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Some Formal Models

Cateqorial Type Grammars: Ajdukiewicz (300s), Bar-Hillel
(500s), Lambek (500s, 2000), Moortgat, Morrill, Casadio, Preller (900s).

Generative Grammars chomsky (500s).

ruth-Value Semantics:Rrichard Montague (700s, Berkeley).

Fuzzy Semantics:zadeh (800s, Berkeley), Novak (900s)

Distributional Semantics: zellig Harris (500s, PhD Berkeley),

John Rupert Firth (500s):
OYou shall know a word by the company it keeps.(1957:11)
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Some Formal Models

Categorial Type Grammars:
Ajdukiewicz (BOOs) Bar-Hillel (500s), Lambek (5

Dot

Generative Grammar

Truth-Value Semantics /

Fuzzy Semantics//v'

Distributional Semantics




Example

to

talks (pp/np ) np

/E
Kazimierz ((np\s)/pp) pp
/E

np np\s

(np\s) i
whom S
/1
mathematician ((n\n)/ (s/np)) (s/np )
/E
the n (n\n)
\E

(np/n ) n

/E
np
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Colorless green ideas sleep furiously.




Example

like |(|catg], |milk |)

cats Az.|like](z, |milk |)

\yz.|like|(z,y)  |milk |




Example

Skyscraper

/01 2 small_db 2 bigdb2 [012

= - T

0 20 40 60 80 0 20 40 60 80

/01 3 old_db 1 new_db_1 /013

SN | S AN N BN NS =

1970 1980 1990 2000 1970 1980 1990




Example

Butter3ieare beautiful, Bying insects with large scaly wings. Like all insects, the
have six jointed legs, 3 body parts, a pair of antennae, compound eyes, and an exos
ton. The three body parts are the head, thorax (the chest), and abdomen (the tall
The butter?\yOs body is covered by tiny sensory hairs. The four wings and the six |
of the butter3y are attached to the thorax. The thorax contains the muscles that n
the legs and wings mové&utter(3iesare very good Riers. They have two pairs of large
wings covered with colorful, iridescent scales in overlapping rows. Lepidoptera
( butterf3iesand moths) are the only insects that have scaly wings. The wings are
tached to theébutterRyOs thorax (mid-section). Veins support the delicate wings a
nourish them with blood.

wings Insect colour caterpillar blood grave
butterRy i L7 20 32 0 0
moth 5 20 2! 2 0 0
vampire 2 0 1: 0 53 19

Roobenstein and Goodenough, 1965 (Berkeley)
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wing Insect |,:colour | caterpillar blood grave
butterBy 31 1 a0 32 0 0
moth 5 20 3 12 0 0
vampire 2 0 1 0 53 19
moth
butterfly
—» caterpillar
vampire
blood
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How do these models relate?

How to relate the distributional and fuzzy
semantic to the other models.
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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 Debnitions

Compact Closed Category (C.®,I,(-),(-)")
A At oA A oAt If A A

Bi Algebra (X, 6,1, ¢)

comonoid (X, 0,¢) G e LK =]
: " Pk
monoid (X, |, #) s A A L
#ol = #R #
Satishing .+ %
"op=(UH®MU) o(idx @Bxx ®idx)o("®")
#o | :id|
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Examples

Sets and Relations

o= S s

((Si,8j>,") | S; = 85 € S, S; = 83

e = = e SIS

(G, (si,8)) | si= s; # 5,51 = s}




Examples

Sets and Many Valued Relations

’ Quantale Y = (V,o,e,' S )
MV-Relation R:A -»B Function R:A" B# V
Composition: & :A! B SR @ S$SR:A! C
(S(R)(a,c) = : (R(a,b) ¥S(b,0)

beB

Proposition: Category of sets and MV-relations is compact closed

' and self adjoint, in the same way as Rel:
e oz H

e ifa=D>b
g8 #s(1,(a,h)) =
GS((a’ b)’ *) o 00 otherwise S( ( )) %  otherwise

e ifa=Db
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Examples

Pregroup Algebra (Lambek) P.(.81,¢ ). )"
Partially ordered monoid, where every element has a
right and left adjoint. p" ap( 1( pap" pép ( 1( pap
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Examples

Pregroup Algebra (Lambek) P.(.81,¢ ). )"
Partially ordered monoid, where every element has a
right and left adjoint. p" ap( 1( pap" pép ( 1( pap

Arithmetic Example (Lambek )

Set of all unbounded monotone functions over integers.




