Research on Language and Computatio®r 1-25, 2007. 1
(© 2007 Springer Science+Business Media, IManufactured in The Netherlands.

Pied-Piping in Relative Clauses: Syntax and
Compositional Semantics using Synchronous Tree
Adjoining Grammar

CHUNG-HYE HAN (chunghye@f u. ca)
Department of Linguistics,
Simon Fraser University, Burnaby BC V5A 1S6, Canada

August 14, 2007

Abstract. In relative clauses, theh relative pronoun can be embedded in a larger phrase, as in “a
boy [whose brother] Mary hit” and “a boy [whose brother'efrd] Mary hit". In such examples, we
say that the larger phrase containing thieword has pied-piped along with theh-word. In this
paper, using a similar syntactic analysis ¥an pied-piping as in Han (2002) and further developed
in Kallmeyer and Scheffler (2004), | propose a compositia@ahantics for relative clauses of the
sort illustrated above using Synchronous Tree Adjoiningr@nar, a pairing of Tree Adjoining
Grammars. It will be shown that (i) the elementary tree repnting the logical form of avh rel-
ative pronoun provides a generalized quantifier, and (@)smantic composition of the pied-piped
material and thevh-word is achieved through adjoining the elementary treeasgnting the logical
form of the pied-piped material to the elementary tree regméng the logical form of thevh-word

in the semantics.

Key words:. relative clauses, pied-piping, compositional semant&gichronous Tree Adjoining
Grammar

1. Introduction

In relative clauses, thehrelative pronoun can be embedded in a larger phrase. For
example, in (1) and (2), thehrelative pronoun is in a genitive that is embedded in
a larger Determiner Phrase (DP). In such examples, we sayhiadarger phrase
containing thavh-word has pied-piped along with theh+word.

(1) aboy|[[pp whose brothef]Mary hit t; ]
(2) aboy[[pp whose brother’s friend]Mary hit t; ]

Pied-piping in relative clauses poses an interesting ehg# for compaositional
semantics. An appropriate compositional analysis musectly capture the predicate-
argument relation within the relative clause, as well asrtiation between the
head noun and thwh relative pronoun so that the head noun and the relative
clause predicate over the same variable. In a phrasesteugased compositional
semantics, along the lines of the one presented in Heim aatz&tr (1998), the
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2 CHUNG-HYE HAN

meaning of a sentence is computed as a function of the meahiagch node in
the syntactic tree. A wide-spread analysis of relativesgagun this approach treats
the relative pronoun as an operator that turns the relal@ese into a function of a
predicate type< e, t >: it contributes a\-operator that binds the variable coming
from the gap in the relative clause. For example, in (3a) réhative clause is a
predicate that can be represented as in (3b). This compadtethe semantics of
the head nouloy, resulting in (3c).

(3) a. aboy[whg[Mary hit t;]]
b. Az.hit(Mary, =)
c. Az.boy(z) A hit(Mary, z)

Under this analysis, compositional semantics of relatiaeises with pied-piping
can only be done by putting the pied-piped material back tinéoposition of the

gap in the covert component of the grammar (Heim and Krat283). That is, the
interpretation of (1) and (2) must be done on the ‘reconstdiccounterparts, as
in (4a) and (5a). In each of the reconstructed structurestelative pronoun, as a
A-operator, is able to bind the variable contributed by #ge, turning the relative
clause into a predicate. The predicates can be represetedx@ressions in (4b)
and (5b), abstracting away from the semanticsedfrotherandse brother’s friend

(4) a. aboy[pp who]; Mary hit [t; se brother] ]
b. Az.hit(Mary, the-brother-ofz))

(5) a. aboy[pp who]; Mary hit [t; se brother’s friend] ]
b. Az.hit(Mary, the-friend-of-the-brother-¢f) )

In this paper, using a similar syntactic analysis Wt pied-piping as in Han
(2002) and further developed in Kallmeyer and Scheffler 2@6r wh-questions,
| propose a compositional semantics for relative clauséseofort illustrated in (1)
and (2), using Synchronous Tree Adjoining Grammar (STAQ)aiing of Tree
Adjoining Grammars (TAGS). In STAG-based compositionahaatics, each ele-
mentary tree in the syntax is paired up with one or more seémal@mentary trees
that represent its logical form, and the semantic compmusi done by combining
the semantic trees using the same combinatory operatidine ases available in
the syntax, namely substitution and adjoining. These dipaiaare explained in
detail in section 2. Relying on these assumptions, the twia c@mponents of my
proposal are that (i) the semantic tree representing thedbigrm of awh relative
pronoun provides a generalized quantifier, and (ii) the sgimaomposition of the
pied-piped material and theh-word is achieved through adjoining the semantic
tree of the pied-piped material to the semantic tree ofathevord.

| start the paper with an introduction to the basics of Treg#ihg Grammar
(TAG) for natural language in section 2. | restrict the d&sian to the properties of
TAG that are most relevant for appreciating the analysipg@sed in this paper. In

rol c-han. tex; 14/08/2007; 17:01; p.2



PIED-PIPING IN RELATIVE CLAUSES 3

the same section, | also discuss the notion of composittgregdpropriate for TAG
in general and how it is achieved in STAG in particular. Inteec3, | introduce
the framework of STAG and STAG-based compositional seroguatind clarify my
assumptions. | illustrate various aspects of the framewott a simple sentence
containing a quantifier and an attributive adjective. | tierstrate how quantifier
scope ambiguity is handled in STAG. In section 4, | presenamglysis of relative
clauses and pied-piping. After discussing the examplesenitige pied-piping in
(1) and (2), I discuss how the proposed analysis can be edietadother related
cases, such as examples in which Weword is in a Prepositional Phrase (PP)
and corresponding examples in which no pied-piping hasntgitace. Finally, |
end with a brief conclusion in section 5.

2. Tree Adjoining Grammar

Tree Adjoining Grammar (TAG) is a tree-rewriting systemstfiormally defined
in Joshi, Levy and Takahashi (1975). In TAG for natural leamg) the elementary
objects are lexicalized trees called elementary treesé¢patsent extended projec-
tions of lexical predicates anchoring the trees and endaessyntactic/semantic
arguments of the lexical anchor. That is, an elementaryigre® extended pro-
jection of a single lexical head with all and only its argumslots appearing as
frontier nonterminals. The elementary trees in TAG aredfuge said to possess an
Extended Domain of Locality.

