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Abstract

This dissertation studies sparse and learned-routing attention mechanisms for
transformer models operating on long sequences. We show that routing quality,
rather than sparsity ratio alone, governs the trade-off between computational
efficiency and model accuracy, and we characterize how this trade-off shifts
with model scale. Across model sizes from 125M to 2.7B parameters, we find
that larger models tolerate more aggressive sparsification, narrowing the gap to
dense attention as scale increases. Our findings inform the design of compute-
optimal long-context architectures and motivate treating sparsity ratio as a
scale-dependent hyperparameter rather than a fixed architectural choice.
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