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Abstract

Theories of natural language syntax often characterizagnatical knowledge as a form of abstract
computation. This paper argues that such a characterizatemrrect, and that fundamental properties of
grammar can and should be understood in terms of restritinthe complexity of possible grammatical
computation, when defined in terms of generative capacitgreMspecifically, the paper demonstrates
that the computational restrictiveness imposed by Tre®iAtjg Grammar provides important insights
into the nature of human grammatical knowledge.



1 Introduction

Many theories of natural language syntax characterize hugnammatical knowledge in computational
terms. In such theories what a speaker knows is a system toetosomputation for constructing the possi-
ble sentences of his or her language. | will argue in this pagfavor of such a computational perspective on
linguistic knowledge, by showing how important properidgrammar can be derived from computational
restrictions. To do this, it is necessary to be precise ahat kinds of computational restrictions must be
imposed. In section 2, | review a nhumber of options, ultifyafixing on abstract generative capacity. In
sections 3 and 4, | explore the alignment between the speedfiictions on generative capacity found in the
Tree Adjoining Grammar (TAG) formalism (Joshi et al., 193@Bd the characteristics of human grammar.
Specifically, | demonstrate in section 4.1 that the exisgtesfc'island effects” in displacement phenomena
follows from the local manner in which TAG requires syntaalependencies to be encoded (what | refer
to as the “Fundamental TAG Hypothesis”) and limitations ba tombinatory machinery that TAG pro-
vides. In section 4.2, | explore a potentially negative egpgence of TAG's limited computational power:
the restrictive TAG machinery also apparently predictsithpossibility of a certain type of construction
that is present in Hungarian. Closer analysis of this cangtn, however, reveals a number of curious
properties that point to an analysis that is within the lgwif the TAG formal system. Rather than being a
counter-example, then, this construction provides furéivédence for the alignment between the properties
of natural language and the computational restrictionosed by the TAG formalism.

2 Characterizing complexity

The human language capacity provides us with the abilityefrasent and compute mappings between
semantic content and some kind of form (sound, orthograetty). Individuals who represent the same
or a sufficiently similar mapping are able to share their sdemuseful trait. Formal approaches to the
cognitive science of language start from the assumptiohahandividual’s knowledge of such a form-
meaning mapping takes the form of an autonomous mental gaamudmder this conception, a grammar is
a means of specifying a set of pairings of forms and meaniAgg.theory of human grammar must come
to terms with the apparent conflict between the infinite potiglity of the form-meaning pairing and the
finiteness of our brains. As is familiar to students of cageitscience, the key to the resolution of this
conflict came with developments in mathematical logic amdthieory of computation during the early part
of the twentieth century, which for the first time providedaiety of means for precisely specifying such
an infinite set in finite terms.

Over its fifty year history, generative grammar has embrdbedformalist perspective, and has been
preoccupied with determining the nature of mental gramrivauch of the work toward this end has been
empirical, attempting to establish the range and limits aégible grammatical structures both within a
single language as well as to identify linguistic univesghilat restrict variation across languages. Given the
commitment to providing a precise characterization of gream this empirical work has necessarily gone
hand in hand with attempts to identify formal models for e@gsing these structures and mappings. Indeed
we should expect that in an explanatory theory of grammawéng structure of this formal model should
play a significant role in restricting grammatical variation this, | endorse the view put forward by Gazdar
et al. (1985, p.2):

The most interesting contribution a generative grammanuake to the search for universals of
language is specify formal systems that have putative tsa@l®asonsequencess opposed to
merely providing a technical vocabulary in terms of whicloaomously stipulated universals
can be expressed.



One thread that has united many of the formal models that Ihese proposed is that they consist of a kind
of computation.What | mean by this is that the form-meanglgtion is characterized in terms of the input
and output of some sequence of processing steps. This chimdaed has been done in a variety of ways.
The model proposed by Chomsky (1965), for instance, chetiaes grammar in terms of a process that
takes representations of meaning as input and return exgeg®ns of form as output. In other models,
for instance those of Steedman (1996) and Chomsky (199 nmatical computation takes as input a set
of lexical resources and produces representations of mgamd form as output. Whatever its nature, we
might expect, following Gazdar et al., that there will begetdies of this computation that play an important
role in our understanding of grammatical variation. Mommwas grammatical computation is assumed in
the generative paradigm to constitute a speaker’s knowlefiher grammar, hegrammatical competence
understanding the character of this computation is impoffiar cognitive science. Under the assumption
that cognition in general is a form of computation, an un@deding of the kinds of computation exploited
by grammar may be very revealing about the nature of cognitio

In order to address the question of grammatical complerity substantive way, we need to be explicit
about how we should measure it. One intuitively appealing teado this is in terms of the effects that a
particular conception of grammatical computation has dmglage use. We might, for instance, measure
the complexity of a grammar by determining the complexityhaf parsing problem for that grammar, that
is, by measuring how much time or space is needed to detefforiaegiven surface form the range of inter-
pretations that the grammar permits. The relevance of oaxitplon this measure seems clear: since people
are apparently able to comprehend language in an effoftebfon, we might expect that grammatical com-
putation should be structured in such a way as to limit thepterity of the parsing problem (or perhaps
of analogous problems in the domain of production). Theeehawever significant obstacles to this view.
Note first that there are classes of structures that arefarefied according to the grammar but which the
performance system cannot efficiently manipulate, foraea®f memory load say, and which speakers as a
result avoid entirely and do not accept — center embeddectstes are a case in point (Miller and Chomsky,
1963). It is of course a non-trivial matter to determine vieetthe nacceptability of a certain structure is
due to the fact that such a structure is not generated by #rargar or because it imposes unmanageable
processing demands (Joshi et al., 2000). However to theedefat the characterization of grammatical
well-formedness and processability are qualitativeljedént, the simplest account of the range of possible
sentences will be one that separates restrictions on grafmonarestrictions on use (Miller and Chomsky,
1963; Hale and Reiss, 2000), and the properties of that atewill not be determined by the exigencies
of use. An additional reason for skepticism about the imgrar¢ of processing-derived measures for gram-
matical complexity stems from the directional manner inchhihe grammatical mapping is often stated,
say from an underlying meaning say to a surface form. In sugystem, there is no grammatical process
corresponding to the parsing process, since the latter saasth among possible inputs to the grammat-
ical computation. For this reason, it has sometimes beepopsa that in comprehending sentences, the
language processor initially exploits a variety of compiotaal tricks, external to the grammatical specifi-
cation of the form-meaning mapping (Townsend and Bever] R00this view is correct, understanding the
properties of such tricks would surely tell us little abdue tharacter of grammér.