-~ -l

i

et

B o Dty e LRt et .| o o i it

-

One way to relate It all.

BuzsowskKi BuzsowskKi

CECG » LG » Prg

Mo

unctor

BiAlgebras

Fuzzy Semantics Compact

Closed Cateqgor
ey gory

. ) S .
Formal Semantics s T ¢ igstantiate
< ¢ <

2 & e
FVect FRel MV-Rel

Distributional Semantics \

Matrices
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Even Better

BuzsowskKi BuzsowskKi

CECG » LG » Prg

mo unctor
BiAlgebras C
Formal Semantics iy S
Closed Category
. 0
Fuzzy Semantics g Instantiate
Distributional Semantics 0
FVeci w7} FReEI
Matrices
()
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More Formally

O

G = (T, N, S,R) > P =(T,$,s)

W, S:designated objects

with 3 logical bialgebras
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Compositionality

0}
G = (T, N, S,R) > P =(T,$,s)

Principle of Lexical Substitution: '

(Wi -wn = [#]#(wa] bt [wn])
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CFG

S->NPVP

VP ->V NP

NP -> Det N
S->S and/or S
S->notS

N -> men, cats

VP -> sleep, snore

V -> love, eat

Det -> some, all, most, many
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Truth Semantics

U.0)
VP ->V NP

NP -> Det N
S->S and/or S
S->notS

N -> men, cats

VP -> sleep, snore

V -> |ove, eat

Det -> some, all, most, many
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Truth Semantics

S->NPVP

VP ->V NP

NP -> Det N
S->S and/or S
S->notS

N -> men, cats
VP -> sleep, snore
V -> |ove, eat

Det -> some, all, most
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Truth Semantics

S->NPVP

VP ->V NP

NP -> Det N
S->S and/or S
S->notS

N -> men, cats

VP -> sleep, snore

V -> |love, eat

Det -> some, all, most

Ry
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Truth Semantics

S ->NP VP
VP ->V NP

S ->Sand/or S
S->notS

N -> men, cats

VP -> sleep, snore
V -> |love, eat
Det -> some, all, most
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Truth Semantics

e U FHNIN TN ' -
§ 4 |
i

S->NPVP

( VP ->V NP
NP ->DetN

| s->SandlorS
S->notS

N -> men, cats

VP -> sleep, snhore

ik e htaudadan
-

V -> |love, eat

C—

| Det ->some, all, most
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Truth Semantics

N, Al Ko ot S Naly

S->NPVP
| t VP ->V NP
| NP ->DetN
| S ->S and/or S
S->notS

N -> men, cats

VP -> sleep, shore

V -> |love, eat

< i

| Det ->some, all, most
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S -> NP VP Logical Operations !!!

VP ->V NP
NP -> Det N [Det N] = [d]([n])
X 1 [d]([n]) iff X %[n] ! [d}([n])

S->Sand/or S Det" dandN" n
S->notS
N -> men, cats o] — {t [NPVP])#0

f  o.w
VP -> sleep, snore
V -> |ove, eat S andS] = [S] %/ & [S]

Det -> some, all, most [not S] = A[S]

e TR —— ~ o




ZEBIAlgebras over Rel

over w = pP(U)

5: 84| S( S AS(B,C) « A= B=C
ooy Atx <= (always true)
Un: S! S» S (AAB)WC #¥ A$B=C
Ll 55 "LA® A=U
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0 BlAlgebras over Rel

over wW = P(U)

o5 %l 5C .9
ol Mol

eSS Lo 5
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Ad(B,C) = A= B= G
Atx <= (always true)

