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Abstract

Theories of natural | anguage syntax often charaderize grammaticd knowledge & aform of abstract
computation. This paper arguesthat such a charaderizaionis corred, andthat fundamental properties of
grammar can and shoud be understoodin terms of restrictionsonthe complexity of passble grammaticd
computation, when defined in terms of generative cgadty. More spedficadly, the paper demonstrates
that the computational restrictivenessimposed by Tree Adjoining Grammar provides important insights
into the nature of human grammatica knowledge.



1 Introduction

Many theories of natural languege s/ntax charaderize human grammaticd knowledge in computational
terms. In such theorieswhat a gpedker knowsis a ystem of abstrad computation for constructing the poss-
ble sentencesof hisor her language. | will argueinthis paper in favor of such a computational perspedive on
lingustic knowledge, by showing hav important propertiesof grammar can be derived from computational
redrictions. To dothis, it is necessey to be predse dou what kinds of computational redrictions must be
imposed. In sedion 2 | review a number of options, ultimately fixing onabstrad generative cgadty. In
sedions 3 and 4, | explore the dignment between the gedfic redrictions on generative cgpadty foundin the
Tree Adjoining Grammar (TAG) formalism (Joshi et al., 1975 and the charaderistics of human grammar.
Spedficdly, | demonstrate in sedion 4.1 that the existence of “idand effeds” in displacement phenomena
foll ows from the locd manner in which TAG requires yntadic dependenciesto be encoded (what | refer
to asthe “Fundamental TAG Hypothess”) and limitations on the combinatory madinery that TAG pro-
vides In sedion 4.2, | explore apoatentialy negative consequence of TAG's limited computational power:
the redrictive TAG machinery also apparently predicts the imposshility of a catain type of construction
that is present in Hungarian. Closa analysis of this cmnstruction, however, reveds anumber of curious
propertiesthat point to an analysis that is within the limits of the TAG formal system. Rather than being a
courter-example, then, this construction providesfurther evidence for the dignment between the properties
of natura language and the computational regrictions imposed by the TAG formalism.

2 Characterizing complexity

The human language cgadty provides us with the adility to represat and compute mappings between
sanantic content and some kind o form (sound orthogaphy, etc.). Individuas who represat the sane
or a affficiently similar mapping are ale to share their ideas a usdul trait. Formal approaches to the
cogntive sdence of language gart from the assmption that an individual’s knowledge of such a form-
meaning mapping takesthe form of an autonamous mental grammar. Under this conception, a grammar is
ameans of spedfying a sé of pairings of forms and meanings. Any theory of human grammar must come
to terms with the goparent conflict between the infinite productivity of the form-meaning peiring and the
finitenessof our brains. As is familiar to students of cogritive séence, the key to the reslution d this
conflict came with developments in mathematicd | ogic and the theory of computation duing the ealy part
of the twentieth century, which for the first time provided a variety of means for predsdy spedfying such
an infinite sé in finite terms.

Over its fifty yea history, generative grammar has enbraced this formalist perspedive, and hasbeen
preoccupied with determining the nature of mental grammar. Much of the work toward this end hasbeen
empiricd, attempting to edablish the range and limits of posshle grammaticd structures both within a
singe language aswell asto identify lingustic universds that regrict variation acosslanguages Given the
commitment to providing a predse daraderization o grammar, this enpiricad work hasnecessaly gore
hand in hand with attempts to identify forma models for expressng these sructures and mappings. Indeed
we dhoud exped that in an explanatory theory of grammar the very structure of this formal modd shoud
play a sgnificant rolein redricting gammaticd variation. Inthis, | endarsethe view put forward by Gazdar
etal. (1985 p.2):

The most intereging contribution a generative grammar can make to the seach for universds of
language is gedfy formal systemsthat have putative universds asconseguences asoppase to
merely providing atechnicd vocebulary in terms of which autonamously stipulated universds
can be expressel.



One threa that hasunited many of the formal models that have been proposed is that they consist of akind
of computation.What | mean by thisis that the form-meaning relation is charaderized in terms of the input
and ouput of some sejuence of processng steps. This can, and indeed hasbeen dore in avariety of ways.
The model propcsad by Chomsky (1969, for instance charaderizesgrammar in terms of a processthat
takes represantations of meaning asinpu and return represeatations of form asoutput. In other models,
for instance those of Steedman (1999 and Chomsky (1995, grammaticad computation takes asnpu a se
of lexicd resources ad producesrepresantations of meaning and form asoutput. Whatever its nature, we
might exped, following Gazdar et a., that there will be propertiesof this computation that play an important
role in our understanding of grammaticd variation. Moreover, asgrammaticd computation is assimed in
the generative paradigm to constitute a peker’s knowledge of her grammar, her gramnatical competence,
uncerstanding the charader of this computation is important for cogritive séence Under the assmption
that cognition in general is aform of computation, an understanding o the kinds of computation exploited
by grammar may be very reveding abou the nature of cogrition.

In order to addressthe quedion of grammaticd complexity in a substantive way, we need to be explicit
abou how we houd measire it. One intuitively appeding way to dothisis in terms of the dfeds that a
particular conception o grammaticd computation hasfor language use We might, for instance measire
the complexity of a grammar by determining the complexity of the parsing problem for that grammar, that
is, by measiring hov much time or spaceis neeled to determine for a given surfaceform the range of inter-
pretations that the grammar permits. The relevance of complexity onthis measire seens dea: since people
are goparently able to comprehend language in an eff ortlessfashion, we might exped that grammaticd com-
putation shoud be gructured in such a way asto limit the complexity of the parsing problem (or perhaps
of analogows problems in the domain of prodiction). There ae however significant obstadesto this view.
Note first that there ae dassesf structuresthat are well-formed acrding to the grammar but which the
performance gstem canna efficiently manipulate, for rea®ns of memory load say, and which spedkers as a
reault avoid entirely and do na accept — center embedded structures ae a casén pant (Mill er and Chomsky,
1963. It is of course anontrivial matter to determine whether the nacceptability of a cetain structure is
due to the fad that such a dructure is not generated by the grammar or becaiseit imposesunmanageable
processng demands (Joshi et al., 2000. However to the degree that the charaderization of grammaticd
well-formedness ad processaility are qualitatively different, the smpled acourt of the range of passhle
sentenceswill be one that searatesredrictions on gammar from redrictions on use (Mill er and Chomsky,
1963 Hale and Reiss 2000, and the properties of that acourt will nat be determined by the exigencies
of use An additional rea®n for skepticism abou the importance of processng-derived measiresfor gram-
maticd complexity stems from the diredional manner in which the grammaticd mapping is often stated,
say from an underlying meaning say to a surfaceform. In such a ystem, there is no gammeticd process
correpondng to the parsing process since the latter must seach among pessble inpus to the grammat-
icd computation. For this rea®n, it has ®metimesbeen propcseal that in comprehending sentences the
language processr initialy exploits avariety of computational tricks, external to the grammeaticd spedfi-
cdion d the form-meaning mapping (Townsend and Bever, 2001). If thisview is corred, understanding the
propertiesof such tricks would surely tell uslittl e ebout the charadter of grammar.t

Putting agde complexity measirestied to languege use then, how else might we assesgrammatica

