Binding Variables in English: An Analysis Using Delayed Tree Locality

Binding Variables in English: An Analysis Using Delayed Tree Locality*

Dennis Ryan Storoshenko
Department of Linguistics
Simon Fraser University
8888 University Drive
Burnaby, BC V5A 1S6, Canada
dstorosh@sfu.ca

Abstract

This paper presents an analysis of bound-vari
able pronouns in English using Synchronous
Tree Adjoining Grammar. Bound variables
are represented as multi-component sets, com-
posing in delayed tree-local derivations. We
propose that the observed anti-locality restric-
tion on English bound variables can be for-
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by Chiang and Scheffler (2008) to be weakly equiv-
alent to standard TAG, permits exactly this kind of
non-local derivation. We show that 2-delayed tree-
local derivation is sufficient to handle core cases
such as in (1), though a generalizationktolelayed
tree-local derivation is needed to handle compli-
cated cases where a bound variable is embedded in
a DP that has another bound variable. Our anal-

malised in terms of a constraint on the de-
lay in the composition of the bound variable

multi-component set. While most cases are
captured in a derivation making use of two si-
multaneous delays, maintaining weak equiva-
lence with flexible composition, our analysis

is open to derivations with an unlimited num-

ber of simultaneous delays.

ysis of bound variable anaphora in English also
makes use of Synchronous Tree Adjoining Gram-
mar (STAG) as formulated by Shieber (1994), aug-
mented with syntactic feature agreement (Vijay-
Shanker and Joshi, 1988). In Section 2, we show
our analysis of the core cases such as (1a) and (1b).
We then show, in Sections 3 and 4, how semantic
and syntactic well-formedness constraints work to-
gether to rule out certain ungrammatical cases, and

) ) argue for the necessity of an anti-locality constraint
The English pronouns in (1a) and (1b) do not havgageq on the size of delays. In Section 5, we briefly

the same function as referential pronouns. Insteag;css the cases that require generalizatiof-to
they function as bound variables, their references dﬂélayed tree-local derivation.

termined by the c-commanding antecedent. The re-
lationship between the antecedent (binder) and tf® The Analysis of Core Cases
bound variable is difficult to capture in standard

TAG, as the dependency between them is necessarfiye nentary trees for (1a) are presented in Figure 1.
non-local. The predicate in (1a) intervenes betweell thle s_emantlcc;[rees, noolles are (Ija_\belled as (Tl)ilmés’
the variable and its binder, and this dependency (R)elations, and (F)ormulae. Indices are include

even further stretched in (1b) where two predicate®” Substitution sites not only as a mark of syntactic
intervene. movement, but also to identify substitution sites in

derivation trees.

1 Introduction

(1) a. Every gir] lovesher; father.

S1a .
dla:  qloves ola: o’loves
DP, DP;

T T

b. Every girl knows thatshe is smart.

aevery girl o/father of

To capture these cases, a TAG variant is needed: |
which will allow for this type of non-local deriva- " aher Bher o/her
tion without excessively increasing generative Cafigure 2: Derivation trees foEvery girl; loves hey fa-
pacity. In this paper, we show that Delayed Treether.
Local Multi-Component (MC) TAG, demonstrated
“We thank the anonymous reviewers of TAG+10 for their Derivation trees for (1a) are shown in Figure 2.

insightful comments. All remaining errors our ours. Thistwo 1N€ sSyntactic treed(everygirl) treats the quanti-
was partially supported by NSERC RGPIN/341442 to Han.  fier as a single DP, but crucially, the semantic side

ofatherof oeverygirl B'father of
DPy R ‘ ‘ Tk

B'everygirl
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o’everygirl: T B'every.girl: =
j GR aloves: TP o'loves:  [F
! /\ /\
aeverygir:  [Ipp[3sgh AP F o, B [bp;l TA @m, R
NP Vo F F T /VP\ @l R
I | ) | I DP A AzAy.loveqy, ©
every N girl(z) P(z) ‘ /\ Ty qy, )
gi|rl t VvV [2DPjl
ofatherof: 7 F'fatherof:  p
/\ loves
xf GQ

father of:
o DP THEy  F | aher:pp  Sher: ppx(3sgh o’her: 7 f'her: g

N\

z, T R*

@pbpP., D FoA F Py

w42

her APz [P

D NP father() R [T | @
| z
N

Az.Rel(y, z)

father

Figure 1: Elementary trees f&very girl; loves hey father.

