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Understanding the Optimization Geometry of the Attention Mechanism 

 

Attention mechanism is a central component of the transformer architecture, which has led to the phenomenal 
success of large language models. Its effectiveness in capturing long-range dependencies is pivotal for tasks in 
natural language processing, computer vision, and reinforcement learning. Despite its practical success, the 
theoretical foundations of the attention mechanism, particularly its nonconvex optimization dynamics, remain 
largely unexplored.  
 
In this talk, we provide a mathematically rigorous understanding of how the attention mechanism processes 
input sequences, such as sentences composed of words, despite the high-order interactions among the 
elements in the sequence. Our approach involves analyzing the convergence properties of gradient descent 
during the training of the transformer. We demonstrate that the attention mechanism learns to select “good” 
sequence elements (those most relevant to the prediction task) while suppressing “bad” ones. This separation is 
formally framed as a convex optimization program, similar to classical support-vector machines (SVMs), but with 
a distinct operational interpretation. Ultimately, our findings enhance our understanding of the attention 
mechanism, enabling us to interpret it as a hierarchy of SVMs that effectively separate and select optimal 
sequence elements. 
 

 
Refreshments served at 3:30pm 4th floor Lounge – Amos Eaton 
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