It is of course tempting to try to link the computations implicated in grammaticd models to the computations needed during
languege processng. Early attempts to do this, in the context of the Chomsky’s (1965 model, led to the Derivational Theory
of Complexity: the proposal that sentences whase derivation involves more computations are more difficult to understand than
sentences whaose derivation involves fewer computations. This ideahowever met with orly limited success (Fodar et al., 1974.
Under more recent conceptions of grammar, it may be possble to resurred this idea (Bresnan, 1982 Steadman, 1989 Philli ps,
1996. In such a context, the aguments | make in the text are weskened somewhat. Even so, performanceis aure to be dfeded by
avariety of extra-grammaticd fadors, such asmemory load or lexicd and conceptua salience (Lewis, 1996 Gibson, 1998 Caplan
and Waters, 1999.



complexity?> One posshility exploits the nation o generative cgpagty, which charaderizesthe complexity
of a dassof grammars in terms of the languegesit is cgable of generating. If we take agrammar as
generating a sé of strings, the reallting complexity measire is that of weak generative @pecity. Thisis
to be distingushed from the nation o strong generative @pecity, where agrammar classis charaderized
in terms of the ses of structural desciptions it can generate. From the perspedive of grammaticd theory,
where it is aucial that a seitence be asggned the corred structure, strong generative cgadty would seen
to be the more important nation; we may well want to distinguish between two grammars that are wesly
equivaent, in the sense of being able to descibe the sane sds of saentences but nat strondy equivalent,
since they define different ses of structural desciptions. However, it hasproven to be difficult to compare
different typesof grammars dongthe dimension d the dructuresthat they generate, sincethese fructures
are often qualitatively distinct. Aswe dhal see thereis noretheless onsiderable mil eage to be gotten from
the nation o wedk generative cgadty.

In the foundational paper on the topic of generative cgadty, Chomsky (1959 definesfour classeof
grammars and comparesthem acmrding to the languagesthey could generate, where languege is understood
as a seof strings (hencewe ae deding with wes generative cgpadty). These tasseof grammars ae dl
systems of string rewriting: given some initial start symbadl, grammatica computation consists of rewriting
the dring ac@rding to the rulesgiven by the grammar. Computation cortinues ® longasthe gring includes
at leas a snge symbad from a distinguished subalphabet of nontermina symbas and concludes once the
string cortains only termina symbads. The different classef grammars ae distingushed onthe bags of
the typesof rulesthey permit:

() TypeO (Unredricted) grammar: rules ae of theform a X5 — ~
Type 1 (Context-sensitive) grammar: rules ae of the form a X6 — a8, wherey # ¢
Type 2 (Context-fred grammar: rules ae of theform X — ~
Type 3 (Right linea) grammar: rules ae of thefoom X — wX or X — w

In thesedefinitions X is a $ngle nontermina symbd, «, 3, and~ are drings over the se of nonterminal
andterminal symbadls, andw is a dring over the se of terminal symbals. Chomsky showsthat the generative
cgpadty of ead of thesegrammaticd classess grictly increasng: not only can ead classof grammars gen-
erate dl the languagesgenerable by the dassof grammars listed below it in (1), there ae languageswhich
can be generated by grammars of ead classthat canna be generated by any of the grammar types gopeaing
below it in (1). That is, there ae languagesthat can be generated by some context-free grammar but not
by any right linea grammar, there ae languagesthat are generated by some context-sensitive grammar but
nat by any context-freegrammar, and there are languagesthat are generated by some unredricted grammar
but nat by any context-sensitive grammar. Consider, for instance, the language mnsisting o a gring o as
followed by a dring o bs. This language is generated by a right linea grammar with the foll owing four
rules

1. S—aS
2. S —aB
3. B—bB

2Chomsky (1998, Colli ns (1997, Frampton and Gutmann (2002, among chers have explored measures of grammatica com-
plexity havingto dowith the complexity of exeauting the dgorithm that charaderizes the grammar. For Chomsky, for instance, this
algorithm begins with a set of lexicd items and must produce output representations of meaning and surfaceform, where part of
this processinvolves a cetain kind o optimization. Different charaderizations of this optimization processresult rather diff erent
levels of time complexity for exeauting this algorithm. One patentia pitfall with this measure isthat it does not easily allow us to
compare different conceptions of grammar, as they can compute diff erent functions, as we have seen. Additiondly, it is far from
simple to determine what if any empiricd consequences result from thiskind o complexity.



4, B—b

To generate a $ring, we begin with the symbd S, succesdvsely rewriting acording to ore of theserules
until we caana rewrite any longer (the number abowve the arow refleds the rewriting rule used at the gage
in the computation):

S22 aS 2 aaS 2 aaaB 2 aaabB 2 aaabb

Such a derivation can be written for a gring with any number of as and bs. Obseve, though that the as
and bs in such a gring are generated separately from one ancther, and the grammar doesnat encode any
dependencies anong them. However, if we want to ensure that the number of as and bsin the dring are
the sane, so that our grammar generates exadly the language {a"b"|n € N}, right linea grammars ae no
longer sufficient. We can however write a @ntext-freegrammar that will generate this language:

1. S—aSb
2.5 —ab

Generating strings with this grammar involvesthe smultaneous adtion o as and bsto the right and left of
the center of the gring, and conseguently, they will remain equal in number.

S :1> aSbh > aaSbb :1> aaaSbbb :2> aaaabbbb

In this derivation, there ae indeed dependencies between the as and bs: asjust noted these éements ae
generated in aneded fashion, so that thefirst « is dependent onthelad b, the seonda on the penultimate b,
andso on Thisis epedaly clea when we represent this derivational history in terms of the following tree
structure:

e

S
S b
a S
a S b
P

b

a b

Each nocein this derivation tree corregponds to apaint in the rewriting sequencejust given. If two elements
are dsters & some levd of the treg this impliesthat they are derivationally dependent on ore ancther,
having been introduced at the same paint in the derivation. One might imagine that dependencies ould
work differently. Suppasefor instance that we wanted to generate grings where the dependencies worked
in a “crossng’ manner, so that the first element from the left part of the 4ring was aseciated with the first
element from theright part of the gring. Of course the grings of such alanguage would be equivalent, what
isknown asweak equivalence thoughtheir derivations and dependencieswould na be, so that they are nat
strongy equivalent. There are languageswhase srings require that they show crossng dependencies One
example is the language whosemembers consist of two concatenated copiesof a sngle dring o as and bs,
i.e, {ww|w € {a,b}*}. Crossng dependencies whether evident in the gring languege or nat, canna be
generated by a mntext-free grammar, but can by a context-sensitive grammar.2 To finish the picture, there

3In the interest of spacel won't give the grammar here, but seeHopcroft and Ullman (1979 or Partee & al. (1993 for further
discusson.



are, asl sad abowe, languagesthat are generable by urredricted grammars, though no by context-sensitive
grammars. It turns out that simple examples ae nat epedally eay to come by, and indeed most often are
the product of somewhat complex constructions. Nonetheless we can conclude that the dasse®f grammars
in (1) indead form a hierarchy in terms of generative cgadty. This hierarchy has @me to be known asthe
Chomskyhierarchy.

What makesthe generative cgadty distinctions within the Chomsky hierarchy egedaly interegding
as aprobe into the complexity of grammaticd computation is the corregponcence that hasbeen dismovered
between thesegrammar classes iad the type of abstrad computational device, or automaton, that is needed
to accet the same languages® The dassof abstrad computers with finite memory, so-cdled finite gate
automata accept predsdy the same dassof languages asright linea grammars. If we add the infinite
memory cgpadty provided by a pushdown (lag in-first out) stad, reaulting in a push-down auomaton.
we get a dassof automata which accept predsdy the sane dassof languages generated by context-free
grammars. To accet the context-sensitive languages we require a gill more complex sort of computer,
invaving amemory tape that can be read from and written to in any order, but whoselength can be bounced
as alinea function o the length of the inpu string, a linear bounded auomaton. Finaly, unredricted
languagesrequire exhaust the power of a Turing machine, the most general notion o computation avail able
following Church’'s theds. Understanding the generative cgadty of some conception o grammar, then,
tells us aou the nature of the astrad devicethat mental computation exploits.

