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ABSTRACT

Fully homomorphic encryption enables algebraic operations on encrypted data, and recently, methods for approximating
non-algebraic operations such as the maximum function have been studied. However, precise approximation of max-pooling
operations for four or more numbers have not been researched yet. In this study, we propose a precise max-pooling
approximation method using the composition of approximate polynomials of the maximum function and theoretically analyze
its precision. Experimental results show that the proposed approximate max-pooling has a small amortized runtime of less
than Ims and high precision that matches the theoretical analysis.

Keywords: Post-Quantum Cryptography, Fully Homomorphic Encryption, Residue Number System Variant Cheon-Kim-Kim-
Song (RNS-CKKS), Max-Pooling, Deep Learning
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Table 1. Runtime and amortized runtime of the
proposed approximate max pooling operation
according to precision parameter «

. amortized
o runtime .
runtime
10 24s 0.366ms
12 39s 0.595ms
14 59s 0.9ms
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Table 2. Minimum, maximum, average, and
median precisions according to precision
parameter «

min max average | median
prec. prec. prec. prec.

10 9.18 27.13 12.11 12.48

12 11.64 40.52 14.80 15.15

14 13.69 32.98 16.62 16.94
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