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Language Modeling (LM)

• Causal Language Modeling:
– Predict the next word in a sequence:

• AI systems use machine _____
   eat?
           learning?
           frogs?
   …

• The LM estimates P(word | word-1, word-2, ...)
– we want P(learning | machine, use) >> P(about | machine, eat).

– Decoder neural architectures are widely used to train LMs:
• GPT, Gemini, Llama, Grok, Mixtral, Claude, …
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Neural Language Modeling: Decoders
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Bidirectional Motivation

• Recurrent Neural Networks for causal LMs:
– In a left-to-right (causal) RNN, representations captures only 

information seen so far.

• Transformer for causal LLMs:
– Prompt Repetition Improves Non-Reasoning LLMs, Google, Dec 

2025.
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LSTM Cell has Additive Term => Gradient Flows Better 
(can still vanish, but more slowly)  
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RNN State has Multiplicative Weight => Gradient can 
Vanish or Explode Much Faster
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See also Pascanu, Razvan, Tomas Mikolov, and Yoshua Bengio. 
 "On the difficulty of training recurrent neural networks." ICML (2013)

https://proceedings.mlr.press/v28/pascanu13.html
https://proceedings.mlr.press/v28/pascanu13.html
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Batch Processing

• RNNs and gated variants have to process one sequence 
sequentially:
– Process each sequence one token at a time.

• The same RNN can be used to process multiple sequences 
in parallel:
– Process the tokens at position k from all sequences in parallel.

• Then process the tokens at position k + 1 from all sequences 
in parallel.

– Then process the tokens at position k + 2 from all 
sequences in parallel.

» Then process the tokens at position k + 3 from …
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Packing Variable Length Sequences
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• Let's assume we have 6 sequences (of variable lengths) in total. You 
can also consider this number 6 as the batch_size hyperparameter.

• Now, we want to pass these sequences to some RNN architecture. 
• To do so, we have to pad all of the sequences (typically with 0’s) in to 

the maximum sequence length in our batch, which in the figure is 9.

https://stackoverflow.com/a/56211056

https://stackoverflow.com/a/56211056
https://stackoverflow.com/a/56211056


Packing Variable Length Sequences
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• Let’s assume that we will matrix multiply the above padded batch of 
shape (6, 9) with a weight matrix W of shape (9, 3).

• Thus, we will have to perform 6x9 = 54 multiplication and 6x8 = 
48 addition, only to throw away most of the computed results since 
they would be 0s (where we have pads).

– The actual required compute in this case is as follows: 9-mult  8-add, 8-mult  7-add,  
6-mult  5-add, 4-mult  3-add,  3-mult 2-add , 2-mult 1-add  => 32-mult  26-add.



Packing Variable Length Sequences
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• torch.nn.utils.rnn.pack_padded_sequence creates a PackedSequence

As a result of using pack_padded_sequence(), we will get a tuple of tensors containing 
(i) the flattened (along axis-1, in the above figure) sequences , 
(ii) (ii) the corresponding batch sizes, tensor([6,6,5,4,3,3,2,2,1]) for the above example.



RNNs in PyTorch

• All RNN classes can accept packed sequences as input:
– torch.nn.RNN
– torch.nn.LSTM
– torch.nn.GRU

• Design pattern for using RNNs with minibatches is: 
batch of sequences 
    →  pad sequences
   → pack padded sequences
      → LSTM
          → unpack padded sequences
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pad_sequence()

pack_padded_sequence()

unpack_padded_sequence()

lstm()
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LSTMs in PyTorch
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LSTMs in PyTorch
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Required Readings
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• Chapter 13 on RNNs and LSTMs from the J&M textbook.

https://web.stanford.edu/~jurafsky/slp3/13.pdf
https://web.stanford.edu/~jurafsky/slp3/13.pdf
https://web.stanford.edu/~jurafsky/slp3/