Frank (2002) formulates the extended projection propdrgjementary trees as
a Condition on Elementary Tree Minimality (CETM), and sttfeat “the syntactic
heads in an elementary tree and their projections must farexended projection
of a single lexical head” (p. 54). Following Grimshaw (199)ank takes extended
projections of a lexical head to include the projectionsibfumctional heads that
embed it. This means that an elementary tree anchoring aaerhot only project
to Verb Phrase (VP) but to Tense Phrase (TP) and Compleraeitzrase (CP),
and an elementary tree anchoring a noun can not only praj@édtin Phrase (NP)
but to DP and PP. Further, the fundamental thesis in TAG fourahlanguage
is that “every syntactic dependency is expressed localthiwia single elemen-
tary tree” (Frank 2002, p. 22). This allows for a syntactipeledency created by
movement to occur within an elementary tree, but not acriessentary trees.

The trees in Figure 1 are all examples of well-formed elemgritees. {solved)
is an elementary tree because it is an extended projectitimedéxical predicate
solvedand has argument slots for the subject and the object maskételdown-
ward arrow ().! Moreover, the movement of the subject DP from [Spec,VP] to
[Spec, TP], following the VP-internal Subject Hypothe&{®¢pman and Sportiche,
1991), is an operation internal to the elementary tree, hatkfore represents a
syntactic dependency localized to the elementary treses{udent) anddthe problem)
are valid elementary trees because these DP trees eacin@osiiagle lexical head
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4 CHUNG-HYE HAN

(N), D being a functional head, which can form an extendegeption with a DP,
in line with the DP Hypothesis (Abney, 1987).

(aastudent) pp (asolved) TP (atheproblem)  pp
D N‘P " TA T N‘P
a N T VP the N

student DP K
\Y% DP|

solved

problem

t

Figure 1. Initial trees in TAG

Elementary trees are of two types: initial trees and auxilteees. Initial trees
are minimal linguistic structures, for example, trees aunhg the phrasal struc-
ture of simple clauses and DPs. The elementary trees ind-igare examples of
initial trees. Auxiliary trees are used to introduce remgrstructures, for example,
adjuncts or other recursive portions of the grammar. Aawjlitrees have a special
non-terminal node called the foot node (marked with an e&feamong the leaf
nodes, which has the same label as the root node of the treaauMiliary trees in
Figure 2 are well-formed elementary trees, as CETM requirdy that syntactic
heads and their projections form an extended projectioe®ng the presence of
the VP root node ingquickly) and the NP root node irBémart) consistent with
CETM. Further, following Frank (2002), we can count VP* fguickly) and NP*
in (3smart) as arguments of the lexical anchor, as the proceletafidentification
(Higginbotham, 1985) obtains between them and the lexivchar.

(Bquickly) VP (Bsmart) NP
VP*  AdvP Adjp  NP*
Adv Ad
quickly smart

Figure 2. Auxiliary trees in TAG

These elementary trees are combined through two deriataperations: sub-
stitution and adjoining. In the substitution operatiore tioot node on an initial
tree is merged into a matching non-terminal leaf node mafiedubstitution ()
in another tree. This is illustrated in Figure 3.

In an adjoining operation, an auxiliary tree is grafted oatoon-terminal node in
another elementary tree that matches the root and foot raidbe auxiliary tree.
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D P DP
AN
D NP DP;| T NP
| /N |
N
| N |
student DP 4 problem
| A

solved

Q

Z
—
<
o

Figure 3. Substitution in TAG

For example, Figure 4 illustrategduickly) adjoining to the VP node insolved),
and (Fsmart) adjoining to the NP node imd student) which in turn substitutes
into (asolved).

/NP\
Adip  NP* D f AdvP
Adj

| \IA

smart a N DP qwckly

A

solved D NP

student t;

problem

Figure 4. Adjoining in TAG

TAG derivation produces two structures: a derived tree addravation tree.
The derived tree is the conventional phrase structure fE@einstance, combining
the elementary trees in Figures 1 and 2 through substit@imhadjoining as in
Figures 3 and 4 generates the derived tree in Figure 5 (IEfi. derivation tree
represents the history of composition of the elementalstrin a derivation tree,
each node is an elementary tree, and the children of a noderisent the trees
which are adjoined or substituted into the elementary tepeesented by N. The
link connecting a pair of nodes is annotated with the locatiothe parent ele-
mentary tree where adjoining or substitution has takenepiakn example of a
derivation tree is given the in Figure 5 (right). Figure Bf) records the history
of composition of the elementary trees to produce the detree in Figure 5 (left):
(Bsmart) adjoins toda_student) at NP,da_student) anddthe_problem) substitute
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TP op (asolved)
; VP
/\ /\N
DP; T (castudent)  (atheproblem)  (Squickly)
/\ A NP |
7 /NP\ yp\ (3smart)
a AdjP N|P /VP\ AdIVP
Adj N DP /\/’\ Adv
smart student  t; \% DP quickly

solved D NP

problem

Figure 5. Derived tree and derivation tree in TAG

into (asolved) at DR and DP respectively, angiquickly) adjoins to {&solved) at
VP.

As explicated in Joshi and Vijay-Shanker (1999) and Jostialimeyer (2003),
the input to compositional semantics in TAG is the derivati@e, not the derived
tree. While phrase-structure based compositional seosactimputes the meaning
of a sentence as a function of the meaning of each node in thiactic tree,
TAG-based compositional semantics computes the meanirg seintence as a
function of the meaning of elementary trees put togetheretive the sentence
structure. Each syntactic elementary tree is associatédargemantic representa-
tion, and following the history of how the elementary treesgaut together to derive
the sentence structure, the corresponding semantic egppa¢i®n is computed by
combining the semantic representations of the elementaeg.t Therefore, com-
positional semantics in TAG is done on the derivation trest, on the derived
tree.

