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Abstract:
While looped transformers (Looped-Attn) often outperform standard transformers 

(Single-Attn) on complex reasoning tasks, their theoretical advantage remains unclear. 
Guided by empirical observations of distinct sample- and Hessian-level dynamics, we 
interpret this phenomenon via loss landscape geometry, extending the River-Valley 
model to distinguish U-shaped (flat) and V-shaped (steep) valleys. Based on these 
observations, we conjecture that Looped-Attn’s recursive architecture induces a River-
V-Valley inductive bias; under this bias, our theoretical derivations guarantee improved 
loss convergence along the river via valley hopping and encourage learning of complex 
patterns, compared to the River-U-Valley bias of Single-Attn. Building on this insight, 
we propose SHIFT (Staged HIerarchical Framework for Progressive Training), a staged 
training framework that accelerates Looped-Attn training while maintaining comparable 
performance.
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