What goodis a dharaderizaion o the generative cgadty of a catain conception o grammar? One
motivationis 2 that we can compare it with the orts of complexity witnesse in natural languege. For if we
can find ratural languagesthat exhibit dependenciesrequiring a cetain degree of grammaticd complexity,
we can be cetain that agrammaticd framework lading this sort of power isinadequate. Argumentsto this
effed date badk to Chomsky (1957, and have been oft-repeaed. Chomsky and Mill er (1963, for instance,
note that the English sentencein (3) exhibits dependencies(amongsubsaipted elements) that have the same
sort of neding oksaved in (2).

(3 Anyore; who feds that ify so-many; more; students; whom weg haven'ts adually admitted ares
sitting in onthe coursethan, oneswe have thats the room had to be changed, then, probably auditors
will haveto be excluded, is; likely to agreethat the aurriculum needs revision.

Sinceright linea grammars/finite gate automata are insufficient for the formal case Chomsky arguesthat so
too are they insufficiently powerful to charaderize natural |anguege.® More recently, Shieber (1985, Culy
(1985 and Huyhregts (1985 have shown that even context-free grammars/push-down automata are insuffi-
ciently powerful to capture the regularitiesof natural language. These aguments derive from grammaticd
structureslike those sel in SwissGerman:

“More recently, another way of charaderizing generative cgpadty has emerged, in terms of the descriptive complexity: what
kind o logicd theory is needed to define a cetain set of strings or structures. SeeRogers (2003 for discusson and recent results.

SPhondogica structure gpeas to be more limited in its complexity than syntadic structure. In this domain, it appeas that
finite state power may be sufficient (Johrson, 1972 Karttunen, 1993.



I I I I
(49 Jan sait das mer d' chind em Hans eshuus [ond halfe aagriiche
Johnsdd that we the dhildren-accHans-dat the houseacclet help paint

‘Johnsdd that we let the dhildren help Hans paint the house’

In this seitence, noun phiaseobjeds ae related to the verbs which determine their morphdogicd casein
a aossng fashion, akind d dependency that is not generable with context-free grammars. Foll owing the
Chomsky hierarchy to its next rung, we ae left with the possbiliti esthat natural languages ae in the dass
of context-sengitive languages unredricted langueges or neither.

The central goal of generative lingustics is the construction o redrictive theoriesof grammar. Ye, if
we ae hoping to use @mputational redrictivenessin the guiseof generative cgadty as ameans of limiting
the range of posdble grammars, it appeas that the Chomsky hierarchy hasled usto a deal end. If natural
language grammars ae not context-freg the only remaining candidatesfor possble grammeticd classes i
systems © powverful asto be essatially unredrictive. This need na be the end o the dory, however. If
one could provide computational charaderizations for regrictive language dasseghat fell between those
provided by context-free and context-sensitive grammars, but which were sufficiently powerful to ded with
the range of natural language gructures we might be in the position to derive propertiesof natural language
grammar. Joshi (1985 hypahedzesthat such a dassof languages which he cdls mildly contex sensitive,
might be defined in terms of the following three properties

(5) a Generation o limited crossng dependencies (like thosein (4))

b. Constant growth property: for every mildly context sensitive languege L, thereis aboundk such
for every sentencew € L, thereis another sentence w’ € L such that |w| < |w'| < Jw| + k.

c. Polynominal time parsing complexity

Inturn, Weir (1988 hasdefined an infinite hierarchy of language dassesdefined by a hierarchy of grammar
classes dbed Linea Context Free Rewriting Systems (LCFRS), al mildly context sensitive. The lowed
rung in Weir's hierarchy hasproven to be an egedaly intereging language dass As with the language
classesn the Chomsky hierarchy, this dassis nat only defined by a particular type of rewrite gystem, but
can also be charaderized in terms of an automaton: the Embedded Push-down Automaton or EPDA (Vij ay-
Shanker and Joshi, 1985 Vijay-Shanker, 1987. This automaton is avariant of the push-dovn automaton
whosememory consists of a dadk of stadks rather than a Smple gadk of symbds, where symbals may be
added and removed na only from the top o the (top) stadk, but also from the top o stacks immediately
below the top stadk. Strikingly, it hasturned ou that theselanguages ae dso charaderized by avariety of
formal systems, including Combinatory Categorial Grammars, Head Grammars, Linea Indexed Grammars
and TreeAdjoining Grammars (Joshi et d., 1991). Thefad that so many diff erent grammar formalisms con-
verge on the sane degreeof forma power suggeds that there is something abou this degree of complexity
that fits naturally with lingustic deseiption. If thisis corred, we shoud minimally exped that this dass
is aufficiently powerful to charaderize the gructuresof natural language. But even more interegingly, we
shoud exped to find empiricd consequencesof the limited formal complexity of this dass In the remainder
of this paper, | will attempt to draw out conseguencesof predsdy this sort. | will focus my invedigation
spedficdly onthe grammaticd conseguencesof adopting ore edfic context-sensitive grammaticd for-
malism, Tree Adjoining Grammar (TAG), aspart of a grammaticd theory. Thoughthe aguments | make
will make edfic referenceto the propertiesof TAG, it is my expedation that they will carry over in some
form to other formalisms with the same formal power. One houd keep in mind, however, that while the
wedk generative cgadty of theseformalisms is equivaent, it is much less ¢ea to what degree they are
equivalent in terms of the derivations and dependenciesthat they generate, that is, their strong generative
cgpadty. It would be aurprising if complexity considerations concerning strong generative cgpadty were
not also relevant to understanding the nature of grammaticd computation, thoughat present it has proven
difficult to charaderize grong generative cgadty in a asfficiently abstrad fashion (Mill er, 1999.
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As afinal introductory point before | move on to the main pant of the paper, | want to stressthe im-
portance of kegiing two naions of grammaticd complexity distinct: the charaderization d the type of
automaton realed to reamgrize the dements generated by the grammar and the properties of an algorithm
that reagnizesthe same sa of elements. For any type of automaton, there is an upper bound onthe time
complexity of an algorithm that accepts the drings acceted by any automaton o that type. For finite date
automata, the processis linea in the dze of the inpu, while for push-dowvn automata it is aubic in the dze
of theinpu, i.e., O(n?) for a seitence of length n. Nonetheless there ae languages {a™b"|n € N} for
example, which require apush-down automaton, i.e., they are properly context-freg but which can norethe-
lessbe acceted by an agorithm whaosetime complexity is O(n): one only need to court the number of as
and bs and ched that these ae the same. For this rea®n, the generative cgpadty metric has d timesbeen
maligned asbeing insufficiently sensitive to subtle differencesin grammaticd complexity. An aternative
approad, taken by Barton et al. (1987, usesthe time complexity for the problem of reagrizing the grings
from some grammar. This quedion recdl s the useof parsing complexity disausseal above, but Barton et al.
propcsetheir measire as away of assessig the astrad complexity of grammaticd computation, withou
apped to problems of language processng. Note however that it is an empiricd quegion asto which of
thesemeasiresof grammaticd complexity turns out to be relevant for the purposesof constraining grammar
in an empiricdly suppated fashion. In the caseof TAG, a considerable variety of arguments have been ad-
duced to in suppat of the daim that TAG's limited generative cgpadty doesindeal constrain grammars in
ways that rule out unatteged linguistic systems. These aguments ae disaussal extensively in Frank (2002
and | briefly review some of them below. However, so far asl am aware, it remains to be shown that limiting
the complexity for the recogrition problem, to linea time sg, produces ay lingusticdly significant redric-
tions on gammars. We ae left then with generative cgadty asthe only empiricdly significant metric for
grammatica complexity.

