB ( 8 s By o) for all g such that
[CASE:NOM] MAINTERM (B,a) = +
ACC (o) = SUB ( 8 » B a) for all g such that

[CASE:AcC] MAINTERM (B,a) =

ATTACH (B,8) = SUB ( (pry SR ¥, 6) for all y such that

MAINVERB (¥,s) = +. (for g an “"affix", § ¢ PIV)

Syntactic Rules and Property-Specification Rules

Sl.

Psi.

If a e By, then Fola) € Py, where Fo(a) = A[u], for every category A.

(Property-specification 1).

{i) For all properties P which are defined for lexical fitems,
PFola)) = Pla).

(1) 1 V(a) = +, then MAINVERB (u,Fo{a)) = +

{iii) Ifae By» then MAINTERM (u,FO(u)) =+
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35 N
. 59, IfseP,, andge P, then Fo(5,8) € P, where Fols,8) = .[§78]
S2. If € Prycy and 8 ¢ Py, and NUMBER (8) = Sg, then Fy(a.8) € Pp, (rane) t/t t g’ t gl ot
: PS9. (none
where Fq(a,8) = T[G"B]
Ps2. (1) GENDER (F,(w,8)) = GENDER (8) - , -
$10. If 6 ¢ Pry,py and 8 e Py, then Fg(s,8) ¢ Py, where Fy(s.8) = 1y [876]
(11) NUMBER (F{(a.8)) = Sg _
PS10; MAINVERB (¥, F9(5,B)) =+ for all ¥ such that MAINVERB (¥,8) = +
(111) MAINTERM (F (a.8), Fila,8)) = +
(i¥) PRO (F,(a.8)) = - . -
‘ ! SI. If@, v ¢ Pys then Fo(@,v), Fiq(@uv) e Py, where Fo(dv) = [ and™v]
' PS11. (none) where F]]@P.W) = t[qp’}g;’" ¥]
S3. If a e Py and 9 ¢ Py and @ is of the form t[3 he, v], then .
F,  {a»f) € Prys where Fp  {os@) = oyl such™that " PROSUB(a,n,®)]
Z,n N . 2,0 CN . ‘ ‘ S12. If y,6 ¢ PIV' then F]z(Y:&). Fla(Y’G) € PIV‘. where F"z(Y'G) e ]V[Ynﬂr\a]
PS3. (1) GENDER (Fp n{esP)) = GENDER (a) 5 Fralees) = Ly " or s
(1) NUMBER (Fj (e f)) = NUMBER () | PS12. MAINVERB (8, Fyp(¥,5)) = + for all & such that

MAINVERB (8,¥) = + or MAINVERB (8,8) = +. (Same for F,)
S4. If we Ppy 6 ¢ Ppys then Falass) = ([NOM(a) ATTACH(AGR(s,Pres), &)] |
PS4. MAINVERB (¥, ATTACH(AGR(w, Pres), 8) = + for all ¥ such that MAINVERB (¥,s) = +

$13. If a,8 e.Pp, then Fya(a.8) ¢ Py, where Fyg(asB)) = ([ or 8]
PS13. (i) MAINTERM (Y, F]4(u,8)) =+ for all ¥ such that

S5. If a € Py and B € Py, then F,(5,8) € Py, where F,(5,8) = , [ AcCC(8)] MAINTERM (X ,0) = + or MAINTERM (¥,8) = +
TV T 4 1v, 4 v

PS5. MAINVERB (¥, F4(6,8)) = + for all ¥ such that MAINVERB (y,s) = + ; (11) GENDER (Fy,(a,8)) =[GENDER (a) if GEMDER (a) = GEMDER (8)
o coM ¥ GENDER (o) # GENDER (g)

S6. If 6 ¢ PXAV/T and 8 € Py, then Fg(8,8) € Pypy» where F5(6.8) = lAV[G,‘ACC(B)] _ ($41) NUMBER (F14(&,B)) = NUMBER (o) [grammar book dialect]
PS6. (none)

. S14, Ifa e PT and 476 Pt and (1) PRO(B) = - for all 8 such that MAINTERM(B,a) = +
S7. If s ¢ PIV/t and 8 ¢ Pys then Fo(é,s) € Prys where FG(G,G) = [v[sfak[that’xﬁ]] and (i) ¢ = t[x § £], where § = he, and ¥ does not contain ngn, then |
PS7. MAINVERB (¥, F.(6,8)} = + for all ¥ such that MAINVERB (y,s) = + LT Rl R (a,0) 6 Py wheve Fig g(a,ﬂr:_; o[ T PROSUB - (% nE)]Y

» ’ .

