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FTAG (1)Feature-stru
ture based TAG (FTAG)Ea
h node has a top and a bottom feature stru
ture (ex
eptsubstitution nodes that have only a top).Nodes in the same elementary tree 
an share features(extended domain of lo
ality).
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FTAG (2)
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FTAG (3)
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FTAG (4)Uni�
ation during derivation:
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FTAG (4)Uni�
ation during derivation:Substitution: the top of the root of the new initial tree uni�eswith the top of the substitution nodeAdjun
tion: the top of the root of the new auxiliary treeuni�es with the top of the adjun
tion site,and the bottom of the foot of the new tree uni�es with thebottom of the adjun
tion site.In the �nal derived tree, top and bottom unify for all nodes.
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FTAG (5)
[ ]
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FTAG (6)
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FTAG (7)
In FTAG, there are no expli
it adjun
tion 
onstraints. Instead,adjun
tion 
onstraints are expressed via feature uni�
ationrequirements.
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FTAG (7)
In FTAG, there are no expli
it adjun
tion 
onstraints. Instead,adjun
tion 
onstraints are expressed via feature uni�
ationrequirements.Important: LTAG feature stru
tures are restri
ted; there is onlya �nite set of possible feature stru
tures.Therefore, the following 
an be shown:For ea
h FTAG there exists a weakly equivalent TAG withadjun
tion 
onstraints and vi
e versa. The two TAGs generate eventhe same sets of trees, only with di�erent node labels.
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MCTAG: Motivation (1)Multi
omponent Tree Adjoining Grammars (MCTAGs)First introdu
ed in [Joshi et al., 1975℄ as simultaneous TAGs,later rede�ned as multi
omponent TAGs (MCTAGs) in[Weir, 1988, Joshi, 1985℄Linguisti
 motivation: Separate the 
ontribution of a lexi
alitem into several 
omponentsIn ea
h derivation step, a new set is pi
ked and all trees fromthe set are added simultaneously, i.e., they are atta
hed (bysubstitution or adjun
tion) to di�erent nodes in the alreadyderived tree.
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MCTAG: Motivation (2)(1) whi
h paintingi did you see a pi
ture of tiSNP Saux Sdid NP VPyou V NPsee ε


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MCTAG: Motivation (3)Constru
tions that require multi
omponents:Extra
tion out of 
omplex NPs [Kro
h, 1989℄, strandingphenomena, in parti
ular �pi
ture-NPs�:(1) whi
h 
astle did you paint a pi
ture of?Subje
t-aux inversion in raising questions [Frank, 2008℄(2) Does John seem to annoy you?S
rambling in German [Rambow, 1994℄(3) dass den Kühls
hrank niemand zu reparieren verspro
henhat
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MCTAG
De�nition (MCTAG)An MCTAG is a tuple G = 〈N,T ,S , I ,A, fOA, fSA,A〉 su
h that:GTAG := 〈N,T ,S , I ,A, fOA, fSA〉 is a TAG with adjun
tion
onstraints, and

A ⊆ P(I ∪ A) is a set of subsets of I ∪ A, the set ofelementary tree sets.aaP(X ) is the set of subsets of some set X .Without loss of generality, we 
an assume that A is a partition ofI ∪ A. Natural Language Syntax with TAG 13/27



MCTAG derivation
De�nition (MCTAG derivation)
γ ⇒ γ′ is a derivation step in G i� there is an instan
e
{γ1, . . . , γn} of an elementary tree set in A and there are pairwisedi�erent nodes v1, . . . , vn in γ su
h that γ′ = γ[v1, γ1] . . . [vn, γn].As in TAG, a derivation starts from an initial tree and in the end, inthe �nal derived tree, all leaves must have terminal labels (or theempty word) and there must not be any OA 
onstraints left.
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Di�erent types of MCTAG
An MCTAG is 
alled

Natural Language Syntax with TAG 15/27



Di�erent types of MCTAG
An MCTAG is 
alledtree-lo
al i� in ea
h derivation step, the nodes the new treesatta
h to belong to the same elementary tree.

Natural Language Syntax with TAG 15/27



Di�erent types of MCTAG
An MCTAG is 
alledtree-lo
al i� in ea
h derivation step, the nodes the new treesatta
h to belong to the same elementary tree.set-lo
al i� in ea
h derivation step, the nodes the new treesatta
h to belong to the same elementary tree set.

Natural Language Syntax with TAG 15/27



Di�erent types of MCTAG
An MCTAG is 
alledtree-lo
al i� in ea
h derivation step, the nodes the new treesatta
h to belong to the same elementary tree.set-lo
al i� in ea
h derivation step, the nodes the new treesatta
h to belong to the same elementary tree set.non-lo
al otherwise.

