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Construction of COVID-19 Infectious Disease Statistical Mathematical Model with GA
OF Wil —H", F EEE R
Kazuki UCHIYAMA"!, Eiji TOMA™,
O N T AR PS4 National Institute of Technology (KOSEN), Tomakomai College

Currently, estimates of the Effective Reproduction Number are used worldwide to assess the transmission of
COVID-19 and other infectious diseases. However, infection rates are determined empirically, and for mutant strains
such as the Delta strain, this is not sufficient. The purpose of this study is to construct a very high quality Statistical
Mathematical model of infectious diseases by estimating the infection rate as a constant using a genetic algorithm (GA).
In this talk, we will give an overview of the SIR mathematical model, which is the basis for many statistical

mathematical models of infectious diseases, and explain the contents of our research.
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1. %

2019 4E 11 H, EP%)\E;EE%D WAEE  RET B CRE LI a7 4 LA (SARS-CoV-2) 128 B
YIEDFAT (COVID-19) 1F, B BICAMFUCE LR L TRy T I v 7 Lipodz, 202241 H 19 BEE, 7 A
VADY a X« RTF U ARKFZOEFOT, T CITEMFT 3 (E 3418 77 MBS I, SEE1X 555 T A
EEZ TS, BRTY, BEATEE OEHOT, 192 HALLEOREGEE & 1 5 8 TALL EOFEF B HER S LTV
L. DI TFUBREREON FEIZLY, EEELEEERIIMZ 5N TS TV, TAEKSA I 7 v ki
XU & LB RO BIIBIE DTV S,

BIfE, COVID-19 21X UsH & L7 EYYE ORYYE DFEGLIRI OHHRIZ N T, R CINFAERES (Effective
Reproduction Number) OHEEERHNHILTND . OF LA RAIL LD & LIoERRO HBLC, BYT)IERE 2 % %
LEET D ?E)O)“C‘Xbéf)l% FEINE A FEE OB HIC AW B YR (Infection Rate) & 43R b9 AIHEMED E L .
UL, YR IRBRAITR D SN EMEDN TS, 2O X 5 R RA I E 2T, AFETIE, &7V
Y XA (Genetchlgorlthm) s L, YRR AEE U THEERIT) 2 & T, UTNAZ A LA TORILROHEE
Z RBT D RYIEEERE T VAT 5 T L AAEICERICED MA T,

Bl Vs
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Figl. Schematic diagram of the SIR model

ds(t)

= PSOI®
IO _ pswie) -y M
dR

dit) = yI®)

222-1 HAMEZSIEEFERSE 51 AIFEBFEMTRRBER(202235(A 51 )]



Copyright©2022 —fig#tHZA BAEHTES LtHEEZEL

2. SIR EFIL

21 SIREEBETILOBE

AW TIE, WO ITRRRXOBEMRIED 1 DO THD 4 ROV« 7y ZIEIZX Y Python ZFIF LT, SR(1)
12T SIR EF /U DOWTC DT 21T 7=. SIRBEFRETF ML, K 1IRT X 91e, ANOERMERED ZTF—
WZE D, EYECREFE (Susceptible), J&H4E (Infected) 72 D NI IRFEFE (Removed,/Recovered) ™ 3 DD
AN, BRICR D REOR RN 722 b ZET MELT- b DO TH 5.

T 2T, dS@/de 1E, REBGEEE S@) ORI B L, EYYE T ARG & BYLE ORERIC X0 YA -
TWL OT, BRI & 72 0 ORGSR BIIEH O N STZHFIT 5. 70k, Hlx EIEGEMNIE 2 5 & KRB
H SOIED T2 DT, REGEE S) ORFFIBICIE, ~A FAOFE Tl SN D, dRw/de s, [FEHEER R
ORIy 2R L, BB N—EOEE y ThIE LT\ &35 L, Hx LBiET 5 AT 5. d@d i,
RREEL () DWFRIy 222 U, REEGSES S(0) DRFRIGy & BHEEE R DIy KLV, HHSh 5.

BAD NOZEB—ELIEL, FOEET Y 7IZOWTIIANG L ORITAABEINRVREZRET S &,
PUF Q)DL Y 1.

Z OQR)ROREIMSY dN@/dt 130 Th D035, LLFDO@)RDAL Y D,

ZoR)RUZ, FOHOE —-XBLOFEIXERATLE, ROHOFE 2 ANEFELND.

