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Tree-Adjoining Grammars

Motivation
@ mildly context-sensitive formalism
@ productions express local dependencies
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Tree-Adjoining Grammars

Motivation
@ mildly context-sensitive formalism
@ productions express local dependencies
@ but can realize global dependencies

Applications
@ TAG for English [XTAG RESEARCH GROUP 2001]
@ lexicalized TAG for German [KALLMEYER et al. 2010]
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TAG — Syntax

Definition (JOSHI et al. 1969)
G = (N, %, S, R) tree-adjoining grammar (TAG) with finite set R
@ substitution rules

Example (Substitution rule)

INP| of [NP
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TAG — Syntax

Definition (JOSHI et al. 1969)

G = (N, %, S, R) tree-adjoining grammar (TAG) with finite set R
@ substitution rules
@ adjunction rules

Example (Substitution rule) Example (Adjunction rule)
of ADJ
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TAG — Example Derivation
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TAG — Example Derivation

S Used substitution rule
/\ s

/\
NP VP
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TAG — Example Derivation

S Used substitution rule

/ N\ VP

R R /e
NPJ?
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TAG — Example Derivation

S Used substitution rule

/\
NP|" VP
/\

v
|

likes

Y?

likes
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TAG — Example Derivation

S Used substitution rule
\ NlP
VP
/ N\ N
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TAG — Example Derivation

S Used substitution rule

\ |
VP
/ \ candies

P
likes N
candies
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TAG — Example Derivation

candies
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TAG — Example Derivation

S Used substitution rule
/ \ ADJ

/VP\ reld

P
lkes N
ADJ N

red candies
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TAG — Semantics

Definition (Generated language)

L(G)={teTs|S=41}
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TAG — More Than CFG
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TAG — More Than CFG
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Example (Productions)

r |
:
S S
A a
als] b8
I\ /\
o a S b

String language

{wew | w € £}
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TAG — Lexicalization

Definition
A TAG is lexicalized if each production contains a lexical item J
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TAG — Lexicalization

Definition
A TAG is lexicalized if each production contains a lexical item J

Theorem (SCHABES 1990)
TAG can stronly lexicalize CFG and themselves J
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TAG — Lexicalization

Definition
A TAG is lexicalized if each production contains a lexical item J

Theorem (SCHABES 1990 and KUHLMANN, SATTA 2012)
TAG can stronly lexicalize CFG ane-themselves but not themselves J

Widespread myth

@ JOSHI, SCHABES: Tree-adjoining grammars and lexicalized grammars.
Tree Automata and Languages. North-Holland 1992

@ JOSHI, SCHABES: Tree-adjoining grammars.
Handbook of Formal Languages. vol. 3, Springer 1997
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Overview

0 Motivation
9 Context-free tree grammar
e Normal forms

e Lexicalization
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Context-free Tree Grammar

Definition (ROUNDS 1969)

(N, %, S, P) context-free tree grammar (CFTG)
@ ranked alphabet N
@ ranked alphabet

@ Sc NO

@ Pis afinite setof A(xy,...,xxk) — r
) AENk
@ re CNUz({X17...,Xk})

nonterminals
terminals

start nonterminal
productions
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CFTG — Example

Example Productions

CFTG (N, %, S, P) S = Ala,a) [ A(B,B) | o(a, B)
o N={S0 A3} A(x1,x2) — A(o(x1,S),0(x2, S))
o ¥ ={al® g0 52} A(x1, x2) — o(x1, X2)
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CFTG — Example

Example Productions
CFTG (N, %, S, P) S = Ala,a) [ A(B,B) | o(a, B)

o N={SO APH A(x1, %) — Alo(xq, S),0(x2, S))

o ¥ = {a® g0 50 A(x1, X2) = o(X1, X2)

Al s A N
A o
S \
N4 ‘ D T A A
XX § X S
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CFTG — Example

Example
CFTG (N, %, S, P)
o N={S0) A}
o ¥ ={al® g0 s}
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CFTG — Derivation Example

Example

A
A o A o
S - /A\ ‘/8/\ﬁ‘o/\ LN /
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CFTG — Derivation Example

Example

A
A o A o
S - /A\ ‘/8/\ﬁ‘o/\ LN /

A
8 e A

« Qv
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CFTG — Derivation Example

Example

A
A o A o
S - /A\ ‘/8/\ﬁ‘o/\ LN /

/N
S| =a =6 A 2
[ (1/ ()/\S

« Qv
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CFTG — Derivation Example

Example

A
A o A o
S - /A\ ‘6/\ﬁ‘o/\ LN /

N, 2
e A2 KA el Ly
Ll A
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CFTG — Derivation Example

Example

A
A o A o
S - /A\ ‘/8/\ﬁ‘o/\ LN /

Xy S Xo
A /A\ /\
=g =g g =a § G 0\ i
sve W e g \/\ N Dy hy
[6 e «@ A o« O
A AYEAN
B B B B a B
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CFTG — Derivation Example

Example
Al @ A N
A g
S \ - /\
2d N ‘ § Y ‘ Do T A A
Xy S Xo
A
AL Ny 0/\0 N
S| =6 N = A /a\ =a /\ /:G VAN AN SV ANAN
« @ a [e% « a
ﬂ/ \ﬁ Y Jas i d
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CFTG — Semantics

Definition

L(G)={te Ts | S=4t}
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CFTG — Semantics