is an MC set. {’everygirl) is a variable which ment is captured in the union of features at this
substitutes into an argument position i'loves). adjoining site. The semantic side follows the same
(B8’every.girl) is an auxiliary tree which adjoins at derivation: @/her) substitutes into the linked argu-
the root of ¢/loves), taking advantage of the mul ment position in g'fathecof), and (3’her) adjoins
tiple links (indicated by boxed numerals) betweernto (3’everygirl), between the GQ and the binder,
the syntax and semantics trees. A syntactic argu,. (5’her) contains a condensed representation of
ment position links to two positions in the semanthe binder index evaluation rule presented in Biring
tics: one for the argument variable, and another §2005), using one function to show both steps of al-
the predicate’s root where scope is calculated. ltering the assignment function on the relation cre-
this way, isomorphism of the derivations is main-ated by the binder portion ofs(every.girl), and
tained despite one syntactic tree corresponding to éimen re-binding the remaining variable inside. This
MC set in the semantics.3{every.girl) presents a derivation is licit under the definition of 2-Delayed
generalised quantifier (GQ) analysis (Barwise andiree-Local MC-TAG, in that there are no more than
Cooper, 1981), as implemented for STAG in Hariwo simultaneous delays. Delays are defined as sets
et al. (2008). The trees fdather_of are similar, im- of derivation tree nodes along the shortest path be-
plementing a GQ analysis for possession. Followtween members of an MC set, excluding the lowest
ing Shieber and Schabes (1990) and Kallmeyer amtbde dominating both members of the MC set. As
Joshi (2003), we leave unspecified the order of adhown in (2), there are three delays in the seman-
joining for the scope portions of the GQs at the rootic derivation, but no one node in the derivation tree
of (¢’loves). The possessor is the bound variablparticipates in more than two delays.

her, an MC tree set in both syntax and semantics.

(aher) is a DP, which substitutes intafatherof).  (2) Delay foreverygirl:

There is a defective auxiliary tre@lier) which ad- {c’everygirl, f'everygirl}

joins at the root of ¢everygirl); syntactic agree- Delay forfather.of:
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{c/fatherof, g'father of} 3 Blocking Spurious Derivations
Delay forher.

{o’her, 3'her, Bfather of, #everygirl } There are some derivations which our analysis must

block, shown in (6). For the case of (6a), the
In the syntactic derivation, only one delay is presenstandard explanation is that the variable is not
(3) Delay forher c-commanded by its quantifier. Making use pf
her, gher., afather of, aeverygirl } prewously—presented_ elgmentary trees, the deriva-
{o ¥g tion of (6a) is shown in Figure 7.
While this delay is not identical to the semantic

. . -
one, it is seisomorphic in that both delays fdrer (6) a. *She thinks that every gitlis smart.

contain members of thfather_of andeverygirl sets. b. *Every girl; lovesher;
The difference is that on the syntax side, composi- C. Every girl lovesherself;
tion of (Bher) is with @every.girl) while (3’her) is

composed with§’every girl), which has no equiva- s6a: asmart v6a s
lent in the syntax. TONT — ¢

The final derived trees are shown in Figure 3. Re- aeverygil  pknows oeverygil  Aeverygil  A'knows
calling the ambiguous ordering of adjoining at the > | or /| |
root of (o’loves), we only show the derived seman-
tic tree for the ordering where3{fatherof) adjoins F1gure 7: Derivation trees forShe knows that every gl
before ('everygirl); though the alternate order is 'S ST2"

available, it results in the, variable remaining un-  Ngte that there is nothing about the derivation it-
bound, and we assume this is blocked by a constraighif which blocks (6a): the same delays are observed
against unbound variables. Semantic compositiogs in (1b). However, performing semantic composi-
on the tree in{1a) yields the formula in (4), show- {jon on the derived semantic tree in Figure 8 yields
ing the binding relationship betweavery girland  (7) \hich leaves the., variable unbound, similar to

her. the blocked derivation for (1a).

