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THIS TALK DEALS WITH NEW LOGICAL SYSTEMS
TUNED TO NATURAL LANGUAGE

» The raison d'étre of logic is the study of inference in language.

» However, modern logic was developed in connection with the
foundations of mathematics.

» So we have a mismatch, leading to

— neglect of language in the first place
— use of first-order logic and no other tools

» First-order logic is both too big and too small:

— cannot handle many interesting phenomena
— is undecidable



NATURAL LOGIC: WHAT IT’S ALL ABOUT

PROGRAM

Show that significant parts of natural language inference can be
carried out in decidable logical systems.

Whenever possible, to obtain complete axiomatizations,
because the resulting logical systems are likely to be interesting.

To be completely mathematical and hence to work using all tools
and to make connections to fields like

complexity theory, (finite) model theory,

decidable fragments of first-order logic, and algebraic logic.




NATURAL LOGIC: PARALLEL STUDIES

I WON’T HAVE MUCH TO SAY ON THESE, BUT YOU CAN ASK ME ABOUT THEM

>

>

History of logic: reconstruction of original ideas
Philosophy of language: proof-theoretic semantics
Philosophy of logic: why variables?

Cognitive science: models of human reasoning

Linguistic semantics:

Are deep structures necessary, or can we just
use surface forms?

And is a complete logic a semantics?

Computational linguistics/artificial intelligence:
many precursors
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first-order logic

FO? + “Ris trans’

2 variable FO logic
 adds full N-negation

R*(tr) + opposites

R* + (transitive)
comparative adjs

R + relative clauses

S + full N-negation

R = relational syllogistic

87 adds [p| > |q|

S: all/some/no p are q

A: allpareq

MAaAp



THE SIMPLEST FRAGMENT “OF ALL”

Syntax: Start with a collection of nouns.
Then the sentences are the expressions

All p are g

Semantics: A model M is a set M,
together with an interpretation [p] C M for each noun p.

MEAlpareq iff  [p] € [dq]



THE SEMANTICS IS TRIVIAL, AS IT SHOULD BE

Let M = {1,2,3,4,5,6,7,8}.
Let [a] = {1,2,3,4,5,6}.
Let [x] = {1,4}.

Let [y] = {2,4}.

M = All x are a
M = All a are x
M = Ally are x
MEAlly are a
MEAllaarea



SEMANTIC AND PROOF-THEORETIC NOTIONS

If I is a set of sentences, we write M =T if forall p € T, M = .

[ = ¢ means that every M =T also has M = ¢.

All of this is semantic.



PROOF SYSTEM

The rules are

All paren Allnareq
All p are p All p are q

A proof tree over [ is a finite tree T

whose nodes are labeled with sentences,

and each node is either an element of T,

or comes from its parent(s) by an application of one of the rules.

[ ¢ means that there is a proof tree 7 for over I'
whose root is labeled ¢.



EXAMPLE
Let ' be the set
{All a are b, All q are a, All b are d, All ¢ are d, All a are q}

Let ¢ be All g are d.
Here is a proof tree showing that I F ¢:

All aare b All b are d -
All g are a All a are d 5

All q are d




THE SIMPLEST COMPLETENESS THEOREM IN LOGIC
Ir T = All p are g, THEN I = All p are q

Suppose that I = All p are q.
Build a model M, taking M to be the set of variables.

Define u < v to mean that ' = All u are v.

The semantics is [u] =] u.

Then M [=T.

Hence for the p and ¢ in our statement, [p] C [q].

But by reflexivity, p € [p].
And so p € [q]; this means that p < q.

But this is exactly what we want:
= All pare q.




SYLLOGISTIC LLoGic OoF All AND Some

Syntax: All p are q, Some p are q

Semantics: A model M is a set M,
and for each noun p we have an interpretation [p] C M.

