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Background

- Textual entallment involves many linguistic
phenomena

- Time to decompose the RTE task into basic
phenomena [Sammons 2010]

genetive
Coreference relation
Lexical relation Numerical
Inference

Missing @I reas@
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—ven numerical inferences have variety!
Numerical matching

t: | set a target of losing two kilograms in a month.
h: 1 set a target of losing 2000 g in a month.

Numerical common sense

t: Before long, 3b people will face a water shortage in the world.
h : Before long, a serious water shortage will occur in the world.

Numerical
Inference

Lexical knowledge Arithmetic
25™ wedding anniversary 2 cats & 3 dogs = 5 animals
= silver wedding anniversary

(We will show the distribution of these categories later)
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—ven numerical inferences have variety!
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Numerical matching

t: | set a target of losing two kilograms in a month.
h: | set a target of losing 2000 g in a month.

- - - ..
\--'

\Numerical common sense

t: Before long, 3b people will face a water shortage in the world.
h : Before long, a serious water shortage will occur in the world.

This study

(We will show the distribution of these categories later)
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We focus on nhumerical common sense

t: Before long, 3b people will face a water shortage in the world.
h : Before long, a serious water shortage will occur in the world.

We assume that this inference is decomposable into
3b people face a water shortage

= 3,000,000,000 people face .... ( Normalize )
l = many people face a water shortage (Judge Large/Small) ]

= a Serious water shortage T ( Paraphrase? )

This study: judgment on the amount
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Task definition

- To judge whether a given amount
Is large, small, or normal

I

query : |He is 204 cm tall.

204cm ‘

expected @s height,204cm is)
output : Iarge (tall)
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Textual entallment with numerical
expressions

This study covers.38%

numerical infer tik
ordinal numbers

state chan’

simple rewrite rule

umerical matching

Numerical
COMmmon sense

Range expression of ver

Arithmetic

114 pairs out of 4,351 TE pairs in two Japanese corpora
[Shima et al 2011, Odani et al 2008] are investigated

Lexical Knowledge
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Difficulty and solutions

- Difficulty: we need numerical common sense
on various targets/situation

human’s height  bird’s height | price of camera

# people who will face a water shortage
In the world

- Two solutions: use a large amount of texts for

- Drawing the distribution of each target (distribution-
baseqd)

- Aggregating subjective judgments on the amounts
INnto common sense (clue-based)

ACL 2013 :
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1. Distribution-based approach

- Assumption: the real distribution of a target can
be approximated by the distribution of numbers
co-occuring with the target on the Web
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1. Distribution-based approach
T ... iIs a Japanese actor born in Kagoshima
[y Prefecture. He is 170 cm tall and

Web Corpus weighs 62 kg. He specializes ...
4
~

men's height

130 140 150 160 170 180 190 200 210 220 [Cm]
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1. Distribution-based approach

//\ i< 2 lananese actor harn in Kasnshim

Web Corpus

He is 180 cm tall, has medium brown
hair, green eyes, and ...

men's height

| | | | | | | | | | 1

130 140 150 160 170 180 190 200 210 220 [Cm]

ACL 2013 : Acquisition of Numerical Common Sense from the Web @



1. Distribution-based approach

//\ i< 2 lananese actor harn in Kasnshim

Web Corpus

He is 180 cm tall, has medium brown
hair, green eyes, and ...

men's height

| | | 1

190 200 210 220 [Cm]

an
170 180

130 140 150 160
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1. Distribution-based approach

T He is 160 cm tall today but will
~ @@ . probably grow a bit more.
He Is
Web Corpus 7
. g

men's height

| | | 1

190 200 210 220 [Cm]

an
170 180

130 140 150 160

ACL 2013 : Acquisition of Numerical Common Sense from the Web @



1. Distribution-based approach

T He is 160 cm tall today but will
~ @@ . probably grow a bit more.
He Is
Web Corpus 7
. g

men's height

| | | 1

190 200 210 220 [Cm]

AR R
160 170 180

130 140 150
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1. Distribution-based approach

—

] vill
® We do not mention too tall

Web Corpus (or too small) men so often
~ 7

men's height

| | |

130 140 150

| | | 1

190 200 210 220 [Cm]

AR R
160 170 180
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1. Distribution-based approach

