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Ramanujan Nagell Equation

Abstract

This paper explores elementary approaches to solving the Ramanujan—Nagell equation =7 +x
aiming to avoid advanced algebraic number theory. Three perspectives are presented: congruence
analysis, prime-restricted cases, and transformation to a generalized Pell equation. While a complete
solution is not obtained, each method reveals structural insights and potential for generalization to
broader Diophantine equations.
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Research on linkage mechanisms using the quantum Monte Carlo method
Abstract

This study proposes a novel method combining Markov Chain Monte Carlo (MCMC) and quantum algorithms to
visualize four-bar linkage trajectories without solving nonlinear equations. It enables accurate trajectory generation and

parameter estimation even for complex mechanisms and high-dimensional designs.
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About the Nim game, the choices are determined by the number of stones remaining.

Abstract

In the game of Nim, players take turns removing stones from a pile, and the player who removes
the last stone wins. The purpose in this study is to reveal the relationship between the Nim
games that the allowed moves depend on the number of remaining stones and not.
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Abstract

Have you ever played cards? Most people probably have, but many may find it
inconvenient when the cards are not shuffled properly, such as when numbers appear in
consecutive order. In order to reduce such inconveniences, we will study efficient ways
to shuffle cards.
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Simplifying Prime Factorization

Abstract
Prime factorization is an operation that expresses a given natural number as a
product of prime numbers. Prime factorization is not difficult for small numbers, but it
becomes more difficult as the numbers get larger. Therefore, | investigated whether
there is a way to simplify prime factorization.
1. B
INSIRFBEDBNEFIZE > T LW D FERDITIE XV BRI EREB AT %
FERHDDNE S D,

2. A&k
HARE N 1 LIKE 3 fE[A° B = (A-B) (A+B) JOTBIZZEE L B 1)
TNEFH L CHERBRE S5, (Bl 1) 2021=457-2"
A DIEZE RERXRLRVIZEH L TR D, =(45-2)(45+2)
NR2ODFEHFEOFTREL E VI FIEEH X5, =43 X 47
NN 2, 3,5 DfEE OB, B 0YIns Z EREBETHLTZDE X720,
3. &8
LN AREK UL EICHERED S D0 N=SA= (N+K?) /2K # 1)
2NDORVIZES>TADERY Rz, (F1) N= 1/3(mod4)
3.N=C*+D* D  A=1%+m*+n® B=21m C=1*-m®+n® D=2mn --- | — A LA BRI
KElZ. C=4c+]l D=8cde 2c+1=d*+e* DI N=1/2(mod3)
—A=8c’+4c+1l B=4c(d’—e?) ---1I —N= £ 1/0(mod3)
C=4cd+l D=2(c*—d*) DK N=1/2/3/4(mod5)
—A=2(c*+d?) *+4cd+] B=2(2cd+1) (c?+d?) -1 —A=1,0/1/-1/-1,0(mod5)
4, EE

FERIOTIZEWNT L,mn TR TR THLIWVDOTD=2m OXNEEREn n %
KOHZEIFTE LW, 22T, CDIZEHEEZH5 25T (11, 1) TA, B DIEEZFH~T,
2T, I, Mo ADEIZEET S L, DORBOMEESSEE COMTRINTND,
XY, RO AICKH L THEBEDZ LRV LoD TIE RN E KU T,

5. &R
— D BIRE N Tk L CORRBIEICIBT D, k7RI TR Y B IR fiF
TG L TCE 2N, RANBEN THDH A, WEPFLFEEMIEZ LK U T,

6. &&XHk

https://sb7a0d723b74960e1.jimcontent.com/download/version/1519044047/module/12770143889/name/
01_%E5%B9%B3%E6%96%B9%E6%95%B0%E3%81%AE%E5%92%8C.pdf
7. ¥—9—F

