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e A lexicon mapping words to (small) sets of for-
mulas

e A logic specifying the meaning and the behaviour
of the logical connectives

Universal grammar is a logic. Language variation is
restricted to the lexicon.



.2. AB grammars

Not a logic (yet!) but the foundation of categorial
grammars.
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ﬁ..!:‘ ' A.3. Atomic formulas

&u 1“

k-...‘,,vi. Eusd / a0 yped TVl

Ul

?
;' np (noun phrase), for example: John, the tall student

ﬂj . S (sentence),

n (noun), for example: student, book, ...

Maybe some others: pp (for prepositional phrases),
inf (for infinitival phrases), ...

Goal: all grammatical sentence should be derivable
as being of category s (in a sense we will make pre-

cise).
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~ Formulas are inductively defined as follows.

e Atomic formulas are formulas. ./\'\P/ S

e If A and B are formulas, then (A/B) (we say A
over B) and (B\A) (we say B under A) are for-
mulas.

Intuition: a formula of the form A/B combines with a
B to its right to form an A, a formula B\ A combines
with a B to its left to form an A.




A 5. Example formulas, example lexicon (strict)

~

he following are formulas: (np/n) np\s /np),
(m\n)/(np\s)) ( @j

Lex(the) ={(np/n);
Lex(an) ={(np/n)}
Lex(president) ={n}
Lex(actress) ={n}
Lex(likes) = {((np\s)/np)}




A6 Example formulas, example lexicon (sloppy)

The following are formulas: np/n, np\s, (np\s)/np,

(m\n)/(np\s)

Lex(the) = np/n
Lex(an) = np/n
Lex(president) = n
Lex(actress) = n
Lex(likes) = (np\s)/np




A.7. AB grammars: rules




A.8. AB grammars: rules

the president

AB By mInnyg
A=np, B=n Fuot(l%\“ \(i’lf



9. AB grammars: rules

~an _ actress

CyE P Mg

np
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A.10. AB grammars: rulew
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AB grammars: rules

likes an actress

np\s




A.12. AB grammars: rules

the president likes an actress
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1. A student slept.

2. A student slept in class.

3. A student slept in class during the exam.

4. A student slept in class during the exam yester-
day at 15h while snoring.

“In class” modifies a sentence s and is therefore as-
signed the formula s\s (or if you prefer, the vp modi-

fier (np\s)\(np\s)).
“class” is a noun n, therefore a lexical possibility for
“in” should be (s\s)/n or ((np\s)\(np\s))/n.




A.14. Relative phrases

The student who slept
np/n o (n\n)/(np\s) np\s

The student whom the professor  woke

np/n n  (n\n)/(s/np) np (np\s)/np
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A 15. Context free grammars
% A —> 0)14&‘

L/cx 0\—; \: b bk a

[Non Terminals] a set NT of symbols called non ter-
minals, one of them being the start symbol S.

[Terminals] set T of symbols, disjoint from NT, called
terminals (or words according to the linguistic view-
point)

[Production rules] a finite set of production rules of
the form X=» W with X ¢ NT and W € (TUNT)*

gwa)&’lw\el




e in strong Greibach normal form when all rules
are X —aor X —aYor X —aYZ, withae T
and X,Y,ZeNT

e in Chomsky normal form when all rules are X — a
or X —-YZwithae Tand X,Y,Ze NT

Any context free grammar can be turned into an a
grammar of both normal forms, both generating the
same language.
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‘ rl..r: - A.17. From AB grammars to context free gram-
!@. 4| mars
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+ Given an AB grammar, there exists a context free
grammar (in Chomsky normal form) that generates
the same language.

4.1
w—ne B,

Take all categories and subcategories from the lexi-
con as non terminals, add rules:

Y = X (X\Y),

QH Y — (Y/X) X and

X — awhenever a: X



Given a context free grammar, which can be assumed
to be in Greibach normal form, there exists an AB
" ! grammar that generates the same language.

CF6 Al —

X — abecomes a: X

X — aY becomes a: X/Y

X —aYZbecomesa: (X/Z2)/Y

U\MSQA /



;: A.19. Lambek grammars — Natural deduction

A/B B Ao
4 /B A/—B[//]

B"...

B B\A A
AN g M

Conditions: [B] is the rightmost (for //) resp. leftmost
(for \/) undischarged hypothesis and the proof has
another undischarged hypothesis. |B] is discharged
after application of the rule.







