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Correlations Between the Effects of Recognition Factors
and Feeding Habits of Yamato Termites
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Akinori Nozawa Takumi Haga
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ABSTRACT
As eusocial insects, Japanese termites may engage in cannibalism. We focused on the cannibalistic behavior of the termites that are carried out

against individuals with traumatic injuries on the body surface and investigated the carcass recognition factors used in this behavior. We found that

there is a correlation between the effects of the factors and feeding habits and nutritional status, and that the corpse recognition factors are non-

volatile. However, the relationship with hydroquinone, which was pointed out as the identity of the recognition factor in previous studies, needs to be

studied using different methods.
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Study of the antimicrobial effect of amphibian body surface mucus
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Yuzuki Oka Reoto Shibata Miyu Fukuyama Niina Fujita Shunki Yamanaka
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Abstract

The red-bellied newt is known to secrete a mucus containing a venom called Tetrodotoxin. They are believed to emit venom to protect their
vulnerable skin from bacteria and other organisms. This led us to believe that amphibian venom may have a certain antimicrobial effect, and we

decided to clarify the truth of this hypothesis. Our previous experiments have shown that bacteria are indigenous to the body surfaces of the
newts. The backs of the stimulated newts were pressed against the medium, and the degree of growth of the bacteria on the surface of the newt's

body in the medium was compared to determine whether the secretions had an antimicrobial effect

The results showed that there was less growth of the bacteria in the medium of the stimulated newts than in the medium of the unstimulated

newts, and some of the bacteria were eliminated. We hypothesized that the stimulus caused the newts to secrete venom mucus from their body

surfaces, thereby suppressing growth of the bacteria.
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Power generation in the ultraviolet region of dye-sensitized solar cells
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ABSTRACT

Producing clean energy is one of the environmental issues that has been attracting attention in recent years is the reduction of the
burden on the environment. Therefore, we focused on dye-sensitized solar cells. This is one of the organic solar cells, and electricity

is generated by emitting electrons from dyes that absorb light. Until now, power was generated using infrared rays and visible light,

but we thought that power generation using ultraviolet rays would lead to further improvements in power generation. Then, as a

result of conducting an experiment by irradiating the cell with ultraviolet rays, a current flowed.
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Variation of trajectory in hull tilt
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ABSTRACT

Today, many accidents occur when ships capsize. Therefore, we investigated the trajectory of a ship when it is tilted sideways. The purpose
of this study is to help prevent capsizing accidents. We made a one-twelfth scale model of a ship, placed weights on either side of the hull,
floated it on the water, and gave it an initial speed. We photographed the ship from above, read its position from the coordinates we had

prepared below the water surface, and plotted a graph. As a result, the ship turned toward the direction where the weight was not placed, and

the hull turned more greatly as the inclination increased. The trajectory of the hull was close to a quadratic function.
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The Changes in an Arrow’ s Trajectory Depending on the
Number and Inclination of Feathers on the Arrows
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ABSTRACT
Today, arrows with three feathers are used widely and the feathers are slanted in the world. We aimed to clarify how many
feathers should be attached to arrows and how do slanted feathers affect the trajectory of the arrows.  As a result, we found that the
trajectory of the arrows with three feathers is most stable and the trajectory is stable when the feathers slanted to some extent.
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Elucidation of Peculiar Phenomena Occurring on the Rainbow Screen
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ABSTRACT

The rainbow screen is a tool for creating artificial rainbows. As we observed the rainbow screen, we discovered a strange

phenomenon. We named it “spiral rainbow”. In this study, we conducted an experiment in which the position of the light

source was varied in order to clarify this “spiral rainbow” movement. It is largely dependent on moving the light source

parallel to the rainbow screen.
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ABSTRACT
We tried to explore the other dimensional worlds in order to make Doraemon, and we did it by making m-

dimensional theorems using mathematics. First, we discovered and proved "Manelaus' Theorem," which is the dimensional
expansion based on Menelaus' theorem. Next, we also showed that the Inverse of Manelaus' Theorem is false. Furthermore, we also
expanded Ceva's theorem in 3-dimension. Finally, we challenged the kissing number problem, which is an unsolved problem in

mathematics, and showed three new directions for its solution.
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Speeding up deep learning using hash function
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Satoru Terada Eita Tanaka Keisuke Nagi Sei Nakanishi Kaisei Yamada Himeka Nagasato
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ABSTRACT
Using a hash function, we attempted to improve the efficiency of operations by detecting neurons with small activation values (negative values) and skipping
their computations in order to reduce computational costs. We attempted to accelerate the computational processing using a hash function under different

conditions than prior research. As a result, we identified conditions under which applying the acceleration hindered the learning progress of the model. When
using a dataset for multi-label classification with a shallow intermediate layer and a small number of nodes, the usefulness of the acceleration was confirmed.
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Summary

We investigated the nature of the carcass recognition factor in the cannibalistic behavior of
Yamato termites. We found that there is a correlation between the species of trees eaten by
termites and the effect of the factor, and that there is a correlation between the nutritional
status of termites and the effect of the factor. From these findings, we discussed the identity of
the factor.

