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Abstract

In thispaperweproposeasyntacticandseman-
tic analysisof complex questions.We consider
questionsinvolving pied piping andstranding
andwe proposeelementarytreesandsemantic
representationsthat allow to accountfor both
constructionsin a uniformway.

1 Intr oduction

In questionswherethewh-wordis embeddedintoalarger
NP, therearetwo structuralpossibilities,shown in (1) and
(2).

(1) (a) Thepictureof whomdoesJohnlike?

(b) Whichboy’s fatherdid you see?

(2) (a) WhomdoesJohnlike apictureof?

(b) Whichpaintingdid youseea photographof?

The larger NP containingthe questionword can be
pied-pipedasin (1) to the beginningof the sentenceto-
getherwith thewh-word. Thisrequiressomekind of syn-
tactic or semanticreconstruction, i.e.: For scopalpur-
poses,the matrix NP must contribute its semantics(at
leastin oneof the readings)approximatelyin the posi-
tion of its trace,while the wh-word itself hasof course
thewidestpossiblescope.

Native speakersjudgepied-pipingof embeddingNPs
ungrammaticalin some cases. Particularly, although
pied-piping is always fine in relative clauses,a direct
questionlike (3b) is ungrammatical.1

(3) (a) On thecornerof which streetdoeshis friend
live?

(b)
�
A pictureof whomdoesJohnlike?

1This waspointedout to usby oneanonymousreviewer.

However, asexamples(1a)and(3a)show, pied-piping
is foundwith somedeterminers.We thereforegenerally
allow this constructionin thegrammar, andattribute the
infelicity of someexamplesto independentfactors.

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

Constructionsas(2) areclaimedto beonly possibleif
all embeddingNPs(thosewhich arestranded)arenon-
specific. This goesback to Fiengoand Higginbotham
(1981),who show in a muchbroadercontext thatextrac-
tion out of NPs is not possibleif an embeddingNP is
specific.Thus,wegetthefollowing judgments:

(4) (a) Whodid Johnseea pictureof?
(b)

�
Whodid Johnseethepictureof?

(c)
�
Whodid Johnseeeverypictureof?

We seethat therangeof determinersis lexically spec-
ified by the constructionthat they appearin (i.e., the
extractionconfiguration). As for the lexical restrictions
with regard to pied-pipingabove, theseeffects will not
concernus in this paper. They mustbedealtwith by in-
dependentprocesses,e.g.lexical constraints.

In this paperwe show how anapproachto theseman-
tics of TreeAdjoining Grammarthatusessemanticfea-
ture structuresand variableunification as in Kallmeyer
andRomero(2004)canprovidethecorrectvariablebind-
ingsfor bothtypesof questions.Thepaperproposesele-
mentarytreesandsemanticrepresentationsthatallow to
accountfor bothconstructions,(1) and(2), in a uniform
way.

2 LTAG Semantics

In approachesto TAG semantics(seee.g.Kallmeyer and
Joshi,2003;Joshiet al., 2003;GardentandKallmeyer,
2003)eachelementarytreeis commonlyassociatedwith
its appropriatesemanticrepresentation.In this paperwe



usethe framework presentedin Kallmeyer andRomero
(2004) that follows this line: We useflat semanticrep-
resentationswith unificationvariables(similar to MRS,
Copestake et al., 1999). The semanticrepresentations
containpropositionalmetavariables. Constraintson the
relativescopeof thesemetavariablesandpropositionalla-
belsareusedto provideunderspecifiedrepresentationsof
scopeambiguities.To keeptrack of the necessaryvari-
ableunifications,semanticfeaturestructuresareassoci-
atedwith eachnodein the elementarytree. For seman-
tic computation,the nodesin the derivation treecontain
thesemanticinformationassociatedwith theelementary
trees. Semanticfeaturestructureshave featuresPOS for
all nodepositions����� thatcanoccurin elementarytrees.2

The valuesof thesefeaturesare featurestructuresthat
consistof a T and a B feature(top and bottom) whose
valuesarefeaturestructureswith featuresI for individual
variables,P for propositionallabelsetc.

Unificationfollowstheusualdefinitionsfor unification
in Feature-basedTAG syntax:For eachedgefrom ��� to�
	 with position� : 1) theT featureof position� in ��� and
theT featureof therootof � 	 areidentified,and2) if � 	 is
anauxiliary tree,thentheB featureof thefoot nodeof � 	
andthe B featureof position � in � � areidentified. Fur-
thermore,for all � occurringin thederivationtreeandall
positions� in � suchthatthereis noedgefrom � to some
othertreewith position� : theT andB featuresof � .� are
identified.By theseunifications,someof thevariablesin
thesemanticrepresentationsgetvalues.Then,theunion
of all semanticrepresentationsis built which yields an
underspecifiedrepresentation.

