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On the formula for factorization of nth—order expressions

Abstract
A formula has been found by Po-shen Loh to factorize a quadratic expression for x with a square
coefficient of 1. The purpose of this study is to extend it to cubic, and thus to nth order. They are

considered by using existing formulas or by extending the numbers.
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Visualising Trigonometric Formula -The Sum-to-Product and Product-to-Sum Formulae-

Abstract
The purpose of this study is to visualise the sum-to-product and product-to-sum formulae. The formulae are not
geometric and originated from the addition theorem even though trigonometric functions make geometric problems

possible to be processed algebraically. The pilot study of the formulae in a coordinate plane and a complex plane
are discussed.
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A Mathematical Study of Black Jack
Abstract
We are big fans of Black Jack. When we were playing it, we wondered what the odds are of winning Black Jack.
We were interested in finding the best way to help players decide whether they should draw a card or not. In our
research, we investigated the expectation of which playing cards may be drawn.
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REL7 Yy TAKXEFH S (k+1) =2%f(k) + 1ZDLWTDAS Y VEE
Collatz problem with “In reverse” or odd numbers f(k+ 1) =2%f(k) +1

Abstract
In this study, I tried two approaches to derive the solution of the Collatz problem. One is with
the "In reverse" method and the method using the remainder class of 6, and the other is a

generalization using variables.

1. B®
ATYYHEBIZTOVWTOUEZRHE L. BEZREDODIHD. 7IO—FAHEREEZ =,
2. A&

FEDO RELT7 Y TARELDEREEFERLI-AE

HiEQ EHEMALE-—HRKIE

3. ®BR
HiED
FEBEHLERAVT., T LHBONLIFTHIIRDEL S I2EKE D,
nx22k—1
nmod 6 =1D&E=E 3
nx2%k=1_1

n mod 6 =5MEE

3
Ff-.nmod 6 =3MEE, BONBZFHRNEELLZWI E”bh 1=,
HiEQ
BREMnZERALTRESAFHE2"Cn+ D)+ 1Z2ANTER S &,

m+1

m+1 m+1
MAERD & = @n+nx§%+2=(Mx3%j+@7ﬂ+0+1 LS EHAS

nABHOEE 2n+ D x32+1=(2nx32)+ (32 +1) ELSBHELSBONL,

4. ER
RELZ Y TARICOVNTIInDEKEERVTRIZKZEERD =,

m+1 m+1 m

—BBEIZDNTIE 2n X 37.37 +1. 2nX37. 314 1& Lo {BHIETRTm. nDiEES

WITBHIET, 2TRAIEBIVEINDZDNERDDIZENTES, 0D, f(k+1) =2%f(k)+1&
REINDESILGFHSf(k+ DIZTODVWTEZRSDI LT, SHITHEREZE/DIENTEDLEEZR D,
5. #&R

—HRIEICDONT, BII~NDEEMAZHEHDIZ LT, FATEOHRIENAIREL T o1
6. BEXH

Terence Tao, “The Notorious Collatz conjecture”
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Superpermutation and traveling salesman problem
Abstruct

Write Python code to efficiently solve ’traveling salesman problem’ using superpermutation.
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The probability of a golden age from now on

Abstract

Focusing on baseball, we also use the Poisson distribution to determine the
probability of a golden age.
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What’ s amazing about “Hikouseki” I

Abstract

| researched the “flying stone” in Laputa, one of my favorite Ghibli films.| studied
physically and mathematically the power of the flying stone that slowed down the
speed at which the character Sita fell from the airship, and the power that kept
Laputa afloat,| researched how large a force could be generated if there were flying
stones in the real world.
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LET’ S TRY SCORING ROOM

Abstract

In this research, we created a formula that can easily calculate the score by
simply entering the conditions of your room or your ideal room, and use the
formula to adjust the color of the room and make it easier to choose furniture.
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How to integrate some functions into one function

Abstract
This is a research which shows how to integrate some functions into one function. We can

make integrated functions using ceiling or absolute value.
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Can irrational number be applied as a random number?

Abstract
The purpose of this study to examine the randomness of a list of irrational numbers, by

comparing them with generated random numbers.
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7. ¥—7—F
R LM PR
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R TIEAS E SRS ERBIT OV T

On multiple series containing central binomial coefficients

Abstract
By constructing a recurrence formula with good properties, we gave a general formula for the

moment of multiple sums containing central binomial coefficients.

1. BH
Hhoe TIEMRE A B e L R 0% E B D
2. FiE

moment & AV 2 I LV ZEBBEWA D2 FRDNroTND.

e T IR A S e A BRI moment O — XA E HG AHEIC L) Pk TIHEAK A G TS
HRBOFHEZT 5.
3. MR

ATEFID moment DL A2 KT S Z & HSET-.

1

[x+- N-1 o "
By = [ 2] . FL(Nsm) o= E P A, [A“ = Enk]

Tix + ])1_[%] ot mtatw

[eraff] = (=1y [H+r(!+1]l
2 (m+a—-1)"—(=1)(n+w)
n+m+a+w n+m+a+w—1

1) ,
m+a- E] FLN;m)=(m+a-1)F (N+1,m-1)= E Bl
u=0

(m+a-1)"—(-))(N+w)" E\: (1 +w)"p
=0

- ﬁ:"‘\"-#:e'AN I
m+a+w ntrm+tat+w-—
N+m+a+w-1 +mta+ J

(2 &V ABRFIO moment D—ALFET 5 Z LA TE MO LRAERKICT L &

12 &LV HERR K D moment ~ & FEJE T & D HN DD A BRFIO moment, FEFRF1D moment %
WLHEIZE VWL OO LEMBEOFENE G2 5 Z &R
4. BE

Wi LA D BUWEIINC DWW TE 2 D WZ-method D & 9 72 3R G IEICIL FE 72 Al REME A
b5 DD MEREND D & moment 25 2 HHFTHLNIZAERZ R Z D LD 7
BAEPFET 20 TIH RV E B BN,
5. f&wm

ok “IELR R A B 122 AN moment [T B UVVE U oML AN L TR0, 20 B A2
5 Z LI E Y WL ono R TIRAHE G 0L ERBE ORBRAES S Z & A HRE.
6. ZEM
https://arxiv.org/pdf/1803.08747  https://mathlog.info/articles/TuWdcYqKmmNPThJr6iYDE
7. ¥—U—F
KAER—2 580 B IR E ST L ERAEL  moment
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EAD»LRBAICT 5 L2 EROR I HBFHLOES LY REL AIEA=ZABOFEICONT
On the existence of a right triangle in which the length of the perpendicular line descended from

the right angle to the hypotenuse is greater than half of the hypotenuse.

abstract
The figures we usually deal with are based on Euclidean geometry. However, this time I would like to take
a look at a triangle that does not follow one of the theorems, the inscribed angle theorem, and verify the

existence of this triangle using two methods.

