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ing, homomorphic Transformer inference based on the CKKS scheme has become an active research topic. However,
LayerNorm—an indispensable component in Transformers—requires computing the inverse square root , which is con-
ventionally implemented via Goldschmidt iterations at a cost of 6—8 additional multiplicative depth levels, constituting a
criticalbottleneck for inference efficiency. This paper proposes a fused homomorphic LayerNorm computation scheme
based on CKKS functional bootstrapping. The key idea is to replace the arcsine recovery polynomial in the EvalMod
stage of bootstrapping with a composite polynomial that directly outputs the inverse square root, thereby obtaining the in-
verse square root "for free" during the bootstrapping process. Under the default setting, in which the input satisfies the
calibrated bound and the optional soft clamping is not triggered, this incurs zero additional multiplicative depth. To ad-
dress the periodic aliasing risk of the sine function, we propose a low-depth range guard consisting of pre-scaling and sta-
tistical bounding, complemented by an optional soft-clamping fallback for out-of-distribution inputs, and rigorously
prove that the scaled input variance is guaranteed to fall within the monotonic interval of the sine function, fundamen-
tally ensuring computational correctness. The polynomial fitting employs the Remez algorithm to solve for a degree-31
minimax approximation on the Chebyshev basis, achieving an approximation error on the order of 10-11, well below the
inherent noise of CKKS bootstrapping. Experimental results demonstrate that the proposed scheme saves 6 levels of mul-
tiplicative depth compared to Goldschmidt iteration, achieves a 1.26xspeedup for single LayerNorm computation, and re-
duces peak memory usage by 16.7% relative to Goldschmidt(k=3). On the SST-2 dataset with BERT-Base, this paper at-
tains a homomorphic classification accuracy of 92.1%, only 0.4% below plaintext inference (92.5%). The results confirm
that the proposed scheme effectively eliminates the additional depth overhead of inverse square root computation without
sacrificing inference accuracy, significantly outperforming traditional Goldschmidt iteration in both performance and re-
source efficiency. This work provides a novel approach for efficient normalization computation in the encrypted domain
and offers key support for the practical deployment of homomorphic Transformer inference, carrying significant theoreti-
cal and practical value.
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