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A slime mold neurocomputer chip.
Slime mald is placed in the center.
It is employed for solving the four-
city traveling salesman problem,
with 16 gfooves.
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Installment 19:
Paradigm shift in device design sought by the world's slowest
Amoeba chip computer
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The computer today is challenging the limits of semiconductor inte-
gration and computation speed. Those limits may be solved by the

Amoeba chip. We explore the possibilities of new computers in the
21st century.
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Text by Keiichiro Fujisak
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The world’s slowest computer. The slime mold chip
is placed on the yellow platform. A camera (left) for
monitoring the experiment and a projector to irradi

ate light are installed above it
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RIKEN Advanced Science Institute’s Flucto-Orde
Functions Asian Collaboration Team. From the left:
leader sahiko Hara, researchers Masashi Aono and

Asaki Nishikawa, and technical staff Yuki Hashe
Hara is supervising the Asia Collaboration researc
at RIKEN Advanced Science Institute and Hanyan Ur

versity in South Korea
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What is slime mold?

= There are two types of slime
O mold: true slime mold and cel-

lular slime mold. The subject

/ taken up here is true slime

OCVD mold. Used in the experiments
i

by Hara's team is a stage

called microfabricated struc-
Ll ture of true slime maold Physa-
rum Polycephalum @. The mi-
crofabricated structure is soft
and amorphous. It can grow
from several centimeters to
approximately one meter. As it
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TI—T1 Y. FIULE,
Various slime mold computer
chips. They are selected depend-
ing on the purpose of the experi-
ment. 1.5 cm in width. A plastic
chip is coated in gold. They are
handmade

True slime mold Physarum Polycephalum. This in its entirety is a single
cell. It expands in a fan shape. It is cultivated in a palm-size case in the lab.
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dislikes light, it attaches itself
to the back of decayed logs or
fallen leaves and moves at a
speed of several centimeters
per hour in search of food.
Since its a multinuclear single-
cell mold with several million
nuclei inside a single cell, it is
also possible to cut it into two
or join two to form one.
When exposed to light
for an extended time, the mi-
crofabricated structure trans-

forms into a carpophore @.
When its sack (comprising
varying shapes such as spheric
or sausage form, depending
on the type) opens, spores @
are released into the air. The
spores do not become fun-
gal threads like a fungus, but
slime mold amoebae @. The
amoeba changes into a fla-
gellar cell @ in water, but will
change back into an amoeba
in dry environments. There

are male and female forms
of slime mold amoeba, and
when they join up they be-
come a microfabricated struc-
ture. When the microfabricated
structure dries, it turns into a
multi-cellular state called scle-
rotium with a hard shell and
can live for over one year. It
returns to the microfabricated
structure when watered.
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Installment 19:

Paradigm shift in device design sought by the world's slowest Amoeba chip computer
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The process of solving a four-city traveling
salesman problem is monitored in real time
using a slime maold neurocomputer chip with
16 branches. The process of the slime mold
entering the grooves can be seen. The slime
mold does not enter, in principle, the grooves
surrounded by white frames irradiated with
light. Light is irradiated every six seconds.
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In pursuit of a Flucto-Order device

The Flucto-Order Functions Asian Collabo-
ration Team at RIKEN Advanced Science In-
stitute is involved in research into amoeba-
based Neurocomputing. We talked to its
leader Masahiko Hara.

“Flucto-Crder is a term | made up. Our
research theme is to generate an autono-
mous function within a fluctuating entity.”

Hara joined the RIKEN Advanced Science
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Institute in 1986, and became professor at To-
kyo Institute of Technology around the same
time. We visited Hara at his RIKEN lab in Wako
City, Saitama Prefecture for this interview.

‘I was doing research on fusing nano-
technology and biotech for over ten years,
but all | saw from trying to create devices
with organic molecules and biological mol-
ecules was instability. They change forms,
change characteristics or deteriorate with
time. A device that provides a consistent
function seemed impossible.”