M= Allp are q iff [p] < [dl
M |= Some p are q iff  [pl N [q] #0

Proof system:

All paren All n are q
All p are p All p are q

Some p are q Some p are q All g are n Some p are g
Some q are p Some p are p Some p are n




EXAMPLE

IF THERE IS AN n, AND IF ALL n ARE p AND ALSO g, THEN SOME p ARE q.

Some n are n, All n are p, All n are g = Some p are q.

The proof tree is

All nare p Some n are n
Some n are p
All n are g Some p are n
Some p are g




THE LANGUAGES S AND ST ADD NOUN-LEVEL

NEGATION

Let us add complemented atoms p on top of
the language of All and Some,
with interpretation via set complement: [p] = M\ [p].
So we have

All p are q

Some p are q

N —
All p are g = No p are q St

Some p are g = Some p aren'’t q

Some non-p are non-q )



THE LOGICAL SYSTEM FOR ST

Some p are q Some p are q
All p are p Some p are p Some q are p

All paren All nare q All n are p Some n are q
All p are q Some p are q
All g areq Allq are q
All g are p ero All p are q ne
All p are q . 5
229 Antitone  2°Me P are P Ex falso quodlibet

All g are p ©



A FINE POINT ON THE LOGIC

The system uses

Some p are p

% Ex falso quodlibet

and this is prima facie weaker than reductio ad absurdum.

One of the logical issues in this work is to determine exactly where
various principles are needed.



COMPLETENESS VIA REPRESENTATION OF
ORTHOPOSETS

DEFINITION
An orthoposet is a tuple (P, <,0,’) such that

POSET < is a reflexive, transitive, and antisymmetric
relation on the set P.

ZERO 0 < p for all p € P.
ANTITONE If x <y, then y’' < X/.
INVOLUTIVE x” = x.

INCONSISTENCY If x <y and x < y/, then x = 0.




COMPLETENESS VIA REPRESENTATION OF
ORTHOPOSETS

DEFINITION
An orthoposet is a tuple (P, <,0,’) such that

POSET < is a reflexive, transitive, and antisymmetric
relation on the set P.

ZERO 0 < p for all p € P.
ANTITONE If x <y, then y’ < X'.
INVOLUTIVE x" = x.

INCONSISTENCY If x <y and x < y/, then x = 0.

| A

THE IDEA
boolean algebra . orthoposet
propositional logic logic of All, Some and ’

Completeness goes via representation.

\




THE MAP

FOL first-order logic

FO? + trans FO? + “Ris trans’

R(tr, opp)

RI*(tr)
FO? 2 variable FO logic
R

 adds full N-negation

R*(tr, opp) R*(tr) + opposites
R*(tr) R* + (transitive)
comparative adjs
R* R + relative clauses

S + full N-negation

R = relational syllogistic
87 adds [p| > |q|

S: all/some/no p are q

A A: allpareq



WHAT ARE THE SIMPLEST KINDS OF QUANTITY
REASONING?

Our candidate would be combinations of

All x are y
Some x are y
No x are y

There are at least as many x as y
There are more x than y

There are at most as many x as y
There are fewer x than y

There are as many x as y

Most x are y



WHAT ARE THE SIMPLEST KINDS OF QUANTITY
REASONING?

Our candidate would be combinations of

All x are y
Some x are y
No x are y

There are at least as many x as y
There are more x than y

There are at most as many x as y
There are fewer x than y

There are as many x as y

Most x are y

To add to the complexity, we could add the ability to use non-x
or even to take unions and intersections.



How CAN WE DO LOGIC WITH THESE?

Semantics: A model M is a finite set M,

together with an interpretation [p] € M for each noun p.