1. H®Y
EADHLRIICT A LZERORIPFAD Y7 L W REL B2 EA=AVOFEEZIRAET 5,
2. s Ac

/A=90° OD=HIFABC DO /A5 BCICEALA-EHMLEOREAHE L
& ZIZBC/2<AH C{REL7Z2=ZABICBWTRD 2 ODEE» LFHR D,

*2—7 )y FEMFCEIMEAOERX Y AH OfxAfliZ BC/2 TH %, B H
(i)z—27)y F&MZCrTHOES 2R 3,

BC & AH 28bhoTwd L &, BN AEELZ Y CIo G L XFERAT ML 285
BoznZEnicsnT, ZFHoTHEE2H T, BH=X & LTHERX %2 2 ¢ T¢BH,CHoE
TERD, b, ABACOEI2kw3, 2ol BERICOVWTERT S,
(i)JE2—27 D v F&MEEZHV 2,

=2V FEMYD—DTH 2EREZMFICHE T 2MEAAOEHEZIAHAL, ZoEAICE
FEHORIPI—7 ) v FRMAYL DENITOWTEERT 5,

3. R
(1)BH,CHABAC 0 R X B3 2 TR 2 LEFEBBH L 2 LB bhoiz,
(il BRI M 2EIc B 2 MEAOEMZAH L 72, Bk Ecid, MEARFLADES LY DK

g RBT L2077,

4. E%

ADF X IARFERSZ S, HEREZAOREX L LTEENICED 22T, 20X RNET
D EZVHOERERD L E B LR TE L, T, HRARMECTIHLORE I ITFERL k5,
I T

MOREXZEBERA~LIRT B LT, 20X RNBREET 2L wx 5, £7-138km LA
EEMMTETHNIEZ DL D BB R Y L7285 LA TE B,

6. SE(M https://manabitimes.jp/math [ EfREEEDE L WYIEE
7. ¥=Y—F ==Yy FEMY¥, EEK MEAOEH, JEa—27 ) v P&y
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2V A a2z H W= Nin 1281 5 Grundy 28
Grundy number in Nim using two-sided dices

Abstract
In this study, | research one variation of Nim game which use some two-sided dices. | made a table

that shows Grundy numbers of each cases. | found out a formula to calculate the Grundy number

based on the initial numbers of dices.

1. Introduction

Nim &3 2 ATIT D 77— LT, WS ODOABREES> TTESRLUBAnEH Y, TrA ¥ —3LHIZ
1 ODUNBAEREOEE DALY RN TWVE, RKBEICTXTOAZIY BRWZT LA v — 3 FH
L7 %, Nim I CTITERA RNV —NVERZ SN TR Z SN TWD, KFETITAD»DYIT 1
E2DHDOHTHRESND 2HY A 20 % A7z Nin (28175 Grundy A28 NS % Rkd D Z &
ZHE LTz,

2. F—=LDOIL—)L

Lo AZmE, 20HEBnl L REZVW/EHE TS, LAY —IZ20EOY A an%, 1{#
1 ORIZEOT2, RUBOYA anzEg80EBIRY R 208 TE, KBGO M anzk
B B2 NORBEFRI & 72 D,

3. R -8

QYA 2 & T Nin I2OWT, #liiAd 2 OB O A aac o, iz 1 o0 A an
OfEHE Lz & 2D Grundy MO R EAERL LTz, ZORER, ENDNW OOMEZHRIL, LT
AT Grundy HEEHTEXL L2 L7z,m=3a+p,n=3b+q(a,b€EZ pq=012)tL, &
IFHEMMAOFRERR, g(m,n)iX 2 ILDA OEE N Z T mlE, nf# O FiE O Grundy # % %7,

3@®b) (p=qnPtx)
gmn)=43@®b)+1 (p—qg=-1,20 ¢ &)
3@a®b)+2(p—q=-2,1D&LX)

Fi2. 20O A avE 2T 1 OBICT 2548 LREBEORXT Grundy #5428 HT 252 LR T
XD ENbholz, I, 201 ORICTAILENRTEEZ A andEEEC LTV o728
B, 2OHOH A aup e 1 OHOY A aaOEBRBO L %k FLBRm, SF Y Grundy 23

0 ThrZEmrPInT.

4. BEXE
PERESCIE TR 7 — DO — N O R B % ERE 2014
5. ¥—J—F

Grundy #{ Nim
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BAHHESSIT7LTHTS Nim @ Grundy 3

Abstract

In this study, | research one variation of Nim game which is played on weighted graphs. | observed
the Grundy number of Nim on some kind of graphs. As a result, | found out some laws in the
positions that second player to win.

1. Introduction

Nim 1 Z2 ATIT9 7 —2DZ LT, WS ODDOAREF ST TEIRBnfldHsEE 2 AT
A VY —IZREIZ LI ODOUNAEEOMEBOAZIMY BRE, HREICTXTOAZIMYEBRW T LAY
—BBEOLVI =L TH D, NimlZZ < DIREIRD 7 — B3R ENTEY, 205 HD 1 DICH
HAE 7T 7 TS Nim BMFET D, AT TIE—HD 7 7 71280\, 77 70 anET
52 L THIBHEZ T D TEN RSN TV D, AHFETITLBHIE 2 B2 HWTIT 5 72, FrED
77 7D TNin Z{To72 & SIZR/EICH Y M THD Grundy B a K 5 Na i ~7-,

2. F—LOIL—)

FTRTOMIZ 0 LLEDOEEREI VY TONZ T T 7ERERMMIEZ T T 70, BERGE 7T 7 1
DEZD 1 SOTHRICE) Z B W IOREEZ 7 — 2O R & 325, 2 AOT LA Y —I34ZAHIZ, BIo
HDOTARITORB S TVWDHLND 1 DEY, WEZ00Ilih->Th o —HFOHEAIIHEL, #Eo7il
DELZ XD /NSVEIZHS T LW EIEZTT 5, IO H HTHRIZ DR > TWDHILDELRLNP TR
TOIZRY, BAEWO L TBETLZENTERI RoTe FOT LAY —DAIT LD,