His research reached a deadlock.

‘I then tried from different angles. Why is
it necessary to suppress fluctuation? Why not
positively make use of the instability of or-
ganic molecules and living organisms since it
is their essential nature?”

The computer is high-speed and abso-
lutely accurate because it suppresses fluctua-
tion. Things that fluctuate, however, accept
fluctuations.

“When we compare a transistor and a liv-
ing arganism, a transistor turns on/off about
one billion times every second, and a living
creature about 1,000 times. The probability
of a transistor making an error is once in 10
to the 80th power. But the probability of a
living creature making an error is said to be
once every 10,000 times. Since it oscillates
1,000 times per second, once every 10,000
times means it makes an error approximately
every 10 seconds. This means that the hu-
man brain also does something strange ev-
ery 10 seconds. How then is it that we sur-
vive? Its because we make use of fluctuation
as a means for survival.”

For the research, Hara uses a microfabri-
cated structure of the true slime mold. On a
circular chip, 1.5 cm in diameter, used in the
experiment, eight grooves are etched radially
in a starburst pattern. The slime mold is placed
in the center so it can stretch its branches into
the eight grooves.

At first it grows in a concentric fashion,
but since it grows while oscillating minutely
there is no telling into which grooves it will
stretch its branches first. Once a branch is
detected in a groove, a simple rule to assign
the slime mold a task is generated.

“Light is irradiated onto two grooves ad-
jacent to the groove in which the slime mold
entered.

Since slime mold avoids light, it is pre-
vented from entering the two adjacent
grooves. It is therefore prevented from
spreading into the starburst form and looks
for either one of the ten possible patterns it
can settle in, such as the "X" or “Y" shaped
pattern. This chosen pattern is considered
to be the state in which the slime mold has
reached an answer.

"However, although the slime mold stabi-
lizes for a while in the answer state, it sudden-
ly charges into places it is supposed to dislike,
where light is irradiated. It struggles to reach
an answer, but after a while it gives up and
starts to search for another answer again.
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It generally gives a right answer

At present, Hara is working on research that
gets slime mold to solve the traveling sales-
man problem. The traveling salesman prob-
lem is a combinational optimization prob-
lem that requires seeking the shortest route
for a salesman to visit all the residences of
his clients on the map and return to his own
home. “When the number of clients increas-
es, the possible combinations become as-
tronomical, and it takes centuries even for a
super computer to solve it. I'm looking for a
principle that draws out a generally correct
answer that today's computers are not so
good at.

It doesn't always give the best answer.
Sometimes it gives a route that's not the
shortest. Here too, after giving that answer
for a while, it charges into the light that it is
supposed to dislike, and starts to look for an-
other answer.

Aono says, “In search of food, not know-
ing whether it even exists, it charges even
into the light it hates. It's sort of a gamble.
It's making an all-or-nothing decision ex-
pecting a rosy future. We want to explore
the possibility of realizing high-level autono-
mous decision making that can further en-
rich the activity of the overall system.

|t takes one to two hours to arrive at one
answer. If you want it to reach several differ-
ent answers, it takes about 16 hours. That's
why it's sometimes called the world’s slow-
est computer.

Hara explains, ‘Its not that we're trying
to make a device with slime mold. We want
to use the principle we discovered with slime
mold in another synthetic material that goes
back and forth between stability and insta-
bility, and make a completely new all-or-
nothing computer that employs a different
material from the high-speed and error-free
semiconductor device that gave birth to the
zero-one computers of the 20th century. @
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An experiment using a slime mold computer
chip with eight grooves. The yellow part is the
slime mold, Black frames indicate grooves ir-
radiated with light. When a rule that says "ir-
radiate light on the two grooves adjacent to
the groove the slime mold entered” is applied,
the slime mold eventually reaches either one
of a total of 10 types of “solutions comprising
two patterns X" and + with four branches, and
eight patterns of “Y" with different angles
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