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Abstract

In thispapewe proposesyntacticandseman-
tic analysisof complex questionsWe consider
guestionsinvolving pied piping and stranding
andwe proposeelementantreesandsemantic
representationthat allow to accountfor both
constructionsn a uniformway.

1 Intr oduction

In questionsvherethewh-wordis embeddedhto alarger
NP, therearetwo structuralpossibilities shavnin (1) and

(2).

(1) (a) Thepictureof whomdoesJohnlike?
(b) Whichboy’sfatherdid you see?

(2) (a) WhomdoesJohnlike a pictureof?
(b) Which paintingdid you seea photograplof?

The larger NP containingthe questionword can be
pied-pipedasin (1) to the begginning of the sentenceo-
gethemwith thewh-word. Thisrequiressomekind of syn-
tactic or semanticreconstructioni.e.: For scopalpur-
poses,the matrix NP must contritute its semanticqat
leastin one of the readings)approximatelyin the posi-
tion of its trace,while the wh-word itself hasof course
thewidestpossiblescope.

Native spealersjudge pied-pipingof embedding\NPs
ungrammaticalin some cases. Particularly, although
pied-piping is always fine in relative clauses,a direct
questionlik e (3b) is ungrammaticat.

(3) (a) Onthecornerof which streetdoeshis friend
live?
(b) *A pictureof whomdoesJohnlike?

1This waspointedoutto usby oneanorymousreviewer.
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However, asexampleg(1a)and(3a)show, pied-piping
is found with somedeterminers We thereforegenerally
allow this constructionin the grammay andattribute the
infelicity of someexamplesto independentactors.

In anotherconstruction,shovn in (2), the matrix NP
canbe strandedn its objectposition, yielding potential
problemsfor semanticcompositionalityin frameworks
thatdo not usetransformations.

Constructionss(2) areclaimedto be only possibleif
all embedding\Ps (thosewhich are stranded)are non-
specific This goesbackto Fiengoand Higginbotham
(1981),who shown in amuchbroadercontext thatextrac-
tion out of NPsis not possibleif an embeddingNP is
specific. Thus,we getthefollowing judgments:

(4) (a) Whodid Johnseea pictureof?
(b) *Whodid Johnseethe pictureof?
(c) *Whodid Johnseeevery pictureof?

We seethattherangeof determinerss lexically spec-
ified by the constructionthat they appearin (i.e., the
extraction configuration). As for the lexical restrictions
with regardto pied-pipingabove, theseeffects will not
concernusin this paper They mustbe dealtwith by in-
dependenprocesses.g.lexical constraints.

In this paperwe shov how anapproacho the seman-
tics of Tree Adjoining Grammarthat usessemanticfea-
ture structuresand variable unificationasin Kallmeyer
andRomero(2004)canprovidethecorrectvariablebind-
ingsfor bothtypesof questionsThe paperproposesle-
mentarytreesandsemantiaepresentationthatallow to
accountfor both constructions(1) and(2), in a uniform
way.

2 LTAG Semantics

In approacheto TAG semanticgseee.g.Kallmeyer and
Joshi,2003; Joshiet al., 2003; Gardentand Kallmeyer,
2003)eachelementarytreeis commonlyassociateavith
its appropriatesemantiaepresentationln this paperwe
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usethe frameawork presentedn Kallmeyer and Romero
(2004) that follows this line: We useflat semanticrep-
resentationwith unification variables(similar to MRS,
Copestak et al., 1999). The semanticrepresentations
containpropositionalmetavariables. Constraintson the
relative scopeof thesemetavariablesandpropositionala-
belsareusedto provide underspecifiedepresentationsf
scopeambiguities. To keeptrack of the necessaryari-
able unifications,semanticfeaturestructuresare associ-
atedwith eachnodein the elementarytree. For seman-
tic computationthe nodesin the derivationtree contain
the semantidnformationassociateavith the elementary
trees. Semanticfeaturestructureshave featurespos for
all nodepositionspos thatcanoccurin elementaryrees?
The valuesof thesefeaturesare feature structuresthat
consistof a T anda B feature(top and bottom) whose
valuesarefeaturestructuresith features for individual
variablesp for propositionalabelsetc.