PS14. (none)
$8. 1f 8¢ Ppy, pyand B c flv’ then F,(5,8) € Pyy, where Fy(6,8) = ; [, [t0"8]]
PS8, MAINVERB (¥, F,(s,s)) =+ for all ¥ such that MAINVERB (y,6) = +
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&
SI5. If ac >  and 6 € Py and (1) PRO(B) = - for all 8 such that

MAINTERN (8,a) = + and (11) & = [ ([¥ € 0], vhere £ = he  and ¥

does nﬁ“ contain he,, then F]G,n(“'é) € Ppys where
Uy L ~ o~
F]G,n(:z‘\"s) = le ‘7“ "PROSUB {a, n,9)].
PS15.  MAINVEL (f, Fig.n(®%)) = + for all ¥ such that
i .
MAINVERD, (4,6) = +,

S17.1. Iface Py and 8 € PIV; then Fy, (e,8) € Py, where
| ~ ~ tal
Fz (2:8) = [N0M ()" pyyldo™ AGR (s, Pres))”not” ¢]

P$S17.1. (none)

) s17.2. Iface Pp and ¢ = Ppy, then Fig {0,6) ¢ Py where

Fig (0,8) = ¢[N04 (0)” m,x[wm]"_al

psi7.2. (none)

$17.3. If a € Py and 8 € ?yy, then Fyg (ufé) ¢ Py, where
, -
Frg (0,8) = (IHOM()" po Twill] ‘not 8]

Psi7.3. (none)

$17.4. If'a e ppand 6 € Py, then Fpg (a,8) € Py, where
~ ~5
Fpo (3,8) = ([NOM (@) p [have ™ AGR (o, Pres)]ATTACH(en, §)]
PSi7.4. (none)

$17.5. If.a e Pyand 6 € Pry, then Fy; (x,8) € Pys where

Fpy (5,6) = (INOM (3) yelhave ™ AGR (o, Pres)] ™ not ™ ATTACH (en )]

PS17.5. (ﬁone)
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5. Problems and alternatives.

5.1. Gender.

No gender is assigned to hg4; as a result, the property specification
rule for gender of conjoined term phrases (PS13) is undefined when either
conjunct is an indexed pro-form. This should not cause a problem in this
fragment because of the prohibition against quantifying in pro-forms (514,
$15) (whiéh extends to pro-forms as conjuncts of term phrAses), but it could
cause a problem for languages in which predicate adjectives agree in gender
with subjects. Perhaps languages in Which gender is clearly syntactic (which
might not include Ehg]ish) should have separate pro;forms for each gender.
Lauri Karttunen (personal conmunication) has suggested that gender 1in
English might best Be treated entirely as a matter of conventional implica-
ture, and not handled in the ;yntax at all.

5.2. Case.

As mentidned in section 2.4., there is an asymmetry between the treatment
of number and gender on the one hand and case on the other; the former are
specified by the recursive property specification rules, the latter assigned
by a syntactic rule when a verb or preposition combines with an object. For
languages ﬁith a rich inflectional morphology, this would seem to imply that
number and gender are specified bottom-up, while case is imposed top-down.
Given that the same elements (determiners, adjectives) often show agreément
in all three features, something seems wrong. The only uniform treatment I

can think of is to define case bottom-up as well, generating term phrases of

eachicase separately, and having verbs and prepositions select term phrases =~ 777"

of a particular case to combine with rather than combining with un-case-marked
term phrases and assigning case to them. The unattractiveness of generating all

the cases separately could be lessened by providing a single schema with a
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variable ranging over ?he values of the case property. One interesting
consequence of such an approach is that it would render impossible rules

1ike Passive or Raising which entail the reassignment of case. (Dowty(forth-
coming) and Bresnan (forthcoming) argue independently that such rules should
be eliminated in favor of lexical rules.)

5.3. Frob]ems with the quantification rules.

Rules 514 and S15 do‘not quite work as they are stated, and what may
seem at first like a trivial problem with them is probably a serious one.
The crucial part of S14 is repeated below (the problem with S15 is identical).
(32) Fi5.n (a:f) = ,[y"3 PROSUB (o, m, ¢))
The SA part of the rule specifies that & is the first occurrence of he ing 3
P = t[x & £]. The problem is that in many cases, neither ¥ nor £ will be
constituents, yet the concatenation operation is defined only on constituents.
My inténtion is that « shouldvsimply substitute for § without affecting the
rest of the structure, and that the PROSUB function should make appropriate
substitutions in € without affecting the rest of its structure. If PROSUB
were applying to the entire string 4, there would be no such difficulty
(as there is no comparable difficulty with the relative clause rule $3.)
But there is no way within the proposed framework to apply PROSUB {or any
ESUB operation) t&.a part of an expression which is not a constituent. I have
written the rule almost as if it were a transformation; the substitution of &
for ¢ would be easily expressible in transformational terms (1eaving surround-
ing tree structure intact). But as mentioned earlier, ESUB cannot be a trans-
formation. The problem seems to be that I haven‘t found any way to have
operations apply to specific parts of strings without having either (1) a

factorization of the TG sort as SA statement or (i1} a reconcatenation of the
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affected parts, violating constituenthood requirementsf ;