(A,B)uC " A%B=C
VA e R

(AB)WC % A\B=C
SECASIE A

I TR A oy . =



2=l BIAlgebras over MV- Rel

e ihA=B.=C
S| ABEC) ) —
iy il o b ) {# otherwise
WS! | %A, !) = efor everyA.

e HALBSGE
w :S! S!S W ((A,B),C) =

#  otherwise

(L A) = e IfA=U
el 1S e #  otherwise.




Results In Rel

(U, [ (Rel, P (U, - 3£} 1 2)

Debne Truth: ]!

Prove: -« Jsli=t . iff | [S]!
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Results In FVect

U *) W
R' U( U

(Rel, P(U),{#)

Debne Truth:

Prove: [s](!) %0

Tl T L IR T T e e . <o

[sI(!) %0

Iff

) fiVu) W

(deeCt , Vp (U) V{ l })

L [s]!



Results in MV-Rel

(Rel, P(U),{#}) (V-Rel,P(U),{!})

DebPne Truth: !'[s]! = e

Prove: ![s]! = e Iff L [S]!
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Example

o o
(T,N,S,R) —» M =(M,!,31\,/) — P =(T,$,s)

[cats shooZk:= ( &y % 1s) &([catd % [snoozd)
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& Do " it

o)
(T,N,S,R) —» M =(M,

Example

1 ,41\,/) —» P =(T,%,5)

e TR TV MR - W g ' M “

e S

O

T S Py e A TN g 5 TN T S AP
1 . " : . B
. . . > - :
. §1 5k 1 {1

[cats snooze and dogs snpre W ([cats snoozk [dogs snhorp

—
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Another View

Contribution (1) : Truth-Value Semantics using bialgebras
and compact closed categories.

Contribution (2) : Fuzzy logic semantics for natural language
using bialgebras and compact closed categories.

Contribution (3) : Distributional semantics with composition
and logic using bialgebras and compact closed categories.




So What?

VP (u)

How does it make sense?

_ Ann Copestake
1- Build U from a corpus. Needs much work. :
Aurelie Herberlot

2- Work with Vp (1) for |  the vocabulary of a language.
Question: what does A %! mean?
2-1- Lemmas. killOO: {Kkill, killer, killers, kills, killed, to kill, killing }

2-2 Features: SVD
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Vp (U) Is huge.

Import the distributional data to fuzzy semantics: p ()

N -> cats [catd: U! [O,1] {(c1,0.3),(cp, 0.7), (c3, 1)}
. degree to which something is a cat.

Get these degrees from distributional data.

. degree to which something has the same contexts as cat.

shares the same company as

IS contextually similar to



Experiment

Entaillment

Words: Distributional Inclusion Hypothesis.

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

all men => some fathers

Quantibed Phrases:

Several delegates obtained interesting results from the survey.

Q u antl p e d S e n te n CeS : Many delegates obtained results from the survey.
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Conclusion

There is a categorical compositional distributional
model of meaning, Clark, Coecke, myself +
Grefenstette, Kartsaklis, Martson, Lewis, Milajevs,
Balkir, Rimell, Polajnar, Maillard, E .

No QuantiPers
We solved that problem here.

No Logic.

A compositional functorial fuzzy
semantics for NL, which we believe is more practical
to work with, but experiments have to conbrm.




Contextuality and composition beyond-.sentences.
| One of AndouraOs earliest memories is making soap with his grandmotl
She was from a family of traditional Aleppo soap-makers anded dov

" a tlosely-guarded recip@ fito him. Made from mixing-eil from laurel trees
[adfit uses no chiemicals or other additives.

Preliminary joint work with Samson.
Further work of Samson and R. Piedeleu.
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e i = o

ONatural Language admits no logic.O
Russell, 1957.