Unificationfollowstheusualdefinitionsfor unification
in Feature-base@AG syntax: For eachedgefrom ~; to
72 With positionp: 1) theT featureof positionp in v, and
theT featureof therootof v, areidentified,and2) if vz is
anauxiliary tree,thenthe B featureof thefoot nodeof -
andthe B featureof positionp in +; areidentified. Fur-
thermorefor all v occurringin thederivationtreeandall
positionsp in y suchthatthereis no edgefrom ~ to some
othertreewith positionp: the T ands featuresf v.p are
identified. By theseunifications, someof thevariablesn
the semantiaepresentationgetvalues.Then,the union
of all semanticrepresentationgs built which yields an
underspecifiedepresentation.

At the end of a derivation, all possibledisambigua-
tions, i.e. injective functionsfrom the remainingpropo-
sitional variablesto labels,mustbe found to obtainthe
differentpossiblescopingsof the sentence.The disam-
biguatedrepresentationareinterpretecconjunctively.

3 Quantifiers

Following Joshi and Vijay-Shanler (1999); Kallmeyer
andJoshi(2003)andin particularRomeroet al. (2004),
we assumehat quantificationaNPsaseveryin (5) and
alsowhoin (6) have a multicomponensetcontainingan
auxiliary treethatcontributesthe scopepartandasecond
elementarytree that contributesthe predicateargument
part.

(5) Everyboy laughs.
(6) Wholaughs?

However, in contrastto precedingapproachesye as-
sumethe predicateargumenttreefor quantifiersthatare

2For the sale of readability we usenamesp, vp, ... for the
nodepositionsinsteadof theusualGornadresses.
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Figurel: Syntaxof (5) Everyboylaughs
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Figure2: Semantic®of (5) Everyboylaughs

determinersas every in (5) to be an auxiliary tree. In
other words, we assumedeterminergo be adjoinedto
their nouns. This corresponddo a standardanalysisas
pursuedn the XTAG grammarnXTAG ResearclGroup,
1998)andalsoin the FrenchLTAG (Abeillg, 2002) for
example.With semantiainification,this approachs pos-
sible sincethe NP treecanbelinkedto the verbtreevia
featureunificationalthoughthereis no directlink in the
derivationtree.An exampleis shovn in Fig. 1 and2.
The derivationin Fig. 1 seemaon-localbecausehe
two component®f the quantifierattachto differentele-
mentarytrees. This apparennon-localityis however no
problem: First, we allow this kind of non-localadjunc-
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Figure3: Syntaxandsemanticof (6) Wholaughs?

tion only for scopetrees,i.e., treeswith just onesingle
S node, and thereforethe stronggeneratie capacityof

the grammairis not affected. Secondthis derivationcan
alsobe understoodn a local way: If we adoptflexible

composition(Joshiet al., 2003), then we can consider
the combinationof every andboy asa wrappingof boy
aroundevery. Theresultis a derived every multicompo-
nentthatis thenattachedo laughs Viewedin this way;,

thederivationis local. Suchanon-localflexible composi-
tion analysidor thescopepartsof quantifiershasalready
beenproposedin Joshiet al. (2003)in orderto derive

certainconstraintdor relative quantifierscopein inverse
linking configurations.In otherwords,thereis indepen-
dentmotivationfor this analysis.

