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Logistics

• Homework 2
• Grading complete

• Solutions out this evening

• Homework 3
• Due next Monday

• Midterm 
• Everything including todays and upcoming Wed lecture

• Next Monday: review session (optional attendance)



Recap of deep networks



Batching in deep learning

Recap of stochastic gradient descent







Structured inputs

• Images

• Text 

The quick brown fox jumps



Key idea

We need to reason about sets of inputs



Language modeling

• Notation for one-hot vector

• Vocabulary

• Input: sequence of T tokens





Batch operations?





Piazza poll

• Which of the following operations allow for sharing 
information across words

• (A) 𝑋𝑊

• (B) 𝜎 𝑋𝑊  

• (C) A X

• (D) 𝜎 𝐴𝑋  



Mixing information



A: a probability distribution



A: a probability distribution



Creating the matrix A



Creating the matrix A



Final form for self-attention



Properties of attention

• Full mixing



Properties of attention

• Let us increase the size of the set T
• What happens to 𝑊𝑞 , 𝑊𝑘 , 𝑊𝑣 ?



Properties of attention

• Does the ordering between words matter?
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