An earlier formulation of the quantification rules awﬁded the concaten-
ation problem but ran into a different one {Stanley Peter:%Jr., personal
communication). The earlier formulation of S14 was as fo11§ws:

(33) IfacPyandc P and (1) PRO (8) = - for a}i 8 ¢ MAINTERM (o)

and (11) 4 = t[y 5 £ ], where § = _ht_an and v dog;‘c; not contain hgﬂ.
then F]S,n (o,#) € Pt’ where ’ '
F1s.n (a,#) = PROSUB (a,n, me (e#®)) and

F]ﬁ,ﬂ (ag(ﬂ) = SUB (uiﬁiﬂ

In effect, this rule first quantifies the term phrase in for the first occurrence

of he, (by Fle,n)' and then uses PROSUB to substity’e the appropriate pronoun
for all remaining occurrences of bgn. Since each ¢peration has the whole string
¥ ag an argument, there is no need to break the ftring apart and reponcatenate
it. This version also conforns more closely to the spirit of the proposal to
build up rules by composition of- subfunctions tlin does the final version. The
problem, however, is that the quantified-in ters phrase, & , may itself contain
occurrences‘of hgn, and these would 1ncorrect1y‘be changed to pronouns by

Fls.n (they would not be bound semantically, since the semantics is exactly as
in PTQ). So in fact I cannot see any way to write the quantification rule
within this framework; unless there 1s a solution I have overlooked, it seems
that I must either change the framework in some fundamental way, either by
changing the way the rules work or by removing indexed pro-forms (and ESUB)
from the syntax. l

5.4. The auxiliary system.

1 had originally hoped to give a more uniform treatment than Montague did
to the auxiliary system; the main obstacle turned out to be the problem of

conjoined verb phrases. The need for a better treatment of across-the-board
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to think thét you héve a solution to:a problem when in fact you don't.

phenomena was discussed in section 2.7. I will add here only one particular If the failure of this attempt to provide a framework both constrained ]
problem that so far as I know has not been solved in any extensions of PTQ, and descriptively adequate can help to lead toward the construction of a
and perhaps not in any other framework either. There are conjoined verb better one, I won't regret the headaches. .

phrases such as "be in the park and walk"; what should happen when such a verb
phrase 1s put into the present tense negative form? PTQ gives (34); Friedman
(1974) gives (35); there seems to be no possible form at all.

(38) *John is not in the park and wa]k.'

(35) *John doesn't be in the park and walk.
(For reasons noted by Friedman (1974), (36) vould be a semantically incorrect
form for this rule to produce, though syntactically acceptable.)-'

(36) John is not in the park and doesn't walk.
The behavior of copular be greatly compiicates the treatment of verb phrase
conjunction, since it o}iginates in the verb phrase but behaves like an aux-

~ tlary if theré are no other ‘auxiliaries p?éséntﬁ' (This‘presents problems

for>ﬁany frameworks, not just this one.)

‘1t would be possible to 1ist a number of further problems, but the ones
cited include the most serious problems for this framework that I am aware of.
Some of them present ﬁroblems for other frameworks as well; I cannot be
sure at this point to what extent the phenomena in question are not yet well
enough understeod.

Let me add a personal note by way of conclusfon. It can be very frus- :

trating to try to specify frameworks and fragments explicitly; this project !

" has not been éntirely revarding. I would not recommend that one always work
with the constraint of full explicitness. But I feel strongly that it is

important to try to do so periodically, because otherwise it is extremely easy
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Footnotes
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Mithun and Steven .Davis for organizing the stimulating conference
at which this paper was presented and for their patience and encouragement
through thevdelays of completion of the manuscript of this paper. Also,
for particularly helpful commgnts and suggestions, to Stanley Peters, Lauri
Karttunen, William Ladusaw, Joyce Friedman, Ewan Kiefn, and Terence Parsons.

The preparation of this paper was supported in part by a Fellowship

“at the Center for Advanced Study in the Behavioral Sciences (1976-77), for

which I am most grateful.
ISee Montague (1970b, 1973).
20nce, when Montague was told about linguists' aim of constructing a

theory of language to characterize all and oﬁ]y possible human tanguages,

“his response was to ask why linguists wished to disqualify themselves from

f{eldwork on other inhabited planets.

3this has been pointed out by a number of writers; discussion toéether
with a vivid illustration can be found in Bach and Cooper (1978).