3. &R - F8

BN E 7T 7COTHRDOERZV(G), WOEAEEG), 2 EREHSLDOELRZwWv)), B85 T
7 7GOHRvIZH D mE%EG,, G, Grundy B % g(G,) & B < . V(G) = {vy,vy,vp,v3}, EG) =
VoV, V105, 1,03, 130, } TH D T 7 7GIZEBWT, L TOEENRE N,

wwevy) =0, w(vvy,) =0, w(vvs) =a, w(vgvy) =b (a, b+ 0)0) L x
9(Gy,) = 9(G,,) =0, g(Gy,) =1

7o, UFToZ LR TPREINT,

w(ov) =0, wvivy) =a, wwvy) =b, w(vsv) =c D&

{c(a>c) c+1(a>c) c(a>c)
g(Gvo) = g(le) = , g(G,,z) =< a+bla=rc), g(Gv3) ={ a+bla=c)
ala<o) al(a <c) a+1(a<c)
4. BEXH

[1] Ve SCUR THEY 77— L0 F—7 — 5 L RBO RN EE 2R rERE (2014)

[2] #&IUEEE TA Nim game played on graphs| Theoretical Computer Science 304 (2003)
p387-p399

5. ¥#—DJ—F

Grundy 2t Nim AWV F¥F—ArH 757
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BEMBEHEZEEL - Nythoff Nim @ Grundy %
Grundy numbers of variety of Wythoff Nim

Abstract

In this study, | researched some variations of Wythoff Nim game. | made tables that show Grundy
numbers of each cases. As a result, | found out some formulas that show Grundy numbers of the
games.

1. Introduction

Wythoff Nim &1L 2 A TITH 7 — AT, WS ONOANREE > TTERIUN 2 2 5 IREZFIHH
fET 2, TLAY—IIZAIZ T DDLU DALEOEE O A Z T R EIE, £721% 2 2OoLnb
HELWVEBROAZTY REBEEOWTANZREIRL TITV, HERBRIZHBICHDLTXTOAEIY RN
T AXY—DBBHLERLIARMARS —LThHdH, ZOF—LOMBEITHEBE AN Tofrs
TWD DY, Nim O FEICHANCHE > TEHD 4 THNZE TH D Grundy ORI 2T SN
TV, RBFETIEAZ D N — VA IRR LT 87278 7 — L D RBEE & Grundy SOV TORFZE
AT o7,

2. EERLET—LDIL—

WS OMDANEES>TTERLD 2 >b D REEZWHRmE T 5, TLAV¥—IZLHEIZ 1 5D
I SEEOEEDOAZIY R EIE, £203 2 DOUNLH LN UDIREINTZHEUTOAL %
B BRSBIEOWTNNEZRIRL TITH, REZEICHBICHDLTXTOREZEIY FRWNTZT LA v —D0
HbErd,

3. ¥8

2 DOUIZHSWT Grundy BOKREIER L, UBIELZHIE LTz, ZORE, UTO LD RFHE®
Grundy B EHTHXEHE LT, £, ZOXNDEN0 THD X, ZORENPETFLRmT
%, @IFHHMAIEREELR, g(m,n)iE 2 LA DOMEED T Z i mlE, nfél RO Grundy Bz &4,

m=(@+Dqg+nr, n=(@+1qg,+7r (.90 €Z 1,1,=012,..,a 0<r+nr,<2a)LT5D&

n+rn (0sn+n<a)

gmm = @+ D@ @a) +k k={ TSRS

4. SEHE

(1] Pef SR THEY 77— L0 F—7 — 5 ERBO RN EFE 2R BrER 2014

(2] B G LZHIEEWIE) (77 —F Y i EIc X557 — L8857 £ X b 2006

[3] Aviezri S.Fraenkel, How to Beat Your Wythoff Games’ Opponent on Three Fronts, The
American Mathematical Monthly, 89:6, 353-361

5. ¥—7J—F

Grundy 2t Nim HGHEY ¥ —A
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HERIC K B BABDIENICOWVWT

Integer partition with divisors

Abstract

This study aims to determine the number of ways to partition a natural number n using only its divisors.
Although we were able to derive a general term, it turned out to be quite complex, leading us to conclude
that there is still much room for further research. Additionally, we were able to find special values for

cases such as p™ and pg (where p and ¢ are prime numbers) , and we evaluated them using inequalities.

1 BH#®

AIRDERINE, ERM 0 L, ZOMBOATHE L. L 2OBEOHK d(n) 2 kD25 2L TBHS.

2 BREFICLBER

3, BT OWTEZR TV p" R pe(p, ¢ BHERL L) 220 EERAWTOEIT 25502 A
FFIC X o TERLHER

1 PAn  PAn—1 PA3 pA2

=3 Y Y X Y deg= T

An=0Xp_1=0X,,_2=0 A2=0 \1=0

YD, WFhAHBLRZERTROT I TEL. AROTFETROERE n IOV TEX L 2 5.

(2= Um/\'m] [n—ﬂm%m—dm_l*m—1—"'—04*4] [n—Uan—Um—l*m—l—"'—64>\4—03*3]
Tm—1 o3 D)
m=0 Apy—1=0 A3=0 A2=0

Z.n,o)r'ffjﬁ. R log=1<o09<o03< - <opm=n
WIS D, AT A ENRILA > ZFE LIS WBIZR o 72, RERGETIE p I TOWTOZIEN L 72
b, RN THI 20, —BINCIEEELRZHEHACR LRV E WS Z bbb o7z,
3 ERTRICOVWTODER

—BALICBT R T VIS AERFHEEEZ 2 Z 2Lz, T d(p") oW TE Rz, filc, ¥ 7<%
AT TINMTEEEZ TFMET 5 2 2T,

P +p"t+-+pP+p+1)"

n(n_1)
nlp~ 2

pn+pn72++p2+p+1n
( nn—1) ) <d(p )
2

nlp
CEMETE 2 e FRTEZ. Lh L ZIUIKEEMEW.
4 HERELSEORE
i e LTI, RS20 Tiddn) 2 RD2 Z e B TEED, —BILIZEETERDL -T2 SHROE

3, FFRAQP") KOVTED FOREREHES S L. 2 LTZ R YRV S 2 2T, —ii
7 d(n) COWTHED BV R FRERD 5 2 LA d(n) DEEHT 2 2ICo%H % L EBbNS.

5 BENHE

GW.7YFVa-& K 2V ZYy & EREUR R BEONE. BeeERE. 2000.

6 F—T—k
BABOZEH BA LT Mk
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Senior High School at Komaba, University of Tsukuba

NRITFZATAAF
n-dimensional astroid

T ®A$THL 3D THEEFNLT

n=3 COMMOMLEMBTE ET

Abstract
The aim of this article is to find out the geometrical property of “strictly-defined n-dimensional astroid”,
whose equation is Z; xi?® = 1, by defining and analyzing “weakly-defined n-dimensional astroid”.

