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Abstract

We replace traditional phrase structure tree remtesions by a new type of set-
based representations. In comparison to labelksestin which we can potentially
copy one category onto an infinite number of dddtimodes, the proposed
representation system significantly restricts sgtntacopying. Thus, we do not need
to filter out copying possibilities by way of addial constraints. Each structure
represents a set of constituents with structumiyinguished items. Compositional
semantics is represented by using typed lambdaessions and PF linearization
generates binary bracketed strings of phonologieals with enough flexibility with
regard to word order.

1 Introduction

This paper presents a system of set-based repriésesataf constituent structures
that takes over the purely structural tasks of ghiStructure (PS) trees. If we use
labelled trees to represent syntactic structures,can potentially represent an
infinite number of copying of one item. For exampfethe bare phrase structure in
(1a), the category V which is associated with #naclal itemplay is spread into
two nodes, and similarly, the category T has thogges®

(1) a. Bare phrase structure b. Hypothetidality

T Vv
Tom T \ tennis D Vv
N
can V D | =

| | tennis V D
\

play tennis play tennis

*Many thanks to Marcus Kracht, Neil Smith, Nichol#@dlott and Robert Truswell for
comments and discussions.

! For convenience, we use the word ‘copying’ to dbscboth the repetition of the same item
into the mother node, as in (1a), and copyingter@inal node, as we can see witlin (1b).
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In practice, different theories restrict the numbksyntactic copying by additional
means, and thus, the potential infinity of copyasgshown in (1b) does not arise in
the actual use of labelled trees in syntactic tlesoFor example, the copying of V
may be restricted by the number of theta rolesttiaterbplay assigns (i.e., two)
and copying of D to a terminal node can be limilgdthe requirement of the
existence of some functional head whose specifisitipn D can be copied into.
However, our main goal is to investigate a struet@presentation system which
simply cannot express an infinite number of symtactopying. If the
representational system cannot generate a structue infinite size (relative to a
finite enumeration set), then we do not need tterfilout potential infinity
possibilities by way of some post-hoc constraints.

Related to this point, we investigate a syntagtgtesm which does not have a rule
that is dependent on the identity of the categof@esthe items that are put into
some structural configurations). In other wordsggithree categories A, B, C, our
narrow syntax puts them into some structural caméigons without considering
whether A is V (i.e., the category for verbs) ori8D (i.e., the category for
determiner phrases such Bemandthat boy. Our narrow syntax simply checks
whether the configurations of the categories angcsirally well-formed according
to some restrictions definable without mentioningrtigular category names.
Whether verbs and nouns are in the right configamabr whether selection
requirements of some categories are satisfied ppptely will then be checked
when we interpret the syntactic structures in ta@antics, not within the narrow
syntactic representations. Thus, our proposed systgmires an essential use of
the semantic interpretation rules external to thetax. We also assume that
phonological structures that can be generated éyn#irow syntax rules together
with some PF linearization rules will be evaluategg some phonological
constraints that are external to the narrow syntaxhis way, we can concentrate
on purely structural factors that narrow down palssnatural language expressions
abstracted away from interpretational factors.

Section 2 presents a relational structure definigl thre set of lexically provided
categories as the domain. This system cannot expogying of one item at all and
because of this, it cannot represent the desisinieof asymmetry in the syntax,
unless we multiply one lexical category/item intstihct items at the level of
lexical enumeration, so that those multiplied itecosint as distinct items in the
relational structure. Though this rather stipulatigpecification works in
application, we prefer to have the syntax tell ag/lmany times each item can be
copied via some general calculation rule, rathan ttipulating the number of
copies of one item at the level of lexical enumeratOther than such comparison
reasons, the definition of the reflexive dominarelationR as part of the relational
structure in Section 2 facilitates the presentatidnthe reflexive containment
relation that we define in our structure represnasystem in Section 3.
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Section 3 introduces our structure representati@miesn and shows how the
system limits the maximal number of copies of otemi via some simple
calculation. This section also indicates that thernman V2 data can be neatly
explained by our structure representation systeruti® 4 compares the proposed
system with labelled tree representations in teohgheir expressive powers.
Section 5 shows that given the assumption thatetmemeration set for each
structure is finite and given that the total numbédexical items in the target
language is finite, our system generates only armenably infinite set of well-
formed structures, as desired. Section 6 and 7iggasome provisional sketch of
PF linearization and LF interpretation rules respebt. Section 6 provides
concluding remarks.

2 Relational Structures

This section presents a relational structure whietinds its basic binary relation
directly over lexically assigned category names.sTéystem cannot represent
either copying or projection of categories/itemstttare provided by lexical
numeration. We argue that this extreme restricegsns not desirable in linguistic
application. Thus, in the next section, we moveaanother representation system
in which we define the basic syntactic relationAisn syntactic constituents rather
than categories/lexical items. However, some ofdleas in the relational structure
presented in this section are maintained in ouressmtation system. Also, the
presentation of relational structures is less cempghan the exposition of our
representation systems and because of that, sardarhental ideas that we adopt
can be explained more clearly with relational dtres.

In this system, each structusas a pair as in (2), wher€atis a set of categories
andR is a binary relation between categories. Eatias a minimal element, as in
(2b). The membership dfat is fixed for eachS. For the weak representational
power of this structure representation system &al o the restrictiveness of the
syntactic theory that uses this system, it is irtgodr to have some external
evidence to limit the number of items@at Thus, we limit the number of items in
Catin eachS by way of the number of overt language expressampearing in the
phonological string to be generated by the strectiwe often use category names
to represent those phonological words for the sdlgenerality, but because there
is one to one mapping between the number of iten@at and the number of overt
phonological words, it does not matter whether wpresent each item by a
category name such as V or a phonological word assmoke

2 As we see in Section 3, we add the functionalgmate T if some sign of its presence is
recoverable in the phonological string, such agtlesence of a tense suffix.
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(2) a. Structure$S:= <Cat, R>, whereR [ Cat x Cat
b. Minimal element.b 0 CatJa] Cat Rba

R is reflexive, transitive and antisymmetric. Eachusture is upward non-
branching.