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

3 Quantifiers

Following Joshi and Vijay-Shanker (1999); Kallmeyer
andJoshi(2003)andin particularRomeroet al. (2004),
we assumethat quantificationalNPsasevery in (5) and
alsowho in (6) have a multicomponentsetcontainingan
auxiliary treethatcontributesthescopepartandasecond
elementarytree that contributesthe predicateargument
part.

(5) Everyboy laughs.

(6) Who laughs?

However, in contrastto precedingapproaches,we as-
sumethe predicateargumenttreefor quantifiersthatare

2For thesake of readability, we usenamesnp,vp, ... for the
nodepositionsinsteadof theusualGornadresses.
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Figure2: Semanticsof (5) Everyboylaughs.

determinersas every in (5) to be an auxiliary tree. In
other words, we assumedeterminersto be adjoinedto
their nouns. This correspondsto a standardanalysisas
pursuedin theXTAG grammar(XTAG ResearchGroup,
1998)andalso in the FrenchLTAG (Abeillé, 2002) for
example.With semanticunification,thisapproachis pos-
siblesincetheNP treecanbelinkedto theverb treevia
featureunificationalthoughthereis no direct link in the
derivationtree.An exampleis shown in Fig. 1 and2.

The derivation in Fig. 1 seemsnon-localbecausethe
two componentsof the quantifierattachto differentele-
mentarytrees.This apparentnon-localityis however no
problem: First, we allow this kind of non-localadjunc-
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Figure3: Syntaxandsemanticsof (6) Wholaughs?

tion only for scopetrees,i.e., treeswith just onesingle
S node,and thereforethe stronggenerative capacityof
thegrammaris not affected.Second,this derivationcan
alsobe understoodin a local way: If we adoptflexible
composition(Joshiet al., 2003), then we can consider
the combinationof every andboy asa wrappingof boy
aroundevery. Theresultis a derivedeverymulticompo-
nentthat is thenattachedto laughs. Viewedin this way,
thederivationis local. Suchanon-localflexible composi-
tion analysisfor thescopepartsof quantifiershasalready
beenproposedin Joshiet al. (2003) in order to derive
certainconstraintsfor relative quantifierscopein inverse
linking configurations.In otherwords,thereis indepen-
dentmotivationfor thisanalysis.

The derivation treewith the semanticrepresentations
and the semanticfeaturestructurefor (5) is shown in
Fig.2. Theunificationsleadto thefollowing featureiden-
tities: J K 	 (adjunctionof thescopepart), � K L (sub-
stitutionof boy into laughs), L KNM and O KQP � (adjunc-
tion of determinerto boyandfinal top-bottomunification
at NP node),and R KQP5S (adjunctionof every to boyand
final top-bottomunification at N node). Replacingthe

variablesby their valuesandbuilding thenthe union of
all semanticrepresentationsleadsto (7):

(7)
P��UT laugh V$MXW , P5	YT every V$M[Z S Z \ W , P S T boy V�M�W	 ] P��^Z 	 ] P5	_Z S ] P S Z \ ] P��

There is only one disambiguation,namely 	 `P5	�Z S ` P S Z \ ` P�� , that leads to the semantics
every V�MaZ boy V$MXWbZ laugh V�M�W1W .

The featuremaximalscope(MAXS) is neededto pro-
vide the correctmaximal scopeof quantifiers. This is
importantin questions(seebelow). Furthermore,MAXS

is alsousedto makesurethatquantifiersembeddedunder
attitudeverbssuchasthinkcannotscopeovertheembed-
ding verb. This constraintis largely assumedto hold for
quantifiers(seeKallmeyerandRomero,2004,for further
discussion).

Following Romeroet al. (2004),we assumethat wh-
operatorsaresimilar to quantifiersin thesensethat they
alsohaveaseparatescopepartandthey 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
questionverbmakesurethatall wh-operatorshavescope
over thequestionproposition(here P 	 ) andall quantifiers
scopebelow thisproposition.Theminimalnuclearscope
of thewh-operator(variable O ) is providedby theques-
tion propositionP 	 .
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 (whom in (2a)) and the
strandedpart (a picture of in (2a)) into oneelementary
treesetis notacceptablesincethiswouldviolatetheprin-
ciple of minimality of elementarytrees: In LTAG, ele-
mentarytreesrepresentextendedprojectionsof lexical
items and encapsulateall syntactic/semanticarguments
of the lexical anchor. They areminimal in thesensethat
only theargumentsof theanchorareencapsulated,all re-
cursionis factoredaway. Theselinguistic propertiesof
elementarytreesareformulatedin the Conditionon El-
ementaryTree Minimality (CETM) from Frank (1992).
Evena separationof whomanda picture of into just two
differentelementarytreesor treesetswould violate this
principle. Therefore,we needat leastthreedifferentele-
mentarytrees(or treesets)for whom, a andpictureof.

