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Abstract

Future University Hakodate held its 23rd Future Festival from October 7 to 8, 2023.
More people attended the festival than the number of pamphlets prepared by the festival
committee members. This project considered that the reason for the difference between
the number of pamphlets prepared and the actual number of participants was the in-
ability of the Future Festival Committee members to accurately predict the number of
participants in the Future Festival. Therefore, the purpose of this project is to develop
a website for predicting the number of event participants and to provide the website to
the organizers of the Future Festival. First, we had a round-table lecture on numeri-
cal computation and mathematical modeling to deepen our knowledge of mathematical
modeling and understanding of differential equations. Then, we conducted a question-
naire survey on the relationship between participation in the Future Festival and X
(formerly Twitter) among current students and Future Festival participants, because
we thought that if we could predict the number of participants based on the status of
information transmission on X, it would be useful in determining the number of copies
of pamphlets to be distributed. Based on the results of the questionnaire, we created a
model that enables simulation of information transmission and estimated the necessary
parameters. To predict the number of participants from the model, we estimated each
parameter and the percentage of participants in the Future Festival from the results of
the questionnaire. In order for the organizers of the Future Festival to utilize the results
of the simulation using these parameters, a website was created to predict the number
of participants in the event based on the input values. After the website was created, we
conducted an questionnaire study. As a result of the questionnaire study, the following
comments and impressions were obtained: “I think the system would be very useful if it
actually existed” and “The necessary information is written in large letters and is very
easy to read and use” . The results of this questionnaire study showed that the website
has significance as a website.

Keyword Mathematical Modeling, Spreading Information, website, Ordinary Dif-
ferential Equation, Numerical Analysis, X, SNS, Events
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Mathematical Modeling Project

F1E ILHIC

ARETIE, AVl MEENICHT->TOERL HNEIRXRS.

G KERE)

1.1 BH=

1.1.1 F#HoE=

NI ZFETARRRYE T, BF AR MHEMEIATHWS. 22T, REEIMUZ 2 MEE
B LR, RRBIEWL ODMEDR D 2 Z e 0 o7z, ZOMBEOHFTD, AR CHAH
TEHERYTLy MTBREDRH S LW REDH - 72, EE 2023 FEOARKRETIX, 1 HEHICH
BELTWERXry 7Ly bO¥RDEEE>TLE 72720, 2HEIC 1 7A=Y 7L v b %
TE> Tz, R 7Ly bEZLMEDTET, V7L vy MRS EREROMEEGE VL Ko
TLEo7.

ZzheH L, BRO#HETIX SDGs D HBAIC 12 AL TW3. SDGs &1, !Sustainable

Development Goals| OWSFIT, HAFEICEHNRNT % & THHERERMAKEEE] WO EKTH 5.
SDGs 121% 2030 FFE TIEMTANE 17 OHES BTN TED, 063 2015 FIchf i
EEY I v McBOWTEIRE Nz, 2o TdF4iE, SDGs D 1I3HEOHETH 2 [KIFEEH)
W BRI R 2 ) IEE L.
ARKREDIZ BB SDGs D 13 fHHOEEZERT 2L, 7Ly b2ELIEYTET,
Y7Ly bR EMEFROEEEVE Ko TLEY, RIRICEEELZRIZLTLE S MELND
3. 8BRS, IIBHROBRENRT AOREITTHRL, I INHEHAOHERICHZ L DT %
AFXF=DPELNTLES. 61T, BEYULICKRED RV 7Ly MPEEINLIBICTH LT —
PEDLNZBILREDHEH EINZ /2D THZ. 2D rIX, SDGs OB AMICH R RVEWZ
5. AT, NIV y DL IMEo GG, REERGE IRV 7Ly FRTEEL RV
B, HWEEDKRTFICORNSZMEND .

L7oT, AP =7 PTRIBRINEZMEL LT MEMATEIREAC Ty PO THIDK
HTHB. ] L WVWH I LITLT.

