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Composition in Some Formal

Models of Natural Language
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Some Formal Models

Categorial Type Grammars: Ajdukiewicz (30%s), Bar-Hillel
. 7}
(50’), Lambek (50’s, 2000), Moortgat, Morrill, Casadio, Preller (90%).

Generative Grammars: Chomsky (507%s).

Truth-Value Semantics:Richard Montague (70’s, Berkeley).

FU229 Semantics: zadeh (80’s, E)erkeleg), Novak (90’s)

Distributional Semantics:zellig Harris (50's, PhD Berkeley),

John Rupert Firth (50%):
“You shall know a word bﬂ the company it keeps.” (1957:11)
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Some Formal Models

Catcgorlal Tupe GGrammars:
/AﬂClU‘(ICWICZ (30 s) Bar-Hillel (50%s), Lambek (50’57

D

Generative Grammar

Truth-Value Semantics /

Fuzzy Semantics /

Distributional Semantics
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Example

to
talks (pp/mp) np
/E
Kazimierz ((np\s)/pp) pp
/E
np (np\s) \E
whom S
/1
mathematician ((n\n)/(s/np)) (s/np) =
the n (n\n) \E
(np/n) n
/E

np
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Colorless green ideas sleep furiously.




Example

like|(|cats|, |milk|)

cats| Ax.|like|(x, |milk])

Ayx.|like|(x,y)  |milk|




Example

Skgscraper

=14 small_db 2

- i

0 20 40 60 80

N=13

B = S S

old db 1

1970 1980 1990 2000

T

20 40 60 80

new db 1

— L1 111 ||

1960 1970 1980 1990




wings covered with colorful, iridescent scales in overlapping rows. Lepidoptera

Example

Butterflie are beautiful, flying insects with large scaly wings. Like all insects, they
have six jointed legs, 3 body parts, a pair of antennae, compound eyes, and an exoskele-
ton. The three body parts are the head, thorax (the chest), and abdomen (the tail end).
The butterfly’s body 1s covered by tiny sensory hairs. The four wings and the six legs
of the butterfly are attached to the thorax. The thorax contains the muscles that make
the legs and wings move. Butterflies are very good fliers. They have two pairs of large

( butterflies and moths) are the only insects that have scaly wings. The wings are at-
tached to the butterfly’s thorax (mid-section). Veins support the delicate wings and
nourish them with blood.

COIOUF

blood

wings insect caterpi”ar grave
butterfly 3] 17 20 32 0 O
moth 5 20 5 12 0 O
vampire 7 O O 5% 19

Roobenstein and Gooclenough, 1965 (Berkeleg)
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Example

caterpillar

blood

wing, insect |, :colour grave
wing
butterfly 3] 7 1520 52 o o
moth 5 20 5 12 0 O
vampire % O 1 O 59 19
moth
butterfly
—> caterpillar
vampire
blood :
(
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How do these models relate?

|

|

b
How to relate the distributional and Fuzzg i

semantic to the other models.




MARIE LA PALME REYES, JOHN MACNAMARA AND
GONZALO E. REYES

A CATEGORY-THEORETIC APPROACH
TO ARISTOTLE’S TERM LOGIC,
WITH SPECIAL REFERENCE TO SYLLOGISMS

INTRODUCTION

When Aristotle invented logic, what he invented was a logic of terms. The
Stoics replaced Aristotle’s term variables with propositional ones, and with
that propositional logic was born (see [16]). For a long time term logic and
propositional logic existed together. For example, William of Ockham [21]
devoted the first part of his Summa logicae to terms and the second part to
propositions. Perhaps it was Kant who was responsible for the emphasis on
propositional logic at the expense of term logic. For where Aristotle had
categories of objects and attributes, closely related to the grammatical cate-
gories of terms that normally denote them, Kant had categories of concepts.
Kant, however, derives categories of concepts from categories of judgments;
that is, from categories of propositions. With the move to categories of judg-
ments, term logic in anything like Aristotle’s sense drops from view. In this
Frege follows Kant and so does what is now called “classical logic”. (These
remarks were inspired by a comment of F. W. Lawvere.)
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Some Definitions

Compac‘c Closed Categorg (C,®,1,(=)" (=)")

r

€ r 6l l
AQA" A T4 Ar0 A AL d T

B Algebra 600 1, ¢

comonoid (X, 0,¢) 0oX > Xk g ol
monoid (X, 1, €) p: XX - X G B =
LOpU =1L

satis%ing 00(=(®¢
dopu=(u®u) o (idxy ®ox x ®idx) o (6 ®9)
LOC: id[
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Examples

