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Abstract pose with the meaning coming from the rest of the
' - sentence through-conversion.

In this paper, we propose a compositional Our approach is in contrast to previous works
semantics for DP/VP coordination, us- 4 pp coordination (Babko-Malaya, 2004) and
ing Synchronous Tree Adjoining Grammar  \p coordination (Banik, 2004) that use feature-
(STAG). We first present a new STAG ap- ification-based TAG semantics (Kallmeyer and
proach to quantification and scope ambi-  pomero, 2008). While the two accounts handle
guity, using Generalized Quantifiers (GQ).  pp and VP coordination separately, they cannot
The proposed GQ analysis is then used in  ggether account for sentences with both DP and
our account of DP/VP coordination. VP coordination, such a&very boy and every girl
jumped and played, without adding new features.
Furthermore, due to the recursive nature of co-
In this paper, we propose a compositional seardination, an indefinite number of such features
mantics for DP coordination and VP coordina-would potentially need to be added.
tion, using Synchronous Tree Adjoining Grammar We first present a new STAG approach to quan-
(STAG). We take advantage of STAG’s capacitytification and scope ambiguity in section 2, using
to provide an isomorphic derivation of semanticGQs. We then extend the proposed GQ analysis to
trees in parallel to syntactic ones, using substitubP coordination in section 3 and VP coordination
tion and adjoining in both syntax and semanticsn section 4. It will also be shown how sentences
In addition, we use unreducedexpressions in se- with both DP and VP coordination can be handled
mantic elementary trees, as in Han (2007). Thiander the proposed analysis.
allows us to build the logical forms by applying
A-conversion and other operations defined)en 2 Quantification and scope ambiguity

expressions to the semantic derived tree. ] )
DP meanings cannot be directly conjoined iff® SENtence such as (1) is ambiguous between two

an STAG approach that does not make use &aadipgs: for every course there is a st_udent that
unreducedi-expressions in semantic trees, as ifikes it (1a), and there is a student that likes every
Shieber (1990) and Nesson and Shieber (2008,Ourse (1b).
2007). In this approach, a quantified DP introduce
an argument variable and a formula consisting o
a quantifier, restriction and scope. The argument  &. Va[courséz.,)][3z, [studentz. )][likes(z,, z2)]]
variables cannot be conjoined as conjunctionisde- . 3, studentz, )]V [coursda,)|flikes(z , z. )]
fined on formulas. Although the formula compo-
nents can be conjoined in principle, it is not clear Figure 1 contains the elementary trees to
how the conjoined formulas can compose with theerive (1). For the DPa student, we pro-
meaning coming from the rest of the sentence. pose that d¢astudent) on the syntax side
In our analysis, we redefine the semantics a6 paired with the multi-component set
DPs as Generalized Quantifiers (GQ) (Barwis¢(a/astudent),(’astudent} on the semantics
and Cooper, 1981), enabling the DP meaningside. In the semantic trees, F stands for formula,
to be directly conjoined. GQs can be conjoinedR for relation and T for term. oa_student) is
through the application of the Generalized Cona valid elementary tree conforming to Frank’s
junction Rule, and the conjoined GQs can com{2002) Condition on Elementary Tree Minimality

1 Introduction

) A student likes every courser £ 3,3 > V)

Proceedings of The Ninth International Workshop on Tree Adjoining Grammars and Related Formalisms
Tiibingen, Germany. June 6-8, 2008.



34 Han, Potter and Storoshenko

(CETM), as a noun can form an extended projec- [V, ©ikes) on e
tion with a DP, in line with the DP Hypothesis. (aasiudent) (aeverycourse)  {(Fastudent), {(Feverycourse),
(o’astudent}  («’every.course}

(o’a_student) provides an argument variable, and

(#'astudent) provides the existential quantifielFigure 2: Derivation structures fax student likes
with the restriction and scope in the form of a GQevery course

We define the syntax and semantics of the DP

i imil . In th lik . Lo
ev,er.y COUrSE In & simriar way. in t e.<((.1| es)_, Note that while the derivation in the syntax pro-
(/likes) > pair, the boxed numerals indicate links ) . I
duces a single derived tree) in Figure 3, the

between the syntactic and semantic tree pairs and

L derivation in semantics produces two semantic de-
ensure synchronous derivation between the syntax

and semantics: an operation carried out at onr('eved frees in Figure 3:-(1a) for thev > 3