(XSCH: KHEE)

1.1.2 2023 FE X TORKEEITEERD/\N>T7 Ly FRITEHROFRGE

1.1.1 THEUFMELD, 2023 FEFETORRKBETEERD Y 7Ly MITHRO TG E
WKOWVWTHRERIT- 72, MREKBRENTRERBAEED AV 7Ly FITHRBESEICL, <>
TLy FEBITLTOWAZ gD oT.

L2 L, 2020 FiCHH an F 7 4 L 22 & - T 2020 SEEDORKSRITFIEX N T2, 2021 4F
EORKFIA 74 VTORMEL IR o7z, 21T, 2022 fFEIIHIERE D N TORME L 72 5 7.
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INED, 2020 BERHA LF 27 —2HWTED FHIAHEL W LARERTE .
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1.1.3 MREICHTIER

1.1.1 TN/ MEE RS 2 720121, KRBOSMERE THIT 2 E TR, BEMR
WKBRZrEZLNS.

BMERETUT 2 2B TENUE, SV 7Ly FORTHEE T T2 e TE220TH
3. Fiz, RUT7Ly bEFTRIMUCHICHDFI B2 5N 3. flzR, RBCHEENS
HIEOWEMTHZ. SMABETT 2212k ->T, HEQHEFTHEHYIZAEMORLHERT 2
EHTES.

ZDEI, BMERETHUT 22212k -oT, RRROERTERER, HEOMGRE R I
DEEZLNDS. £V T Ly FORITEHBSCERZ T 2MEORZEYZBICT 2RIk
T, BFIIREYOITIRWOT LN TES. ZOZkiX, SDGs D 13 HEHOHED IKEE
BN EARNARE ) cokd 5. BRI, HIBREBRLPIREBRPEATIEED 12 L
T, IIZNHET RO BIERRBRC Lo TEITL TR EEZLNTVS. ZOKIITAKREKET
H23IZ2@OTLIckoT, SDGs @ 13 fHHOHED IKBEEBNC BRI KT 2ok
BBHEERD.

G E: KHIHE)

1.2 HB

1.1.1, 1.1.2 THlREZ R T 2 7-0121F, TRRBOSMER L THIL, KRBEITRER
DHHATEZRRESMETHY —LEZRFET S0 WS 2 Z2HNE Lz, KERBOSME
ZTHFT 22T, BAITRERVTILY FOTFHITELZ LS5 CRZIEEZLNS. £/, FTD
FRTEZLORTRY —AEZHAFETZILICE T, KERRETEREEZNTFRUTEI A TES
o1k, 1.1.1 TIHRZMEEZBRTEZ 2 ER .

LieioTATaY =7 PO, THRRBOSMER L TRIL, RRBEGTEZEXIMVFHT
X ZRKEBME T — A Z2EHET 2] 2L LEDT.

it KRHE)
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£28 FITHARERUEN - MBEOEBR

RETIE, SATHILE X OHM - AEROBRO12DI/T o TGN DWW TIAR S, RGN,
Python I & 28Ut E LY > I 2L —> a3y, SIREFMZOWT, TREVWONBGE, 7
BYz7 bR I XY MCOWT) THE. ZNFNOEHEICOVWTOHWE NE, R YD
fmconwTihR 3.

(% HE: HHFHE)

2.1 Python IC&PHEHAR L Ial—>3Y

OB Y =zl bTE, TRV 27 M AUN—2EPREGRIEE RS TARENDD, 20T
DIl CBIER BICRE ST 228 21T o 72, BEEE T UL, KL & DI T 2 BREEEK
DM TEREMH L TS L TRET2FIETHS. Cho0EHNREEHL, #HEET L
EHEEL, avPa—XB2HHLTHRDS I 2L —Y a V2T EERIE -T2, Trdzr b X
YN, TNODAFAEFHALTHEET LOMTE I aL—> a2 DR e TE
5. ke, BEEFARRICLEY I 2L = a r 2175 O BIEFEEOEENRARTHD,
UGB 0B 2 N T o 72, BEHE T WL, EROMY HERZHVTHE- L & 1221k
TOHREMML L TRIAT 2 FETH D, BERNREEH FIRIBEEE T V2T 2 W0 512
ROEMREEDRLFEIC K> TH2FETHZ. avPa—REEHALTHERZITS 22
F L.