About Yamato Termites

Order Blattodea, Family Thinotermitidae (Reticulitermes speratus)

Distribution: Most areas of Japan
Habitat:Under high humidity and in the shade
Forming a nest in rotting wood
(Experimental specimens were collected in the hill
behind Omi Jingu Shrine)

Yamato termite
(worker)

4 ~5mm long
N7

Feeding Habits : Can decompose cellulose with a special digestive enzyme
=Can feed on wood
Cannibalism: Cannibalism toward individuals with surface trauma
More likely to occur with longer starvation

Experiment |

Way of Experiment lgﬁJ [E/%J Experiment Il

200 termites

(1) Breed under each experimental condition

-y ¥Experiment |
. . —detached
(2) Randomly pick out the termites the head and
. the body
(3) Add pure water and grind the mixture
v ,
(4) Drop the mixture into a petri dish and record how ~
many termites were attracted to each side @ Experiment |
20 uL
Experiment Il
. 200 1L
Experiment I P .

©Correlation with feeding habits
»*Does the type of wood (cedar, hickory, oak) make
a difference in the effect of the factor?

( Oak ) [chkory] Cedar

Survey : each wood - pure water
oak - cedar 20 20
hickory - cedar
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mOak mPure water « Outside mHickory mPure water & Outside mCeder mPure water = Outside
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¢ g || ““

E% § ¢ O Cedar Water
é A ;é O 0ak Water
) : I I I I I I l - E I I I I I I O Hickory Water

0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70 Cedar o Oak

Time(s) Time(s)

uCedor mHickory = Outside [ Cedar O Hickory
oak hickory : active

= Different wood species produce different effects. cedar : debilitated, partially dead

[ =The worse the termite's nutritional condition, the smaller the effect. ]

Experiment I

From the discussion of experiment I, we 15 days - 5 days
investigated the correlation between the i

termites starvation environment and the

effects of the factor.

1. 15 days no feed

2. 5 days no feed

The effects of the termites reared in the P T -
following two environments were compared.

T N )

Number of TErmites

Time(s)

15days m5days
=The longer the starvation period, the smaller the effect.

Conclusion

The carcass recognition factor of the Yamato termite
has not been identified with certainty.
(cf. hydroquinone : metabolites of lignin, non-volatile substance)

The nature of the factor
The effect is persistent. = The factor is probably non-volatile.
The longer the starvation period is, the more the effect is attenuated.
= Termites have a correlation between the factor and the metabolic function.

Future Prospective

More accurate verification of non-volatility of substances
=Chemical analysis such as chromatography

More detailed verification of the relationship between factors and metabolism
=Conditions for woody components (cellulose, lignin, etc.) only
=Investigation on digestion mechanism of lignin
=Investigation on chemical properties of hydroquinone

P[ Exploring the identity of the carcass recognition factor of Yamato termites. ]

https://wood.co.ip/8-jumoku/hirai/hirai65.html
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Study of the antimicrobial effect of amphibian body
surface mucus

2-9 Chemistry2
OKA YUZUKI SHIBATA REOTO FUKUYAMA MIYU FUJITA NIINA YAMANAKA SHUNKI

Summary

Stimulated red-bellied newts pressed their backs against the medium.
As a result, there was less growth of the bacteria in the stimulated
newt medium than in the unstimulated newt medium. This led us to
believe that the stimulus caused the newt's body surface to secrete

venom from the surface of the newt's body and suppressed the growth
of the bacteria.

-

=
L4

Introduction Red-bellied newt (Cynops pyrrhogaster)

Some amphibians produce

venomous secretions. They are
thought to emit venom to protect
their vulnerable skin from bacteria and
other organisms. Based on this, we
hypothesized that amphibian venom
may have a certain antimicrobial effect |§5 8
and set out to determine the true "y
nature of this effect.