. , . :
such node in the syntax side must be matched wi{ﬁadmg’ and1b) for theﬂ > v. reading. This
IS because the semantic derivation structure pro-

a corresponding operation on the linked node(s » q ifiad tation f
in the semantics side. The symbplsadd[ 2 at the Ides an underspeciied representation for Scope
ambiguity, as the order in whictB{a_student) and

F node in ¢likes) indicate that two elementary . o
trees will adjoin at this node using Multiple .(ﬁ’every_c_o_urse) adjoin t.o the F node m’(!kes)
Adjunction, as defined in Schabes and ShiebeI unspemﬂgd. The apphcanqn akconversion to .
(1994). In the derivation of (1),Xastudent) and the semantic derived trees yields the formulas in
(B"every course) will multiply-adjoin to it. Figure (12) and (1b).
2 depicts the isomorphic syntactic and semanti§ pp coordination
derivation structures for (1).

We now extend our GQ analysis to DP coordina-

(o’astudent) T (3'astudent)

tion. Our analysis captures two generalizations of
‘ % 3 scope in DP coordination, as discussed in Babko-
VANERVAN Malaya (2004). First, coordinated quantified DPs
(o student o *P/F\* F must scope u_nder_ the cqordinator ). Seconq,
A 57 F & scope interaction is possible between a coordi-
D N‘P R/\T P(\ ) nated DP and other quantifiers in a sentence (3).
a N ‘ (2) Every boy and every girl jumpeda & V)
Ay, .studenty, ) z,
student (ooverycourse) 1 (everycourse)s a. sz[bgy(xz)mumpec(xz)}/\
Vs [girl(z.)][lumped. )]
) /GQ\ K (3) Every boy and every girl solved a puzzle.
APE am F (A>V>3,3>A>YV)
(aeverycoursepp
Vi, F F a. Va,[boy(x.,)][3x.[puzzldzx, )][solved z., z,)]|]A
D N‘P p . }(‘r) Va2 [girl (z2)][Fz. [puzzl€z, )] [solved z-, x1)]]
olry N | | b. Jz.[puzzlz, )][Vo2[boy(z)][solvedza, 2, )] A
Ay COUISEy) V. [girl (z.)] [solved z., =, )]]
mhkes% (ﬂhkes Figure 4 includes the elementary trees nec-
DR, T TI@ R essary to derive (2). We adopt a DP coordi-
TAVP TR nation elementary treegéndeverygirl) where
/\ ‘ the lexical anchor projects to a DP that con-
BP W adylikes(y,o) tains a determiner and a coordinator. This is
.‘ VADH in accordance with CETM as both the deter-
\ miner and the coordinator are functional heads.
fikes We propose thatdandeverygirl) is paired with
Figure 1: Elementary trees férstudent likesevery  (8’andeverygirl). In (5’and.everygirl), two GQ
course nodes are coordinated where one of the con-

juncts contributes the meaning avery girl.
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Compositional Semantics of Coordination Using Synchronous Tree Adjoining Grammar 35

(1)

TP ('1a) F (7/1b) F
DP; T GQ R GQ R
ANEVAN VAN /N AN /N
D NP T VP AP F Ay F AP F Az F
a N DP A Vo F F GQ R 3z, F F GQ R
LN 2 N VAN /N 2 N VAN /N
student t; V DP R T P AP F A2 F R T  P@) AP F A\ F
7T~ N AN
likes D NP \y..courséy.) z:‘2 3z, F F T R Ay, .studenty, ) x. Y, F F T R
| N N LN
every N R T Pa) = T R R T P = T R
. . o ——
course Ay, .studenty, ) z, EA Az Ay likes(y, x) Ay..courséy.) N z AzAy.likes(y, x)