(3) a. Reflexitivitylla [ CatRaa
b. Transitivity:[Ja, b, c [0 Cat [(Rab& Rbg - Rad
c. Antisymmetry{Ja, b [0 Cat[(Rab& Rbg - (a=b)]
d. Upward non-branching:
Oa, b, b' O Cat[(Rba&RBba) - (Rbb [ RBbL)]$
e. Max binary branching:
[a,b,cliCat(({a ICatfRda& a'#za}={ b’ ICaijRbb& b'#b}
={c0CatRcc& c'#c}) - ((a=b)Xa=c)[(b=c)))

(4) Closure (satisfied by (3a)):
(OaCat[bCat Rab & (ObOCat[alCat Rab

R corresponds to the reflexive dominance relatiorD)(Rn syntactic trees.
Crucially, however, the relation structure presdnbere defineRR as a relation
between category hames, without using an additiootbn of “tree nodes.” As we
have indicated above, each membelCat corresponds to an overt phonological
word in the PF string to be generated (which magumte functional items, for
example, for T, as long as there are phonologicatlsvthat they may host in the
string). Reflexivity in (3a) satisfies Closure #)(Note that we could not clo§at

in this way if R were irreflexive. Thus, immediate dominance (IDhich is
inherently irreflexive, is not useful as the basatation in this representation
systent Each setCat is finite and has discrete members. Thus, eacletsteiis
finite.

Note that the above restriction on the relatiotalcture does not say anything
about the identity of the minimal element. All tls#ructural constraints are
definable abstracted away from the identities & tdategory names. Thus, the
restriction such that T for tense must asymmetgcdminates V for a verb is
assigned at the level of semantic interpretatidhg. narrow syntax rules are made

®ID is a special case of RD and can be derived fRBrwithout a disjunctive condition. Also,
ID cannot always be maintained via every P-morphapping between structures, whereas RD
can be, cf. Kurtonina (1994:32). These considematguggest that RD is more basic in relational
structures, though ID might be more basic in avd¢ional grammar presentation, cf. Cornell
(1998). For reflexive transitive closure in termisimmediate dominance relation, see Kepser
(2006).
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out of only those rules which are definable withapecifying the names of
particular categories/lexical items. This propegypieserved in our representation
system in Section 3.

Relational structures as defined in (2)-(3) aree fid categorial projection.
Compare the system with Brody's projection freeledcope trees" (cf. Brody
(2000) forTom can play tennis

G a b.
TP T(can)
, P
DP1 T D1(Tom)  V(play)
\ N \
Tom T VP D2(tennis)
‘ /\
can V. DP2

play tennis

c.Cat={T, V, D1, D2} (= { can play, tom tennig)
R={<TT>, <T,V>, <T,D1>, <T,D2>, <V,V>, <V,D2> <D1,D1>,<D2,D2>}
Minimal element (m)} =T

The telescope tree in (5b) reduces the two projedities in the standard PS tree in
(5a) to two single nodes, i.e., (i) TP-Tto T and (ii) VP-V to V. In the relational
structure presented in this section, if we stiputae ordering among the categories
asinl1l. T2 V 3. D1 4. D2 (we later attribute tbislering requirement to the
semantics), the structural representation is (dtlich is equivalent to (5b)R
relates only the categories that are alreadyCat Thus we cannot project a
member ofCat onto a new category (e.g. T projected ontinT5a)), because'Ts
not in Cat We also cannot create a new copy of a memb&anf because we
cannot distinguish two copies R Thus, the relation structure defined as above is
equivalent to “projection-free’ telescope treesnaBrody (2000), though unlike
Brody's theory that uses labelled trees for reprasg syntactic structures and
therefore could copy items if necessary (see bdétyva hypothetical possibility),
the relational structure presented here simply aargpresent any copying of one
category/item. Thus, it follows as a necessary aumesgce that this representation
system embodies a version of Chomskyan Lexical snotmess. However, the
system is too restrictive for linguistic applicatioCompare (6) with (7).
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(6)
T (will)

D1(John) V(show)

D2(Meg) V(show)

D3(herself) V(show)

(7) Cat={T,V, D1,D2,D3}
R={<T, T>, <T, V>, <T, D1>, <T, D2>, <T, D3>, <V, V>, <V, D1>,
<V, D2>, <V, D3>, <D1,D1>, <D2, D2>, <D3,D3>}

Contrary to Brody's assumption, suppose we can ¢hpysame category onto
different nodes in telescope trees, as long as theécifier position are filled.
That is, suppose we could extend the head catedermgs V in (6)) if the specifier
position is filled. In linguistic analysis, we doawt a structure as in (6), to express
the well-known asymmetry between the two objectitmrs with regard to
reflexive pronoun binding. Unfortunately, the redatl structure as in (7) cannot
express the asymmetry between D2 and D3. We caddlifferent category names
V1 and V2 for the specs D2 and D3, violating thevedomentioned constraint that
the number of items i€at corresponds to the number of overt phonologicab®o
in the string to be generated. However, as | hadeated above, multiplying the
number of items beyond the number of phonologicalyble words compromises
the restrictiveness of the grammar system.

Restricted duplication of head categories such asad/T is linguistically useful,
as we see in Section 4. In Section 3, we propaspesentation system that can
copy categories only in special cases. This systlinhas significantly weaker
expressive power than Phrase Structure trees.

3 Definition of CSSs

This section introduces the proposed representalystem. Unlike labelled tree
structures, the system simply cannot represengyth&actic copying of one item in

“In (6), D1, D2, D3 are the specifier of T, V, \spectively
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an infinite number of times. However, unlike théat®nal structure that we have
presented in Section 2, our representation systemegpress a limited number of
copies in the structure. We argue that this is nex@anatory than accepting the
multiplication of the items it€at beyond the number of lexical items identifiable in
the overt phonological string. We also indicate tBarman V2 phenomena can be
neatly explained by the way our representationsilesy restricts syntactic copying.

Following Bury (2003), we replace each tree by anslituent Structure Set
(CSS), which is a set of ‘treelets.’ In this remmstion system, each structure is
given as in (8).

(8) Structure:= <Cat, CSS, R&

Catis thenumeration set, or the set of categories, which is isomorphithi set
of selected lexical items for the structure in @malysis. As with relational
structures in Section 2, it is important to resttiee membership ofat by some
external evidence. Thus, we assume that for eagbtste the number of items in
Cat basically corresponds to the number of overt Pprassions. As we have
indicated before, in application, we assume @atmay include T even if it does
not host an overt word in the string to be gendragence it is linguistically well-
motivated, for example, in terms of tense inform@atwhich is often expressed as
verbal morphology, some agreements between thearetlthe subject (in the spec
of T) and the special status of the external argtumithne verb.

