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● Summary: One flexible, trainable rational activation 
matches all three SAE families (ReLU, JumpReLU, 
TopK) and then strictly beats them — a drop-in 
upgrade with better fidelity at matched sparsity for a 
handful of scalar parameters and minutes on a single 
GPU.

● Limitations: 1) Evaluation covers only 3 open-weight 
LLMs and 3 activation families — gains at larger 
frontier models remain unexplored. 2) RSAE’s 
interpretability remains to be more fully evaluated, 
beyond the single-model sparse-probing study 
reported here.
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MAIN 3 TAKEAWAYS
● Replace the SAE's fixed gate (ReLU / JumpReLU / TopK) with a 

trainable rational activation.
● Strictly beats every baseline on reconstruction & downstream 

metrics at matched sparsity.
● Drop-in upgrade: inherits weights, adds a few scalars, fine-tunes in 

minutes.
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, applied element-wise, with 

input/output scales.
● Approximates all three gates at low degree — theory: rationals need 𝒪(1)

coords vs piecewise-affine Ω( (
√*
).

● Two-step: initialization from baseline weights with Remez fit of rational 
functions, then fine-tune under the reconstruction loss with ℓ( sparsity penalty.

Background / Motivating Question2

Limitations and Discussion5

Results4
● Beats the teacher on 22/24 reconstruction and 13/16 downstream cells.
● Wins uniformly across GPT-2 small, Pythia-160m & Gemma-2-2B.
● Better MSE, ℓ!, alive-fraction, ΔCE & loss-recovered at matched sparsity.

● Ablations: sweeping the 
sparsity coefficient enters the 
strict-domination “sweet 
zone” vs every teacher.

● Interpretability: sparse-
probing accuracy ties or 
improves on 6/8 tasks.
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Our Approach: RSAE3

● SAEs give sparse, interpretable features — but every family hard-codes a 
fixed gate (ReLU, JumpReLU, TopK).

● Each gate has pathologies: shrinkage, dead latents, broken or surrogate 
gradients.

● Can one flexible activation match — then beat — all three?

RSAE: one flexible activation matches — then 
beats — ReLU, JumpReLU & TopK