3 Anintroduction to TAG

In contrag to the dring rewriting systems of the Chomsky hierarchy, TAG (Joshi et al., 1975 Joshi, 1985

is a ystem of tree renriting. Rather than beginning with a dart symbal, the derivation begins with a piece
of tree dructure, cdled an initial tree that is Pedfied aspart of the grammar. The derivation proceals

by repladng individual nodesin this tree with ore of the gnall piecesof tree dructures the elementary

trees which congtitute the rules of the grammar. In turn, nodesin this more cmplex structure can be

rewritten, until the derivation concludes Rewritingin a TAG can take placein ore of two modes The first

of these substitution, invavesthe rewriting d anonterminal noce & the frorntier of one dementary tree as
anather elementary treewith the requirement that rewritten node must have the sane label asthe roct of the

elementary treethat rewritesit. Thisis depicted schematicdly in (6).



(6)

The seond mode of treerewriting, and the one from which TAG derivesits name, is adjoining. In this
operation, anontermina node anywhere within an elementary treeis rewritten as ancther el ementary treg
cdled an auxiliary tree This operation is depicted schematicdly in (7).

()

Note that in order for this latter operation to be well-defined, auxili ary treesmust include adistingu shed
frontier node, cdled the foat node, which will, following adjoining, dominate the gructure that wasdom-
inated by adjoining site prior to adjoining (the dructure colored gray in (7)). In order to guarantee that
locd structural relation among noaksin the origina elementary tree ae preseved, including for instance
parent-child or sisterhood the foat node of an auxili ary treemust be labeled identicdly to the roat.

The presantation of TAG | have given to this point conceivesof elementary trees ashe rulesof the gram-
mar that spedfy how nodes ca be rewritten, in either the substitution o adjoining modes TAG istypicdly
presated in adiff erent fashion, where aljoining and substitution are operations for tree @mbination, so that
TAG derivation involvesthe siccessve combination o elementary treesusing thesetwo operations rather
than the iterated rewriting d elementary trees Thesetwo conceptions ae essatialy equivalent. Thereis,
however, one important property of TAG derivations that foll ows diredly from the rewriti ng conception that
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isnat immediately obvious onthe combinatory conception. This property concerns the source of reaursive
structuresthat can be used during adjoining. If we think of adjoining as an operation invaving reaursive
structures the quedion arisesof whether we can composetwo nonreaursive dementary treesto produce
areaursive tree which can in turn be usad as an auxiliary tree In contrad, under a rewriting conception
of the grammar, it is the dementary trees qua grammar rules that license eah step of rewriting duing a
derivation. As areallt, any instance of adjoining must necessaly invave an auxiliary tree anong those
spedfied by the grammar. To preseéve the gjuivalence between the two conceptions, we require that eah
derivational step of adjoining a substitution must relate anode of one tree and an elementary treethat is
substituted or adjoined at that noce.

As atreerewriting system, the output of a TAG derivation is itsdf a tree gructure. This is unlike the
situation with string rewriting systems where the treetypicdly as®ciated with a seatenceis its derivation
tree The history of a TAG derivation can also be represented as aderivation treg in which ead noce corre-
sponds to an elementary treeT” whaose dildren represent elementary treesthat have themsdves sibstituted
or adjoined into 7". Whil e the treethat reaults from the TAG derivation determinesthe phondogicd form of
the saitence, it hasbeen argued by Kallmeyer and Joshi (2003 that it i s the derivation structure that is the
objed that feeds semantic interpretation.

While TAG provides a seof combinatory operations, it doesnat provide dl that we need to produce a
grammaticd theory. Spedficdly, any lingustic applicaion o TAG will neal to make substantive (asop-
posed to merely formal) claims ébou the nature of el ementary trees For example, aTAG-basal grammaticd
theory must spedfy what information is encoded in the dructure of the trees what the range and content of
caegory labelsis, how much structure can be contained within a sngle dementary, etc. There have been a
variety of propcsds regarding thesequedions (Abeill € 1993 Kager et al., 1995 Joshi and Kulick, 1997,
Kroch, 1989 Hegarty, 1993 Carrall et a., 200Q Frank, 2002. In my work onthe topic and in the reg of
this paper, | assime that elementary trees ae built arounda sngle lexicd element, that is, a senanticdly
contentful word like anoun verb or adjedive. | assme that elementary treeslocdize the expresson o
predicae-argument relations, so that, for instance the dementary treehealed by a verb includesthe g/n-
tadic expresson o al of the verb's aguments, a dot into which the agument can be insated. In addition,
| asaime that eat elementary treemay include the grammaticd elements assciated with the lexicd head
of the dementary tree what Grimshaw (1991 cdlsthe extended projedion. So, anounhealed elementary
treemay include adeterminer and some prepositions, averb-healed elementary treemay include auxili aries
and complementizers. Examplesof such trees ae given in (8).

@ a /'P\ b, DP
DP ¥ '|3 N|P
vp the N
| | |
has v student
|
finished

With these asamptions in place the grammaticd role played by the TAG operations now comesinto focus.
Substitution can be used, for instance to fill the agument slots present in lexicdl y-headed elementary trees
The aubjed of the verb finished in (8)a, for instance, isfilled bythe student-headed elementary treefrom (8)b
in the following derivation:
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9) DP IP — IP

5~ W s N

| | P DP |
the 'T' [P 5 W -
student | | | |
has \|/ the N hlas \|/
o | |
finished student finished

The lingustic function o the adjoining operation is dightly different from that of substitution as areault
of the reaursive nature of auxiliary trees Spedficdly, adjoining has anatural applicaion to any structure
in which there is gructura reaursion. One uch caseis modificdion. Thisis sea in the two instancesof
adjoining shown in (10).

(10 N =
/\
N PP
/\
p DP
N [

| for  thelragi threa

evidence
DP
D NP
| /\
the
AP NP
| |
A N’
| /\
flim:
W N/ PP
| /\
N P DP
| i

evidence for thelragi thred

Thesetwo derivations ill ustrate two important propertiesthat underlie dl of the various conceptions of
TAG-basal grammaticd theory. First, dementary trees onstitute an extended damain of locdity, that is,
they include more dructure that the domain typicdly descaibed by a snge rewrite rule in the grammars of
the Chomsky hierarchy. The lingustic importance behind this idealiesin the following hypdheds éou
TAG-basal grammaticd desciption (Frank, 2002 p.22):

(1) Thefundamental TAG hypaheds: Every syntadic dependency is expressé locdly within a angle
elementary tree®

This hypaheds goes ®me way toward answering the quedion o what can congtitute an elementary tree
What it leares open, though is what courts as a gntadic dependency and hav such dependencies ae
bed expresseé, and these ae the urcesof divergence anong dfferent proposds. As mentioned abowe,
| have assmed in my work that the nation d syntadic dependency invoked here includes the relation

81 n the multi -comporent extensionto TAG (Weir, 1988, syntadic dependencies would be locdi zed to derivationally linked sets
of elementary treesrather than individual trees (Bleam, 2000.
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between a lexicd head and its thematic arguments, even when such arguments have been displacal from
their canoricd positions, and that hading between a lexicd head and its assciated functional €lements.
These & ill ustrated in the treesgiven above: these éementary treeslocdi ze the dependencies between the
lexicd verbs and their arguments, aswell asthe dependencies between determiners and nours, auxili ary
elements and verbs, etc.

