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Derivation trees (1): The 
ontext
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Derivation trees (2):

TAG derivations are uniquely des
ribed by derivation trees.

The derivation tree 
ontains:

nodes for all elementary trees used in the derivation, and

edges for all adjun
tions and substitutions performed

throughout the derivation, and

edge labels indi
ating the target node of the rewriting

operation.

Whenever an elementary tree γ rewrites the node at Gorn address p

in the elementary tree γ′, there is an edge from γ′ to γ labeled with

p.
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Derivation trees (3): Gorn adresses

For the node addresses of elementary trees, Gorn addresses are

used:

The root has address ǫ (or 0), and the ith daughter of the node

with address p has address pi .

0

1 2 3

21 22 31

311 312
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Linguisti
 analyses with LTAG

What is an elementary tree, and what is its shape?

elementary trees

?
⇐=

synta
ti
/semanti
 properties

of linguisti
 obje
ts

⇒ Synta
ti
 design prin
iples from [Frank, 2002℄:

Lexi
alization

Fundamental TAG Hypothesis (FTH)

Condition on Elementary Tree Minimality (CETM)

θ-Criterion for TAG

⇒ Semanti
 design prin
iples [Abeillé and Rambow, 2000℄

⇒ Design prin
iple of e
onomy
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Design prin
iples (1): Lexi
alization

Ea
h elementary tree has at least one non-empty lexi
al item, its

lexi
al an
hor.

⇒ All widely used grammar formalisms support some kind of

lexi
alization!

Reasons for lexi
alization:

Formal properties: A �nite lexi
alized grammar provides

�nitely many analyses for ea
h string (�nitely ambiguous).

Linguisti
 properties: Synta
ti
 properties of lexi
al items


an be a

ounted for more dire
tly.

Parsing: The sear
h spa
e during parsing 
an be delimited

(grammar �ltering).

[S
habes and Joshi, 1990, Joshi and S
habes, 1991℄
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Design prin
iples (2): Fundamental TAG Hypothesis

Fundamental TAG Hypothesis (FTH)

Every synta
ti
 dependen
y is expressed lo
ally within an

elementary tree. [Frank, 2002℄

�synta
ti
 dependen
y�

valen
y/sub
ategorization

modi�
ation

binding

. . .

�expressed within an elementary tree�

terminal leaf (i.e. lexi
al an
hor)

nonterminal leaf (substitution node and footnode)

marking an inner node for obligatory adjun
tion
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Design prin
iples (3): Cond. on Elementary Tree Minimality

Condition on Elementary Tree Minimality (CETM)

The synta
ti
 heads in an elementary tree and their proje
tions

must form the extended proje
tion of a single lexi
al head.

[Frank, 2002℄

Note: We only use simple, non-extended proje
tions!

XP

X

head

 

S|VP

. . . VP . . .

. . . V . . .

. . . sleeps . . .
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Design prin
iples (4): θ-Criterion for TAG

θ-Criterion (TAG version)

a. If H is the lexi
al head of an elementary tree T, H assigns all

of its θ-roles in T.

b. If A is a frontier non-terminal of elementary tree T, A must be

assigned a θ-role in T.

[Frank, 2002℄

=⇒ Valen
y/sub
ategorization is expressed only with nonterminal

leaves!

S

NP VP

V

sleeps

,

VP

V VP*

seems

Natural Language Syntax with TAG 10



Modi�
ation and fun
tional elements

How to insert modi�ers (easily) and fun
tional elements

(
omplementizers, determiners, do-auxiliaries, ...)?

Either by separate auxiliary trees (e.g., XTAG grammar),

or as 
o-an
hor in the elementary tree of the lexi
al item they

are asso
iated with.

S

Comp S

that NP VP

V

sleeps

S

NP VP

V AP

sleeps A

easily
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Modi�
ation and fun
tional elements

In XTAG, modi�ers and fun
tional elements are generally

represented by auxiliary trees.

⇒ Footnodes/Adjun
tions indi
ate both 
omplementation and

modi�
ation.

