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Development of Reactor Neutrino Monitor

— Evaluation of the background reduction of the prototype detector —

Tomoya MASUI", Atsuya Kawabata®, Yoichi TAMAGAWA™* and Kyohei NAKAJIMA **
(Received September 30, 2021)

Reactor neutrino monitor is a technology for remotely monitoring a reactor using anti-electron

neutrinos generated from the reactor. Reduction of the background is important for detecting

neutrinos, and previous studies have shown that the background for neutrinos is 100 times (S/N =

1/100). Currently, we have created a prototype for the development of a 1t size Gd-containing liquid

scintillator for neutrino monitors with the goal of S/N = 1/10. In this paper, we evaluated the ability

of the prototype to eliminate the background by pulse shape discrimination.

Key Words : Reactor Neutrino Monitor, Background, Liquid Scintillator
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The luminescence characteristics of Li loaded liquid scintillator

for the development of Reactor neutrino monitor

Atsuya KAWABATA®, Tomoya MASUI", Kyohei NAKAJIMA™*, Yoichi TAMAGAWA™*
and Kohtaku SUZUKI***
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Reactor neutrino monitor is a technology that monitors the fuel composition inside the reactor by

observing electron anti-neutrinos generated from the reactor. We developed a Li loaded liquid scintillator

(LiLS) that has Pulse Shape Discrimination (PSD). In this paper, we reported the results of light yield,

pulse shape discrimination and neutron capture measurement.

Key Words : reactor neutrino monitor, Li-loaded liquid scintillator, light yield, pulse shape discrimination
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On Formulation of Stable Matching Problems into Mixed Integer Program
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We show several techniques to formulate fundamental stable matching problems and their vari-

ants into mathematical program called mixed integer program (MIP). One-to-one or many-to-one

stable matching problems have practically wide applications for mechanism designs in economics

or in the real world. Recently MIP has emerged to be a powerful and cheap tool to solve many

optimization problems including large-scale combinatorial ones. We demonstrate how to apply MIP

to find satisfactory solutions, and results of numerical experiments to know current status of its

computational ability.
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Analysis on the Distribution of COVID-19 Cases by Country
— 2. Robust Power-Law Distribution Observed during the First Half of 2021 —
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Part 1 of this series!'! analyzed the global cases of COVID-19 during April through November,
2020. In this second report, the data from November 14, 2020 to August 7, 2021 are used for the
analysis. Four important findings on the rank-size relationship reported in Part 1 are reconfirmed.
(1) The top countries approximately follow the power-law distribution, with rank<csize™. (2) The
overall distribution can be represented by the lognormal distribution. (3) These two characteristics
are reproduced reasonably well by the discrete-time stochastic model that employs the weekly
reproduction rate (. (4) The distribution of i can be approximated by the gamma distribution. The
U-distribution determined for the time period of November 14, 2020 through May 22, 2021
predicts that the stationary distribution after a long time leads to form the power-law tail with =
1.24, while the actual data show o = 0.9 during the whole period. This persistent characteristic is
supported by the Monte Carlo simulation, showing the robustness of the power-law distribution
once established. In order to keep the number average size finite, the magnitude of o must be larger
than 1, which corresponds the condition with the average of ¢ smaller than 1. In addition to the
cases by country, the distribution of the number of deaths by country is investigated to find that the

characteristics described in item (1) and (2) apply.

Key Words : COVID-19, Ranking Plot, Power Law, Lognormal Distribution, Pandemic,
Reproduction Rate, Gamma Distribution

It was found'" that the power-law relationship, rankocx™

1. Introduction

In Part 1 of this series,"! the global cases of
COVID-19 reported on the website of Center for
Systems Science and Engineering at Johns Hopkins
University™™ were used to analyze the distribution of the
cases by country, i.e., the rank—size relationship. Because
the rank is proportional to the number fraction of the
countries whose number of cases is larger than a given
size, the rank corresponds to the upper probability
distribution CN(x) as follows.

rank o< CN(x) = j” N(x)dx . (1)

In Eq. (1), N(x) shows the number-based probability
density function (pdf), and x is the number of cases in a
country. The rank-size relationship directly shows the

cumulative distribution function graphically.

* Department of Materials Science and Engineering

applies for the top countries, and ¢ is approximately in
the range of 0.7 — 0.9 during the time period of April
through November, 2020. The power law for the
COVID-19 distribution was also reported by the other
researcher.”) When the power-law distribution rankocx™

applies, Equation (1) leads to give N(x) as follows.

N(x)e<x*" for large x’s. )

The power-law distribution is sometimes referred to as
scale free, because the average can go infinity. The
scale-free power-law distribution is a pathway capable of
connecting finite and infinite sizes smoothly, and appears
frequently in the theory of phase transition.*” Because
the pandemic is a phenomena that the infection prevails
endlessly, it may be related with the scale-free power law
distribution.

Although the upper tail probability distribution
conforms to the power law, it was found!!! that the whole

distribution, including the lower-ranked countries, can be
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represented by the lognormal distribution rather well.

The following simple discrete-time model'® was used
to examine the data. The increase of cases during a
certain week is represented by Ax, and the increase in
the next week is by Ax,. The newly infected would be
infectious, and let i, be the weekly reproduction rate,
defined by:

‘ut = AXH_]/AXt : (3)

The weekly reproduction rate u corresponds to an
approximate representation of the effective reproduction
number in epidemiology,”’ sometimes referred to by
using a symbol, R,.

With this simple model, the number of cases x, is

represented by the following equations.

X, =X, +Axt.

“4)

Ax, =g, Ax ®)

During the time period of April 20 through November
11, 2020, the distribution of u for the top 120 countries
showed that the average of u is 1.14, which is larger than
1, and the distribution cannot reach the stationary state.'®!
On the other hand, however, the Monte Carlo (MC)
simulation showed!"! that the distribution that conforms
to the above-mentioned two different types distribution
simultaneously can be formed during the transient period,
i.e., the power-law for the upper tail distribution and the
lognormal for the whole region.

In this subsequent report, the data were collected
every week for the period of Nov. 14, 2020 (0™ week, 7=
0) through Aug. 7, 2021 (38" week, ¢ = 38). From May
15, 2021 (¢ = 26), the numbers of deaths by country are
also collected.

2. Results and Discussion

2.1 Cases by Country

Fig. 1 and 2 show the rank-size relationship on the
designated dates, from 1 = 0 (Nov. 14, 2020) to 27 (May
22, 2021). Fig. 1 shows that the upper tail distribution
conforms to the power law, while the whole distribution
is represented by the lognormal distribution, as shown in
Fig. 2. The power exponent, & was determined by the
least square fit of the double logarithmic plot for the top
30 countries. Two characteristics found in Part 1" are
reconfirmed.

Fig. 3 shows the distribution of weekly reproduction

rate, i obtained from the data between ¢ = 0 and 27. The
distribution can be approximated by the gamma

distribution, represented by the following equation.

m=1
u u
|
(m)n n
Two parameters, m and 1 are determined to be m =
16.3 and 17 = 0.0609.

(6)

Rank

10 £ ' g
E— 11/14/2020 0 0.907

r—— 2/13/2021 13 0.907
2 — 5/22/2021 27 0.896

1 PEEERTTIT RN TTIT BRI |
10> 10>  10* 10° 10 10
Cases by Country, x

'S

Fig. 1 Relationship between the rank of the country and
the number of cases for the country. During this time
period, the USA is ranked the first, and rank = 1 for the
USA.
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Fig. 2 Fitted curves by the lognormal distribution.

1.5F

1.0

Sn)

05F

0.5 1.0 BT 2.0

Fig. 3 Distribution of the weekly reproduction rate u for
the time period from ¢ = 0 to 27. The solid curve is the

fitted gamma distribution.

The average of the gamma distribution is given by
H=mn, (7)



which leads to # = 0993 and the distribution
converges to the stationary state.

Yamamoto'® reported that the present discrete-time
model leads to a stationary power-law tail with rankoc
-a

x7% if the following equation has a unique positive

solution, c.
[ e randp=1. ®)

Note that the left-hand side represents the expected
value of u”.
For the gamma distribution, Equation (8) can be
calculated to give
“ n'I'(m+a)
Jo S dp ="t =
For the case with m = 16.3 and 1 = 0.0609, one
obtains o= 1.24.

)

To confirm if the stationary state o is equal to 1.24,
the MC simulation was conducted. To determine the
stationary state ¢ accurately, the number of clusters (i.e.,
the total number of countries for the present problem)
was set to be N = 10°. The initial values used were xo =0
and Ax; = 1 for all clusters. The random number that
follows the gamma distribution with m = 16.3 and 1 =
0.0609 were used.

Fig. 4 shows the MC simulation results at = 10’
(blue) and ¢ = 10" (red, broken). Note that the y-axis
shows the upper probability distribution CN(x), defined
by Equation (1). Both curves overlap each other, and the
distribution has already reached the stationary state at t =
10°. It is confirmed that the upper tail follows the

power-law distribution with o= 1.24.

1

X 01
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0.001 b—ssiu .
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X

Fig. 4 MC simulation results to confirm the validity of o
= 1.24 at the stationary state.

In spite of the fact that the stationary distribution has a
tail with o = 1.24, the a-values shown in Fig. 1 are about
0.9 for all cases. Fig. 5 shows the determined values for

each week up to the 27" week. The o~value is quite
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stable and is about 0.9 throughout the time period. Does
this discrepancy from the stationary state distribution
means that the present discrete-time stochastic model
cannot be applied? To examine this, another MC
simulation was conducted.

The value of x; was set to be equal to the actual data at
t = 1, and Ax, was determined from the difference of x;
and x, for each country. The simulation was done for N =
179 countries where Ax is larger than 0. The distribution

at t = 27 was simulated.

1.2 T T T T T
1.0
0.8} ' ]
s 06f 2
0.4} .
02} s

0.0 1 1 1 1
0 5 10 15 20 25

weeks, t
Fig. 5 Obtained o-values from =0 to 27.

