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Tree-Adjoining Grammars

Motivation [JOSHI]

e mildly context-sensitive formalism
e local dependencies in rules
¢ but global dependencies in derivation

Applications

e TAG for English [XTAG GRouP 2001]
e TAG for German [KALLMEYER et al. 2010]
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Tree-Adjoining Grammars

Definition (JOSHI et al. 1969)

Tree-adjoining grammar (TAG) has a finite set of
¢ substitution rules
¢ adjunction rules

Substitution rule (rules of a regular tree grammar):

INP| of [NP|
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Tree-Adjoining Grammars
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Tree-Adjoining Grammars

Used substitution rule

/\ NP
N|P ,L
|

N children

children
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Tree-Adjoining Grammars

Used substitution rule
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Tree-Adjoining Grammars

Used substitution rule
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Used substitution rule
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Used substitution rule

S
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NP VP
| / \

|
children like [Tl

candies
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Tree-Adjoining Grammars

Definition (JOSHI et al. 1969)

Tree-adjoining grammar (TAG) has a finite set of
e substitution rules
¢ adjunction rules

Adjunction rule:

:
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Tree-Adjoining Grammars

Used adjunction rule

AN
NP VP
| /\

|
children like [Tl

candies
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Tree-Adjoining Grammars

Used adjunction rule

S

AN
NP VP
| / \
N V NP

children like

N
|

candies
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Tree-Adjoining Grammars

Used adjunction rule

S
NP/ \VP A
| / \ ADG \u
NP

TN
children like N
/ N\
0

N
|

candies
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Tree-Adjoining Grammars

Used adjunction rule

S
NP/ \VP /N\
| / \ ADJ O
N \|/ N|P
children like N
/ N\
h|l
candies

Andreas Maletti DLT 2012 17



www.uni-stuttgart.de

Tree-Adjoining Grammars

Used adjunction rule
N

S
v e /\
| /\ ADJ O
[Tj \|/ NIP
hild like N ituti
children like N Used substitution rule
ADJ N
| | ADJ
red candies |
red
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Synchronous Tree-Adjoining Grammars

Definition (SHIEBER and SCHABES 1990)

Synchronous tree-adjoining grammar (STAG) consists of two

synchronized TAG
Substitution rule:
of
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Synchronous Tree-Adjoining Grammars

Definition (SHIEBER and SCHABES 1990)

Synchronous tree-adjoining grammar (STAG) consists of two
synchronized TAG

Adjunction rule:
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Synchronous Tree-Adjoining Grammars
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Synchronous Tree-Adjoining Grammars

/\ /\
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Synchronous Tree-Adjoining Grammars

S S

/N /N

NP NP

| /X

| )
children les enfants

Andreas Maletti DLT 2012 23



University of Stuttgart

www.uni-stuttgart.de Germany

Synchronous Tree-Adjoining Grammars

7/ N\

NP VP NP VP

VAN VA NYAN

T DlET N
children les _enfants
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Synchronous Tree-Adjoining Grammars

S S
RN N
T /V . AN
| T
children I|ke les enfants aiment
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Synchronous Tree-Adjoining Grammars

S S
SN N
NP VP NP VP
I /N / N\ N
IT \Y N‘P DI|ET T \|/ NP
children like les enfants aiment DI‘ET

les

Andreas Maletti DLT 2012 26



niversity of Stuttgart

ww.uni-stuttgart.de " Germany

Synchronous Tree-Adjoining Grammars

S S

NP VP NP VP

I /N /N PN

N V. NP DET N \Y NP
| l ] | /N

children like les enfants aiment DET
|
candies les~ bonbons
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Synchronous Tree-Adjoining Grammars

S S

TN T

NP VP NP VP

\ / \ / N\ PN

l\‘l Y N‘P DI‘ET l\‘l Y NP

children like N les enfants aiment DET N
/ /\
ADJ T les T

candies bonbons
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Synchronous Tree-Adjoining Grammars

S S
N _—

NP VP NP \VP

\ / \ / N\ PN

N Y N‘P DI‘ET l\‘l \Y /NP

children like N les enfants aiment DI‘ET N \

A?J l\‘l les l\‘l A?J
red candies bonbons rouges
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Tree Substitution

o first-order: t(u)9 replaces leaf at v in t by u

 second-order: t(u)! replaces unary node at v in t by u
(with the subtree at v1 substituted into u)
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Tree Substitution

o first-order: t(u)9 replaces leaf at v in t by u

 second-order: t(u)! replaces unary node at v in t by u
(with the subtree at v1 substituted into u)

/\ /\
X1 Xo X1 Xo
| |
t t(c)9
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Tree Substitution

o first-order: t(u)9 replaces leaf at v in t by u

 second-order: t(u)! replaces unary node at v in t by u
(with the subtree at v1 substituted into u)