Figure 3: Derived trees fok student likes every course

This specification ensures that the coordinatdiakes two coordinated GQs andabstracts over
scopes over the conjoined quantified DPs. Furthethem, as in (4). Application of the GC rule and
(6'andeverygirl) does not include an argumentconversion to{’2) yields the formula in (2a).
component forevery girl. Instead, the argument ) ] ]

variable will be provided whenXandeverygirl) (4) Generalized Conjunction (GC) Rule:

adjoins to (’everyboy). [GQRIN GQ2] =A Z[GQ1(2) A GQ2(2)]
(«’everyboy) T (8'every.boy)e (92) (ajumped) ("2)  («/jumped)
A [clo)i] R (aevery boy) {(8'everyboy), ('everyboy)}
)\p/\;: A@AF* (;;famie\‘/erygirl) (8'and.everygirl)
(ceveryboy) DP[Q /\ . . .
/\ val £ E Figure 5: Derivation structures fdvery boy and
o NP PN every girl jumped
‘ ‘ R T P
every N ‘ (2) P
| NiabOY() s T~
boy DP; /T’\
(Bandeverygirl) pp (8'and everygirl) GQ /\\
ﬂ\ /‘\ DP Cconj DP T VP

DP* Conj DP GQ* A GQ
‘ A /\ DA ‘ A A

NP and D NP DP V
and D NP AP F ‘ ‘ ‘ ‘
‘ /\ every N every N i \
every N Via F = ‘ ‘ ‘
‘ /\ ‘ boy girl jumped
girl T T P(x) (2 F
Av2.girl(y) ‘ GQ/\K
(ajumped) Tp («/jumped) F[g /\
/\ /\ GQ A GQ )\Zz/F\
DR [ T T R
A ‘ AP/\ F AP/\ F T R
v Az jumpedz) /\ /\ \
/\ V,TZ/F\ F Va:z/F\ l‘: Zy Az.jumped )
DP v
‘ ‘ R T Pr) R T P()
t jumped ‘ ‘
. Ay2-boy(y.) @ Ayo.Qirl(y2) s
Figure 4: Elementary trees f&wvery boy and every
girl jumped Figure 6: Derived trees foEvery boy and every
girl jJumped

The isomorphic syntactic and semantic deriva-
tion structures of (2) are in Figure 5, and the syn- The new elementary trees needed for (3) are
tactic and semantic derived trees are in Figure 6.given in Figure 7. In4/solved), the F node is spec-
As we are coordinating GQs, we can use théied with two links, [1 and[2 This means that
Generalized Conjunction (GC) rule of Barwisescope components of two GQs will multiply adjoin
and Cooper (1981) to compose them. The GC rul@ it, providing underspecified derivation structure
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36 Han, Potter and Storoshenko

and thus two separate semantic derived trees, pre- I

dicting scope ambiguity. /GQ\ A
GQ A GQ A F
(c’apuzzle) T (B'apuzzle) g ‘ ‘ /\
‘ APV, [boy(x,)][P(x.)]  APVa,[ginl(2,)][P(z2)]  GQ R
- /GQ\ K )\PEx,,[puzz!e(x,,)HP(.n)} )\/\F
APOE P SN

(aapuzzle) pp /\ (+/3b) F T A
A CAL ] S ST

5 NP GQ R P Azy.solvedy, z)
‘ R T P(x,) I /\
a N ‘ AP.3x, [puzzlgx, )|[P(z,)) Az, F
‘ Ay, .puzzley,) z, /\
puzzle GQ R
(asolved) Tp (o'solved) g /\ /\
/\ o K GQ Ao F
DRI T TI@ ‘ ‘ /\

AP.Nz,[boy(x,)|[P(x2)] AP, [girl (2)][P(x2))] T R
T WP T2 R T/\R
|
D‘P v/ Az)y.solvedy, ) JA Azhy.solvedy, z)

k V‘ bPIZ Figure 9: Semantic derived trees févery boy and
every girl solved a puzze

solved

Figure 7: Elementary trees f&very boy and every

girl solved a puzze DP; in (ajumped) in Figure 4, anddandMary)
adjoins to DP in ¢John). In semantics,3(John)

The derivation structures and semantic deriveddjoins to F in &jumped), ¢/John) substitutes

trees for (3) are in Figures 8 and 9. To save spacgito T in (o/jumped), and §’andMary) adjoins to

we have reduced all the GQ nodes in the sema®Q in ('John). The application ak-conversion

tic derived trees and omitted the syntactic deriveéind GC rule to the resulting semantic derived tree

tree. The semantic derivation is accomplished withields the formula in (5b).