Thereare essentiallytwo possiblesyntacticanalyses
for sentencessuchas (2a): the embeddedPP could be
seenasa modifieror a complementof thehigherNP. In
thefirst case,we would assumeanextra elementarytree



for of, in the secondcasepicture of would not be sepa-
rated.(Kroch,1989)showsthatonly acomplementanal-
ysiscanaccountfor thereportedungrammaticalityof (8).
Thus,weproposethesyntacticstructurein Fig.4 for (2a).

(8)
�
Wheredid youmeeta friend from?
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WH
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� ����������
NP

John
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V NP
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�������� ��������
S�
NP

Det N �
a

� ����������������� ���� �
picture PP

of NP�
Figure4: SyntacticAnalysisfor (2a).

As notedabove,thenon-localattachmentof themulti-
componentsetfor a doesnotaffect thecomplexity of the
grammarsignificantly, asoneof thecomponentsis a de-
generatetree.If onewishesto avoid suchanattachment,
thederivationcanalternatively beseenasa caseof flexi-
ble composition:picture of first attachesflexibly to the
lower componentof a, and the derived a-tree set then
attachesto the treeof like. The lexicon entriesand the
semanticcompositionthat we give below doesnot de-
pendon one particularof thesesyntacticanalysis,that
may thereforebe chosenfor independent,syntacticrea-
sons.

A completelydifferentanalysisof long extractionsin
TAG thathasbeenproposedin (Kahaneet al., 2000)and
furtherpursuedfor semanticsin (Kallmeyer,2003)is the
possibility to start from the wh-word, to adjoin first all
materialinsidetheNPthatembedsthewh-wordandthen
adjointhemainverbof thequestion.Thisworksfor pied-
pipingandfor strandingcases.However, it meansdepart-
ing considerablyfrom TAG standardanalysesfor ques-
tions and relative clauses,a stepthat we would like to
avoid. Theanalyseswe proposein this paperareconsis-
tentwith theproposalsmadeso far for simplequestions
andrelativeclauses(seeKroch,1987;Abeillé,2002).

The semanticderivation of (2a) correspondingto the
proposedsyntacticanalysisis givenin Fig. 5. In thissen-
tence,thesecondparticipantin theverbalsemanticsdoes
not comedirectly from the wh-phrase.In contrast,it is
providedby theembeddedPP. We thereforeproposethe
following in order to allow interveningPPs: insteadof
passingthe argumentvariablefrom the wh-NP directly
to theverb,it is passedto thebottomfeatureof theempty
NP(nodeaddressnp2).Theverb’sargumentcomesfrom

thetop featurestructureof thatNP. Soif nothingadjoins
to the emptyNP, the wh-NP variablewill be passedup
astheargument.In ourcase,however, anotherindividual
variableintervenesandbecomestheargument.

The featureidentitiesfrom the semanticcomputation
of (2a)are O K J , �B� KNP5	 , 	 KcM , � Kcd , � \ K \ K R ,� L K 	 KeM , �1f KgP�� , L Kih , � J Kih , � O KiP L . This
leadsto thesemanticrepresentation(9):

(9)

John �5j � , ����� like �5j  lkm 1>n� , �I"o�pADCqE >HG :  EHA G 8 ,� 6 �
some �54  r  ��s � , � 7 � person �54 � ,� 8 � a � k_ �t"  � 6 � , � 9 � picture of � km 4 � ,: # ���  8 # �," , 8 # � 6 , r # � 7  ��s # �," ,: # � 8 , �t" # � 9 , � 6 # � �

There is one single disambiguation,namely J `P S , f ` P \ , �lu ` P5	 , R ` P J , �1	 ` P L ,� S ` P � which leadsto v �aw some V$MaZ person V$MXWbZ � Kv �_w a Vth�Z picture of Vth�Z!M�WbZ like V�dXZ!hxZ � W1W!W for thequestion.

5 Pied-Piping

With the sameelementarytreesand the samesemantic
representations,pied-pipingconstructionsas(1a)canbe
analysed.A derivationof that sentencecanbe found in
Fig. 6.3

Theonly additionalmodificationwe have to make is a
distinctionbetweentheminimalnuclearscopeof non-wh
quantifiersand the minimal nuclearscopeof wh quan-
tifiers, sincein (1a), both have to comefrom the same
node(thewh-NP).4 We continueto usethe featureP for
the first, andintroducea featureWP for the second.Of
course,this doesnot affect theanalysisin Fig. 5. These-
manticderivationin Fig. 6 proceedsexactlyparallel,with
all thesamefeatureidentitiesasin Fig. 5, exceptfor the
valueof 	 : here, 	 = h . But 	 doesnot occur in the
semanticrepresentations,only in the featurestructures.
Therefore,theresultingsemanticsis thesame.

