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Introduction

Amoeba-based neurocomputing

Microbe-based neurocomputing
In order to develop an adaptive computing system, we investigate microscopic optical feedback to a group of microbes
(Euglena in this study) with a neural network algorithm. We expect that the unique characteristics of microbes, especially
their strategies to survive/adapt against unfavorable environmental stimuli, will explicitly determine the temporal
evolution of the microbe-based feedback system, and therefore, adaptive, self-learning, and/or exploring information
processing may be realized. A unicellular amoeba (true slime mold Physarum) has been investigated extensively for such
purposes [1][2]. Larger variations/performances will be realized if we can use a group of various discrete microbes.
[1] T.Nakagaki, H.Yamada, A.Toth, Nature 407 (2000) 470.
[2] M.Aono, Y.Hirata, M.Hara, K.Aihara, New Generation Computing, 27 (2009) 129.
Purpose of this study
The aim of this study is to elucidate whether the scheme of amoeba-based neurocomputing can work well with a group
of discrete microbes. In order to focus on the essentials, the photophobic reactions of Euglena are extracted from
experiments, and built in the Monte-Carlo simulation of a microbe-based feedback system with a neural network algorithm.

Motion and photophobic reaction of Euglena

Experiments

Light switching

Bio-to-physical feedback system

Dark/bright area

speed reduction approx. 1/10

Simulation of microbe-based neurocomputing

Pattern confinement

move straight (dark), rotate (light)

reflection by the walls

4-city traveling salesman problem

Implementation of photophobic movement of Euglena

Choice of city-order as branch selection (same as in the amoeba case)

1. straightforward movement in the dark without collision
2. random turn with the cosine law at the barriers
3. reduced velocity and random turn in the light
: reduction rate = 0.1
4. slow escape to the dark
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s ( x ) = 1 /(1 + exp( b ( x - c )))

Neural network algorithm (as employed in ameoba-based neurocomputing)
1. variable

x j (t )

: branch momentum
i.e., sum of absolute velocities of Euglena
in a certain branch j
2. Modified Hopfield-Tank model with weight matrix and sigmoid function
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Simulation results and analysis
Momentum distribution and temporal evolution
Occasional high-speed oscillations are evoked
by feedback instability.

Solutions obtained vs number of Euglena
Stronger trapping in a fewer best solutions with higher probabilities
is resulted by the reduction of momentum fluctuation.

Dynamic transition among solutions
Global/local feedback instability contributes to
multiple-solution-search capability.
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Conclusion
• The simulation revealed that Euglena-based neurocomputing with high performances can be achieved by taking branch momentums as the network variables.
• Global/local feedback instability (oscillation) takes place occasionally in the simulation, which contributes to multiple-solution-search capability.
• Adaptive and exploring computation is expected in real Euglena-based system through their adaptability to light, chemical emission, personality, etc.