Definition
LG ={teTs|S=5t} J

Theorem (JOSHI et al. 1975 and MONNICH 1997)
Every (non-strict) TAG can be simulated by a CFTG J
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Overview

e Normal forms
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Growing Normal Form

Definition
CFTG growing if non-initial productions contain > 3 non-variables J

Example
A / A\ o
X1/ \Xz VANRAN X1/ \Xz
Xq Xo
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Growing Normal Form

Definition
CFTG growing if non-initial productions contain > 3 non-variables J

Example

A / A\

g
/\ o /\
X1 X2 /\ /N XX
Xq Xo

Theorem (STAMER, OTTO 2007)
Every CFTG can be simulated by a growing CFTG J

Universitat Stuttgart

Strong Lexicalization of Tree-Adjoining Grammars A. Maletti and J. Engelfriet - 14




Growing Normal Form

growing CFTG

CFTG
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Growing Normal Form

Example

A
A o A o
S - /A\ ‘/8/\ﬁ‘o/\ LN /
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Growing Normal Form

Example
A A 2 A / A\ ],
\ g g
S%a/\a‘ﬁ/\ﬁ‘o/ﬂ )(1/\)(2_> /\ /\ X1/\X2
XX § X §
Eliminate last production:
Alo | A A e
o g g / \
S \ o o
AN 5/\ﬁ 0/5 JNTORA
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Limited Ambiguity

Definition (Frontier yield)
Yd: Tz — 26

yd(a) = «

yd(, 1N, ) = yd(t) - yd(h)
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Limited Ambiguity

Definition (Frontier yield)
Yd: Tz — 26

yd(a) = «

yd(, 1N, ) = yd(t) - yd(h)

Definition (SCHABES 1990)

L C T finite ambiguity if {t € L | yd(t) = w} finite for all w € ¥
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Monadic Productions
Definition
Production ¢ — r

@ monadic if r contains < 1 nonterminals
@ terminal if r contains 0 nonterminals
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Monadic Productions
Definition
Production ¢ — r

@ monadic if r contains < 1 nonterminals
@ terminal if r contains 0 nonterminals

Theorem

Every CFTG with finite ambiguity can be simulated by a CFTG
@ all (non-initial) monadic productions are lexicalized
@ all (non-initial) terminal productions are doubly lexicalized
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Monadic Productions
Definition
Production ¢ — r

@ monadic if r contains < 1 nonterminals
@ terminal if r contains 0 nonterminals

Theorem

Every CFTG with finite ambiguity can be simulated by a CFTG
@ all (non-initial) monadic productions are lexicalized
@ all (non-initial) terminal productions are doubly lexicalized

Proof.
@ similar to removal of e-productions [HOPCROFT et al. 2001]

@ closure under non-lexicalized productions O]

v
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Monadic Productions

fully norm. CFTG

growing CFTG

CFTG
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Overview

e Lexicalization
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Lexicalization

Theorem
Every CFTG with finite ambiguity can be lexicalized J
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Lexicalization — Step 1

@ guess lexical item in non-lexicalized production

Input Output
A / A\ A /<A7 @\
/\N T o a /\N T o o o
X1 X X1/ \S xa/ \S x| X X1/ \S X2/ \
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Lexicalization — Step 1

@ guess lexical item in non-lexicalized production
@ transport guessed lexical item

Input Output
A A (A, o)
/" N\ » @
— —
A AN i
X1 § X2 S

(A o)
0/ \Cf\x3
/N /N

X3 § X2 S
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T
Lexicalization — Step 1

@ guess lexical item in non-lexicalized production
@ transport guessed lexical item
© potentially guess again

Input Output
(A, ) /< A e . a>\\
D N N B Y
s s Julete w00 ks
B

Universitat Stuttgart

Strong Lexicalization of Tree-Adjoining Grammars A. Maletti and J. Engelfriet - 22




T
Lexicalization — Step 1

@ guess lexical item in non-lexicalized production
@ transport guessed lexical item

© potentially guess again

© cancel in terminal production

Input Output

g
(S, a) a
S>> 4\ /\
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Lexicalization

lexicalized CFTG

fully norm. CFTG

growing CFTG

CFTG
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Lexicalization — Example

Ao | Al p e
o g o / \
S \ - 0 o
SUAY ﬁ/\ﬁ /ﬁ X1/\X2 F
Xy S X2 S
After lexicalization (with 6,¢" € {a, 5}) Ao
Alo a (S, ) a / N
S— /\ | /) A /\%/\ /\
5 & [e% 5 X4 X4 ﬁ X1 X4 S 5> X2 S
5
Alo
(S,9) (A, 0) A (A, 0) Y. \/ \/O'\
— —
X‘1 6’/5|’ \X1 X1 X1/X‘2\X3 xi (§,0) x2 (S,0)
\
X‘s &
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Summary

CFTG(k): CFTG with nonterminals of rank < k

Corollary
CFTG(k) are strongly lexicalized by CFTG(k + 1) J
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Summary

CFTG(k): CFTG with nonterminals of rank < k

Corollary
CFTG(k) are strongly lexicalized by CFTG(k + 1) J

Corollary
TAG are strongly lexicalized by CFTG(2) J
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Open Problem

Theorem (ENGELFRIET et al. 1980)
CFTG(k) induces infinite hierarchy of string languages J
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Open Problem

Theorem (ENGELFRIET et al. 1980)
CFTG(k) induces infinite hierarchy of string languages J

Open problem
Is the rank increase necessary for strong lexicalization? J
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