Bshe ashe A'she o’she

(4) Vz[girl(z)][THEy[father(y) A (7) thinks., Vz[girl(z)][smart()])

Rel(y,x)][loves(x,y)]]
The situation in (6b) is more complex. This exam-
A similar derivation is possible for the example inple can be derived using familiar elementary trees,
(1b), with additional trees shown in Figure 4. Folith derivation trees shown in Figure 9. The derived
Iow.lng the de.rlvat.lon in Flgurg 5, we arr'lve'at thefrees in Figure 10 result in the semantic form given
derived trees in Figure 6. Again, the derivation hag, (8); all variables are bound, and the intended read-

no more than two simultaneous delays. The final s§;g comes out, yet the example is ungrammatical.
mantic form is shown in (5), and the expected vari-

able binding comes through the derivation. o6br aloves - YD oloves
F
01b: asmart §'1b: o'smart aeverygirl aher  oeverygirl B'everygirl a’her
B cp K F op | R ‘
ashe  Bknows o'she . B'knows Bher B'her
i F
DP; . L .
) , . " . Figure 9: Derivation trees forBvery girl; loves hey.
aevery girl o’everygirl B'everygirl

| DP R
pshe B'she

8) Va[girl(x)][loves(, )]

For this, we propose a constraint on the deriva-
Figure 5: Derivation trees fdgvery girl; knows that she  tjon, jtself, based on the delays. Nesson and Shieber
Is smart, (2009) propose that locality on MC sets can be mea-
sured in terms of the size of a delay. For all the
(5) Vz[girl(z)][knows(x,smartE))] previous examples, the cardinality of a delay for a
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~la TP yla F

/\ /\
DP T GQ R
SN /N /N N
D NP T VP AP F R R
VRN PN /N
evey N DP v/ vz F FooaAPA[PE™ () gy F
N | | T~
girl t; \% DP; girl(x) P(x) GQ R
PN /N /N
loves  DP, D’ AP F Ay F
N\ A N
D D NP THEy F F T R
| | SN RN
her N F oA F Py , T R
N | |
father father(y) R Tk Ty AzAy.lovegy, z)
_—

Az.Rel(y, z) z,

Figure 3: Derived trees fdevery girl; loves hey father.

bound variable was at least four. For (6b), the dethe bound variable is again just three. Furthermore,
lay is smaller, with a cardinality of only three. We Condition C, implemented for STAG, would rule out
thus propose a constraint on derivations containinguch an example.

bound variable trees in English: the cardinality of

the delay of an MC set for a bound variable must ™% o loves 7% r, dloves

be at least four, imposing a minimum distance be- seveigl oshe  oeverngi 8,;wgm “ihe
tween the variable and its antecedent. The grammat- Dp| R |

ical equivalent of (6b), using a reflexive in (6¢), can pshe p'she

be captured with the analyses of either Frank (2008)jqre 11: Derivation trees forShe loves every girl
or Storoshenko et al. (2008).

However, the same constraints will not account
for (9b). Recalling the discussion of (1a), there
In the literature on bound variable anaphora, are two possible derivations where there are two
widely-known constraint is that against crossoversQs, one of which leaves the variable contributed
coming in two flavours, weak and strong. Fomby (o’her) unbound. However, a perfectly legitimate
both cases, the analysis is that an antecedent indarivation is possible, shown in Figure 13. This ex-
derived position binds a variable it did not orig-ample cannot be blocked on the basis of the delay
inally c-command. Looking at the examples insize constraint, as the delay of the MC set for the
(9), crossover will result after quantifier raising. Inbound variable has a cardinality of four. Semantic
strong crossover, the variable c-commands the quagemposition from the derived trees in Figure 14 re-
tifier's base position, shown in (9a), but in weaksults in the semantic form in (10) with the variable
crossover, the (9b) case, this is not so. bound, and the intended meaning intact.