N(t) =S@)+1(t) +R(t) 2)

dN(t) dS(t) dI(t) dR(t
;)z ;)+ ;)+ £)=0 ®)
22 RBEERHLUMEER

SIR HIRET /MZIBWT, | ADNEHET 2 N E B m N, ENENOEMIT L IERERETS 1 Hbiz
D OMERE p, AR N & LIZEE, BYRpIL, LTO@RXDBE Y Lo, F70, BYHEORE S B d 13,
BIEHy Oyt LD, BITE, Z0p &0 ERITRBRANRO - EER AN DN TN D720, TAF A
I URRICRE SN D L9 BRERKRICKHET 20088 L. AAFETIE, Z0p 0o EREEHE LTHRY
WMENT21TO L 2 BEEL L.

m
p=— (€))

23 EXHEEREENBLEER

SIR #ERET N Z 0T T2 &, HFH2E1IHBLIOE 28 TR LT, YR, FIERy X0 FARFTAFERR) DL
TOG)XTELND. £z, XRIAT FICBIT D2HEERIL, FERFAEELRR) & MHTN, FH OB O
JERYYER R K DN DIR T HRE a & LA, ULTFOO)RTER SN, FHAERD 1 2 ka2 & fgen
JERT D, Lo T, 1BAFICT 52 ENEGERIBEIO R L 72 5.

Ry =— (5)

R=(1-a)R, (6)

222-1 HAMEZSIEEFERSE 51 AIFEBFEMTRRBER(202235(A 51 )]



Copyright©2022 —fig#tHZA BAEHTES LtHEEZEL

3. BEMA7LITY XL

3-1 BEM7ILIYXLEZDOERA

BRI 7 /L3 U XL (Genetic Algorithms, GA) 1%, 1975 H-IZ X 3% K5 @ John Henry Holland (Z & > TS
Sz, TR A RRT DMERMERT N ALO—FThHDH. VEMOELIBEEEET D L, RMEROF
CERBEAOBISPEDR mVMERI LSO ER CAEZ R ROMREZZRT Z L1k b, ZOREET METHZ & T,
BHBISHEOB AR, bbb, RoEffs iR E TR O THD. BIEMTATY XA TIHEE T2 —
RCHAHEEEART D72OITREEE, SFVITRMEZNAA T U TH5ZETRIAL, BHOBIKE#EEL
TEEFEZED T, 20%, K2 ORI L TRE~OBEIGE, 37h0bb, M54 5ME~0HTITED
DREIVWEII, ZHREWNSHDIFERMRITERIRINOT K, RRGIRE R EOBSITERIZ L 0 kit
ROEARRE R AT, ZOBGFEEZEEYIET Z L TR OEIT L & HITHESEO ERNHIRE S, H&i&H
WA DN TS E O S @V MEERSHEE T _XERMBEORA G2 52 LIk 5.

AWM TIL, BB ZHEET D701, K2 ITRIBIEH O & 3B VIR 7 L T Y XL Z S L& GYEE
FILVOREEZ DN T DRFFEZ T - 2. TG E ORI BT, e T — # (Infection data) & SIR &5 /L (SIR model)
Wby Iab—va VR E LT .

M e | Roulette wheel
Initialization - — selection - Crossover
| Fitness

SIR model
Comparison

Infection data

Mutation

Fig.2 Application diagram of genetic algorithm

3.2 #EAE (Initialization)
BT AT Y XALATIEET, MRETHHERLZ LY MNITRET L7201, MIBRNOREERICHY T 5iE
fotfa— ReAkT 5.

3.3 #EE (Fitness)

BAVEREIC X D RS OB, AR LR OBRE~OwEIGM, +72abb, BSEE2FMT 5. i
BTG L SIS . ZAUC KD, IR TBE RSN O Z E D 5 7217 Tl <, fERIHERWH 0o,
BN R E D AREME DB A L TN 5.

34 JL—L v FARIZLBRIR (Roulette wheel selection)

B LW EZ AL TERICE, BEEOMWMAKIZEL OFEbEED L HICT D 2 LAY GA DBRICI
TEAWRIFRIE 725, v—L v R EFRIT AW ONDBIRFIETH Y, @SS LA CfEk %
BRTDLHETHD.

3:5 %X (Crossover)

R ENE, FEARITITRIIC L > TEH SN ERICR LT, 2R XE TR OYRO—HT 2% -
TXT, FROWBKRPELERIETHDH. BETHRFLOBG AT EDELEETH LT, T A LT 2
SOOEKREBRAT ETIAT L.
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3-6 ZEARER (Mutation)

FERI R, B DREECT—HOBIE T2 — FOEEZEZ ZBETH D, AT T, EROBITK
14 BIRBNIAAD T L b OH & AR 5 2 LIThB10, Yfalk Db HEET & —EOZENERF T
BIEFICESHZDZLICEY, YT TIZAERTE W EL AR LT

4. #

ABFFETH, SIR EF A%, BUAHT VT ) XD Z TS LT EYYERRE 7 L ORI fLA T, 7235,
WRT L= ) R AOFGRIE, SERICHSLL T\ 5 EIXE AT, B v 0 A b A ORYER O Bl OHEE
FTTHIZENTERDo. 5H%OMEE LT, SIR EF/MIERT VI A8 EHELL, T4 7T
v h 7 A= LR EERIHTH 2 LT, @R ORGSR HERLTE 7L OB I B RGO E LN T D
VEBRSDD.
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