(xxCH: HEFTHE)

2.1.1 FEHOEFHB

BHEEFAZEHLT X NTHBOILEZ THIZ1TS121E, SIBR2EANLRIZTRBT %
DEDDH L. ZDdIZ, MR REORANRBEAL—RINCHWONS. ZLT, 2O
MR ZEIC, avCa—XZ2EHLUTHRZHMNCEBEL, > I21—>ary35 I epEHEET
H5. TOB, WMHAERXOEMEERD 2B FIEEEET 2 2 IERAIRTH 5.

ZORMP S, FbDTuY s T, ERXEMOHEROELRE TS L2 EHLT
BAIRAFNLEEBRTL2IeZHNE LTIREZE MLz, ZOAFLOBEBICLD, HBHEHET I
HEOLKBHROM e I 2L —2aYORENDPHEL, 7P FORINTKWICEBKLZ. 7
0y x2 b XUAN=Z, BRLULAGEE AFV2ER LT, BEENE TV OMEED & 6l 72 T,
PIal—varETEMRINCETTELZ XK/ 2oy 7 be@ELT, HHET
NIHEDL 7 Ta—FOEEN L ZOEAMELEEL, l-borENm IcHFE Lk

(%> E: HHBRTE)
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2.1.2 BEHMIARNOBERE

HREFEL LT Python IC X 2 8UERIHE > I aL—2a v 1] LS HEMEEZHWT, HEEt
HOMMEADEMR . Python 12 & 2 BUEAIH O a2 —7 1 > 7 2 st TT- .
9, BUEHEOEARTH 244 7 —HRICTOVWTHAK. 2T, A4 7 —HEICOVWTHAT
5. GzohlWnrEX
W i) (21)

ZEZD. ZIT, y l3ARABEKT, ¢ 3HVERTH L. A4 7R, ORISR
y(to) = yo PHHFELT, BNERAT v 7 h T IHERXZZERINCERH L, oz Rke 5. B
RN 7 A 77, MAHERICBI2EE f(t,y) ZHVT, BEDA (L, yn) TOMEEZRD,
FRERHCTRDE (that,Ynr1) EWETE 2 THS. ZIZT, thyr =tnh +h THY, ypi1

BEUTD XS ITHEEESNS.
Yn+l = Yn + h- f(tT“u yn) (2‘2)

TACED, BN RAT Y ST CBEBOEZEH TS 2T, ABREZRD D Z L HTE
3. A4 7 —RFEMTHEMRLLTORE, BEMERNEWIREDDH . FICHMNRRAT v TR
FED EHEIEET D00, FIEKY Y — 2O BEMRADOERICE D, BOBENMET
TAHAREMEDI D 5. BUEMTICBWTIE, A4 7 —REIEARNLFEE LTHWLNE Z DD
90, WU fRER KD B 7 DI 3 MO S E R EUERE D B RUERE DM SN e 0D 5.
ZFDH%, VT =2v RFIZOWTEAR. Vo r=ryv REZ, F47—FIHXRTHEELE)
ROETENTED, SHLRAENEEOMD HENXITHETE S, Vo r=7 v ZEFZEBD R
Ty TERMAGDOETE D EMRTRZITZ 2. TOHERAA 7 —EL D dEMREELNE Y
L22, ZORDDICHEROBENR LT 2. 22T, LVor=ry XEZID FIFTn3.
N F=0 v REDE Z s l-Mm ER

dy

o = f(@.y) (2.3)
& WIS

y(zo0) = o (2.4)

ZROGEE, REDRT Y 7H A X h LT y(x) OELEZEIETZ. Vo i=rv &
EOERIZFNZ, BNRRT v 72 ICEHBEK f(r,y) ZFHEL, ZOXT v THTOZE(
PSRRI 228 ThHE. Vo r=0 v REO—BRNRERE, 4 ROV TF=0 v Xk
(Fourth-Order Runge-Kutta method) T®» 5. ZAUILLTORT v S THIERZEIHET 5.