The MC simulation was repeated for 100 times, and
Fig. 6 shows all the simulated results, together with the
actual data shown by the red line. The data (red) is

within the range of 100 simulated results (colored dots).

100
50

Rank

10 10° 10° 107

Cases by Country, x
Fig. 6 Data at t = 27 (red) and the simulated results
(colored dots).
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Fig. 7 Comparison between the data at = 27 (red) and

the average of simulated results (blue).
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The blue line in Fig. 7 shows the average of the
simulated results repeated 100 times, which agrees
reasonably well with the actual data (red). The simulated
results (blue) show two important characteristics: (1) the
upper tail follows the power-law distribution with o =
0.9, as shown in Fig. 8a, and (2) the whole distribution
agrees well with the lognormal distribution, as shown in
Fig. 8b.

y —rrrr
100 £ (@ 3
4§ t=27 §
: '
x 10 —— Simulation 3
& —— Power Law with o. = 0.9 E
2.. P
1 FENEETTIT BT R W R TTIT BTSSRI B ST RTINS T TTT
10> 10° 10° 10° 10° 10" 10°
2 ™
100 | ]
(b) 3
a4 ]
- '
& 10 3 —— Simulation _
4af ===+ Lognormal Fit ]
2- e
1 PENERTTI BRI BT RS RTTIT BRI B S R TTT
10> 10° 10 10° 10° 10 10°
X

Fig. 8 MC simulation results (blue) at ¢ = 27. Red line
shows (a) the power law with a = 0.9 and (b) the
lognormal fit.

Although the convergent stationary distribution is the
power-law distribution with & = 1.24, as shown in Fig. 4,
the MC simulation shows that a stable power-law
distribution with o = 0.9 holds throughout 27 weeks,
which agrees with the actual data.

In order to further examine the robustness of the
power law tail with a = 0.9, the simulation for ¢ = 100
was conducted. As shown in the green line in Fig. 9, the
power law tail with o = 0.9 is preserved even after 100
weeks. The power law tail is remarkably robust. As
shown in Fig. 10, the overall lognormal distribution is
also kept after 100 weeks.

Fig. 11 shows the actual data of o’s for the period
from ¢ = 28 to 38, and it is shown that & = 0.9 persists.
The power law distribution once formed seems to be
rather robust and the power exponent ¢ cannot be

changed easily.
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27 and 100. Both
distributions possess the power law tail with o= 0.9.

Fig. 9 Simulation results at ¢ =
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Fig. 10 Lognormal fit for the simulation results at ¢ =
100.
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Fig. 11 Obtained o~value for the cases by country during
the time period from ¢ = 28 to 38.

2.2 Deaths by Country

Starting from May 15, 2021 (¢ = 26), the numbers of
deaths by country were also collected. Fig. 12 shows the
38. The
distribution shows (1) the power-law tail and (2) good fit
to the The

characteristics are the same as for the cases by country.

distribution of the number of deaths at ¢ =

lognormal  distribution. fundamental
The power exponent determined from the top 30
countries is &= 0.85 at ¢ = 38.

Assuming that the fatality rate is almost the same for
all countries, the number of deaths is expected to have
the same power-law tail with o= 0.9. Fig. 13 shows the
power exponent for the deaths by country. The values are

compared with those for the cases by country. The



o~values for the deaths (= 0.85) and the cases (=0.9)
are almost the same, but the deaths show slightly smaller
o’s consistently. In general, smaller ¢ indicates a wider
disparity. This may imply the disparity of medical

systems among countries.
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Deaths by Contry, x
Fig. 12 Relationship between the rank of the country and
the number of deaths for the country.
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Fig. 13 Obtained o~value for the deaths by country, in
comparison with cases by country, during the time period
from ¢ =26 to 38.

Fig. 14 shows the fatality rate by country. Fatality

rates of several countries are much higher than the

average.
-1
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Country
Fig. 14 Fatality rate by country as of August 7, 2021 (¢ =
38). The country order in the x-axis is the rank of the

cases by country.

2.3 Power Exponent at the Critical Point
In the standard theory of gelation in polymer

science,™ the gel (critical) point is reached when the
weight-average molecular weight goes to infinity.
Various power-law relationships hold at the vicinity of
gel point,**! which is known as the universality of the
critical phenomena.

In order to cause polymeric gelation, the formation of
cross-linkage that connects two different clusters is
required.”” The molecular weight distribution at the gel
point follows the power law, with o <2 at which the
weight average goes to infinity.

On the other hand, in the branched structure of
infection tree, no cross-linkage is formed. The elements
are connected in one direction, and there exists only one
start point in each tree. The expected size of the tree
when one picks up such a start point randomly is the
number-average size.'” For the infection tree, it is
reasonable to consider that the critical point is reached
when the number average goes to infinity. The number
of cases in a country is the sum of a finite number of
infection trees, and therefore, the critical point will be
the same as for the tree. In the distribution having a
power-law tail, the number average goes to infinity when
the magnitude of power exponentis a <1.

Assuming that the p-distribution follows the gamma
distribution, Equation (8) reduces to Equation (9). The
condition that yields & = 1 is given by the following
equation.

nmm=u=1.

The number average goes to infinity when the average

(10)

of u reaches 1. In fact, Yamamoto'® showed that o = 1,
which is known as the Zipf’s law, is obtained when the
average of u is 1, irrespective of the type of

U-distribution. In epidemiology, usual measure to
suppress epidemic is to make the effective reproduction
number, which corresponds to u, smaller than 1.7 The
condition to make &> 1 conforms to this usual criterion.

In Part 1 of this series,!” the conditions to make the
power exponent ¢ > 2 was considered, in order to
suppress the pandemic. It is now shown that &> 1 would
be a better criterion for the suppression.

The u data for 0 < ¢ <27 give m = 16.3 and 11 = 0.0609,
as shown in Fig. 3. In this case, 0 = 0.993 and o =
1.24. Because u<1, the pandemic is expected to be
terminated if the present u-distribution continues. The
[ -value (= 0.993) is very close to 1, but the o-value (=
1.24) of the stationary distribution is significantly larger
than 1.

As could be recognized from Fig. 3 the values of m =

27
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16.3 and n = 0.0609 are approximate. Assuming m =
16.3, it is straightforward to show that = 0.05955 gives
o =2 from Equation (9). The values of m = 16.3 and 1 =
0.05955 leads to nm=u=0.971.

Fig. 15 shows these two types of gamma distribution
graphically. The difference is surprisingly small. It
would be difficult to distinguish these two curves from
the actual data. Considering small differences in the
gamma distribution, the prevention criterion proposed in
Part 1, based on o = 2, might be still acceptable: (1) the
average U must be made smaller than 1 and (2) the time
period for 4 > 2 must be made negligibly small. Safer
condition of item (2) might be “the time period for u >
1.5 should be controlled to make as small as possible”.

1.5

1.0
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0.0 | | |
0.0 0.5 1.0 1.5 20

Fig. 15 Two types of gamma distribution. The red curve
shows the case with m = 16.3 and 17 = 0.0609, and the
blue curve is the case with m = 16.3 and 17 = 0.05955.

3. Conclusions

Following the analysis of the global cases of
COVID-19 reported in Part 1 of this series,"! the data
during November 14, 2020 (elapsed weeks, ¢t = 0)
through August 7, 2021 (¢ =
analysis in this report. Four important findings on the

38) were used for the

relationship between the rank and the number of cases by
country reported in Part 1 are reconfirmed for the present
time period. (1) The top countries approximately follow
the power-law distribution, with rankocsize™. (2) The
overall distribution is represented well by the lognormal
distribution. (3) These two characteristics can be
by the
stochastic model that employs the weekly reproduction

reproduced reasonably well discrete-time
rate . (4) The distribution of i can be approximated by
the gamma distribution.

The p-distribution determined for the time period from
t =0 to 27 predicts that the stationary distribution after a

long time leads to have the power-law tail with o= 1.24,

while the actual data show «a = 0.9 persistently
throughout the investigated time period. This persistent
o-value agrees with the MC simulation results. The
power-law distribution once formed is quite stable, and
the power exponent cannot be changed easily.

The number of deaths by country was investigated for
the time period of ¢ = 26 through 38. The relationship
between the rank and the number of deaths shows the
similar characteristics with the number of cases. (1) The
distribution possesses the power-law tail and (2) the
distribution is well fit to the lognormal distribution. The
power exponent of the tail distribution was o = 0.85,
which is slightly smaller than that for the cases by
country.

In order to keep the number average size finite, the
magnitude of o must be larger than 1, which corresponds
the condition with the average of u smaller than 1. In
order to suppress the pandemic, (1) the average y must
be made smaller than 1 and (2) the time period for y >
1.5 should be controlled to make as small as possible.
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A Deep Learning Method for Predicting Electricity Usage
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In this paper, we investigate how to apply deep learnings for multimodal inputs. The target prob-
lem is the prediction of power consumption, which enable us to control the operating time of each
power plant in the short term and adapt the necessary amount of fossil fuels and other resources in
the long term. In this paper, therefore, we perform the prediction of power consumption by using
LSTM, which is a model that can handle time-series data. We employ the combination of tempera-
ture, precipitation and/or weather as multimodal inputs, which should be meteorological factors for

the power consumption. The prediction is depend on the model structure and the combination of

data.

Key words :Deep Learning, Machine Learning, Electricity Usage, LSTM
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Realization of Conversation Support System for Social Withdrawal
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In this paper, we develop a conversation support system with virtual agents for socially with-

drawn persons. In order to solve a problem of withdrawn persons it would be important to provide

an opportunity for conversation. In this study, we develop a conversation system on Unity, which

has functions to converse using chatting or listening while empathizing with the user, and to record

the contents of the conversation and provide them to counselors and other supporters.

