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Literate Language Models

P,y (text)

Plausible

(semantically,
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etc.)

‘A apple eats I’ ‘| eats an apple’ ‘An apple eats me’ ‘Il eat an apple’



Numerate Language Models
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‘lohnis 0 m tall’ ‘John is m tall’ ‘Johnis 2 mtall’ John is m tall’



Numeracy Matters

‘Unemployment of the USis 5 %’

‘Patient’s temperature is degrees’

‘Our model is times better than the baseline’
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Q1: Are existing LMs numerate?

Q2: How to improve the numeracy of LMs?
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A Neural Language Model
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A Neural Language Model
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Evaluation: Adjusted Perplexity

Perplexity

John is m tall
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Evaluation: Adjusted Perplexity

Perplexity

John is m tall

p(2.1) = p(| UNKNUM )

BUT
$(0.731) 21
+ 0.731
p(9,846,321) | g g46 321

+ 2018.3

Adjusted Perplexity [Ueberla, 1994]

p( UNKNUM )

2.1) =
p(2.1) W € unknNum @ |

from test data

a.k.a. Unknown-Penalised Perplexity
[Ahn et al., 2016]



Datasets

Clinical Dataset Scientific Dataset

16,015 clinical patient reports 20,962 paragraphs
from scientific papers
Source: London Chest Hospital ~ Source: ARXIV
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Results: Adjusted Perplexity

(Lower is better)
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Results: Adjusted Perplexity
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Q2: How to improve the numeracy of LMS?«



Strategy: Softmax & Hierarchical Softmax
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Strategy: Softmax & Hierarchical Softmax
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Strategy: Digit-by-Digit Composition

p(2.1) =p(2)p(|2)p(1]12.)p(£L05]|2.1)




Strategy: Digit-by-Digit Composition

p(2.1) =p(2)p(|2)p(1]12.)p(£L05]|2.1)
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Strategy: from continuous PDF

p(numeral = 2.1) = ppyr(2.05 < number < 2.15 |precision = 1)
X p(precision = 1)
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Strategy: from continuous PDF

p(numeral = 2.1) = ppyr(2.05 < number < 2.15 |precision = 1)
X p(precision = 1)
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Overview of Strategies
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Overview of Strategies
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Results: Number Prediction

prediction — target

MAPE = X 100%
target
Clinical 2353.11
300 747
622

600 514 Fre= =7 552

426 348 |
400 y y .

0

I
I |
: I

200 | I
: I
| I
I
I

| L.
MoG , combination

e o o= - -

mean median softmax  h-softmax d-RNN



Results:

Number Prediction
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cosine similarities cosine similarities
softmax h-softmax



cosine similarities
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Analysis: d-RNN and Benford’s Law
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Analysis: Model Predictions
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Analysis: Strategy Selection

softmax
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Conclusion (1)
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Conclusion (1)
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Conclusion (2)

How to improve

the numeracy of LMs?
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Thank you!
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