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Abstract

In this paper, a pulse-mode digital multilayer neural network with a massively parallel yet
compact and flexible network architecture is presented. Algebraic neural operations are
replaced by stochastic processes using pseudo-random pulse sequences and simple logic gates
are used as basic computing elements. The distributions of the results from the stochastic
processes are approximated using the hypergeometric distribution. A statistical model of the
noise (error) is developed to estimate the relative accuracy associated with stochastic
computing in terms of mean and variance. Numerical character recognition problems are
applied to the network to evaluate the network performance and to justify the validity of
analytic results based on the developed statistical model. The network architectures are
modeled in VHDL using the mixed descriptions of gate-level and register transfer level (RTL).
Experiments show that the statistical model successfully predicts the accuracy of the
operations performed in the network and that the character classification rate of the network
is competitive to that of ordinary Back-Propagation networks.
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Table 1. P, obtained from equation (15)
and correct classification rates
from VHDL simulations.

25 x 5x 5 (- £%)
4] (15)2%€] 92 Pcor|VHDL Alf#ie) A4 92 24g
8-HE | 86.55% ~ 90.91% 92.5%(97.9%)
o-ulE | 98.59% ~ 99.18% 99.3%(99.65%)
36 x 9 x 10 (10-574 ¥) |
Al (15)23€] AL Pcor | VHDL Aol AlellA e qals
8-H|E | 86.64% ~ 92.94% 86.73%(97.8%)
9HlE | 97.93% ~ 99.74% 92.6%(99.94%)
10-8)= 100% 98.7%(99.06%)
36 x 30 x 10 (10-%2 £%)
4] (15)2%€] 9& Peor | VHDL Af#elAdelAd & qlalg
8-HE 74.25% ~ 83.7% 80.27%(92.4%)
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10912 99.91% ~ 100% 99.1%(99.6%)
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