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Introduction

Our formalization of RRG as a tree rewriting grammar has lead
to the definition of Tree Wrapping Grammar (Kallmeyer et al.,
2013; Osswald & Kallmeyer, to appear).

Goal of this talk: investigate the generative capacity of TWG
and link it to the notion of mild context-sensitivity.

3 / 31



Syntactic composition

Mode of composition I: (simple) substitution

SENTENCE

CLAUSE

CLAUSE

CORE

RP NUC RP

V[PRED+]

RP

Nprop

Kim
V[PRED+]

smashed

RP

DEF[OP+] CORER

NUCR

N

the glass

SENTENCE

CLAUSE

CLAUSE

CORE CLAUSE

RP NUC

V[PRED+]

John thinks

CLAUSE

CORE

RP NUC RP

V[PRED+]

Kim smashed the glass
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Syntactic composition

Mode of composition II: (sister) adjunction

SENTENCE

CLAUSE

PrCS CORE

TNS[OP+] NUC

RP RP PRED ADV[PERI+]

V

what did Kim smash yesterday

SENTENCE

CLAUSE

PrCS CORE

NUC

RP RP V[PRED+]

what Kim smash

CLAUSE∗

TNS[OP+]

did

CORE∗

ADV[PERI+]

yesterday
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Syntactic composition

Wh-extraction

(1) What does John think Kim smashed?

RRG tree of (1):

SENT

CLAUSE

CLAUSE

CORE

NUC

smashed

RP

Kim

CORE

NUC

think

RP

John

PrCS

RP

what
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Syntactic composition

Wh-extraction

(2) What does John think Mary claimed Kim smashed?

Compositional derivation of (2):×SENTENCE

CLAUSE

CLAUSE

PrCS CORE CLAUSE

RP RP NUC

think
CLAUSE

CORE CLAUSE

RP NUC

claim
CLAUSE

CORE

RP NUC

smash

SENTENCE

CLAUSE

CLAUSE

CORE CLAUSE

RP NUC

think
CLAUSE

CORE CLAUSE

RP NUC

claim

CLAUSE

PrCS CLAUSE

RP CORE

RP NUC

smash
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Syntactic composition

Mode of composition III: wrapping (substitution) (special
versions)

γ

δ

X

β

Xα

X

X

 

γ

δ α

β

X

X

γ

β

X

X
α

X

X

 

γ

α

β

X

X
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Syntactic composition

Modes of composition ( Tree Wrapping Grammar; TWG)

I. Simple substitution
α
X

β

X
 

α

β

X

II. Adjunction
α

β

X

γ

X∗  
α

β γ

X

III. Wrapping substitution

γ

δL δR

Y

β

X
α

Y

X

 α

γ

δL δR

Y

β

X
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Some sample TWGs

TWG G4 for the counting language {anbncndn |n ≥ 0}

S

T

T

ε

S

a
S

d

T

b T c
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Some sample TWGs

Derivation of aabbccdd with this grammar:

S

T

S

a
S

d

T

b T c

S

a
S

d

T

b T c

T

ε

Resulting dependency pattern:

a a b b c c d d
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Some sample TWGs

TWGs are not restricted to counting only up to 4.

TWG G6 for the counting language {anbncndnenf n |n ≥ 0}

S

T U

X

S

T

ε

S

X

U

ε

Y

a
S

f

T

b T c

S

Y

U

d U e

(this is no Tree Adjoning Language)
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Some sample TWGs

Example: TWG Gwww for {w3 |w ∈ {a,b}+}.

X

U V Z

A3

A2

V

a V

X

A3

Z

a Z

A2

X

U

a U

A5

A4

V

a

X

A5

Z

a

A4

X

U

a

(+ same trees for b and B1, . . . ,B5 resp.)
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Some sample TWGs

Derivation for aaa:

X

U V Z

A4

X

U

a

A5

A4

V

a

X

A5

Z

a

 

X

A5

A4

X

U V Z

a a a

Derivation for bababa:

X

U V Z

B2

X

U

b U

B3

B2

V

b V

X

B3

Z

b Z

A4

X

U

a

A5

A4

V

a

X

A5

Z

a
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X

A5
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X

U V Z

B2

X

U

b U

B3

B2

V

b V

X

B3

Z

b Z

A4

X

U

a

A5

A4

V

a

X

A5

Z
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Some sample TWGs

TWG GMIX for the MIX language {w ∈ {a, b, c}+ | |w |a = |w |b = |w |c}

S

A A A

B

S

A

A A

C

B

A

A A

S

C

A

A A

X

S

A

a

Y

X

A

b

S

Y

A

c

(this is a language that is a 2-LCFRL but no TAL)

Obviously, we can give a TWG for any MIX-language with an alphabet
T with |T | = n, this is not limited to 3.
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Some sample TWGs

We have seen, that TWG can generate all counting languages,
copy languages and MIX languages.