Key words :Virtual Agent, Support System , Socially Withdrawn Persons
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Study on quenching factors of Li loaded liquid scintillator with PSD

using a tandem accelerator

Atsuya KAWABATA", Kyohei NAKAJIMA™, Yoichi TAMAGAWA™*,
Kohtaku SUZUKI*** and Rentaro OGURI"
(Received January 13, 2022)

We developed a Li loaded liquid scintillator (LiLS) with Pulse Shape Discrimination (PSD). In order to
observe the a-ray and tritium from the neutron capture reaction of °Li, the quenching factor of a-ray and

proton beam were measured using the tandem accelerator at The Wakasa Wan Energy Research Center. In

this paper, we report on the measurement method and results of quenching factors of liquid scintillator.

Key Words : Li loaded liquid scintillator, quenching factor, accelerator, reactor neutrino monitor
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The study on the effectiveness of Li loaded liquid scintillator with PSD

for the development of reactor neutrino monitor
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Reactor neutrino monitor is a technology that monitors the fuel composition inside the reactor by

observing electron anti-neutrinos generated from the reactor. We developed a Li loaded liquid scintillator
(LiLS) with Pulse Shape Discrimination (PSD). In this paper, the effectiveness of LiLS is verified by

estimating the S/N in electron anti-neutrinos observations.

Key Words : reactor neutrino monitor, Li-loaded liquid scintillator, neutrino, S/N
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Emulsion polymerization proceeds in a unique locus of polymerization, having confined
submicron space with a higher polymer concentration from the beginning of polymerization.
Assuming the ideal polymerization kinetics during Interval Il in emulsion polymerization, the
branched architecture formed by the chain transfer reaction to the polymer is investigated by using
a Monte Carlo simulation method, both for the conventional and the living free-radical
polymerization (FRP). The conventional FRP leads to form a broad molecular weight distribution
(MWD), while the living FRP gives a rather narrow MWD. The expected contraction ratio g of the
mean-square radius of gyration Rg” of the branched polymer to that of a linear polymer for a given
number of branch points £ is essentially the same, at least approximately, both for the conventional
and the living FRP, irrespective of the reaction condition, and a universal equation is proposed for
the g-k relationship. The magnitude of Rg® can be represented by using the maximum span length
Luys, Rg2 = 0.172 Lys, both for the conventional and the living FRP. Similar relationships, Rg2 =a
Lys with a = 0.17-0.18 apply to various types of branched polymers, and could be considered as a

universal relationship.

Key Words : Branched Polymers, Chain Transfer to Polymer, Emulsion Polymerization, Living

Radical Polymerization, Molecular Weight Distribution, Radius of Gyration

1. Introduction

Polymerization is a reaction process in which
monomers are converted to polymers, and therefore, the
weight fraction of polymer increases just linearly with
the monomer conversion x, as shown by the dotted line
in Fig. 1 for usual bulk polymerization. On the other
hand, the locus of polymerization in emulsion
polymerization is the polymer particle, which is
schematically shown in Fig. 2. After a short nucleation
period, called Interval I, the weight fraction of polymer
in the polymer particle is approximately kept constant
until the depletion of monomer droplets, due to the
monomer transfer from the monomer droplets to the
polymer particles. The constant polymer weight fraction
period, which leads to a constant polymerization rate

period in a typical emulsion polymerization, is called

* Department of Materials Science and Engineering

—_

Interval II‘

Weight fraction of polymer
in the polymerization locus
=

o

Xe 1
Conversion; x
Fig.1 Polymer weight fraction development in the
polymerization locus during emulsion (solid line) and

bulk polymerization.

Monomer droplet
D=1-10 pm

Polymer particle
D=0.01-0.1 pm

y
transfer

Fig. 2 Illustration of the emulsion polymerization during

Interval II.
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Interval II. Assuming the nucleation period is small
enough, the weight fraction of polymer in the polymer
particle changes as shown by the solid line in Fig. 1. In
this article, the branched polymer formation due to the
chain transfer to polymer is investigated theoretically

during Interval II.

Propag, tion

Chain transfer
to polymer \/\ " { "
—_—— D
ke

Fig. 3 Schematic representation of the process of chain

N

transfer to polymer in free-radical polymerization (FRP).

Fig. 3 shows the process of chain transfer to polymer,
leading to the long-chain branching. The rate Ry, of chain

transfer to polymer is represented by:

R, =k [R*][M],x, (1)

where kg, is the rate constant for the chain transfer to
polymer, [R'] is the radical concentration, [M], is the
initial monomer concentration, and x. is the weight
fraction of polymer in the polymer particle, which is
equal to the monomer conversion at which the monomer
droplets are depleted, as shown in Fig. 1. In usual
polymerization in a homogeneous medium, Ry, is zero at
conversion x = 0, because polymer is not present. On the
other hand, Ry, is large from the beginning in emulsion
polymerization. Emulsion polymerization promotes the
branching reaction.

The rate R, of polymerization is given by:

R =k [R*][M],(1-x,) 2)

where £, is the propagation rate constant.
The branching density p is defined as the fraction of
units that bear a tri-branch point. The instantaneous

branching density is given by the rate ratio of Ry, and R,

which is given by:
R X
fp c
=—=C 3
s 3)

where Cy, (= kgl/ky) is the chain transfer constant to
polymer. Equation (3) shows that the branching density
is kept constant throughout Interval II, investigated in
this article.

Although the branching density of the whole polymer
is kept constant, the branching density or the probability

of possessing a branch point in a unit in chain is different,

depending on when the unit is incorporated into the
polymer chain. The units that are incorporated in the
earlier stage of polymerization are subjected to the
polymer transfer reaction for a longer period of time,
compared with those bound in the later stage of
polymerization. The branching density of a unit in chain
is a function of the time when the monomer turns into
polymer.

The total number n of monomeric units incorporated
into polymer in a polymer particle increases with time.
Suppose n = n, at the present time. The expected
branching density p,, of a unit bound into polymer at n

= n is given by the following equation.!!!

punit(nb’np) = Cfp 1_x

n
m[—p] for Interval II.  (4)
n

b

Fig. 4 shows the calculated result of the branching
density distribution represented by Eq. (4) at n, = 1x10°.
A large variation in the branching density distribution is
an important characteristic of emulsion polymerization,
although the average branching density (= p) is kept
constant throughout Interval II.

N W s O
T
1

Punit(Np,Np) / P

0 1 1 1
0.0 0.2 0.4 06 08 10x10°
Number of monomeric units polymerized; n,,
Fig. 4 Branching density distribution py,; during Interval
II at n, = 1x10°, calculated from Eq. (4).

When discussing the branched polymer architecture,
the primary polymer chain® is a useful concept. The
primary polymer chain is a linear chain when all branch
points are severed. In the conventional FRP, each
primary chain is formed instantaneously, therefore, Fig.
4 shows that the primary chains that are formed in the
earlier stage of polymerization possess a larger
branching density than those formed in the later stage of
polymerization. The variation in the branching density is
among the primary chains in the conventional FRP.

On the other hand, in the living FRP, or the
reversible-deactivation radical polymerization in the
IUPAC terminology,”! the variation in the branching
density is observed along the sequence of a primary

polymer chain. Note that when the growing primary



chain causes the polymer transfer reaction, this primary
chain becomes a dead primary chain, while a new
growing primary polymer chain is formed from a radical
on a backbone chain.

In this article, the statistical properties, such as the
molecular weight distribution and the radius of gyration,
of the branched polymer molecules formed in the
conventional and the living emulsion polymerization are
investigated, seeking for newer methods to design and
control the branched polymer architecture.

2. Method

The Monte Carlo simulation method to generate the
branched polymer architecture of each polymer molecule
is described in detail in ref.”! As described therein, the
number fraction distribution Ny(r) of the primary
polymer chains in emulsion polymerization during
interval II is typically given by the following most
probable distribution.

1 r
NP(V)=EGXP(—E)] (5)
where r» is the chain length, and E , s the
number-average chain length of the primary polymer
molecules.

For the living FRP, the termination reaction is
neglected, and the average number of monomeric units
added during a single growth period is set to be 2, as was
done earlier.*”

The statistical analysis is conducted when the number
of monomeric units polymerized in a polymer particle
reaches n = 1x10°. Assuming that the molecular weight
of the monomer is 100, and the density of polymer is 1
g/em’, the diameter of a dried polymer particle at n =
1x10° is 68 nm, which conforms to a normal emulsion
polymerization experiment during Interval II. A large
number of polymer particles are simulated to determine

statistically valid properties.
3. Results and Discussion

3.1 Calculation Conditions

The systematic analyses are conducted by using the
in Table 1. Cl1-C4 are the
conventional FRP, and L1-L4 are the living FRP.

The branching probability Py, which is the probability

conditions shown

for a primary polymer chain end to be connected to the
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backbone polymer chain is increased from 0.2857 (top:
Cl1, L1) to 0.8333 (bottom: C4, L4).

Table 1. Calculation conditions

Run }—)n 1 p2) f;p 3) Pb4)
CIL, L1 200 0.002 142.9 0.2857
C2,L2 500 0.002 250 0.5
C3,L3 1000 0.002 3333 0.6667
C4,L4 1000 0.005 166.7 0.8333

Y The number-average chain length of the product polymers.
? The average branching density of the product polymer. ) The
number-average chain length of the primary polymer chains.
Y The probability that the chain end of a primary chain is

connected to the backbone chain, named branching probability.

Fig. 5 shows the weight fraction distribution of the
PDI means the
polydispersity index, which is the ratio between the

primary chains. In the figure,
weight- and number-average, representing the degree of
breadth of the chain length distribution. For the
conventional FRP, PDI = 2 for all C1-C4, because the
PDI of the most probable distribution is 2.