There are two main approaches to doing compositional sécsamt the deriva-
tion tree: (i) flat semantics (Joshi and Vijay-Shanker, 1908Iimeyer and Joshi,
2003; Romero and Kallmeyer, 2005; Kallmeyer and Romeropfeear); and (ii)
STAG (Shieber and Schabes, 1990; Shieber, 1994; AbeBig4)1 Under the flat
semantics approach, in the style of Minimal Recursion SeiceurfCopestake,
Flickinger, Sag and Pollard, 2005), the main operation &nantic composition
is the conjunction of the semantic representations ageadciith each elementary
tree along with the unification of variables contributed lhgge semantic represen-
tations. In Romero and Kallmeyer (2005) and Kallmeyer anthBw (to appear),
derivation trees are augmented with feature structuresftrae variable unifica-
tion. The theory of semantic representations developeddiyrieyer and Romero

rol c-han. tex; 14/08/2007; 17:01; p.6



PIED-PIPING IN RELATIVE CLAUSES 7

has been used in a series of empirical work with success:pgoeadg of wh
phrases (Kallmeyer and Scheffler, 2004), focus (Babko-}#&l2004), questions
(Romero, Kallmeyer and Babko-Malaya, 2004), VP coordoratiBanik, 2004),
among others.

Under the STAG approach, on the other hand, the semantiesemtations are
structured trees with nodes on which substitution and aufjgi of other seman-
tic representations can take place. Compositionality i&GDbtains with the
requirement that the derivation tree in syntax and the spmeding derivation
tree in semantics be isomorphic, as specified in Shiebed§1Fdis isomorphism
requirement guarantees that the derivation tree in synéaarmhines the mean-
ing components needed for semantic composition, and theinvawhich these
meaning components are combined. The semantic objectshandotmposition
of these objects parallel those already utilized in syntad so computing se-
mantics only requires the operations of substitution arjdimidg used to build
the syntactic structures. These properties of STAG allovioudefine a simple
and elegant syntax-semantics mapping. This has been slowa the case by
Nesson and Shieber (2006), who provide an STAG analysisadiaows linguistic
phenomena, including quantifier scope, long distawbanovement, subject-to-
subject raising, and nested quantifiers and inverse linkimidis paper, | extend the
empirical coverage of STAG-based compositional sematdicslative clauses and
pied-piping. TAG semantic analyses for relative clausasguat semantics have
been proposed before by Han (2002) and Kallmeyer (2003).adery to obtain
the right semantics, both Han and Kallmeyer introduce elgang trees in syntax
that violate CETM and other well-formedness conditions lementary trees. The
analysis presented here does not have this problem.

3. STAG and STAG-based Compositional Semantics

In this section, | illustrate the framework of STAG and STA@sed compaositional
semantics and clarify my assumptions, using a simple seatdrat contains an
existential quantifier and an attributive adjective as i &d a sentence with two
quantified DPs that show scope ambiguity as in (7).

(6) John kicked a tall boy.
(7) Some student likes every coursé.X Vv,V > )

| use STAG as defined in Shieber (1994). In STAG, each syntatgimentary
tree is paired with one or more semantic trees that représeaiogical form with
links between matching nodes. A synchronous derivatioeg®ds by mapping a
derivation tree from the syntax side to an isomorphic déiowetree on the seman-
tics side, and is synchronized by the links specified in teemehtary tree pairs. In
the tree pairs given in Figure 6, the trees on the left sidesyanéactic elementary
trees and the ones on the right side are semantic trees. lsethantic trees, F
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stands for formulas, R for predicates and T for terms. | asstimat these nodes
are typed (e.g., the F node in’kicked) has type), and | represent predicates as
unreduced\-expressions. The linked nodes are shown with boxed numbBers
the sake of simplicity, in the elementary tree pairs, | omgliude links that are
relevant for the derivation of given examples.

(Btall) NP (3'tall) R

(ajohn) pp (¢/john) T
AdjP NP* R R*
D Johr |
‘ Ad Az.tall(z)
John
tall
(«/aboy) T (B'aboy) E
Yy Jy F F*
(caboy)  pp /\
/\ R1] T
D  NHA1] |
Az.boy(x) Yy
a N
boy
(akicked) TP (o/Kicked) 2]

DRJ1] T R T2 T

T VP AyAz.kicked(z, y)

Figure 6. Elementary trees fafohn kicked a tall boy

Figure 6 contains elementary trees required to generatsytitactic structure
and the logical form of (6). All the syntactic elementaryesesatisfy Frank’s (2002)
CETM. The proper name tree injohn) is paired with a tree representing a term on
the semantics side, and the attributive adjective tregtal] is paired with an aux-
iliary tree on the semantics side that represents a one-platlicate to be adjoined
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to another one-place predicate. For quantified DPs, | folkbweber and Schabes
(1990) and Nesson and Shieber (2006), and use tree-locaitGuhponent Tree
Adjoining Grammar (MC-TAG), an extension of TAG, on the sertias side. In
tree-local MC-TAG, the basic objects of derivation are mayondividual elemen-
tary trees, but also (possibly a singleton) set of such toadied a multi-component
set. At each step in a derivation, all of the trees in a multitponent set must
adjoin or substitute simultaneously into a single elenrgrii@e. Restricted in this
way, MC-TAG is shown to be identical to basic TAG in both weaildastrong
generative power (Weir, 1988). Thus, the DP drapoy) is paired with a multi-
component sef(a’aboy), (3’aboy)} on the semantics sidex/@ boy) provides
an argument variable, andy’@_boy) provides an existential quantifier with the
restriction and scope. The transitive tree drkicked) is paired with a semantic
tree representing a formula that consists of a two-placdiqate and two term
nodes. The links, notated with boxed numbers, guarantéevtietever substitutes
into DP;, its corresponding semantic tree will substitute into trentnode marked
with , and whatever substitutes into DP is paired up with a moltiygsonent set
on the semantics side where one of the components will sutesinto the term
node marked with2| and the other will adjoin to the F node marked V\@
The syntactic and semantic derivation trees are given iarEig@, and the derived
trees are given in Figure 8. Technically, there is only ongvdgon tree because
the syntactic and semantic derivations are isomorphidiighgaper, | provide two
derivation trees (one for syntax and the other for semgntiicsughout to make
the tree-local derivation explicit.