4 Capturing Crossover

(9) a. *She loves every girl sob:
b. *Her, father loves every giyl

10h-
aloves op &'9b: o’loves

D T T

aeverygirl ofatherof «o’everygirl B'everygirl 'fatherof o/fatherof

(9a), derived according to Figure 11, is semanti or|
cally identical to (6b) after all composition has been ™ aher et oher
completed on the derived trees in Figure 12. Theigure 13: Derivation trees forHer; father loves every
same constraint on the delay will rule out this examgirl ;.
ple, as the cardinality of the delay of the MC set for

T

DPy, R ‘

146



Binding Variables in English: An Analysis Using Delayed Tree Locality

asmart: cpP a’smart: E Sknows:  cp S'knows: E
/\
C TP ;i R C TP [ R
VN /N
that [@DP T Az.smartg) @bpl T R F*
AN
T AP T VP ApAz.knows(z, p)
VAN 7N
is DP A DP v/
| |
t A t VvV  CP*
| |
smart knows
ashe:pp  Ashe:pp3sgh a’shert  f'sher R
|
D s R R*
| |
she APAZ[PIY" 77 (2)

Figure 4: Additional elementary trees favery girl; knows that sheis smart.

(10) Vz[girl(x)][THEy[father@y) A b. Every girt told a boy that some
Rel(y, x)][loves(y, x)]] professof liked a picture of him that
she gave him,.

To block this, we impose one final constraint on
the syntax of the bound variable, @ommand con- ~ FOr instance, as can be seen from the se-
straint between the elementary trees of the bourf@antic derivation tree of (11a) in Figure 15,
variable MC set: in the derived syntactic tree, théc’somepictureof) occurs in 3 delays, those of
defective DP* elementary tree must c-command thgomepicture.of, him and by_her. And in (11b), it
argument DP tree. In (9b),3her) is adjoined at Occurs in 4 delays, those sbmepicture of, him,,
the root of peverygirl), while (aher) substitutes She andhim,. So, as the number of bound vari-
at a higher position inc{loves); the necessary c- ables embedded in a DP increases, so does the num-
command relation does not hold, ruling out this serf€r of simultaneous delays in the derivation. As em-
tence. The same constraint will also rule out (9ajpedding is in principle unbounded, we cannot put a
and it will likewise rule out (6a), both of which vio- formal bound on the number of simultaneous delays

lated other constraints as well. required to handle bound variables, though Tatjana
Scheffler (p.c.) points out that the humber of ele-
5 Complicated Cases mentary trees will ultimately limit the number of de-

lays in a given derivation—it's not the case that any
The examples presented in this paper so far have alhe derivation will have an unbounded number of
been restricted to 2-delayed tree-local derivationslelays. Still, we speculate that as the number of si-
There are however examples which, if treated urmultaneous delays increases, so does the processing
der our present analysis, will require more than 2 sioad in deriving the sentence. Speakers encountering
multaneous delays in the derivation. These are casa%-delay example such as (11b) may have difficulty
where more than one bound variable is embedded in reaching the desired interpretatién.

aDP, asin (11}. —
Chiang and Scheffler (2008) has shown that 2-delayed tree-

local MC-TAG is weakly equivalent to MC-TAG with flexible

. composition. The existence of such examples as in (11) which

of h'mj by her;. require even further simultaneous delays can be argueat sh
that delayed tree local derivations are preferable to dgans

Thanks to a TAG+10 reviewer for pointing this out to ususing flexible composition in that they permit such sentsrioe

and providing us with these examples. be formed.