For the living FRP, the smooth low molecular weight
primary
experienced chain stoppage through the polymer transfer

curve represents the chains that have
reaction. In L1, most primary chains do not experience
the polymer transfer reaction, which is represented by
the sharp high molecular weight peak. On the other hand,
most of the primary chains in L4 are subjected to the
polymer transfer reaction to form a distribution close to

the most probable distribution whose PDI is nearly 2.

W(log1or)

W(log1or)
@
T
L
o
oo
T
L

PDI=2
I

L
1.0 15 2.0 25 3.0 35 10 15 2.0 25 3.0 35

logyor logyor

Fig. 5 Primary chain length distribution.

3.2 Molecular Weight Distribution (MWD)
3.2.1 Conventional FRP

Fig. 6 shows the weight fraction distribution of the
product branched polymers for the conventional FRP at n
= 1x10°. As the branching probability P, increases, the
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distribution becomes broader, and PDI is as large as 109
for C4. The distribution is broader than the random
branching of the same primary polymer chains,' and it
is shown that the present type of nonrandom distribution
of branch points, represented by Eq. (4) and Fig. 4, leads
to a broader molecular weight distribution in the
conventional FRP.

When Py is large, as in the cases of C3 and C4,
another high molecular weight (MW) peak appears. This
high MW peak is formed because of the limitation of the
small particle size. In the present simulation, the total
number of monomeric units incorporated into polymer
molecules in a particle is n = 1x10°, and therefore, it is
impossible to form a polymer molecule whose chain
length (degree of polymerization) is larger than 1x10°. In
fact, the polymer molecules in the high MW peak in C4
are the largest polymer molecule in each polymer
particle. These polymer molecules want to grow further,
but they cannot because of the limitation of the particle
size. This type of confined space effect may become

important in nonlinear emulsion polymerization.

1.0 T T Conventional FRPl
08— c1 ,'“ 7]
Loy e 74
8’9 0.6 . c3
S l---- c4 109 .
= D4 ,
02f s
0.0 r
0 1 2 3 4 5 6
logsor

Fig. 6 Weight fraction distribution of the product
polymers at n = 1x10°, for the conventional FRP, C1-C4.

Another interesting characteristic of the conventional
FRP
condition is that the MWD of the high MW tail follows

conducted in a constant polymer/monomer

the power law, represented by the following
weight-based distribution function.!®”
W(ryer ", (62)

or equivalently, in the number-based functional form:

Ny oe VB (6b)

Fig. 7 shows the doble logarithmic plot of the number
fraction distribution N(r) of C1-C4. The power-law
distribution represented by Eq. (6b) is confirmed,
including the bimodal distributions observed for C3 and
C4 shown in Fig. 6. Because the slope is related with Py,

the power-law distribution can be used to determine the

chain transfer constant experimentally.!”)
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Fig. 7 Double logarithmic plot of the number fraction
distribution N(r) of the polymers formed in the
conventional FRP, C1-C4.

The red bimodal MWD shown in Fig. 8 is the

experimental result reported for the emulsion
polymerization of ethylene,”®! which is known to have a
large frequency of branching through chain transfer to
polymer. A bimodal MW distribution, as in the case of
C4, is observed. When the MWD, W(log M) is
converted to W(M) and plotted in the doble logarithmic
form, one obtains the dotted curve, showing a power-law
relationship for the important MW region. P, = 1/1.23 =
0.813 leads to give the chain transfer constant Cy, that

agrees reasonably well with the reported value.”

T

T T
0.6 ‘:‘..........‘_,,,‘.'Slope =-1.23

0.4}

W(log,oM)
(W)m°'60

0.2+

0.0

log,oM
Fig. 8 MWD of the emulsion-polymerized polyethylene,
reported in ref.® In the figure, M is the molecular
weight, and is related with chain length (degree of
polymerization) » by M =28 r.



3.2.2 Living FRP

Fig. 9 shows the simulated weight fraction distribution
for L1-L4. Although the branching density p is the same
as for the corresponding conventional FRP, for example
L1 and Cl, significant broadening of the MWD, as was
observed for the conventional FRP, is not found. In fact,
the distribution is narrower than the random branching of
the same primary chains.!” The polymers with extremely

large MW are not formed in the living FRP.

T T T T T T
3.0 PDI Living FRP| 7
— L1 1.27 ]
S L2 1.51
& 20F.. L3 1.78 =
g .- L4 215
= o} .
0.0 L _—r‘ | His |
1.0 15 20 25 30 35 40 45

logyor

Fig. 9 Weight fraction distribution of the product
polymers at n = 1x10°, for the living FRP, L1-L4.

Table 2 shows how the PDI changes with branching.
Interestingly, the PDI does not change significantly in
the living FRP, which is a notable difference in contrast
to the conventional FRP. Note that the primary chain
determined in a

length distribution cannot be

straightforward manner in a usual emulsion
polymerization experiment, and all one can obtain is the
MWD of the product polymers. It may be difficult to
find the existence of branches, judging solely from the
product polymer distribution because the PDI values are

so small.

Table 2 Polydispersity index (PDI) of the primary chains
and the product branched polymers, for L1-L4.

Primary chains Product polymers

L1 1.25 1.27
L2 1.48 1.51
L3 1.71 1.78
L4 1.92 2.15

3.3 Radius of Gyration

The mean-square radius of gyration Rg describes the
spatial dimension of the polymer. To highlight the effect
of branching in polymer, the g-ratio of Rg® of the
branched polymer to that of a linear polymer is a useful

measure.

R 2
g= gB;anched i (7)
Rg Linear

As a standard branched polymer structure, the
Zimm-Stockmayer equation” that describes the random
branching of the primary chains with the most probable
distribution has been used widely. The expected g-value
for the polymer molecules having & branch points is
given by:

[Zimm-Stockmayer]

0.5 05
g= 1 + E + ﬁ
7 or

Note that the branched architecture formed in the

(8)

present emulsion polymerization system is not random,
as shown by the branching density distribution in Fig. 4.
For the primary chain length distribution, the most
probable distribution applies for the conventional FRP,
but not for the living FRP, as shown in Fig. 5.

Fig. 10 shows the g-k relationship for C4. Each red dot
represents a pair of values for each polymer molecule, g
and k. The blue open circles show the average within the
intervals of Ak, representing the expected g-value for a
given k.
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0 500 1000 1500 2000

k
Fig. 10 Relationship between g and & for C4.

Fig. 11 shows the expected g-k relationships for the
conventional FRPs. It is interesting to note that the
relationships stay nicely on a single universal curve,
irrespective of the calculation condition.

The black solid line shows the Zimm-Stockmayer
theory, represented by Eq. (8), and the conventional FRP
shows smaller g-values, i.e., smaller radius of gyration.
Because the primary chains in C1-C4 follow the most
the

assumption used in the Zimm-Stockmayer theory, the

probable distribution, which is the same as
difference must come from the nonrandom connection of
the primary chains. The compact architecture formed in
the conventional FRP, compared with the random

branching, could be rationalized, based on the branching
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density distribution shown in Fig. 4. In the conventional
FRP, each primary chain is formed instantaneously, and
the primary chains formed in the earlier stage of
polymerization are expected to possess larger values of
branching density. These primary chains are likely to
bear a large number of branch chains, leading to form a
core region, resulting in an overall star-like architecture.
This would be the reason for showing smaller g-values.

Incidentally, Eq. (8) represents g o k' for the large k
region, while the simulation results show g « k'O‘B, as
represented by the dotted line in Fig. 11b. This finding
will be used to find the universal g-k relationship.

0'4 T T I T T
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03 c1 .
- C2
o 0.2 -o-C3 -
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— Zimm-Stockmayer
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Fig. 11 Relationship between g and k£ for the

conventional FRP, C1-C4. (a) Normal plot. (b) Double
logarithmic plot.

Fig. 12 shows the g-k relationships for the living FRPs,
L1-L4. A slight increase by the branching probability P,
is observed, however, the difference is rather small, and
it could be considered essentially the same g-k
relationship for all conditions.

The solid black curve shows the Zimm-Stockmayer
theory, and the g-k relationship appears to be close. On
the other hand, this seemingly close relationship is just
the

distribution is much different from the most probable

coincidental, because primary chain length
distribution, as shown in Fig. 5.

It is already known that the narrower primary chain
length distribution leads to a smaller g-value in the
random branched polymers.'” For the primary chains
that follow the Schulz-Zimm distribution, the following

equation was proposed.

[Random branch of the Schulz-Zimm chains]

—0.5
koY 4k
g=|| 1+ +
5+ PDI (1+4PDI)7r

Note that the Schulz-Zimm distribution, or the Gamma

)

distribution in the mathematical term, is a generalized
form of the most probable distribution, and Eq. (9)
reduces to Eq. (8) when PDI = 2.

The primary chain length distribution becomes
broader in the order from L1 to L4, and therefore, it
could be expected that the g-value increases from L1 to
L4. However, the obtained g-k relationship is essentially

the same, as shown in Fig. 12.
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Fig. 12 Relationship between g and k for the living FRP,
L1-L4. (a) Normal plot. (b) Double logarithmic plot.

To remove the difference of primary chain length
distribution, the g-k relationships for the random
branched polymers of L1-L4 conditions shown in Fig. 5
are determined by using the MC simulation. Fig. 13
shows the comparison. When the branching probability
P, is small (L1), the g-value is larger than the
corresponding random branch case, but the difference
becomes smaller as P, increases, and the g-value is
smaller than the random branch in L4.

Incidentally, the black solid curves for the random
branched polymers in Fig. 13 are calculated from Eq. (9),
and they agree with the MC simulation results well, even
though the primary chain length distribution assumed is
different from the Schulz-Zimm distribution. Equation
(9) could be used to estimate the g-values of the random

branched polymers in general.
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Fig. 13 Comparison of the g-k relationship. The primary
chain length distribution is set to be the same for the

corresponding cases.