⇒ Enhan
ement of the CETM: (see [Abeillé and Rambow, 2000℄)


ore tree (following CETM) + spine

S

Comp S*

that

VP

VP* AP

A

easily
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Prin
iples related to semanti
s

See [Abeillé and Rambow, 2000℄.

Predi
ate-argument 
oo

urren
e:

Ea
h elementary tree asso
iated with a predi
ate 
ontains a

non-terminal leaf for ea
h of its arguments.

Semanti
 an
horing:

Elementary trees are not semanti
ally void (to, that.)

Compositional prin
iple:

An elementary tree 
orresponds to a single semanti
 unit.
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Design prin
iple of e
onomy

Design prin
iple of e
onomy

The elementary trees are shaped in su
h a way, that the size of the

elementary trees and the size of the grammar is minimal.
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Sample derivations

Complementation with: NPs, PPs, adje
tives, 
lauses (raising,


ontrolling), ...

Modi�
ation with: PPs, adje
tives, parti
les, temporal 
lauses,

relative 
lauses, ...
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Sample derivations: NP 
omplements

(1) John buys Bill a book.

Elementary trees:

NP

N

John

S

NP↓ VP

V NP↓ NP↓

buys

NP

N

Bill

NP

Det NP*

a

NP

N

book

Derivation tree:

buys

John

1

Bill

22

book

23

a

ǫ
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Sample derivations: Sentential 
omplements (1)

(2) Bill hopes that John wins.

Elementary trees:

NP

N

Bill

S

NP↓ VP

V S

∗

hopes

S

Comp S*

that

S

NP↓ VP

V

wins

NP

N

John

Derivation tree:

wins

that

ǫ

hopes

ǫ

Bill

1

John

1
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Sample derivations: Sentential 
omplements (2)

(3) John seems to like Bill.

Elementary trees:

VP

V VP

∗

seems

S

NP↓ VP

VP NP↓

V

to like

Derivation tree:

to_like

John

1

seems

2

Bill

22
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Sample derivations: Sentential 
omplements (3)

(4) John expe
ts [ Bill to win ℄.

Elementary trees:

S

NP↓ VP

V S

∗

expe
ts

S

NP↓ VP

V

to win

Derivation tree:

to_win

expe
ts

ǫ

John

1

Bill

1
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Sample derivations: Sentential 
omplements (4)

Question: Why is the sentential obje
t represented as a footnode?

The sentential obje
t is realised as a foot node in order to allow

extra
tions:

(5) Who does John expe
t to win?

Elementary trees:

VP

V VP*

does

S

NP↓ VP

V S

∗

expe
t

S

NP↓ S

NP VP

ǫ V

to win
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Sample derivations: Multiple an
hors

Multiword expressions and light verb 
onstru
tions 
an be

represented by elementary trees with multiple an
hors:

(6) John expe
ted [Mary to make a 
omment℄.

S

NP↓ VP

V NP

to make N


omment

NP

Det NP

∗

a
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Sample derivations: Modi�ers

(7) The good student parti
ipated in every 
ourse during the semester.

NP

Det NP*

the

N

AP N

∗

A

good

NP

N

student

S

NP↓ VP

V PP

parti
ipated P NP↓

in

VP

VP

∗
PP

P NP↓

during
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Sample derivations: Relative 
lauses

(8) The dog [who ate the 
ake℄.

NP

Det NP*

the

NP

N

dog

NP

NP* S

NP↓ VP

V NP↓

ate

Problem: Extraposed relative 
lauses:

(1) Somebody

i

lives nearby [who

i

has a CD-burner℄.
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Derivation trees = Semanti
 dependen
y stru
ture ?

The derivation tree is not always the semanti
 dependen
y

stru
ture, due to:

indis
ernibility of 
omplementation and modi�
ation in

adjun
tion, and

missing links.

Example for a missing link:

(2) John 
laims [Bill seems to win℄

to_win


laims

ǫ

John

1

Bill

1

seems

2
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