Putting aside complexity measures tied to language use, timv else might we assess grammatical

It is of course tempting to try to link the computations ingglied in grammatical models to the computations neededgluri
language processing. Early attempts to do this, in the gbiofethe Chomsky’s (1965) model, led to the Derivational diye
of Complexity: the proposal that sentences whose derivatieolves more computations are more difficult to undeidtdran
sentences whose derivation involves fewer computatiofiss ilea however met with only limited success (Fodor etl&74).
Under more recent conceptions of grammatr, it may be posgiblesurrect this idea (Bresnan, 1982; Steedman, 1989jm3hil
1996). In such a context, the arguments | make in the text aek@ned somewhat. Even so, performance is sure to be dffacte
a variety of extra-grammatical factors, such as memory towdexical and conceptual salience (Lewis, 1996; GibsoA81Zaplan
and Waters, 1999).



complexity? One possibility exploits the notion of generative capaaitiyich characterizes the complexity
of a class of grammars in terms of the languages it is capdbigmerating. If we take a grammar as
generating a set of strings, the resulting complexity meamithat ofweak generative capacityThis is

to be distinguished from the notion efrong generative capacityvhere a grammar class is characterized
in terms of the sets of structural descriptions it can geeerarom the perspective of grammatical theory,
where it is crucial that a sentence be assigned the correctuste, strong generative capacity would seem
to be the more important notion; we may well want to distispubetween two grammars that are weakly
equivalent, in the sense of being able to describe the sate@fksentences, but not strongly equivalent,
since they define different sets of structural descriptidthewever, it has proven to be difficult to compare
different types of grammars along the dimension of the sires that they generate, since these structures
are often qualitatively distinct. As we shall see, thereasetheless considerable mileage to be gotten from
the notion of weak generative capacity.

In the foundational paper on the topic of generative capa€homsky (1959) defines four classes of
grammars and compares them according to the languagesahieygenerate, where language is understood
as a set of strings (hence we are dealing with weak genexapacity). These classes of grammars are all
systems of string rewriting: given some initial start symlgpammatical computation consists of rewriting
the string according to the rules given by the grammar. Cdatimn continues so long as the string includes
at least a single symbol from a distinguished subalphabrbofterminal symboland concludes once the
string contains onlyerminal symbols The different classes of grammars are distinguished obdbkés of
the types of rules they permit:

(1) Type O (Unrestricted) grammar: rules are of the farig — ~
Type 1 (Context-sensitive) grammar: rules are of the fathnd — a3, wherey # ¢
Type 2 (Context-free) grammar: rules are of the foXm— ~
Type 3 (Right linear) grammar: rules are of the fodm— wX or X — w

In these definitions X is a single non-terminal symhal3, and~y are strings over the set of non-terminal
and terminal symbols, and is a string over the set of terminal symbols. Chomsky shoasthie generative
capacity of each of these grammatical classes is striathpasing: not only can each class of grammars gen-
erate all the languages generable by the class of grammtad below it in (1), there are languages which
can be generated by grammars of each class that cannot bratgengy any of the grammar types appearing
below it in (1). That is, there are languages that can be géswbiby some context-free grammar but not
by any right linear grammar, there are languages that arergtd by some context-sensitive grammar but
not by any context-free grammar, and there are languagearéngenerated by some unrestricted grammar
but not by any context-sensitive grammar. Consider, faaimse, the language consisting of a string:sf
followed by a string ofbs. This language is generated by a right linear grammar \Wahfallowing four
rules:

1. S —aS
2. S —aB
3. B—-bB

2Chomsky (1998), Collins (1997), Frampton and Gutmann (R0f2ong others have explored measures of grammatical com-
plexity having to do with the complexity of executing the@iighm that characterizes the grammar. For Chomsky, faaite, this
algorithm begins with a set of lexical items and must prodoggut representations of meaning and surface form, wheeteop
this process involves a certain kind of optimization. Diffiet characterizations of this optimization process testiher different
levels of time complexity for executing this algorithm. Opetential pitfall with this measure is that it does not eaallow us to
compare different conceptions of grammar, as they can ctargifferent functions, as we have seen. Additionally, ifaisfrom
simple to determine what if any empirical consequencedtrremn this kind of complexity.



4. B—b

To generate a string, we begin with the symiSolsuccessively rewriting according to one of these rules
until we cannot rewrite any longer (the number above thenarsflects the rewriting rule used at the stage
in the computation):

S A a2 aaS 2 aaaB 2 aaabB 2 aaabb

Such a derivation can be written for a string with any numbes#andbs. Observe, though, that tlas
andbs in such a string are generated separately from one anaethgtithe grammar does not encode any
dependencies among them. However, if we want to ensurettbaiimber ofzs andbs in the string are
the same, so that our grammar generates exactly the langu&bggn < N}, right linear grammars are no
longer sufficient. We can however write a context-free gramthat will generate this language:

1. 5 —aSb
2.5 —ab

Generating strings with this grammar involves the simdtars addition ofis andbs to the right and left of
the center of the string, and consequently, they will renegjmal in number.

S =1> aSb =1> aaSbb =1> aaaSbbb =2> aaaabbbb

In this derivation, there are indeed dependencies betweesstandbs: as just noted these elements are
generated in a nested fashion, so that thediistdependent on the laktthe second. on the penultimaté,
and so on. This is especially clear when we represent thigatienal history in terms of the following tree
structure:

)

S
S b
a S
a S b
PN

b

a b

Each node in thiglerivation treecorresponds to a point in the rewriting sequence just gilféwo elements
are sisters at some level of the tree, this implies that thieydarivationally dependent on one another,
having been introduced at the same point in the derivatione Might imagine that dependencies could
work differently. Suppose for instance that we wanted toegate strings where the dependencies worked
in a “crossing” manner, so that the first element from thepaft of the string was associated with the first
element from the right part of the string. Of course, thengsiof such a language would be equivalent, what
is known aswveak equivalencdhough their derivations and dependencies would not baetdhey are not
strongly equivalentThere are languages whose strings require that they stassiog dependencies. One
example is the language whose members consist of two coratatecopies of a single string @ andbs,

i.e., {fww|w € {a,b}*}. Crossing dependencies, whether evident in the stringukg® or not, cannot be
generated by a context-free grammar, but can by a contesttse gramma#. To finish the picture, there

3In the interest of space | won't give the grammar here, but-ssecroft and Uliman (1979) or Partee et al. (1993) for furthe
discussion.



are, as | said above, languages that are generable by igtegstrammars, though not by context-sensitive
grammars. It turns out that simple examples are not espeeiaty to come by, and indeed most often are
the product of somewhat complex constructions. Nonetbgles can conclude that the classes of grammars
in (1) indeed form a hierarchy in terms of generative cagadihis hierarchy has come to be known as the
Chomsky hierarchy

What makes the generative capacity distinctions within@hemsky hierarchy especially interesting
as a probe into the complexity of grammatical computatiahéscorrespondence that has been discovered
between these grammar classes and the type of abstract ttiopal device, oautomatonthat is needed
to accept the same languaded.he class of abstract computers with finite memory, so-ddligte state
automataaccept precisely the same class of languages as right lgraexmars. If we add the infinite
memory capacity provided by a pushdown (last in-first oudlst resulting in gush-down automaton
we get a class of automata which accept precisely the sarsg afdanguages generated by context-free
grammars. To accept the context-sensitive languages, quireea still more complex sort of computer,
involving a memory tape that can be read from and written tmyorder, but whose length can be bounded
as a linear function of the length of the input stringlireear bounded automatonFinally, unrestricted
languages require exhaust the power dtieing machinethe most general notion of computation available
following Church’s thesis. Understanding the generatiapacity of some conception of grammar, then,
tells us about the nature of the abstract device that meowapatation exploits.