(96) (akicked) (6'6) (/kicked)
DP DP;
(ciaboy) (ajohn) {(B'aboy), ('a boy)} (’john)
NP
(ptall) (F'tall)

Figure 7. Derivation trees fodohn kicked a tall boy

The semantic derived trees can be reduced by applyagnversion, as the
nodes dominate typed-expressions and terms. When reducing the semantic de-
rived trees, in addition ta-conversion, | propose to use Predicate Modification, as
defined in Heim and Kratzer (1998) in (8).

(8) Predicate Modification
If « has the form « , and[5]® and[y]® are both inD . ¢,
P

B v
thenfa]® = Az, [B]°* (z) A [7]*(z).

The application of Predicate Modification aneconversion reducesy(6) to the
formulain (9).
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(6) TP (/'6) F
/\
DP, T E S F
VAN N N
D T VP R T R T T
N N | .
John DP 4 R R y AyAz.kicked(z, y) y Johri
N |
t; Y, DP  z.tall(z) Az.boy(z)
|
kicked D NP

tall boy
Figure 8. Derived trees fodohn kicked a tall boy

(9) Jy[tall(y) A boy(y)] [kicked(Johr, y)]

Figure 9 contains elementary trees required to generatsytitactic structure
and the logical form of (7). Following Nesson and Shiebeb@0scope ambiguity
is accounted for by incorporating multiple adjoining in tlerivation on the seman-
tics side. Multiple adjoining allows multiple auxiliaryetes to be adjoined at the
same node in an elementary tree, as defined in Schabes ah&ISHi@94). So, on
the semantics side, both’6omestudent) and{ every course) adjoin to the root F
node in ¢/likes). Links and marked on the root F node in/likes) guarantee
this multiple adjoining. Note that the order in which the tivees adjoin to the F
node in ¢/likes) is unspecified, thereby providing an underspecifiguigsentation
for scope ambiguity in the semantic derivation tree, a®'i)(in Figure 10. This
therefore produces multiple semantic derived trees, eggtesenting a different
scopal interpretation:(7a) in Figure 11 represents thie> 3 reading and+{'7b)
in Figure 12 represents the > V reading. On the syntax sideygomestudent)
substitutes into the subject D («alikes), and &everycourse) substitutes into
the object DP indlikes), as represented in the syntactic derivation t6&g. (This
produces a single syntactic derived tree 4T)(in Figure 11 (forV > d) and
repeated in Figure 12 (faf > V).

The application of Predicate Modification aneconversion reducesy(7a) to
the formula in (10a), andy(7b) to the formula in (10b).

(10) a. Vy[courséy)] [x[studentz)] [likes(x,y)]]
b. Jz[studentx)] [Vy[courséy)] [likes(z, y)]]
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(o/somestudent) T (B'somestudent)

(asomestudent) DP /\
A F.e T

D NP
Az.studentx) z
some N
student

(o’everycourse) T (F'every.course) E

Y Yy F F*
(cevery.course) pp /\
A R T
D NP ‘ ‘
‘ Az.courséz) Yy
every N
course

(alikes)

/TP\ (o/likes)

DR1] T T T[2]  TY1]

/N

T VP AyAz.likes(z,y)

N

D A

P
oV DP|[2]

likes
Figure 9. Elementary trees fdBome student likes every course

<(57) op, (@likes) @'7) (/likes)

(asomestudent) (ccevery.course) {(#'somestudent), {'somestudent} {(8'every.course), {every.course} >

Figure 10. Derivation trees foSome student likes every course
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On TP ('7a) F
/\ /\
DP, T
AN N /\ /\
D NP T VP
PN I /\ /\
some N DP v/ Az.courséz) y
N Lo
student t; \% DP Az.studentz) T AyAz.likes(z, y) Y T

likes D NP
every N

course
Figure 11. Derived trees foSome student likes every course> 3

(O7) P (y'7b) F

N N A/\
BEPZN AN N
N

student t; \Y DP Az.courséz) y AyAz.likes(z, y) y T

Az.studentx) x

likes D NP
every N

course
Figure 12. Derived trees foSome student likes every cour3e> V

4. An STAG analysis of pied-piping in relative clauses

In this section, | present my analysis of relative clauses @ied-piping. | first
discuss, in section 4.1, how the proposed analysis acctargenitive pied-piping
exemplified in (1) and (2). | then extend the analysis to caseshich thewh-
word is embedded in a PP in section 4.2 and corresponding@&anm which no
pied-piping has taken place in section 4.3.

4.1. wh-WORD EMBEDDED IN A GENITIVE DP

| propose the elementary tree pairs in Figure 13 for the syiotalerivation and
semantic composition of the relative clause in (1), regkhtge as (11).

(11) aboy [ [pp whose brothef]Mary hit t; ]
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On the syntax sideghit) represents an object relative clause. It is anchoretthéy
lexical head of the claudat with two argument slots, DHor the subject and DP
for the object. This tree satisfies CETM, as CP and TP are éatbprojections of
the verbhit, and the presence of the NP root node does not violate CETlusec
CETM requires only that syntactic heads and their projestiform an extended
projection. Within this elementary tree, DRas been moved from the base object
position to [Spec,CP] to represent object relativizatidhis is an auxiliary tree
to be adjoined to an NP anchoring the head nbay which is the noun that it
modifies. (who) represents the relative pronoun. It substitutes irfep iD (3hit),
and the pied-piping of the rest of the DP is achieved by adjgifi's_brother) to
(awho). The tree in§'s_brother) is a widely-accepted genitive structure accardin
to the DP hypothesis, where the genitigeheads the DP tree. This satisfies CETM,
as a DP is an extended projection of a houn. Substitutinggfy) into DR in (Ghit)
completes the derivation of the relative clause. The dionaree for the relative
clause is given ind1) in Figure 14 and the derived tree is given 1) in Figure
15.