(11) a. Every gird showed a boy some picture
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v1b: cP ~1b: E
/\ /\
c TP GQ R
/N N
DP; T AP F T R
A NEVAN TN /N
D NP T VP vz F F P[Pz X, F
N | N
every N DP v/ girl(z) P(x) T; R
N N
girl t; \ cp z4 R F

knows C TP ApAz.knows(, p) T,

N

that  DP; T Ts Az.smart)
I:|) T/\AP
L1
t; J«
snlart
Figure 6: Derived trees fdevery girl; knows that sheis smart.
6 Conclusion and Implications in Champollion (2008). Finally, acknowledging

that our present analysis requires a c-command con-
In this paper, we have presented an analysis of boustfaint between the variable and its antecedent, we
variable anaphora for English in STAG. This analyleave for future work English cases such&sme-
sis presents the bound variable as an MC set in ttgg@e from every cityis proud of its history, in which
syntax and the semantics, and crucially makes use @foronoun with a bound variable interpretation is not
delayed tree-locality in the derivation. We have proc-commanded by its antecedent.
posed three different constraints on the derivations:
a syntactic constraint which was necessary to rulReferences
out weak crossover, a semantic constraint against
derivations with unbound variables, and a derivatioBarwise, Jon, and Robin Cooper. 1981. Generalized
constraint which enforces a degree of anti-locality, quantifiers and natural languagkeinguistics and
to account for the case where a reflexive must be Philosophy4:159-219.
used. While some derivations violate multiple conBiring, Daniel. 2005.Binding theory Cambridge
straints, each constraint is vital in ruling out at least University Press.
one ungrammatical example. The syntactic and s€hampollion, Lucas. 2008. Binding theory in
mantic constraints are quite standard in the litera- LTAG. In Proceedings of TAG+91-8.
ture on bound variables, and are relatively uncontra&zhiang, David, and Tatjana Scheffler. 2008. Flexi-
versial. In future work, we hope to explore possi- ble composition and delayed tree-locality.Rro-
ble parametric variation in the delay constraint, ac- ceedings of TAG+917-24.
counting for languages where bound variables aférank, Robert. 2008. Reflexives and TAG semantics.
either more strictly local, or more flexible in their In Proceedings of TAG+®7-104.
use than in English. Our analysis has not touchedan, Chung-hye, David Potter, and Dennis Ryan
on co-referential, rather than bound, uses of English Storoshenko. 2008. Compositional semantics of
pronouns. These we assume to be captured undercoordination using Synchronous Tree Adjoining
an STAG implementation of Condition B, possibly Grammar. InProceedings of TAG+383-41.
along the lines of the LTAG binding theory proposedallmeyer, Laura, and Aravind K. Joshi. 2003. Fac-
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“6a: cp vea F
C/TP\ | /R\
i TA JZ T /F\
D T VP ApAz.knows(, p) GQ

>
)

DP v/ AP F
N | /N
t v cp Vo F F P[Pz Xy, F
knows C TP girl(x) P(z) T; R
/\
that  DP; T z4 Az.smart()
AN N
D NP T AP
| /N
every N is DP A
| |
girl t; A
|

smart

Figure 8: Derived trees forShe knows that every girlis smart.
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Figure 10: Derived trees forBvery girl; loves hey.
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19 ™ 7'%a F
/\ /\
DP; T GQ R
/N PN TN
||3 T VP Va F F R R
N | /\
she DP v/ gi(z)  P(z) Apxz.[[P]]L["*“](z) A,  F
SN N
t|i Y DP; T R
| N
loves D NP Ty T, R
every N T4 Az\y.loves, )
girl
Figure 12: Derived trees forShe loves every gigl.
19b ™ ~+/9b F
/\ /\
DP; T GQ R
A /\
DF’k/\D’ T VP AP F R R
/NN PN N
I:|) D NP DP v/ ve F F APAZ.[[P]]I'/’“’ (2) A, F
| N | T~
her N t; \Y DP; girl(z) P(z) GQ R
| /N
father loves D/\NP AP/\F Axy F
| AN
every N THEy F F T R
N
girl Fﬂ/\\F P(y) xy T; R
father(y) R Tk x4 Az )y.loveqy, x)

Az.Rel(y, z) z,

Figure 14: Derived trees fortfer; father loves every giyl

9'1la: o’showed
T F T
F
T
o’everygirl B'everygirl o’aboy B'aboy B3'somepicture of B'somepicture of
o | o | T R
B'by_her2 B'him o’him A'by_herl

Figure 15: Semantic derivation tree flévery girl; showed a boysome picture of higmby her
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