. A very interesting book

a very interesting book

np/n (n/n)/(n/n) — n/n n
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The student whom the professor  woke

np/n n  (n\n)/(s/np) np (np\s)/np
\~
. \“/«P\S
np trace ~ hypothetical np

movement = introduction rule
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C Montague Semantics




Overview

e Montague Grammar and the simply typed lambda
calculus (reminder)

e Curry-Howard formulas-as-types interpretation

e Montague semantics for the Lambek calculus



intuitionistic
proof

isomorphism lambda

homomorphis

Lambek
proof

A
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parsing

input text

A
Y

term
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normalization
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logical
semantics
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proving

Y
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and
pragmatics




Introduction rules

Elimination rules

A"
Intuitionistic A i B~ I A /1\3_> B Lk
[A]:”...
Lambek A\LB ¢ A ;\B \E
A
BIE./BA /I B/i‘; A /E




C.3. Types and terms: Curry-Howard

E AoV en }') QYk&‘mJ& Kw(m»oga:o\/

A proof of A— B is a function that maps proofs of A
to proofs of B.

Think of a formula/type as the set of its proofs.

Types are.... formulae.

A-terms encode proofs v : U means u is a term of
type U.

We will also write v : U as uV.
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‘; r&l{- ' C.4. Terms: Curry-Howard . A — E
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& N 0
Kedllind ' ¢ WP
& 1. hypotheses variables of each type which are terms
of this type

N > e

2. constants there can be constants of each type

3. abstraction if x : U is a variable and t: T then
(AxY. t): U= V.

4. applicationif f : U— Vand t: Uthen (ft):V

With such typed terms we can faithfully encode proofs.

Variables are hypotheses (that are simultaneously
cancelled).




Jrw—y o {(a2h)
p —7p4) 7 [ a=2b) +1

Reduction: (Ax: U. t)V=YuY reduces to t[x :=u]: V.

Every simply typed lambda term reduces to a unique
normal form, regardless the reduction strategy used.



' ‘ C.6. Representing formulae within lambda cal- Unantn
culus — connectives e: afitien

Fol Yx shives(xx) F bl ©

Assume that the base types are€ andt and that the
only constants are

We need the following logical constants:
Constant | Type C’\‘ aﬂ
J(e—>t)— l k- VU
Q"%@"DC>;&%?’CV (e—>t)—>t ’k— ?'LOP
(b ) s2< e Alt— (t—t)
@C(ﬁ&km VIt—(t—t)
Dit—(t—t)




ééﬂ\r ?e——')f‘

e —>€ — )—

(lé%m
o R,oftypee — (e = (.... > e —=1t))
e.g. likes:e—e—t,sleepse—t

Co foof typee — (e — (... > e —e)) )




i
. C.8. Formulae and normal lambda terms

Proposition 4 A normal lambda-term of type t using
only the constants given above corresponds to a for-
mula of first-order logic.



b

'} — T
AAxe (3\ barber(x)) ((shaves(x))(x)))
Predix

Another one”?

Detailed examples: a FOL formula as a term and as
a natural deduction proof.



C.10. For Montague semantics

Non normal lambda terms of type t coming from syn-
tax do not really correspond to formulae.

Hence we need:

e normalisation

e a proof that the normal terms do correspond to
formulae, as we just shown.




Montague semantics. Types.

Simply typed lambda terms

types ::=e | t | types — types

chair , sleep e — t

likes transitive verb e — (e — t)



(A\B)" = (B/A)"

(Syntactic type)* = Semantic type
s =t (.58 sentence IS a proposi-
PeP? T tion
%ufcwwiwnp* = e o\\/&‘.haa noun phrase is an entity
omlnwa N = e—t anoun is a subset of the

P=Tset of entities
A — B extends easily to all syn-

- Ve T tactic categories of a Cat-
m ol egorial Grammar e.g. a

Lambek CG

Logical operations (and, or, some, all the,.....) are the
lambda-term constants defined above.
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!ﬁ‘»’l" || Logic within lambda-calculus

5 v%ﬁw

= = ’
R D

. I Words in the lexicon need constants for their denota-

tion:

.
2
‘wt

likes AxAy (likes y) x | x: e, y:elikes: e — (e

t)

~

<< likes >> is a two-place predicate

“Garance | AP (P Garance) | P:e — t, Garance: e

<< Garancei >> is viewed as

the properties that << Garance >> holds

L@Aﬂ“) ) l“ )’cﬁ)e (Ldj: m7é
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, C.14. Montague semantics.
| Computing the semantics 1/5

1. Replace in the lambda-term issued from the syn-
tax the words by the corresponding term of the

lexicon.

2. Reduce the resulting A-term of type t to obtain
its normal form, which corresponds to a logical

formula, the “meaning”.