Semantically, we must make sure that the variable coming fitee wh-word
is also the one being predicated of the head nduay (h (11)), and yet the same
variable does not serve as an argument of the predibéte (11)) in the relative
clause. | argue that the introduction of a generalized dfin{GQ) node in the se-
mantic tree in §’'who) and an adjoining of{’s_brother) to the GQ node give us the
desired result. | define the logical form ofdnrelative pronoun as an auxiliary tree
given in (3’'who). In (3’'who), Az bindsz in the generalized quantifiekP. P(z).
The logical form of the object relative clatusg’lfit) is defined as an auxiliary
tree anchoring a two place predicate, to which the logicahfof the subject DP
(o’mary) will substitute and the logical form of the relativeopoun (3’'who) will
adjoin. Adjoining (3’'who) to (3’hit) essentially has the effect of abstracting over
the variable coming from theshrword in the relative clause, turning the relative
clause into a one-place predicate. This therefore ensumé#ie relative clause and
the head noun are predicating over the same variable, dgtftfte interpretation of
the relative clause as a modifier of the head noun. The meaiithge pied-piped
material's brotheris added onto the meaningwhoby adjoining the auxiliary tree
defined in (3”’s_brother) to the GQ node in3(who). In (3"’s_brother),\y ensures
that the variable coming from the DPwHO) is in some relation with the variable
coming from the lexical head of the pied-piped Offotherin whose brothér and
AQ, by turningwhose brotheito a GQ, ensures that the variable coming from the
lexical head of the pied-piped DBrotherin whose brothéris the argument of the
predicate lgit) that the DP Whose brothércombines with. In §’s_brother), | use
the predicateRel to refer to the relation the genitive expresses. This is llysaa
possession relation, but not always. As the exact natureeoftation is determined
by the context, | leave this relation underspecified. Thevdéon tree and the
derived tree on the semantics side are givendid)(in Figure 14 and~'1) in
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(3's_brother) D (3"'s_brother) G

/N

DP* D Q F
(amary) pp  (¢/mary) T D NP GQ* R
|
D Mary’ 's N Ay F
Mary brother THEz, F

F Q(21)

brother¢,) Rel(y, z,)
@Ghiy  np (#hit) R

NP+ /CP\ R*  R[1]
pp[1] ¢ Ny F
! A A (awho)pH1] (Fwho) R
c TP R T T2 /\
/\ | ‘ D Az F
DRl2] T Mdahit(z,y) oy ‘ /\
A who Gcq1] R*
T VP

N AP.LM

T A
t \|/ D‘P
hit

Figure 13. Elementary trees fovhose brother Mary hit

01 3hi &1 /i
(1) op, N0 ©'1) (8'hit)
(awho) (amary) (8'who) (a/mary)
DP
(B's_brother) (8"'s_brother)

Figure 14. Derivation trees fowhose brother Mary hit
Figure 15. After all the\-conversions have appliedy’() can be reduced to the
expression in (12).
(12) A\z.THEz,[[brothelz,) A Rel(z, z,)] [hit(Mary’, z,)]]

The expression in (12) is a one-place predicate which caralapprased as a set
of all z’s such that there is a unique brothgrandz is in some relation with,
and Mary hitz,. As the semantics of relative clauses is defined to be a @ pl
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QR NP "D

DP D’ c TP GQ R
ANEEPZN /N /\
D D NP DP; T AQ F Ay F
N RN
who 'S N D T VP GQ R R T T
N VA N T
brother Mary DP \4 AP.P(x) Ay F AyAz.hit(z, y) y Mary
‘ %\
t; \% DP THEz, F F
| /\
hit ¢ F FoQz)
| |
brother¢,) Rel(y, z,)

Figure 15. Derived trees fowhose brother Mary hit

predicate, it is just like the semantics of attributive atljees. This means that the
semantic tree resulting from adjoining’l) to the logical form of the head noun
boycan be reduced to the expression in (13), through Predicatéfidation.

(13) Az.boy(x) A THEz,[[brothe(z,) A Rel(z, z,)] [hit(Mary/, z,)]]

The proposed semantics for the object relative clause ancethtive pronoun
also handles simple cases where the relative pronoun ielatvized object, as
in (14). The derivation trees and the derived trees are givéiigures 16 and 17.
Adjoining the semantic treey(14) to the logical form of the head nouoy, and
reducing the output througk-conversion and Predication Modification will give
us the expression in (15).

(14) aboy[whgMary hitt; ]

<((514) (Bhity (6'14) (B'hit) >
DP; DP;

(awho) (amary) (8'who) (o/mary

Figure 16. Derivation trees fowvho Mary hit

(15) Az.boy(z) A hit(Mary', x)

For the syntactic derivation and the compositional sernantif the relative
clause in (2), repeated below as (16), all we need to do is lagldrée pair in
Figure 18 to the set of elementary tree pairs in Figure 13.
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(v14) NP ('14) R
/N /N
NP*  CP R* R
N /N
DP; c X F
VAN N
D C TP GQ R
N VAN
who  DP T AP.P(z) Ny F
VAN AN
D T VWP R T T
N ]
Mary DP \4 AyAz.hit(z,y) Y Mary
VAN

Figure 17. Derived trees fowho Mary hit

(B's_friend) DP (3"'s_friend) GOQ
/N
DP* D’ AQ F
/N
D NP GQ* R
| /\
S N Ay F
7 T~
friend THEz, F F
/\

friend(z.) Rel(y, z.)
Figure 18. Elementary trees fds friend

(16) aboy [ [rp whose brother’s friend]Mary hit t; ]

On the syntax sideXs_friend) adjoins to (’s_brother) and on the semantics side,
(B"'s_friend) adjoins to ’’s_brother), as shown in the derivation trees in Figure 19.
The derived trees are given in Figure 20.

The semantic derived tree’@) can be reduced to the expression in (17) through
A-conversions. This can be paraphrased as a set:ofaluch that there is a unique
brotherz, andzx is in some relation witle, such that there is a unique friend
andz, is in some relation withr, and Mary hitz,,.