The fundamental TAG hypahesdsis plausible only in the faceof the other property that unifies dl TAG-
basel grammaticd theories namely that syntadic dependencies become locd only once reaursion is fac
tored from derived syntadic sructures Thisfadoring o reaursionisill ustrated in (10): the determiner-noun
dependency in the derived structure is locdly expressble in the dementary treeonly becaisethe reaursive
modificaion structure is introduced by the adjoining operation. An operation analogous to adjoining that
is cgable of fadoring ou reaursion from syntadic gructure is missng from other lexicdized grammar
formalisms such as Combinatory Categorial Grammar (Steedman, 1996, Heal-Driven Phrase Structure
Grammar (Pollard and Sag, 1994, and Lexicd Functional Grammar (Bresian, 2001). Andit is predsdy
this absencethat causesthe fundamental TAG hypahess to be adistinctive property of TAG, impasing sub-
stantive empiricd constraints on pcssble grammaticd analyses In sedion 4.2, | will explore the dfeds of
one auch constraint to derive distinctive, and what appea to be corred, predictions ebout Hungarian focus
constructions.

Crucially, the fundamental TAG hypahess is limited to dependenciesthat are gntadic in nature. It
imposesno analogols redriction, then, on the redizaion o samantic dependencies such asthat halding
between a quantifier and a bound \ariable, or between coreferent elements. Such dependencies ae well
known to have rather diff erent propertiesfrom syntadic dependencies particularly with reged to the types
of phenomena disaussel in sedion 41 below. Therefore it is an empiricdly justifiable move to avoid im-
posing onsamantic dependenciesthe redrictions that TAG impaseson syntadic dependencies Of course
sanantic dependencies ae not completely unconstrained and it is an important quegion howv such depen-
dencies ca be esablished and their properties explained in the ntext of a TAG derivation. This topic
hasreceaved attention recantly (see for example, Kallmeyer and Joshi (2003; Romero (2002), but many
important issiesremain open.

4 Formal restrictivenessand linguistic explanation

In sedion 1, | mentioned the fad that the generative cgadty of TAG, bath in terms of the sds of strings
and structuresthat it can generate, goesbeyondthat of context-free grammars. Thus, both of the following
non-context-freelangueges ca be generated by a TAG:

12 L ={ww|we€{a,b}*}
Ly = {a™b"c"d"™ | n € N}

To generate L4, for instance, the requisite TAG consists of the foll owing se of elementary trees with initial
treel and auxili ary treesin A:

S S
S
AT e e
€
a S b S
Derivations in this grammar proceed by adjoining an instance of one of the auxili ary treesinto ancther at
the drcled S node, and then adjoining this result into yet another auxili ary tree’ Aswe do this, we produce

"Part of the TAG formalism, which we do nd discuss here, includes restrictions edfied on the nodes of the dementary
trees concerning which nodes can adjoin. Spedficdly, in order for the TAG formalism to be formally well-behaved, in the sense
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a oomplex auxiliary treewith an identicd string o either side of the gine that conneds the rocot and foot
nodes

13

To finish the deivation, we ajoin this complex auxili ary that is derived into the S noce of the initial tree
producing dstinct sentencesfrom L, depending onwhich auxili ary treeswere adjoined and in which order.
As dhown in (14), the reallting trees &hibit the kind o crossseia dependenciesthat are naot generable by
context-freegrammars.

(14

N

N
P
O

With this aility to capture such crossng dependencies mmesthe posshility of providing gammars for
non-context-free gructures such asthose sea in Swiss German.8 The alditional generative power that
TAG provides beyond cortext-free grammars is, however, extremely limited. For instance, even though
bath of the following languages ae easy generated by context-sensitive grammars, neither is generable by
aTAG.

(19 Ls={www | w € {a,b}*}
Ly ={a"b"c"d"e" |ne€ N}
Becauseof thisvery limited extensioninto the redm of the context sensitive, the dassof languages accpted

by TAGs hasbeen cdled the mildly context sensitive languages At present, it appeas that there ae no rat-
ural languageswhich require more generative power than that provided by TAG (thoughseeMill er (1991,

of constituting an abstraa family of languages (see Sdlomaa (1973), it is necessary to allow at least the posshility of blocking
adjoining at some noce. The lingustic role of such adjoining constraints is explored in Vijay-Shanker and Joshi (1988 and Frank
(2002).

8Indeed, Kroch and Santorini (1991) provide linguistic arguments that the analysis that TAG provides is the right one in that it
succesgully predicts the dtested range of mixed orderings sen in avariety of West Germanic langueges and daleds.
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Bedker et a. (1992, Joshi et a. (2000, Blean (2000 and Kulick (2000 for objedions and refutations). In
the ebsence of further evidence, then, it is plausible to assime that TAG is the most redrictive formalism
cgpable of generating all natural languages and as sich constitutes aplausible candidate for the formal bass
of human grammaticd competence

Yet, we might wonder what kind o role the redrictive complexity emboded in the TAG formali sm will
adualy play in grammaticd theory. Intheremainder of this setion, | will t ry to demonstrate theimportance
of TAG's limited complexity in two ways. First, | will argue that we can parlay this redrictivenessinto
substantive limitations of grammaticd structures concerning the locdity of syntadic movement, in a way
which acords with the enpiricd data. Secondy, | will attempt to show that the formalism limits the range
of analytic options for certain grammatica constructions in empiricaly suppated ways, focusing onthe
properties of Hungarian focus constructions. To the degreethat these aguments ae ucces$ul, we have
suppat for the hypahess that some portion of grammatica competence is bed charaderized in terms of
computational redrictiveness Thiswould constitute an abstrad and surprising dsoovery abou the language
faaulty.

4.1 Wh-questionsand islands

Asiswel known, natural languages ehibit constructions in which elements gopea displacal from their
canoricd pasitions. One example of such a cnstruction is English quedions. When an oljed isquedioned,
thewh-pronounthat replaceshe objed appeas a thefront of the setencerather than initsusua post-verbal
position.
(16) a What did Daniel sing?
b. Danid sangthat song
This displacanent of a wh-objed can occur over unbouned distances That is, by embedding the wh-
element inside of amore complex sentence, the distance between the surface ad canonicd pasitions of the
wh-objed can grow withou bound Exampleslike the following ill ustrate this fad:
(170 a What did you hea that Danid would sing?
b. What did you rea that Gabriel though that Daniel would sing?
c. What did you Fea that Gabriel thougtt that | hoped that Daniel would sing?
Recdl that the fundamental TAG hypahess requiresthat all syntadic dependenciesbe expresse within the
locd context of an elementary tree The existence of such unboundd dependencies then, would appea to
pose aproblem for TAG. However, by exploiting the adjoining operation, we can provide anatural acourt of
exampleslike thosein (17) (Kroch, 1987, 1989 Frank, 2002. Under this acoun, the dependency between
the wh-element and its basepaosition (or dternatively the verb with which it is senanticdly as®ciated) is
edablished within a sngle dementary tree in acordance with the fundamental TAG hypahess.