1. BM

2R EENEIX, Yyl EICEOR S 1 OBy ORI, TATaA REMER, xR +y?R =1
EWV )RR TR REND. AIFFEE, IR nReT AT A RR5XEE2ERL, TONEEE
BITHIET, ENRTT AT A R LixB=108MENHEEEL ROTHTZL2HMET .

2. A&k

JRFENRITT A7 0 A R Tn RO I 1 > OTE S %2 B BRI S 4 1 L 72BN
AT ARIE) L EFRTD. T, IRFWIWITT AT 04 & 4 S{ERL LT-. & e I EET 5
3 i A(a, 0, 0), B(0, b, 0), C(0, O, )T FRIED & 2 HHESRAMFO~@ 2 LT, =¥ ABC O ik D
FOMEEE 2. 1z, —DOn(=3) 1TxtL, &R EIZA ALAL . AEED, ThHIZO~
@ L FEDO AR 2 L TRFEN IR T T AT 0 A REER L, FREEOME RN 5 0RGEE Lz,

3. ®BR
=M ABC OEEH DFFOMEZRORIZE LD D, a, b, clFbhm O, #Bm A B, CDOXY [,
LICEETZHD FEFHDOR B E DR f&TH & ABC DEER
@ ABC OmfED 21  b%c?+c?a’+a%b?=1 - ABC D4k0»
® ABC & O OifEk b2c2+ca?+a’h? = a?h?c? X2 +y2+72=1 ABC DI
® OABCDRFED 31 abc=1 xyz = 1/38 ABC D H [
@ a+b+cHREX (@®+b%+c?)Y2 =1 xR +yR 4728 =1  ABC Ol DR LA

FHERMFQODITWFTN G FROME ZFfOIRF n IRoLT A7 v A FEAERT 2 DI 5. 3k
T EDOHARDO LI L THERIERIIER T RVD, @A L ODOMELIS—RAL FIHE.

4. EER

HHELMEO~QIX=AEOTLE LTAELTR 3 HAad5 27, BRSO A BRE B8 P 28
D POKEI~DIESFAZ A B, C (AL Ay, , A)ETDHZLELERETHY, RET AT A ROKXE L
2Tz, ZHIET AT oA RN 28N R EZFOEI 1 OB OAKEBRTHDHZ L eRtIE LTS,

5. fam (RLEELGHROH)
HALEER T B O R OBEMA~OIERE ZTHR L T2 BARIE, KEnRILT AT 04 NIZakT 5.

6. &3 Encyclopedia of Triangle Centers — ETC gtpsitacutty.evansville.eduicksrencyclopediaeTe.nmi) ¢ < [ B H 24/7/18

7. F=0—F &M TRATuA RN ZRL L ZAROIL ZABO L Wi
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NRAZ=RTAIET S
Investigating 3 dimensional Nine-Point Circle
Abstract
Examining possible patterns of figure that can be regarded as “3D version of
Nine-point Circle” and checking whether it has the same feature that the original
2d figure has.

1. H®

NEMZ ZRICICHEE L0 L THRADREE2E 2, TOMFELZERL, FiE LEous
MICRONAMEZ =R TOILEHICEWTCHEIGTE 2 Eil5, £z, £iE n Roo~k
ET5ZE52E2 D,

2. &
OEOLNFETHIURIKEZE 2 D,
QMmELOLNIFIE LR (TESD B X E~D IR 1 8 TRD 52 U

RIZBA LT, HUOWEZROIRPFE LRV DPEEZ D,

3. #R

O LOWGE (BERMUEROSE) 1%, WEAROED ETERZ 1:2 1T
DT B, AEOEL, STEESNDHE~TA LZERO RO 12 50
[Fl—EkmE EIZAFET D, e
QLD Y IZ Monge BARHAT 5, 7272 L, Monge & L IZNEAEOA DO T EZEY, Xk
CIEER 6 OOVHMNIEETH 1D ETHD, ZORE, —FEOMEAKIZIBWT, Monge sl &
THAZ 12 ICW T 28 &S5 EOTERO 8 UL F—Ekim LI FET 5,

4. ER

FADREEL GG oM (F2MEAE) (B L T, urfE ZROTiiik L7z b O L 51
AERMNEELE, ZHICELT, n RTZRICB W CETHANRR D n ADHl Fich Bk
A, nRITIZBITHFBEOEKENRTFIELE D TH D,

5. ¥R
3WILZEMNIC IR LR 2 Z L3 TE 528, EIMEARICIRObN D, —J5 T Monge A& 5
AT RO EARIZ S LR SR ME 2RO E2E 2 b,

6. BEXH
[EHEHFEDELVYE]  (https://manabitimes. jp/math/690)

7. ¥—7—F
LS EAVUEA  Monge s T HER
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Initial placement in Sudoku and the results of the study

Abstract

I have experimented with deriving original answers from the first placement

of a Sudoku. I was able to find six first placement from two sheets. 1 looked
for legalities in the results obtained.

1. B®

BMICBTOHIECLDOHFOMEREGRERARDL N,

2. Hik

1. ZEZLNITICHESINTWLWAHHMOLO— AL, MBOEHEZMA., HFFiR
EWotf-, SEIIEH/HELT, IX3DTOYIDRIZEEASATIZROD=
DERLEBEREL LT,

2. FERLEBMERN-LEZIZ, TOZADHANEEHINLINEH LT,

TDREZEANEETHINGINE., RRZZFELEEZEA THIELZT o=,

4, ELWVWEZNHASINEHEEZLEN, REIMEERE L, FETT—HER
ESNTULWSEHBINZNIDELDERIE LT,

w

3. BF
20D — ki, 6 DDWHIREZR DITHIT ZENTET,

4. ER

Sh.,. EROENSEAROTOSA VICA>THHEEZZ L-TOETHRELL
T, ZTORENSREBT I2HFEZ2MHTRELTW AEATYHREZELE. 2200
S— FTOEWVIEHEDRENSEMLERFOEHAFALEFADS—FT1D
ADERGH-ERMNE Iz, T2 T, MHPREZER L. HFOEREDBEKH iR
ThHhDEEMTI2HFOEHRN/EZZDTELBELOMEERLT,

5. #5im
SBEOEEZLELT., SHENE-HRUNDODUEEZIEL. #Hi-LAEEOSEH
LE=EREZXIUYEHLIBREEL TULVEELY,

6. S5XHE
+ > 7L YIL/A— (sudoku. com)
https://www. numpre7. com/ai_answer

7. ¥—J—F
B4 WHEE
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REICHE TN FRADOARRBROELERICET 5B
Considerations on Approximate Linear Approximation of the Cumulative
Number of Twin Primes in an Interval

Abstract

To infer the value of the cumulative number of twin primes, an approximate
straight line and coefficient of determination were obtained, and a new
approximate straight line was obtained to further narrow the range of values.

