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Abstract: Stochastic computing (SC) is an approximate computation with probablities. SC-based neural
networks (NNs) recently draw attention as an efficient implementation of NNs. Sigmoid functions, which are
used as an activation functions of neurons in NNs, can be implemented with linear finite state machines (lin-
ear FSMs) in terms of stochastic computing. However, the effect of the accuracy of the sigmoid functions on
NN is not sufficiently discussed. In this study, we focus on a hardware implementation of SC-based sigmoid
functions and clarify the effect of three parameters of the hardware implementation: the number of states of
linear FSMs, the length of the input stochastic numbers (or input binary sequences), and the randomness
of the input stochastic numbers. Furthermore, we discuss the calculation (or recognition) accuracy of NNs
with SC-based sigmoid functions.
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Fig. 1 SNG with 8-bit LFSR.
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Fig. 2 multiplication and addition in SC.
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Fig. 3 fully-connected two-layered NN and neuron.
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Fig. 4 Linear F'SM for approximate sigmoid function in SC.
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Table 1 Neurons based on SC.
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Fig. 5 Sigmoid function ¢g(z) and approximate sigmoid func-

tion ¢f(x).
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Fig. 7 SC-based neuron[6].
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Fig. 9 Sigmoid functions and calculation results (average) of approximate sigmoid func-
tions for three circuits. N = 8, L = 256, 512, 1024
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Table 4 Average err and sd for MT (a-1).
L = 256 L =512 L =1024 L = 2048 L = 4096 [sn () — sy ()]
N err sd err sd err sd err sd err sd err
8 0.86 3.10 | 0.45 2.09 | 0.39 1.36 | 0.26 0.97 | 0.03 0.72 0.31
16 1.06 347 | 045 250 | 0.23 1.60 | 0.12 1.08 | 0.06 0.77 0.04
32 1.81 3.51 | 092 279 | 050 1.82 | 0.23 1.11 [ 0.13 0.79 0.005
64 | 270 3.57 | 1.68 2.88 | 1.00 2.09 | 0.44 1.27 | 0.25 0.88 0.0007
256 | 3.58 3.57 | 245 2.69 | 1.75 2.17 | 1.07 1.37 | 0.69 0.99 0.00001
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