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Today
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‣ Brief Recap on ELMo

‣ BERT

‣ Contextualized Word Embeddings

‣ Encoder-Decoder Model
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Recap:Embeddings from Language Models 

softmax

# words in the 
sentence

input

Peters et al. (2018)



Recap: Applying ELMo

Some neural network

Task predictions (sentiment, etc.)‣ Take those embeddings and feed them 
into whatever architecture you want to 
use for your task

‣ Frozen embeddings: update the weights 
of your network but keep ELMo’s 
parameters frozen

movie was terribly exciting !the

Contextualized word embeddings

f : (w1, w2, …, wn) ⟶ x1, …, xn ∈ ℝd
(could also insert into higher layers)

‣ Plug ELMo into any (neural) NLP model: 
freeze all the LMs weights and change 
the input representation to:



Probing ELMo
‣ From each layer of the ELMo model, attempt to predict something: 

POS tags, word senses, etc.

‣ Higher accuracy => ELMo is capturing that thing more strongly

Peters et al. (2018)

First Layer > Second Layer Second Layer > First Layer

Word sense disambiguation



Multimodal LMs:

Language / Vision / Audio


(2019-)

Timeline of Pretrained LM
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Precursor to ELMo (2017)

Using LM for sequence 

tagging

Efficient LM:

ELECTRA / ALBERT 

(2020)

Multilingual Language 
Model: XLM (2019)

Seq2Seq Pretraining: 
T5, BART(2019)

First general purpose 
 LM: ELMo (2018)

Masked LM:

BERT (late 2018) 

Larger LM:

GPT3 (2020)

Even larger LM 
LM + search



BERT
‣ Four major changes compared to ELMo:

‣ Transformers instead of LSTMs


‣ Bidirectional model with “Masked LM” objective instead of standard LM


‣ Fine-tune all parameters instead of freezing LM parameters


‣ Operates over word pieces (sub word vocabulary)



BERT

Devlin et al. (2019)

‣ ELMo is a unidirectional model (as is GPT): we can concatenate two 
unidirectional models, but is this the right thing to do?

A stunning ballet dancer, Copeland is one of the best performers to see live.

ELMo

ELMo“performer”

“ballet dancer”

BERT

“ballet dancer/performer”



BERT
‣ How to learn a “deeply bidirectional” model? What happens if we just 

replace an LSTM with a transformer?

John        visited Madagascar yesterday

visited Madag. yesterday …

‣ You could do this with a “one-
sided” transformer, but this “two-
sided” model can cheat

John        visited Madagascar yesterday

ELMo (Language Modeling)
visited Madag. yesterday …

BERT



Masked Language Modeling
‣ How to prevent cheating? Next word prediction fundamentally doesn't 

work for bidirectional models, instead do masked language modeling

John        visited      [MASK]     yesterday

Madagascar
‣ BERT formula: take a chunk of 

text, mask out 15% of the 
tokens, and try to predict them

Devlin et al. (2019)



BERT objective
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‣ Language Modeling Objective (Predicting the masked word)

‣ Next Sentence Prediction Objective

[CLS] John        visited      [MASK]     yesterday    and     really    all  it    [SEP]  I like Madonna.

Madagascar enjoyed

Transformer

Transformer

…

likeNotNext

‣ Input: [CLS] Text chunk 1 [SEP] Text chunk 2


‣ 50% of the time, take the true next chunk of text, 50% of the time take a 
random other chunk. Predict whether the next chunk is the “true” next



BERT architecture details
‣ BERT Base: 12 layers, 768-dim per 

wordpiece token, 12 heads. Total 
params = 110M

Devlin et al. (2019)

‣ BERT Large: 24 layers, 1024-dim per 
wordpiece token, 16 heads. Total 
params = 340M

‣ Positional embeddings and 
segment embeddings

‣ pre-trained on a large corpus (40 
epochs on Wikipedia (2.5B tokens) 
+ BookCorpus (0.8B tokens)

‣ word pieces instead of words: 
playing => play ##ing



What can BERT do?

Devlin et al. (2019)

‣ Artificial [CLS] token is used as the vector to do classification from

‣ BERT can also do tagging by predicting tags at each word piece
‣ Sentence pair tasks (entailment): feed both sentences into BERT



What can BERT do?

‣ How does BERT model a pair of sentences?