—

] vill
© We do not mention too tall

Web Corpus (or too small) men so often
~ 7

men's height

]llllllllt

220 [Cm]
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1. Distribution-based approach

—

© Acquire common-sense

Web Corpus knowledge from this distribution
~ /

men's height

large _
(Top 5%) —

small
(Lowest 5%)

]I
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1. Distribution-based approach

|

TN :
) learn$2.000 a month and eniov thand
n | am a manager of a store and |
Web Corpus .
s earn $10,000 a month on profit. ..
-~
4
. Monthly salary
5 : :
‘3‘ sSm i normal | large
1 : :
O_jl I! T T T IIIIII.I.I-_\

Q Q Q Q Q Q Q Q Q Q Q Q
Q Q Q Q Q Q Q Q Q Q Q Q

N
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2. Clue-based approach

« Uses textual clues expressing humans’
judgements (e.q., only, as many as)
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2. Clue-based approach

« Uses textual clues expressing humans’
judgements (e.q., only, as many as)

TN
[y he is only 160 cm tall ...

Web Corpus
- 4

e
| I N . e L Y Y Y R

130 140 150 160 170 180 190 200 210 220
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2. Clue-based approach

« Uses textual clues expressing humans’
judgements (e.q., only, as many as)

TN
[y he is only 160 cm tall ...

Web Corpus

~

—

small

130 140 150 160 170 180 190 200 210 220
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2. Clue-based approach

« Uses textual clues expressing humans’
judgements (e.q., only, as many as)

Y
~
Web Corpus .. He is as tall as 204 cm ????????
~
/4
smalli : large

130 140 150 160 170 180 190 200 210 220
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2. Clue-based approach

« Uses textual clues expressing humans’
judgements (e.q., only, as many as)

\
N

T ..He is only 180 cm '
S ﬂ
.. F
vicls Cergle .. He is as high as 170 cm J
-~
! ’/ ! | v When conflicts occurred -
 § h; - —
small;v\ i large

’
,

|

|

1
\~_—’

130 140 150 160 170 180 190 200 210 220
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2. Clue-based approach

« Uses textual clues expressing humans’
judgements (e.q., only, as many as)

T ..He is only 180 cm '
~_ p
.. F
Web Corpus ..He is as high as 170 cm J
~_
! \\ ¢ lgnore these instances
: / :
-: A —>
small: ’ N ' large
I p 4 I
TS i

130 140 150 160 170 180 190 200 210 220
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Review of task definition

- To judge whether a given amount
Is large, small, or normal

I

query : |He is 204 cm tall.

204cm ‘

expected @s height,204cm is)
output : Iarge (tall)
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Review of two approaches

- Use a large amount of texts for -
« Distribution-based : Drawing the distribution of

each target [I

- Clue-based : Aggregating subjective judgments
on the amounts iInto common sense

.. He is only 160 cm tall J

= =

ACL 2013
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Recognizing numerical expressions

IN text
- Both of the approaches require:

 A. To extract and normalize numerical
expressions

- B. To extract the context of numerical
expressions

ACL 2013
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A. Extract & normalize numerical expressions

Input sentences

They weigh two kilograms.

‘ extract & normalize

Extracted Semantic representation
Numerical Expression | - /zjue Unit Modifier
two kilograms 2000 g
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A. Extract & normalize numerical expressions

Input sentences

They weigh two kilograms.
They weigh 2 kag.

‘ extract & normalize

Extracted Semantic representation
Numerical Expression Value Unit Modifier
two kilograms 2000 g
2 kg 2000 g identify surface variation
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Extract & normalize numerical expressions

Input sentences

They weigh two kilograms.
They weigh 2 kag.
They weigh 2 tons.

‘ extract & normalize

Extracted Semantic representation
Numerical Expression | - /zjue Unit Modifier
two kilograms 2000 g
2 kg 2000 g
2 tons 2000000 g convert to

canonical units
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A. Extract & normalize numerical expressions

Input sentences

There are about 10 apples.

‘ extract & n

recognize modifier
(e.g., about, over
more than, etc)

Extracted Semantic represe
Numerical Expression Value Unit
about 10 apples 10 apples about
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A. Extract & normalize numerical expressions

Input sentences

There are about 10 apples.

There are only 10 apples.

There are as many as 10 apples.

