
Training of hybrid grammars
for the generation of

discontinuous phrase structures and
non-projective dependency structures

Diplomverteidigung

Kilian Gebhardt

Professur Grundlagen der Programmierung
Institut für Theoretische Informatik
Technische Universität Dresden

16. September 2015

1/20



syntactic structures

phrase structures dependency structures

What shall I do ?

S

NP

PRON

I

VP

VMOD

shall

VC

ADV

what

VINF

do

What shall I do ?

shall

I

subj

do

What
dobj

xcomp

root

discontinuous non-projective

2/20



syntactic structures

phrase structures

dependency structures

What shall I do ?

S

NP

PRON

I

VP

VMOD

shall

VC

ADV

what

VINF

do

What shall I do ?

shall

I

subj

do

What
dobj

xcomp

root

discontinuous non-projective

2/20



syntactic structures

phrase structures

dependency structures

What shall I do ?

S

NP

PRON

I

VP

VMOD

shall

VC

ADV

what

VINF

do

What shall I do ?

shall

I

subj

do

What
dobj

xcomp

root

discontinuous non-projective

2/20



syntactic structures

phrase structures dependency structures

What shall I do ?

S

NP

PRON

I

VP

VMOD

shall

VC

ADV

what

VINF

do

What shall I do ?

shall

I

subj

do

What
dobj

xcomp

root

discontinuous non-projective

2/20



syntactic structures

phrase structures dependency structures

What shall I do ?

S

NP

PRON

I

VP

VMOD

shall

VC

ADV

what

VINF

do

What shall I do ?

shall

I

subj

do

What
dobj

xcomp

root

discontinuous non-projective

2/20



syntactic structures

phrase structures dependency structures

What shall I do ?

S

NP

PRON

I

VP

VMOD

shall

VC

ADV

what

VINF

do

What shall I do ?

shall

I

subj

do

What
dobj

xcomp

root

discontinuous

non-projective

2/20



syntactic structures

phrase structures dependency structures

What shall I do ?

S

NP

PRON

I

VP

VMOD

shall

VC

ADV

what

VINF

do

What shall I do ?

shall

I

subj

do

What
dobj

xcomp

root

discontinuous non-projective

2/20



objective

a formal model for

What shall I do ?

shall

I

subj

do

What
dobj

xcomp

root

syntactic
parsing

3/20



objective

a formal model for

What shall I do ?

shall

I

subj

do

What
dobj

xcomp

root

syntactic
parsing

3/20
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hybrid trees and hybrid grammars [NV14]
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I tree grammar: simple definite clause program (sDCP)
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running example

Ik dacht dat Jan Piet Marie zag helpen lezen .

helpen

Piet lezen

Marie
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linear context-free rewriting systems (LCFRSs)

�
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S(P M h l ) ⇒ A(P , h ) C (M , l )

⇒ B(P) C (M , l )
⇒ C (M , l )
⇒ D(M)
⇒ ε

fanout k , rank r
parsing complexity:
O(n(r+1)k · |G |)

k = 1, r = 2:
O(n3 · |G |)

k = 2, r = 2:
O(n6 · |G |)
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B P → ε

D M → ε
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(LCFRS,sDCP)-hybrid grammar

x1

S x1 → x2 Ax1 C x2

S (x1 x3 x2 x4 )→ A (x1 , x2 )C (x3 , x4 )

x1 A
h

x2 x1
→ B x2

A (x1 ,h) → B(x1 )

C l

x1
→D x1

C (x1 , l)→D(x1 )

B P → ε

B (P) → ε

D M → ε

D (M) → εS

h

P l

M

l

M

A

h

P l

M

C
l

M
B P C

l

M
C

l

M
D M ε

⇒ ⇒ ⇒ ⇒ ⇒

S(P M h l )

A(P , h ) C (M , l ) B(P) C(M , l ) C(M , l ) D(M) ε
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grammar induction

basic algorithm:

given: hybrid tree h and recursive partitioning π of str(h).
task: construct hybrid grammar which generates h

according to π.

helpen

Piet lezen

Marie

Piet1 Marie2 helpen3 lezen4. . . . . .