What good is a characterization of the generative capa€ity aertain conception of grammar? One
motivation is so that we can compare it with the sorts of caxipf witnessed in natural language. For if we
can find natural languages that exhibit dependencies raguircertain degree of grammatical complexity,
we can be certain that a grammatical framework lacking tiscf power is inadequate. Arguments to this
effect date back to Chomsky (1957), and have been oft-rege@thomsky and Miller (1963), for instance,
note that the English sentence in (3) exhibits depende@mseng subscripted elements) that have the same
sort of nesting observed in (2).

(3) Anyong who feels that § so-many more, students whom we; haven'y actually admitted ake
sitting in on the course thamnes we have thathe room had to be changed, thgmobably auditors
will have to be excluded, {dikely to agree that the curriculum needs revision.

Since right linear grammars/finite state automata areficgerit for the formal case, Chomsky argues that so
too are they insufficiently powerful to characterize natlaaguage> More recently, Shieber (1985), Culy
(1985) and Huybregts (1985) have shown that even contegtgframmars/push-down automata are insuffi-
ciently powerful to capture the regularities of naturalgaage. These arguments derive from grammatical
structures like those seen in Swiss German:

“More recently, another way of characterizing generatiyeaciy has emerged, in terms of the descriptive complexitiyat
kind of logical theory is needed to define a certain set ofigirior structures. See Rogers (2003) for discussion andtrezsailts.

SPhonological structure appears to be more limited in itsplerity than syntactic structure. In this domain, it appetat
finite state power may be sufficient (Johnson, 1972; Karttuh893).



[
| | | ] |
(4) Jan sait das merd’'chind em Hanses huus |6nd halfe aastriiche

Johnsaidthatwe the children-ac¢dans-dathe house-acket help paint
‘John said that we let the children help Hans paint the hbuse.

In this sentence, noun phrase objects are related to the wdrich determine their morphological case in
a crossing fashion, a kind of dependency that is not gereesaith context-free grammars. Following the
Chomsky hierarchy to its next rung, we are left with the paiises that natural languages are in the class
of context-sensitive languages, unrestricted language®ither.

The central goal of generative linguistics is the constomcof restrictive theories of grammar. Yet, if
we are hoping to use computational restrictiveness in tisegf generative capacity as a means of limiting
the range of possible grammars, it appears that the Choniskgrthy has led us to a dead end. If natural
language grammars are not context-free, the only remagandidates for possible grammatical classes are
systems so powerful as to be essentially unrestrictives mbed not be the end of the story, however. If
one could provide computational characterizations forrictse language classes that fell between those
provided by context-free and context-sensitive gramntarswhich were sufficiently powerful to deal with
the range of natural language structures, we might be indbigign to derive properties of natural language
grammar. Joshi (1985) hypothesizes that such a class afdgeg, which he callsildly context sensitive
might be defined in terms of the following three properties:

(5) a. Generation of limited crossing dependencies (liksehn (4))

b. Constant growth property: for every mildly context séwsilanguagd., there is a bound such
for every sentence € L, there is another sentenaé € L such thatw| < |v'| < |w| + k.

c. Polynominal time parsing complexity

In turn, Weir (1988) has defined an infinite hierarchy of |aaggi classes, defined by a hierarchy of grammar
classes called Linear Context Free Rewriting Systems (L&)FRIl mildly context sensitive. The lowest
rung in Weir's hierarchy has proven to be an especially adiing language class. As with the language
classes in the Chomsky hierarchy, this class is not only eééfby a particular type of rewrite system, but
can also be characterized in terms of an automatonEthieedded Push-down AutomatmmEPDA (Vijay-
Shanker and Joshi, 1985; Vijay-Shanker, 1987). This auimmia a variant of the push-down automaton
whose memory consists of a stack of stacks rather than aesistgtk of symbols, where symbols may be
added and removed not only from the top of the (top) stackatsa from the top of stacks immediately
below the top stack. Strikingly, it has turned out that thesguages are also characterized by a variety of
formal systems, including Combinatory Categorial Gramsndiead Grammars, Linear Indexed Grammars
and Tree Adjoining Grammars (Joshi et al., 1991). The faatgb many different grammar formalisms con-
verge on the same degree of formal power suggests that hsomiething about this degree of complexity
that fits naturally with linguistic description. If this ioarect, we should minimally expect that this class
is sufficiently powerful to characterize the structures afunal language. But even more interestingly, we
should expect to find empirical consequences of the limibesh&l complexity of this class. In the remainder
of this paper, | will attempt to draw out consequences ofipatg this sort. | will focus my investigation
specifically on the grammatical consequences of adoptirgspecific context-sensitive grammatical for-
malism, Tree Adjoining Grammar (TAG), as part of a gramnattbeory. Though the arguments | make
will make specific reference to the properties of TAG, it is expectation that they will carry over in some
form to other formalisms with the same formal power. One &h&aep in mind, however, that while the
weak generative capacity of these formalisms is equivalerg much less clear to what degree they are
equivalent in terms of the derivations and dependencigasthiest generate, that is, their strong generative
capacity. It would be surprising if complexity consideoas concerning strong generative capacity were
not also relevant to understanding the nature of gramnataraputation, though at present it has proven
difficult to characterize strong generative capacity infficgantly abstract fashion (Miller, 1999).
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As a final introductory point before | move on to the main paifithe paper, | want to stress the im-
portance of keeping two notions of grammatical complexistidct: the characterization of the type of
automaton needed to recognize the elements generated gyathenar and the properties of an algorithm
that recognizes the same set of elements. For any type ahataa, there is an upper bound on the time
complexity of an algorithm that accepts the strings acakpteany automaton of that type. For finite state
automata, the process is linear in the size of the input,enfbil push-down automata it is cubic in the size
of the input, i.e.,O(n?) for a sentence of length. Nonetheless, there are languaggs!v™|n € N} for
example, which require a push-down automaton, i.e., thepaperly context-free, but which can nonethe-
less be accepted by an algorithm whose time complexi€y(is): one only need to count the numberasf
andbs and check that these are the same. For this reason, thatj@nenpacity metric has at times been
maligned as being insufficiently sensitive to subtle défeses in grammatical complexity. An alternative
approach, taken by Barton et al. (1987), uses the time coiibpfer the problem of recognizing the strings
from some grammar. This question recalls the use of pargimplexity discussed above, but Barton et al.
propose their measure as a way of assessing the abstractegaynpf grammatical computation, without
appeal to problems of language processing. Note howeveittisaan empirical question as to which of
these measures of grammatical complexity turns out to legaet for the purposes of constraining grammar
in an empirically supported fashion. In the case of TAG, asaherable variety of arguments have been ad-
duced to in support of the claim that TAG's limited generatoapacity does indeed constrain grammars in
ways that rule out unattested linguistic systems. Theagaegts are discussed extensively in Frank (2002)
and | briefly review some of them below. However, so far as | aara, it remains to be shown that limiting
the complexity for the recognition problem, to linear tinag gproduces any linguistically significant restric-
tions on grammars. We are left then with generative capasitthe only empirically significant metric for
grammatical complexity.