(17) Ax.THEz,[[brothelz,) A Rel(z, z,)] [THEz,|[[friend(z,) A Rel(z,, z,)]
[hit(Mary’, z.)]]]]
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(92) (3hit) (6'2) (&'hit)
DP; DP;
(awho) (amary) (B'who) (o/mary)
DP
(3's_brother) (3"'s_brother)
DP
(B's_friend) (3"s_friend)

Figure 19. Derivation trees fowhose brother’s friend Mary hit

(72) NP ('2) R
VAN N\
NP*  CP R* R
/\ /\
DP; c Xz F
AN _— T
DP D’ C TP GQ R
NN N /N /N
DP D’ D NP DP; T AQ F Ay F
VAN VAN T
D D NP s N D T VP GQ R R T T
L N N AN L]
who S N friend Mary DP 4 Q F Ay F AyAz.hit(z, y) y Mary’
| VAN 7 T~
brother t; \ DP GQ R THEz, F F
| IRRVAN |
hit t; AP.P(x) Ay F F F Qz)
7 T~ ] |
THE:, F F friendz,) — Relly, z,)
F Q(z1)
brother¢, ) Rel(y, z,)

Figure 20. Derived trees fowhose brother’s friend Mary hit

4.2. wh-WORD EMBEDDED IN A PP

The proposed syntax and semantics of pied-piping can btfaigvardly be ex-
tended to cases in which thdrword is embedded in a PP, as in (18).

(18) aboy [ [pp the brother pp of whom]); Mary hit t; ]

To derive the syntax of (18), we need to change two of the alang tree pairs

in Figure 13 slightly. The elementary tree paits (awho), (5'who) > and <
(B's_brothen, 3”’s_brothe) > need to be replaced with the pairs in Figure 21.
Since the relative pronoun in (18) v8hom we use a DP tree anchorirghom

in (ewhom). The corresponding semantic trééfhom) remains exactly the same
as before. gthe_brotherof) represents the pied-piped material in DP. It is a well-
formed elementary tree according to CETM: it has a single#eadbrother
and DP is an extended projection of this head, and PP is nf¢ciuio CETM
because P is a functional (not a lexical) head. Moreover, BHitensed as it is
an argument of the lexical heddother, as argued in Kroch (1989). The semantics
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18 CHUNG-HYE HAN

of the brother of whonis equivalent tovhose brotherand therefore, we pair up
(Bthe_brotherof) with the exact same semantic tree &8s brother).

(fthebrotherof) pp (3'the_brother of) GQ

D
(awhom) pEg] (8'whom) g | /\
/N

N
A X | A /\
/\ brother P  DP* x o F

whom G R*

| of THE., F

AP.P(z) /\

brother¢,) Rel(y, z,)

Figure 21. Elementary trees favhomandthe brother of

The derivation trees for the relative clause in (18) aremjing-igure 22. They look
exactly the same as the ones for the relative clause in (%&@pe for the names
of the elementary trees in a few nodes. The derived treesieea i Figure 23.
While the syntactic derived tree/18) is different from {1) in Figure 15 in that
the pied-piped DP contains a PP, the semantic derived+f&8)(looks exactly the
same asv'1) in Figure 15. This is as it should be given that the meanaid41)
and (18) are equivalent.

(918) (Bhit) (¢'18) (8'hit)
DP; DP;
(awhom) (amary) (8'whom) (o’mary)
DP
(Bthe_brotherof) (B'the.brotherof)

Figure 22. Derivation trees fothe brother of whom Mary hit

4.3. STRANDING THE LARGER DP

When the larger DP containing the relative pronoun is indefiar non-specific,
the DP can be stranded, as in (19). This effectively gives aerdiguration in
which awh-word has moved out of a DP.

(19) aboy [whomMary hit [pp a friend of t] ]
Since we now have a DP with an indefinite article, we need #®pair in Figure

24, for the syntactic derivation and the semantic compmsiif the relative clause
in (19).
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(18) NP

D c

/N

J
/NP\ ¢ TP

P
the N PP DP; T

19

('18)

e F
/\
GQ R
/\
/\Q/\ F o F
GQ R T T

A

AP.P(z) Ay F AyAz.hit(z,y) y Mary’

9
o
=
I
m
&

m
m

brother¢, ) Rel(y, z,)

Figure 23. Derived trees fothe brother of whom Mary hit

(Bafriend.of) pp (8'afriend.of) GO

friend P DP*

/N
/N

friend(z,) Rel(y, z,)

Figure 24. Elementary trees faa friend of

Using the semantic tre@fa_friend_of), the semantic composition of the relative

clause in (19) can proceed as before: the semantic/faedriend of) adjoins to the
semantic tree{’ whom) in Figure 21, which then adjoins t8'fit) in Figure 13. In
the syntax, however, we must make sure tivat ffiend of) does not adjoin to the
relative pronourwhom because if it did, we would end up with the striadriend
of whom Instead, what we need is fgs4 _friend_of) to adjoin to the DP dominating
the trace of the extracted object ipghit). This however is not a valid deriva-
tion in STAG, as elementary trees from two different syréaxaantics pairsg

(awho), (5'who) > and< (shit), (8’hit) >, are composing with elementary trees

in a single syntax-semantics pait, (Safriend.of), (8'afriend.of) >. A slight
modification in the syntactic elementary tree for the re@pronoun ¢whom) in
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20 CHUNG-HYE HAN

Figure 21 can resolve this issue. | propose to do this byrgriwhom) into a
multi-component set of tree-local MC-TAG(awhom), (3whom)} as in Figure
25. An auxiliary tree like gwhom), which does not dominate any other nodes,
is called a degenerate tree. Degenerate trees have beemusethk (2002) to
handle extraction from whisland such agWhich car]; does Sally wonder how
to fix t;? Here, in syntax, to derive the relative clause in (18)vkom) substitutes
into DP; in (hit) as before, anddwhom) adjoins to the DP dominating the trace
of the extracted object ingpit), as shown in the derivation treé1@) in Figure
26. And in semantics,{whom) adjoins to §'hit) as before, as shown in’(9)

in Figure 26. Subsequently, in syntaga(friend_of) adjoins to (fwhom) giving
us the DPa friend of t, and in semantics¥a friend_of) adjoins to (3'whom).
Thus, by using the multi-component sgivwhom), (3whom)}, we now have a
valid derivation in STAG where elementary trees in a singlatax-semantics
pair, < {(awhom), (Swhom)}, (#'whom) >, are composing with elementary trees
belonging to another syntax-semantics pair( 5a_friend.of), (3’afriend of) >.
The syntactic and the semantic derived trees are given iar&ig7. After \-
conversions,{'19) can be reduced to the expression in (20).