Natural Language Syntax with TAG 15/27



Di�erent types of MCTAG
An MCTAG is 
alledtree-lo
al i� in ea
h derivation step, the nodes the new treesatta
h to belong to the same elementary tree.set-lo
al i� in ea
h derivation step, the nodes the new treesatta
h to belong to the same elementary tree set.non-lo
al otherwise.Usually, the term �MCTAG� without spe
i�
ation of the lo
alitymeans �set-lo
al MCTAG�.
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Tree-lo
al MCTAG
Tree-lo
al MCTAG and TAG are equivalent sin
e we 
an pre
ompilethe possible adjun
tions and substitutions in an elementary tree:PropositionTree-lo
al MCTAG are strongly equivalent to TAG.
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Tree-lo
al MCTAG
Tree-lo
al MCTAG ⇒ TAGTo 
onstru
t strongly equivalent TAG from given tree-lo
alMCTAG, adopt 
orresponding adjun
tion 
onstraints that enfor
ethe simultaneous adjun
tions of all elementary trees from a tree set.But: the number of elementary trees in the grammar 
an in
rease inan exponential way in this 
onstru
tion (⇒ rather a bad strategyfor tree-lo
al MCTAG parsing).
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Set-lo
al MCTAG
Set-lo
al MCTAG for L6 = {anbn
ndnenf n | n ≥ 0}:
α ABC

ε

{

βA Aa A∗NA f βB Bb B∗NA e βC C
 C∗NA d }
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Set-lo
al MCTAGDerivation for aabb

ddee� :ABC
ε
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Non-lo
al MCTAG
PropositionUnrestri
ted non-lo
al MCTAG is NP-hard[Rambow and Satta, 1992℄. This also hold for lexi
alized non-lo
alMCTAG and for non-lo
al MCTAG with dominan
e links[Champollion, 2007℄.
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Why not TAG for German?The order of 
omplements (and adjun
ts) of a verb is �exible.(2) Peter liebt Susi.1: Peter loves Susi2: Susi loves Peter(3) dass Peter heute den Kühls
hrank repariert hatdass den Kühls
hrank heute Peter repariert hat. . .('that Peter has repaired the fridge today')TAG is inappropriate for German, be
ause it is:not powerful enough for some 
onstru
tions(i.e., 
oherent 
onstru
tions)not des
riptively adequat(i.e., one elementary tree for ea
h permutation)Natural Language Syntax with TAG 21/27
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TT-MCTAG: a TAG-extension for GermanMulti-Component TAG (MCTAG) with shared-nodes lo
alityElementary stru
tures are tuples 〈γ, {β1, ..., βn}〉:a lexi
alized elementary tree γ (the head tree)a tree set {β1, ..., βn} (the 
omplement trees)Meaning of tree tuples: During derivation, the β-trees haveto atta
h to the γ-tree (via node sharing).Node sharing: In the derivation tree,1 a β-tree must either be the immediate daughter of its γ-tree,2 or the β-tree must be 
onne
ted to the daughter of the γ-treevia a 
hain of root adjun
tions.
〈

VPVrepariert,  VPNPnom ↓ VP* , VPNPa

 ↓ VP* 









〉
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TT-MCTAG example(4) dass den Kühls
hrank heute Peter repariert(�that Peter repairs the fridge today�)VPADV VP*heute
〈

VPVrepariert ,  VPNPnom ↓ VP* , VPNPa

 ↓ VP* 









〉NPPeter NPden K. repariertNPnom0Peter1 heute0 NPa

0den_Kühls
hrank1Natural Language Syntax with TAG 23/27



The linguisti
 appli
ation: Prin
iples of 
omplementation
A tuple = a sub
ategorization frame, i.e. a head and its
omplements (as substitution slots and footnodes)Substitution = strong islandsno empty elements (tra
es, PRO)no base order of 
omplements

⇒ less elementary stru
tures than in a German TAG
Natural Language Syntax with TAG 24/27



The analyses: Coherent 
onstru
tions(5) dass den Kühls
hrank Peter zu reparieren verspro
hen hat('that Peter has promised to repair the fridge today')
〈

Vzu reparieren
{ VPNPa

 ↓ VP* }

〉 〈

VPVV* verspro
hen hat
{ VPNPnom ↓ VP* }

〉zu reparierenverspro
hen hat0NPnom0Peter1 NPa

0 den K.1Natural Language Syntax with TAG 25/27



The analysis: Coherent 
onstru
tions(6) dass des Verbre
hens der Detektiv den Verdä
htigen dem Klienten ‖zu überführen verspro
hen hat('that the dete
tive has promised the 
lient to indi
t the suspe
t ofthe 
rime')
〈 Vzu überführen ,











VPNPa

 ↓ VP* , VPNPgen ↓ VP* 









〉

〈

VPVV* verspro
hen hat ,











VPNPdat ↓ VP* , VPNPnom ↓ VP* 









〉
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The analysis: Coherent 
onstru
tions(6) dass des Verbre
hens der Detektiv den Verdä
htigen dem Klienten ‖zu überführen verspro
hen hat('that the dete
tive has promised the 
lient to indi
t the suspe
t ofthe 
rime')VPNPgen ↓ VPNPnom ↓ VPNPa

 ↓ VPNPdat ↓ VPVV verspro
hen hatzu überführenNatural Language Syntax with TAG 26/27
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