For L4, most primary chains experience the chain
stoppage due to the chain transfer reaction, as can be
guessed from the primary chain length distribution
shown in Fig. 5. In this case, the situation is similar to
the conventional FRP. The primary chains formed earlier
are expected to possess a larger number of branch chains,
and a core region could be formed. It is reasonable to
consider that more compact architecture is formed,
compared with random branching.

On the other hand, in L1, most primary chains do not
experience chain stoppage, and the branching density
distribution shown in Fig. 4 is expected to be observed
along the sequence of a primary chain. The probability of
possessing a branch point is higher for the units located
closer to the starting point. If these earlier incorporated
units are subjected to the chain transfer reaction at the
earlier stage of polymerization, the length of the
connected branch chains could be long, because they
have enough time for growth. This type of event would
introduce a long linear polymer part in the formed
branch polymer molecule, which makes the radius of
gyration larger. This would be the reason for obtaining a

larger g-value, compared with the random branching.

As the branching probability P, increases, the primary
chain length distribution becomes broader, which would
make the g-value larger. On the other hand, a larger P,
tends to reduce the above enlarging effect caused by the
branching density distribution along the chain. In the
case of L4 in which most of the primary chains
experience chain transfer reaction, the branching density
distribution is found among the primary chains, not
along the chain. The g-value is reduced by the branching
density distribution in the case, L4.

3.4 Universal g-k Relationship

As shown in Fig. 11 and Fig. 12, it appears that while
the g-value for the conventional FRP is significantly
smaller than the Zimm-Stockmayer equation, the g-value
the living FRP is the

Zimm-Stockmayer relationship. On the other hand, it is

for rather close to
worth noting that the range of the k-values is much
different. Even though the average branching density is
the same for the corresponding conventional and living
FRP, huge polymer molecules are not formed in the
living FRP, as shown in the weight fraction distribution,
Fig. 9. The branch points are distributed among polymer

molecules much more evenly in the living FRP.
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Fig. 14 Universal g-k relationship found for both the
conventional and living FRP. (a) Normal plot. (b)
Double logarithmic plot.

Fig.14 shows the g-k relationship for C4 and L4,
plotted on the same sheet. Both relationships agree well.
Note that the g-k relationships of C1-C4 lie on a single
curve (Fig. 11), and in addition, L1-L4 agree well (Fig.
12). Therefore, the g-k relationships for all cases can be
described by a single universal curve, i.e., the black
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dotted curve, which is given by the following empirical
equation.
[Emulsion polymerization during Interval II]

0.5 08
g= 1+ i + i
12 hY/4

The above universal relationship for the emulsion

(10)

polymerization during Interval II, which is applicable
both for the conventional and living FRP, is proposed
here.

3.5 Relationship between Rg” and the Maximum Span
Length, Lys

In a branched polymer molecule, there are many chain
ends, as shown in Fig. 15. Within various combination of
two chain ends, the longest one is named the maximum
span chain, whose length is described as Lys. It is
reasonable to consider that Lyg has a dominant effect on

the mean-square radius of gyration, Rg”.

— |

Fig. 15 Schematic representation of the maximum span

chain (red), whose length is represented by Lys.

In this article, Lys is represented by the number of
monomeric units, and therefore, Rg2 used here is the one
when each monomeric unit is considered as a freely
rotating segment. Obviously, a segment consisting of any
number of monomeric units can be used, as long as the
number of segments is large enough. The above
definition (one monomeric unit forms a segment) is
needed only for the absolute values of Rg2 and Lyg
plotted on the figures.

Fig. 16 shows the Rg*-Lyg relationship. Each red dot
represents a pair of values for each polymer molecule,
Rg” and Lys. The blue open circles show the average
within the intervals of ALys, representing the expected
Rg*-value for a given Lys. Nice linear relationship is
observed.

Fig. 17 shows the expected Rg” for the conventional
FRPs. All C1-C4 fall nicely on a single line, Rg* = 0.172
Lys.

Fig. 18 shows the Rg’-Lys relationships for the living
FRPs. Again, all the relationships for L1-L4 fall on the
same line, Rg2 = 0.172 Lys. The relationship, Rg2 =

0.172 Lys applies both for the conventional and living
FRP.
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Fig. 16 Relationship between Rg” and Lyg for the case
with C4.
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Fig. 18 Rg*-Lys relationship for the living FRP, L1-L4.

Essentially the same linear relationship is valid for
various types of branched polymers, as summarized in
Table 3. The relationship,

Rg*[L, =0.17-0.18 (11)

applies universally for various types of branched
polymers that include randomness in their architecture.
The value of a is a little larger than 1/6 = 0.167 for linear
polymers, which implies that the polymer chains other
than the maximum span chain contribute slightly to
increase the a-value.

In order to synthesize branched polymers with large
radius of gyration, one should design a branched



architecture whose maximum span length is large.
Because Lys is a one-dimensional property, it is much
easier than directly imagining complex 3D architectures

for the molecular design.

Table 3 Linear relationship Rg2 = a Lys, found for

various types of polymers.

Polymer type a
Emulsion polymerization during Interval II:
Conventional FRP with chain transfer to 0.172
polymer
Emulsion polymerization during Interval II: 0172
Living FRP with chain transfer to polymer
Random branching of polymer chains!"”’ 0.178
Hyperbranched polymers formed in step
polymerization of AB,-type monomer conducted 0.18
in a batch reactor or in a CSTR!"
Hyperbranched polymers formed in
self-condensing vinyl polymerization (SCVP) 0.18
conducted in a batch reactor or in a CSTR!?!
Linear polymers'”’ 0.167
Dendrimer!'"' 0.5

4. Conclusions

The branched architecture formed in the conventional
and living emulsion polymerization that involves chain
transfer to polymer was investigated theoretically. The
simulations were conducted for Interval II, where the
polymer/monomer ratio is kept constant.

The MWD formed in the conventional FRP can be
very broad, and a bimodal MWD could be formed when
the branching probability P, is large enough. The high

MW tail follows the power law, W(r) o< r* with o = 1/P,,.

Controllable power-law distribution can be obtained by
using the conventional FRP.

The living FRP leads to form rather narrow MWD.
One may overlook the formation of branches, judging
solely from the formed MWD.

Both for the conventional and living FRP, the g-k
relationship is represented by the following universal
relationship [Eq. (10)], which gives smaller g-value
compared with the Zimm-Stockmayer formula.

0.5 08
g= 1+ i + i
12 St

Both for the conventional and living FRP, the

relationship between the mean-square radius of gyration
Rg” and the maximum span length Ly is represented by
Rg”=0.172 Lys. For various types of branched polymers,
from the polymers with long-chain branches to the
hyperbranched polymers synthesized through various
reaction/reactor, the following

types of simple

relationship applies. [Eq. (11)]
Rg*[L, =0.17-0.18

For example, to produce branched polymers having a
large radius of gyration, one should think of a production
process that leads to give larger values of maximum span
length, Lys.

The present work would shed new light on the
production technologies for various types of branched

polymers with controlled architecture.
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Quantum computing is a scientific topic of people beyond computer researchers’ community.

Some companies offer service of usage of quantum computer to the people who want to use quantum

computer.

online.

Now we stand at the dawn of the utilization of quantum computers.

Various quantum computers are now working, which are open use for public users via

There are some

computer languages for quantum computing. We report the usage of Q# that was developed by

IBM, and the implementation of Shor’s algorithm on IBM’s cloud computing.

Key Words : Quantum Computer, Q#, Shor’s Algorithm, IBM’s Cloud Computing.
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Detection of Credit Card Fraud Records Using Hierarchical Neural Networks
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In this paper, the effectiveness of the multilayer perceptron model for detecting credit card fraud
records was examined by using real data. Since the original data set had an imbalance between nor-
mal and abnormal data, a shaping process was applied. Next, we conducted a preliminary experiment
to determine the model structure to be used for the detection of credit card fraud records.

The model was trained by inputting well-formed data to the model structure determined by pre-
liminary experiments. Each model trained with differently processed data sets were validated if
the models can discriminate between abnormal and normal transactions with a validation data set.
Four evaluation indices were used to evaluate each model that discriminated between abnormal and
normal.

For the purpose of this study, the maximum value of recall, which indicates the percentage of
fraudulent transactions that were actually judged to be fraudulent, was approximately 98 %.

For practical use, the value of recall should be close to 100 %, so further improvement is needed.

Key words : Credit Card Fraud Detection, multilayer perceptron

1. ¥8

W, BEer2#bT AN EBE T L HIETH S
Fyy Y a L APRFENIE R LTED, HRERD 3 Hi
COERMMISADF vy ¥ a L ARFZHAHAL TV
5. FyyYa L APFOEHIZIE, 7Ly P A—F®
TEY b H—=F, FURL R —FDIED, BF~H—
R QR N—a— RRFEREZEEHICH->T VWS,

REERGE LAEWTER AR AR LK
*Fundamental Engineering for Knowledge-Based Soci-
ety, Graduate School of Engineering
CHIRE S R T b TR
“Department of Human and Artificial Intelligent Sys-
tems
SR T REMIRY: TR R
“*Jin-ai Women’s College
e AR BT

***Technical Division

ZOHTH, 71Ty b Ah—FHAWHRDZIFHEIN
TED, 2D 9 &L L2 HDTNWS.

LYy b= FRiE HEORLEDLEN R T,
HEREHOFHFANTEMCY — X Z2MAL, #5KRic
X3 2 R RB RS 2.1 &7, h— F—HTik
BN TE L7120, MEOH 2 5/ MERPHREZHET L vo
FEPEIRENRAY —F 4 —TRA~Y— MNIfTA T2
D, KHNNBIEDTE 2 72 DIEEGE WG IRIC D D703 5.
Z5VoREENS LYy b — FOFMIZE T
FTRBELTVS.

