+ +

No mortal man can slay every dragon

No mortal Dutchman can slay every
dragon

No mortal man can slay every animal

No mortal man can decapitate every
dragon
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Using Natural Logic
for Entallment




Entallment
determination

Premise

Hypothesis (= thesis to be proven)

Functional view: input an ordered pair (p,h),
output a Boolean value, 1 it p entails h, O
otherwise.




X is a couch
X is a sofa

X is a crow
X is a bird

Xis a fish
Xis a carp

Xis a hippo
X is hungry

X is a cat
Xis a dog
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Which notion of
entallment?

1. entailment as a two way classification: output labels (entailment, non-
entailment) are interpreted as denoting sets of ordered pairs
(relations) of declarative expressions (T):

entailment (def) {<p,h>e Domrx2: pe=h}
non-entailment (def) {<p,h>e Domrxo: pk¥h}

X is a crow, X is a bird:
X Is a crow, X IS a canary:

X is a crow, X Is hungry:

From MacCartney 2009
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Which notion of
entallment?

1. entailment as a two way classification: output labels (entailment, non-
entailment) are interpreted as denoting sets of ordered pairs
(relations) of declarative expressions (T):

entailment (def) {<p,h>e Domrx2: pe=h}
non-entailment (def) {<p,h>e Domrxo: pk¥h}

X is a crow, X Is a bird: yes
X Is a crow, X IS a canary: no

X is a crow, X is hungry: no

From MacCartney 2009
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2. entailment as a three-way classification: difference between
contradiction and compatibility

entailment (def) {(p,h)e DomTxe: pEh}
contradiction (def) {(p,h)e Domrxe: p=-h}
compatibility (def) {(p,h)e DomTxe: p¥h A pH-h}
X is acrow, X is a bird:

X Is a crow, X IS a canary:

X is a crow, X Is hungry:
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2. entailment as a three-way classification: difference between
contradiction and compatibility

entailment (def) {(p,h)e DomTxe: pEh}
contradiction (def) {(p,h)e Domrxe: p=-h}
compatibility (def) {(p,h)e DomTxe: p¥h A pH-h}
X 1S a crow, X Is a bird: yes

X Is a crow, X IS a canary: no

X is a crow, X is hungry: compatible

Tuesday, July 26, 2011



3. a. entailment as containment (monotonicity); output space

(def) {(p,h)e Domrxe: p=h A hi=p}

C (def) {(p,h)e Domrxe: peh A hEp}

1 (def) {(p,h)e Domrxe: p¥h A hep}
no-containment (def) {(p,h)e DomTxe: p¥Eh A hiEp}
X is acrow, X is a bird:

X is a bird, X is a crow:

X is a sofa, X is a coach:

X is a crow, X IS a canary:

X is a crow, X is hungry:

From MacCartney 2009
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3. a. entailment as containment (monotonicity); output space
= (def) {(p,h)e DomTxo: p=h A hep)
C (def) {(p,h)e Dommxe: p=h A hEp}
1 (def) {(p,h)e Domtxe: p¥Eh A hep}
no-containment (def) {(p,h)e DomTx2: p¥h A hEp)
Xisacrow, Xis abird: c
X is a bird, X is a crow: 3

X is a sofa, X is a coach:

X is a crow, X is a canary: no containment

X is a crow, X is hungry: no containment

From MacCartney 2009
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3. Db. entailment as containment; input space: not just T but also E and
mappings

if X,y € Domr then xCy iff x = false or y = true (material
implication)

if X,y € Dome then XCy iff x = y (remember entities are things like
John, Bill, ...)

if X,y € Doma-g then xCy iff for all a € Doma x(a)Cy(a)

(one function entails another if each of its outputs entails the
corresponding output of the other function)

otherwise xZy and yZx

From MacCartney 2009
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Entallment relations

Xisacouch | Xis acrow X is a fish Xis a hippo Xis a cat
X is a sofa Xis a bird Xisacarp | Xis hungry Xis a dog

2-way
RTEI,2,3

3-way
FraCasS,
PARC, RTE4
. = <
containment P Q P Q P# Q
Sinchez-Valenci equivalence forward non-entailment
anchez-valencia .
entailment