4Partee (forthcoming). 1In PTQ, it is the analysis trees that play the
role of disambiguated language,- Cooper (1975) suggests a way of dispensing
entirely with the level of disambiguated language.

Slt would be possible to treat all adjectives as common noun modifiers
by introducing a syntactic category CN//CN for those Siegel treats as t///e;
a meaning postulate could be written to "reduce” them in effect to the type
&s ey, t.

6The introduction of these 'subfﬁnctions' was sugoested to me by Emmon
Bach. The notion bears some resemblance to the introduction of subroutines

in computer progrannﬂhg.
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7See Partee (1973, 19?5). Friedman {1974) suggests that unlabelled
braﬁketing may be all thét is requifed for.the resolution of the particular
difficulties with PTQ conjunction. =
81 refer interchangeably to tree structures and labelled bracketings.
since éither is éési]i convertible into the other. (Labelled bracketings
are tybograbhica]ly more convenient than trees, but structural relations
such a$ "sister node" and "parent node"vare easiest to expréss in tree'terms-)
'9N1thfn‘transformatiqnal grammar, an increase in thglnumber of cyclic

categories similarly leads to a decrease in the need for extrinsic rule

“ordering. .See, for example, Williams (1975).

loLinguistically unnatural features Qf qu‘that appear to be con#équences
of the requiremeﬁt of to?é] functions 1nc1udg vacuous relativization {where
the clause to be relativized contains no pccurrehce,of the relevant ngn).
vacuous quantifiéation, and the quantifying‘fﬁ of subscripted pronouns.

uThe treatment of ffeatures" as recursively defiﬁedjpredicates vias
suggested to me by Terry Parsons. o

1ZIn the fragment presented.here 1 treat gender as syntactic in English
to illustrate the idea of recursively defined_propertfes.‘ Such a treatment
would be appropriate for a:1angua§e like French or Russian, but it is
1ikely that English gender shoqld not be treated fn the syntax at all (Laurd
Karttunen, hersona] communication). _ )

13Ewan Klein poipted out to me the possibility that recursively defined
propecties potentially have all the power. of reference to derivational his-
tory; he has shown {unpublished notes) how Thomason's (1976) use of deriva-
tional history in the statement of refléxivization can be replaced by a
recursively defined property of expressions. Mothing.I say here rules out

his example; the property he uses bears some resemblance to the "Type 3"

properties discussed below.
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M'J:.ckendoff, Bresnan, and others have made various suggestions of this ' part dn Sanskrit by Dave pavis {University of Massachusetts at Amherst) .
sort. i There is probably more than I am unaware of or have forgotten to mention,

152 simitar device was employed by Montague (1970a) to identify main 23ugne or he" might be bettér here, but that would require a more com-
verb occurrences In verb phrases. ‘ : plicated device with the power of the “respectively” transformation.

61pat (1} may be equivalent was pointed out to me by Ewan Klein (see ; 8¢ idence for the rule came from Joan Bresnan {personal communication),

note 13); that (1f) may be was suggested by David Lewis at the conference where as a noun phrase of the following form:

_ whose example w
this paper was presented. . : () every man who Toses a pen who finds it

]7See, for instance, the I-Grammar variant of PTQ in Cooper and Parsons (1976). rsuaded me that such examples

Subsequent discussion with Emmon Bach has pe

Brhis effect is achieved by Bach (1976, 1978) by eliminating syntactic do ot involve genuine bound-variable anaphora and are probably better grouped
gender aareement rules, having all of ﬁg4, §hgﬂ, 1Ek separate from the start with the problematical *donkey-sentences” 1ike (i1), however these are best

and with disjoint subscripts.
J erie treated.

Yin the I-grammar of Cooper and Parsons (1976}, the selection of an (i) Every man who owns a donkey beats it.
index for a term phrase (and its consequent “"quantified-in" interpretation)
is followed by the selection all at once of whatever prohouns are to be f

interpreted as co- indexed to 1t

Variab]e binding is ev1dently the on]y thing that makes the syntax
of the set of closed formulas of the predicate calculus non-context-free
{personal communication from both Herbert Bohnert and William Marsh, 1nde;
pendentiy.) '

21See the discussion of passive, complex transitive verbs, and the
“right-wrap" subfunction in Bach (ms. a, ms. Q).

220t the time this paper was begun, the only published work in Montague

_ grammar on’ languages other than English that I knew of was that of Siegel

(1976a,l1976b}1 on Russian and that of qupqr‘(l975) on Hittite. There were !

two such papers presented at this conference, one by Thomason and Thomason
on Serbo-Croatian and one by Thomason and Mithun on Mohawk. There is also
now & dissertation by Marion Johnson on Kikuyu (Ohio State), one by James

’ Mccloskey on Irish (University of Texas at Austin), and one in progress in
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