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1. Introduction

Future technologies will enable to fabricate so small
transistors. And electromagnetic noise will affect these
transistors seriously. Therefore, conventional deterministic
computing system might not be driven correctly. As a way
to avoid these problems, stochastic computing systems
have been studied [1]. This prominent property is utiliza-
tion of random noise that is generally regarded as a waste
product. Stochastic computing system can execute com-
puting using the representation of analog quantities by
pulse densities with random signals. Especially, in the case
we don’t need complete accuracy of computation, stochas-
tic computing can implement computation efficiently and
has the capability of trading off computation time and ac-
curacy without changing hardware. From these viewpoints,
the concept of measurement of Manhattan distance based
on stochastic computing system was proposed [2]. In this
paper, we propose a circuit utilizing arbitrary chaos gen-
erators to produce pulse events representing Manhattan
distance, and we design a stochastic computing chip for
measurement of Manhattan distance.

2. Stochastic calculation of Manhattan distance

Firstly, We illustrate the concept of stochastic measure-
ment of Manhattan distance based on stochastic computing
system. This system is shown in Fig. 1. This system con-
sists of double comparators and exclusive-OR (EXOR).
Input data, which is constant, is compared with random
signal value. And reference data, which is constant, is also
compared with random signal value. Both of output pulses
are injected into EXOR synchronously. Counting output
pulses of EXOR, we can calculate the Manhattan distance
between input data and reference data. It must be noted that
random signal values are distributed uniformly because we
would like to relate the number of pulses to Manhattan dis-
tance proportionally.

Next, we describe the circuit of stochastic measurement of
Manhattan distance based on stochastic computing system.
We show the block diagram of the circuit in Fig. 2. We
utilize PWM arbitrary chaos generator circuit, which has

already been proposed in [3], for generating random signals.

And we choose tent mapping because the chaos signals
from tent mapping are distributed uniformly. Then we pro-
duce analog voltage of tent chaos signals using a switched
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current source circuit. And to inject outputs from compara-
tor A and B into EXOR simultaneously, we utilize a clock
driver and a sampling driver. Accordingly, we can calculate
Manhattan distance by counting output pulses of EXOR.

3. Chip design

The stochastic computing circuits utilizing arbitrary
chaos generator circuits were designed in a 2-poly 3-metal
0.35 mm CMOS technology. The chip layout is shown in
Figure. 4. This chip includes 16 circuits based on stochastic
computing system. The chip size is 4.9 x 4.9mm sq. The
area of a comparator-EXOR part is 85.5 x 165um sq and
the area of a chaos generator is 62.5 x 80.5um. The supply
voltage is 3.3V and the average power dissipation for one
stochastic computing circuit is about 0.4mW.

4. Simulation results

We confirmed the operation of the circuit of stochastic
computing system using HSPICE simulation. In this simu-
lation, we assumed one stochastic computing circuit and
clock frequency of IMHz. Waveforms of stochastic com-
puting system are shown in Fig. 5. We can see that an out-
put pulse of EXOR appears when the analog value of chaos
signal is between the analog value of input data and that of
reference data. And we show the linearity of mappings
from Manhattan distance to the number of output pulses of
EXOR in Fig. 6. The number of output pulses of EXOR is
normalized. We can see that the mapping from Manhattan
distance to the number of output pulses is implemented
efficiently when the number of total steps is more than
about 100.

5. Conclusions

In this paper, we proposed the architecture of stochastic
computing system that implements linear mappings from
Manhattan distance to pulse density utilizing chaos genera-
tor circuit. We confirmed that stochastic computing system
execute this mapping efficiently when the number of total
steps is more than about 100.

A stochastic computing chip can be used as an emulator
of a future quantum device thanks to stochastic operation.
Therefore, these operating systems are also useful for dis-
cussing future quantum devices.
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Fig. 5. Waveforms of stochastic computing system for Manhattan
distance in HSPICE simulation.

0.8 e ————
—=— jdeal line

0.7 - =-10 (total steps) 5
0.6 Hl ~ 2~ 100 (total steps) 1 :,":/
—=— 1000 (total steps) %

0.4 i

0.3 <

0.2

The number of output pulses (normalized)

0.0

0.0 0.1 0.2 0.3 04 05 0.6
Manhattan distance [V]
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distance based on Stochastic computing system utilizing tent
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