Catch location: Tamba Mountains
Valley, Kyoto

Bait: Earthworms, Chironomid,
and Fly larvae

Body length: Around 10 cm
Characterlstlcs The body surface
" is covered with venom called

i Tetrodotoxin. i -

Experimental Method

@ Prepare agar medium.

(2)Divide newts into two groups: Group A and
Group B.

(@Stimulate the back of Group A newts 100 times
with a needle with a handle and press the back of
the newts against the agar medium and rub the
back of the newts against the entire agar medium
@ Press the back of newts in Group B onto the
agar medium and rub the back of the newts
against the entire agar medium.

(BlIncubate at 37°C and compare the results after
2 days.

Conducted the above experiment three
times.

*For convenience, observation was conducted
after | day in Experiment 2. -_




Result and Consideration —m
Temperature : 13.0~15.0 °C Control area

Humidity:30 ~35 % Group A

Water temperature:9.0 ~11.0°C  &™="®

Group B
(Unstimulating)

k : Control area | : Group A m : Group B

_ Experiment | Experlment 2 Experiment 3 (Dayl) | (Day2)

Control area -« Unchanged
Group A ( Stimulating ) -« Pale yellow bacteria grows
Group B ( Unstimulating ) --- White bacteria grows in addition to
pale yellow bacteria
Growth is more vigorous than in Group A
Stimulation caused secretion of venom and elimination of white
bacteria.
Pale yellow bacteria is indigenous to the body surface of newts

Conclusion

Amphibians harbor highly fecund bacteria on their body surfaces to
prevent other bacteria from infecting them. When strongly stimulated,
they secrete venom to repel their natural enemies or to eliminate
bacteria that are more fertile than the bacteria they are harboring.

Future Outlook
Investigation of the nature of the bacteria
Experiment with a different stimulus

References AHEEZ 20194, [ [7IHTL] 0 5] 1RETE]
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neration in the ultraviolet
region of dye-sensitized solar cells

Summary

One of the environmental issues that has been attracting attention in recent years is the reduction of
the burden on the environment by producing clean energy. Therefore, we focused on dye-sensitized solar
cells. This is one of the organic solar cells, and electricity is generated by emitting electrons from dyes that
absorb light. Until now, power was generated using infrared rays and visible light, but we thought that
power generation using ultraviolet rays would lead to further improvements in power generation. Then, as
a result of conducting an experiment by irradiating the battery with ultraviolet rays, a current flowed.

Introduction (What is the mechanism of dye-sensitized solar cells?)

(DDye absorbs light and store energy.
(2The dye emits electrons, and the electrons flow through the titanium oxide

porous film to the transparent electrode and the external circuit.
(3)The electrons then reduce triiodide ions in the electrolyte to iodide ions near the

counter electrode surface.
(@®)lodide ions reduce oxidized dyes.

Preliminary Experiment

»We used a dye-sensitized solar cell

experimental kit from Peccell Technologies.

(DTitanium oxide was uniformly applied to the
conductive film.

(2)A dye solution containing a dye called eosin
Y was dropped and allowed to absorb for

(A
oY
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Results

about 1 minute.
(3)The stainless steel plate, which is the »

positive electrode, was coated with carbon,
which acts as a catalyst to make it easier for

electrons to escape.
(4)The electrolytic solution was dropped on a
stainless steel plate, and the positive and ‘
negative electrodes were pasted together.
Bl illuminated the light from the negative side

and measured the current and voltage.

3.2mA 0.45V
> This value was stable.

Hypothesis

Since it was found that this
experimental device could generate
electricity, | thought that it might be
possible to generate electricity using
ultraviolet light by changing the
pigment to something that absorbs
ultraviolet light.
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Quoted from https://core.ac.uk/download/pdf/235972461.pdf
Wavelength of the UV light used this time...365nm

Main Experiment

From preliminary experiments, the dye was changed to quercetin and the light was changed to UV
light.

We also made a cell with only titanium oxide, and confirmed that the result was due to the dye.

> For safety, we devised a device to prevent ultraviolet rays from escaping outside.

g -

Results(with dye) Results(without dye)
Current Voltage Current Voltage
0.1/mA 0.53V OmA 0.10V
>¢This value was stable. > The voltage value was unstable.

Consideration

Larger current and voltage could be extracted from the cell with the dye absorbed than with
titanium oxide alone.

By using a dye that absorbs ultraviolet light, the amount of power generated increased, and it
was possible to generate power even in the ultraviolet region. Or, by devising the solvement, it
should be possible to further increase the amount of power generation and make it possible to
generate power more practically.