From MacCartney 201 |
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e (arfieldis a cat

e (arfield is a mammal
e (arfield is not a fish
e (arfield is not a carp

Which of these entailments can the monotonicity calculus do?
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From premise to
nypotnesis

premise --> hypothesis/conclusion

what are the inference rules? How do we change the premise(s) into the
hypothesis/conclusion

INSertions, DELetions, SUBstitutions
Premise: John has a red convertible.
Conclusion: John has a red car. (SUB)
Conclusion: John has a convertible. (DEL)
Premise: John doesn’t have a car

Conclusion: John doesn’t have a red car. (INS)

What are legitimate SUBs, DELSs, INSs?
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for each edit:
determine lexical entallment

oroject the lexical entailment upward the
semantic composition of the tree

join atomic entallment relations across
the sequence of edits
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MacCartney’s aims

Preserve the semantic containment
relations of the monotonicity calculus

Augment them with relations expressing
semantic exclusion

B3e complete and exhaustive so that
each pair of expressions is assigned to
some relation and the relations are
mutually exclusive
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entallment relations




Me

Mexcl Mexcl
RO000 e sym RO001 e sym RO010 c RO0O11 ¢
1
RO100 isc RO101isc R0O110 sym RO111 sym
) m m m n
R1000 e sym R1001 e sym R1010 ¢ R1011 ¢
R1100 isc R1101isc R1110 sym R1111 i sym

Bits
1st:

Xxny

2Nnd:
Xny
3rd:
Xny
4th:
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R0010

R0011 "
R1010 Y

R1011

RO100
R0101
R1100
R1101
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Dual under negation

X,y <x,y>e R @<x,y>e S

R1011 and R1101 (bit strings are reverses), R1001
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? ?
X
empty

. non-empty
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Leave out cases in which one of the two
expressions has a denotation that Is erther empty

of universal
Y BN (e e

x| ?2 | ?
= B |fe | B | B

empty
e el Nl
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Y

- X
X
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T y&x and &y empty: x=y
it only 7y&x empty, xCy

- X

X
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T there are things that are X
nerther x nor y and things that

are not y but x and things that

are not x but y but there are

no things that are both x and y
then x and y are disjoined, they
are alternating (|)
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it y&x and x&y empty: x=y
it only 7y&x empty, XCy -y

f there are no things that are x
nerther x nor y and no things
that are both x and y then x

and y are the negation of each
other ()
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v: nothing Is nerther x or vy:
the union of x and y
together Is the universe, e.g.

animal v non-ape
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Introduction ¢ * Joins ¢ Lexical Relations * Projectivity * Implicatives ¢ Inference ¢ Evaluation ¢ Conclusion

The set *B of 7 basic entailment relations

Venn symbol name example
. X=Yy equivalence couch = sofa
O xCy forward entailment crow C bird
(strict)
‘ x 1 y reverse entallment European 1 French
(strict)
xNy hegation human ™ nonhuman
(exhaustive exclusion)
(non-exhaustive exclusion)
’ X_Y cover animal _ nonhuman
(exhaustive non-exclusion)
0 X#Hy independence hungry # hippo

Relations are defined for all semantic types: tiny C small, hover C fly, kick C strike,
this morning C today, in Beijing C in China, everyone C someone, all C most C some
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eqits
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Simple edits




Entallment relations
and semantic types

Entailment relation:

any set of ordered pairs where both elements belong to the same
semantic type

e—t: common nouns, intransitive verbs, adjectives (predicative)
e—e—t: transitive verbs
(e—t)—(e—1): adverbs

(e—t)—(e—t)—t: generalized quantifier
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|_exical open-class
SUBSs, INSs and DELs

SUBstitutions of open class items belonging the to the same
semantic type.

common nouns, adjectives, verbs, ...:

traditional lexicographic relations (stand in for ontological
relations): synonyms, hypernyms

happy = glad; forbid=prohibit
soar cC rise; scalding c hot

What about antonyms? Are they A? rise,tall; hot,cold; dead,alive
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antonyms: |,rarely A

why?? rise,fall; hot,cold; dead,alive
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riselfall; hot|cold; dead”/alive

b

More entiti

Ut also u

es in the | category: cat|dog;

nrelated entities: chalk|battle

What about unrelated adjectives:

weak, temporary”
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weak#temporary

Verbs: skiir
these vario

g|sleeping; skiing

US categories are n

avallable In

lexicons.

DR

Kyoto, Japan?

tal
ot

KINg,

readily

Proper nouns: USA=United States (of
America); JFK|F
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KyotocJapan®?