3 Anintroduction to TAG

In contrast to the string rewriting systems of the Chomslgrdrichy, TAG (Joshi et al., 1975; Joshi, 1985)
is a system ofree rewriting Rather than beginning with a start symbol, the derivatiegifis with a piece

of tree structure, called ainitial tree, that is specified as part of the grammar. The derivationgads

by replacing individual nodes in this tree with one of the Brpeeces of tree structures, thementary
trees which constitute the rules of the grammar. In turn, nodethis more complex structure can be
rewritten, until the derivation concludes. Rewriting inAQ can take place in one of two modes. The first
of these substitution involves the rewriting of a non-terminal node at the frentif one elementary tree as
another elementary tree with the requirement that rewrittede must have the same label as the root of the
elementary tree that rewrites it. This is depicted scharablyiin (6).



(6)

The second mode of tree rewriting, and the one from which TA@vds its name, isdjoining In this
operation, a non-terminal node anywhere within an elenngiitae is rewritten as another elementary tree,
called amuxiliary tree This operation is depicted schematically in (7).

()

Note that in order for this latter operation to be well-definauxiliary trees must include a distinguished
frontier node, called théoot node which will, following adjoining, dominate the structurbat was dom-
inated by adjoining site prior to adjoining (the structudoted gray in (7)). In order to guarantee that
local structural relation among nodes in the original eletagy tree are preserved, including for instance
parent-child or sisterhood, the foot node of an auxiliaegtmust be labeled identically to the root.

The presentation of TAG | have given to this point conceiMesl@ementary trees as the rules of the gram-
mar that specify how nodes can be rewritten, in either thetg@ubon or adjoining modes. TAG is typically
presented in a different fashion, where adjoining and #ukish are operations for tree combination, so that
TAG derivation involves the successive combination of eptary trees using these two operations rather
than the iterated rewriting of elementary trees. These wweptions are essentially equivalent. There is,
however, one important property of TAG derivations thaldiek directly from the rewriting conception that

10



is not immediately obvious on the combinatory conceptiohisproperty concerns the source of recursive
structures that can be used during adjoining. If we thinkdbiaing as an operation involving recursive
structures, the question arises of whether we can compas@dw-recursive elementary trees to produce
a recursive tree, which can in turn be used as an auxiliagy the contrast, under a rewriting conception
of the grammar, it is the elementary trees, qua grammar,rtilas license each step of rewriting during a
derivation. As a result, any instance of adjoining must ssagly involve an auxiliary tree among those
specified by the grammar. To preserve the equivalence betthegtwo conceptions, we require that each
derivational step of adjoining or substitution must relateode of one tree and an elementary tree that is
substituted or adjoined at that node.

As a tree rewriting system, the output of a TAG derivationtsglf a tree structure. This is unlike the
situation with string rewriting systems where the tree ¢gfly associated with a sentence is its derivation
tree. The history of a TAG derivation can also be represeasealderivation tree, in which each node corre-
sponds to an elementary tréewhose children represent elementary trees that have therasibstituted
or adjoined intdl". While the tree that results from the TAG derivation deteresithe phonological form of
the sentence, it has been argued by Kallmeyer and Joshi)(&@3t is the derivation structure that is the
object that feeds semantic interpretation.

While TAG provides a set of combinatory operations, it doesprovide all that we need to produce a
grammatical theory. Specifically, any linguistic applioatof TAG will need to make substantive (as op-
posed to merely formal) claims about the nature of elemgmtaes. For example, a TAG-based grammatical
theory must specify what information is encoded in the stmgcof the trees, what the range and content of
category labels is, how much structure can be containedniatisingle elementary, etc. There have been a
variety of proposals regarding these questions (Abel83; Kasper et al., 1995; Joshi and Kulick, 1997;
Kroch, 1989; Hegarty, 1993; Carroll et al., 2000; Frank,200n my work on the topic and in the rest of
this paper, | assume that elementary trees are built arowiyke lexical element, that is, a semantically
contentful word like a noun, verb or adjective. | assume tHaimentary trees localize the expression of
predicate-argument relations, so that, for instance, ldr@entary tree headed by a verb includes the syn-
tactic expression of all of the verb’s arguments, a slot mlich the argument can be inserted. In addition,
| assume that each elementary tree may include the granahakxnents associated with the lexical head
of the elementary tree, what Grimshaw (1991) calls the eldérprojection. So, a noun-headed elementary
tree may include a determiner and some prepositions, aheatled elementary tree may include auxiliaries
and complementizers. Examples of such trees are given.in (8)

8) a. 1P b. bP
® a P o
| |
I/\VP the N
|
h[as \|/ student
finished

With these assumptions in place, the grammatical role glayehe TAG operations how comes into focus.
Substitution can be used, for instance, to fill the argumieits present in lexically-headed elementary trees.
The subject of the verfinishedin (8)a, for instance, is filled by treudentheaded elementary tree from (8)b
in the following derivation:

11



9) DP IP — IP
N
5 Np Dp/\l’ DP/\/
| P |
| VP
| |

D NP | VP
t|d t | |
studen
has \|/ the N h[as \|/
o |
finished student finished

The linguistic function of the adjoining operation is slighdifferent from that of substitution as a result
of the recursive nature of auxiliary trees. Specificalljoadng has a natural application to any structure
in which there is structural recursion. One such case is figation. This is seen in the two instances of
adjoining shown in (10).

(10) NP DP N’ —
/\
AP NP D —>NP N’/\pp
| | |
A the N’ TN
| | P DP
flimsy N | T~
for  the Iraqi threat
evidence
DP
D NP
| /\
the
AP NP
| |
A N’
| /\
flims
y ¥ PP
| /\
N P DP
|

evidence for ‘the Iraqi threat

These two derivations illustrate two important propertlest underlie all of the various conceptions of
TAG-based grammatical theory. First, elementary treestidate an extended domain of locality, that is,
they include more structure that the domain typically désct by a single rewrite rule in the grammars of
the Chomsky hierarchy. The linguistic importance behirid ithea lies in the following hypothesis about
TAG-based grammatical description (Frank, 2002, p.22):

(11) The fundamental TAG hypothesis: Every syntactic ddpany is expressed locally within a single
elementary treé.

This hypothesis goes some way toward answering the questtiotmat can constitute an elementary tree.
What it leaves open, though, is what counts as a syntactiendigmcy and how such dependencies are
best expressed, and these are the sources of divergence agifferent proposals. As mentioned above,
| have assumed in my work that the notion of syntactic dependénvoked here includes the relation

8In the multi-component extension to TAG (Weir, 1988), sytitadependencies would be localized to derivationalligdith sets
of elementary trees rather than individual trees (Blearfp20
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between a lexical head and its thematic arguments, even si@marguments have been displaced from
their canonical positions, and that holding between a &xiead and its associated functional elements.
These are illustrated in the trees given above: these etenyernees localize the dependencies between the
lexical verbs and their arguments, as well as the depereehatween determiners and nouns, auxiliary
elements and verbs, etc.