Conclusion

By using a sensitizing dye that absorbs UV light, it is possible to improve the power generation in the
UV region.

Challenges and Prospects

By expanding the range of wavelengths of light that can be absorbed by tandem-type solar cells and
cocktail-type solar cells made by combining dyes, the amount of power generated will further increase.

Reference
1)Mechanism of dye-sensitized solar cells(Peccell Technologies)
(Last viewed date 2023/1/19)

2)Dye-sensitized solar cells  Experiment kit

http://www.peccell.com/products/PEC-TOM02/  (Last viewed date 2023/1/19)
3) Kobayashi Yuuko, Suzuki Tuneo
"Ultraviolet shielding performance of fabric dyed with flavonoid plant dyes”

(Last viewed date 2023/1/19)
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View from behind

Variation of trajectory in hull tilt

We were interested in how the trajectory
changes depending on the inclination of the
hull. Therefore, we made a model of the
hull and a launching device, and conducted
an experiment. As a result, the ship turned
toward the direction where no weight was
placed and drew a quadratic trajectory.

In turning a ship, turning performance
improves when the rudder is turned in
the opposite direction to the direction of
the ship's turn. Therefore, we decided to
experimentally investigate the trajectory
of the ship at each tilt to see whether
there is any difference in turning
performance when the ship is tilted even
without a rudder.

The approximate curve of the hull's
trajectory is a spiral line (e.g., Archimedes'
spiral line), as seen in many previous studies,
and the trajectory becomes more inward as
the absolute value of the lateral inclination
angle 0 increases.

XInward...the opposite side of the direction
in which the hull is tilted.

%0°<|8|< | (Maximum angle that will not
overturn)® |

[Preparations]

- Wooden boat model (approx. 1/12 model)

- Vinyl pool (5cm interval scale on the
bottom) (145%x90x50 (cm))

- Launching device (glass plate, wooden
board, rubber bands (5mm wide))

- Weights (oil-based clay)

- Smart phone for filming

R,

Lateral tilt angle
(counterclockwise
positive around)

[Actual boat]

[Model]

%

Length[mm] 310 3560
Width[nm] 64 800
High[mm] 26 310
Weight[kg] 0.060 18

[How to experiment]

@Fill a vinyl pool indoors with water (5 cm

deep) and fix the launching device to the

bottom.

(@Place weights on the left or right sides of

the model so that the lateral inclination angles

of the model are 0°, £5°, or £10°, and fix

the model to the launching device.

Launch the model and photograph the

turning wake from directly above.

@Read the trajectory from the video and

represent it on a graph (line and approximate

curve) for each horizontal inclination angle.
In this study we performed

@ through @ five times each.

The line graphs and approximate curves
which we obtained are shown below. The
graphs are, in order, the line for a positive
horizontal tilt angle, the approximate curve
for a positive angle, the line for a negative
angle, and the approximate curve for a
negative angle.
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- The approximate curve was not a
spiral as hypothesized, but a quadratic
function. This is thought to be due to
the fact that only the initial speed was
given to the model to be launched,
which resulted in less water resistance.

- As the lateral inclination angle | 6 |
increases, the trajectory turns more
inward. However, it is difficult to say
that it turns inward at a constant rate.

- We believe that the reason why the
hull turns to the opposite side of the
direction in which it is inclined is
related to the law of motion, which
states that the magnitude of
acceleration is inversely proportional to
the mass of the object. The difference
in velocity between the left and right
halves of the model may create a force
that rotates around the lighter side (the
side with no weight on it), which is
easier to decelerate.

- There are differences from the turning
wake of a ship of actual size in terms of
water resistance and viscosity. It is
necessary to conduct experiments using
liquids other than water under different
viscosity conditions.

* One possible reason why the obtained
trajectory did not resemble a spiral line is
that the model was given only an initial
speed. We would like to make a device
that moves forward at a constant speed
and investigate changes in the trajectory.

- We hope that this research will lead to
the prevention of overturning accidents
caused by lateral tilting.
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Shiga Prefectural Zeze High School Team 5
Changes in an Arrow’s Trajectory Depending on the Number and

Inclination of Feathers on the Arrows

::

Introduction

We aimed to clarify why we always use arrows,
that have three feathers which are the same, all
over the world by experimentation. As a result,
we found that the closer the number of the
feathers is to 3, the more stable its trajectory.
Also, the more feathers are tilted to some extent,
the more stable.