{1, 2, 3, 4}

{1, 2, 4}

{2, 4}

{2} {4}

{1}

{3}

{2} (M)→ ε {2 , 4}

(x1 , x2 )

→ {2}

(x1 )

{4}

(x2 )

{1 , 2 , 3 , 4}

(x1 x3 x2 )

→{1 , 2 , 4}

(x1 , x2 )

{3}

(x3 )

sDCP: fold tree consistently onto recursive partitioning

11/20



grammar induction

basic algorithm:

given: hybrid tree h and recursive partitioning π of str(h).
task: construct hybrid grammar which generates h

according to π.

helpen

Piet lezen

Marie

Piet1 Marie2 helpen3 lezen4. . . . . .

{1, 2, 3, 4}

{1, 2, 4}

{2, 4}

{2} {4}

{1}

{3}

{2} (M)→ ε {2 , 4}

(x1 , x2 )

→ {2}(x1 ) {4}(x2 )

{1 , 2 , 3 , 4}

(x1 x3 x2 )

→{1 , 2 , 4} (x1 , x2 ) {3} (x3 )

sDCP: fold tree consistently onto recursive partitioning

11/20



grammar induction

basic algorithm:

given: hybrid tree h and recursive partitioning π of str(h).
task: construct hybrid grammar which generates h

according to π.

helpen

Piet lezen

Marie

Piet1 Marie2 helpen3 lezen4. . . . . .

{1, 2, 3, 4}

{1, 2, 4}

{2, 4}

{2} {4}

{1}

{3}

{2} (M)→ ε

{2 , 4}(x1 , x2 )→ {2}(x1 ) {4}(x2 )

{1 , 2 , 3 , 4} (x1 x3 x2 )→{1 , 2 , 4} (x1 , x2 ) {3} (x3 )

sDCP: fold tree consistently onto recursive partitioning

11/20



grammar induction

basic algorithm:

given: hybrid tree h and recursive partitioning π of str(h).
task: construct hybrid grammar which generates h

according to π.

helpen

Piet lezen

Marie

Piet1 Marie2 helpen3 lezen4. . . . . .

{1, 2, 3, 4}

{1, 2, 4}

{2, 4}

{2} {4}

{1}

{3}

{2} (M)→ ε {2 , 4}(x1 , x2 )→ {2}(x1 ) {4}(x2 )

{1 , 2 , 3 , 4} (x1 x3 x2 )→{1 , 2 , 4} (x1 , x2 ) {3} (x3 )

sDCP: fold tree consistently onto recursive partitioning

11/20



grammar induction

basic algorithm:

given: hybrid tree h and recursive partitioning π of str(h).
task: construct hybrid grammar which generates h

according to π.

helpen

Piet lezen

Marie

Piet1 Marie2 helpen3 lezen4. . . . . .

{1, 2, 3, 4}

{1, 2, 4}

{2, 4}

{2} {4}

{1}

{3}

{2} (M)→ ε {2 , 4}(x1 , x2 )→ {2}(x1 ) {4}(x2 )

{1 , 2 , 3 , 4} (x1 x3 x2 )→{1 , 2 , 4} (x1 , x2 ) {3} (x3 )

sDCP: fold tree consistently onto recursive partitioning

11/20



grammar induction

basic algorithm:

given: hybrid tree h and recursive partitioning π of str(h).
task: construct hybrid grammar which generates h

according to π.

helpen

Piet lezen

Marie

Piet1 Marie2 helpen3 lezen4. . . . . .

{1, 2, 3, 4}

{1, 2, 4}

{2, 4}

{2} {4}

{1}

{3}

{2} (M)→ ε {2 , 4}(x1 , x2 )→ {2}(x1 ) {4}(x2 )

{1 , 2 , 3 , 4} (x1 x3 x2 )→{1 , 2 , 4} (x1 , x2 ) {3} (x3 )

sDCP: fold tree consistently onto recursive partitioning
11/20



{1, 2, 3, 4}

{1, 2, 4}
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{2} {4}
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{3}

M

P

l( · )·

h( · , · )· ·

l(M)
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l(M) P

h(P, l(M))
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h

P l

M
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x1 {4}
l

x1
→ ε

{4}( l ) → ε

x1 x2 {3}
h

x1 x2
→ ε

{3}(h) → ε
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