Sets and Relations

S o

G s R 5= s e S e

Ne =ne=ns: {xh— S xS

{(*, (S,L',Sj)) I S; = 85 € S, L= Sj}




st

Examples

Sets and Many Valued Relations
e V= (ee N XD
MV-Relation R:A-» B Function R: AxB—=V

Composition: R AL o s SoR:A-»C
(SoR)(a,c) = \/ (R(a,b) e S(b,c))

beB

Prol:)osition: Catogorg of sets and MV-relations is compact closed

and self acljoint) in the same way as Rel:

ES((CL, b)v*) ot {e ey 775(*, (CL,b)) = {e ifta=b

|1 otherwise 1 otherwise
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Examples

Pregroup Algebra (Lambek) (P, <, 1,(=), (=)

Partia”g orderec monoicl, where every element has a

rightancl left adioint. o7 p<i<p-g¥ pp<i<p g
7
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Examples

Pregroup Algebra (Lambek) (P, <, 1,(=), (=)

Partia”g orderec monoicl, where every element has a

rightancl left adioint. o7 p<i<p-g¥ pp<i<p g
%,

Arithmetic 'f:xample (Lambek )

el 01C a” unbouncled monotone Functions over integers.
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One way to relate it all.

Buzsowski Buzsowski

S » 1.G > Prg

mon

unctor

BiAl gebras

f:uzzg Semantics ComPaCt
Closed Categorg
N
Formal Semantics S lgstantiate
P, d .

. N ¢
FVect FRel MV-Rel

Distributional Semantics \ l

Matrices
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Cven Detter

Buzsowski Buzsowski

S » 1.G > Prg

mon

unctor

BiAl gebras

Formal Semantics ComPaCt
Closed Category
Fuzzy Semantics : (it
Distributional Semantics i
FVecu
Matrices
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More l:orma”g

G- (TN ST

W, S: dcsignatecl objects
with b, logical bialgebras

> P=(T,0,s)
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Compositionalitg
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5 > NP VF

VP ->V NP

NP ~> Det N
S->Sand/orS
S->notS

N -> men, cats
VP -> sleep, snore
V -> love) eat

Det ~> some, a”, most, many
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S ->notS

V> love, ecat
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e
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uth Semantics
(U, 1])

S->Sand/ors

N -> men, cats

VP -> sleel:), snore

Det ~> some, a“, most, many
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S~->NPVP

VP ->V NP

NP -> Det N
S->Sand/orS
S->notS

N ~-> men, cats
VP -> sleepJ snore
V> love, ecat

Det ~> some, a“, most

Truth Semantics
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Truth Semantics

S~->NPVP

VP ->V NP

NP -> Det N
S->Sand/orS
S->notS

N ~-> men, cats
VP -> sleePJ snore
V> love, ecat

Det ~> some, a“, most

A’ T4
-
1 )
| . {
e g T e A e T g 5 I M ATy T T T N g TV il N 4
3 iy o ‘¥ Fie : e : :
< . : g . o' 5y e ' }
4 R £F 4 2 .+ ¢ y : ‘
. - ) '. .:" - P g " H ‘.‘ . .
o Tare W& o8 P 2 ’ : L R ‘ s A

B o SR



S ———————— . S g, \
5
[}

-

i i " it ‘*_-W«-“ WA ol Kb ar =3

L e e - e

Truth Semantics

S~->NPVP

VP -> V NP
S->Sand/orS
S->notS

N ~-> men, cats
VP -> sleel:), snore
V -> |ove, eat

Det ~> some, a”, most
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b NP VP
VP ->V NP
NP -> Det N
S->Sand/orS
S->notS

N ~-> men, cats
VP -> sleel:)) snore
V> love, ecat

Det ~> some, a“, most

Truth Semantics
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S~->NPVP

VP ->V NP

NP -> Det N
S->Sand/orS
S->notS

N ~-> men, cats
VP -> sleepJ snore
V> love, ecat

Det ~> some, a“, most

Truth Semantics
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- NP VP

VP ->V NP
tiie— Dt N
S->Sand/orS
S->notS

N ~-> men, cats
VP -> slecp, snore
V -> love, eat

Det -> some, a”, most

Logical OPerations Hi

[Det NJ = [d]([n])

X € [d]([n]) iff X N [n] € [d]([r])
Det -dand N — n

5] — {t [NPVP]) +# 0

f o.w.

|S and S| = [S] A/ Vv [5]

[not 5] = —[]
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ogjcal BiAlgebras over Rel

over W =PU)

SasGhs ] SO AB,C) = A =B =€
Tt Atx <= (always true)
ta: S xS -» 8 (A,B)junC <—= AnB=C