no additional assumptions and proceeds in the

o . . e
same manner as the derivation for (2) with the ex- oy (oo g

ception that the scope componeni8eery boy) (adohn) pp(T ! GQE/\R
and (3’apuzzle), may adjoin to«solved) in two | \

orders in the derived tree: the reading in (3a) is D APPGohn) s
derived if (3’everyboy) is adjoined higher than John

(3'apuzzle), as in{'3a). The opposite ordering (GandMary)  pp  (FandMan) cq

as in ¢/3b) derives the reading in (3b). e T N A

Our analysis also handles coordination of \ |

proper names as in (5a), if they are treated as GQs. ad B AP.B(man)
(5) a. John and Mary jumped. Mary
b. jumped(john) jumped(mary) Figure 10: Elementary trees faohn and Mary

um
The new elementary trees needed for (5a) are givén
in Figure 10. In syntax,dJohn) substitutes into

4 VP coordination

(63) (asolved) (9'3) (o'solved) . .
o In VP coordination, one or more arguments are

(aeveryboy)  (aapuzzle) {(everyboy), - {(7'apuzzle), shared by verbal predicates. In general, shared
(a’everyboy)} (o’apuzzle} .
_ I arguments scope over the coordinator, and non-
(Band.everygirl) (#'and.every.girl) )
shared arguments scope under the coordinator
Figure 8: Derivation structures fdtvery boy and  (6)-(7). Moreover, VP coordination with multiple

every girl solved a puzze shared arguments displays scope ambiguity (8).

DP
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Compositional Semantics of Coordination Using Synchronous Tree Adjoining Grammar 37

(6) A student read every paper and summarizeoh the highest F. This ensures that the shared ar-
every book. 4 > A > V) gument scopes over the coordinator. Moreover, the
a. 3.[studentz, )]V [papeta,)][reada,, z,)]a  INK for the scope component of the non-contracted

object DP node is placed on the lower F, ensuring

that it scopes below the coordinator.
(7) A student takes and a professor teaches every

Va2 [book(x.)][summarized.,, z.)]]

course. \6 >N > 3) (a’everypaper) T (B'everypaper) g
a. Vz.[courséz,)|[3z.[studenfz,)][takesz ., z2)]A ! % 5
3z, [professofz, )| [teacheéz, , z)]] /\ A
AP F Az F*
(8) A student likes and takes every course. (ceverypaperpp /\
E>vV>AV>3>nA) A Yo K F
D NP /\ ‘
a. 3z, [studentz,)][Va.[courséz. )][likes(z,, ) A \ T T P(z.)
tak . o every N
a E$CE )y T )” Ay..papefy.) Ty
b. Vz.[courséz.)|[Fz, [studentz, )][likes(z,, z2)A paper

(o’everybook) T (f'everybook) g

takegz,, )]

Figure 11 illustrates the elementary trees nec- /GQ\ K
essary to derive (6). We follow Sarkar and o E oL R
Joshi (1996) for the syntax of VP coordina- |©evevbook) op | 4\F
tion: we utilize elementary trees with contrac- 5 W /\
tion sets and assume that their Conjoin Oper- \ R T P(x)
ation creates coordinating auxiliary trees such every T ) bjok( :

. Ya- Y2 T2
as (summarizegpp,y). In (areadpp,;), the biok ,
subject DR node is in the contraction set, (“'ea‘*““”K @reador)) F2E
marked in the tree with a circle,. and repre- oo Om &
sents a shared argument3sgmmarizegyp,,), VAN /\
also with the subject DPnode in the contrac- T /Vg ne &
tion set, contains the coordinator. Elementary b v Aeyready, )

trees such asAsummarizegyp,)) are in ac- |

cordance with CETM, as coordinators are func- ‘ T oPLE

tional heads. Whengsummarizegpp,;) adjoins Geommarieo R et

to (areadpp,)), the two trees will share the [ R N o) 23

node in the contraction set. As for the seman vk con@m T = Fl2

tics, we propose thabfead pp,;) is paired with a|nd AN A &
(o'read pp,y), and Bsummarizegy p,3) is paired /\ /\