FINE IR, FEOHIETE



https://sb7a0d723b74960e1.jimcontent.com/download/version/1519044047/module/12770143889/name/01_%E5%B9%B3%E6%96%B9%E6%95%B0%E3%81%AE%E5%92%8C.pdf
https://sb7a0d723b74960e1.jimcontent.com/download/version/1519044047/module/12770143889/name/01_%E5%B9%B3%E6%96%B9%E6%95%B0%E3%81%AE%E5%92%8C.pdf

AIEBA O AL
e Sl R

1. Abstract I investigated the logical foundations of a set-theoretic statement
using natural deduction, and found that the phrase “for any” relies on specific
inference rules. This led me to recognize that ambiguity in classroom proofs often

comes from unclear distinctions between axioms, definitions, and theorems.
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[Abstract]
This study is aimed at finally drawing the physical center of gravity of the polygon.
Specifically, a method for drawing the physical center of gravity of a quadrilateral
was studied along with proof.
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The relationship with square numbers when changing the initial conditions of the Lucas sequence.

Abstract
In previous research, we discovered and proved the relationship between the Lucas sequence and square
numbers. In this study, we changed the first term and the next term of the Lucas sequence. However, we

have proven that similar properties do not hold for initial conditions other than the Lucas sequence.
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Regularity in the cross-sections of n-dimensional cubes

Abstract
Rules regarding the number of vertices of the cross-section of a hyperdimensional

polyhedron by a hyperplane.
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Analysis of the properties of K-bonacci sequences and the initial conditions of type a,a,, a,a+1 K-bonacci

sequences.

Abstract
In many traditional studies, the focus was on the components of the solution’s influence in the characteristic
equation and proofs were provided. In this study, we moved the initial values to analyze the structure of the limit

"function’ and provided a proof.
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Properties of stellated regular polygons containing epicycloids

Abstract
To investigate the properties of the stellated regular n-angle. In addition, we will find
the locus of the circle around the circumference of the stellated regular n-gon.
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Are Anti-Pascal Triangles Finite?

Abstract

We examine the existence of anti-Pascal triangles and determine that such
structures only exist up to five levels. Through a combination of theoretical and
computational methods, we confirm their finiteness and identify all possible
configurations.
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Calculation of the smallest distance between a graph of trigonometric function and the origin

Abstract
The graph of y = asinx + bcosx changes shape depending on a and b, which affects

its distance from the origin. To find the minimum of all of such distances, we analyze

the function analytically and differentiate it.
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How to accurately estimate the cherry blossom blooming date

Abstract

I conducted a research to statistically analyze past data on cherry blossom blooming dates and temperatures,
verify the accuracy of existing methods for estimating the date, and find an easier and more accurate way to

predict the date.
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Improving the accuracy of primality testing by combining Perrin sequences with different initial conditions
Abstract

By changing the initial conditions of the Perrin sequence, we discover properties that are useful for determining

primality, and by combining these sequences we improve the accuracy of determining primality.
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Abstract

While using GeoGebra, we noticed that the triangle connecting the triangle’'s side points
was approaching an equilateral triangle. We generalized this fact and attempted to
prove that the N-angle formed by connecting the intersections of the bisectors of the
exterior angles of the N-angle approaches a regular N-angle.
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Geometric properties arising from the arrangement of two similar
polygons and three triangles on a plane
Abstract
In this study, I investigated whether Echols Theorem can be extended to similar polygons
and triangles. I also examined the properties of the figures generated by repeatedly applying
the operations in Echols Theorem.
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The number of shuffles required for a deck to return to its original order when
alternating between a Riffle-In-Shuffle and a Hindu-Shuffle

Abstract

I researched the number of shuffles required for a deck of 2™ cards to return to its original order when
alternating between a Riffle-In-Shuffle and a Hindu-Shuffle. I found that the deck returns to its original order
after 2n shuffles.
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Periodicity of the last digit of the sequence given
by the quadratic recurrence relation

Abstract
I consider two recurrence relations. I researched the length of the number of repeated
numbers and which term it starts from. Then I found some regularity.
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Diophantine m-tuple D—f%{bICXI T 3 E R