M = All p are q

M = Some p are q

M = No p are q

M = There are at least as many p as q
M = There are more p than q

M = There are at most as many p as q
M = There are fewer p than q

M |= There are as many p as q

M = Most p are q

iff
iff
iff
iff
iff
iff
iff
iff
iff

[l < [4]

[pl N [al # 0
el N gl =0

el = L]

le1l > L]

lpll < |[ql

[Pl < [[4qll

eIl = (L]
Tl N [all > 310e]



ALL + SOME + “THERE ARE AT LEAST AS MANY” -+

(44 2
THERE ARE MORE THAN
There are at least as many x as y is written 32(x, y)
There are more x than y is written 3 (x, y)

V(n,p) ¥(p,q)
Y(p, p) (axI0m) V(nq) (BARBARA)
38: q; (somE) jgz:z% (CONVERSION)
e gzp,\j’gn ? (DARII) %ﬁ;(m (CARD-MIX)
M (SUBSET-SIZE) EIZ(n,p>) ER ) (CARD-TRANS)
F(a.p) F(n,q)
3(p,p) F(a,p) 3>(p, q) N
Ha.q) (cARD-3) =(p.q) (MORE-AT LEAST)
Fnp) Fpa) F(n.p) F(p.)
(. q) (MORE-LEFT) > (n,q) (MORE-RIGHT)
F(p.q) F(a,p)

- (%)



ALL + SOME + “THERE ARE AT LEAST AS MANY” +

“THERE ARE MORE THAN”

There are at least as many x as y is written 3%(x, y)
There are more x than y is written 37 (x, y)

) (AX10M) ) (BARBARA)
3521 Zi (SOME) 3(g,p)

CONVERSION
pa) )

3(p,n) ¥(n,q)

PR I %ﬁ(m (crnp-are)
3\;((22) (supseT-s1z5) W (CARD-TRANS)
%j(m (CARD-3) % (MORE-AT LEAST)
3>(n.3p>)(n‘3;(p-q) (MORB-LEFT) 32(”5@("?‘;(”‘ 9 (vore-ricuT)

F(p, q)mﬂz(q-p) x)

/COMPLETENESS THEOREM

T iff[Fo.

Moreover, there's an easy algorithm to tell whether or not ' - ¢




RULES OF INFERENCE USING COMPLEMENTED
VARIABLES p

Y(p. q) (ZERO) o) (ONE)
W (MORE) % (MORE-SOME)
gzgg’gi (MORE-ANTT) zgg’g; (ANTI)

F(p,q) (CARD-ANTI) M (INT)
F@p) 3(6.9)
W (HALF) %}j;(aq) (STRICT HALF)

F(p,p) F*(9.9) 3I(p.9) ‘ -
3(p7 q) (NIAJ) w (X)




RULES, RULES, RULES

o) (axiom) W (Barbara) igz:g (some)
33;(? Z')> (card-men) 33((: Z’)) i) D ;(p’ ? (et
Ap, pa)(qf)(p, q) (card-3) W (more) 3;(2;1)‘/) (more-some)
3(p, p;(qf)(q‘ q) (int) 32(%59@2(“) (half) 3>(p,§’>)(p73;(q’7q) (strct half)
F(p,p) F(a,9) 3(.d) (mai)
3(p.q)

3(p.q) Y(p.q)

F(p, q)mﬂz(qﬁ p) )

R i

©



IMPLEMENTATION

The logic has been implemented in Sage, and the implementation
is currently available on https://cloud.sagemath. com.

(That is, | can share it.)

For example, one may enter

assumptions= [’All non-a are b’,

’There are more c¢ than non-b’,

’There are more non-c than non-b’,

’There are at least as many non-d as d’,
’There are at least as many c as non-c’,
’There are at least as many non-d as non-a’]
conclusion = ’All a are non-c’
follows(assumptions,conclusion)


https://cloud.sagemath.com

IMPLEMENTATION

We get
The conclusion does not follow
Here is a counter-model.
We take the universe of the model to be

{0,1,2,3,4,5}
noun semantics
a {2,3}
b {0,1,4,5}
c {0,2,3}
d {}
So it gives the semantics of a, b, ¢, and d as subsets of {0,...,5}.

Notice that the assumptions are true in the model, but the
conclusion is false.