' word syntactic type u
‘ semantic type u*
semantics: A-term of type u*

x" means that the variable or constant x is o

some C (s/(np\s) /n AP 2
oX

»t) = ((e—t) = t)

W‘“mrm@wf LG (A (e g (@

statements  n
e —t
Clxe(statemente%t X)

speak_about (np\s)/np
e — (e —t)
(ly Ax¢ ((speak_about®(et) x) y))

themselves [-M\ ivp/\sp

cl hmwle — (e — t)) (e — t) lPuonf eo-.ll SNV
(AP e—>t)/)Lx ((P x) X)\)
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- |

themselves” belongs to the language generated by
this lexicon. So let us prove (in natural deduction)

the following:

(s/(np\s))/n, n, (np\s)/np ., ((np\s)/np)\(np\s) s

"‘]; Let us first show that “Some statements speak about

Some Sl[a‘wj SyaJ(mL«l’ Huooe. 3&01/84
(s/(np\s))/n_n - (nP\s)/np ((np\s)/np)\(P\S) | £
(s/(np\s)) (7P\s)

S



N e-= >}
C 16. Syntactic Proof to Semantic proof £

(s/(np\s))/n_n - (np\s)/mp_((np\s)/np)\(np\s)
(s/(mp\s))_/© P\ | \E

S

Using the homomorphism from syntactic types to se-
mantic types we obtain the following intuitionistic de-
duction.

(e—>t)—(e—t)—t e—t o e—e—t (e—>e—t)—we—t
(e —>t)—t et o

t

—E
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' C.17. Semantic Proof to Lambda Term

mgel X beers i

rhe Lage icom
(e—>t)—>(e—t)—t et p e—me—t (e—>e—>t)—>e—>t_>E
(e—>t)—t et
t

50(e—>t)—>(e—>t)—>t G0t

= SpAe—>e—>t Reﬂ(e—>e—>t)—>e—>t

sE

(So sta)(e7t) 7t — — (Refl 5pA)®7"

@&a) (Refl 5pA))° 5 v E
Prepem o




— fC.18. Montague semantics.
| Computing the semantics. 3/5

fis

The syntax (e.g. a Lambek categorial grammar) yields
a A-term representing this deduction simply is

((some statements) (themselves speak_about)) of type t



fC.19. Montague semantics.
| Computing the semantics. 4/5

((APG_” lQe_)t (3(e—>t)—>t (lx (/\ P X)(Q X)))))
(Ax®(statement® ! x) )
(()Lpe—>(e—>t) A x€ ((P X) )
(Ay® Ax® ((speak_about® (e~ X)y)))

| B

(AQe—n‘ (3(e—>t)—>t (lxe(/\t%(t_”)(statemente_)t x)(Q X)))))
(Axe® ((speak about®*(e~1) x)x))

1B

(El(e_”)_” (Ax®(A(statement® ! x)((speak_about®*(¢—t) x)x))))

N S,
///\fvv\u/él < \'F& [/‘.;_/[_;_Q —



k..Lh ' C.20. Montague semantics.

i

! ‘a!. ;, Computing the semantics. 5/5
e

3 Lﬁs

‘.4".” 2 : - '
Y |
!}Q‘,.' : N '

}

!‘"l a ! This term represent the following formula of predi-
wal "« cate calculus (in a more pleasant format):

gﬁ\w\\&m'.
dx : e (statement(x) A speak about(x, x)
) Vengn - @o& GK\R% Cong, CXmp SS ‘%\QW

This is a (simplistic) semantic representation of the
analysed sentence.

w
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Un corpus de référence pour le francais

Une ressource lexicale et syntaxique richement annotée (et validée manuellement) pour les linguistes,
utilisable en TAL.

Projet initié en 1997, avec le soutien de I'TUF, du CNRS et du CNRTL

21550 phrases (environ 664 500 tokens) du journal Le Monde (1990-1993)
métadonnées : auteur, date, domaine (par article) \
Annotations lexicales (catégories, sous-catégories, flexion, mots composés avec composants) et syntaxiques §
(constituants majeurs, fonctions grammaticales) validées

e Corpus annoteé téléchargeable (version 1.0 2016) en plusieurs formats (xml, Tiger-xml, PTB, CoNLL)

O La diminution parait, toutefois, moins nette en France et en Italie.

Sélectionnez le format de sortie

(SENT (NP-SUJ (D La) (N diminution)) (VN (V parait)) (PONCT ,) (ADV toutefois) (PONCT ,) (
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someone loves everyone 3V

SL

np

everyone loves

np

someone loves everyone V3

np

everyone loves

-

reading direction: right to left

Fig. 6.6. “Someone loves everyone” with wide scope for everyone. The complexity profile

— read from right to left —is 1 —2 —2.
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Geach était-il un étudiant de Wittgenstein?

— En 1941, IL épousa la philosophe Elizabeth Anscombe, grace a
LAQUELLE (L entra en contact avec Ludwig Wittgenstein. BIEN_QU (L

N’ait JAMAIS suivi 'enseignement académique de CE_DERNIER,
cependant Il EN éprouva fortement I'influence. [Wikipedia]
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