Experiment 1

PUrpose : Investigate how the movement
of the arrow changes depending on the number
of arrow feathers.

Method : we made a launcher like the
picture below. We shot each arrow (with O to 6,
and 8 feathers) to the target 20 times and
measured the left-right distance and height of
the arrows from the floor.

Direction of
firing
| i

Arrow

Rail
[

2.5cm

A auncher (from above)  AArrow

Result : The standard deviation of the left-

right deviation distance tends to decrease when
the number of arrow feathers around 3 to 5.

The standard deviation of the left-right
deviation distance

0 1 2 3 4 5 6

8 (Feather)

—_
=)
3

=

O r N W b U1 O

Taiga Otoi Takumi Kotoge @ Mao Nakasone
Haruto Nakayama  Mao Yasui

DISCUSSION :  We found that the horizontal
scattering of arrows becomes smaller and the
trajectory becomes more stable when the
number of arrow feathers around 3 to 5. This is
considered to be related to the rotation, because
of the arrow structure. Also, the reason why
there was not much difference in this experiment
is probably because arrow speed was too fast.

Experiment 2

PUurpose . Examine the resistance of the

arrows when the number of arrow feathers is
changed.

Method : we measured the dropping speed
of the arrows in water, using a water tank like
the picture below. We prepared arrows with 3-5
feathers and dropped each arrow 10 times.

Pul ley

Arrow

Water

A Apparatus

Result : The arrows with three feathers

take less time to reach the bottom of the tank
than the arrows with four or five feathers.

Time/Feather 3 Feather 4 Feather 5 Feather

Mean Value 1.266 1.292 1.290

A Dropping time of the arrows

DISCUSSION @ we think that the

resistance of the arrows with three feathers is
smaller than those with four or five feathers.
Consequently, we think that the arrows with
three feathers drop fastest and the most stably.




Experiment 3

PUurpose : Examine how rotation of the
arrows affects their movement.

Method : we made arrows whose feathers

are parallel to their shaft and arrows whose
feathers are slanted. We made three arrows
each of these two types.

We dropped arrows underwater in the
vertically long water tank 10 times. A string was
attached to the pulley and tied to a peg on the
end of the arrows. Weights (nuts) were
attached to the tip of the arrows so that the
arrows would sink in the water. A target was
placed under the water tank and we measured
the dropping positions.

Slanted of the feathers

Target

Slanted

Straight

The arrows with straight feathers dropped
without rotating, and the arrows with
slanted feathers dropped while rotating about
135° clockwise. Also, the time it took for each
arrow to reach the bottom of the tank was
almost the same.

Result : The standard deviation of the left-
right distance of the arrows with slanted
feathers tends to be smaller than that of the

other type of arrows.
V Dropping points

Straight 1 Straight 2 Straight 3
.. (-]
1=q;‘ ’ ® e °
2. 5¢m ° : 2. 5¢m Pfo o 2.5cm
— Al ©
Slanted 1 Slanted 2 Slanted 3
N 4 . .
2. 5 2 5 3 2.5m o R
— — =

DisScussIion : The scattering of the coordinates

of the dropping points of the arrows was greater for
arrows with straight feathers than those with
slanted feathers. From this, we think that the
trajectory is more stable when the arrows rotate.
Also, in experiment 1, the trajectory deviation of the
arrows with three feathers was smaller than that of
the other arrows, so we think that these arrows
rotated more than the other arrows.

In addition, the relationship between the variation
of dropping point and the inclination of the feathers
is shown in the figure on the left, so we think that
the greater the inclination of the arrow feathers is,
the smaller the variation gets. However, the air
resistance on the arrow feathers increases as the
inclination of the arrow feathers gets larger.

Inclination /

Standard deviation
(cm)  of y-coordinate

( Standard deviation of the
L4 ) coordinates of the drop point

12

1
0.8 15 Ost2
0.6 I I Ce, . Ost3
04 1 Ceo, . Osl1
0.2 Ostl Ce, J
0 N

Stralght Slanted 0s 2 gus

Conclusion

We found that the number and angle of the
feathers are related to the trajectory. From three
experiments, we found that the trajectory is more
stable as the number of the feathers is closer to 3,
and that it is more stable as the feathers are a little
slanted and the arrow rotates. Therefore, we think
that the closer the number of the feathers to 3, the
lower the resistance becomes, the more arrows
rotate, and the more stable they are.

Future Research

Examine the angle of the arrow whose
trajectory is the most stable.

Investigate changes in arrow rotation depending
on the number of feathers.