The fundamental TAG hypothesis is plausible only in the fafcte other property that unifies all TAG-
based grammatical theories, hamely that syntactic depereebecome local only once recursion is fac-
tored from derived syntactic structures. This factoringeaiursion is illustrated in (10): the determiner-noun
dependency in the derived structure is locally expressibtee elementary tree only because the recursive
modification structure is introduced by the adjoining ofiera An operation analogous to adjoining that
is capable of factoring out recursion from syntactic suitetis missing from other lexicalized grammar
formalisms such as Combinatory Categorial Grammar (Staadrhi996), Head-Driven Phrase Structure
Grammar (Pollard and Sag, 1994), and Lexical Functionaht@rar (Bresnan, 2001). And it is precisely
this absence that causes the fundamental TAG hypothesisadlistinctive property of TAG, imposing sub-
stantive empirical constraints on possible grammaticalymes. In section 4.2, | will explore the effects of
one such constraint to derive distinctive, and what appeaetcorrect, predictions about Hungarian focus
constructions.

Crucially, the fundamental TAG hypothesis is limited to deg@encies that are syntactic in nature. It
imposes no analogous restriction, then, on the realizatf@semanticdependencies, such as that holding
between a quantifier and a bound variable, or between cergfetements. Such dependencies are well
known to have rather different properties from syntactipat@encies, particularly with respect to the types
of phenomena discussed in section 4.1 below. Thereforeait ismpirically justifiable move to avoid im-
posing on semantic dependencies the restrictions that Tg@ses on syntactic dependencies. Of course,
semantic dependencies are not completely unconstrairgd mnan important question how such depen-
dencies can be established and their properties explam#uteicontext of a TAG derivation. This topic
has received attention recently (see, for example, Kakmeynd Joshi (2003); Romero (2002)), but many
important issues remain open.

4 Formal restrictiveness and linguistic explanation

In section 1, | mentioned the fact that the generative capadiTAG, both in terms of the sets of strings
and structures that it can generate, goes beyond that axdente grammars. Thus, both of the following
non-context-free languages can be generated by a TAG:
(12) L ={ww |w € {a,b}*}
Ly = {a™b"c"d" |n € N}
To generatd.q, for instance, the requisite TAG consists of the followied &f elementary trees, with initial
tree/ and auxiliary trees im:

S S
S
€
a S b S
Derivations in this grammar proceed by adjoining an instamicone of the auxiliary trees into another at
the circled S node, and then adjoining this result into yetlzer auxiliary tre€. As we do this, we produce

"Part of the TAG formalism, which we do not discuss here, idekirestrictions specified on the nodes of the elementary
trees concerning which nodes can adjoin. Specifically, deofor the TAG formalism to be formally well-behaved, in thense
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a complex auxiliary tree with an identical string of eith@esof the spine that connects the root and foot
nodes.

(13)

To finish the deivation, we adjoin this complex auxiliary ttieaderived into the S node of the initial tree,
producing distinct sentences frol depending on which auxiliary trees were adjoined and in wbicler.

As shown in (14), the resulting trees exhibit the kind of eresrial dependencies that are not generable by
context-free grammars.

(14)

N

N
P
O

With this ability to capture such crossing dependenciesesothe possibility of providing grammars for
non-context-free structures, such as those seen in SwiseaB@ The additional generative power that
TAG provides beyond context-free grammars is, howeveremely limited. For instance, even though
both of the following languages are easily generated byssty#ensitive grammars, neither is generable by
a TAG.

(15) L3 ={www |w € {a,b}*}
Ly = {a"b"c"d"e" |ne€ N}
Because of this very limited extension into the realm of thietext sensitive, the class of languages accepted

by TAGs has been called tmaildly context sensitivianguages. At present, it appears that there are no nat-
ural languages which require more generative power tharptbaided by TAG (though see Miller (1991),

of constituting an abstract family of languages (see Sado(i873)), it is necessary to allow at least the possibilftiplocking
adjoining at some node. The linguistic role of such adjairmnnstraints is explored in Vijay-Shanker and Joshi (1288) Frank
(2002).

8Indeed, Kroch and Santorini (1991) provide linguistic anguts that the analysis that TAG provides is the right on@an it
successfully predicts the attested range of mixed ordesiegn in a variety of West Germanic languages and dialects.
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Becker et al. (1992), Joshi et al. (2000), Bleam (2000) ankitK(2000) for objections and refutations). In
the absence of further evidence, then, it is plausible tarassthat TAG is the most restrictive formalism
capable of generating all natural languages, and as susthitcoes a plausible candidate for the formal basis
of human grammatical competence.

Yet, we might wonder what kind of role the restrictive conxtie embodied in the TAG formalism will
actually play in grammatical theory. Inthe remainder afgection, | will try to demonstrate the importance
of TAG's limited complexity in two ways. First, | will arguenait we can parlay this restrictiveness into
substantive limitations of grammatical structures, conicg the locality of syntactic movement, in a way
which accords with the empirical data. Secondly, | will atfg to show that the formalism limits the range
of analytic options for certain grammatical constructiemsempirically supported ways, focusing on the
properties of Hungarian focus constructions. To the detirabthese arguments are successful, we have
support for the hypothesis that some portion of grammatioaipetence is best characterized in terms of
computational restrictiveness. This would constitutelzstract and surprising discovery about the language
faculty.

4.1 Wh-questions and islands

As is well known, natural languages exhibit constructiamsvhich elements appear displaced from their
canonical positions. One example of such a constructionggig€h questions. When an object is questioned,
the wh-pronoun that replaces the object appears at thedftime sentence rather than in its usual post-verbal
position.
(16) a. What did Daniel sing?
b. Daniel sang that song.
This displacement of a wh-object can occur over unboundstaries. That is, by embedding the wh-
element inside of a more complex sentence, the distanceebetthie surface and canonical positions of the
wh-object can grow without bound. Examples like the followillustrate this fact:
(17) a. What did you hear that Daniel would sing?
b. What did you hear that Gabriel thought that Daniel woutd)3i
c. What did you hear that Gabriel thought that | hoped thati®avould sing?
Recall that the fundamental TAG hypothesis requires thayatactic dependencies be expressed within the
local context of an elementary tree. The existence of sublowmded dependencies, then, would appear to
pose a problem for TAG. However, by exploiting the adjoinipgration, we can provide a natural account of
examples like those in (17) (Kroch, 1987, 1989; Frank, 2002)der this account, the dependency between
the wh-element and its base position (or alternatively &b wvith which it is semantically associated) is
established within a single elementary tree, in accordarittethe fundamental TAG hypothesis:

(18) CP
P/\C,

DP;
| /\
What
| /\
’
that |

|
Daniel I/\VP

| P
would V DP;

sing t
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Given such a structure, we can accomplish the effect of chisilog the wh-phrase into higher clauses by
exploiting the adjoining operation. Specifically, by adjoig the auxiliary tree in (19) to the'@ode in (18),
we produce the sentence in (17a).