‘ extract & n

recognize modifier

e Semantic represe (€-8-, about, over
Numerical Expression| /4] e Unit more than, etc)
about 10 apples 10 apples about
as many as 10
apples 10 apples large
only 10 apples 10 apples small
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A. Extract & normalize numerical expressions

« We used rule-based approach

They weigh about two kilograms.

Extracted Semantic representation
Numerical Expression | /z|ue Unit Modifier
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A. Extract & normalize numerical expressions

« We used rule-based approach

They weigh about two kilograms.

Extracted Semantic representation
Numerical Expression

two 2

1. FInd numbers in the text
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A. Extract & normalize numerical expressions

« We used rule-based approach

They weigh about two kilograms.

Extracted Semantic representation
Numerical Expression

two 2

2. Check units by using dictionary

// \

~ (String) (Operation) g
kilogram(s)  set-unit: ‘g’; multiply-value: 1000
apple(s) set-unit: ‘apples’;
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A. Extract & normalize numerical expressions

« We used rule-based approach

They weigh about two kilograms.

Extracted Semantic representation
Numerical Expression
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A. Extract & normalize numerical expressions

« We used rule-based approach

They weigh about two kilograms.

Extracted Semantic representation
Numerical Expression

two kilograms 2000 g

3. Check modifiers by using dictionary

// \
~ (String) (Operation) “
about set-modifier: ‘about’
only set-modifier: ‘small’
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A. Extract & normalize numerical expressions

« We used rule-based approach

They weigh about two kilograms.

Extracted Semantic representation
Numerical Expression

about two kilograms 2000 g about

3. Check modifiers by using dictionary

// \
~ (String) (Operation) “
about set-modifier: ‘about’
only set-modifier: ‘small’
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B. Extract context of numerical expressions

- Context is defined as the verb that governs the
numerical expression and Its typed arguments

He gave $BOO to a friend  at the bank.

prep e prep_at

verb : give  nsubj: he

CONTEXt | nrep to: friend prep._at : bank

ACL 2013 : Acquisition of Numerical Common Sense from the Web



Outline of our approach

0. Collect numerical expressions and their
contexts from the Web

normalized
: context
expression
verb :is
1.7, m nsubj : he
verb : give «
300, $, nsubj : he
large prep_to : friend /V\/eb CoerS\
V| prep_at : bank \ /
N~ He is 170 cm tall.
collected He gave as many as $300 to
numerical a friend at the bank. ...

expressions

ACL 2013 : Acquisition of Numerical Common Sense from the Web @



Outline of our approach

1. Extract numerical expressions and context from
the query

query . | He is 204 cm tall

normal ?

normalized

- expression

2.04, m verb :is nsubj: he

context

R
S A

collected
numerical
expressions
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Outline of our approach

- 2. Retrieve numerical expressions from collected

expressions which have same unit and context —

[/_\_/ i1 1uUdll ?

query . | He is 204 cm tall

normal ?

normalized

‘ expression

2.04, m verb :is nsubj: he

context

1.7, m verb :is nsubj: he

/\ 1.8, m verb :is nsubj: he

llected 1.3, m verb :is nsubj: he
coliecte (small)
numerical
expressions
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Outline of our approach

- 3. Judge by using Distribution-based / Clue-based
approach

query . | He is 204 cm tall

normalized

- expression

2.04, m verb :is nsubj: he

1.7, m verb : is nsubj
© 1.8, m verb :is nsubj
1.3, m

collected (small) verb :is nsubj
numerical !
expressions

context

1
1
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-xperimental setup

- Extracted about 23 million numerical expressions
from 100 million web pages

normalized

: context
expression

23 million expressions

=

- Web Corpus -

100 million pages

\

i
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-xperimental setup
- Built a gold-standard data set

(D We extracted 2000 sentences with numerical expressions

- .. He is 160 cm tall ... J
Web Corpus -
v
174
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-xperimental setup
- We built a gold-standard data set

@ We asked 3 human judges to annotate every numerical
expression with one of the 6 labels

- .. He is 160 cm tall ... J
Web Corpus -
v
v

labels
small
relatively small
normal
relatively large
large
unsure
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-xperimental setup
- We built a gold-standard data set

@ If at least two of the annotators annotated the same label,
we assigned the label to the numerical expression

- ..Heis 160 cmtall ... | normal
7
4
v
relatively  labels
small small
relatively small
normal
relatively large
large
unsure
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-xperimental setup

- We built a gold-standard data set

@ If at least two of the annotators annotated the same label,
we assigned the label to the numerical expression

| lose 1 kg weight ...