(18 c
P,

T

p
DP; c

| /\
What

C 1P

| /\
h !
that DP |

|
Daniel I VP

| P
woud V DP;

sing t
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Given such a dructure, we can acomplish the dfed of disocaing the wh-phraseinto higher clausesby
exploiting the adjoining operation. Spedficaly, by adjoining the auxili ary treein (19) to the C' nocein (18),
we prodwce the satencein (17a).°

’

(19 C
C 1P
|
did DP )
|
you | VP
N,
vV C
|
hea
CH
DP; c
|
What N
C IP
|
|
you /\
| VP
\Y; c
|
hea /\
C P
| /\
that op I/
Daniel I NG
| s

woud V  DP;
| |
sing t
Further instancesof embedding, like those serin (17), can be derived in an analogous fashion with addi-
tional i nstancesof adjoining o such C'-reaursive auxili ary trees
One of the major discoveries of generative linguistics is that there ae dgnificant limitations on such
unbounad dependencies Spedficdly, there ae avariety of structures labeled “islands” by Ross (1967,
which do nd permit elements whose caoricd paositions fall within them to move beyond their li mits. Two
examplesof such are relative dauses ad verb phrasemodifying prepositional phrases
) a Gabriel met the musician whowould sing that song
b. * What did Gabriel med the musician who would sing?
22 a Danid laughed after Gabriel sang that song
b. * What did Daniel laugh after Gabriel sang?

®SeeFrank (2002 for discusson d the shape of these dementary trees.
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Substantial effort hasbeen devoted to the dharaderization o the gructureswhich constitute islands. Initial
efforts in this diredion consisted of cataogs of constructions that congtituted islands. Subsequent work
attempted to provide ageneral condtions onthe g/ntadic movement operation (or its analog in ather theo-
rieg that acmurted for the distinction between idand and norisland constructions Yet, the very existence
of such condtions raises gpuzze: In atheory in which didocaion is the reallt of a processthat appliesto
arealy constructed syntadic gructure, why shoud syntadic movement be redricted at all ? One can eadly
imagine agrammatica system, differing oy in the ésence of such a locdity condtion. Of course this
would have the unfortunate empiricd effed of eliminating the kinds of contrads we seein (21) and (22).
Nonretheless it appeas that there is smething fundamenta abou the locdity of dislocation: so far asl am
aware, every languege that has been studied having Endlish-type wh-quedions shows predsdy the same
kinds of contragds. Why then doeshuman language work this way?

Strikingly, the TAG analysis of wh-movement just sketched together provides an answer to this quegion.
Spedficdly, asKroch (1987 first pointed ou, given certain assmptions mncerning the nature of TAG
elementary trees the existence of idand effeds and o the subjacency condtion in particular follow as
corollaries of the TAG derivationa system and reed na be dated explicitly. To seehow, consider the
ungammeticad example (22b). Recdl that the TAG analysis of wh-movement | have sketched requiresthat
awh-element be generated in the sane dementary tree aghe verb of which it is an argument. As areault,
the wh-element must be generated within the adjunct clauseheaded by the verb sing.1°

(23) CP

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

10f we suppase instead that the prepasition after is the amplementizer of the dause headed by the verb sang the derivationis
aso ruled ou, thoughfor slightly different reasons. In this case, the derivation would require the foll owing auxili ary treeto adjoin
between the fronted wh-element what and the rest of its clause after Gabriel sang

0] C

C IP
did DP I’
|
Daniel | VP
/\,
VP C
|
\%
|
laugh

Under the assumption that elementary trees provide only dotsfor the aguments (and nd modifiers) of alexicd head, this gructure
isill-formed: laughis an intransitive verb, and as auch dces nat license the C' noce for the temporal modifier.
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Now in order to front the wh-phraseto the front of the satence we must adjoin material i nto this gructure,
separating what from the re of its dause Asauming we ajoin to C' asbefore, such a gructure would be
the foll owing:

(24) c
C 1P
did DP N
|
Daniel I NG
VP PP
| N,
\Y, P cC
| |
laugh after

This gructure meds the formal requirements for being an auxiliary tree it hasroot and foot nodeswith
identicd labdls. Yet, this dructure doesnat constitute awell-formed elementary treefrom the perspedive of
our linguistic assimptions. it contains the syntadic gructure licensed by two distinct lexicd elements, the
verb laughand the preposition after. Each of these éements will separately heal its own elementary tree

/

C/\IP VP /PP\
did Dp/\,' T c
paid | VP after
v
Iau|gh

So, why can't we usethesetwo separate treesto derive (22h), by combining them to produce a @mplex
auxili ary treethat isthen adjoined into (23)? Althoughit i s catainly the casdhat thesetrees ca combine by
adjoining the VP-rearsive after-headed auxili ary treeinto the laughtree the reault isnat itsdf an auxili ary
tree in spite of the fad that it hasthe dructure shown in (24). As mentioned abowe, adjoining, though of as
rewriting anode by atree islicensed by the basc sé of auxili ary elementary treesgiven in the grammar.**
Sincethereis no pasble derivation for the dructure, it istherefore ruled out by the grammar.

It can be hown that many other casesof island eff eds follow similarly (again seeKroch (1987, Kroch
(1989 and Frank (2002). Espedally intereging is the reault that those casesf idands for which there is
crosslingustic variation can be understood asreaulting from independently necessgy diff erencesin what
sd of elementary treesdiff erent grammars permit. We seethen that the TAG-baseal acourt of movement,
when couped with certain assmptions ébou the nature of elementary trees only enablesus to understand
why movement shoud show idand effeds, what constructions they will occur in, and where they will
permit crosslingustic variation. All of this follows withou any explicit condtion onsyntadic movement,

it we do nd adopt the rewriting perspedive onthe adjoining operation, this derivation is excluded by what Frank (2002 cdls
the Markovian restriction on TAG derivations: al combinatory operations must be licensed by the properties of the dementary
treesthat are being combined. Asaresult, adjoining canna take place & some nocke labeled L if thereisno L-reaursive dementary
auxiliary treeinvaved in the ajoining. In the case discussed in the text, this restriction Hocks adjoining to C' sincethereisno
C -reaursive auxili ary tree
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but instead from the way in which TAG combineslocd syntadic domains with the ajoining ogeration. The
close dignment between the anpiricd patterns and the results of the formal system provide suppat, then,
for the hypahess that the redrictivenessof TAG constitutespart of human grammar.

4.2 Interleaving dependencies and derivational options

We have just seen that TAG enables us to generate goparent casesof long-distance dependencies by the
adjoining-in of intermediate material, and that the redrictivenessof the TAG macdhinery for structure com-
position derives ®me of the locdity propertiesof such dependencies One nedls to remain vigilant in the
faceof such regrictiveness however. For if our grammaticd macdinery preventsthe derivation o ill -formed
structures we need to be aure that it doesnat similarly block structureswhich we want to permit.

The TAG derivation o long-distance dependencies via aljoining yields the smple prediction that an
element that is gpparently dislocaed from alower clauseto a higher one shoud aways gopea in apasition
at the periphery of the higher one. The rea®n for thisis graightforward: the dfeds of interclausd move-
ment reault from the insation d an elementary treerepresating the higher clause between the dislocated
element and the remainder of its dausevia the ajoining operation. Because of the geometry of this com-
bination, there is noway for e ements of the higher clauseto precale the dislocated element. Thisis shown
schematicdly in the following peir of trees

(26) a A b. B

In thesetrees nodeslabeled B represant material that is part of the adjoined matrix claus€s dementary treg
while nodeslabeled A represant material that ispart of the subardinate dauses dementary trees(into which
adjoining takesplacg. The TAG combinatory operations leal us to predict that clauses soud interminge
asin the dructure onthe left, but not the one onthe right.