Examine the optimum feather slant of each
number of feathers.
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Elucidation of the characteristic phenomena
manifested by a rainbow screen

Shiga Prefectural
/Zeze High

Physics Group © Akasegawa Saki [to Noriyuki Kishikawa Mao
Suyama Keiya Watanabe Kelichi

Summary Experimental Method

The rainbow screen is a tool for creating artificial In this experiment, the observer was an iPhone
rainbows. As we observed the rainbow screen, and the light source was a 400 lumen white

we discovered a strange phenomenon. We flashlight. Height and angle were adjusted with a

named it“spiral rainbow”. In this study, we
conducted an experiment in which the position of
the light source was varied in order to clarify this
“spiral rainbow” movement. It is largely
dependent on moving the light source parallel to

stand.

The X, Y, and Z axes are taken with the observer's
position as the origin. The rainbow screen was
placed parallel to the XY plane at Z = 55 cm. In
Experiments 1 and 2, observers and rainbow

the rainbow screen. _ ved
introduction/Preliminary experiment ~ EXPeFIfEAT>e]
A rainbow screen is a board with tiny glass balls Y
attached to it in place of the water droplets
needed to create a rainbow. The experiment used
a point light source. Rainbows in nature are
visible when some of the light is reflected in the

water droplets and refracted out again. It appears
to be seven different colors due to differences in

- ‘Rainhnw Screen ‘
Light Source

the refractive index of light wavelengths. anél‘wew
Previous studies have shown that rainbows are "
formed in the form of quadratic curves like the < | <700 - 750 - 800
red line in the figure. View from ADOVE = oriain 0 4
The change in the position of the P point was
\ examined by changing the angle of the light
P source.
| First, the angle of the light source was fixed
parabola cllipse hyperbola at 80 degrees and the light source was

moved to 30, 29, 28, and 22 cm from the
origin and recorded. Extreme values could
not be taken after 21 cm. This operation was
performed five times and the average was

I found a cubic rainbow that can only be seen on
a rainbow screen. We call this a “spiral rainbow”.
The goal is to elucidate the movement of the

“spiral rainbow”. This time, we set the rainbow taken. The same procedure was performed

minima as P point and we observed the for light source angles of 75 and 70 degrees.
movement of the P point. RGSUlt I

Preliminary Experiments 50 55 40 &5 70 75 80 (cm)

X

4 380
© 75
= /0

— ,_.. (o )
el ) —
=

) | —)

Since the light The observer's .

source is a point angle does not NMoving the

licht source, the affect the shape observer and the
angle at which of the rainbow light source in

the light shines because the parallel does not
does not affect observer's affect the shape of
the shape of the position is not the rainbow.

rainbow. changed.

S
e ————

(cm)Y Change in point P



This graph shows the change in P points when the As in Experiment 1, this graph shows the change In
rainbow screen is viewed from the front. Similar P points when the rainbow screen is viewed from the
slopes of change were obtained for each angle. front. The P point has a much smaller value of Y as
They moved to the lower left. We guessed that as the value of X decreases. Therefore, as the observer
the angle was reduced, the P point would move moves farther away from the light source, the P

lower and lower to the left. point moves to the lower left. We consider these
E . ]I points to be highly correlated because they are
xDe”ment approximate.

While conducting Experiment I, we felt that the x -
position of the P point changed significantly when Consideration

the light source was moved in the X axis, in other A flashlight is a diffuse light source that emits

words, in the direction parallel to the rainbow light in a spreading manner. In contrast, the sun
screen, so we conducted Experiment II. IS @ parallel light source. Therefore, we infer that
Y there is a difference in the appearance of the

rainbow image. In Result II, it was considered
from Experiment I that a spiral rainbow, whose
Rainbow Screen extreme value cannot be taken, is observed
somewhere at a value greater than -1 cm. Since
there exists a position of the light source from

Origin O X| Z which the extreme values cannot be taken, we
_____________ . consider that a smooth approximate curve is
drawn up to that extreme value.

Front View
water drop wall

View from Above = 0rigno

We used the same experimental setup in
Experiment I. The light source was moved parallel
to the X-axis on Z=30 by X=-1,-2,-3,...,-9 cm, and
the coordinates of the P point were taken. The
extreme values could not be obtained after 9cm.
We did this operation eight times, and took the
average of each.