On Generalizations of Diophantine m-tuples

Abstract
I investigate a generalization of Diophantine m-tuples and introduce the concept of Ds(m,n). I study

this new structure by focusing on the properties of certain quadratic polynomials.
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Why point ®—#&1{EIZDLNT
One generalization of Why-points

Abstract
The point which appeared in ISL 2011 G4, narrowly called “Why point” has special

properties. | will show other properties about this point which are unknown. Also, |
will present one generalization of this point and show the properties of this one.
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Accuracy Analysis of Greedy Algorithms for Optimal Transport Problems with
Non-Monge Cost Matrices

Abstract
Optimal transport problems can be solved efficiently by greedy algorithms when the
cost matrix has the Monge property. However, it is not clear how accurate a greedy
solution is when the Monge property only holds approximately. We compare greedy
and linear programming solutions using randomly generated supply, demand, and
nearly-Monge cost matrices. Our results show a rough proportional relationship, but
also that the error of the greedy algorithm increases significantly as the cost matrix
moves further from the Monge property.
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[1] R. E. Burkard, B. Klinz, and R. Rudolf, “Perspectives of Monge properties

in optimization,” Discrete Applied Mathematics, vol. 70, no. 2, pp. 95- 161,
1996.
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Considerations on Jung's Theorem in Three-Dimensional Space

Abstract

Prove Jung's theorem, which states that the range of the radius of the smallest
enclosing sphere of a set of points can be expressed as a linear function of the
maximum distance d between two points in the set, in high school mathematics.
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On the Compositional Periodicity of Non-Linear Rational Functions
Abstract
A fraction function of degree one returns to the original function itself when composed
with itself. Is there any function that satisfies this condition, even if it is not of the first
degree? In conclusion,such a function does not exist.
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Number of Surveillance Cameras Required to Monitor
A Polyhedron Composed of Regular Tetrahedron

Abstract

As a partial solution to the problem of “How many surveillance cameras are required to monitor
an entire polyhedron whose vertices are not all orthogonal?”’, we will examine the number of
surveillance cameras required to monitor an entire polyhedron that can be considered to be
composed of regular tetrahedrons.
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A study on the Trillium Theorem

Abstract
We became interested in Trillium's Theorem, which holds true for two-dimensional triangles, and

conducted research to determine whether it could also be applied to three-dimensional
tetrahedrons.
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Variants of the Collatz Conjecture and Their Analysis

Abstract

This study investigates generalizations of the Collatz conjecture by defining a new class of
transition functions. Numerical experiments for various parameters revealed complex behaviors and
surprising patterns. We also proposed simplified representations of these functions and analyzed
their properties.
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Abstract
We thought we wanted to research using “the nine dots question” which involves
connecting nine dots arranged in a 3x3 square with four straight lines.

We expanded nine dots to sixteen dots, and connected sixteen dots
with the least straight lines. ° ° ° °
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Expanding the Properties of Cycloid Curves
Abstract
Cycloid curves have some interesting properties, such as being the curve of fastest descent and being isochronous[*2][*3]["4].
We studied the family of cycloids, focusing in particular on the trochoid. A trochoid is the locus of a point on or around a rotating
circle and is similar to a cycloid[*1][*5]. We examined the descent time of a mass point along a trochoid and compared it to that
of a cycloid, under the condition that there is no friction or air resistance.
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On the Euclidean shortest Steiner tree problem with
different 5 points on a plate

abstract

Developing a minimum steiner tree of different 3 and 4 points on a
plate, we’d like to get the minimum steiner tree of different 5 points
on a plate through geometric consideration.
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Simplification of divisibility tests for a natural number