This prediction seens corred for English. Wh-elements moved ou of a lower clause dways dways
appea precaling al of the materia from the higher clause!?® However, if we look a bit further afield, we
seethat other languages permit dependenciesof this sort. In Hungarian, we seethat bath wh-pronours and
focused elements that are moved from one dauseto ancther end upin predsdy the sort of paosition the TAG
analysis of didocation we have been pursuing predicts shodd na be possble, namely interleared between
elements of the main clause

(270 a Janoskinek akarta, hogyadjuk a dijat? (A. Szabdsa, p.c.)
John towhom wanted that we give the prize
‘Who dd Johnwant usto give the prize?

120ne goparent courter-example ocours in English constructions like the following, where the subjed that is raised from the
lower clause gpeas interleaved between the matrix auxili ary and main verbs.

(i) Did Gabriel sean to have finished his homework?

This problem is much more limited in scope than the one posed by the Hungarian cases discussed in the text, and admits a range of
solutions that do nad extend the power of TAG (Frank et a., 2000 Kulick, 2000).
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b. Anna PETERT akarja hogymeglatogassan. (Kenese, 1994 p.317)
Ann Peter-accwants that | visit

‘I t's Peter that Annwants meto visit.

One might take the existence of such constructions to argue against TAG asthe right formalism for express
ing retural languege syntax. We need na jump to such a wnclusion, however. In fad, there is aTAG
derivation for these &amples just nat one dong which generates thesedependencies dong the linesdis-
cussel for English wh-quedion in the previous setion. To generate the Hungarian examples the paosition
for the moved wh- or focused element would na be part of the lower clause€s dementary tree but rather the
one of the matrix clause An elementary treerepresaiting the enbedded clausewith a phondogicdly null
objed (represanted here aspro) could then be substituted into this gructure.

(29) DP IP CP
|
Petert DP I ¢ P
| |
Anma | FocP hogy pp I
/\ |
DP F pro- VP
—
F VP meglatogassam
/\
akarja CP

Under the analysis depicted here, the rdlationship between the focused element in the main clauseis nat
syntadicdly mediated. Instead | assime that it is esablished semanticdly, via amedhanism like the one
implicated in egabli shing coreference between the main clause and embedded claus€s aubjeds in sentences
like the following:

(29) Johntried [PRO to attend the rally]

Sincethe fundamental TAG hypahess requiresonly that syntactic dependenciesbe expresse within indi-
vidual elementary trees this analysis avoids runring afoul of this hypahess.

One poatential problem for the analysis depicted in (27) isthat it treas the Hungarian focus construction
in a fundamentally different fasion from English wh-quegions: onre is derived from movement and the
other invaves a smanticdly mediated control-like dependency. In cortrad, under the analysesof these
constructions given in a transformational framework (cf. E. Kiss(1987) inter alia), the English and Hunggr-
ian cases ee treaed asformally parall €, the only diff erence being the pasition in the matrix clauseto which
movement takes place In fad, there is cetain evidence that the Hungarian casesough to be treaed via
syntadic movement aswell: this construction exhibits ceatain propertiesthat are charaderistic of movement
but nat control, such asunboun@dness(30a) and sensitivity to islands (30b).

(300 a  Janoskit; gondd, hogyMaria’szeetne, hogymeg hivjunk ¢;? (E. Kiss 1987 p.126)
John whomthinks that Mary would likethat perf weinvite
‘“Who daes dhnthink that Mary would like us to invite?

b. * JanosJULISKAT; hallotan a hirt hogyelvesi felesggill ¢; (E. Kiss 1995 p.224)
John Julieeacc  head-1sg the newsthat takes aswife

‘Asfor John it's Jlie who | head the news that Johnwill marry.’

One way of reconcili ng thesefads with the analysis given in (28) is to introduce movement of the an empty
operator from the “basepasition” of the focused element to the frort of its dause
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O; C
h0|gy DP; |
b e

Asin (28), thistree ca be aubstituted into the complement of a higher verb’'s dementary tree ontaining a
focused element. From this position, the control dependency between the focused el ement and the moved
empty operator is alocd one, pardleling what is se@ in control constructions auch as(29). The unbound
ednessof the focus dependency can be derived by adjoining ather treesto the C' noce in (31), aswe did
with wh-quedions in the previous setion. And because of the parall elism between this derivation and the
one we used for wh-quedions, island eff eds for focus movement are derived just asbefore.

It isworth nding that there is nathing preventing atransformational framework from adopting the anal-
ysisfor Hungarian that TAG forcesupon s, in which the focused element is generated inits higher position.
In faa, there ae anumber of other constructions invaving apparent casesof displacanent, but where it has
been argued that the “displacal” element is generated in its surface position with movement of an empty
operator from the gap pdasition. One such caseis the phenomenon d “toughmovement”, sea in (32a):

(32 a Thisgovernment istoughfor meto suppat.
b. Itistoughfor meto suppat this government.
The synonymy of the pair in (32) givesintuitive gped to the ideathat these satences ae related via
movement: spedficdly that (32a) is derived from the gructure undelying (32h) via movement of the objea
this govemment from the lower objed pasition to the matrix subjed. Like wh-movement, this phenomenon
isunbounad and shows sensitivity to islands:
(33) Thisgovernment istoughto want to continue to suppat e
(34 a *Thisgovernment istoughto find someone who suppats e.
b. *The massare wastoughto laugh after withessng.
However, following Chomsky (1977, syntadicians have widely rejeded this “dired dependency” analysis
in favor of the kind o analysis | just sketched for the focus movement construction: the “toughmoved”

subjed is generated in the main clause and is senanticdly linked to an empty quedion word that hasbeen
moved from the objed position to the front of the infinitival complement of tough

(35) Thisgowernment istough[O; for meto suppat ¢;]

There ae anumber of rea®ns for this move, stemming from aladk of total parall €li sm between the displaced
and undsplaced versions of the toughconstruction as sea in (32). Note for instance that when a pronoun
isin the baseohjed position, it shows acaisaive (objed) case whereasit shows nominative (subjed) case
when it appeas in the higher subjed position.
(36) a Itistoughto get to know them.
b. Theyaretoughto get to know.
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Such a montrad isnot charaderistic of wh-quedions, wherethe displacal wh-phraseretains the casamarking
it recavesin its baseposition. This dfed is only wealy visible in Engdlish, given the marked status of the
form whom, but is robustly visible in languegeswith richer systems of casemarking. Thisisill ustrated in
the foll owing German examples

(37) a Wer/*Wen glaubst du, hat sénen Freund gesden?
who-nom/whom-accthink hashis friend see

‘Who do youthink saw his friend?

b. *Wer/Wen glaubst du, hat der Lehrer gesédnen?
who-nom/whom-accthink  you hasthe teater seen

‘“Whom do youthink the teader sav?

This contrag can be explained diredly if thewh-phrasein quedionsisdisplaced from the pasition o the gap,
therefore retaining the propertiesit had in that position, whil e the displacead subjed in tough constructions
never appeaed in this paosition.

Ancther ladk of parall €lism between the displacal and undsplaced versions of the toughconstructions
concerns an interpretive contrag. Consider the following pair of examples(from Epstein (1989):

(38) a Itistoughtotalk to many people.
b. Many people ae toughto talk to.