‣ Transformers can model interactions between the two sentences

Transformer

Transformer

…

[CLS] A boy plays in the snow [SEP] A boy is outside

Entails (first sentence implies second is true)



QA with BERT

Devlin et al. (2019)

What was Marie Curie the first female recipient of ? [SEP] One of the most famous people born in Warsaw was Marie …

‣ Predict start and end positions in passage



Pretraining and fine-tuning
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Pre-training

language modeling objective

Fine-tuning

task-specific objective



Fine-tuning BERT
‣ Fine-tune for 1-3 epochs, batch size 2-32, learning rate 2e-5 - 5e-5

‣ Large changes to weights up here 
(particularly in last layer to route the 
right information to [CLS])

‣ Smaller changes to weights lower down 
in the transformer

‣ Small LR and short fine-tuning schedule 
mean weights don’t change much



Results

Devlin et al. (2018)

‣ Huge improvements over prior work (even compared to ELMo)

‣ Effective at “sentence pair” tasks: textual entailment (does sentence A 
imply sentence B), paraphrase detection



RoBERTa

Liu et al. (2019)

‣ “Robustly optimized BERT”

‣ 160GB of data instead of 
16 GB

‣ Dynamic masking: standard 
BERT uses the same MASK 
scheme for every epoch, 
RoBERTa recomputes them

‣ New training hyperparameters + more data = better performance



Design Choices for Language Model
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‣ Tokenization: 

‣ how do you segment text? how do you construct the vocabulary?

‣ Model Architecture:

‣ LSTM / CNN / Transformer (or combinations of them)

‣ Hyper-parameters (hidden dimensions, etc)

‣ Learning Objective

‣ During Pre-training

‣ During Task-specific Fine-tuning



Question:
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What are design choices that impact the 
performances of pre-trained language models? 


How would they interact with each other?

(e.g., if you decide to train with a large amount of 
data instead of moderately size of the data, how 
would it interact with the size of the architecture?)




What can BERT NOT do?

‣ BERT cannot generate text (at least not in an obvious way)

‣ Can fill in MASK tokens, but can’t generate left-to-right (well, you 
could put MASK at the end repeatedly, but this is slow)



Multimodal LMs:

Language / Vision / Audio


(2019-)

Timeline of Pretrained LM
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Precursor to ELMo (2017)

Using LM for sequence 

tagging

Efficient LM:

ELECTRA / ALBERT 

(2020)

Multilingual Language 
Model: XLM (2019)

Seq2Seq Pretraining: 
T5, BART(2019)

First general purpose 
 LM: ELMo (2018)

Masked LM:

BERT (late 2018) 

Larger LM:

GPT3 (2020)

Even larger LM 
LM + search



Goal: Use pre-training for conditional 
text generation



LMs
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• Unconditional Text generation,


• You generate text left to right


• P(wi+1 |w1, w2, …, wi)



Conditional Text Generation
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Input: Output:



Conditional Text Generation
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Yesterday was Sunday. Ontem foi domingo.

Input: Text in {English,…} Output: Text in {Portuguese,…}

Who is the current 
president of UT Austin?

Jay Hartzell

Input: question Output: answer

Input: long document Output: short summary

https://www.google.com/search?rlz=1C5CHFA_enUS915US916&q=Jay+Hartzell&stick=H4sIAAAAAAAAAONgVuLVT9c3NEwuLq4szkmvesRowS3w8sc9YSn9SWtOXmPU5OIKzsgvd80rySypFJLmYoOyBKX4uVB18ixi5fFKrFTwSCwqqUrNyQEACoisSFsAAAA


Can we use language model?
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‣ Yes! 

‣ During training: “X Y”

‣ During prediction: “X” and let it 

generate Y


‣ Prefix LM:

‣ Let tokens in the input to attend to 

each other

‣ Fully visible masking for input

‣ Autoregressive masking for output

Problem?



OpenAI GPT/GPT2

‣ GPT2: trained on 40GB of text 
collected from upvoted links 
from reddit

‣ 1.5B parameters — by far the 
largest of these models trained 
as of March 2019

Radford et al. (2019)

‣ “ELMo with transformers” (works better than ELMo)

‣ Train a single unidirectional transformer LM on long contexts

‣ Because it's a language model, we can generate from it



OpenAI GPT2

slide credit:

OpenAI



GPT-3
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‣ Same architecture as GPT-2, just 
larger

‣ 1.3B -> 175B parameters

‣ Trained on 570GB of Common 

Crawl

‣ Requires 400GB to store 

parameters!

NVIDIA blog (Narasimhan, August 2019)



Recap: Seq2Seq Model
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‣ Input: a sequence of tokens

‣ Output: a sequence of tokens (of arbitrary length)

the  movie  was   great

le      film   était   bon [STOP]



BART

33 [Lewis et al, 2019]

‣ Objective: Re-construct (corrupted) input sequence



T5: Text-to-Text Transfer Transformer
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‣ Train on multiple tasks



Masked LM vs. SeqSeq
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‣ Considerable win on generation tasks such as summarization, translation

‣ Compared to BERT based encoder, randomly initialized decoder

‣ 2-3 ROUGE score gains (summarization task metric)

‣ On classification tasks?

‣ Roughly comparable performances, sometimes better, sometimes worse.



many, many variants
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Using BERT
‣ Huggingface Transformers: big open-source library with most pre-trained 

architectures implemented, weights available

…

‣ Lots of standard models…                    and “community models”

…



Preview: Next class
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You can visit the cemetery where famous Russian composers are buried daily except Thursday

Toronto law to protect squirrels hit by mayor.