Abstract
For example, a natural number such as 3,5 and so on have a ease way to check
whether a natural number is divisible by that number. This research provides

simplify it. In addition, this shows the drawback that these tests have.
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Development of high-quality speech synthesis systems
Abstract
In contrast to high-quality speech synthesis systems that use Al to learn human
voices, this research verified how a classical, non-human voice method can be
used to synthesize a voice that is similar to a human voice.
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Mathmatics of Amidakuji game and Formula

Abstract

This study explores the mathematical properties of the Amidakuji game through
group theory, showing it forms a non-commutative permutation group, capable of
generating any desired permutation without overlap.
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Conditions for completeness and uniqueness of positional notation with a complex base and digit values

Abstract

To the best of my knowledge, it was previously unknown how to define digit value
sets for complete, unique complex-base positional notation. In this research, | used a
nonstandard definition of division with remainder in Z[i] and proved a sufficient
condition for complete, unique notation in Z[;].
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Consideration of the Structure of n-Omino

Abstract

In this study of our mathematics, we want to know the proportion of desk shapes that can be
grouped together. We used omino to define desk arrangements and groups.We also used a
matrix and graphs in our research.
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The Cycle and Tendencies of Odd and Even Continued Fractions

Abstract

We made odd- and even- continued fractions. Odd-continued-fraction expansions
of quadratic irrationals seem to always have cycles of a multiple of 6. To prove this,
we have proven that irrational numbers can be expanded into odd continued
fractions. However, we are yet to prove our conjecture.
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Generation of fractals using inverse transformation

Abstract
The goal of this study is to create a new fractal (a shape with self-similarity) by
using an inverse transformation as a mapping, and to investigate its characteristics.
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Abstract

(In English, within 4 lines)
We are interested in “ultimate tic-tac toe”. This game is an expanded one of tic-tac
toe. It is a very interesting game. However, we wonder whether both players are
equal, so we are going to consider the equality of this game.
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Expansion of Slime Mold Algorithm

Abstract

We are studying pathfinding using the Slime Mold Algorithm.

This algorithm is inspired by the characteristics of slime mold and is designed to
find an optimal path. While the conventional Slime Mold Algorithm focuses on static
environments, our research explores how the algorithm performs in time-varying
environments.
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Consideration of algebraic equations using groups and fields

Ak R wE Zhik
Yudai Nakabayashi Koji Murakami
Abstract

This equation has a discriminant, it is not obvious whether it can be solved. Therefore, we will prove its
solvability with Galois theory using fields. We will prove this by showing that polynomials can be
expressed in terms of elementary symmetric formulas and then showing that when the Galois group is
isomorphic to the symmetric group and has degree 5 or greater, it is not solvable.
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4x4x4 Othello and Development of its Al

Abstract

We have designed and developed a 4x4x4 three-dimensional Othello game. We
are currently developing two Als: one for playing and one for learning from game
records. Our goal is to gather user gameplay data to identify winning strategies and
key moves and ultimately uncover patterns unique to 3D.
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On Discrete Monotonic Increasing Functions
For Which the Second Composition Becomes A Linear Function

Abstract

The aim of this study is the monotonic increasing function from N to N of which the second
composition f - f becomes a linear function.For give integers b and c,if f(f(x))=bx+c for each
x,f has some regularities.Besides,this indicates a general term of f(x) and a relationship
between f(x) and Padovan Sequence.Also,the study shows a Python source code which
calculates f(x).
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Consideration of the number of trailing zeros in x!
Abstract
The number of trailing zeros in factorials written in base 10 and base 9 is often very
similar. In this study, | explored which number bases give similar results for the number
of trailing zeros in factorials, and looked into why these similarities happen.
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On the Color Scheme of Polyhedra in Unit Origami

Abstract

This study was done in order to determine the minimum number of colors
needed to construct a polyhedron from origami units, disallowing insertion
between units of the same color. Modeling the structure as an undirected graph
shows that a 12-unit polyhedron needs at least three colors.
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On parallel translation of triple perfect number

Abstract

The aim of this research was to discover the regularity of multiply perfect numbers.
We especially considered numbers obtained by translating 3-perfect numbers using a
power number.
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Generation and Generalization of the Complex Fibonacci Sequence