Kyoto is a beautitul city; Japan is a
beautiful city
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N Kyotocin Japan
Kyotol|Japan

What about the v relation”? Very rare in lexical
pairs: metallicenon-terrous, mammal-nonhuman

Lots of simplitying assumptions in MacCartney.
Some of them come from RTE, e.g. tense is
ignored.
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Closed-class terms
SUBS

every c some (existential import!)

all = every

some N no: some birds talkAno birds talk

Nno | every. | means xny = 0 and xuy = U (every student passed <--> no student
didn’t pass)

four or more c two or more
exactly four | exactly two
four ? two

at most four v at least two

Most # ten or more
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prepositions:
on a plane, in a plane

above the table, under the table

Tuesday, July 26, 2011



D

1S

- /INS: default f

or D

NS: a: relieson't

upward monotone co
porevalent ones when

considered.

. C; defa

ne assumption t

ult for

Nat

ntexts are the most
no further context
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DELs and INSs

DEL default: c  red car c car
INS default: 2 sing 1 sing off-key
OK for intersective moditiers (adjectives, relatives), conjuncts.
But:

negation creates a " relation :

sleep N didn't sleep

fake: |

former: ?

alleged: #
We need a better typology of this
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porojections




Semantic composition
of entaillment relations

we have b(Xx,y)

what is the value of b(f(x),f(y))?

if fis upward monotone then b(f(x),(y)) = b(x,y)
some parrots talk  some birds talk

because some is upward monotone in its first argument
if fis downward monotone then c and 1 gets swapped.

if f Is non monotone then c and o result in #:

most human talks # most animals talk.

we will calculate the effect of these compositions going up
the tree of a grammar parse ct. Sanchez Valencia.
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He moved without pants.

He danced without jeans.

pantsdjeans

movedadanced

without”
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N /N

enter? entert

b:c(pants,clothes)
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SOome projections

Negation

happy = glad = not happy = not glad
Kiss C touch = Nnot kiss 1 not touch
French | German = not French v not German

more than 4 v less than 6 = not more than 4 | not less than 6X
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Projectivity

If f has monotonicity... UP DOWN NON

C -C C >3 [ - #

1 — 1 — L 1 — #H

# — # # — # # — #
f : connective = C m A | v | #
negation (not) = m C A ~ | #
conjunction/intersection (and) = C . | | # | #
disjunction (or) = C 3 “ # v | #
conditional antecedent (if) = m C # H # | #
conditional consequent (then) = C - | | # | #
biconditional (iff) = A H # | #
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Conditionals

f : connective

Il
-
LI

>
C
H

Il
Ll

-

H
H
+H
+

conditional antecedent (if)

conditional consequent (then)

[l
-
L
H
+

It he drinks tequila, he feels nauseous; if he drinks liquor he feels
Nnauseous.

It he drinks tequila, he feels nauseous; if he drinks tequila he feels sick.
If it is sunny we surf, if it is not sunny we surf

If it is sunny we surf, if it is sunny we do not surf
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Conditionals

f : connective

Il
-
LI

>
C
H

Il
Ll

-

H
H
+H
+

conditional antecedent (if)

conditional consequent (then)

[l
-
L
H
+

It he drinks tequila, he feels nauseous; if he drinks liquor he feels
Nnauseous.

It he drinks tequila, he feels nauseous; if he drinks tequila he feels sick.
If it is sunny we surf # if it is not sunny we surf

If it is sunny we surf | if it is sunny we do not surf

Note this is not the same as the material implication.
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Conditionals

f : connective

conditional antecedent (if)

Ft

conditional consequent (then)

It he drinks tequila, he feels nauseous 1 if he drinks liquor he feels

Nauseous.