X1/ \X2 O/ \X2
| |
t t(c)9
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Tree Substitution

o first-order: t(u)9 replaces leaf at v in t by u

 second-order: t(u)! replaces unary node at v in t by u
(with the subtree at v1 substituted into u)

X1/ \X2 O/ \X2
| |
t ta)g = t(x:/a)°
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Tree Substitution

o first-order: t(u)9 replaces leaf at v in t by u

 second-order: t(u)! replaces unary node at v in t by u
(with the subtree at v1 substituted into u)

A\ N A
Xy Xo a X2 X1 X|2
| |
t Ho)? = tha/a)®  th(o, )}
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Tree Substitution

o first-order: t(u)9 replaces leaf at v in t by u

 second-order: t(u)! replaces unary node at v in t by u
(with the subtree at v1 substituted into u)

o o /\
/\ /\ X
X1 Xo o  Xo
| |
a a O|é
t ta)? = t(x1/)° t(, 5D
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Tree Substitution

o first-order: t(u)9 replaces leaf at v in t by u

 second-order: t(u)! replaces unary node at v in t by u
(with the subtree at v1 substituted into u)

/0\ a\ / \
X4 X|2 O/ X|2 /\
o o O|é
t te)? = t(x1/a)° tv(o, 8))z
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Tree Substitution

o first-order: t(u)9 replaces leaf at v in t by u

 second-order: t(u)! replaces unary node at v in t by u
(with the subtree at v1 substituted into u)

X 1/ \Xz O/ \X2 X1/ >7
cly cl)z a f
t te)? = t(x1/a)° t(v(o, B))}
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Tree Substitution

o first-order: t(u)9 replaces leaf at v in t by u

 second-order: t(u)! replaces unary node at v in t by u
(with the subtree at v1 substituted into u)

x1/ \x2 o/ \Xg X1 >7
cly cl)z a f
t te)? = t(x1/a)° thy (o, B))3 = tlxe/~(0, B))'
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Monadic Doubly Ranked Alphabet

Alphabet Q with a mapping rk: Q — {0,1}?
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Monadic Doubly Ranked Alphabet

Alphabet Q with a mapping rk: Q — {0,1}?

¢ input and output rank rky and rk»

e rank 0 — first-order substitution (- - -)°
e rank 1 — second-order substitution ¢(- - -[)1
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Monadic Doubly Ranked Alphabet

Alphabet Q with a mapping rk: Q — {0,1}?

¢ input and output rank rky and rk»

e rank 0 — first-order substitution (- - -)°
e rank 1 — second-order substitution ¢(- - -[)1
e Q) ={qeQ|rk(q) = (i.j)}
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Synchronous Tree-Adjoining Grammar

Definition (BUCHSE, NEDERHOF, VOGLER 2011)

(Q, X, qo, R) synchronous tree-adjoining grammar (STAG) if

¢ Q monadic doubly-ranked alphabet states
e 3 alphabet terminals
e qo € QOO initial state
¢ R finite set of elements rules
of the form g — (¢¢', g1+ - qm)
— (, (' treesover X U {xq,...,xn} U{O}

— O occurs according to rank of g in (¢, ¢’)
— x; occurs exactly once in ¢ and ¢’
— rank of x; in (¢, ¢’) equals rank of g;
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Synchronous Tree-Adjoining Grammar

(Q, %, qo, R) with go € Q%9 and g € Q")

X1 X1
\ \
S S
CIO—>< TN TN 7CICI0> Clo—><# #,6>
# X2 # # X2 #

S S
/ I\ VAN
a x d

a d X
q—>< é é ,q> q—><u D,6>
RN RN
b O c

b ¢ O
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Unidirectional Derivation Semantics

& 2 & with p =g — (¢, g1 - - - qm) if there are
(i) minimal redex position v in & and (ii) trees t;,. .., tn

1 D oceurs in ¢ according to rkq(gq;)
2 &(v) = (g, ¢01 - - Om) with 6; = (x;/t})™1(%)
3 & =&(CY- ..Q;n[):/kz(q) with

9, = {(]X//(q/’ tj)l)o if I‘kz(qj) -0

77 L 0x/(g, 1)(@)' otherwise
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Unidirectional Derivation Semantics

|
VARN S
# # # #éol’i}#
Example (Used rule)
X4 X4
CI0—>< /S\ /S\ ,qCIo> (p1)

# X2 # # X2 #
Andreas Maletti DLT 2012 46



Umverslty of Stuttgart

www.uni-stuttgart.de

Unidirectional Derivation Semantics

S
?\ (q a/é\d>
5 VAN
(q()’ /l\ ) % o ¢
b/?\C é
# # # |
#4707}#

Example (Used rule)

X X1

\ \

S

CI0—>< /‘\ N ,CICI0> (p1)
Xo # # Xo #
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Unidirectional Derivation Semantics

S
?\ (q a/é\d>
5 VRN
(q()’ /l\ ) % Y
b/?\C é
# # # \
#4707#}#

Example (Used rule)