Abstract

The Fibonacci sequence is one of the most famous sequences, but its relationship
with complex numbers is hardly researched. Hence, the goal is to make the
foundation for future research of the complex Fibonacci sequence. Properties, such
as the general terms and location in the complex plane, were obtained.
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The influence that win rate in Texas Hold’em

Abstract

We analyzed the factors that influence win rate in Texas Hold’em.
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The easiest way to get a full house in single-player poker

Abstract
We calculated the probability of getting a full house in single-player poker and find out which is the

most likely to get a full house.
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Analysis using programming in mathematical games

Abstract

The “Second Best” is a game that aims to achieve the winning conditions with the
second best choice. We are interested in the strong competitive Al that exists in
Shogi and Othello. Our goal is to make the same in this Second Best.
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Combination of spiral structures using Origami

Abstract

The goal of our research is to create a compact structure by combining origami
with each other in a spiral structure. We measure the surface area before and after
they are combined to determine the shrinkage rate of the structure. We would like
to clarify how to combine them in future studies.
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visualizing four-dimensional figure

Abstract
Designing four-dimensional figures using quaternions, convex hull and vectors.
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Simulating the reproduction of primary symbiosis with softALife

Abstract

We are conducting research on primary symbiosis using computer simulations. Primary
symbiosis refers to the process in which eukaryotic cells incorporate cyanobacteria. We aim to
reproduce this phenomenon and calculate the probability of collisions between cells. Based on
these probabilities, we plan to develop a program in which virtual organisms evolve.
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Quantifying the difficulty of mazes based on structural indicators

Abstract
The goal of our research is to quantify the difficulty of mazes. To achieve this, we have
considered several aspects. In the future, we plan to achieve our goal and generalize the difficulty.
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Abstract
S(P) of the region bounded by the curve y = ax™, the line x = n, and the x-axis using Pick’s theorem. Since the
theorem applies only to polygons with lattice vertices, we subdivide the lattice by scaling, apply Pick’s theorem to the
a

enlarged region, and recover the exact area through similarity and limits:S(P) = mnm“.The approach extends to real

values of a and n, providing a framework that generalizes Pick’s theorem to curved regions.
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Abstract
Explore the stone-catching game problem from Kyoto University's entrance exam.
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Abstract : There are many songs which use synthesized voices as vocals. In this study, we are
trying to collect statistics of 100 of them which are viewed the most in “Youtube”, a video
uploading website: which key do the 100 songs use in their catchy part?
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Abstract : In this study, we will investigate draw poker with rules that eliminate all elements of
bluffing and the like. We will investigate what cards can be exchanged to make it easier to
win.
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Abstract: We would like to solve The Collatz Conjecture, which was proposed

by Lothar Collatz in 1937 and remains unsolved to this day, using a method
that even high school students can handle.
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Needle problem and its application to regular polygons

Abstract

To determine whether pi is still involved in the probability or expectation of an edge intersecting an
interval line when the Needle problem experiment is extended to regular polygons.
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Relationship between lucky numbers and prime numbers through the Ulam Spiral

Abstract
The Ulam spiral is well known for its beautiful patterns. Inspired by this, we wondered whether lu
cky numbers with a distribution similar to prime numbers might also exhibit distinctive patterns.Th

e aim of this study is to investigate the relationship between lucky numbers and prime numbers.
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Abstract
We challenged to solve the unsolved “recurrence formula of stamp folding problem” . The goal of this pr
oblem is to find all the ways to fold a certain number of stamps lined up. Then, we are trying to find th

e regularity of these sequences of numbers using data from previous studies and other sources
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Which is the fastest:escalator,elevator,or stairs?

Abstract
We were interested in which is the fastest way to go to the fourth floor, so we conducted this st
udy.The purpose of this study is to find out which is the fastest way to get up to the fourth floor, a

nd to save time on moving.
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0dd perfect number

Abstract

Since only even perfect numbers have been discovered so far, we assume that no odd
perfect numbers exist and attempt to prove this.

