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What is Language Modelling?

Language Modelling is the task of predicting what word comes next

the students opened their ______ (books, laptops, exams, minds)

More formally given context tokens 𝑥1, 𝑥2,… , 𝑥𝑡 compute probability
distribution of the next token 𝑥𝑡+1:

𝑃(𝑥𝑡+1|𝑥1,… , 𝑥𝑡)

A system that solves this task is called a Language Model
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Why care about Language Modelling?

• Language Modelling is a benchmark task to measure our progress on
predicting language use

• Language Modelling is a subcomponent of many NLP tasks, especially
those involving generating text or estimating the probability of text:

• predictive typing
• speech recognition
• handwriting recognition
• spelling/grammar correction
• machine translation
• summarization

• Everything else in NLP has been rebuilt upon Language Modelling
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Directly counting occurences

𝑃(𝑥𝑡|𝑥1,… , 𝑥𝑡−1) =
𝑁(𝑥1,… , 𝑥𝑡)
𝑁(𝑥1,… , 𝑥𝑡−1)

To make computation robust we use Markov assumption for n-gram model:

𝑃(𝑥𝑡|𝑥1,… , 𝑥𝑡) = 𝑃(𝑥𝑡|𝑥𝑡−𝑛+1,… , 𝑥𝑡−1)

For instance,
• 𝑛 = 3: 𝑃(𝑥𝑡|𝑥1,… , 𝑥𝑡−1) = 𝑃(𝑥𝑡|𝑥𝑡−2, 𝑥𝑡−1)
• 𝑛 = 2: 𝑃(𝑥𝑡|𝑥1,… , 𝑥𝑡−1) = 𝑃(𝑥𝑡|𝑥𝑡−1)
• 𝑛 = 1: 𝑃(𝑥𝑡|𝑥1,… , 𝑥𝑡−1) = 𝑃(𝑥𝑡)
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Backoff

𝑃(meaning|building blocks of) =
𝑁(building blocks of meaning)

𝑁(building blocks of)

If count in denominator is zero, try shorter context:

𝑃(meaning|building blocks of) ≈ 𝑃(meaning|blocks of)

or
𝑃(meaning|building blocks of) ≈ 𝑃(meaning|of)

or
𝑃(meaning|building blocks of) ≈ 𝑃(meaning)
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Linear interpolation

𝑃(meaning|building blocks of) ≈ 𝜆0𝑃(meaning|building blocks of)+
𝜆1𝑃(meaning|blocks of)+
𝜆2𝑃(meaning|of)+
𝜆3𝑃(meaning)

∑
𝑖
𝜆𝑖 = 1
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Laplace smoothing

𝑃(meaning|building blocks of) =
𝑁(building blocks of meaning)

𝑁(building blocks of)
≈

𝛿 + 𝑁(building blocks of meaning)
𝛿 ⋅ |𝑉| + 𝑁(building blocks of)

Pretend we saw each n-gram at least 𝛿 times
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Generating text with n-gram model
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NN pipeline
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NN pipeline
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NN pipeline
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Diversity and coherence

Usually, we need texts to be:
• coherent — the generated text has to make sense,
• diversity — the model has to be able to produce very different

samples.
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Sampling with temperature
exp(ℎ𝑡𝑤)

∑𝑤𝑖∈𝑉
exp(ℎ𝑡𝑤𝑖)

→
exp(ℎ

𝑡𝑤
𝜏 )

∑𝑤𝑖∈𝑉
exp(ℎ

𝑡𝑤𝑖
𝜏 )
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High temperature
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Low temperature
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Top-K sampling
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Top-p (nucleus) sampling
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Perplexity
Our loss (cross-entropy) is negative log-likelihood:

𝐿(𝑥1,… , 𝑥𝑀) = −
𝑀
∑
𝑡=1

log2 𝑃(𝑥𝑡|𝑥<𝑡)

Its exponentiation is called perplexity:
Perplexity(𝑥1,… , 𝑥𝑀) = 2

𝐿(𝑥1,…,𝑥𝑀)
𝑀

• The best perplexity is 1:
If the model is perfect and assigns probability 1 to correct tokens, then
the log-probabilities are zero

• The worst perplexity is |𝑉|:
If the model knows nothing about the data, it assigns probability 1/|𝑉|
to all tokens, regardless of context
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LaTeX generation

25



War and Peace

26



C code (Linux kernel)
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C code (Linux kernel)
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C code (Linux kernel)
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C code (Linux kernel)

30



Amazon reviews
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Conclusion

We reviewed following topics:
• definition and motivation of language modelling
• n-gram models obtained by counting frequences and smoothing them
• NN language models on top of RNNs
• sampling techniques
• evaluation
• visualization of char-level RNNs trained on different texts
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