LoL, ZREFERHC, 2L Yy b — FOAREFH
WEHELBIMERNCD 5. Z Z8IE, 749 > v FE
WP FTEL, 2y b av U 2R 2Ax 3 00
E, LYy b= RIBET A A RBRTENAP =2 —
ATHD BiFesnTtsh, HHHDIZE AL DAL DR
EfTA%SEICBOTW S, REMMIS 232850
BESTWVWEH, 7Ly bh— KORIEF A
R—=2y b THD DY 27 b kL, FiEEDHS



78

WIS B, T EZEoBENIS s Ehiz b, BN
SHRMWEIBITHITLES. AEFMAZFIXALEREGI
ZIEHRDDIZL &5 3 5720, FEFHOBENIIE
HICHEL <, NEERME(TH 5.
REFIFCT 205 LT, Fl 21387 Tl&, EMV
A= REWVWISHRA b7 4 I Tl BRI T —
RERIFT B AT — = FADBITHIEATVS. T
AUTED, = FIT X 23HAN DB L RITIR o 7223,
71— RZ2HHLUROARETHIEKA L LTEWIERT
FELTVD

ARFLTIE, 7V Py b — ROFHEED S RIED
WMt s 2 22 HIEL 5. RIEOWS | Z M
FTEFEL LT EFBADPETCICHEINATWS =2 —
INFy NI =2, ZOHRTHHMLZE S-S b
YETFUVERWS, 2LV v b — FAREMABRHII
W BZEAA—t 7 a T ILOENMEDOMEEIIZ,
55 3 E TS % kaggle THEME X TW % Credit Card
Fraud Detection’® Z i\ 2. % 7=, £ 7LD FMICIZE
3ETHIAT % 4 DOFMMEHEEZ W3

BT, 2EIZZ LYy b — RAIEFMADRRA
EFEO, AEFAMNRICET 2 BEOMKEZIARS. 3
ETEEBRHIFERIC OV TN, 4 B2 O BHERAE
BT 2R 2R T. S EOEBMRICONT 2B %
B, 6 ETAFHUIN T 2 F & DEIRNS.

2. JL2y FA—FAREFMBOFOLNER

BT, AV I74 00y b ay €y 7oERIcH
W, JEEHMATD 7 LYy b — KRR T 20338
ZTW5. BEMTITON B EANLED EiFewvwoiz
BEITIE, B TORGNIIEE AV RELTVRY. 7
LYy b= REMEHT 2 Z 2T, FEEMNC S EEM
WCHZL DAYy BB IZW, 71— FIFE»RbEHLYE
TV Y RZEHEREL TWARWE BbhiEicExiA
EFNBHREMEDH 2. LLTICZ LYy b — RAIEFA
DEFEAPFOOHZEZETFZ P %72, 7Ly v AH—F
RIERFA DM HRIZEE T 28K DRI OVWTIRR DS

21 LSy hA—RAEFIRAOFO

1.7 4y v Z7FER
7 4w ¥ Y VTR IIITEO SRR 2 L Py b
H— FEHZEEST, AD web A MZFHEET L X —
NZED DT, FE LA P TOZLYy bh—FES
RHFREFR S FOFERE AN S THERL BAR S FO
DI TH5.

2.3 bray ¥y UK

v bray BV TR IIREDO Ry b av BV
YA FTHEMBATFREZ I B LTRMEES T,
LYy M= FERZBLFOOIETH 5.

3.2F% IV

AFXIVTIE, AFT—IEND ) — Hﬁiﬁé
D EEEZHNTH— FOMKA N7 4 F1HERE %
WD, BiEh— RiCab—32FODILTH 5.

4. BHEHN R

AVYPBEEGE HERO LAREICE->TIZLY Y b
F— RN S 7 — 2DIED, FREJESREH, A
LETOMHOBEE S 3MEICEoT, 7Ly
b — FBAREFAINE T —RTH 5.

5%0FFL

BDTELI B I ENFECAELEZ LY b
B — FIERe S — N ARG Z 7 — FIAEARANCRD T
FLTHHT2FODOZI L THS.

6. HRWRY A HREHK

HERWRY A PRI, HRWHRT A PNTREZ 2K
A 7Ly b A— FRFC I o TIASH, b7
7 %2ffioTHRA ¥ P 2HESHE, I — FEREZ BAID
FODZETH 5.

7. % v b ay 7o OEREH

Iy b ¥ay T s DERINRIE, v M ay S
REZZ7RATBHILT, 7LV b I— FIEWERA
HIFOoZeTH 3.

22 L2y b A—REREMBIC T D3I5E L BEERTE
LYy b — RORERMA XN 2 FRESF O
BHDHDH Y, H— FITEERNDRR LT 2 HRfE L
TREA> TV LT, BAITIYRFLOTHIE
FAZRAZ. £, EBICAREMEMTONEZ L%
71— RATEEARADGD K DX, 71— F ORI FH I % e
RBLTHLOTH D7D, FRAINENDS Z e NE2 0.

Z T, R TIE, Z7vYy A — REMH LR
SRS BT, FHE 0O 2 DR EFE L, &~
EFfEBHT 2 2HNE T2, Z2LYy b A—F
AIERMA OB, 5, BEBNSFICCHE AT
W3=a—I%y N —2FEFLEMHHAL, ZOHRT
DAL TEZE A A— T by ETALERHVS. 7
LYy M— FOREMAREICNS 2 ZfE—t 7
b a T LOEIEDMEEICI, kaggle THREEENT



W5 Credit Card Fraud Detection Zf#fH3 5. ZD7 —
KXy b ERWHEROWIFETIE, 2019 412 Vaishnavi
Nath Dornadula *® Geetha S 12 X - T, K- FR2
ZRTy, AY AT 4y 7l RER, 7 ELT L
A b 73 ¥ DRk A RS TR VT, MEfT e 7
W3 27-0DREBOFEZHIET 2MIEBITON. Z
DI TDZ LTy +— FAREMARERFEEZDRK
{1 accuracy T 99.98, precision T 99.96 TH-o7z. T
DIFDITDH, BFHEIGIZIE LD TE2Z2LDF Y F4
YHANT, AV IV TORBEFEPEZ, AV 74
VEHRD VR BEE - TVB WS BIRERF 2, if
RWHLBIEA Y T4 VEENIBT 2FF et - 04
T 57D A IR EFEZHFE L TV 5.

3. EERAIRER

ARETE, ZEA— S e ryEFTLEHWES L
Y b A— FRERAEROMHEERICOWTIENRS.
9, ARFEBRCHEHT 27— Xty b 2 BEPAHICOW
TR B . R, KEBRIHEH T 27 UEEICOWT
AT 5.

31 T4ty b ERNE

ARFEERTIX, kaggle 2> X > — K L7z 2013 4 9
Ho 48 FficiTbhza—a v 07 LYy hH— K
NI arvT—Rty P B RERTS. 207 —
Xty MIFEFITT Y NF ¥ AT, 284807 tEDHLG | D
55, 42 tEMRIEQREITH 5. Fiff v LT, B o
S, mYIOE 2 5 OFGERERE (AL - ) |, FRS
AT & > TEALI N 28 DEEENEIT S,
LIZ—E%RT. 7 —XKA ¥ MiE, RIEREGE [
Z I TRVWHD 7L (0:EIE, [AE) 231 50 Twn
%. K1 HOBUERHEEL, AU O BT T — X DF
B 0, R 1ICIERE L 2.1

Time V1 V2 Vi V4 V5
0 00 -1.359807 -0.072731 2536347 1.378155 -0.333321
1 00 1191857 0266151 0166430 0443154 0.060018
2 1.0 -1.358354 -1.340163 1.773209 0379730 -0.503193
3 1.0 -0966272 -0.185226 1.792993 -0.863291 -0.010309
4 20 -1.158233 0877737 1.548718 0403034 -0.407193

1:7—&X71L b a—

IDTF—&Ew ML, 2284807 D T ¥ v g
VBN ASTWBED, EDIBAED T VY7 a

VARG EFED T UHF T a IR LTIERIC
PIRNT INT VAR DERHS>TWVE. ZOFEED
F—RTETNEEETZE, EEDO NI I ay
OFE IDEB L, BEN =2 -5y VY —2T
VLY v M= RORERAZBH T 2 &\ 5 AR5
DHEHMICIBDRV. Z 2T, O 7 — XN L TR
H2ATWD, LU O [1]1~[7] DFi/ a7 — &ty e HE
L7z D792, T T — X2y hHET LY
WHHT 5. 7—28B0 ke LTE, £ len B
EFRHWTARED b7 ¥ 7> a v O 492 1) 2 HL
BFL,iloc £\ 5 AT A AEEEZ FHWT, RIED +F >~
P aOKBROEFED N Z 7> a vz
s

1 BPUEZROT—XEy b

79

[11k=2 1476 HI1F:984, RI1E:492 HIF:AE= 2:1
[2]k=3 1968 H]E:1476, R1E:492 HIE:ALE= 3:1
[31k=4 2460 HIF:1968, R1FE:492 HIEAIE= 41
[41k=6 3444 F H1F:2952, RIE:492 HIEAIE= 6:1
[51k=12 6396 fF: H1F:5904, R1E:492 HiEAIE= 12:1
[6]k=24 12300 f | EIE:11808, F1E:492 | EIE:AIE= 24:1
[7]k=48 24108 fF | EIE:23616, R1E:492 | EIE:AIE= 48:1
[8]17CT —& | 284807 ff | E1E:284315, 1F:492

[1]~[8] DENZhD T — I LT, JIFRAH, MEE
M, 72 FHOHEER

« AIBRA 7 — & : 80 % (BRAEFH 7 — & : 20 %)
cTAMHT—&:20%

L LTHEIL 7.