On the other hand, our syntactic system does ritine eachCat to include
particular categories/items. As with the relatiost@licture in the previous section,
no syntactic rule mentions particular category naméus, even though each CSS
may have T irCat without T hosting a PF word in it, we would stikpect some
eternal evidence for its presence.

We will soon find out that even with this restrasti of not mentioning particular
category names in the narrow syntax, we can stpress significant amount of
structural constraints. However, certain kinds ohstraints/requirements which
traditional syntactic theories use are not defieablour system, such as selection
requirements. Such requirements will be expressedype requirements in the
semantics in our system, as we briefly see in &di The requirement of tense
information for propositional expressions and theect ordering between functors
and their arguments are also assigned at thedévieé semantic interpretation.

For eacha [J Cat, we have at least one treelet in the form as &).(8Iso, if a
categorya heads a treelet, the dominance set in the trealst containa as a
member, as stated in (9Q)SSis a set of such treelets.
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(9) Treelet:

a. In each structure, for eaehl] Cat CSScontains at least one treelet
such thak = {a, Dx} and {a} [0 Dx [J Cat

b. In eachCSS for eachx JCSSand for eactaJCat, if a is the head oX,
then {a} J Dx 0 Cat.

RC (mnemonic for ‘reflexive containment’) in (8) isbanary relation between
treelets, which is analogous to reflexive dominantteugh unlike reflexive
dominance which is defined between tree-nodesbellled tree representatioisC

is defined between treelets. Without further resttn on RC, the definition of
treelets as in (9) is too generous and overgere(®Ss for our purpose. Thus we
restrict possible CSSs by defining the containmelattionRC between treelets as
a partial order. Before that, we explicitly requiteat the containment relation
between treelets must be isomorphic to the conminelation between the
dominance sets of those treelets, as shown in @d)).each treelex(ICSS Dx
represents the dominance set of the treelettuitively, for each categorg and for
each treelek={a, Dx}, the dominance sdDx is the set of all categories that are
reflexively dominated bya. However, this explanation is used for comparison
reasons and unlike the relational structure preseintthe previous section, and our
system is not dependent on the notion of refleximinance defined over
category names.

(10) a. Reflexive ContainmemRRQ): [x, y [0 CSS (RAX, y) = (Dx O Dy))
b. Immediate ContainmentQ): [Ix, y [0 CSS
(IC(xY) =
(RAX, y) & xzy & (-[ZOCSS(RAX,2) & RA(zy) & z£X & 72Y))))

The basic relation of our structural representasigstem iSRCin (10a), but (10b)
defines the derived relation of Immediate Containtm€ which is useful for
showing some proofs and also for the PF lineaomat later sections.

Now, in each structure, tH€SShas a unique ‘maximal’ treelet with regardRG.

(11) Maximal treeleti X [0 CSSy [0 CSSRAX, y)
Reflexive containmeriRCis a partial order, as in (12).
(12) a. Reflexitivity: [Ox [0 CSSRQX, X)

b. Transitivity:  [x,y,ZJCSY(RQX, y)&RQYy, 2 - RAX, 2)]
c. Antisymmetry: Ox,yCOCSY(RAX, y)&RAQY, X) - (x=y)]
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Note that because of Antisymmetry in (12c) togethighn the definition oRCas in
(10a), it follows that a CSS cannot contain twoelets that have the same
dominance set but have different heads. To see phist, suppose that the
dominance seDx of xJOCSSand the dominance sBly of y(ICSScontain exactly
the same members @fat, thenDx[ODy & Dy[Dx. By (10a),RCx,y)&RQYy,X).
Then, by (12c)x=y. According to our interpretation of "=,' this meahatx andy
must be identical, which means tixaandy must be the same in the dominance set
and the head.

We also assumBC has the following up-ward non-branching propemny1i3a).
The maximally binary branching constraint in (13b)provisional, but it plays
some non-trivial role when we define PF structuaed interpretation of our CSSs
as phonological strings.

(13) a. Upward non-branching:
Ox,y,y OCSS(RQAY, Y&RAY, ) - (RQAY, y)IRQAY, ¥))]
b. Maximally binary branching:

[Ix,y,z0CSS ({XOCSS RAX, X) & X#x} = {yLICSS RAY, y) & Y#y}
={ZOCSY RAz, 2 & Z#z}) - ((x=y) U(x=2) U (y=2)
c. Unique splittablility:Ox,yl1CSS
({XOCSY RAX X) & X&3={ yYOCSY RAY'Y) & Y#y} &
x2Yy) - (DxODy = @)).

The unique splittability prevents one CSS from cioritg two treelets such aslf
{d, e}} and {c, {c, €}}. Together with the other conditions that we hantoduced
so far, it follows that if there exists a treeiet {a, Dz such that IC(zx) and
IC(zy), then, the dominance 98 must be the union dx andDy and {a}.

To prove this, suppose thBiz had two distinct categoriesandb which are not
members oDx or Dy, wherea is the head aof. Then by (9a), the CSS must have at
least one treeleww={b, {b,...}}. Now, since b[IDz because of the unique
splittability in (13c) together with (9a), it foles that (a):RC(zw). The next
paragraph proves this point.

If RQzw) were not the case, because of the maximally pirfmanching
constraint in (13b) and because of the presentcbeomaximal treelet as in (11),
there could be only two subcases, Case A and Calse@ase A, there would exist
another treeleti such thau#z, uzw, RQu,z) and RQ(u,w). But this would violate
the unique splittability in (13c) sinaewould immediately contain two treelets both
of whose dominance sets conthifthat is,Dz containgh, and wherevew is placed
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in the other branchy would be reflexively contained in the maximal teten that
branch which would be immediately contained lpyand thus the treelet that
immediately contains would have a dominance seat ¢bntainsb). In Case B,
RQw,2) andw#z. But then, by definition oRC, Dw must contain at least one
element which does not appeaibn Suppose there is exactly one elenentCat
such thate[IDw but e[JDz. Because of (9a), the CSS must have a traelet
{e{e,...}}, but sincee does not appear Dz it must be either the case that there is
another treeles such thaszv, stw, R(Q(s,w) andR{s,v), in which case we would
violate unique splittability in (13c), or that tleeis another treelétwhich is notw
and which immediately containg and which does not immediately contain any
other treelet. But in this latter case, again, beeaof the definition oRC, Dt must
contain some elemefiflCat which is not inDw. However, since eadBat s finite,

at a certain stage, we would have a situation saickhich this extra elemerit
could not be supplied. Suppose it were the casBf@lready (that isCat = Dx[]