(awhom) pp (Bwhom) DP*

D (#'whom)p
| /N
whom Az F
GQ R*
AP.P(z)

Figure 25. Multi-component set of elementary trees fanom

(619) op,op N0 (619) (A'hit)
{(awhom), (3whom)} (amary) (8'whom) (o/mary)
DP
(Bafriend_of) (8'afriend_of)

Figure 26. Derivation trees foovhom Mary hit a friend of

(20) Az.3z,[[friend(z,) A Rel(z, z,)] [hit(Mary, z,)]]

It is also possible to mix pied-piping and stranding, rasglin partial strand-
ing, as in (21). Here, out of the Défriend of the brother of whonthe brother of
whomhas been extracted, strandiadriend of

(21) a boy [[the brother of whomMary hit [pp a friend of §]]
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(19) NP (+'19)

NPACP
N

*
DP. c Az F

LA —
|

AN N AN

whom  DP, T Ao F y F
VAN RN
D T VP GQ R R T T
PN /N L]
Mary DP v/ AP.P(z) Ay F AyAz.hit(z,y) y Mary’
N
t; \% DP Iz, F F
N N
hit D NP £ E Qs
a N PP friend(z,) Rel(y, z.)

friend P DP

of t;

Figure 27. Derived trees fovhom Mary hit a friend of

Such partial stranding can be handled with set-local MC-TAG extension of
tree-local MC-TAG. In set-local MC-TAG, at each step in aidsion, all of the
elementary trees in a multi-component set must adjoin tgute into elementary
trees belonging to another multi-component set. In the ablsand, we need to turn
the elementary tree fahe brother ofn Figure 21 into a multi-component set with a
degenerate DP, as in Figure 28. The partial stranding exaimf21) can be derived
by composing this multi-component set with the multi-comgat set forvhomin
Figure 25. The isomorphic syntactic and semantic derimatiees are given in
Figure 29. In syntax,cwhom) substitutes into DRn (3hit) and (3whom) adjoins
to the DP dominating the trace of the extracted objectdhit]. In semantics,
(8'whom) adjoins to £'hit). Subsequently, in syntaxgithe brotherofl) adjoins
to the DP of gwhom) and (the brotherof2) adjoins to the DP ofdwhom). In
semantics,§'the_brother of) adjoins to (3'whom). Lastly, in syntax,£a friend_of)
adjoins to the DP of/{the brotherof2) and in semantics3(a_friend_of) adjoins to
(B'the_brotherof). This derivation gives us the Re brother of whonmn [Spec,CP],
and the DPa friend of t; in the object position in the relative clause. The syntactic
and semantic derived trees are given in Figure 30, and theeed-expression is
given in (22)°

(22) A\x.THEz,[[brothelz,) A Rel(z, z,)] [3z,[[friend(z,) A Rel(z,, 2,)]
[hit(Mary’, z.)]]]]
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(Gthecbrotherofl) pp (Bthe_brotherof2) DP*

N

D NP
tl'l]e N/\Pp (3'the_brother of) GQ
/N
brother P Dp* AQ F
|
of GQ* R
/N
Ay F
THEz, F F
F F Q(z)

brother¢,) Rel(y, z,)
Figure 28. Multi-component set of elementary trees fbe brother of

(021) o, op (BN op, (6"21) (3'hit)
{(awhom), (Bwhom)} (amary) (8'whom) (a/mary)
DP,DP
{(Bthe_brotherof1), (3the_brotherof2)} (B'the_brother of)
DP
(Bafriend_of) (8'afriend.of)

Figure 29. Derivation trees fothe brother of whom Mary hit a friend of

(v21) NP (y'21) R
VAN /N
NP*  CP R* R

T T /N

DP; c X F
PN /N T
D NP c TP GQ R
V2N /N /N
the N PP DP; T AQ  F Ay F

AN N T

brother P DP D T VP GQ R T

I N /N | |
of D May DP v/ A F Ny F o Ayahitte,y) oy Mary
whom t 7 DP GQ R 3z, F F
RPZN |
hit D NP APP(z) XNy F F F Q=)
N 7 T~ ]
l N PP THEz, F F friend(z,) Rel(y, z.)
friend P DP F F Q(z)
|

of t;  brothert,)  Rel,z,)

Figure 30. Derived trees fothe brother of whom Mary hit a friend of
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5. Conclusion

I have shown that STAG-based compositional semantics fative clauses with
pied-piping is possible using examples in which thle-word is embedded in a
genitive DP, and that the proposed analysis can straigtefolly be extended to
cases in which thevh-word is embedded in a PP. The main ingredients of the pro-
posed analysis are: in syntax, the pied-piped materiairajo thewh-word, and

in semantics, thevh-word provides a GQ to which the meaning of the pied-piped
material adjoins. | have also shown that a similar analyemshandle cases in which
thewh-word alone has moved to [Spec,CP], stranding the rest dbhen situ, if

we use tree-local MC-TAG with a multi-component set coritejna degenerate
DP for the syntax of the relative pronoun. Further, partigdreding can be handled

if we use set-local MC-TAG and postulate a multi-componegtt ntaining a
degenerate DP for the syntax of the pied-pied DP, as welleamtliti-component
set for the syntax of the relative pronoun. The proposedyaisautilizes compo-
sition operations in semantics that are already availabsyntax. This makes the
syntax-semantics mapping simple and straightforwardertiains as future work
to expand further the empirical coverage of STAG-based amitipnal semantics
and compare its coverage to that of a flat semantics basedaabpr
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Notes

Throughout the paper, elementary trees whose names argeprafith o are
initial trees, and those whose names are prefixed @ahe auxiliary trees. Names
of derivation trees are prefixed with and names of derived trees are prefixed with
~. Semantic trees are named with a prime.

20ne could ask if elementary trees asdm(student) anddthe_problem) shouldn't
be broken down into trees for determiners and trees for Nfig, @3). Under this
approach, an NP tree anchoring a noun would substitute iBt® &ree anchoring
a determiner. In principle, this is certainly possible. Buictly speaking, this vio-
lates Frank’s (2002) formulation of CETM, as the DP tree ) ({8 a projection of
a functional head (D), not a lexical head.
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(23) DP NP

a student

3The location in the parent elementary tree is usually dehbtethe Gorn tree
address. Here, | use node labels such as DPs or VPs for thefssikeplicity.