The number of subtrees below a node in the derived tree that
were added by a wrapping substitution stretching across that
node seems crucial for parsing complexity and for the generative
capacity.

If we limit this number to 1, G4 is covered but neither Gwww nor
G6. For Gwww , we have three subtrees below nodes with label X
that are added by wrapping substitution with a higher part being
attached above this node. For G6, we have two such subtrees
below the S nodes.

In GMIX , the number of dominated subtrees added by a wrapping
stretching across the S nodes for instance is not limited. In
general, for a word of length n, we can have nodes in the derived
tree with n such (non-nested) wrapping substitutions stretching
across them.
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Some sample TWGs

Possible derived tree for acbbaac with GMIX

S

Y

X

S

Y

X

S

C

B

S

A

A

c

A

a

A

A

a

A

b

A

A

c

A

b
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k -TWG

Idea of k -TWG: limit the number of times a node can be part of a
wrapping spine to k .

We define the wrapping decoration of a specific derivation of some
tree γd as the following set of node pairs W (γd ):

In every wrapping substitution step with r the root and v the
substitution node in the target tree, 〈r , v〉 ∈W (γd ).
Nothing else is in W (γd ).

X

U V Z

A4

X

U

a

A5

A4

V

a

X

A5

Z

a

X

A5

A4

X

U V Z

a a a
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k -TWG

For every node in a derived tree, the gap degree k gives the
number of wrapping spines (dominance edges) stretching
across that node (with respect to a specific derivation).

If two such edges are nested, only the innermost counts.

The maximal gap degree of the nodes gives the wrapping
degree of the derivation.

The minimal wrapping degree of all derivations for a given
derived tree gives the wrapping degree of the derived tree.

The k -tree language of a TWG is then the set of all its derived
trees with wrapping degree ≤ k .

The tree language of a k -TWG G is defined as the k -tree language
of the TWG G.
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k -TWG

Example: TWG for {w3 |w ∈ {a,b}+}, derivations:

X

A5

A4

X

U V Z

a a a

X
A5

A4
X
A3
A2
X

U V Z

a a aU V Z

a a a

(only the red dominance edges count⇒ gap/wrapping degree k = 3)
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k -TWG

A k > 1 allows extraction out of several arguments

(3) Bücher
books

hat
has

derjenige
that

Student
student

drei
three

gekauft
bought

der
who

am meisten
the most

Geld
money

hatte
had
‘the student with the most money bought three books’

(from Chen-Main & Joshi, 2012)

CLAUSE

PrCS

Bücher

CORE

RP

drei

CORE

Aux RP RP NUC

hat gekauft

CLAUSE

RP

derj. Stud.

CLAUSE

der . . .
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k -TWG and simple CFTG of rank k

For every k -TWG, a simple Context-Free Tree Grammar (CFTG)
of rank k can be constructed (Kallmeyer, 2016)

This, in turn, is equivalent to a well-nested Linear Context-Free
Rewriting System (LCFRS) of fan-out k + 1.

Consequently, k -TWGs are in particular mildly context-sensitive.
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k -TWG and simple CFTG of rank k

To show: for every k -TWG one can construct an equivalent simple
context-free tree grammar of rank k .

A simple context-free tree grammar (CFTG, Rounds, 1970;
Engelfriet & Schmidt, 1977) is a quadruple G = 〈N,Σ,P,S〉, where

1 N is a ranked alphabet of non-terminals,
2 Σ an unranked alphabet of terminals,
3 S ∈ N is of rank 0, and
4 P is a finite set of productions of the form

Ax1 . . . xn → t [x1, . . . , xn]

where A ∈ N(n) and t [x1, . . . , xn] is a tree over N∪Σ∪{x1, . . . , xn}
with each of the x1, . . . , xn occurring exactly once as a leaf
label.

The rank of G is the maximal rank of its non-terminals.

23 / 31



k -TWG and simple CFTG of rank k

To show: for every k -TWG one can construct an equivalent simple
context-free tree grammar of rank k .