1. FHAZM R LT yo = y(xo) ZRET 5.
2. xg LHIEDT, AT v THA X hZT x BiEDS.
3. TP 4 >R EHET 5.

ki=h-f(z,y) (2.5)
@:h-ﬂm+gy+%0 (2.6)
ky="h-f(x+ h,y+ ks3) (2.8)
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4. FLvy OEZEET 2.

k1 4 2ko + 2k3 + ky
6

n=y+ (2.9)

5. il o OEZEFIHREL, o ZHEHT 5.
1 =x0+h (2.10)

6. DL 1 PHED z DEIGEL TWRWEEDA, AT v 7205680k T. 5 Thidh
ETEERK T L, BUEM»IE O 5.

Tam D HEX, £ I3RUERREO 7 VT Y X A2 IR L, Z D%, Python ZH L Tw
O DREN LMD TR AW BUER R OREZITS e Kok, TOTBERZMELT,
ZMRA v N—2EOBUEGIREEREZ M L X B2 2 o, F7z, BUEGHRE ORI 2B 2 7R
D, EEROREIIN U THIRN P DIEMLFHRENMTAZ2 L5 R o

(% E: HHBRE)

2.1.3 ERBATIT o HERDRIRIL

B2 U TAA T —ERPA Y TF=7 v XEZFEL, TO2EHL TRENET VEMEL,
Python 70275 2 2@H L THEDEHRDS I 2L —2 a VIINHT 2N TEL. 2O
XD, BRAGYHEBIRCBENE T VO R e AIHULAIREIC 2 D, BRI EEE TRED
1 Zoei#E), EHTOEMOEZRE D 2 KtEE), v X7 4 v 7 HENX, BIXUOHEIROE
RORERD, TORRE 2XTDZ 77 LTHENT 2 AFAEHIZOT .

AT =ERN YT =0 v ZIEOHfREE T T, VYR O EARN 22 [ 2 525 o (I
ML, tEERZHCTEBENICHETT 2 FEZ2EE L. 2uc kD, HamiyRIER2 0 Tl
EBEOHROTHRBE ORI G IRAEMZ D Z LT E .

22T, —hle L THEKX

z(t) = —23 + sin(t) (2.11)

WKOWTHIAEZ 2 = 0.0 £ LTREELZFIZLLTOR 21 D L5127 %.

it)
=
=
=

o 2 4 & 8 10
t

K21 AyF=rv XKD -2 +sin(t) DY I 2L — a ViR

CDEIRAFADEFBICED, oz 7 P XUANA—RZFIFTIZRBERICHT ZAEZHED,
MEEOMRIICEIRTE 2 X512k o 1=

(%8 HHbiE)
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2.2 SIR EFILICDOWT

AETIX, SIR ETLVOMEB XU SIR EFNLVDOHMEERT-2DIATo 1168, £/ 56122
I OB EREEN-ERIZOVWTIHRR S,

(XSCE: PRI

2.2.1 EREBOHEHM

O HINE, BHEEFVICH LTI — T X o AA—2BHERR /S, HMREFD,
IO EBBTHBICEHNZEDOND XDICRDZ I THD. ZDRDIC, TuP s MEEDRH]
ETR T2 b T THHEHIEET L% Python TEEZ L5122 Z2HNE LK
ERIBEICOWT D#EEIT > TE D, EBRICZNETIREALZNEEZ XD HEHERET 272012,
W BRI ERX 2 HOWEEE T A2 HZBRICHO TV Sl LT SIR £E7 LD WTHE
AZelZli. ZLT, SETHATELILDERIIED XS b Twb2 025, SIR 7T
Ao BERDE D125 OIEENCTE D E 2 HERLEMMI R Wk 2 #2729, SIR ET MO
W DR T - /2.