The derivation tree with the semanticrepresentations
and the semanticfeature structurefor (5) is shavn in
Fig. 2. Theunificationdeadto thefollowing featureiden-
tities: [5] = [2] (adjunctionof the scopepart),[1] = [6] (sub-
stitution of boyinto laughg, [6] = = and[8] = /; (adjunc-
tion of determinetto boyandfinal top-bottomunification
atNP node),and[7] = I3 (adjunctionof everyto boyand
final top-bottomunification at N node). Replacingthe
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variablesby their valuesand building thenthe union of
all semantiaepresentationteadsto (7):

Iy : laugh(z), I3 : every(z,[3],[4), I35 : boy(x)

D @>,.m> 066> 6010

There is only one disambiguation,namely 2] —
I,,81 — I3, — [, that leadsto the semantics
every(z, boy(z), laugh(z)).

The featuremaximalscope(MAXS) is neededo pro-
vide the correctmaximal scopeof quantifiers. This is
importantin questiongseebelown). FurthermoreMAXsS
is alsousedto malke surethatquantifiersembeddedinder
attitudeverbssuchasthink cannotscopeovertheembed-
ding verh This constraintis largely assumedo hold for
guantifiergseeKallmeyerandRomero,2004 for further
discussion).

Following Romeroet al. (2004), we assumehat wh-
operatorsaresimilar to quantifiersin the sensehat they
alsohave aseparatscopepartandthey alsohaveaMAXS
scopelimit. But their scopelimit is provided by the S’
node,not the S node. For an analysisof (6), seeFig. 3.
The mAXs featurestogetherwith the semanticsof the
questionverbmalke surethatall wh-operatordiave scope
overthe questionproposition(herel,) andall quantifiers
scopebelow this proposition.Theminimal nuclearscope
of the wh-operatorvariable[s]) is provided by the ques-
tion propositionls.

4 Stranding of Prepositions

Syntactically the strandingexamplesin (2) are more
complex than the pied piping examplesin (1). There-
fore we considerthemfirst for developingour syntactic
analysis.

A multicomponentanalysisas proposedin (Kroch,
1989) that puts the wh-word (whomin (2a)) and the
strandedpart (a picture of in (2a)) into one elementary
treesetis notacceptablsincethis would violatethe prin-
ciple of minimality of elementarnftrees: In LTAG, ele-
mentarytreesrepresenextendedprojectionsof lexical
items and encapsulatall syntactic/semantiarguments
of the lexical anchor They areminimal in the sensethat
only theargumentf theanchorareencapsulatedll re-
cursionis factoredaway. Theselinguistic propertiesof
elementanytreesare formulatedin the Conditionon El-
ementaryTree Minimality (CETM) from Frank (1992).
Evena separatiorof whomanda picture of into just two
differentelementantreesor tree setswould violate this
principle. Therefore we needat leastthreedifferentele-
mentarytrees(or treesets)for whom a andpicture of.

Thereare essentiallytwo possiblesyntacticanalyses
for sentencesuchas (2a): the embedded”P could be
seenasa modifier or a complemenof the higherNP. In
thefirst case we would assumen extra elementarntree



for of, in the secondcasepicture of would not be sepa-
rated.(Kroch, 1989)shavs thatonly acomplemenanal-
ysiscanaccounfor thereportedungrammaticalityf (8).

Thus,we proposdhesyntacticstructuren Fig. 4 for (2a).

(8) *Wheredid you meetafriend from?
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S’*’ *********** >S’
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Figure4: SyntacticAnalysisfor (2a).

As notedabove, the non-localattachmenof the multi-
componensetfor a doesnotaffectthe compleity of the
grammarsignificantly asoneof thecomponentss a de-
generatdree. If onewishesto avoid suchanattachment,
thederivationcanalternatvely be seenasa caseof flexi-
ble composition: picture_of first attachedlexibly to the
lower componentof a, andthe derived a-tree setthen
attachedo the tree of like. The lexicon entriesandthe
semanticcompositionthat we give belowv doesnot de-
pendon one particularof thesesyntacticanalysis,that
may thereforebe chosenfor independentsyntacticrea-
sons.