1. BM

100 % 1 KNS L2 TR B0 BRI M 2 i L. S MEM OS2 T 5,
2. A&

BRRAES G A 35000 £ THA, BB, BREENZNDIE T excel TP LIRE
RE A ROz, TD LT, 2 DOV T T7DRRZH L, FEBRITNF RO BFEEEK
DENZBICFAET 20 MENDDD, ZROM (IF) 2 TELRVKDLND
Lo e K RdTe, o, TORXDORERE S KD T,

3. &R O I TRERE
250777 : Dy=0.2355x 0.7359 (0.9989) @y=0.0141x+53.509 (0.9937)

) QE@DAM

) @O I kDB

—y=0. 0136846x+73. 4573
(0.99368671)

KEDOTZ7 7D 2 55#@é:5%@%UDXZ%lza§&0>—ﬁ%ﬁﬂﬂi&%&bh%x?f26é:@é%?ODjiﬁ> a5}
D, FRELETHLEDTNRETHEEDID NZhoT-, £ THAIZ iéﬁén’*?
RO, WERBEZRDIZLEZA LITEL 2 OQDHE L IFIZER CIZ - 7=,

4. ER

fE2Y 35000 £ TORF-FEEORFEMEIZBNWT, BRFRTIHIZEAER ZH>Dir
RIEARDOFIZ AL TWNDEEWVWIRENTE L, £, RERBDOELY., —>0ir
RIEARDOHE OMEIZ L > ERDIENTEDH LEEZOND,

5.

WF-FH O BFEMBUL— B D L 5 72054612720 . & OEEOMEITFERE O RFE
fEE Ik 2 oD IEAR ORI AT 5,

6. &M

https://www. saoyagi2. net/integer/twinprimelist. html

7. ¥—7—F

WA-EH PR B EEIER
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ERFTEMICE TS REKEOR/NMNBEAKRDOKRO A LHEH
How to find the minimum enclosing sphere of a set of points in
three-dimensional space and its range

Abstract

| will prove how to find the minimum encircling sphere of a point set and, based on
this, prove Jung's theorem, which shows the range of radii of the minimum
encircling sphere, although only in three dimensions.

1. B®
2T DEBD =ZIRITT DR T2T 2 H)EER 7200 2 D ToRT,

2. A&k

SELEICH > TW i/ NAPAH ORD Fae b &0, &
INEIBHER DR O A2 E 25, £ LT, £ 2 THIERD H
Sy T OEDO ZRTOHAEEHT 5,

3. &8 e, |
RESZW) T+ REVEREZHAET S, TOROPRZEKmMICANEDL ET/HS
T2, WIZEO—SOHFMIZHLEHNT, ZLTEHEILEmmICH > —D2>D a0
FEDHETHRUT D, IHICZOEKE EIZH D a2 SERO G I OEENT,
EREIZH ) —DDOEBESLETHT D, TLTCZOKEEICH D = S3EL2mDN
MU HLAEEID T, SEIBEKEICS 9 — DD R EDL L ThHIT D, ZOEENTE
RIFNIEF ORI RO TH D, ZOIEERZ A EBIHREN RS RDHET
M0 TR NVEPRAERIZ R 5, T OERO R RO F-ERITE M AR O EER D 48 & %
LL 7%, ZHUTr 7 OEMEFZE,

4, EE
n KT TITEBER A B 2 DEREN 2V 2 & N/ NMOFBERIC e DRI L & 2 7,

5. &%
=TT B T OER G MM TR D,

6. BEXM
(LX) He 9—FT vy, 0 T—F Y »WE
7. %—7—F

MR B/ NOPER = 7 OE B
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Detecting specular reflection by using Deep Neural Networks

Abstract

There is limited research on detecting the glossiness of objects using deep neural
networks. Previous studies have demonstrated the feasibility of this detection using
128x128 images. This research aims to enhance glossiness detection by employing
higher resolution images, enabling accurate detection from greater distances.

1. H®

F =T =a—F )%y NT— 7 & HO T8 A O BRI F2E TiT by
TEY., ZTOMEEIT 128x128 Th o 71-, AMFZETIL. 512x512 O Z W TiE
FEEEN S O EZARRICTAZ 2B E L,

2. Ak

Blender MW, #Ax RBRETIZBWT, SEmHE2 3T 28K, LaanEkoznz
NoOmEGEEERL, CNHE2HAB TS5 DN 23 LT7Z, BitT—2 2\
EfiFR 2B LTz,

3. #E
REET — % COEMERITH L% 90% & 72> 7-, dropout JEAEIMT A Z L2k -
T, BFEEMZ DN TET,

4. ER
B IIARE R 3B b BICHESCT Z T, BEXMKELS ERLEZENS, 8
M EZ R T 2 72D3 DR AT D ERNBEELEELZOND,

5. 5%

512x512 OEARIZB W TS, SBEEH 2 EBE CRET52Z LITRETH L, 4
s Ea—XTL XY T LEEBOATEERZTo7-720, BLEHMROME
BIZIAETE DT RAETHD ., RS HBORETH 5,

6. &XHk
F =T ma—F Ky N — &N WIRER ORI

7. ¥—70—
DNN EE5E  mERE Sim s HH

-292—



EBI/NRINPEZFER
Koishikawa Secondary School
AV s DA NO VA B TR/ &
Parrondo’s paradox

bstract

This paper examines Parrondo's Paradox, which demonstrates that by combining
two games with negative expected values, it is possible to generate a game with a
positive expected value. The study not only explores the paradox itself but also
delves into its implications and applications within the framework of linear algebra.
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Minecraft -~ 72T X NA TV =7 MDD R

Abstract

This study aims to optimize Minecraft object data output for regional reproduction. We compared
topographic maps, Google Earth Pro emulation, and 3D data from the Plateau Project. 3D data was
superior in time, coverage, and detail. A hybrid approach is recommended for detailed regions.
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3 HHH b & HERZ AR 5 DBIFRIZ DN T
The Relationship between Three-Term Recurrence Relations
and Infinite Nested Radical

Abstract
| found a relationship with the limit of the quotient of the two adjacent terms of a
sequence and the number of the infinite multiple roots. so, | explored it in detalil.
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The Relationship between The Circle and The Number of Pairs
of Sums Equal to The Rounding of Products