For (38a), there aetwo posdbleinterpretations: this setence can mean either (i) that there ae many spedfic
people, say Fred, Wilma, Barney, Betty andall of their friends and neighba's, who have the property of being
difficult to talk to, or (ii) it is adifficult task to talk to many people, regardiessof whothesepeople ae. This
interpretive contrag can be represented by a difference in the sopa orderings for the quantifier many and
the predicate toughin a predicate logic represeatation. With many having sape outside of tough(i.e., there
exist many x for which [tough(talk-to(z))]) we get the first interpretation. With the other scopal ordering
where many takes sope inside of tough (i.e., toughthere exist many « for which [talk-to(x)])), we get
the seond interpretation. Obseave now that in sentencesin which the objed undergoes tough movement,
like (383), only thefirst of theseinterpretations is posshble, namely wide sope for many. Note however that
other instancesof displacanent, spedficdly wh-movement, do nd induwcethis interpretive dfed.

(399 How many peopleisit toughto talk to?

In (39), where the quantifier many is part of a fronted wh-phrase both interpretations ae possble: when
many haswide sope (i.e., what is the = such that there exist many x for which [tough(talk-to(x))]), the
sentence is aking abou the number of the se of people to whom it is difficult to talk. When many takes
narrow sape, (i.e., what isthe z such that tough(there exist many x for which [talk-to(x)])), the seitenceis
interpreted as aking abou the sze of a groupwhich is difficult to talk to. Once ajain, we can explain the
contrad between wh-quegions and toughmovement by assiming that the former but not the latter invaves
displacement from the pasition o the gpparent gap in the objed positi on, assiming the existence of aprocess
like quantifier lowering (May, 1985 under which quantificational elements like many can be interpreted in
their pre-displacement positions. If the goparently displaceal subjed in toughconstructions never occupied a
paosition in the lower clause quantifier lowering will be of no use and we will be guck with the wide sope
interpretation.

We see then, that when faceal with an apparent instance of didocation, the formally unregricted ma-
chinery of transformational grammear (Peters and Ritchie, 1973 admits analysesinvalving either movement
or basegenerated disocaion. Choasing which of theseis involved in any particular caserequires caeful
empiricd study, and would be expeded in the transformational framework to vary from caseto case In
contad, for casesof didocdion in which we seethe kind o clausd interleaving ill ustrated in (26)b, TAG
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admits only the posshility of basegeneration.  Such redrictivenesson the part of TAG is potentialy ad-
vantageous, assiming it leads us to chocsethe arred analysis, sinceit allows us to eliminate dternatives
without explicit stipulation. Thus, if it turns out that basegeneration analysis is crred for the Hungarian
disocaions we have been examining, it provides afirst bit of evidence that the limitations TAG impaoses
on gammaticd analysis mesh well with the propertiesof natural language, suggeging orce ajain that the
formal redrictions anboded in TAG do indeal constitute part of the human language faaulty.

So what isthe right analysis for Hungarian? As afirst step toward finding the answer, let us seenow this
construction fareswith reged to distinctive properties of toughmovement we have been disaussng. Turn
first to the isaue of casemarking. Subjeds of Hungarian sentences ae typicdly marked with naminative
case However, asE. Kiss(1987) notes when a subjed from an embedded clauseis focus moved to ahigher
clause it surfacesin acasdive case In (40a), for instance the embedded subjed Gaba is nominative,
while in (40b) the sane aubjed, which has undergore focus movement to the matrix clause appeas in
acasdive case®

(40) a Janosakarja, hogyazildsebbik fia orvos legyen.
John wants that the dder son-nom doctor becomes

‘Johnwants his dder sonto beaome adoctor.

b. Janosaz idosebbik fiat  akarja, hogyorvos legyen (E. Kiss 1987 p.143
John the dder son son-accwants that doctor becomes

‘It ishis dder sonthat Johnwants to become adoctor.’

Thisis smilar to the pattern sea in the toughconstruction, where we see alsange in caseunder movement.
Asin that case | will take it to be an indicaion d the ladk of a dired syntadic dependency between the
surfaceposition d the focused element and pdasition d the gap in the lower clause

Consider next the dfeds of focus movement on saopal i nterpretation.

(4) a Janosnemszaetng, hae  jonresok ember. (A. Szabdcd, p.c.)
John not would likeif away came many people-nom

‘Johnwould na like it if there were many people who came!

b. Janossok embert nem szeaetne, hae  jonre. (E. Kiss 1987 p.126)
John many people-accnat would like if away came

‘There ae many people auch that Johnwould na likeit if they came!

For the first example in this pair, the quantifier sok ‘ most’ remainsin the lower clause andthe satencehas a
predominant interpretation in which the quantifier takesnarrow smpe with reged to the matrix predicate (as
indicated by the glosg, thoughan interpretation where the quantifier takeswide sopeis gparently posshle
aswell, at leag marginaly. In contrag, asindicaed in the gloss the seondexample, in which the quantifier
hasbeen focus moved to the matrix clause only permits awide sope interpretation for the quantifier. Once
again, thisis the same pattern we have sea in the tough construction, where the displaced element canna
undergo quantifier lowering to yield anarrow soope interpretation. Once ayain, asthis pattern is analogous
to that sea in the toughconstruction, | am led to a Smilar conclusion: that the gpparently displaced element
inthis construction isin fad generated in the matrix clause

Of course considerably more anpiricad work into the s/ntax of focus movement needs to be dore to
confirm the conclusions | have readed here. Nonetheless if what | have sad isontheright tradk, it suggeds
that by redricting the computational power of the grammar in the manner imposed by TAG, ouwr analytic
options ae redricted in empiricdly degrable ways.

BGervain (2002 discusses the fadt that some Hungarian speakers permit the nominative cae of the subjed to be retained under
focus movement. For the present, | leave open the proper analysis of the focus movement construction for such spe&kers.
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5 Conclusion

To sum up, | have agued in this paper that the dudy o lingustic competence can benefit from attention
to the computational propertiesof the formal systems in which grammars ae dated. | have suggeded that
the nation o generative cgadty, in virtue of its linkage with abstrad nations of computation, provides a
usdul metric for assedsg the computational complexity of a grammar. More gedficdly, | hope to have
convinced the reader nat only that the mil dly context sensitive dassis aufficiently powerful to encompassthe
range of regularities sea in natural language gyntax, but also that the assmption that human grammars ae
expressé in terms of TAG, aformalism with mildly context sensitive generative power, derives sgnificant
empiricd benefits, providing an explanation for the existence ad reture of locdity effeds on movement,
and aso usdully constraints the range of analytic possbiliti esfor apparent dislocations.

The disausson in this paper hasfocused oncharaderizing a pedker’'s grammaticd knowledge. Yet, if
the redriction to mildly context sensitive gystems andto TAG in particular is truly afundamental agped of
grammatica (and indeed mental) computation, we might exped to seeits refledions beyond this domain:
in the properties of the gystems of language use in which grammaticd knowledge is enbedded, aswell
asin the processof grammaticd aayuisition. Work in these aeasis on-going, but there ae drealy some
suggedive reallts in the domain of language production (Ferreira, 200Q Frank and Badedker, 2007), com-
prehension (Joshi, 1990 Rambow and Joshi, 1994 Kim et al., 2002, and aayuisition (Joshi, 1989 Frank,
1998 2000. Asthis sort of evidence acamulates we can gain confidence in the importance of abstraa
nations of computational architedure and complexity in charaderizing cogrition.
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