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(the object vocabulary)Σ2 = 〈A2, C2, τ2〉

Σ1 = 〈A1, C1, τ1〉 (the abstract vocabulary)

where:

G = 〈Σ1,Σ2,L , s〉

(the lexicon)L : Σ1 → Σ2

(the starting symbol)s ∈ TA1

Abstract Categorial Grammar
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Intuition

• The abstract vocabulary specifies the 
abstract syntactic structure (Curry’s 
tectogrammatics)

• The object vocabulary specifies the 
possible surface forms

• The lexicon specifies how the abstract 
structures can be realized into surface 
forms (Curry’s phenogrammatics)
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Languages generated by an 
ACG

Abstract language:

Object language:

O(G) = {t ∈ ΛΣ2 | ∃u ∈ A(G). t = L (u)}

A(G) = {t ∈ ΛΣ1 | −Σ1 t :s is derivable}
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Abstract signature

N ,NP ,S : type
J : NP
U : N
A : N → ((NP → S )→ S )
S : ((NP → S )→ S )→ (NP → S )

Object signature

/a/, /John/, /seeks/, /unicorn/ : string

N ,NP ,S := string
J := /John/
U := /unicorn/
A := λx. λp. p (/a/ + x)
S := λp. λx. p (λy. x + /seeks/ + y)

Lexicon Lsynt : Σ0 → Σ1
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ι, o : type
∧ : o→ (o→ o)
∃ : (ι⇒ o)→ o
j : ι

unicorn : ι→ o
find : ι→ (ι→ o)
try : ι→ ((ι→ o)→ o)
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ι, o : type
∧ : o→ (o→ o)
∃ : (ι⇒ o)→ o
j : ι

unicorn : ι→ o
find : ι→ (ι→ o)
try : ι→ ((ι→ o)→ o)

Another object signature Σ2

∃x.unicornx ∧ find jx

∃ (λx.∧ (unicornx) (find jx))

We write:

for:
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Lexicon Lsem : Σ0 → Σ2

N := ι ⇒ o
NP := ι

S := o
J := j
U := λx.unicornx
A := λp. λq. ∃x. p x ∧ q x
S := λp. λx. try x (λy. p (λz.find y z))
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Parsing /John/ + /seeks/ + /a/ + /unicorn/ yields
two abstract terms t1 t2and such that:

with

t1 = S (A U) J

t2 = AU (λx.S (λk. k x) J)
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Then, applying the second lexicon,Lsem

t1 t2

, to
and yields the following terms:

Lsem(t1) = try j (λx.∃y.unicorn y ∧ findx y)

Lsem(t2) = ∃y.unicorn y ∧ try j (λx.findx y)
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Strings and trees as linear 
lambda-terms

A

B CC

CC

τ : type
A : τ → (τ → (τ → τ))
B : τ → (τ → τ)
C : τ

A C (B C C) C
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Strings as monadic trees

‘abbaac’
a

b

c

#

a

a

b

σ : type
# : σ

a, b, c : σ → σ

a (b (b (a (a (c#)))))
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Strings and trees as linear 
lambda-terms

Strings as functional lambda-terms

σ : type
a, b, c : σ → σ

‘abbaac’
as

λx. a (b (b (a (a (c x)))))

ε
!= λx. x

+ != λα.λβ. λx. α (β x)

in this setting:
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Regular languages
a b

qi qf

a

qif , qff : type
t0 : qff

t1 : qff → qif

t2 : qff → qff

t3 : qif → qff

Abstract signature

σ : type
# : σ
a, b : σ → σ

Object signature

t0 := #
t1 := λx. a x
t2 := λx. b x
t3 := λx. a x

Lexicon
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Context-free grammars

S → lS rS
S → l rS
S → lS r
S → l r

S : type
p1 : S → (S → S)
p2 : S → S
p3 : S → S
p4 : S

p1 := λx. λy. l + x + r + y
p2 := λx. l + r + x
p3 := λx. l + x + r
p4 := l + r
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λf.

.

λx.

x

Tree Adjoining Grammars

Adjunction with lambda-terms

string → string

(string → string)→ string
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Example:

ε

S

S

Sna

a

b c

d

S∗
na

S, Sadj : type
ti : Sadj → S
ta : Sadj → Sadj

e : Sadj

{ an bn cn dn | n ≥ 0 }

S := string
Sadj := string → string

ti := λf. f ε
ta := λg. λx. a + g (b + x + c) + d
e := λx. x
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Multiple context-free 
grammars

Context-free grammars working on tuples,
using linear, non-deleting operations

(string · · · string → string)→ string

tuples as linear lambda-terms:

〈α1, . . . ,αn〉
!= λf. f α1 . . . αn
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Example: { am bn cm dn | m, n ≥ 0 }

S(x1 y1 x2 y2) : −A(x1, x2), B(y1, y2)
A(a x1, c x2) : −A(x1, x2)
A(ε, ε)
B(b y1, d y2) : −B(y1, y2)
B(ε, ε)

S := string
A, B := (string → string → string)→ string

p1 := λP Q.P (λx1 x2. Q (λy1 y2. x1 + y1 + x2 + y2))
p2 := λP.λf. P (λx1 x2. f (a + x1) (c + x2))
p3 := λf. f ε ε
p4 := λQ. λf.Q (λy1 y2. f (b + y1) (d + y2))
p5 := λf. f ε ε