’

(19) C
C IP
|
did DP |
|
you | VP
N,
vV C
|
hear
e
DP; c
|
What T
C IP
|
|
you I/\VP
\Y; c
|
hear /\
C IP

would V DP;
| |
sing ¢

Further instances of embedding, like those seen in (17)beaterived in an analogous fashion with addi-

tional instances of adjoining of such-@&cursive auxiliary trees.
One of the major discoveries of generative linguistics & there are significant limitations on such

unbounded dependencies. Specifically, there are a varfietlyuztures, labeled “islands” by Ross (1967),
which do not permit elements whose canonical positionsafdhin them to move beyond their limits. Two

examples of such are relative clauses and verb phrase rimgdyepositional phrases.
a Gabriel met the musician who would sing that song.

b. *What did Gabriel meet the musician who would sing?
(22) a. Daniel laughed after Gabriel sang that song.

b. *What did Daniel laugh after Gabriel sang?

(21)

®See Frank (2002) for discussion of the shape of these elanyantes.
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Substantial effort has been devoted to the characternizafithe structures which constitute islands. Initial
efforts in this direction consisted of catalogs of condinrcs that constituted islands. Subsequent work
attempted to provide a general conditions on the syntaatieement operation (or its analog in other theo-
ries) that accounted for the distinction between islandramttisland constructions Yet, the very existence
of such conditions raises a puzzle: In a theory in which didion is the result of a process that applies to
already constructed syntactic structure, why should syiatenovement be restricted at all? One can easily
imagine a grammatical system, differing only in the absesfcguch a locality condition. Of course, this
would have the unfortunate empirical effect of eliminatihg kinds of contrasts we see in (21) and (22).
Nonetheless, it appears that there is something fundairedrdat the locality of dislocation: so far as | am
aware, every language that has been studied having Enghshwh-questions shows precisely the same
kinds of contrasts. Why then does human language work thy® wa

Strikingly, the TAG analysis of wh-movement just sketchegither provides an answer to this question.
Specifically, as Kroch (1987) first pointed out, given certassumptions concerning the nature of TAG
elementary trees, the existence of island effects and obtigacency condition in particular follow as
corollaries of the TAG derivational system and need not lbgedtexplicitly. To see how, consider the
ungrammatical example (22b). Recall that the TAG analykislomovement | have sketched requires that
a wh-element be generated in the same elementary tree asrthefwvhich it is an argument. As a result,
the wh-element must be generated within the adjunct clagaddd by the verbing®

e
DP; c
|
what N
c IP
DP |
|
Gabriel |/\Vp
/\
V  DP
| |
sang t

19f we suppose instead that the preposititer is the complementizer of the clause headed by the sanlg the derivation is
also ruled out, though for slightly different reasons. lisitase, the derivation would require the following auxilitree to adjoin
between the fronted wh-elemenmhatand the rest of its clausster Gabriel sang

@ C

C P
did DP I’
| P
Daniel | VP
/\,
VP C
|
\Y
|
laugh

Under the assumption that elementary trees provide onty &lothe arguments (and not modifiers) of a lexical head,gtructure
is ill-formed: laughis an intransitive verb, and as such does not license threo@e for the temporal modifier.
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Now in order to front the wh-phrase to the front of the sentemge must adjoin material into this structure,
separatingvhatfrom the rest of its clause. Assuming we adjoin toa8 before, such a structure would be
the following:

(24) c
C IP
did DP N
Daniel I N
VP PP
| N,
\Y, P cC
|

laugh after

This structure meets the formal requirements for being ailiaty tree: it has root and foot nodes with
identical labels. Yet, this structure does not constituteel-formed elementary tree from the perspective of
our linguistic assumptions: it contains the syntacticctite licensed by two distinct lexical elements, the
verblaughand the prepositioafter. Each of these elements will separately head its own elanetree:

(25) c VP
c P VP /PP\
dig Dp/\,' T c
Da|niel I/\VP after
v
Ia&gh

So, why can't we use these two separate trees to derive (B2l@ombining them to produce a complex
auxiliary tree that is then adjoined into (23)? Althouglsitertainly the case that these trees can combine by
adjoining the VP-recursivefter-headed auxiliary tree into tHaughtree, the result is not itself an auxiliary
tree, in spite of the fact that it has the structure shown4).(As mentioned above, adjoining, thought of as
rewriting a node by a tree, is licensed by the basic set ofianxielementary trees given in the grammiar.
Since there is no possible derivation for the structures, thérefore ruled out by the grammar.

It can be shown that many other cases of island effects fdiavilarly (again see Kroch (1987), Kroch
(1989) and Frank (2002)). Especially interesting is thelltakat those cases of islands for which there is
cross-linguistic variation can be understood as resuftiogn independently necessary differences in what
set of elementary trees different grammars permit. We s ttiat the TAG-based account of movement,
when coupled with certain assumptions about the naturecafiehtary trees, only enables us to understand
why movement should show island effects, what construstitrey will occur in, and where they will
permit cross-linguistic variation. All of this follows wibut any explicit condition on syntactic movement,

it we do not adopt the rewriting perspective on the adjoiropgration, this derivation is excluded by what Frank (20f)s
the Markovian restriction on TAG derivations: all combiot operations must be licensed by the properties of the exi¢amy
trees that are being combined. As a result, adjoining cataketplace at some node labeled L if there is no L-recursemehtary
auxiliary tree involved in the adjoining. In the case dismdin the text, this restriction blocks adjoining to €ince there is no
C'-recursive auxiliary tree.
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but instead from the way in which TAG combines local syntadtimains with the adjoining operation. The
close alignment between the empirical patterns and thdtsesfuthe formal system provide support, then,
for the hypothesis that the restrictiveness of TAG cong#tyart of human grammar.

4.2 Interleaving dependencies and derivational options

We have just seen that TAG enables us to generate apparast afkng-distance dependencies by the
adjoining-in of intermediate material, and that the resitreness of the TAG machinery for structure com-
position derives some of the locality properties of suchetelgncies. One needs to remain vigilant in the
face of such restrictiveness, however. For if our gramrabtiachinery prevents the derivation of ill-formed
structures, we need to be sure that it does not similarlyikdtrzictures which we want to permit.

The TAG derivation of long-distance dependencies via adjgi yields the simple prediction that an
element that is apparently dislocated from a lower clausehigher one should always appear in a position
at the periphery of the higher one. The reason for this isgttfmrward: the effects of interclausal move-
ment result from the insertion of an elementary tree remtese the higher clause between the dislocated
element and the remainder of its clause via the adjoiningatips. Because of the geometry of this com-
bination, there is no way for elements of the higher claug@déoede the dislocated element. This is shown
schematically in the following pair of trees:

(26) a. A b. B

In these trees, nodes labeled B represent material thattieftae adjoined matrix clause’s elementary tree,
while nodes labeled A represent material that is part of ti®slinate clause’s elementary trees (into which
adjoining takes place). The TAG combinatory operationd lemto predict that clauses should intermingle
as in the structure on the left, but not the one on the right.

This prediction seems correct for English. Wh-elements edosut of a lower clause always always
appear preceding all of the material from the higher cldésdowever, if we look a bit further afield, we
see that other languages permit dependencies of this sdfungarian, we see that both wh-pronouns and
focused elements that are moved from one clause to anottierpen precisely the sort of position the TAG
analysis of dislocation we have been pursuing predictsidhmt be possible, namely interleaved between
elements of the main clause.

(27) a. Janoskinek akarta, hogyadjuk a dijat? (A. Szabolsci, p.c.)
John to whomwantedthat we givetheprize

‘Who did John want us to give the prize?’

120ne apparent counter-example occurs in English constnsclike the following, where the subject that is raised frima
lower clause appears interleaved between the matrix aoxi#ind main verbs.

(i) Did Gabrielseemto have finished his homework?

This problem is much more limited in scope than the one poga@déHungarian cases discussed in the text, and admits a cdng
solutions that do not extend the power of TAG (Frank et ald@®&ulick, 2000).
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b. Anna PETERTakarja hogy meglatogassan{Kenesei, 1994, p.317)
Ann Peter-acavants that | visit

‘It's Peter that Ann wants me to visit.’

One might take the existence of such constructions to argai@st TAG as the right formalism for express-
ing natural language syntax. We need not jump to such a csinoluhowever. In fact, there is a TAG
derivation for these examples, just not one along which igees these dependencies along the lines dis-
cussed for English wh-question in the previous section. &regate the Hungarian examples, the position
for the moved wh- or focused element would not be part of thefaclause’s elementary tree, but rather the
one of the matrix clause. An elementary tree representiagethbedded clause with a phonologically null
object (represented here ja®) could then be substituted into this structure.

(28) D|P

Petert N ¢ P
|
FocP hogy pp |
/\ |
DP F pro | VP
—
F VP meglatogassam
N
akarja CP

Under the analysis depicted here, the relationship betwsefocused element in the main clause is not
syntactically mediated. Instead | assume that it is estaddl semantically, via a mechanism like the one
implicated in establishing coreference between the maimsel and embedded clause’s subjects in sentences
like the following:

(29) John tried [PRO to attend the rally]

Since the fundamental TAG hypothesis requires only $fatacticdependencies be expressed within indi-
vidual elementary trees, this analysis avoids runninglafbthis hypothesis.

One potential problem for the analysis depicted in (27) & ihtreats the Hungarian focus construction
in a fundamentally different fashion from English wh-quess: one is derived from movement and the
other involves a semantically mediated control-like delegcy. In contrast, under the analyses of these
constructions given in a transformational framework EfKiss (1987)inter alia), the English and Hungar-
ian cases are treated as formally parallel, the only diffeedbeing the position in the matrix clause to which
movement takes place. In fact, there is certain evidendettieaHungarian cases ought to be treated via
syntactic movement as well: this construction exhibitsairmproperties that are characteristic of movement
but not control, such as unboundedness (30a) and serysitviglands (30b).

(30) a. Janokit; gondol,hogyMaria’'szeretne, hogymeghivjiunk ¢;? (€. Kiss, 1987, p.126)
John whomthinks that Mary would likethat perf we invite
‘Who does John think that Mary would like us to invite?’

b. *JanosJULISKAT; hallotam a hirt hogyelveszifelesegiil; (E. Kiss, 1995, p.224)
John Julie-acc  heard-1sghenewsthat takes as wife

‘As for John, it's Julie who | heard the news that John will nyar

One way of reconciling these facts with the analysis givef28) is to introduce movement of the an empty
operator from the “base position” of the focused elementédfiont of its clause.
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O; Cl
¢ IP
|
hogy pp, I
|
¢ I/\VP
—

meglatogassam

As in (28), this tree can be substituted into the compleméathogher verb’s elementary tree containing a
focused element. From this position, the control dependbetween the focused element and the moved
empty operator is a local one, paralleling what is seen itrobnonstructions such as (29). The unbound-
edness of the focus dependency can be derived by adjoinirey tees to the Cnhode in (31), as we did
with wh-questions in the previous section. And because @ptrallelism between this derivation and the
one we used for wh-questions, island effects for focus meverare derived just as before.

It is worth noting that there is nothing preventing a transfational framework from adopting the anal-
ysis for Hungarian that TAG forces upon us, in which the feclslement is generated in its higher position.
In fact, there are a number of other constructions involapgarent cases of displacement, but where it has
been argued that the “displaced” element is generated Buiface position with movement of an empty
operator from the gap position. One such case is the phermmaritoughmovement”, seen in (32a):

(32) a. This government is tough for me to support.
b. Itistough for me to support this government.
The synonymy of the pair in (32) gives intuitive appeal to ttiea that these sentences are related via
movement: specifically that (32a) is derived from the strreundelying (32b) via movement of the object
this governmentrom the lower object position to the matrix subject. Like-wiovement, this phenomenon
is unbounded and shows sensitivity to islands:
(33) This government is tough to want to continue to support
(34) a. *This government is tough to find someone who supports
b. *The massacre was tough to laugh after witnessing.
However, following Chomsky (1977), syntacticians haveeljdejected this “direct dependency” analysis
in favor of the kind of analysis I just sketched for the focusvement construction: the “tough-moved”

subject is generated in the main clause, and is semantlg@bd to an empty question word that has been
moved from the object position to the front of the infinitica@mplement ofough

(35) This government is tougt®); for me to support;]

There are a number of reasons for this move, stemming frookafdotal parallelism between the displaced
and undisplaced versions of the tough construction as se@2). Note for instance that when a pronoun
is in the base object position, it shows accusative (obadl, whereas it shows nominative (subject) case
when it appears in the higher subject position.

(36) a. Itistough to get to knothem
b. Theyare tough to get to know.
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Such a contrast is not characteristic of wh-questions, avtier displaced wh-phrase retains the case marking
it receives in its base position. This effect is only weakisible in English, given the marked status of the
form whom but is robustly visible in languages with richer systemsade marking. This is illustrated in
the following German examples:

(37) a. Wer/*Wen glaubstdu, hatseinenFreundgesehen?
who-nom/whom-acthink hashis friend seen

‘Who do you think saw his friend?’

b. *Wer/Wen glaubstdu, hat derLehrer gesehen?
who-nom/whom-acthink you hasthe teacherseen

‘Whom do you think the teacher saw?’

This contrast can be explained directly if the wh-phrasaigstjons is displaced from the position of the gap,
therefore retaining the properties it had in that positiwhile the displaced subject toughconstructions
never appeared in this position.

Another lack of parallelism between the displaced and yntai®d versions of thiewsughconstructions
concerns an interpretive contrast. Consider the follovgai of examples (from Epstein (1989)):

(38) a. lItistough to talk to many people.
b. Many people are tough to talk to.