Dy O {a, b, €}), then Dt = Dw (i.e., DWDt andDt[JDw). But remember that the
head oft must bee since we have postulatéth order to satisfy the requirement in
(9a). This would then violate the antisymmetry 12¢), sinceRC(t,w) andRC(w,t)

but w#t (that is, their dominance sets are the same,Hait heads are different).
We could have assumed ttzit contains some other elements than the elements in
DxO Dy O {a, b, €}, but as we mentioned above, sinCatis fine, and since those
additional elements cannot occurvinor any treeletsv reflexively dominates, we
would have the same contradiction at a certairestag

This concludes tha®((zw). But this would violate maximally binary brancgin
constraint in (13b) since there would then be agrtieelet that was immediately
contained by other tharx andy.

Since the above proof is based on the assumptaiihcontains an elemebt]
Catwhich is not the same as the head of a member dbx or Dy, the same proof
can be used whebBz contains another element that is not the sama as a
member ofDx or Dy. Thus,Dz must be the union ddx andDy and {a} where
allCatis the head af.

Closure in (14) is automatically satisfied by (12a)

(14) Closure (satisfied by (12a)):
(Ox O CSSYOCSSRAX, y)) & (Oy O CSS[X O CSSRAX, Y))

As we have already seen in the main sections, €&% is a set and so is each
dominance sddx. Thus, we interprat occurrences of one item in each set as one,
as shown in (15).
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(15) Denotational interpretation of sets:
OalCat {a, a, a} ={a}
Oa,b0Cat {{a {a,b}};{a {ab}}}={ a {ab}}} .. etc.

Given the restriction in (15)CSScan still contain more than one treelet for one
category, sayallCat, such as g, {a, b, c}}, { a, {a, b}} and {a, {a}}, where Cat=

{a, b, c}. As we see in the next section closely, (15) nse#mt CSSs cannot
distinguish some of the copy structures that P&toan represent as distinct. This
inability to express syntactic copying is not stgted in our system, it follows
from the basic property of CSSs.

The set-based interpretation of CSSs as in (15p@reassigns the maximal
bound to the number of copies of an item Gat However, with linguistic
application in mind, we add additional constramtréstrict copying possibilities
even further, as in (16).

(16) OalCat(x, yOJCSS(head(x)=a & head(y)=a & RQX, Y))
- = [HICSSRAX, 2 & RAzYy) & z£x & 72y & head(2)#a))
whereJalJCat,[Ix[JCSSsuch thak = {a, Dx}. head(x)=a.

Translated in telescope trees, (16) requires th#telcopies of one item enter into
successive immediate dominance relation. Thus, thighrestriction in (16), (17a)
can be represented by a well-formed CSS in (184d)the CSS in (18b), which is
for (17b), is ill-formed.

(17) a. Well-formed in CSS: b. lll-formed in CSS
\Y \Y
N N
D1V DI T
PN PN
D2 V D2V

(18) a.CSSawell-formed):
{V.{V.D1,D2}}; { V{V, DZ}}; { V, {V}}{ D1, {D1}}{ D2, {D2}}}
b. CSSK(ill-formed):
{v{v.DLTDZ} { T,{T,V,D2}}; { V, {V}}; { D1{D1}}; { D2{D2}}}
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Unlike the inability of our CSSs to distinguish t@#n copy structures because of
(15), CSSs could represent the structure in (18b(18b) if we did not have the
restriction in (16). Thus, the restriction on camgyibased on (16) does not follow
from the basic expressive power of our represamtaystem itself. However, note
that the restriction in (16) is stated without meming a particular category/item in
the rule. (16) is a definable rule of our structtepresentation system.

Finally, we show that the CSS in (19) represengsasymmetry between D2 and
D3 in (6), the kind of asymmetry that we could es@nt in the relational structure
only by distinguishing each occurrence of V aspasate category, such as V1 and
V2, where VEV2.

(19) Cat {T,V,D1,D2 D3}

CSS {{T,{T,Vv,D1,D2D3}}; {V,{D2,D3}}; {V,{V,D3}}
{V.{vi} { D1, {D1}}; { D2, {D2}}; { D3, {D3}}}

Thus, the CSS system is more expressive than thgorgl structure in Section 2.
However, CSSs are less expressive than PS treeg, sisow in section 4.

In this section, we have formally defined our stuwal representations as
Constituent Structure Sets. Given a finite set ategory (= lexical items), each
CSS is a set of all constituents with distinguishezimbers which we called heads.
We have shown that we can still assign a significamount of structural
constraints without mentioning particular categoames, such as T and V.

4 Representational collapsibility

This section compares the expressive power of fhresentation system defined in
Section 3 with the expressive power of labelle@ trepresentations, especially in
terms of categorial copying.

In unordered sets, we cannot distinguish multimleuorences of a category from
one occurrence, as iX{ X}={ X}. Thus, CSS cannot distinguish certain structures
that PS trees can. Compare (20) and (21).

(20)
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CSSs in (21a)~(21e) represent the trees in (200¢Y)(@ our system.

(21)

a. {{V.AV}}}
b {{VAV, ViE VAV = {{VAVIE{V AV = {V.A{V}}=(1a)
c. {({VAV,V, DIpAVAVIEA{D,{D}}}
= {{VAV. D}}:AV AV} AD,.{D}}}
d. {{V7 {Kv V.V, D, Q}} {Vv {K> Vv, D}}~ {V7 {V}}§ {D> {D}}7 {D> {D}}}
= {{V AV, DAV AV, DAV AVIEAD {D}}} = (1¢)
e. ({(VAL YV, Di{V ALY, D}{VAV}E{D,{D}}} = (1d) = (1¢)

Two tree structures in (20a, b) collapse into on& G shown in (21a, b). Thus,
projection of V is impossible without a filled spieer, that is, D in (c) which
produces a different CSS in (18c). Also, in CSS camenot fill this spec position by
copying a category from a lower position in theetes in (20d). In CSS, (20d) is
equivalent to (20c), as is shown in (21c, d). Moo as (21c~e) show, CSS
cannot distinguish the multiple dominance struc{i®S) in (20e) from the copy-
chain structure in (20d) or from the non-movemdnicsure in (20c) (cf. Kracht
(2001) shows that copy chains and MDS are forneilyivalent).