6 Genitives

Anotherpossibletypeof pied-pipingsentencesarethose
with possessive pre-nominalmodifiers,suchas(1b), or
(10):

(10) Whosehousedid you see?

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

(11) theproblemwhosesolutionis difficult

(12) theproblemwhosesolution’sproof is difficult
3We left out theattachmentsof thescopepartsandof John

in Fig. 6 becausethey proceedexactly asin Fig. 5.
4This distinction is also necessaryfor in-situ wh-words

wherethe minimal nuclearscopeof the wh-quantifiercomes
from thelower NP, seeRomeroet al. (2004).
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Figure6: Abridgedsemanticderivationfor (1a).

Thestructureof theserelative clausesis almostidentical
to our questionsabove,sosolutionsto therelativeclause
problemwill carryover to thedirectquestions.

For thesyntax,Hanproposes,similar to our treatment
for a picture of above, a different lexical entry for the
genitive ’s (andse respectively), a predicative auxiliary
treewherethe outerNP adjoinsinto the embeddedwh-
phrase.

In ordertogetthecorrectvariablebindings,Hanmakes
useof acomplex L INK predicate,whicheffectively intro-
ducesaseparatesemanticvariablefor theitemthatis pos-
sessed,andtheonethatis thepossessor(thewh-phrase),
which both have to be unified with variablesin the em-
beddingphrase.Theuseof underspecifiedfeaturestruc-

turesallowsfor asimplerrepresentation.Theelementary
treefor ’s is givenin Fig. 7, alongwith anappropriatese-
mantics.5 Thesemanticfeaturestructureensuresthat the������������� �������������

NP{
NP| * N }

N

’s

N <
� r �
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Figure7: Lexical entryfor ’s.

correctindividual variable[ I z ] is handedupwardsin
thetree,sothatpredicatessuchasseewill only have ac-
cessto this variable.On theotherhand,thewh-phrase’s
own variableis passeddownwards(which becomesrele-
vant if the genitive adjoinsinto a real phraselike which
boy— thenthewh’s variableis neededfor thepredicate
boy).

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

S’* S’� � ����
NP���z< S� � ����

NP
s < VP� ���

V

see
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NP

whoNP{� ���
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N
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house

S� ���
V
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S*

NP

N

you

Figure8: Syntaxof (10)Whosehousedid yousee?

Theelementarytreefor thepossessiveadjoinsinto the
root nodeof the initial tree for who. It hasno scopal
effects,so the scopalpropertiesof simplequestionsare
kept. In particular, the questionword continuesto have
thewidestpossiblescope.

Fig. 9 shows the semanticderivation of the sentence
(10). The featureidentitiesfrom the semanticcomputa-
tion are � K R , \ Keh�K � S , 	 K J , L KeP�� , S K�M ,�lu K�P 	 , �B� K�d , �?	 K�P L . This leadsto the semantic
representation(13):

5We modified the semanticrepresentationHan gave to fit
with our formalismandnotation.



(13)

you �54 � , � � � see �54  lk_ 1>n� , EHA G �  � " �!ADCFE >HG "  � 6 �
some �5j  ;  r � , � 7 � person �5j � ,� 8 � the � km � 9  poss �5j  /k^�l� , � 9 � house � k^� ," # � �  � # � "

,
� # � 6

,
; # � 7  r # � "

Thereis onedisambiguation,namely � ` P5S , O `P \ , f ` P 	 , 	 ` P � . This results in the semanticsv �aw some V�d�Z person V$d�WbZ � KNv �mw see V$M[Z!hxZ � W�� you V$M�W��
the V�hxZ house V�h�WbZ poss V�dXZ!h�W1W1W for question(10).

7 Conclusion

This paperproposesan analysisfor strandingandpied-
piping of wh-phrasesthat takesinto accountsyntaxand
semanticsof theseconstructions.As mentionedabove,
most previous approachesdealingwith thesedatahave
only consideredsyntacticaspects.They areproblematic
sincethey violatetheConditiononElementaryTreeMin-
imality (CETM). Thoseanalysesthat respecttheCETM
andthat leadto a suitablesemanticsdepartconsiderably
from standardLTAG analysesfor questionsandrelative
clauses. This is not the casefor the analysisproposed
here: we have shown that we obtain syntacticanalyses
thatextendthestandardanalysesandthatallow to derive
adequatesemanticrepresentationsfor the datain ques-
tion. The proposedanalysisis suchthat strandingand
pied-pipingconstructionsaretreatedin parallel,i.e.,with
thesameelementarytrees.
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Figure5: SemanticDerivationof (2a)WhomdoesJohnlike a pictureof?
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