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head

π : A→ B1 . . . Bh . . . Bn
spine

control string = sequence of productions
π1 . . .πnSpines(T )

C1 = CFL Ck+1 = {L(G,C) | G is an LDG and C ∈ Ck }

non-regular tree language

DT (G,C) = {T | T is a complete derivation tree of G
and Spines(T ) ⊆ C }

L(G,C) = { yield(T ) | T ∈ DT (G,C) }

control set



Grammars with context-free derivations
tree-adjoining grammars

multiple context-free grammars

derived tree

TAG

derivation tree

derived string tuple
MCFG

derivation tree

complex yields
set of derivation trees = local set
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Proof of inclusion

string-generating power of second-order ACGs of width

Ck ⊆ STR(A2k ) ⊆ 2k−1-MCFL

ACGs generate

strings
trees
logical formulas

represented by linear λ-terms

tree-generating power

C ∈ STR(Am)⇒ DT (G,C) ∈ TR(Am)⇒ L(G,C) ∈ STR(A2m)

2k
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ACG (de Groote 2001)

abstract vocabulary
object vocabulary

lexicon

Σ = (A,C, τ)

Σ′ = (A′, C′, τ ′)

L : A→ types over A′

C → linear λ-terms over Σ′ where #Σ′ L (c) :L (τ(c))

s ∈ A distinguished type

atomic types constants typing of constants

A(G ) = {P | !Σ P : s }
O(G ) = {L (P ) | P ∈ A(G ) }

abstract language
object language
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G is n-th order ⇔

G is of width m ⇔
# of atomic type occurrences

Am: the class of second-order ACGs of width m

max
c∈C

order(τ(c)) ≤ n

max
p∈A
|L (p)| ≤ m

                        is a substitution-closed full AFL 
(Kanazawa 2006)

           is closed under union, tree concatenation, 
linear non-deleting tree homomorphism, intersection 
with regular tree languages, and Kleene star 
(Kanazawa 2006)

STR(Am) (m ≥ 2)

TR(Am)

string generating power

tree generating power
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φ : π(1)x !→ πc . . . cxc . . . c

spine as
monadic
 tree

L(G,C) = { yield(T ) | T ∈ DT (G,C) } ∈ STR(A2m)

C ∈ STR(Am)⇒ L(G,C) ∈ STR(A2m)

C1 = CFL = STR(A2) Ck ⊆ STR(A2k )
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From 2nd-order ACGs to MCFGs
C : p→ s λy.y(λz.z)
D : p→ p λyxz.a(y(λz.b(x(cz)))(dz))
E : p λxz.xz

D(DE) : p λxz.a(a(b(b(x(c(c(d(dz))))))))

D : p→ p DE : p λxz.a(b(x(c(dz))))

D : p→ p E : p λxz.xz

tuple of strings
(aabb, ccdd)

(ab, cd)

λxz.z1(x(z2z))
pure λ-term
λxz.z1(x(z2z))

(x1, x2)

(ax1b, cx2d)

P [z1, z2]

Q[z1, z2]
DN : p

D : p→ p N : p

L (D)P [x1, x2]

MCFG rule
(p,Q[z1, z2])(ax1b, cx2d) :− (p, P [z1, z2])(x1, x2)
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Relating width with tuple length

z1 : o→ o, z2 : o→ o " λxz.z1(x(z2z)) : (o→ o)→ o→ o

2 × length of tuple width≤

STR(A2m) ⊆ m-MCFL

                            was shown by Salvati at FG 2006
[

m

STR(Am) ⊆ MCFL

                               was shown by de Groote and 
Pogodalla (2004)
m-MCFL ⊆ STR(A2m+2)
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RESP = { am1 am2 bn1bn2am3 am4 bn3bn4 | m, n ≥ 0 } ∈ 2-MCFL− C2
Seki et al. (1991):

RESPk = { am1 am2 bn1bn2 . . . am2k−1am2kbn2k−1bn2k | m, n ≥ 0 }

Easy: RESPk ∈ k-MCFL ⊆ STR(A2k+2)

But also: RESPk ∈ STR(A2k)

For k≥2: RESP2k−1 "∈ Ck by Palis and Shende’s
Pumping Lemma

RESP2k−1 ∈ STR(A2k )− Ck

Ck ! STR(A2k ) ⊆ 2k−1-MCFL



Questions



Questions

STR(A2k ) ! 2k−1-MCFL (k ≥ 2)
?



Questions

STR(A2k ) ! 2k−1-MCFL (k ≥ 2)
?

?[

k

Ck ! MCFL
`
=

[

m

STR(Am)
´



Questions

STR(A2k ) ! 2k−1-MCFL (k ≥ 2)
?

?[

k

Ck ! MCFL
`
=

[

m

STR(Am)
´

RESPk ∈
[

k

CkNote:




