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(A Neural Network Based on Stochastic Computation Using the

Ratio of the Number of Ones and Zeros in the Pulse Stream)

(Seung Jai Min and Soo-Ik Chae )
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Abstract

Stochastic computation employs random pulse streams to represent numbers. In this
paper, we study a new method to implement the number system which uses the ratio of
the numbers of ones and zeros in the pulse streams. In this number system, if P is the
probability that a pulse is one in a pulse stream. then the number X represented by the
pulse stream is defined as P/(1-P). We propose circuits to implement the basic operations
such as addition. multiplication. and sigmoid function with this number system and
examine the error characteristics of such operations in stochastic computation. We also
propose a neuron model and derive a learning algorithm based on backpropagation for the
3-layered feedforward neural networks. We apply this learning algorithm to a digit
recognition problem. To analyze the results, we discuss the errors due to the variance of
the random pulse streams and the quantization noise of finite length register.

. Mg
*EER, Mo B T8
(Dept. of Elec. Eng.. Seoul Nat'l Univ.) AR zS AT A7t asle SE-Fole
BEHT 19944 18 36 2 45h7] faAE AL sl=se] Fde] ¥

(1020)



212 HagolA 19! Hagel 0 Yage] HlE o] st FEAS s A3 2T

s3ich dA F43] WA e VLS 71e< ©l
B3t A3 2k AR d7vt S A
5w ek ARG Ao FRYdle obdE
2 3 2E o83 i YA 2 E o] 8% Wy
22 A g F Utk o) F HAEI2E o] 87
S ARl | sk A AYE A W ES
o] 8% = Qlth= Aol = vbdel AA et
TR dell glol Zl@H o e A7k B o
Al FAe] date] Festng of#go] gt ol
g EAE A7) flsted od=i7ix] whfe] Algte]
3 e 22ig whpFe] shtEA dAads o
£ A4 o] Aok FEdARE ol 47 A
sznte g e e FAEEA A =
Hog igrivt FA7I A 71RdS 7Y
F deuz we o g 4718 AAE
o] #AE S5Y 4 Urh

Uniform Distribution

o P

> i
(53 Output
REGISTER Comparator

O 1 G EAIs vl E ol8Ek dad

o
& e oy

Fig. 1. Method of generating a random pulse
steam with a comparator and a
pseudo-random number generator.
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