In linguistic applications of CSS, self-attachrtfeof a head (i.e. copying of V
as in (20c)) is possible with a filled specifierh@veas movement/copying into a
“specifier position” is not expressible. Thus, #&fA-bar movement phenomena,
we must resort to either base generation analysis use of distinct
categories/lexical items that are related by wayhef semantics, as we briefly
explain in Section 6.

As supporting data for the restricted projection oemerge" of (head) categories
as in (21), we briefly discuss German V2 phenometrothe German V2 pattern, a
fronted verb must be preceded by a single phrasatituent, XP. Crucially, XP
can be of any category and does not receive aramiioterpretation (cf. Haider
(1993). Thus, an analysis abstracting away from goaye names and the
interpretations of categories will be more explanat(The varying interpretations
of the fronted constituent will be explained by #emantics/pragmatics).

In CSS, a tree structure where V is “remerged” autha spec, that is, (209), is
undistinguishable from (20f) and thus, withoutlkedl specifier, it leads to the same
PF order, Sub-V-<..>. If however a structure corgaa remerged V with an
additional specifier, that is, the tree structur¢40h), then its CSS will be distinct
from the CSS for (20f). This means that a moved et only be pronounced in
the PF position of a “remerged” category (i.e. Bfe position of the higher V in
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(20h)) if it has a filled specifier. This specifeertategory or interpretation is
irrelevant, as long as it isn't empty (althougmay contain a null operator, as in
yes/no questions, which are verb-initial). The ba& pattern is thus derived from
structural principles, without the introduction @y features that lack an
independent motivation.

This section has shown that our representation rsyste much weaker in
expressive power than labelled tree representatMes have also suggested that
our way of restricting copying of categories camvie some insight about
German V2 phenomena. The next section compares @@Bslabelled tree
representations from a different viewpoint.

5 Decidability

As is well known, the set of all the possible sefspositive integers is not
enumerable, or undecidable in its membership, gsagable in a diagonal proof
(cf. Boolos, Burgess, and Jeffrey 2002:16-20).

(22) The set of all the possible sets of posititegers: undecidable.
{{11 3! 51 7! 91 ree }1

{2,4,86,8,10, ...},
{3,5,7,9,11, ... },
{4,6,8,10, 12, ...},

If we see a grammar of a language as a set of dyntatructures that are
grammatical in that language, then it is easy mwsthat such a set is undecidable
in its membership, if we represent each structsra &belled tree and if we also
assume that we can potentially copy any one lake| bne member of the finite
numeration set) into an infinite number of nodes.

In contrast, the set of all (well-formed) CSSs imaaguage is decidable in its
membership, given a finite set of total lexicamte

® We assume that one lexical item in a languagéh asMegin English may occur as separate
items in a numeration set $Cat$, to deal with daesee, such asleg ran and Meg swanas we
come back to later. Thus, the set of all the pdssiumeration sets is assumed to be
enumerably/countably infinite relative to a finiset of total lexical items from which we can
select the members of each numeration set.
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(23) a. Proposition 1: Each CSS is a finite setawlets.

Proof:
1. EachCatis finite by our assumption. That is, for sometémumbem,
Cat= {A]_,...,An}.

2. Given 1, for eack O Cat (where ¥ i < n), the number of treelets
which A, can head is finite (bounded §alf = n). And therefore, the
number of treelets in ea€lSis finite. Q.E.D.

(Cf. For each treelet, the dominancel3ét finite.)

b. Proposition 2: The set of all (well-forme@SS is decidable in its
membership (or the set of CSSs is enumerable)n ghefollowing two
assumptions:

Premise 1: The set of total lexical items in #egluagel-ex is finite.

Premise 2: Given a finitkex we can choose a potentially infinite
number of different numeration se@at This is because one member
in Lex (i.e., one lexical item in a language) may occsirdéferent
members inCat, as inCat = {Mary,, Mary,, and smoke ran} for the
sentencéary, smoked and Magyran.

Informally, the proof of (23b) goes as in the faliag. Given a finite se€Cat, each
CSSis finite, as shown in (23a). Also, given a finat, we can only have a finite
number of distinct CSSs. Because the set of allGats (i.e. the set of all the
numeration sets) in a language is enumerable, wiverean have only a finite
number of CSSs for eadbat, the set of all (well-formed) CSSs in a language |
enumerable (relative to a finite set of lexicamefrom which we can seleCatg.

In other words, the membership of the set of alB€# a language is decidable in
its membership.

In contrast, as we have indicated above, in treeesentations making use of
independent notions of nodes and labels, eachstreeture can potentially be
infinite in its size, even relative to a finite sdtlabels. Thus, if we can select an
infinite number of different numeration sets (dbdés) in such an analysis (relative
to a finite set of total labels), then the set eflviormed labelled tree structures in a
language becomes undecidable in its membershipcddfse, we could add
additional constraints to limit the number of thepes of one label in a tree
structure, as is commonly done in application belked tree structures in linguistic
analyses, but we argue that such restriction shbelier be assigned at the
foundational level of the representational systamaisystematic manner, rather
than being added post-hoc independent of the mdvexjaessive power of the
representational system. Just as an addition afralogical rule to a deductive
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system makes the system incomplete with regardeéoiritended interpretation,
such a post-hoc rule will make the grammar systexomplete.

This section has shown that our CSSs are decidalieeir memberships with
their numeration sets Cats being finite. The fivab sections show how we can
define the semantic interpretations and PF linatda, given the limited
expressive power of our structure representatistesys.