Each ray of light from the flashlight hits the
rainbow screen and forms an image of light. Since
the incident angle of each light differs from that of
sunlight, the images are slightly different, and the
observer's eyes see a superposition of these
Images, which is thought to be the reason why
rainbows like this one are visible. When the spiral
RGSUlt ]I rainbow reaches a critical point, it blends into the
curve of the upper part of the ellipse. This is very
similar to the relationship between an ellipse and
60 65 70 /3 80 85 20 (em) 3 hyperbola. Eccentricity may have a lot to do
-3 - X with the movement of the light source and the
spiral rainbow.

-40
o=
-45
Future outlook
-50
We would like to increase the number of
-55 y = -0.5236x? + 79.547x - 3063.7 experiments to improve accuracy. In this
v R2 = 0932 experiment, we changed the angle and then
-60 -2, = 23000c. 2004 parallel to the rainbow screen, but we would like
| to try other conditions. We want to examine the
-65 slope near point P more.
(cm) Y Change in point P P P

C:/Users/21161/Downloads/No0191%20(3).pdf

ublication/tushin/0702/majima7-2.pdf
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— == Group7 Kento Yamaguchi Koji Shiogai Kozo Shimada

__ Oiras’ chou Dimensional Expansion

Sora Tazaki Toshitaka Nakamura

Summary Manelaus’ Theorem
Btk SSSSS——S—SS vt BE——

* The dimensional expansion of Ceva Menelaus Manelaus
Menelaus’ theorem, Manelaus’ Theorem

is proper. ( \
- The inverse of Manelaus’ Theorem ﬂ

cannot be valid. LN U

+ Ceva’s Theorem in 3-D is proper. AP BQ CR _,

https:/

- We suggest some ways of solving PB QC RA ’” CB AP RQ_

kissing number problem. Cut a m-simplex AgA;A;Anby
: (m-1)-hyperplane B;B, --B,and make

Motive C,C, --C,,_4 for their intersection.

A dream of Sora is to make S(AnCiCrCn 1) (huhthe Ans)
Doraemon. It is necessary to know —S(AAAAn) _ = 1
other dimensional worlds in order to .
make it. Then we decided to *In 3-D

elucidating them with mathematics.

Definition
-_— AL &

n-D
A world with n L_. % y\\ p

primary independent = * .
coordinate axes.
n-simplex

A generalization of
the notation of a :
triangle or a tetrahedron to arbitrary
dimensions.

n-face A generalization of the notation
of a vertex or a edge or a face

n-hyper volume A generalization of

. QR LR
the notation of length or square or P0 =L (2
volume. s(CoC1Cz2...Cn) stands for the —Il

hyper volume of S|mplex CoC1Cz .Cn. R Q P
n-unit ball

: T From @ and @, CBAP LR _
A ger?erallzatlon of the \D/ “ /A\ 2C BA PL

notation of a unit circle =
: This is Counterexample,thus the Inverse
or a unit ball. of Manelaus’ Theorem is false.

polytope
A generalization of the @
notation of a polygon or

a polyhedron.

No Inverse of Manelaus’ Theorem

* From Manelaus’ Theorem,
CB AP QR

— . @
RC BA PQ

From Picture B,




Kissing Number Problem

How many m-unit balls can you
arrange so that
they touch
one m-unit @‘
ball without
overlapping? 1b-2 3-D-12

Ceva’s Theorem in 3-D
Ag

1.0iras’ chou Polytope theorem- -+
Euler's polyhedron formula can be
expanded in n-D.

About a m-polytope, we named it A.
We also named the number of n-face
f(m_A,n).

X(A)=Em o (=)™ f (m_A,n) =1
The centers of the unit balls
—The most dense regular polytope

s(A; 534, 3A1) S(An 13A0 3Ao) _

Future Prospect

We would like to prove...
+ Ceva’s Theorem in n-D
- theorems with a line and a polygon

Add up the numbers of s, p, d
orbital and subtract the number of
symmetrical d orbit like d,,, d,,, d,x,
and multiply by the number of spin.
Define f,,,(n) as electronic capacity of
m-dimensional atom’s nth shell.
am=(M-1{fin-1(1)*fin-1(2)

+f,._1(3)—mC2} (3=m=5)

mCl mCZ mC3 m_1mCm m . .
“{%TfT*T*---*(‘“ (- =1 (except for a triangle) in n-D
- Better ways for kissing number
(m=3,4) problem
2. mdimensional Electron
Capacity Theory - Sora Tazaki etc.(Our Research)

3.Attention to the number of

edges
We define the edge /*
m-kissing of triangle
number as —
am, and the Zn::leIZE
number of a
m-simplex’ the edge
edges is of triangle *
m+1C2.