with (3'summarizegdpp,y). In (a'readpp,y), the D‘P A na T

T node linked to the contracted Pmode is t V  DPLE  Awdysummarizety, r)

marked as contracted with a circle. Crucially, the
link for the scope component of the P& ab-
sent on F. Instead, the scope information will b&igure 11: Elementary trees férstudent read ev-
provided by the shared argument coming from the&'y paper and summarized every book

coordinating auxiliary tree. This specification will

prove to be crucial for deriving proper scope rela- Figure 12 depicts the derivation structures
tions. As usual, the non-contracted node, the olfer (6). These are directed graphs, as a single
ject DP, has a link for the argument component onode is dominated by multiple nodes. 146§,

T and a link for the scope component on F. In théaa student) substitutes intoafead pp,;) and
coordinating auxiliary tree{'summarized,p,;), (Bsummarizegpp,3) simultaneously at the DP
the contracted node DMas a link for the argu- node. This produces the syntactic derived tree in
ment component on T, which is marked as a corn(«/6) in Figure 13. In §'6) in Figure 12, guided
tracted node, and a link for the scope componettty the links in syntactic and semantic elementary

summarized
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38 Han, Potter and Storoshenko

tree pairs, ¢’a_student) substitutes into a T nodeThe application of\-conversion to4’7) yields the
in (a’read pp,}) and (3'summarizegdy p 1) simul-  formula in (7a).
taneously, andd’a_student) adjoins to the root F

. . . (atakesppy) (o'takesppy)
node in ('summarizegyp,;). This produces the e R e e
semantic derived tree in/{6) in Figure 13. We de- DRIE T T R
fine functional application for shared arguments as AN AN
in (9). Application of A-conversion to {’'6) thus PN |
yields the formula in (6a). D‘P v Xy takesy, )
(36) (areadpp,)) @'6) (@'reaqpp,) t; V&EE
(aastudent) (,Jsumrr\arizv::q:lpp‘)J (aevery paper) takes
‘: " ((u’asmdent)/ (#'summarizegyp, ;) {((:’everypaper), (Gteachegppy) TP (ﬁglteaChe@P)) F[2
(aevery book) (3'astudenty {(u’sven"ybook), ('everypaper}
(8'everybook)} TP*  Conj P oA FO
Figure 12: Derivation structures férstudent read and  DPLE T R
every paper and summarized every book
T VP T
. . . DP A Azy.teachegy, z)
(9) Functional application for shared arguments: ‘ '
If « and g are branching nodes sharing one Y 2

teaches

daughtery, anda dominatesy and 8 domi-

natesy, andv is in the domain of botld and
X, a=d(y) ands = x(7). Figure 14: Elementary trees fek student takes

o B and a professor teaches every course
sl

(7) is derived similarly, with the exception that [
the elementary trees for (7) has the object DP node2stdem  (eaches—(aeverycourse)

{(o’astudent),  (3'teachesppy) ~{(a’everycourse),

in the contraction sets. These elementary trees are (aaprofesson) (¥a student) ! (everycourse)

{(a’aprofessor),

in Figure 14: in (takes ppy ), the object DP node (Faprofessor)

is contracted, and thus im/takesppy), the link  Figure 15: Derivation structures férstudent takes

for the scope component of the DP is absent ognhd a professor teaches every course

F; in (3'teachegppy), the scope component of the

DP is placed on the root F node. In addition to The derivation of (8) requires elementary trees
these trees, a pair of elementary trees for the DRith two contracted nodes, as both subject and ob-
a professor is required, which is exactly the sameject are shared. These elementary trees are in Fig-
as the elementary trees farstudent in Figure 1. ure 16. Since both the subject P&nhd the object
The derivation structures for (7) are in Figure 15pDP are contracted, the links for the scope compo-

L
A second semantic derived tree is available for (6), wherB€NtS of both are absent in Fin'lkes;pp, ppy),