(This study is limited to odd numbers from 1 to 100.)
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math puzzles
Abstract

This is a study of whether there is a regularity in the mathematical puzzle called
“"Make numbers from 1 to 9 using the same number (2 to 9) 5 times, four—rule operat

ion, and brackets”.
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Hop-Step-Jump Number

Abstract
In this study, we find integers x, y and z excluding 0 that satisfy x"2+y"3=z"4. This
we define as a Hop-Step-Jump number. We will use expression transformations to

find the way to find them.
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Considerations on the length of the in cycle
p

Abstract

In this study, assuming that p is a prime number and denoting the length of the cyclic section of% as l(k), we hypothesized that

there is a relationship between [(p), and l(pn). We proved thatl(pn) = l(p) x pn_l, but some numbers doesn 't match it.
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Beyond Euler’s prime-generating polynomial

Abstract
We love prime numbers. You might have heard of Euler's prime-generating polynomial. In this
study, we used Ulam spiral to visualize Euler's prime generating polynomial. We also examined
other polynomials through numerical experimentation.
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The matching rules of Penrose tilling

Abstract
| have conducted research on the Penrose tiling. Penrose tiling is an example of non-periodic
tiling invented by Roger Penrose in the 1970s. Penrose tiling uses quadrilaterals called the
“kites” and “darts”. In this study, | will discuss the ratio of the number of kites to the number of
darts. | will also consider specific examples of tile division.
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The Properties and Enumeration Algorithm of Superabundant Numbers

Abstract

| proposed a new algorithm to enumerate superabundant (SA) numbers
efficiently. To support it, extended superabundant (eSA) numbers are defined and
analyzed. The algorithm outperforms existing methods in experiments. Its
complexity and future potential are also discussed.
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Abstract

| suggested the new definition of number-theoretical function — r(n), involved in the reminder of natural
numbers,in order to add a novel fashion to the proposition perfect numbers.In this research,| revealed
the relation with other functions, the recurrence relation with itself,and the approximation as a
polynomial.
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Locus of the center of the circle of curvature at a point of the ellipse
Abstract
In this study, I researched the locus of the center of the circle of curvature and found out that the graph of the locus is the

same graph as the super ellipse.
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How can the best route in a theme park be decided?
Abstract
Theme parks are always crowded.USJ is an example.We wonder if we can visit more
popular attractions by finding the best route.We set up formulas using data such as our wait
time, travel time, and attraction score.We put these data and formulas into the program.We
were able to find two routes from each program.
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Inversion with Respect to Pole (4, B) and the Polar Line Ax+ By =1

Abstract

This study focuses on geometric relationships between the pole (4,B) and the
polar line Ax + By =1 in terms of ““inversion” in a unit circle, by virtue of renewing
a classical characterization of polar lines. We show that two poles and their
inversions on a circle whose diameter is a line segment between two poles.
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Abstract
The purpose of our research is to create a formula for accurate trash throwing.
We thought that if we could consistently throw trash into the bin from far away, we
could save trouble walking to it.
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A Mathematical model of pazzles with a recursive structure.

Abstract

In this study, we examined the Tower of Hanoi with an infinite number of disks. We constructed a
mathematical model called “N* Hanoi” and found a new formula for the solution. Furthermore we
found that reachable arrangements of disks form equivalence classes. Currently we are attempting
to construct the “ A Hanoi,” a model of the Tower of Hanoi with an uncountable number of disks.
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Are there infinitely many prime of the from n? + 1?

Abstract

We are researching an open problem called Landau’s 4t Problems. We compared the values of the counting function
for primes of the form n? + 1 with the counting function for all primes, determined the proportionality constant based
on numerical data, and performed an approximation. As a result, it was suggested that there is a high possibility that
infinitely many primes of the form n? + 1 exist.
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