For (38a), there are two possible interpretations: thisesee can mean either (i) that there are many specific
people, say Fred, Wilma, Barney, Betty and all of their fdeand neighbors, who have the property of being
difficult to talk to, or (i) it is a difficult task to talk to manpeople, regardless of who these people are. This
interpretive contrast can be represented by a differentieeiscopal orderings for the quantifimanyand

the predicatéoughin a predicate logic representation. Wittanyhaving scope outside edugh(i.e., there
exist manyz for which [tough(talk-tog))]) we get the first interpretation. With the other scopalasing
where manytakes scope inside dbugh (i.e., tough(there exist many for which [talk-to(x)])), we get

the second interpretation. Observe now that in sentencesich the object undergoes tough movement,
like (38a), only the first of these interpretations is pogsibamely wide scope fanany Note however that
other instances of displacement, specifically wh-movenpamnhot induce this interpretive effect.

(39) How many people is it tough to talk to?

In (39), where the quantifiemanyis part of a fronted wh-phrase, both interpretations aresiptes when
manyhas wide scope (i.e., what is thesuch that there exist many for which [tough(talk-tog))]), the
sentence is asking about the number of the set of people tawithis difficult to talk. Whenmanytakes
narrow scope, (i.e., what is thesuch that tough(there exist mamyor which [talk-to(r)])), the sentence is
interpreted as asking about the size of a group which is diffio talk to. Once again, we can explain the
contrast between wh-questions and tough movement by asguhdt the former but not the latter involves
displacement from the position of the apparent gap in theablpjosition, assuming the existence of a process
like quantifier lowering (May, 1985) under which quantificaial elements likenanycan be interpreted in
their pre-displacement positions. If the apparently disptl subject itoughconstructions never occupied a
position in the lower clause, quantifier lowering will be af nse, and we will be stuck with the wide scope
interpretation.

We see, then, that when faced with an apparent instance lotdi®n, the formally unrestricted ma-
chinery of transformational grammar (Peters and RitcH&3) admits analyses involving either movement
or base generated dislocation. Choosing which of thesevidvied in any particular case requires careful
empirical study, and would be expected in the transformatidramework to vary from case to case. In
contast, for cases of dislocation in which we see the kindafsal interleaving illustrated in (26)b, TAG
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admits only the possibility of base generation. Such mstaness on the part of TAG is potentially ad-
vantageous, assuming it leads us to choose the correctsamalince it allows us to eliminate alternatives
without explicit stipulation. Thus, if it turns out that llageneration analysis is correct for the Hungarian
dislocations we have been examining, it provides a first bévidence that the limitations TAG imposes
on grammatical analysis mesh well with the properties ofirgtianguage, suggesting once again that the
formal restrictions embodied in TAG do indeed constituteg pathe human language faculty.

So whatis the right analysis for Hungarian? As a first step toward figdive answer, let us see how this
construction fares with respect to distinctive propertétoughmovement we have been discussing. Turn
first to the issue of case marking. Subjects of Hungariaresess are typically marked with nominative
case. However, &. Kiss (1987) notes, when a subject from an embedded cladigeLis moved to a higher
clause, it surfaces in accusative case. In (40a), for instathe embedded subjeGhbor is nominative,
while in (40b) the same subject, which has undergone focugement to the matrix clause, appears in
accusative case.

(40) a. Janoskarja,hogyaz ilosebbik fia orvos legyen.
John wants that the elder son-nordoctorbecomes

‘John wants his elder son to become a doctor.’

b. Janosz idosebbik fiat  akarja,hogyorvos legyen (E. Kiss, 1987, p.143)
John the elder son son-asgants that doctorbecomes

‘It is his elder son that John wants to become a doctor.’

This is similar to the pattern seen in ttmighconstruction, where we see a change in case under movement.
As in that case, | will take it to be an indication of the lackeoflirect syntactic dependency between the
surface position of the focused element and position of #peig the lower clause.

Consider next the effects of focus movement on scopal irg&afion.

(41) a. Janomemszeretné, hael jonnesok ember. (A. Szabolcsi, p.c.)
John not would likeif awaycamemanypeople-nom

‘John would not like it if there were many people who came.’

b. Janosok embert nemszeretne, hael jbnne.(E. Kiss, 1987, p.126)
John manypeople-acaot would like if awaycame

‘There are many people such that John would not like it if tbasne.’

For the first example in this pair, the quantifsak'most’ remains in the lower clause, and the sentence has a
predominant interpretation in which the quantifier takesava scope with respect to the matrix predicate (as
indicated by the gloss), though an interpretation whergttamtifier takes wide scope is apparently possible
as well, at least marginally. In contrast, as indicated engloss, the second example, in which the quantifier
has been focus moved to the matrix clause, only permits asadge interpretation for the quantifier. Once
again, this is the same pattern we have seen inaihgh construction, where the displaced element cannot
undergo quantifier lowering to yield a narrow scope intagifen. Once again, as this pattern is analogous
to that seen in theoughconstruction, | am led to a similar conclusion: that the app#y displaced element
in this construction is in fact generated in the matrix ckaus

Of course, considerably more empirical work into the symifikocus movement needs to be done to
confirm the conclusions | have reached here. Nonetheleshaif| have said is on the right track, it suggests
that by restricting the computational power of the grammathe manner imposed by TAG, our analytic
options are restricted in empirically desirable ways.

BGervain (2002) discusses the fact that some Hungarian spepkrmit the nominative case of the subject to be retainddru
focus movement. For the present, | leave open the propeysasalf the focus movement construction for such speakers.

23



5 Conclusion

To sum up, | have argued in this paper that the study of litigutmpetence can benefit from attention
to the computational properties of the formal systems ircigrammars are stated. | have suggested that
the notion of generative capacity, in virtue of its linkagaghnabstract notions of computation, provides a
useful metric for assessing the computational compleXity grammar. More specifically, | hope to have
convinced the reader not only that the mildly context samsilass is sufficiently powerful to encompass the
range of regularities seen in natural language syntax,lbottbat the assumption that human grammars are
expressed in terms of TAG, a formalism with mildly contextsiéve generative power, derives significant
empirical benefits, providing an explanation for the exiseeand nature of locality effects on movement,
and also usefully constraints the range of analytic pdggéisi for apparent dislocations.

The discussion in this paper has focused on characterizapgaker's grammatical knowledge. Yet, if
the restriction to mildly context sensitive systems andA&Tin particular is truly a fundamental aspect of
grammatical (and indeed mental) computation, we might exjmesee its reflections beyond this domain:
in the properties of the systems of language use, in whicmigratical knowledge is embedded, as well
as in the process of grammatical acquisition. Work in thesasais on-going, but there are already some
suggestive results in the domain of language productiorréfa, 2000; Frank and Badecker, 2001), com-
prehension (Joshi, 1990; Rambow and Joshi, 1994; Kim €2@02), and acquisition (Joshi, 1989; Frank,
1998, 2000). As this sort of evidence accumulates, we camaaifidence in the importance of abstract
notions of computational architecture and complexity iareleterizing cognition.
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