Abstract

| found and proved that a circle whose radius is the square root of an integer passes
through the endpoints of the graph of the equation round(xy)=x+y. | also proved that
this holds not only for circles but also for symmetric polynomials.
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Finding the shortest path using Fermat point

Abstract

(In English, within 4 lines)
We researched how to take the point at which the sum of the line segments connecting any vertices is the
minimum. In the course of our research, we know the existence of ""Fermat point," which is the point where
the sum of line segments from each vertex of a triangle is the shortest. By using this point, we tried to find the
shortest total distance for each vertex in a regular polygon using this point.
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Probability of Old Maid

Abstract
We tried to solve the Probability of Old Maid. Especially, we explored the probability that some player

got one pare for the first time by “recurrence formula” and “matrix”.
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Regularity found by changing conditions of Goldbach conjecture

Abstract

We researched Goldbach conjecture. Then,we emphasized its pattern.Please listen last.
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The rule about the way of folding stamps line up under certain conditions

Abstract
Our group is investigating the number of patterns to fold stamps arranged in a row. We are

looking for a folding pattern in which the leftmost stamp in the row is always at the top.
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Evaluation of game play by changing the rules of tic tac toe

Abstract
We changed a rule of tic tac toe, and we research the game quality of it by

programing in google colab.
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Existence of rational points on quadratic curves

Abstract
It is said that quadratic curves can be divided into two types: those with an infinite number of
rational points and those with no rational points at all. | tried to find the conditions for having an

infinite number of rational points.
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Multiple mean inequality

Abstract
It is a research of what happens to the relationship between the means when the order of
meaning is changed or the number of means is increased using means such as arithmetic

means and geometric means.
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The invariance of angle by inversion of the ellipse

Abstract
We defined the inversion of the ellipse by using inversion of the circle and we researched
how the angle changes in the case of the inversion of the ellipse.
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The properties of the fractional function’s graph

Abstract

We studied the properties of the fractional function’s graph in order to predict the
outline of the graphs. We found relationships between f(x) [an arbitrary fractional
function] and -1/f(x) in terms of the local maximums, local minimums and inflection
points.

1. BH®
BB DIERE o, £ 0iERIZ EE PR EO 7T 7 oMEEEL 2 LILIE
H4 2,

2. Hik

EBEER £ (x) L BRS- 1 /1 (%) 12, 1R
R OB RN OEERH D & THEL,
ZDORAREFEA LT,

3. B
R £ (%) Do RE 473 0 Tl

X DIED & %

®f (x) &= 1 /1 (x) DEERED —ET 5 ) = -2

@f () &-1/f() DEZ 0 Th B4 e
LD x FEREIR—F % i
F. BB ) D THODE X T n

b, BE-1/f0 D77 7OIENL, £D x DIEICWIENH D5 E D 0 ERD
NoZENTINoT,

4. =R
SEBEH ) DT 7O EEE N0 AR, -1 /fX) ZIEH L TR
ODHZENTE, V79 70WEEES LEIRLTHIENTEX D,

5. SEXH

Focus Gold #FI Hraffe H (FEMREE) . GeoGebra Bk 7 7
6. ¥—7—F

DB o7 B WAy WE Zdhs

-35-



BHRINABTEFER
Aichi Prefectural Kariya High School

WEEHENNERT HI—IL KN yNTHE

Considering the Goldbach’s conjecture from necessary condition

Abstract

| investigated about the Goldbach’s conjecture by using the congruence
equations of prime numbers . Then | expect that the problem is almost true.
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A Study of Odd Perfect Numbers through Divisor

Abstract

A perfect number is a natural number whose sum of its divisors equals twice the
number itself. Using the divisor function o, which returns the sum of the divisors of n
for neN, a perfect number can be defined as a natural number n such that o(n)=2n.
Therefore, we have researched the properties of this function.
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Math Game ‘Concyclic Points’

Abstract

We study a board game called ‘Concyclic Points’. In this game, two players take
it in turns to place dots on the board. A player loses when four dots are on the same
circle. We look at the number of endgames and the winning moves. We find the
move that would be a must-win on a board up to 6 x 6 in size.
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Mixtilinear incircle and Mixtiplaner insphere

Abstract
At first, we studied mixtilinear incircle. Then we find several properties related to mixtilinear
incircle. At that time, we thought “Can we enlarge this concept into the third dimension?”

Therefore, we researched an O-Mixtiplanear insphere of pyramid OABC. As a result, we were
able to find the existence of Mixtiplaner insphere.
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Abstract
Brocard problem, which is "How many pairs of (n,m) which fulfill nl+1=m2". The formula is very simple, but it is
unsolved. It can be proven with ABC conjecture, but we are trying to prove it in other ways.
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Integer Solutions of Cubic Equations

Abstract

| determined whether a given cubic equation has an integer solution and what it
would be. Assuming that it has an P, | determined the conditions for P using the
coefficients and divisors of the constant terms to determine whether it is integers.
| also discovered to determine whether Nth-order equations have integer solutions.

1. BW
2 6z ZIRFRERXOBREN S, 2O HBEANEEMREZFFoO0, 2% OEE
DEZRD D, EHIZ, n RO EETHHEZDNEZ D,

2. Ak
B S = e’ + asx” + ax + a S BEEp E MR L UE L TARPEAT .0
3. R
B f ) = anx™ + ay_ x™ 4. tax+a, (n>3) . ay=a,8, (a,>p,;7

I(IJI > Iﬁ]lo)%éii) @& %l] = i(a]—ﬁ])\ (a]—i]) = a2ﬁ2<a1ﬁ]k ﬁ E)@& %12:
+(@o—=B2)> A+ I—in ) =apfy (@), LR L) DEZi =+(a,—p,) & EFEL
T, 5B Hphp == + D+ (an ,+1>2 fan (Ot min2) 2G5 1= 9~ L SFEAET D & X
ﬁ@iﬁ@ﬁﬁﬁ%o itpﬁhg%*%ﬁ;&%@apmk FL-E X, piﬂﬂ@%
LD,

4. EE
WENHEZ2 L1207 &Y 2 (FULEDBEASTINRETETCLEI D, v
Va—HEHWidiiE, 6 L EDOFREITE THREM D)5,

5. &k
« n IRITRERNEEIRE Z FF OO, T L X DEBIREEZRD D Z LN TET-,
c 6 RLLEIC2 B LT OBES T OWEY BRI > TLE I,

6. B&XW
https://ja. wolframalpha. com/

7. ¥—7—F
SRR R R RECTT R AR O BELR

-41-



LEWKEFEHREFFR
Mathematics
EROFNESOHIEL

The quantification of blackboard dirtiness

Abstract

Using statistics and image analysis, we quantified the degree of soiling of
blackboards. We used subjective evaluations of the blackboards obtained from
many people and data obtained from photographs of the blackboards.
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The proof of point existence that n-th power of lengths of divided triangles
are eaual