It he drinks a tiny bit of tequila, he feels nauseousa if he drinks a lot of

tequila he feels nauseous.
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quantifier 1st argument 2"d argument

# #
-ECDU#O#ECDU # o #
z:c | # | #|= D> c | # | #
sac | # | #|= c o | | # #
ECDU#U#EDC L, B #
ECD####ECD####
z######zc:||##
s######z######
z######z######
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2nd

~—e

quantifier
some

assume existential import for every

H H |—

no

every

not every
at least two
most

H O H OH O HF OH OH O H|— o0

exactly one
allbutone # #

first argument: bird|fish: no fish talk # no birds talk
early|late

everyone was early|everyone was late

most people were early|most people were late
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Verps

Most verbs are upward-monotone, *, | and v
oet projected as #

cats|dogs; eat cats # eat dogs
but:

German” non-German

s married to a Germanl| 1s married to a non-German
s married to a Germanl| 1s married to an ltalian

What assumptions about marriage and nationality are
made here!
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some Ignored cases

car C vehicle
red car c red vehicle
mouse C animal

big mouse ? big animal

humanv~non-human

brown human | brown non-human




|oiNs
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Up to now: ca

edit. But we wi

one In a sente

culating results of one

| typically have mo

e tha

nce. How do they In

leract:
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Joins

dogcmammal ; mammalcanimal
— dogcanimal

dog”Anon-dog ; non-dog”Adog
— dog=dog
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Joins

212 x S = {(z,2): 3y ((z,y) € RA (y,2) € 5))}

- M C — L dog:mammgl
mammalcanimal

mE AT R — dogcanimal

A X N\ — = dog/\nOn_dOg

= M = — = non-dog”*dog
— dog=dog

R W = — R

= X R — R
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Non commutative joins

fish | human
N\ N\
. — L 32 human © nonhuman
fish © nonhuman
N X o — [ ) M N — ]
‘ M o — [ o X ‘ —




Non unigue joins
(leaving out combinations with #)

C X 13 —/ =cal# C X o — CANO#
3 X C /3 s=cav# a X | — aMNe#
| X C /9 cAN# | X | — =cal#

v X O =/ AN # v X o — =cav#




gasoline|water water|petrol gasoline = petrol
pistol|knife knife|gun pistol £ gun

womanlfrog frog|Eskimo  woman#Eskimo

Tuesday, July 26, 2011



212 x S = {(z,2) : 3y ((z,y) € RA (y,2) € S)}

Calculation: consider all ordered triples
of a universe U. We get 256 equivalent
classes...
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X = C ] A — #

= = C ] A — #

C C C =CJ|# | CA|~# C|#

- - =COv# - — T2 — T

A A — | = _] L #

| | Ch| | C =C3|# C C|#

— — — T - - =COvH# O-#
# 7 C—# J|# i J|# Cw# =CON-#

32 cases where there is a unique answer, | / where there is a union relation
For practical purposes we may see all the ones that contain # as the same,

namely #

In a certain sense a sad result, would have been nicer if we had found

(entailment) or *,| (contradiction) or even I,v, # (compatibility)

, L
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HOW It WOrks




Example

Stimpy is a cat
Stimpy Is not a poodle

SUB(cat,dog)
Stimpy is a dog
INS(not)

Stimpy is not a dog
SUB(dog,poodle)

Stimpy is not a poodle
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Example:lexical
relations from edit

Stimpy is a cat
Stimpy is not a poodle

SUB(cat,dog) |
Stimpy is a dog

INS(Nnot) A
Stimpy is not a dog
SUB(dog,poodle) =

Stimpy Is not a poodle




Example:projection

Stimpy is a cat
Stimpy is not a poodle

SUB(cat,dog) |
Stimpy is a dog —
INS(not) NN
Stimpy is not a dog
SUB(dog,poodle) 1 C

Stimpy Is not a poodle




Example: joins

Stimpy is a cat
Stimpy is not a poodle

SUB(cat,dog) ]
Stimpy is a dog /
INS(not) NN
Stimpy is not a dog /
SUB(dog,poodle) = —

Stimpy is not a poodle
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Stimpy can run fast without a leash.
Stimpy can move.,

DEL(without a leash)
DEL(fast)

SUB(run,move)




Stimpy can run fast without a leash.
Stimpy can move.
DEL(without a leash)

DEL (fast)

SUB(run,move)




Stimpy can run fast without a leash.

Stimpy can move.
DEL(without a leash) |

DEL (fast)

SUB(run,move)




Stimpy can't run fast with a leash
Stimpy can't run fast. NO
DEL(with aleash) © =




Jimmy Dean moved without blue jeans

James Dean danced without pants

SUB(Jimmy,James)

SUB(blue jeans,pants)

SUB(move,dance)




http://www.stanford.edu/~icard/logic&language/

http://www.stanford.edu/~icard/logic&language/djalali-potts-natlog. pdf

http://modestconsequences.wordpress.com/
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