A PROOF

Here is an example of a derivation found by our implementation.
We ask whether the putative conclusion below really follows:

All non-x are x
Some non-y are z
There are more x thany

Here is a formal proof in our system:

1 All non-x are x Assumption

2 A1l y are x One 1

3 All non-x are x Assumption

4 All non-y are x One 3

5 Some non-y are z Assumption

6 Some non-y are non-y Some 5

7 Some non-y are x Darii 4 6

8 Some x are non-y Conversion 7

9 There are more x than y More 2 8



THIS TALK: ALL, SOME, MOST

All X areY All Y areZ
All X are X All X are Z

Some XareY SomeXareY SomeXareY AllYareZ
Some Y are X Some X are X Some X are Z

Can you think of any valid laws that add Most X are Y on top of
All X are Y and Some X are Y7



THIS TALK: ALL, SOME, MOST

All XareY AllYareZ
All X are X All X are Z

Some XareY SomeXareY SomeXareY All YareZ
Some Y are X Some X are X Some X are Z

Most X are Y m Some X are X my Most X are Y All Yare Z
Some X are Y Most X are X Most X are Z

Most X are Z All XareY AllY are X
Most Y are Z

All Yare X All XareZ Most Z are Y
Most X are Y

Xi>a Y1 YivgaXo - XooaYn YabpaXi
>
Some A are B



THE LAST INFINITE BATCH OF RULES

Xibag Y1 YicpgaXo - XppaYn YabpaXi
>
Some A are B

Examples:

Most Zare X Most Zare Y >
Some X are Y

YOU CALL THIS AN INFERENCE RULE?!

From

Most X are B’, All A" are A, Most Y are A, All B’ are B,All X are Y
Most Y are A”, All A” are A, Most X are B”, All B” are B, All A” are X

infer

Some A are B.




RESULTS

THEOREM (JORG ENDRULLIS & LM (WOLLIC 2015))

The logical system for this language is complete.

Infinitely many axioms are needed in the system.

The decision problem for the consequence relation

[ )

is in polynomial time.




OTHER WORK

With Tri Lai (then a grad student at |U in combinatorics)
we showed that

» Most X are Y

» boolean connectives, especially negation

has a very simple proof system and is also in PTIME.



OPEN QUESTION

» Get a such complete logic for

All X are Y Some X are Y Most X are Y
No X are Y 3Z(X,Y)

and sentential A, V, and —.

» Alternatively, prove that there is no such logic.

» Investigate the algorithmic properties of the logic.



INFERENCE WITH RELATIVE CLAUSES

What do you think about this one?

All skunks are mammals
All who fear all who respect all skunks fear all who respect all mammals




INFERENCE WITH RELATIVE CLAUSES

It follows, using an interesting antitonicity principle:

All skunks are mammals
All who respect all mammals respect all skunks




INFERENCE WITH RELATIVE CLAUSES

It follows, using an interesting antitonicity principle:

All skunks are mammals
All who respect all mammals respect all skunks

All who fear all who respect all skunks fear all who respect all mammals




ALL + VERBS + RELATIVE CLAUSES

We start with two sets:

» a set of nouns.

» a set of verbs.

We make terms as follows:
» If x is a noun, then x is a term.

» If ris verb and x is a term, then r all x is a term.

We make sentences as follows:

» If x and y are terms, then
All x y

is a sentence.



EXAMPLES

Let's say

» P = {dogs, cats, birds, ants, ...}
» R = {see, like, hate, fear, respect, ...}

Here are some terms of A(RC):
» dogs
» see all dogs
» respect all (see all dogs)
» love all (respect all (see all dogs))

Note that there are infinitely many terms, and terms may occur in
terms.



EXAMPLES

Let's say

» P = {dogs, cats, birds, ants, ...}
» R = {see, like, hate, fear, respect, ...}

Here are some terms of A(RC):
» dogs
» see all dogs

» respect all (see all dogs)
read as respect all who see all dogs

» love all (respect all (see all dogs))
read as love all who respect all who see all dogs

Note that there are infinitely many terms, and terms may occur in
terms.
We read these in English using relative clauses.