Abstract
This investigation is about “Triangle Center” in plane geometry. It shows the proof

that the point that divides a triangle and provides three triangles that each sums of
the n-th power of each side are equal must exist when n=1. In order to prove that, |
used the analytical way, gaining an implicit function and proving continuous and

bounded.
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Products of m consecutive natural numbers

Abstract

We studied whether the numbers of products of m consecutive natural numbers that
has m kinds of prime factors are limited or infinite.We substituted each number, found
its patterns, and checked them.
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Elucidation of the relationship between the number of cards in hand and probability in
UNO

Abstract
We considered the regularity of probability changes in UNO.
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The problem of coupon collection

Abstract
The coupon collector problem used in prior research assumes equal probabilities, but

we are considering a coupon collector problem with different probabilities.
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Trick art by graph

Abstract
We attempt to draw a picture that looks three-dimensional by using graphs.
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Visual proof of the relationship between the magnitude of additive and synergistic
averages using origami

Abstract
The goal of the study was to prove visually that arithmetic-geometric mean was valid.

1. H®Y
FOMEE NS Z & TR - FEIREE O K/NBERZ R IR T,

2. Bk

AERIOIERIC DT> T, AEBEOR SR L, £omzfb s LI RO 2/ 5,

LSRR B, T OBEICE 5 TR S “Zi’ Dy LB S Vab DR . FREE

SRR TIER L, AR - AR O RO NBIFR A T AYICRER] L 72,

3. B

PO TIERIT 2 2 & T, RREAIZFI « A O R/ NEIRA L U LD Z & ARtz
F72. a & b DOENNSTITNENZEEEZITES Z E B HRREMICHNY 0T RT 2
EMNTET,

4. E=®
SERHLITVMAEZH OV THER TE A2 Z ML NTWVWADT, RULIIZ3EITBITAH
- FFEEOR/DBEFR L IT VR THREMICET Z ENTE LD TIT WD,

5. #&h
P10 Mz O T EXNIARIN « AR O R/NBMR Z R R T Z ENTE D &m0
776

6. &
FUhvab—— a3yl ~2014) [P0 EA[PDF ] #)5EER AR

7. ¥—7—F
FRON « FRSREEI O I NBEER, HT 0 Ak

-48-



RERFF ALK FRIEFPR

Osaka Prefectural Otemae High School

¥ p & Up ORBRHORSOEE R

Relationship between prime p and the length of the circulating clause of 1/p

Abstract

Circular Clauses

We were interested in and studied the relationship between prime numbers and the length of circulating
clause. We made a hypothesis and proved it using a congruence formula.
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Prime number generator polynomial

Abstract

This study aims to surpass Ruby’ s quadratic prime generating polynomial, which pr
oduces 45 consecutive primes. Using congruence formula, we refine coefficient cond

itions derived from quadratic congruence solvability criteria.
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About the factorial number which equals to the product of consecutive integers

Abstract
| have wanted to prove that the product of consecutive integers cannot be a factorial

number ,except for the example “8x9x10=6!". | was able to prove that “2"x(2"+1) ”
cannot be a factorial number. | want to extend this proof to the case of any two
consecutive integers and then any consecutive integers.
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Mechanism of light streaks

Abstract

We researched how light steaks emerge on a camera screen.From experiments,
it was found that light steaks is made at a camera aperture and diffraction happens
there. As a result of research, light steaks can be explained by diffraction’s
superposition.
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Domino effect

Abstract

Have you ever played with dominoes? Actually, when you push the first domino down,
dominoes accelerate their speed at first but they eventually stop their acceleration and
begin to keep their regular speed. Why is it? We used recurrence formula to solve this
question and managed to make a formula of the domino’s final speed.
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Abstract

We have been practicing badminton in stereotypical ways, then our results haven’t
been better. From this, we thought that the practicing ways didn’t suit us and we
want to make tools to find practicing ways that suit us. This is why we do this
research.

1. H®

- HITEIEEI CH AR U L 9 RBE A2 L TR, ZRTIHEERH E 0 Hiah
o7, T LT, HEPBHIZES TV VWO TIERWhEEZ . BOWLH - -#E
FHEERDTHTZODOY—NVEENRTHZ EEZBELE LT,

2. Ak

NRRI VM DORE DO 2 WG gt 7 7V TN L, INEE L7=F — & % Python C
EWT T AR ELIATLZ ST, BOOETF RV a vy ha—2 &4k
ThH, TNELEICADICHoT-HEH A =2 —%2E 2 5,

3. R
B CIIT — 2307 R/ TWRRN,

4, EER
Nl HoT-EHA =2 — 2RO 52 6T, BHOOEHMES ETU RIZHERLL
Ex, FETAHAIAE—FRKE2 T2 ENTE S,

5. #5ER

AR FRT N BB T CE 2 L) I, REOETSICED DA EMD Z EMNT
X, ZOHDOIBITHET L ENTED, iz, OO a— N8z L - &
FNS L2, JU—2 3T XTI TH5ZETEVFHELL B AZED HH,
WEOEZ EF5Z LT 5,

6. &XHk
ARERRERST (2022). [HTIML&CSS & Web 7H A N 1 TEBHA EHIZHOIAK] . £
DAL R ER AL

7. ¥—7J—F
NRIV Ry RAE— VRN

-54-



0534 KRG AF 3L P& f6R B 7 5 2 42

EREE. BEEREHEC K DEEERDARIE

A Visuadlization of Arrangement by Machine Learning and Image Recognition

Abstract

Clutter in living spaces such as desks, bookshelves, and drawers is common for
some people.However, getting organized is time-consuming for many people.
Our research will use machine learning and image recognition to make various
suggestions, for example, on how to best arrange things.
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Abstract

The aim of our research is to work on four-dimensional objects using Unity. The
projection of a four-dimensional object into three-dimensional space was
successful. However, rotation and movement of the object are not yet implemented
and should be a future goal.
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Prediction stock prices using Quantum Machine-Learning

Abstract

This study explores using quantum machine learning to improve predicting stock
prices. Our goal is to analyze complex correlations in stock price data and
incorporate this information into predictive models.We tried to achieve more accurate
predictions using appropriate parameters that influence stock price movements.
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Abstract

Two years ago, the research team of our school created a new math game called “TODAI
Gomoku-Narabe”. It was inspired by an entrance exam question of the University of Tokyo (TODAI),
and this 1998 question is said to be a “legendary hard problem” because of its difficulty.