(8'every paper) adjoins higher tha{summarized), as they and placed on the root F irﬁ/(takeﬁDPi,DP})-

are multiply adjoined to fthe F node ﬁgﬁ’(read{/-\/ Wé% thank  This means that the two scope components will
an anonymous reviewer for pointing this out. We do not cur; . o o :
rently have a way to block this second derived tree. How[nultlply adjoin to the F node, and as the order in

ever, the formula in (i) that results from the application ofwhich the two components adjoin is not specified,
A-conversion and the GC rule to the second derived tree h%%ope ambiguity is predicted. The derivation struc-

the same meaning as the one in (6a) reduced from the first . . .
derived tree in4’6) in Figure 13. Similarly, (7) has available ﬁ"es and the derived trees are in Figures 17 and

a second derived tree that yields the formula in (i) which isl8. The application oh-conversion to4’'8a) and

(otakegppy) @'7) (o'takegppy)
P = OP

equivalent to (7a) above. ('8b) yields the formulas in (8a) and (8b) respec-
(i) 3z.[studentz,)][Vz.[papelz.)] tively.

[read ., z>) A Va,[bookz.)|[summarizedr. , z-)]]] The derivation of sentences with both DP and
(i) Vaxo[courséz.)][Ix. [studentx, )] VP coordination, such agvery boy and ev-

[takegz, , z2) A 3w, [professofz, )][teacher., z2)lll  ery girl jumped and played, follows from our

analysis. In addition to the DP elementary trees
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Compositional Semantics of Coordination Using Synchronous Tree Adjoining Grammar 39

(6) TP VP TP '6) F

GQ R
| /N | /N
read D NP summarized D NP APNaz,[papetz,)][P(x.)] Az, F APV, [book(z,)|[P(x.)] Az, F
| |
every N every N R R
| RN N
paper book 2z T R T R
| | |
22 AzAy.ready, x) 22 AzAy.summarizedy, )

Figure 13: Derived trees fak student read every paper and summarized every book

(8) TP (v'8a) F (”/8b)/|:\
P Conj TP GO R GO R
| /N | /N
DP; T T AP.3x, [studentz, )|[P(x, )] Az, F APV, [courséz,)|[P(x,))] Az, F
AT T T
D NP T VP T VP GQ R GQ R
VAN | VAN | VA
a N DP v/ APNz,[courséz,)|[P(z, F AP.3z, [studentz, )|[P(z, F

H\Q/\ /\F /\
likes takes D N‘P M T M
every N ;‘, % R

course Zz Az Ay likes(y, z) Az )y .takesy, x) Zz Az )y likes(y, z) Az )y .takesy, x)

student t;

D——DD——T

Figure 18: Derived trees fdk student likes and takes every course

oP
T

(alikesipp, ppy) TPE  (likesipp, pry) F3

N\

(oasiident) _ (takespr, ppy—— (aevery.course)

(98) (alikespp, pry) (*'8) (@likes;pr, pry)
op,
{(c’astudent), (3'takespp, pp ))/{(n every.course),

@" M @ & ('astudenty— (B'every.course)
TAVP Az & Figure 17: Derivation structures férstudent likes
/\ ‘ and takes every course
DP v/ Az )y likes(y, z)
t‘, \AEIZ

| in Figure 4, @Gjumpedpp,}), (a’jumpec{Dpi}),
(Gtakespr. pr) TP (takesr, or) F I (Bplayed pp,3), and @'played pp,y), which are
intransitive variants of the verb elementary

™ C“’”" K F A trees in Figure 11, are necessary. In syntax,
and  QB@ T ©m R (Band.everygirl) adjoins to DP in {everyboy),
4 (Bplayed pp,) adjoins to VP in {umped pp,3),
T VP R . . .
‘ and @everyboy) substitutes simultaneously into
PV Ay takesy, z) (ejumpedpp,;) and (Bplayedpp,;) at DPR. In
1‘, Aﬁg semantics, £'andevery.girl) adjoins to GQ in
‘ (3'everyboy), which adjoins to the root F in
takes (B'played pp,}), and ¢’everyboy) substitutes si-
Figure 16: Elementary trees férstudent likesand ~ Multaneously into T inq’jumped ,p,}) and T in
takes every course (8'played pp,y), deriving the formula in (10).
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