Logic

We make proof trees using the following rules

All xy Allyz
All x z

AXIOM BARBARA

All x x

All y x
All (r all x) (r all y)

ANTI

Note that we are using this with x, y, and z as terms, not only as
unary variables.



EXAMPLE

All skunks mammals
All (love all mammals) (love all skunks)

ANTI

ANTI
All (hate all (love all skunks)) (hate all (love all mammals))
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LOGIC BEYOND THE ARISTOTLE BOUNDARY

RY and R™ lie beyond the Aristotle boundary,
due to full negation on nouns.

It is possible to formulate a logical system with
a restricted notion of variables,

prove completeness,

and yet stay inside the Turing boundary.

It's a fairly involved definition, so I've hidden the details
to slides after the end of the talk.

Instead, I'll show examples.



EXAMPLE OF A PROOF IN THE SYSTEM

FROM ALL KEYS ARE OLD ITEMS,
INFER EVERYONE WHO OWNS A KEY OWNS AN OLD ITEM

[key(y)]* V(key, old—item)
[own(x, y)]* old—item(y)
[3(key, own)(x)]? I(old—item, own)(x)

El
I(old—item, own)(x)

V(3(key, own), 3(old—item, own

) V12



B~ W

EXAMPLE OF A PROOF IN THE SYSTEM

FROM ALL KEYS ARE OLD ITEMS,
INFER EVERYONE WHO OWNS A KEY OWNS AN OLD ITEM

V(key, old—item)

(key, own)(x)
key(y)
own(x, y)
old—item(y)

I(old—item, own)(x)

V(3(key, own), 3(old—item, own))

hyp

hyp
3E, 2
3E, 2
VE 1,3
31, 4,5
VI, 1-6



>~ W
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FrREDERIC FITCH, 1973

NATURAL DEDUCTION RULES FOR ENGLISH, Phil. Studies, 24:2, 89-104.

John is a man

Any woman is a mystery to any man

Jane

Jane is a woman

Any woman is a mystery to any man
Jane is a mystery to any man
John is a man

Jane is a mystery to John

Any woman is a mystery to John

Hyp
Hyp
Hyp
R, 2
Any Elim, 4
R, 1
Any Elim, 6

Any intro, 3, 7



FOL

FO? + trans

RI*(tr, opp)

RI*(tr)

R*(tr, opp)
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REVIEW

first-order logic

FO? 4+ “Ris trans”

2 variable FO logic
1 adds full N-negation

R*(tr) + opposites

R* + (transitive)
comparative adjs

R + relative clauses

S + full N-negation

R = relational syllogistic

S adds |p| > |q]

S: all/some/no p are q



COMPLEXITY

(MOSTLY) BEST POSSIBLE RESULTS ON THE VALIDITY PROBLEM

FOL

FO? + trans

RI*(tr, opp)

Fo?

R*(tr, opp)
R*(tr)

undecidable
Church 1936
Gradel, Otto, Rosen 1999

in co-NEXPTIME

Co-NEXPTIME
Gradel, Kolaitis, Vardi '97

lower bounds also open

Co-NP
McAllester & Givan 1992

NLOGSPACE



COMPLEXITY SKETCHES

AGAIN, JOINT WITH IAN PRATT-HARTMANN

NLOGSPACE

NLOGSPACE
NLOGSPACE

EXPTIME
EXPTIME
EXPTIME

Co-NPTIME
NEXPTIME

lower bound via reachability problem

for directed graphs

upper bound via 2SAT

upper bound takes special work

based on the proof system

lower bound via KY, Hemaspaandra 1996
upper bound by Pratt-Hartmann 2004
Boolean modal logic on transitive models
Lutz and Sattler 2001

essentially in McAllester and Givan 1992
Gradel, Kolaitis, and Vardi 1997




THE FINITE MODEL PROPERTY: Y15 AND

FOL

FO? + trans

R (tr)
Fo?

filtration of a
Henkin model

Mortimer 1975

irr means that
comparative adjectives
must have irreflexive
interpretations.
Y(p,3(p,r)) +3p
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Sylvester McMonkey McBean said, “you can't teach a Sneetch”



THE OVERALL TOPIC IN THIS TALK

How can a person or computer
answers questions involving a word which they don't know?