Web Corpus m

relatively ~ labels
small

remove this
sentence
from dataset

small
relatively small
normal
relatively large
large
unsure
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- We built a gold-standard data set

-xperimental setup

@ We asked judges to annotate unsure when they thought
the judgment was highly dependent of the context

Web Corpus m

large

| paid S100. unsure
74
74
VV
labels
small

relatively small

relatively large

normal

large
unsure
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- gold : 6 labels & system : 3 labels

—valuation methods

- We remove the sentences with relatively and

unsure label for this evaluation

labels
small

relatively-small

normal

relatively large

large
unsure

p

labels

small
normal
large

Ay

N\ WL g



Results

| label L P | R | _Fl_| Acc_

large 0.90 0.66 0.78

Clue normal  0.59 0.59 0.59 0.62
small 0.16 0.55 0.36
large 0.86 0.37 0.61

Distribution normal 0.53 0.91 0.72 0.59
small 0.22 0.10 0.16

- The performance is surprisingly good !!

- The clue-based approach was slightly better than
the distribution-based
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Weak point of distribution-based

-« Sometimes the distribution on the Web is skewed
from the ‘real’ distribution

If | won 10-million-dollar Our shop have over 3,000
lottery, ... | wonderful items !!
non fact boasting
the amount of money ' expected distribution
that a person wins in a lottery B distribution on the Web

Q Q Q Q Q Q
Q Q Q Q Xe) .0
Q Q Q %\\ .@

N Q» Q)
N O < S
Y N Qo [$]
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Output examples (clue-based)

System Gold Sentence

small small | think that three man can create
such a great thing in the world.

large large It's above 32 centigrade.

ACL 2013 :
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—rror analysis (clue-based)

System Gold Sentence

small normal There are 2 reasons.

- Difficulty in judging small.

- Since some people say, “There are only 2 reasons,” our
approach predicted small

ACL 2013 :
Acquisition of Numerical Common Sense from the Web



—rror analysis (clue-based)

System Gold Sentence

small large Ten or more people came, and my
small room was thronged.

- Difficulty in modeling the context

- 10+ people as the number of guest -> small
- 10+ people when they are in an small room -> large

ACL 2013:
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—rror analysis (clue-based)

System Gold Sentence

small normal | have two friends who have
broken up with their boyfriends
recently.

- Difficulty in modeling the context
- Two as the number of friends -> small

- Two as the number of friends who have broken up
recently -> large

ACL 2013:
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—rror analysis (clue-based)

System Gold Setence

small large The turtle has two heads.

- Lack of knowledge

- No Web page mentions the number of heads of a turtle

* It would be better if we could generalize a turtle into an
animal

ACL 2013:
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Conclusions

- We proposed novel approaches for acquiring
numerical common sense

- The experimental results showed our approaches
can successfully judge

« This study is an important step towards a deeper
understanding of inferences with numbers !

- Future work
- Improve the modeling of the contexts
 Integrate clue-based and distribution-based approaches
- Solve other types of numerical inferences
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Appendix
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Related work
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Weak point of clue-based

- The number of humerical expressions with textual

clue is small ‘small’ clue (e.g., only)

‘large’ clue
(e.g., as many

23 million
numerical
expressions

extual clue
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—valuation methods

- gold : used 6 labels < system : used 3 labels
- We employed two criteria for this evaluation

correct output

strict lenient | !

small small small

do not use this

sentence in evaluation small, normal

relatively small

normal normal normal

do not use this

relatively large | qontence in evaluation

normal, large

large large large

do not use this do not use this

unsure sentence in evaluation | sentence in evaluation




Results

| labe PR | Fl__ Ac_

large 0.90 0.66 0.78

(Scft'rtift) normal 059 059 059 062
small 0.16 0.55 0.36
large 0.86 0.37 0.61
Dis(’g:cill‘aig:)ion normal 0.53 091 0.72 0.59
small 022 010 016
large 0.92 0.78 0.85
(Ie%'igit) normal 081 077 079 077
small 022 070 046
o large 0.89 0.50 0.70
D'g’;ﬂf’eu;t';’” normal 075 094 084 076

small 0.27 0.25 0.26
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