A completelydifferentanalysisof long extractionsin
TAG thathasbeenproposedn (Kahaneetal., 2000)and
furtherpursuedor semanticsn (Kallmeyer,2003)is the
possibility to startfrom the wh-word, to adjoin first all
materialinsidethe NP thatembedshewh-word andthen
adjointhemainverbof thequestion.Thisworksfor pied-
pipingandfor strandingcasesHowever, it meanslepart-
ing considerablyfrom TAG standardanalysedor ques-
tions and relative clausesa stepthat we would like to
avoid. Theanalysesve proposein this paperareconsis-
tentwith the proposalsmadeso far for simplequestions
andrelative clausegseeKroch, 1987;Abeillg, 2002).

The semanticderivation of (2a) correspondingo the
proposedyntacticanalysiss givenin Fig. 5. In thissen-
tence thesecondarticipantin theverbalsemanticgloes
not comedirectly from the wh-phrase.In contrast,it is
provided by the embeddedP. We thereforeproposethe
following in orderto allow intervening PPs: insteadof
passingthe argumentvariablefrom the wh-NP directly
totheverb,it is passedo the bottomfeatureof theempty
NP (nodeaddressp2). Theverb'sargumentcomesfrom

35

thetop featurestructureof thatNP. Soif nothingadjoins
to the empty NP, the wh-NP variablewill be passedip
astheargument.In our case however, anotheiindividual
variableintervenesandbecomesheargument.

The featureidentitiesfrom the semanticcomputation
of (2a)areldl =[5, i1l = [,,2] = z, 0l =y, =4 =[7],
16l =12 = z,[@9 = I;,[6] = z,[15) = z,[18] = l¢. This
leadsto the semantiaepresentatio®):

John(y), l1 : like(y, z, ), l2 : p = As[T, Ap.[5],
l3 : some(z,[9),[10]), I4 : person(z),

ls : a(z,[12],[13]), lg : picture_of(z, z),

> 11,6 > 13,81 > 13,81 > l4,[10] > I3,
[@>1s502 2> 16,131 > Is

(9)

There is one single disambiguation,namely 5] —
I3, B = 4y 0] = b, @ — 15 021 — U,
— Iy which leadsto Ap.some(z, person(z),p =
As.a(z, picture_of(z, z), like(y, z, s))) for thequestion.

5 Pied-Piping

With the sameelementarytreesand the samesemantic
representationgied-pipingconstructionsas(1a) canbe
analysed.A derivation of that sentencecanbe foundin
Fig.6.3

Theonly additionalmodificationwe have to makeis a
distinctionbetweerthe minimal nuclearscopeof non-wh
guantifiersand the minimal nuclearscopeof wh quan-
tifiers, sincein (1a), both have to comefrom the same
node(the wh-NP)# We continueto usethe featurep for
the first, andintroducea featurewp for the second.Of
coursethis doesnot affecttheanalysisn Fig. 5. These-
manticderivationin Fig. 6 proceed®xactly parallel,with
all the samefeatureidentitiesasin Fig. 5, exceptfor the
valueof [2: here,[2] = z. But[2] doesnot occurin the
semanticrepresentationgnly in the featurestructures.
Thereforetheresultingsemanticss the same.

6 Genitives

Anotherpossibletype of pied-pipingsentencearethose
with possessie pre-nominalmodifiers,suchas (1b), or
(20):

(10) Whosehousedid you see?

(Han, 2002) discussesa TAG analysis of relative
clauseswith complex wh-phrasesuchas(11) and(12):

(11) theproblemwhosesolutionis difficult

(12) theproblemwhosesolution’s proofis difficult

3We left out the attachmentsf the scopepartsandof John
in Fig. 6 becausé¢hey proceedexactly asin Fig. 5.

“This distinction is also necessanyfor in-situ wh-words
wherethe minimal nuclearscopeof the wh-quantifiercomes
from thelower NP, seeRomeroetal. (2004).
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Figure6: Abridgedsemantiderivationfor (1a).

The structureof theserelative clauseds almostidentical
to our questionsabove, sosolutionsto therelative clause
problemwill carryoverto thedirectquestions.