(% 3CE: R

2.2.2 SIR ®5FJL

BT, T SIRETADPEDIIRBDTHEBICED IS RS Fax—>ayTHEONT
WBDPE¥AR. SIR BTN EIE, BIIENTAT L2 212, YO XS5 ITEREDLED > TV
DPERLIEETILTHS.

TIERIZ SIR ETANED X5 LW TBERX 2 HWEEET A RDOr 2D, H5HEH%Z
S: RESE, LIEYHE, R: REEE AR SRIEIC X 2 0B HEHEE, & LIRS - ECE) O
3ODIREIZT T8 212, BIREDONODHRAREZEILL & HI2On2 X5 R BHET L
TH5.

¥, Thehl Kt 12835 S, I, ROAE%E S=S(t), [I=1(t), R=R(t) £35¥%, S, [, R
BT &5 mmn EXcRe 5.

%gzz—BSI (2.12)
%:BﬂFWI (2.13)
%? o (2.14)
ﬁjgii,ﬁﬁ$)
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\moort numpy as np

from scipy. ts ate import d nt

hum ipy.optimize import minimize
mpo t matplo H b pyp\ ot a \t

% atplo H b inli

#function
def SIR EU( t, beta, gamma):
o [-betaxv[0Jxv[1], beta x v[0] ¥ v[1] - gamna * v[1], gamma * v[1]]

#Solver SIR model
result = odeint(SIR_EQ, ini_state, times, args)

#olot
plt.plot(times,result)
plt.lege d(['S',‘I', L)
plt.show()

2.2 SIRETFLDTar S A

BAR 31X, —APEHEMT 2 NBOFEE M A, #ild2 e BRE»EL 2 1 HY2D
OffER%E P, St 1 ROBME N e L&, g=4F vvwisthkoons.

TRERIZZINS AP D XS5 ICEHEIN LD EARRTNL.

FTE 1 RCOVTEY, L v FRBRRE S ORBEEERLTVS. ZHERBERRH &K
REDERT 2 Z e TREDINE 20T, #HRIMMFERIED X512 S b IoRIhl$2. £
L CTZDRICERR B 20, REREEFZXBRY LTV 28O R2DT —BST iz,
REFREOHADERL TV DB

EH 2 ROANCHE 3 RNERD 2. LB v IREEE ORKH O EEIC X 2 0B RRE, s LI
fREEE - SECH) R ORFMZ(ERERL TV 5. REEANE, BYHE 1 2RI 4 CRIE L THEM
T5720, vl tRDLNS.

BRI 2 R72h, 4 w3, BRE T ORMAMRERL TS, S+I+R(=N) @A TER
viebicd, KEMIE0 eks0T, L4 4R _0rks 22T L =—BSI Y% =41
k0, H2Ro 4 =551 —yI L RkDLNS.

D320 Lo T, FREOANODHEHBOIELINZET AN SIR ETLTH 5.

(XCE: IR

2.2.3 SIR ETI/LDE1ESR

g 2175 & T, BPYENTITL TV 2 BROBREROIEEE £ T SIR €7 /WO THfE
THIENTER. £72, SIR %T}D@mg%@ﬁﬁkbkf’f”f 372 <, SEFRIC Python THEL T
S, I, RBPEDEIENML TV DLEHEMNCE X5 ENTEL LT o7z, EBIC,
N THA b EE LT F7a0a— ey PENZSIRETAER 22 & 231
ZNER