We will look for a theoretical winning method for this game
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Abstract

Pascal's triangle has the property that if you pay attention to the remainder
divided by two, a fractal figure called Sierpinski's gasket will appear. We investigated
this property and examined whether a similar figure appears when we focus on the
remainder divided by other prime numbers.
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Extension of the magic square to three dimensions

Abstract

In general, if the condition for a 3x3%3 cube is the same as that for a magic square, “all the sums of
one column each of vertical, horizontal and diagonal are equal”, there is no cube that satisfies the
condition, so we considered the cube obtained when the condition is slightly relaxed by using the sum
of one face as the criterion.
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abstract

Whether a point moving on a grid point with distance Vr (where r is a non- negative
integer) can move to a specific coordinate is determined by a simple calculation.
We have examined whether a point can be moved to a specific coordinate by

adding the condition that the point can be moved.
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On the generalized number of inversions

Abstract
For generalized substitutions, the total number of inversions is obtained by defining a pair or
subset of pairs or subsets with a larger or smaller relationship.
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Unequal drawings

Abstract

We research how the order of drawing will affect the probability of winning in the unequal drawings without replacement. From

the calculation, we made a conjecture that one draw earlier tends to win the drawing if the probability of winning is high.
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The Definition of Continued Function and Its Surroundings

Abstract

An object termed” continued function” can be formally defined as a generalization of decimal
numbers and continued fractions. This study aims to determine the mathematically meaningful
definition of the continued function. the author defined the continued function and its
approximation, providing an analysis of the approximation’s value and convergency.
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Properties related to superabundant numbers

Abstract

I implemented a Python program to list “superabundant numbers”. Also, | devised an
improved algorithm using mathematical properties and implemented it. From the data
obtained, | observed that the k-th smallest "superabundant number” N seems to have a
roughly proportional relationship with k and log(N). In the future, I want to provide a
mathematical proof to see if this property is correct and improve the listing algorithm.
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How to determine the gateway in the partitioned parallelization of Dijkstra's method

Abstract

We know that the Dijkstra method of split-parallelization is effective from its
computational complexity formula. We investigate how to set up the gateway for split-
parallelization to reduce the search time the most.
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The number &

Abstract
We have conducted research on the number = . First, we studied Machin’s formula
to improve the accuracy of the approximation of = . Second, we evaluated =
probabilistically using the Monte Carlo method.
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The ratio of the number of tiles in Penrose tiling

Abstract

We have conducted research on the Penrose tiling. Penrose tiles are an example
of non-periodic tiling invented by Roger Penrose in the 1970s. Penrose tiling uses
quadrilaterals called the "kite" and "dart". We will discuss the ratio of the number of
kites to the number of darts.

1. B®

R —RZ AN EF, BV p— e L m— X 1970 FERITER L FEE
RGN SNDZ AV 7 ThHD ST Z 72 WS FdE<e 5 [a][a]ix
MHELE B2 5) o A4~ (Mofk) LXx— (Mof) EMEEns 2 fEON
AR EHNCTEA Y T E2ITH, TOWSRFORANT DN TEREIT-> TWL,

2. Bk
o (IA e b R A — (X— &2 5K
W) DolE LoV T EaEXDH, XAV T
Z~ >y Fr TN — VWD LI T TN, v~y TF o7
=L T A FRH — MZENNLE
HIWRNE 5 X Z AN EWRD L
IN—IL T D,
YA hEEXY— N EE 2, HAIMIC
FNEMILLIZbDEEZD LN
LT T N— WD, T ORA
THAV T HEREL LTV Z &%
EB2D, ZDEED MR THLX— F &
BHA POEEDOEE 2 T\,

3. &XH

R ma—X -« XA/ VWikipedia

4. ¥—7J—F
~Nom—XE A FEFEEME He

Wikipedia > — X « X AL 1Y

-68-



EERIMEIREFER
Kakogawahigashi high school
A 2O0DOBKRIZKSHS B DOHERES

Probability variation of dice rolls depending on the shape of the dice

Abstract

The shape of dice is generally regular hexahedron, and the probability that each
surface will appear is equally possible. Therefore, we generalize the probability of
each surface appearing for dice of shapes other than a regular hexahedron.
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The research of “Majin Dashi”

Abstract
In this study, it was verified that in “Sosu Daihugou” the “Majin Dashi” method under certain conditions is more effective
than “non-Majin Dashi” method in producing prime numbers.
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The period of remainders when the terms in Fibonacci sequence are divided

by a natural number

Abstract

Previous research has shown that the remainders of Fibonacci sequence terms divided by any
natural number are periodic. We discovered and proved theorems to determine the length of
period when terms are divided by a composite number by applying the period length when

divided by a prime number.
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Right position of Light

Abstract
One of the most important ways to reduce carbon dioxide emissions is to reduce electricity
consumption. In this study, we focused on streetlights as one way to achieve it, and considered the

placement of streetlights with the lowest energy consumption.
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Relationship between the locus of the nine-point circle and the five centroids

Abstract

After reading a textbook, we became interested in the nine-point circle and wondered if
there was a pattern to the locus of its center. One vertex of a triangle was moved on a
graph of y = 1/x. The points that were related to the locus of the center of the nine-point
circle was investigated and the relationship was considered.
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Digit Sum of a Perfect Power

Abstract
We study a distribution of (a, b, ¢, d) whichsatisfies s,(b%) = c. First, we considered number of digits of b% and got
1 < s4(b) < (a— 1)(llogyb] — 1). Second, we studied the sum of the first and last few sets of digits and found some patterns.
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Consideration of One Stroke Sketch

Abstract
We wanted to see if we could discover something new about figures that can be drawn in a
stroke. As a result, for the number of vertices and edges, we could formulate a numeric
expression, and the range in which the other exists when one is a variable. It was found that
the number of figures can be expected to increase or decrease at a constant rate.
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Generating Great Nature in Code

Abstract
We investigated a method for automatically generating realistic terrain using the idea
of fractals to make modeling terrain easier. We classified the terrains and tried to
represent the characteristics of each terrain using the fractal dimension.
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Minimum number of attempts required to open a given broken key

Abstract
To unlock a broken 3-digit dial padlock, two of all numbers must match the PIN. The
minimum number of attempts that can always unlock the lock with any PIN was determined by
using the concept of space vector.
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Improving the Security of RSA

Abstract

This research aims to improve the security aspects of the RSA encryption. From result 2,
a large difference in decoding time emerged when the number of prime digits changed from
7 to 8. However, increased complexity may reduce the usefulness of encryption.
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