A word like Sneetch.



THE OVERALL TOPIC IN THIS TALK

How can a person or computer
answers questions involving a word which they don't know?

A word like Sneetch.

WHAT “FOLLOWS FROM” MEANS

One sentence follows from a second sentence
if every time we use the first sentence in a true way,
we could also have used the second.




THE OVERALL TOPIC IN THIS TALK

How can a person or computer
answers questions involving a word which they don't know?

A word like Sneetch.

WHAT “FOLLOWS FROM” MEANS

One sentence follows from a second sentence
if every time we use the first sentence in a true way,
we could also have used the second.

If we say
every animal hops

then it follows that

every Sneetch moves



animal move

Sneetch dance
Star-Belly Sneetch waltz




animal move

Sneetch dance
Star-Belly Sneetch waltz

Let's talk about a situation where

all Sneetches dance.

Which one would be true?

» all Star-Belly Sneetches dance
» all animals dance



animal move

Sneetch dance
Star-Belly Sneetch waltz

» all Star-Belly Sneetches dance  true
» all animals dance false

We write
all Sneetches' dance



animal move

Sneetch dance
Star-Belly Sneetch waltz

all Sneetches' dance

What arrow goes on ‘“dance”?

» all Sneetches waltz
» all Sneetches move



animal move

Sneetch dance
Star-Belly Sneetch waltz

We write
all Sneetches' dance’



animal move

Sneetch dance
Star-Belly Sneetch waltz

Let's put the arrows on the words Sneetches and dance.

@ No Sneetches dance.

@ If you play loud enough music, any Sneetch will dance.
@ Any Sneetch in Zargonia would prefer to live in Yabistan.
@ If any Sneetch dances, McBean will dance, too.
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Sneetch dance
Star-Belly Sneetch waltz

Let's put the arrows on the words Sneetches and dance.

@ No Sneetches' dance’.

@ |If you play loud enough music, any Sneetch* will dance'.
@ Any Sneetch’ in Zargonia would prefer to live in Yabistan.
@ If any Sneetch dances, McBean will dance, too.



animal move

Sneetch dance
Star-Belly Sneetch waltz

Let's put the arrows on the words Sneetches and dance.

@ No Sneetches' dance’.

@ |If you play loud enough music, any Sneetch* will dance'.
@ Any Sneetch’ in Zargonia would prefer to live in Yabistan.
@ If any Sneetch’ dances*, McBean will dance', too.



WHAT GOES UP? WHAT GOES DOWN?

flx,y) = y—x (1)

2
gxy) = x+-— (2)

y

. _X=Y
h(v,w,x,y,z) = Dz (v+w) (3)



WHAT GOES UP? WHAT GOES DOWN?

fix'y") = y—x (1)
2
gx,y) = x+- (2)
y
_ _XZY
h(v,w,x,y,z) = e (3)



WHAT GOES UP? WHAT GOES DOWN?

fix'y") = y—x (1)
2
gxl,yt) = x+= (2)
y
_ _XZY
h(v,w,x,y,z) = e (3)



WHAT GOES UP? WHAT GOES DOWN?

Fxhyl) = y—x (1)

tl) = 2
g(x,y) X+ = (2)

y

Tt Tk ) = XY
h(vh,w' x!, y¥ z¥) et (3)



WHAT GOES UP? WHAT GOES DOWN?

fixty") = y—x (1)

2
gxlyt) = x+= (2)

y

Tt Tk )y = XY
h(vh,w', xT, y¥, z¥) et (3)

The ' and * notations have the same meaning
in language as in math!

This is not an accident!