A simple context-free tree grammar (CFTG, Rounds, 1970;
Engelfriet & Schmidt, 1977) is a quadruple G = 〈N,Σ,P,S〉, where

1 N is a ranked alphabet of non-terminals,
2 Σ an unranked alphabet of terminals,
3 S ∈ N is of rank 0, and
4 P is a finite set of productions of the form

Ax1 . . . xn → t [x1, . . . , xn]

where A ∈ N(n) and t [x1, . . . , xn] is a tree over N∪Σ∪{x1, . . . , xn}
with each of the x1, . . . , xn occurring exactly once as a leaf
label.

The rank of G is the maximal rank of its non-terminals.
23 / 31



k -TWG and simple CFTG of rank k

Example: simple CFTG for {w3 |w ∈ {a,b}+}:
N0 = {S},N(3) = {X}, Σ = {a,b,A}, S the start symbol.

P contains the following productions:

S → Xaaa |Xbbb
Xx1x2x2 → X (Aax1)(Aax2)(Aax3) |X (Abx1)(Abx2)(Abx3) |Ax1x2x3

Sample derivation:

S ⇒ X

aaa

⇒ X

A

ab

A

ab

A

ab

⇒ X

A

A

ab

a

A

A

ab

a

A

A

ab

a

⇒ A

A

A

ab

a

A

A

ab

a

A

A

ab

a

A

A

A

ab

a

A

A

ab

a

A

A

ab

a

S → Xaaa
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k -TWG and simple CFTG of rank k

Idea of the construction of a simple CFTG for a given k -TWG:

The CFTG terminals comprise the terminals and non-terminals
from the TWG.

The CFTG non-terminals have the form [A,A1A2 . . .An] where

A is the root category of the tree this nonterminal expands to and
A1A2 . . .An are the categories of pending gaps from wrappings
that stretch across this tree.
[A,A1A2 . . .An] is of rank n (the arguments are the gap fillers)

I.e., the CFTG non-terminals encode possible gap sets of
nodes in specific derivations.
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k -TWG and simple CFTG of rank k

TWG for {(bc)n |n ≥ 1} ∪ {c}:

γ1 AB

Bε

γ2

Aε

AB

Bε

bε Cε

γ′2

AB

AB

BB

bε CB

γ3 CB

cε Bε

γ4 Cε

cε

(Decoration with possible gap categories, matching pending gaps and
fillers below are in the same color.

Equivalent simple CFTG:
S → [A], S → [C]

γ1: [A,B]x1 → Ax1
γ2: [A]→ A([A,B](Bb[C]))
γ′2: [A,B]x1 → A([A,B](Bb([C,B]x1)))
γ3: [C,B]x1 → Ccx1
γ4: [C]→ Cc
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k -TWG and simple CFTG of rank k

Example: 3-TWG for {w3 |w ∈ {a,b}+}
Guess possible gap sequences and construct CFTG rules
accordingly:

XU,V ,Z

Uε Vε Zε

A4VZ

XUVZ

Uε

a

A5Z

A4VZ

Vε

a

Xε

A5Z

Zε

a

X

A5

A4

X

U V Z

a a a

Corresponding CFTG productions:
S → [X ]
[X ,UVZ ]x1x2x3 → Xx1x2x3
[A4,VZ ](x2, x3)→ A4([X ,UVZ ](Ua, x2, x3))
[A5,Z ](x3)→ A5([A4,VZ ](Va, x3))
[X ]→ X ([A5,Z ](Za))
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k -TWG and simple CFTG of rank k

Example continued
TWG derivation:

XUVZ

Uε Vε Zε

A4VZ

XUVZ

Uε

a

A5Z

A4VZ

Vε

a

Xε

A5Z

Zε

a

 

X

A5

A4

X

U V Z

a a a

CFTG derivation:
S ⇒ [X ]⇒ X

[A5,Z ]

Z

a

⇒ X

A5

[A4,VZ ]

Z

a

V

a

⇒ X

A5

A4

[X ,UVZ ]

Z

a

V

a

U

a

⇒ X

A5

A4

X

Z

a

V

a

U

a
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Conclusion

TWG is a tree-rewriting formalism with operations (wrapping)
substitution and sister adjunction.

Sister adjunction can be turned into substitution, i.e., it is not
crucial for the expressive power.

A k -TWG is a TWG that allows only a restricted use of wrapping
substitution: the number of wrapping spines stretching across
any node in a derived tree is limited to k .

k-TWG is mildly context-sensitive. More conretely, for every
k-TWG there exists a weakly equivalent simple context-free
tree grammar of rank k and therefore also a well-nested (k +
1)-LCFRS.

Open question: What about the other direction? Do we find an
equivalent k -TWG for every simple CFTG of rank k?
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