6 Semantics

In (19), we stipulated the spec-head asymmetrythadrder among heads (T-V)
(from which we can calculate the minimal elementgsso that the syntax would
generate only the desired CSS, but these constralat not have syntactic
properties. Unlike the syntactic conditions in 8®tt3, the order among category
names does not help distinguish one kind of strestirom another. In our view,
the spec-head asymmetry is an asymmetry betweemargs and functors in the
semantics, and the order between T and V is thectgwieorder between the
corresponding semantic functors. Thus, we attridbtan to the semantics. To
explain how it works, we show the interpretationgass fodJohn can play tennis

(24) a. Lexical entries:
<play/; V; AXAy.play ¢enXy>; </can'; T; AP.Azcarieqen P2;
< /ally/; D1; ally’s>; < kennig; D2; tenniss>

b. Identification (cf. Identity Axiom &s logical proofs):
{D1, {D1}}: { johrt, {john'}} (cf. john = john')

C. Function application (with one argument):
{V,{V,D2}}; { Ay.playtennisy, {Ax.Ay.playxy, tennis}}

d. Function application (with two arguments):

{T.{T,DL,{V, D2} }};
{ccari(playtennig))ally’, {AP.AzcariPz ally’, Ay.playtennisy}}}

Each lexical item has a triplet entryPEK item Category; logical expression>. In
(24a), we associate T wittan since T hosts the auxiliary in this string. Treelet
the form of {X,{X}} correspond to lexical identification in the senias, as in
(24b). The logical expressions are all simply typd® see how function
application works, look at (25).
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(25) a. cCat:{,V,D1, D2}
b. CSS 1: {{, {T,V,D1,D2}}; { V,{V, D2}};

{v. {Vi}; { D1, {D1}}; { D2, {D2}}}
CSS 2 (Alt): {T, {T,V, D1,D2}}; { D1, {D1,D2} ;

v, {Vi}; { D1, {D1}}; { D2,{D2}}}
c. Sem (for CSS1):

{{( cani(playtennis))ally’, {\P.AzcariPz, Ay.playtennisy, ally'}};
{Ay.playtennisy, {Ax.Ay.playxy, tennis}};

{AxAy.playxy, {AxAy.playxy}}; { ally’, {ally'}}; { tennis, {tennis}}}
After lexical identificatiofi, we successively apply functions to their argumment
Each function application must correspond to a éte&hat contains a functor
expression and one or two arguments of the rigig(s), which is interpreted in the
form of either (24cJ.After each function application, the output is @iled into
the treelet one step larger in terms of the carestit containment relation in CSS.
For example, in (25c)ly.playtennisy as the output of the function application as
in (24c) is compiled into the largest treelet whiengction application applies in the
form of (24d) (note that in (24d), V and D2 togetheunt as one argument of the
functor AP.Az.caniPzin the semantics). Because of this successive itaiop and
the types of the semantic items, we do not neearder the items in dominance
sets.

CSS2 in (25b) is syntactically well-formed, but thederlined treelet, dlly’,
{ally’s, tennisg}}, is not interpretable and the semantic compositidoes not
converge. In other words, though the syntax itslelés not distinguish functor
categories such as T and V from argument categsties as D, the semantics
does. We instantiate this semantic compositionalitgrms of type compatibilities.

As another example, the CSS in (26) is semanticelgluded because the
underlined treelet is not interpretable. The D egpian would have to be the
functor over the V expression but we exclude TypsiR@ in the semantics.

® Functor categories such as V do not have to taemtity treelets, though they can.

" Because of the max binary branching in (13b), tbmber of arguments in ea€ha set is
maximally two. Thus, only one or two of timearguments of an-ary functor can be saturated at
each step, as is obvious in (24c) and (24d).
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(26) a.

D
!
v

DV

b. {{ D. {D. V}}} ; {V,{V, D} { D, {D}}; { V. {V}}}

We interpret all D(P) terms as type e expressibos.quantificational DPs such as
every boywe adopt the type e analysis which uses eps#iond, as in Kempson et
al. (2001: chapter 8).

In (24) and (25c), the functelP.Az.cariPzinherits the external argument-slot of
Ax.Ay.playxy. We use this argument-slot percolation in termsghajher) functors
when we treat some A-movement phenomena in basgajemn analyses. Because
our grammar cannot represent copying into a sgediis opposed to copying onto
the top of the “projection line”), we would like texplain the A movement
phenomena in terms of percolation of type e arguvslers within the verbal
projection line. Mostly, we can do this by modifgirhe lexical entries of the
higher functors, such as auxiliary verbs (ecgn), control verbs (e.gtry) and
raising verbs (e.gseen), so that we can percolate even the internal aeginslots
of the selected lower verb. But in scrambling leamgges such as Japanese, we
would need to permute DP arguments among themselwesincorporating
morphological case information. Though we do naivpte the details here, the
basic idea is similar to the one in directionleasegorial grammar frameworks
such as Muskens (2003). That is, as long as weuierthe arguments at PF side
and at LF side in the same way, we do not mix upatigements in a wrong way.
Because our syntactic system itself does not caingdine structural placement of D
categories, incorporation of such permutation ¢ffegll be straightforward.

For A-movement phenomena, we mostly rely on the use istindt
categories/lexical items that are related in themasdics (e.g. with a semantic
identity function AX,. X, as the dependent element in a “trace” positiorthm
traditional grammar, cf. Jacobson (1999)). Varialands to A-movement are
explained in terms of linking the dependent elemerth its operator in the
semantic structurg.

8 See Truswell (2007) for some examples of condgsain Wh-movement coming from event
structures
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7 PF linearization

PF mapping is still under development and we onbyide a sketch.

For the convenience of presenting PF linearizatioles, we first define the
irreflexive containment relatiol© and the immediate containment relatit
between treelets in (28 is simply a reflexive version d&RC as we have defined
in Section 3. (27) repeats the most basic parhefdefinition ofRC in (10). For
notation, for each treel&t Dx representg's dominance set.

(27) ContainmentRO): x, y 0 CSS(RAX,y) = (Dx [ Dy))

When we linearize a CSS, we successively linedheanembers of the dominance
sets of the treelets according to {peoper) constituent containment relation C
andimmediate constituent containment relation 1C between treelets as defined
in (28). (28a) and (28b) defir@ andIC from the basic syntactic relatiétC.