A1 = Ap+2m+1C2 (2=EmMX5)

Oiras’ chou Polytope Theorem’
Deciding Euler Characteristic of
Polytopes ”
(BZEEDA A7 —IZH=TEDH 5

[ 4 2 5 Dchou%EIETE] )

Sora Tazaki (Our leader)

BTFNAB TTEm ~-BFINE L X

ey oRT—HKRI~]

- FEMFEOEEDZEE A DILR

https://www.nagano-
c.ed.jp/seiho/intro/risuka/kadaikenqg/pa
per/2021/7 _heimen.pdf

(2022.9.15)

cF N ARXTYXDOERICEET S
BMBEF - nBEADILE
https://shizuoka.repo.nii.ac.jp/?action=
pages_view main&active action=repo
sit
ory view main_item_detail&item id=1
1389&item no=1&page id=13&block i
d=21_ (2022.9.15)
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Speeding up deep learning system using
Hash function

RERTE S 8t group Terada Satoru Tanaka Eita
Nakanishi Sei Nagi Keisuke Nagasato Himeka
outline Experiment 1
When the Hash function was N I T e B s
introduced to NN to speed up the f/ :/ 5/ I
process, a condition was found that ] R = 1 R | = R I+
made it difficult to progress in learning : : Eff :
models to which the speedup was /M ;/w" //W‘ //MM
applied. LA LT S a—, S ..,
Upper: Model with one middle layer - :Normal learning

MOdel Stru Ctu res Lower: Model with two middle layers =blue: Learning when speeding up

Vertical Axis: Percentage of accuracy
in the test data

“typel type?2 Horizontal axis: iterations
input layer input layer
Result 1
middle layer middle layer1 e --I-
S

T hidd Decline Decline Decline Deline
. d dl I 2 L) Lletel= (55.0%>47.3% (62.3%>51.6% (67.3%>51.6% (71.3%>42.3%
11 e layer layers ~7.7%) —15.0%) _15.6%) ~29.0%)

One hidden X5.6 X6.2 X5.8 X5.9

layer
Two hidden X5.0 X5.7 X4.5 X4.6
layers

. consideration 1
>¢Dataset used

experiment 1:Delicious
experiment 2: MNIST

Experimental Plan

"Increase the number of middle class
:> Decreased effect of

acceleration
STEP1.Create a programme to speed up
the neural network Increase the number of intermediate
STEP2. Check that learning proceeds layers or the number of nodes

under conditions similar to those In
previous research using the programme.
STEP3. Change the structure of the
network and the type of dataset
(Experiment 2).

j> Model deteriorated




Experiment 2 Conclusion

Iﬁ | | -single-label classification

More than 2 intermediate layers

:> No usefulness of speedup
using Hash function is seen.

o o o o o o o o
¥ 'S o B ¥ 'S o o
I I i I I i I I
o o4 —
W
S
S] N
c—
S
—
=
s]
S
i o
g
o = = I
MR i
v oo o o
S| &b 9| &%
3 o
Q o Q o = o
¥ i’ o oo o
I I I I i I

 Multi-label classification
One intermediate layer and a
Result 2 small number of nodes in the

intermediate layer

The usefulness of speed-up
»using the Hash function was

: Decline of accuracy Decline Decline Decline 1
One hidden (g7 gy—g3 4 (94.8%—89.7% (94.7%—92.3% (95.6%—93.5% con fl rme d .
layer -9.4%) ~5.1%) -2.4%) ~2.1%)
T hidd Decline Decline Decline Decline
wo hiaden (90.8%—71.9% (95.9%>79.9% (95.9%>85.0% (97.1%->80.7% e e re n C e S
layers ~18.9%) ~16.0%) ~15.9%) ~17.1%)

ER#MEISIZILHDDEITA—TFT—=2Y
DS SHhMNBANTITERENELLA
(EH [EE, 555%41,2020.4.16)

Number of hidden
layer nodes
X1.6 X2.2 X1.8 X1.9

One hidden Maxell Frontier Co., Ltd.
layer

— e o o https://www.frontier.maxell.co.jp/blog/posts/35.html

layers (Lastest ChECk2022/09/16)

In Defense of Smart Algorithms over Hardware Acceleration for
Large-Scale Deep Learning Systems

Consideration 2

"Increase the number of middle class

:> Model deteriorated

:> Decreased effect of
acceleration

* Increase the number of nodes in
the middle layer

Small deterioration of the
t model
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