32 EFILOEBE

AWFLTIE, 7L Py b — RORERAZRHT 2
EFNELTCEEAA— T +r Y (MLP) W £
B—t 7 bareld §ifios—t 7 oy 2 EIRICE
REDLEZEMEEIC L2 -T2y NI —FTH
3. ZZT, Bflik—t S bu i, ANERSEEUC
WIET 2 EAZHIEDLEEETRELEDE M
MHIMELBATBEIC L2, 25 TRWVERIC0 %
HOT2 0P ZE -t e, Bffit—t7 b
TR D Z 8 T & o TR 0 BEAS R BE 2z [
WZOWTHID A TE B0, A RIGHEHTIHH X
NTWS. AR THEHT 2ZE —t 7 b e OME
LTI, K2 WR$ &5, ANE, HEE 1 E, M




80

D3I ETATHE. ASNEDOL=y M
ANT =20 e FL 28, D2 =y M %
2QEH E BEZHNT 2 2MHSEELD) L LTET LD
WERETo 7. FEO =y MUZOWTIX, HBib s
ZHEAEFRTIET 5. FHE e K EOTEMELREE
X, ELDETF L ESEC, FREE %R ReLU B,
J@%Y 7 b~v 7 AL EE L. BADEHIIZ,
R ALK T ik (SGD) 28 L 7-.

Ah \/H\I
oY -
Vi— [ 34
p
™ Oort
- t up —— ¥
P
Vz—> [ S | =
Oort
uz Y2
bivba) =]
: 2
V28 —» | Sog !
N -
t100
AN
AHE
R

X2:WEhl—ax—5 1%y bV —2 (ZEAA—t T}
=)

T HHEED =y MIEDVET %70 DHR{HE
BRZAT 5. [41k=6, 3444 1, H1E:2952, NiF:492 , HIE:
RE=6:1DF =Xty MIHLT, AHEDZ=v |k
28 tHAED 2=y MR WZIEEL, FEED =y
b tiw, BOAEEE Y, Rl RFEREZRLRDE
FUNEERRAT 2. ZOEFIVICHRLT, [1]~[8] *
NZNO7T =Xty FTHEEL, MRELEKT 2. HH
BDO1=y MEDAEZ(LIETHEEIE, BHERA%
1To AR 2 LR T 246152 KD 3.3 HiThiR 5.

3.3 FH@EIEE

[1]~[8] #FNFNhDT—REy v TEEHLEZET LT
LYy b= FORNEMAZEL U 7ASR % i3
% 7= DFHIHERZ Y L T, accuracy (IEfi#3R), precision(ii
B FR), recall( ), F-measure(F fH) @ 4 D% Wiz,
accuracy(IEfER) 1%, 2 TOH > 7LD S BIEE L 724
¥ I NDEIG, precision(GH A H) 1%, AIE L THlx iz
B TINDSBIER LY TAOEE, B (recall)
&, FBRICAREDY Y 7D S BIER L3 > 7L OH|
%, F-measure(F ) (X, precision(H# & 3R) ¥ recall(FFE
) OFNIEETH 5. EIGHE, B2, B0, HE5E
% Z N Z 4 TP : True Positive, TN : True Negative, FP :
False Positive, FN : False Negative £ 3% &, 4 DD
eI ToTtREI N2 D

B TP+ TN
WY = P Y TN+ FP + FN
TP
precision = 7TP + FP
4o TP
recaill = TP+FN

2 x recall x precision
F — measure =

recall + precision

Z 2T, B (TP : True Positive) 13EEED 7 5 253
AIE:1 TFM D ALE:1, B2 (TN : True Negative) (X5
BRD 7 5 ZAMIEH 0 TTHID IEH:0, BFFME (FP : False
Positive) IXRERD 7 7 ZIX1EH:0 TFHBALE:1, k2
4 (FN : False Negative) IX5EBED 7 7 ZEAIE:1 TTHI
MIEH0 2RT.

34 ETIEEDRE

D=y MUETRE T % 72912 n=1, 10, 20, 30,
-+, 170, 180, 190, 200 ¥ Z L X B 7= & & D 4 DD
fEfEDEE £ 2 1TRT.

£2: PHEEO= Yy MOZEIC X % FHbEiTE D LR

‘ H accuracy ‘ precision ‘ recall | F-measure ‘
[1In=1 0.9753 0.9506 | 0.8556 0.9006
[2]n=10 0.9826 0.9425 | 0.9213 0.9318
[3]n=20 0.9840 0.9651 | 0.9121 0.9379
[4]n=30 0.9797 0.9348 | 0.9149 0.9247
[5In=40 0.9724 0.9263 0.88 0.9026
[6]n=50 0.9768 0.9524 | 0.8696 0.9091
[71n=60 0.9768 0.9462 | 0.8889 0.9167
[8]n=70 0.9826 0.9529 | 0.9101 0.9310
[9]n=80 0.9840 0.9697 | 0.9231 0.9458
[10]n=90 0.9782 0.9101 | 0.9205 0.9153
[11]n=100 0.9840 0.9787 | 0.9109 0.9436
[12]n=110 0.9898 0.9667 | 0.9560 0.9613
[13]n=120 0.9797 0.9314 | 0.9314 0.9314
[14]n=130 0.9826 0.9451 | 0.9247 0.9348
[15]n=140 0.9797 0.9080 | 0.9294 0.9186
[16]n=150 0.9884 0.9429 | 0.9802 0.9612
[17]n=160 0.9811 0.96 | 0.9143 0.9366
[18]n=170 0.9826 0.9639 | 0.8989 0.9302
[19]n=180 0.9840 0.9576 | 0.9496 0.9536
[20]n=190 0.9797 0.9271 | 0.9271 0.9271
[21]n=200 0.9797 0.9792 | 0.8868 0.9307

K2 XD, FREDOL=y MIH 150 D & Z D recall
P RAE 2720, RETHZ Z bbb, F2, 2
=y MEDOBIEIC X B recall [HOHER I HIL - F=1EIA
RO WD, 2=y M n=200 F TTLEZK



T L7 R recal [HERRETH - 722 = v i n=150
fHETCHE 21T o TR R £ 3 IRT.

£3:HEEOL=y MIOZEIZ X 2 FHEFEEED L
e (n=150 F3ir)
’ H accuracy ‘ precision ‘ recall ‘ F-measure ‘

[1]n=147 || 09840 | 0.9792 | 0.9126 0.9447
[2In=148 | 09884 | 0.9659 | 0.9444 0.9551
[3In=149 || 09855 | 0.9556 | 0.9348 0.9451
[4]n=150 || 0.9884 | 0.9429 | 0.9802 0.9612
[SIn=151 | 09811 | 0.9565 | 0.9072 0.9312
[6]n=152 || 0.9913 | 0.9806 | 0.9619 0.9712
[7In=153 || 09826 | 0.9419 | 0.9205 0.9310

£3ED, 22w RS0 HATHBEfTo/22 25,
F-measure DIEDS R K Z - 72D, 2= F ¥ n=152
DL ETHoNH, RKEDOHNTD 2 recall(FFHHE
 EBEAEDY Y TAD S BIER LY v T LoE|
B DEIRKE L 272D1F, 2=y M ln=150 D & =
Thole. DXy, iD=y MEZE 150 IZPE
L.

4. DEER

3AFNC I DIRE LI ATED L=y ML 28, Ht)E

D=y MIL150, HhEDO2=y M2 D 3 EED
ZEA—t Tty EZEAZR (1]~ DF—Xt v
FCHEE IR, FEH LB ETLTIZLYY b H—FD
RIEFHZ B U ROMSRE L 4 1R7.

* 4 FEER
H accuracy ‘ precision ‘ recall ‘ F-measure ‘
[11k=2, 1476 fF 0.9696 0.977 | 0.9239 0.9497
[2]k=3, 1968 fF 09746 | 09775 | 0.9158 0.9457
[3]k=4, 2460 ¥ 0.9695 | 09712 | 0.8938 0.9309
[41k=6, 3444 1 0.9884 | 0.9429 | 0.9802 0.9612
[51k=12, 6396 fF 0.9923 | 0.9681 | 0.9381 0.9529
[6]k=24, 12300 fF ||  0.9939 | 0.9512 | 0.8764 09123
[7k=48, 24108 fF ||  0.9956 | 0.8889 | 0.8791 0.884
(81284807 0.9995 | 0.8837 | 0.8261 0.8539

ARZED BT & 2 NERFAMHE OB & recall(FF
R FEICREDOY LD S BIER LY FA0
EHE) DEB—FERW [4]k=6 DD RETH 5 L\ D
FEAICE 2. R 512 k=6 DRFDIRFRITTH % " #i{t 3 3.

% 5 BATTHI DRI
THAIESR | FHIDAIE

FERECIEHR 582 6

FEFRITAIE 2 99

R5ERD e, FZED Y 7 I FETTHNIERZF
I {BB2M: (PN : False Negative) DR 2 R1FET 5.
D2 HFOHCHAN B E 2 725 TG IAFEL T
WBABENEDH B DT, =2 —F L%y b7 —2 DO
RETNOERFTEDOREL 2170, B2z 0
T2 e NESHROBETH S, i, EBED 7 7 R
IEHE T T HIDARIE %R 2R 3145 (FP : False Positive) O
b 6D, EHRZ LYy b h— FRIAZE DG
MMELEEINTLES Z e bMETH 5720, B0
BeWoOTTROEZDREDLD .

5 ER

AETIE, ZEAA—E T bR kB 7Ly b —
FAREFAEREOMIN EROE S 2R 5.