(28) a. Containmerg:
[x, y O CSS(C(x, y) = (RAX,Y) & x2Y))
b. Immediate Containmert): x, y(1 CSS
(IC(xy) = (RAXY)&x2y& (- [HICSS(RAX,2&RUzY)& z£X & 72Y))))

SinceC andIC are relations derived froRC, they are indirectly constrained by the
restrictions orRC as we have assigned in Section 3, though sonteegiroperties
that RC has might not apply because of the definition&B). For examplelC is
no longer transitive whered®C and C are. AndC is irreflexive by definition
whereasRC is reflexive. Note that each CSS is closed andighgr ordered in
terms of RC, with a maximal treelet. Thus, we can specify inicwhorder we
linearize the treelets in each CSS WRIL, but it is easier to provide the order
instruction withC since it is a strict partial order, as we seetbhor

With the triplet lexical entries as in (24a), weyde the set of PF lexical items
as in (29a). The definition of PF strings is ag2éb)?®

% The connective ‘' is non-commutative and non-eisgive, but we sometimes omit the
parentheses for presentation reasons. See fodtAote
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(29) a. GivenCat for CSS PFLex is the set of phonological lexical items
whose category entries are memberSatf
b. ®max the set opotential PF strings, giveRFLex
) If all PFLex thena [0 @ ax
i) If a, b0 @ra% then &:b) O Drax
i) The set of PF units@cssl] @rax

Given CSS Cat, PFLexand (28), we successively linearize the Doming®ets of
the treelets, starting with the treelets that hesldwest in the order in terms Gfin
(28a) (i.e., the identity treelets) and finishinghathe maximal treelet. That is, for
all x, y 0 CSSif C(x, y), linearize (the dominance set gfpefore linearizing (the
dominance set ofy. If = C(x, y)&-C(y, X), then we can linearizeandy in either
order.

For the convenience of presenting the linearizatuides, we change the notations
of the variables for treelets from simple variablegch asx andy in (27) to
variables with additional subscript variables whegecify theheads of the treelets.
As we have discussed in Section 3, each treeleesepts a structural constituent
with a distinguished categor}, as in the form X, Dy}, where Dy represents the
set of categories that are reflexively dominateck8§ Again, we callX the head of
the treelet. To explicitly show the head categorgath treelet, for eack] Cat,
we letty represent the treelet headedXySomeX [J Cat can be heads of two or
more treelets. Thus, sometimes we need to use §uiisson X, such as inyq, txo,
txia, t0 distinguish distinct treelets headed by theesaategoryK. The third treelet
txig represents the ‘identity treelet' ¥dr that is, {X, {X}}. An identity treelet is
represented in this way only X heads at least one more treelet other than the
identity treelet. The subscripts in category naaresused for presentation reasons
only andX;, X;, X,q as appearing as subscriptsyn(for i =1, 2, Id) do not mean
that X, X; and X4 are three distinct categories in the CSS. For eatégoryX[]
Cat, Dy represents the dominance set of the treelet hebged The use of
subscriptsl, ..., n, Id on X as inDyq,..., Dxs, Dg is the same as in its use in the
meta-variables for treelets.

Now with these notations, we represent the lin@ion process of each treelet as
in (30a)~(30b). We successively incorporate theuudf each treelet into the
dominance set of the treelgtthat immediately contain. The membership of
@cssdepends on the linearization@8Sand the definition of “PF units.”

19 Here, we refer to the common reflexive dominanedation between categories for
convenience.
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(30) a. putput-unit,{ input-unig}
b. E.Q..
{(c-@b). {c, @b} {( ab), {a b}}; { afal}; { b{b}}; { c{c}

For each treelet, the output PF string countsnadF unit, as indicated by the pair
of parenthesel. The PF unit status may change with Bg set that is being
linearized at each stage. In (30k9,- ) counts as one PF unit in tBg set of the
maximal treelet, but in thBy set of the second largest treeegndb are separate
PF units.@-ssin (29b) contains all the units that are derivedray stage of CSS
linearization process as its memb®riVe incorporate the output of each treelet
linearization to theDyx set of the treelet that immediately contains it.eTh
linearization of the maximal treelet of CSS is fimal output string.

Given (28) and (30), we provide the basic PF lirzadion principle of our system
in (31). (31b)~(31c) are the formal implementatiohshe basic idea in (31a).

(31) a. Immediate Containment as PF adjaceriyPA): Immediate
containment between treelets in CSS correspondBFRoadjacency
between the corresponding PF units.

b. Oty ty 0 CSSwhen we linearizg, ty:

If 1IC(ty, ty), then &y') or (y“X) is the output PF unit df, wherex is the
PF lexical item for the head categoXyandy’is the PF unit as the
output of the linearization .

c. [ty ty, ;O CSSwhen we linearizg, ty, t7 :
If (IC(tx,ty) & IC(ty, tz), then ¢-(x-Z)) or (Z-X)y) or ((/X)-Z) or
(Z-(x-y)) is the output PF unit df, wherex is the PF lexical item for the

head oty andy' is the PF unit as the output of the linearizabbty and
Z is the PF unit as the output of the linearizatbty

(31a) expresses the intuitive idea of our PF lizadpn of CSSs. With the
maximally binary structure constraint dRC, in our CSSs, one treelet can

" Though we put the output string in the head pmsitf the treelet, this is for notational
convenience, and does not mean that the head categthe syntax corresponds to the derived
PF output string.

2 The membership off.ssdepends on the way we linearize the CSS. Sinc®khanits are
maximally binary branching, some of the unit statdaring the linearization process can be read
off the output unit of the maximal treelet in th&& However, we cannot always do that since
some bracketing introduced via the rule in (31o@doot correspond to a PF-unit status at any
stage
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immediately contain one or two treelets. In thipgrawe assume that PF structures
are maximally binary and also, non-commutative and-associative. Thus, we
need the basic idea in (31a) stated separatelyalsgs when a treelet immediately
contains only one treelet (as stated in (31b)) &wmd cases when a treelet
immediately contains two treelets (stated in (31Ehe idea behind (31c) is that PF
adjacency is not sensitive to bracketing. For exantpe PF item& andy count as
being adjacent in the structuse({-2)).

As we have indicated above, we could assume thatriaEtures are associative.
Then, we would not need an additional rule in (3b0)top of the basic (31b), but
for the moment, we maintain the bracketing in tResRucture.

(32) explains our treatment of syntactic copied’k linearization and flexible
pronunciation positions of verbal heads.

(32) a.00X [ Cat, if the corresponding PF itemnappears more than once in the
generated PF stringg can potentially be pronounced in any of those
positions, whereas the other positions are PF null.

b. A verbal head item, such atay of V, can be pronounced in the PF
position of another head in the same “projecting’l(such as T - V).