4In semantic derivation trees, | do not annotate the conmesthetween a mother
and a daughter node with the location of adjoining or sulistih that has taken
place in the mother elementary tree, as this is determinethdyinks between

syntactic and semantic elementary trees.

5As pointed out by Laura Kallmeyer and Maribel Romero (peas@ommunica-
tion), in examples as in (24), even though the preferredimgad the one where
every boytakes scope ovex picture the analysis presented here as it is only gen-
erates the reading in which picture takes scope ovesvery boy This is because

in semantics, the semantic tree contributing the univeysantifier, restriction and
scope ofevery boyadjoins to the F node dbok which ends up in the scope of the
existential quantifier contributed laypicture of

(24) a. asoccer star whom every boy took a picture of
b. asoccer star a picture of whom every boy took

A possible analysis may involve set-local MC-TAG in semesitilr he semantics of
whomcan be defined as a multi-component set containing a dederfeteee as
well as the tree §'whom) in Figure 25, and the semanticsaopicture ofcan be
decomposed into the tree providing a GQ and the tree prayidm existential
guantifier with its restriction and scope, again forming altraomponent set.
Then, the degenerate F treewhomcan adjoin to the F node abok to which
the existential quantifier tree @f picture ofand the universal quantifier tree of
every boycan adjoin. As the order in which the two quantifier trees iadjo the F
node oftookis not specified, both ‘everya’ and ‘a>every’ scope can be generated
in principle. | leave for future research the exact detdilthis set-local MC-TAG
analysis.

References

Abeille, Ann: 1994, ‘Syntax or semantics? Handling noalodependencies with MCTAGs or
Synchronous TAGs'Computational Intelligencé0, 471-485.

Abney, Steven: 1987, ‘The English Noun Phrase in its Seialefspect’. Ph.D. thesis, MIT.

Babko-Malaya, Olga: 2004, ‘LTAG Semantics of Focus’. Rroceedings of TAG+7Vancouver,
Canada, pp. 1-8.

Banik, Eva: 2004, ‘Semantics of VP Coordination in LTAG’: Proceedings of TAG+A/ancouver,
Canada, pp. 118-125.

rol c-han. tex; 14/08/2007; 17:01; p.24



PIED-PIPING IN RELATIVE CLAUSES 25

Copestake, Ann, Dan Flickinger, Ilvan A. Sag, and Carl Pdil&005, ‘Minimal Recursion Se-
mantics: An introduction’. Journal of Research on Language and ComputatBf@-3),
281-332

Frank, Robert: 2002 hrase Structure Composition and Syntactic Dependen€embridge, MA:
MIT Press.

Grimshaw, Jane: 1991, ‘Extended Projection’. ManuscBpandeis University.

Han, Chung-hye: 2002, ‘Compositional Semantics for Redafllauses in Lexicalized Tree Adjoin-
ing Grammar'. A talk presented at TAG+6, Venice, Italy, wwfu.ca~chunghye/papers/tag6-
rc-slides.pdf.

Heim, Irene and Angelika Kratzer: 1998emantics in Generative Grammaxford: Blackwell.

Higginbotham, James: 1985, ‘On semantidshguistic Inquiry16, 547-594.

Joshi, Aravind K., L. Levy, and M. Takahashi: 1975, ‘Tree &t Grammars'Journal of Computer
and System Sciences

Joshi, Aravind K. and K. Vijay-Shanker: 1999, ‘CompositbrSemantics with Lexicalized Tree-
Adjoining Grammar (LTAG): How much underspecification iscassary?’. In: H. C. Blunt
and E. G. C. Thijsse (edsProceedings of the Third International Workshop on Comtboital
Semantics (IWCS-3Tilberg, pp. 131-145.

Kallmeyer, Laura: 2003, ‘LTAG Semantics for Relative Clesls In: Proceedings of the Fifth
International Workshop on Computational Semantics (IVBESilburg.

Kallmeyer, Laura and Aravind K. Joshi: 2003, ‘Factoringdicate Argument and Scope Semantics:
Underspecified Semantics with LTAGResearch on Language and Computatipi3—58.

Kallmeyer, Laura and Maribel Romero: to appear, ‘Scope aitghfon Binding in LTAG using
Semantic Unification’ Research on Language and Computation

Kallmeyer, Laura and Tatjana Scheffler: 2004, ‘LTAG Anadyfir Pied-Piping and Stranding of
wh-Phrases’. InProceedings of TAG+Aancouver, Canada, pp. 32—39.

Koopman, Hilda and Dominique Sportiche: 1991, ‘The positid subjects’.Lingua85, 211-258.

Kroch, Anthony: 1989, ‘Asymmetries in long-distance egtian in a Tree Adjoining Grammar'. In:
Mark Baltin and Anthony Kroch (eds.glternative Conceptions of Phrase Structufghicago:
University of Chicago Press, pp. 66—98.

Nesson, Rebecca and Stuart M. Shieber: 2006, ‘Simpler TAGa&#cs through Synchronization’.
In: Proceedings of the 11th Conference on Formal Gramrvelaga, Spain, CSLI.

Romero, Maribel and Laura Kallmeyer: 2005, ‘Scope and 8andinding in LTAG using Semantic
Unification’. In: Proceedings of the Sixth International Workshop on Comtjmrial Semantics
(IWCS-6) Tilburg.

Romero, Maribel, Laura Kallmeyer, and Olga Babko-Malayad£ ‘LTAG Semantics for Ques-
tions’. In: Proceedings of TAG+Aancouver, Canada, pp. 186—-193.

Schabes, Yves and Stuart M. Shieber: 1994, ‘An Alternatiand@ption of Tree-Adjoining
Derivation’. Computational Linguisticpp. 167—176.

Shieber, Stuart: 1994, ‘Restricting the Weak-GeneratigpaCity of Synchronous Tree-Adjoining
Grammars’.Computational Intelligencé&0(4).

Shieber, Stuart and Yves Schabes: 1990, ‘Synchronous Tdjpéng Grammars'. InProceedings
of COLING’9Q Helsinki, Finland.

Weir, David: 1988, ‘Characterizing Mildly Context-Sermgit Grammar Formalisms’. Ph.D. thesis,
University of Pennsylvania.

rol c-han. tex; 14/08/2007; 17:01; p.25