For the syntax,Han proposessimilar to our treatment
for a picture of above, a differentlexical entry for the
genitive 's (and se respectiely), a predicatve auxiliary
tree wherethe outer NP adjoinsinto the embeddedvh-
phrase.

In orderto getthecorrectvariablebindings,Hanmakes
useof acomplex LINK predicatewhicheffectively intro-
ducesaseparatsemantic/ariablefor theitemthatis pos-
sessedandthe onethatis the possessofthe wh-phrase),
which both have to be unified with variablesin the em-
beddingphrase.The useof underspecifiedeaturestruc-
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turesallowsfor a simplerrepresentationTheelementary
treefor 'sis givenin Fig. 7, alongwith anappropriatese-
mantics® The semantideaturestructureensureshatthe

f NP, [ lo : the(z, (12}, poss(0], 2)) )
/ T\ NP, B [| Z]
NPf* N’
/ \ NPf T[I ]] f
N
| | T[I z
'S B [P ]

Figure7: Lexical entryfor’s.

correctindividual variable[ 1 z] is handedupwardsin
thetree,sothatpredicatesuchasseewill only have ac-
cessto this variable. On the otherhand,the wh-phrases
own variableis passedlovnwards(which becomesele-
vantif the genitive adjoinsinto a real phraselike which
boy— thenthewh’s variableis neededor the predicate
boy).

Thesyntacticderivationof anembeddedjenitive ques-
tion like (10) usingthis lexical entryis foundin Fig. 8.

s
/WP AN NPwh»L

who
NP, VP

v N\

NPg* /N’\ \\ \|/ er
|

’T NA:L/,\ /\ V\\P see €
se [ N I v s N
] |
house did you

Figure8: Syntaxof (10) Whosehousedid yousee?

The elementantreefor the possessie adjoinsinto the
root node of the initial tree for wha. It hasno scopal
effects, so the scopalpropertiesof simple questionsare
kept. In particular the questionword continuesto have
thewidestpossiblescope.

Fig. 9 shows the semanticderivation of the sentence
(10). The featureidentitiesfrom the semanticcomputa-
tionarel =[7,[4 = z =[], 21 =[5, 6] = {4, B] = «,
= s, =y, = lg. This leadsto the semantic
representatiofil3):

SWe modified the semanticrepresentatiorHan gave to fit
with our formalismandnotation.



you(zx), l1 : see(x, z,8), Ap.,l2 : p = As.[2],
I3 : some(y,[8],[9]), L4 : person(y),

ls : the(z,ls, poss(y, z)), ls : house(z),
>4L,H>L0>1EB>1,0>1

(13)

Thereis onedisambiguationpamely[1] — I3, 8] —
ly, B — I, — l1. This resultsin the semantics
Ap.some(y, person(y), p = As.see(x, z,s) Ayou(z) A
the(z, house(z), poss(y, z))) for question(10).

7 Conclusion

This paperproposesan analysisfor strandingand pied-
piping of wh-phraseghat takesinto accountsyntaxand
semanticof theseconstructions.As mentionedabove,
most previous approacheslealingwith thesedatahave
only consideredsyntacticaspects.They areproblematic
sincethey violatetheConditionon ElementaryTreeMin-
imality (CETM). Thoseanalyseghatrespecthe CETM
andthatleadto a suitablesemanticglepartconsiderably
from standard_TAG analysedor questionsandrelative
clauses. This is not the casefor the analysisproposed
here: we have shavn that we obtain syntacticanalyses
thatextendthe standarchnalysesndthatallow to derive
adequatesemanticrepresentationfor the datain ques-
tion. The proposedanalysisis suchthat strandingand
pied-pipingconstructionsretreatedn parallel,i.e.,with
thesameelementanrees.
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Figure5: Semantiderivationof (2a) WhomdoesJohnlike a picture of?
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Figure9: Semantiderivationof (10) Whosehousedid yousee?