FRACTIONS AND CANCELLING

3 x

wIN

x4 =7

&I



FRACTIONS AND CANCELLING

3 X

™IN
|

/ _
ZX4_7

You can cancel on the left.
You can cancel on the right.



FRACTIONS AND CANCELLING

783 _ 21
852 — 40
853 _ 15
758 40

You can cancel down the middle.
You can cancel end-to-end.



FRACTIONS AND CANCELLING

753 _ 21
852 40
853 _ 15
758 40

You can cancel down the middle.

You can cancel end-to-end.
745 _ 35
AL2 2

But if you cancel wrongly, ...



DIRECTIONAL CANCELLING

\  means “look left”
/  means “look right”

Xx(Y\X) = Y

(X/Y)x Y = X



CATEGORIAL GRAMMAR

a:NP/N Sneetch:N
teased: (S\NP)/NP a Sneetch: NP
McBean: NP teased a Sneetch: S\NP
McBean teased a Sneetch: S

criticized: (S\NP)/NP McBean: NP
criticized McBean: S\NP gently: (S\NP)\(S\NP)
Seuss: NP criticized McBean gently: S\NP
Seuss criticized McBean gently: S




TRADITIONAL ENGLISH SYNTAX
AND DIRECTIONAL FRACTIONS

] syntactic category | name in traditional grammar H

S sentence

N noun

NP noun phrase
N/N adjective

S\NP verb phrase
S\NP intransitive verb
(S\NP)\(S\NP) | adverb
(S\NP)/NP transitive verb
NP /N determiner
(NAN)/(S\NP) relative pronoun







PROPOSAL:
MARRY GRAMMAR AND INFERENCE

!ohfnorm(a"f“d:

5 useless here:
L = '
BULE I

www.pinkeakEborx.com



Sneetch < animal every < most

every animal' < every Sneetch* every Sneetch! < most Sneetches'

every animal' < most Sneetches!

every animal* hops! < most Sneetches’ move'

This is how a computer could do the reasoning:

if every animal hops
then most Sneetches move
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DISCIPLINES INVOLVED

linguistics

logic

artificial intelligence/cognitive science
mathematics

philosophy



DISCIPLINES INVOLVED

linguistics

logic

>
>
» artificial intelligence/cognitive science
» mathematics

>

philosophy

Natural Sciences Humanities




WHAT ABOUT WATSON?

Evidence

Answer
sources

sources

; Candidate Supporting Deep
P A .
s;'z:;y —{ answer ewd_ence = ewde_nce
generation retrieval scoring
. T " .
K -" 5 s
Y N N
Question Query Hypothesis 3 Soft 3 Hypothesis and . Final merging
analysis > decomposition g generation filtering evidence scoring Synthesis and ranking
| Hypothesis 3 Soft 3 Hypothesis and
7| generation filtering evidence scoring
A

Answer
and
confidence




NATURAL LOGIC: WHAT I HOPE TO HAVE GOTTEN
ACROSS

PROGRAM

Show that significant parts of natural language inference can be
carried out in decidable logical systems.

Whenever possible, to obtain complete axiomatizations,
because the resulting logical systems are likely to be interesting.

To be completely mathematical and hence to work using all tools
and to make connections to fields like

complexity theory, (finite) model theory,

decidable fragments of first-order logic, and algebraic logic.




LLAST WORDS FOR LOGICIANS

» We must ask whether a complete proof system is a semantics.
» We should not be afraid of doing logic beyond logic.

» Joining the perspectives of semantics, complexity theory,
proof theory, cognitive science, and computational linguistics
should allow us to ask interesting questions and answer them.



INFLUENCES

Aristotle
Boole, de Morgan
(1960's and '70's) Montague, Fitch, Lakoff

McAllester and Givan, Nishihara, Morita, lwata, etc.

Sommers, Corcoran, Martin
van Benthem
lan Pratt-Hartmann and Thomas lcard

maybe you, why not?



LIVING IN TWO WORLDS

WATSON

Calculemus !