CITH LIPS
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10 A

0.8 1

0.6 1

0.4 R

024

0.0+

o 20 40 (i) B0 100 120 140 160

X 2.3 SIREFILDI 2l —3 a s fER

224 SZIal—IarhonER

S O ANBUIHEFARD, R O ABUTHFAIN L TV BRINCHEITH 1250, TOAKEH 23—
EDMEE TIFHFAEMT 2D DD, ZDMEICELRE L BRIFHMABED T2 200 o7, 25,
NRIRAXA=REEZTHHBOEEIZNT 200, HEINPHADDMETBERIEZED SR\ 235
Dofeteth, BPERLEEREZLEZ TEZL DRBPYECHEHIGT 2N TELZ2DOTIE RV LEL
Jo. EREDOIREBONEET 2 2 & THRRDIEEL TV EWIBRD, H25EHREH->TW»
BZANEHBINADET 2 22T, ZOHEREH > TV ABHPEIML TV &S BIR EEEY
LTW3eEZRE —Hle LT, XIZBWT, B2+ (HYA—F) T2 THEREHSZW
7487 =R EN TV EWSHEDEF LN, ZZT3ODKES, I, RPENT X —
X, WA HBEREHMERDICE X, Python ZHWTHHLT 2 Z 8T, H2FEDHERDILEL
DRETDR D2 EDICHRBDTIRRVLEEZ. L, BIZIE R X—& BIX, BYYEDFEH
ETFIVICBVTIEBERER L TV, BEHROLEHE WS BHEFLTREREYHITIITIES
ZIFRE VWS DD LTRE L7256, BERE2FAL X REE L MIT T A=K TR
, YR EeBESALPDITFHEINSG D, BR75TH»LLDOFEBLHEREZ LT,
R R =RFGETRE T MD AT o T RBEMDH B LKL T

(%CE: R

2.3 RBEYOLRAE

AREITIEEIIIANY 7Y RTHEHT 2720128 BF LY — N—HEOEAM, FHFkiz>WTHH
35

(%SCE: |LIHEH)
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RREO) TS B  Background of the problem

SNS PHRA R — 15 E& BV RO EEDO—DDBEMNEFER TH 5.
ST T Twitter ZBAIC Licd D & POICRA HRROERIEEDOE TIWMEDBAICFR TN T3,

Spreading information by using SNS and suchilke are effective means of advertising.
Prior research has conducted modeling of spread of information in various situation with mainly Twitter.

B FE rurposeand method

EmELDE i 4 = i Usici3?
Low participants We want to raise awareness How to raise awareness?
WERFRADA N b RED—2lc. AN\ kDR EDKSBELAEDRLEL
HE) OBMARDHDPELT EMEVT EDEIFENEDT TVBDOHEHIRETU T
H>TW 3%, o#& L1zl ERVTHI LT,
Recently, the number of participants in One of the causes is low awareness We will discover the most suitable
university (co-ops, etc.) is low. of event, so we want to improve it. advertising method by using a

mathematical model.

ﬂfﬂ EFWVIZDUT  Mathematical model
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WMRAEBEFAI ZHEBEF N EEAT S,

We will use a mathematical model that predicts the spread of information.
For that, we alterd “SIR model” created to predict the spread of infectious diseases.

SIR EFIL EDIERILBET I (Twitter OFI)
[BaAE] [ HEK]
dS(t)/dt = - B S(L)I(t) dS’ (ty/dt = -85S (1) (1)
di(ty/dt = BS(H)I(t) - rI(t) dl (t)/dt =aBS’ (1) (t) - rI" (t)
dR(t)/dt = rI(t) dR’ (t)/dt = (1 -ayB8S" (1) (t) + rI’ (t)
[H®S5EH] (ﬁi!ﬂ]
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I(t)--- BB 0 Q 1> (t)---1B8RER> TWT, T BAK
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M--—B&H7=DICERT DAKDFES (BRELE LA <ZDHE)
P--—BHEDOBERICDONT aBREM>TVBAAT +R)YDSED
B BEE BRILBBONE
R N---AO
—(M X P) = N M- IERIGEEHA—BICERERB T 2 AK
Y IEHET DFH
-1 + (BEEBOLDEBLD P---BWEIRIRE S AR S (FBALT

w

WRWAARITZ) HE
- R
—(M x P) = N

#&G)ﬁh {cDUsT  Futureschedule
BB T — RO Twitter DAY 5 ETHBE T — 254D,

Collecting necessary data --- Collecting necessary data on Twitter or events.
cHIEETIVOEM. WR- -MOBRIERORRICEVTERESND L SICETIVEERT 2.
Ko, ERoe7—2EmICETIVERRL TV,

Making and improving mathematical model -~ Making model to showing in other spread of information situations.
Also, improving model based on data collected.
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