X X1

\ \

S

CI0—>< /‘\ N ,CICI0> (p1)
Xo # # Xo #
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Unidirectional Derivation Semantics

g:%;--~;§9withd:p1---pn

STAG G derivation-induces

ke ={(s,1)|3d € R*: (go,s) < t}
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Unidirectional Derivation Semantics

S S
S VRN TN S
Aoy , IR DL, s
a S d a
(qm/\)'% b oec £ SR /TN
b/L?\C é b/é\s ° c/?\
# # # \ \ # # #
#4’07## #4’07#)\#
Example (Rules)
X4 X4
\ \
S S
Clo—>< e e 7qCIo> (p1)
# X2 # # Xo #
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Unidirectional Derivation Semantics

S S
S VRN TN S
ay , ) L
a S d a
(qm/\)'% b oec £ SR /TN
b/‘T’\C é b/é\s ° c/?\
# # # \ \ # # #
#4’07## #4’07#)\#
Example (Rules)
S
/ I\ [\
a X‘1 d a d X‘1
q—>< L . ,q> (p3)
7/ I\ RN
b o c b ¢ O
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Unidirectional Derivation Semantics

S S
S VRN TN S
Aoy , IR DL, s
a S d a
(% /\) 2 b oec £ SR /TN
b/LT’\C é b/é\s ° C/?\
# # # \ \ # # #
#4’07## #4’07#)\#
Example (Rules)
qo—><# # ,e> (pa) q—>< 0 O ,s> (p2)
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3 Relating STAG and XTOP
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Extended Top-down Tree Transducer

STAG (Q, %, qu, R) is a (linear and nondeleting)
extended top-down tree transducer (XTOP) if Q = Q(®0)
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Explicit Substitution

X =X U{[],O} where
e -[-] binary substitution symbol
e O nullary substitution site symbol

Definition

Evaluation -£: Ty — Ty
e OE=n
o o(ty,.... )" =o(tf,..., 1)
o -[I(t,u)E = t¥[o « uF]
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XTOP using Explicit Substitution

/ Wi
[] d a d -]
CI—>< /\ \ ,q> q—><o O,€>
X1 S X1 S
VAR /TN
b O c c O
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Tree t € Tx is well-behaved (under -F) if
o tFc Ts
o tf € Cs for every subtree of the form -[-](ty, &) in t
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Tree t € Tx is well-behaved (under -F) if
o tFc T):
o tf € Cs for every subtree of the form -[-](ty, &) in t

Well-behaved trees form a regular tree language
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Well-behaved XTOP

/ Wi
[] d a d -]
CI—>< /\ \ ,q> q—><o O,€>
X1 S X1 S
VAR /TN
b O c c O
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Main Theorem

kg and xp,: unidirectional derivation semantics

Theorem
For every STAG G there is a well-behaved XTOP M such that

kG = (km)"

and vice versa
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4 Bimorphism Semantics
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Bimorphism Semantics

The bimorphism semantics is
e taken from [BUCHSE, NEDERHOF, VOGLER 2011]

e similar (and equivalent) to the synchronous derivation
semantics

e written as 7g

Theorem (Theorem 4 of [MALETTI 2007])

v = kp for every XTOP M

Andreas Maletti DLT 2012 62

University of Stuttgart



niversity of Stuttgart

ww.uni-stuttgart.de " Germany

Bimorphism Semantics

X1 X1
| |
S S
CIo—>< arN N ,qCIo> (p1)
# % # # x #
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Bimorphism Semantics

: :

S S
# /\ # # /\ #
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Bimorphism Semantics

S
\
N o I
* g
/N /TN
/?\C AN
# Q] # # #
CI0—><# #=€> (pa)
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Bimorphism Semantics

S S
| N\
a/@\d a/cIJ q]
s s
/1IN /
b S ¢
/1IN
# O# # # # #

q%<ucu§ (02)
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Bimorphism Semantics

S
VRN VARN
a S d d S
VRN / I\
b S ¢ b ¢ S
VRN VRN
# # # # # #

CI—><D u,s> (02)
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Main Theorem

7 and my: bimorphism semantics

Theorem
For every STAG G there is a well-behaved XTOP M such that

76 = (tm)"

and vice versa
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Uniform STAG

STAG (Q, %, qo, R) uniform if
* Q="M U {qo}
e Qo does not occur in the right-hand sides

For every STAG G there is a uniform STAG G’ with g = 7g
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Summary

kg and kp:  unidirectional derivation semantics
7g and my:  bimorphism semantics

Corollary

For a tree transformation t, the following are equivalent:
3 STAG G with T = kg

2 3 well-behaved XTOP M with T = (kp)E

3 3 well-behaved XTOP M with = (miy)F

4 3 STAG G withT =716

5 3 uniform STAG G with T = 75

—_
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