(n: {x}» S x(hA = A=U




BiAIgebras over Rel

NG W =2R(TH)

oS G g AB,C) = A =B =€
G by Atx <= (always true)
e S5t o) (A, B)juC < AUB=C
G o *x(UA = A=10

I DXeS s (A, BjunOas— 0 B

G {x} =8 il == =)
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Bi/\lgebras over MV- Rel

A= —2
0 Sen 5o s 5(A,(B,C))—{e : :
1 otherwise.
LS » 1 (A, %) = e for every A.
e fANB=C
: ATBYC —
e x o w0 unll( hO) L otherwise.
e itA
. *7A o
Goits B o) i ) 1 otherwise.
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Results in Rel

(Uv [[ ]]) (Rela P(U)(&u)m,u,\’ {*}(57H)m,u,\)

Define Truth: * s>

Prove: [s]=t it  «[sJ*




Results in FVect

U— Vg
ISR P

(Rel, P(U), 1%})

Define Truth: [s] (%) # O

— f: Vo — Wy

(FdVect, Vp (U)> V{*} )

Prove: [s](%) # 0 iH *[s]*
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Results in MV-Rel

(Rel, P(U), {*}) (V-Rel, P(U), {*})
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Example

O'
=, vl

[cats snooze] := (e ® 1g) o ([cats] ® [snooze])
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[cats snooze and dogs snore]
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Example

O'
=, vl

DI NT e PRy SO

O

= un([cats snooze], [dogs snore] )

— P =(1,5,s)
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Another View

Contribution OF Truth-Value Semantics using bialgebras

and comPac’c closc—:cl categories.

Contribution (2 I:uzzg logic semantics for natural language

USiﬂg bialgcbras ancl ComPBCt ClOSCd categories.

Contribution (3) . Distributional semantics with coml:)osition

and logic using bialgebras and comPact closed categories.




So What?
Vrw)

How does it make sense?

Ann CoPestake

I- Build U from a corpus. Needs much work. \
Aurelie Herberlot

2- Work with VP(E) for XY the \/ocabularg of a language.
Question: what does A G T At
2-1- Lemmas. “kill’:  {kill, killer, killers, kills, killed, to kill, killing}

2-2 Features: SVD




VP(Z/{) IS huge.

lmPort the distributional data to Fuzzg semantics: 7D(U>

N -> cats [cats]: U — [0, 1] {(¢1,0.3),(c2,0.7), (c3,1)}
r: clegrec to which something A esie

Get these clegrees from distributional data.

r clegree to which something has the same contexts as cat.

shares tl‘l@ same compan9 as

IS contextua”g similar to
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Experi ment

Entailment

Words: Distributional Inclusion gpothesis.

Sentences:
with D. Kartsaklis: LACL, COLING, Dec 2016.

all men => some fathers

Qua ﬂti‘ﬁed Ph rases: several cats => some pets

Several delegates obtained interesting results from the survey.

Qua ﬂti‘ﬁCCl 56 nten CCS . Many delegates obtained results from the survey.
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Conclusion

There is a categorical coml:)ositional distributional
model of meaning, Clark, Coecke, mgsehc +
Grefenstette, Kartsaklis, Martson, Lewis, Milaje\/s,
Balkir, Rimell, PolajnarJ Maillard, ... .

No Quantifiers
We solved that Problem here.

\fe) Logic.

A comPositional functorial Fuzzg
semantics for NI, which we believe is more Practical

to work with, but experiments have to confirm.
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Missin
=
Contextualitg and Composition begoncl sentences.

l One of Andoura’s earliest memories 1s making soap with his grandmother.
- She was from a family of traditional Aleppo soap-makers and ed down
~ a dlosely-guarded recipe [- - - ] to him. Made from mixing eil Trom laurel trees
[+ -\1, it uses no chghicals or other additives.

’Dreliminargjoint work with Samson.

Further work of Samson and R. Piedeleu.

— — - Y e e me—— e e, - e — —_ ————
L p— — e ————— gyt T e - — e — e



e 2 - 5 . < - E . -
» .o - . - - . -~ St 3 J 5 . . - . »
o E N, T, S . B - N -4 . ~ - - .
. 5 . - , : Cans v 5 > ol o - b -
L =2y Stk J S ¢ ; ’ -0
oy Yo DL, / o 3 N ’ ST e AU pag S s 4 - :
i e i 2 s R SR s i & == —_— ———- ’

-
L el

5

TN

A S AT TN N
2 “al sl )y -




b i o gy e P e o uh

B e

“Natural Language admits no |ogic.”

Russe”, 1957,
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