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Conditional language models

A language model estimates the probability of a sequence by
predicting the next word, given the sequence so far.

P(wi,..wp) = [ P(wi | wa,...w;_1) (1)
i=1

A conditioned language model takes additional context, c, into
account.

P(wy,..wy | ¢) =[] P(wi | wa,..wi_1; c) (2)
i=1



Conditional multi-layer neural language models

» Common neural language modelling technique: Concatenate a
vector representation of ¢ to the input
» This is commonly used in generative models to get the model
to generate text that's relevant to some context, c.
> Image captioning: concatenate image representation (e.g.,
Vinyals et al., 2015)
» Machine translation: concatenate source sentence
representation (e.g., Kalchbrenner and Blunsom, 2013)
» In a multi-layer model, we can also inject ¢ between layers by
concatenating it to the hidden layer



Community-conditioned language models?
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By conditioning on community, we can account for
community-level linguistic variation.

! Joint work with Jean-Philippe Bernardy.



Conditioning on community improves LM performance

test Perplexity Info. gain

epoch

le

- 21 51.99 -

0 17 50.83 1.023
LSTM 1 34 49.66 1.047

2 11 50.23 1.035

3 16 49.60 1.048

- 20 61.43 -

0 7 58.71 1.046
Transformer 1 12 61.69 0.992

2 7 78.76 0.780

3 10 52.28 1.054
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Diachronic community-conditioned models: Naive
approach

» Idea: Use an embedding for each community X time period
> With 46 communities and 2 time periods (2015, 2017) we now
have 92 conditional vectors.
» Concatenate the community embedding at layer O (i.e.,
directly to the word embedding)



Diachronic community embedding
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Word-level change

We have:
» W : [vocab_size, word_emsize] — word embeddings
> C: [n,comms X n_time_periods, cond,emsize] -
conditional embedding
» A: [cond_emsize + word_emsize, word_emsize] — linear
layer (before input to the LSTM)
This gives us:
> W, = (W;® () A—word i “contextualized” by
community j in time period t
> W;; = cos dist(W;; 1, W;; ,) — community-specific lexical
change



Most changed words

We consider words that changed the most in a given community,
relative to the same word in other communities. In particular, we
consider:
W —o;
i
where p1; =3, W;;/|C| and o; is the associated standard
deviation.



Words with the highest relative change
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Questions & continuations

» The community/time period embeddings seem to work, but
the highest change lists don't look too good. Why?

» H1: The model doesn't have enough parameters to adjust the
word meanings, given community information.
» H2: The community/time contextualzation operates on word
vectors, but it should be parametrized by word tokens
» What (less naive) conditional architecture would better fit
cognitive/interactional theories of language change?

» How does this proposal relate to prior work using language
models for semantic change detection?
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