ARFEERTIE, 7 LTy b — RRIEF B O E
BUCZE -t e e 7 VEMEH L. 7S
LT ANELE, PREELE HAE L ED 3 EhE
T, HEOI=y M2 LT, AJNED T — X OFHHUE
Bo 28, HHEPEEE RED 2 EREED 2 E
L7z, RIZ, 7 vy b B — RAER RO # H 1 i
B EEO L=y NEERET 5 - DICERTERE
fTo7z. BIEE RIEDQHEIED 6:1 DT — 2126 L THIH
EBOa=y MO AEEIE, RERHBEREOM %
70, 3.3 B FHIHEE 2 F W T, B EF LD Z1T -
72.F28R3 XD, KFFEDOHNTH % recal(FHR:
FEBRARIEDY > TIAD S BIER L 723 > 7L OEIE)
DIEPRETH > 722 = M n=150 % RiF5ETHEH
TEHETIUMEGE Y UTCTERA L7:. HRFEBRIC K DIVEL
JeANED L= b 28, FEED 2=y M 150, H
NEDOZ=y V2 D3 EHEEDZE -t br >
WRLT, [1]~[8] ThthDT—&Xty b THEEXH,
FELETNALTIZ LYY b — RORENRER %
M LA R 2 R 4 1R LTz

4 L0, 207 — 2D S5 bIERL-HIE 2R
3 accuracy(IEfE3R) DL, 77— X DL 12 5138
KELBBMEADRD 5. [1]~[8] DF—Xt vy MIEE
NEZREDT—ZHIITDO T — Xty b D 492 D
FET, EROT—2HHROAREZ D Z2ICL>TE

81



82

RO T — R HEBEHEP L TWS. T —XFREEPT
¥, accuracy DEITKE S 20, ZHUZ, ETADEHE
D7 ¥ Iy arOffEFEE L, BEREOAEDIR
ZLRoTWVWB ZEDBERT 5. accuracy 137 — X HEL
EHERLT I TRELRZY, ZO5E, EREOHE
PEL THL2RE LT accuracy D5E L B35 — A b
FIES 5. AfEOHWE AN EZRELHMTE 2 X
212725 Z 2 TH B 7=h,accuracy DATHIET2 Z &
ETERW.

—77, PEe FHlE N7 —2D 5 bk L I-Ela%
/R precision(HE ) DfEIX, R 4 & b 7 — 2%
K BBIEFEE/NEIL BAEADD 5. 2L, 7— R4
DT 2ICONTEHED T2 H 7> a Y ERIET
H3rHWT2EEPHEZ 2 2 LIRS 25, EED
BSIBHAL &5 & LB, EHO 22— —of|H%
WiET LI LIFEE L RWED, FEOHFEITH LT
FHOHBNZTEL T UNT YV ART—XTETIL
BRI ELIDIF LRV,

AFRTIE, NEFHZARETH S LHTES 2k
ZHHE LTWS 79, EBIIAEDT—&D 5 bIE
fRL 7= 81& %2 RS recal(FFFER) DAEAS 4 -0 D F IS
DR TRDEETH 2L E R 5. SHOERTHEL
ZZ~Bl DT =%ty D55, b recall DIEHE
Do 7D, [4](k=6, 3444 1F) DF — X TEFSE - L
ETHoTz. £z, precision(HEH) ¥ recal(FHZE) O
FARI T DH % F-measure(F H) OEICE L TH [4] D
T =R THEIBLPRETH o722 0o, REER
TEANEDO =y 28, FEED = ML 150,
HOED2Z=y M2 D3 EHEDZE \—t 7t
VETNAREEICNL T[4 D7 —Xty bTH¥EIES
CEDRIETH 5 LT 5. —7C, RO BA
M ORERDIFET 5. R 5 DRFITINTRT X 51T,
WEEE DR 2 HEEAES 5. 20 2 FOHIHA:
WEZ SO THGIDFEL TV S ARENDY D 5720,
Za—=I%y bV — 7 DWERET LVOEETIED
REL 2TV, B0z 0123 5 Z e 5RO
BETH5. e, BEEOHED 6 kb, IEEZ I L
Py b= FAHEBEORGIMEFIEERTLES 2D
METH 270, BEHEOHEZRS T T REHE Z, IE
WhoUvYy b A— RAHEMGEICHHATZ 2T
NEREREL THEL.

6. %

(]

KUZETE, 7Ly b — FAEABAREICEIT S
ZE s —t 7 urEFLOENEEEROF— X%
FIWTHRGRE L 72, 7 — RIZiE, kaggle » 5 X7 > m— R

L7z 20134 9 Ho 48 FiflicfTbhiiz g —a v kD
LYY MI—=RbMFU¥I7varys—2ty bEHW
2. TOF =&ty MIX, 2284807 thd b Z ¥
aVEBEPASTWED, ZDIHLARIED T U
> aiFANRHEIERD b7 U7y a T L TIER
WWHRNT NG URBHEDEIR->T WD, ZDOFEFED
TR TETNVEFETLL, EED N7 F > ay
DFEE XD EE L, BEE =2 -5 %y b =T
LYy M= FOREMMAZBRHE S 2 L5 A%
DHIIZIRD RN, Z 2T, DT — XITh L TEIBIL
HZITW, W D0 DTFT =& 2=V Z2HE L. i
BT =N =X DEBROBERPHLLTD Z 23
i oh s,

¥7, 20T -2 HBO S bIERLI-EEE RS
accuracy(IEfEHR) DEIX, 7 — X HBNZL R BI1FEKR
XL RBMEADD B, RFRATIE, T—XEy MCEE
NBEREDT—XUEIITOT— Xty D 492 D
FET, EROT -2 HROAREZ D Z2ITL->TE
ROF—RUFEEP L TWE. T— 2R EHEST L,
accuracy DIEII K E K 225, 2, ETLDBIEHD
NI Yy ary OREESE L, BEREOHBIRE
(2o TWVW3B Z e pBRT 5. Bz EfRIE T — X4
Beed 2 8 TREL R D05, RO HINIZ A IER
TECHIMTES K HI1TRB Z 8 TH B8, accuracy
DATHWTZZLIZTERVWEEZT-.

—H, AR FlEhi T =2 D5 bIERLIEE %
R precisionGHER) DfEIE, 7— X HHHZ 72 51F
YINEL BBEADD B, ZHUL, T — XIS
BIZONTIEED MV HF > a B RETH S &1
Wi 2BIEEZ 2 2 L IERT 228, EREOBIGIIG
HALES & LRI, ERO—F—DRHAEZET 3
ZiF &k vz, RIEOHEITH U CTIER OHFED
ZITELTUNTVART—RTETAEZFEIES
DFEBVWeEZS.

AW DHHYTH 2 N IEF R OBLSD 6, EBE
WAIEDT =2 D 5 bIEfREL-EE %2 RS recal(FFH
) OMED 4 DDFHHEHEFE DO TROIEBEETH L5
2%, SEOEBTHELE [1]I~B]DF—&XEy b
55, it d recall DIEAED - 7= DI, [4]1(k=6, 3444 1F)
DF —RTHB X ETHo 1D, EBOBETE
AT B EeEZI-L &2, ZOMHEIZ 100 %ISEVETH %
ZEDWEELWD, I RIWENROONG. T,
FHNCKB U2 b5 o7 a v F — RO
B2RVDPEVSBRISHETHAS.

BB, AEFMABRECNT 22—t ta >
(MLP) OB MEZHIWT T 2720128, X517 — XK
DEVT =Xty N TOMGER CNN 23 3 5,



LD FIE L DHBFRPDETH 5.
SE N

[1] Vaishnavi Nath Dornadula, Geetha S : Credit
Card Fraud Detection using Machine Learning
Algorithms, Procedia Computer Science,165,
631-641(2019).

2] 7V bA— FAEMADARZ—> 232 T
MR 77 2 132, hitps://www.orico.co.jp/service/
knowledge/abuse/(2021/12/11)

[3] Credit Card Fraud Detection,
https://kaggle.com/mlgulb/creditcardfraud(2021/11/28)

[4] Ankur A. Patel 3, {1 F5%t 5R: Python T LU ®
AN LEE, MASHA T AV — - Dx oy,
30-34(2020)

[5] PP 30, /AR 1850 B 2 B o 7 BB RIS
B3 % 0 FIE O A, LI, 5 81
[\ 4 E K2, 461-462(2019)

83






FAF R A FERE L2 RER M W7 55 705202243 H
Mem. Fac. Eng., Univ. Fukui, Vol. 70 (March 2022)

T4 —T=—a—INF%xy NT—2I12k5B
Web BCEMATFIEDIZRE
B B NS ;B I

I LS PR

Proposal of Web attack detection method
by deep neural network
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In this paper, we proposed two feature extraction methods to detect attacks on the Web. We
confirmed whether each method was effective by using deep learning.

Attacks on the Web are difficult to classify as normal communications and difficult to detect by
machines. Therefore, We focused on the fact that many special symbols appear in HTTP requests
for attacks on the Web.

As aresult of classification using a method characterized by the number of occurrences of special

symbols, the accuracy rate was about 94%.

Key words : Security, HTTP Request, Special Symbols, Deep Learning
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The Possibility of Guessing Open Ports from the Subdomain Name
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Today, any information which is available on the internet is often used to attack servers by

attackers. DNS is one of the information sources which are used by them.

We propose a new possibility of guessing open ports from only the subdomain name. Subdomain

name is a name for hosts, often named after the service running on them. It potentially means the

name contains the information about running services which can help attackers to know how to

intrude into the target server before sending out any packets to it.

In this paper, we examined the possibility with statistical data and machine learning. We used

fastText as machine learning model to learn linguistic relations between subdomain name and open

ports.

As a result, we find it possible to guess open ports from subdomain name by using machine

learning.

Key words : DNS, Subdomain, Cybersecurity, Internet, Machine Learning
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Implementation of cross-cultural understanding game with VR
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In recent years, globalization is expanding and communication problems may occur because of
differences in cultural backgrounds. In order to avoid the problems, it is important for us to know
about cross-cultural education that provides a methodology for recognizing different cultures and
understanding each other. As a part of cross-cultural education, there are games about cross-cultural
understanding. However, it is not widespread. In this study, we applied VR technology to cross-
cultural understanding games. The purpose of this study is to clarify a method to practice cross-
cultural education easily. In fact, by using Unity and various open source libraries, VR technology
can be applied to cross-cultural understanding games. We found that it is easy for a fourth-year

student of an information science university to create a cross-cultural game using VR technology.
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