(31) together with (32) provide flexibility in tesmof syntax-phonology mapping,
which overgenerates PF strings without further trangs. However, the idea is
that, as in the syntax-semantics interface, indégein PF considerations can
provide non-trivial constraints on PF linearizatidior example, as we see briefly
later, structural DP case assignment by a verbadl meay require a certain PF
configuration in a morphologically impoverished dalage such as English. We
also assume a certain asymmetry between PF anthliRe sense that PF only
linearizes the CSSs which are syntactically and asgically well-formed.
However, the linearization rules that refer to s@amantic concepts (such as the
notion of ‘verbal heads’ and ‘projection line’ i84b) and the rules that only refer
to the narrow syntactic elements abstracted away fparticular category names
are different in nature in the proposed system. Thues can calculate the PF
objects that CSSs can generate via the interpoatatiles in (31) abstracted away
from the semantics.

We add further linearization constraints beyond){832). Such constraints are
postulated either for maintaining the LF-PF corresfamce as something external
to the narrow syntactic rules, or for some wellfiedness restrictions at the level
of PF. As an example, we mention one candidate t@ns which is for
maintaining some LF-PF correspondence.

(33) The start of each propositional unit at L&strbe clearly marked at PF.
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We take a conservative view that each TP is themaihpropositional unit® In the
default case, the start of a propositional expoess marked by the spec item for
the T head, that is, the subject DP. We providenplsel example.

(34) aCat{T,V,D1, D2}, PFLex {can play, ally, tennig
CSS{ T, {T.V.D1D2}}; { V,{V.DZ}; { V, {V}}; { D1, {D1}; { D2, {D2}}
b. Linearization:

tr: {(ally - (can - (play - tennis)))cén ally, (play- tennig}}
tv: {(play - tennig, {play, tennig}
tva{play{play}}; toa{ally{ally}}; too: {tennis {tennig}}

The category V occurs in two treelets as the hasadl| distinguish the identity treelet
for V asty;q from the other, which i,. This is for presentational convenience. When
we linearizety, we could have generatdergnisplay), as may happen in German, but
in English, structural case assignment by the wegoires the object DP to the right
of the verb and this alternative is rejected. Beeanf (33), we first pronounce the
specifier DP1, when we linearizg, and for EnglishAlly-canplaytennis is the
generated PF string (in German, the same CSS ¢gesAtly-can-tennis-plgywith
further linguistic assumptions which we omit).

With regard to (33), when some element is overfliraeted to the left of the
subject, as iTennis, Ally playsthentennisoccupies the Spec of the C head, which is
the highest head, and thus the spec is pronountsgdd mark the starting boundary
of the propositional element. When the Spec othilgeest head is PF null, we may
pronounce the highest head first, adid Ally play tennis wheredid is in the C
position. We omit more complicated cases for speasons.

Given aCSS= {{ can {can run, Meg}}; { run, {run, Meg}; { run, {run}}; { Meg
{Meg}}}, the flexible linearization rules in (31) carrpduce both ((legcan)- smokeg
and (Megcan)-smokg¢ among two more PF structures. Nowyé@can)-smoké
might not be very useful in linguistic analysis.d@dination as irMeg can, but Avril
cannot swindoes not preserve both the immediate containnedatian betweeican
andrun and the IC betweeoan and swim and thus, does not require the internal
structure as in Klegcan)-smokg, either. As another rule motivated for maintagnin
LF-PF consistency, we might require both the ‘heaggles’ and the ‘related heads’ to
be bracketed first, as stated in the rule in (35).

13 We do not exclude potential incorporatiorpbfisesnto our system, though.
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(35) (C(tx, ty) & IC(ty, tz)) - (V-(x-2)) or (z"X)y) in the output PF unit atf
whenx andZ are related heads (suchcasandrun) or whenx=Z.

The notion of ‘related heads’ are describable onlyFain our system and thus,
(35) cannot be stated at the level of linearizatioles of CSSs abstracted away
from the semantic¥' In that sense, (35) is fundamentally differentfrthe rules in
(31) which are the only basic linearization rulkeattwe postulate, where (32) will
be stated at the level of how to pronounce the rgée@ PF structures.

In our system, one categoxyl] Cat can head two treeletg, andty, in such a
way that 1C(tx, txp)’ holds. Then, the whole output of the linearizatiof ty, is
either preceded or followed by With (32a),x will then be pronounced in one of
the two positions ok in the PF string.

With (35), suppose thatandZ are related heads, suchas anddrive, where
canis the head of the maximal treetgi, which immediately contains the treelet
headed bylrive. Suppose also that the other treelet immediatiyained by, is
tmeg Neaded bymeg If these are the case, then the bracketing wedioe either
(Meg (cansmokeg) or ((smokecan)-Meg). The latter one will then be excluded
because of (33). Note that one treelet can immagiatontain maximally two
treelets, because of the maximally binary brancluogstraint orRC. With (35),
the PF stringMeg can Jack kickan still be generated from a CSS in which the
treelettc,, is the maximal treelet which immediately contabwh ty.y = {Meg
{Meg}} and tyx = {kick, {kick, Jack}, since Z as the output of the treeletin
(35) may have an internal structure, asMie¢ (can (Jackkick))).

On the other hand, the word order(tihat) Meg smoke canvhich may appear in
an embedded clause in German, would require areiffeCSS, such a8Sg =
{{ can {can meg smokg}; { smoke {smoke meg};{ meg {megd}}, in which the
maximal treelett.,, does not immediately contain the identity treejgt. With
CS§ and (35), we would be able to generate the st((sgjokemeg-can), and it is
not clear if such a word order is attested in stanguage data, but again, we can
exclude this PF by way of (33) above. The resticin (33) needs to be stated
more accurately, but we leave a better definitmgether with its status for future
research.

Note that adjacency as in (31a) is a symmetricatl (aon-transitive) relation.
Because of that, the mapping of CSSs onto PF stisigot even homomorphism.
Nevertheless, a more flexible syntax-PF mappingagfwban be further constrained
by specific system external constraints such asc&¥e checking) can be more
explanatory than a rigid one that requires a mam@essive syntax that treats PF
concepts in syntactic terms.

4 The rule in (35) wher=zis definable without the semantics.
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8 Conclusion

Our structure representation system has two clarstots, (i) it only represents
structured configurations of category names, witheterring to the (semantic or
phonological) interpretations of the category ngraesl (ii) it can express copying
of categories only in special cases. Thus, we amusf on purely structural
elements of natural language. On the other hand, gtrely structural syntax
requires further investigation about the matchimgpantics and PF linearization.
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