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Reproduction of Scientific Basis for “Reducing Contact by 80%” (Reappraisal)

Yasushi Iwamoto

Abstract

This paper aims to reproduce the results of the mathematical model of infectious
diseases that provided the scientific basis for the “Reducing Contacts by 80%),” which was one
of state of emergency measures in the spring of 2020. Since some results were successfully
reproduced from publicly available information, the overall calculations were correct.

However, when examined within an SIR framework that explicitly models the
mechanism generating new infections, the published figures swapped new infections and the
stock of infected individuals. The figures are inconsistent with both the model deriving the
damage estimates and the theoretical rationale for contact reduction as a policy instrument—
namely, that reducing contact lowers the number of new infections. As a result, the analysis
of countermeasures of COVID-19 lacks internal validity. While this paper does not address
the real-world validity of the model, it is “incorrect” scientific advice in the sense that it lacks
internal validity. To avoid similar situations in the future, it will be necessary to have a system

in place to check the analysis by a larger group of experts.
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G - TLEEGE - ) 1PHERR (2020) [ 3 o R SR AL ARSI O BIK - #GERTRA - ZREHR
B 7 — 2 4R - (2020 4F 4 A 25 8 k) | HERARHEY — % v 77 <—-¥—_ No. 443,
https://www.jmari.med.or.jp/download/WP443/WP443-appendix.pdf

Tsitouras, Ch. (2011), “Runge—Kutta pairs of order 5(4) satisfying only the first column

simplifying assumption,” Computers & Mathematics with Applications, Vol. 62, Issue
2, July, pp. 770-775. https://doi.org/10.1016/j.camwa.2011.06.002
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https://www.kantei.go.jp/jp/singi/novel_coronavirus/senmonkakaigi/sidai_r020302.pdf
https://www.kantei.go.jp/jp/singi/novel_coronavirus/senmonkakaigi/sidai_r020302.pdf
https://www.newsweekjapan.jp/stories/world/2020/06/8-39.php
https://doi.org/10.1016/j.ijid.2020.02.060
https://doi.org/10.2169/naika.109.2276
https://www.jmari.med.or.jp/download/WP443/WP443-appendix.pdf
https://doi.org/10.1016/j.camwa.2011.06.002

T8 A FhEE( SR 7 )L O

Al V—xa—F

T OfFERCIE, PERBER 2 A 8 EIHIR DI SRICH W= e 7 v (FinkEt SIR
EF) ZEFHT 3 (PHE 2020b), GitHub T5 H 27T HIcNflanizy —xa—F 8%
A1/ L TW5hB,

Al FEHELSIREFALD Y —2a—F

1 DT = 0.1

2

3 d/dt (S_c) = -lambda_c*S c

4 d/dt (I_c) =lambda_c*S_c - gamma*I_c

5 d/dt (R_c) = gamma*I_c

6 d/dt (S_a) = -lambda_a*S a

7 d/dt (I_a) =lambda_a*S_a - gamma*I_a

8 d/dt (R_a) = gamma*I_a

9 d/dt (S_e) = -lambda_e*S e

10 d/dt (I_e) =lambda_e*S_e - gamma*I_e

11 d/dt (R_e) = gamma*I_e

12

13 {(alpha_a*N_a+alpha_e*N_e+alpha c*N c)}

14 lambda_c = (gamma*R@/N_c)* alpha_c/ (alpha_a+alpha_e+alpha_c)*
(ILc+Ia+1Ice)

15 lambda_a = (gamma*R@/N_a)* alpha_a/ (alpha_a+alpha_e+alpha c)*
(ILc+Ia+1Ice)

16 lambda_e = (gamma*R@/N_e)* alpha_e/ (alpha_a+alpha_e+alpha_c)*
(ILc+Ia+1Ie)

17

18 Death_c=R_c*IFR _c

19 Death_a=R_a*IFR_a

20 Death_e=R_e*IFR e

21

22 alpha_c = 0.009

23 alpha_a = 0.630

28 https://github.com/contactmodel/COVID19-Japan-
Reff/blob/master/BerkleyMadonna_May2020.txt
Y—Z2a—Fi3 46 fTH 505, KREOZEHD 2{TIFEMEL T, 41T2/RL T35,
21



https://github.com/contactmodel/COVID19-Japan-Reff/blob/master/BerkleyMadonna_May2020.txt
https://github.com/contactmodel/COVID19-Japan-Reff/blob/master/BerkleyMadonna_May2020.txt

24 alpha e = (1-alpha_c-alpha_a)

25 gamma= 1/4.8

26 RO =2.5

27

28 IFR c = ©

29 IFR_a = 0.0015

30 IFR_e = 0.0100

31

32 init S_c = 15758424
33 init I c =0

34 init R.c =90

35 init S_a = 76499818
36 init I_a = 10

37 init R_.a = @

38 init S_e = 35185241
39 init I.e = @

40 init R. e = @

41 Nc=Sc+Ic+RecCc
42 Na=Sa+1Ia+R.a
43 Ne=Se+Ie+Re
44 N=N_c+N_a+N_c

(H#) https://github.com/contactmodel/COVID19-Japan-
Reff/blob/master/BerkleyMadonna_May2020.txt

A2 BRERZEMETIL
AT, Berkeley Madonna O SEDHIEED 72  CTHEREANBTVHEMECZ 2 L Hic, ¥ —X
2— FONEZMHRT 5,

1 DT = 0.1

7 VILEGRFE TR I N5 A, BERFE IR Tl 2 ko o ¢, HAHAM &
1/10 HEBEREL T3, KT, EFAL0REZes LTS 3,

32 init S_c = 15758424
33 init I c =0
34 init R.c = ©
35 init S_a = 76499818
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https://github.com/contactmodel/COVID19-Japan-Reff/blob/master/BerkleyMadonna_May2020.txt
https://github.com/contactmodel/COVID19-Japan-Reff/blob/master/BerkleyMadonna_May2020.txt

36 init I_a = 10

37 init R_a = ©

38 init S_e = 35185241
39 init I_e = ©

40 init R_e = ©

41 Nc=Sc+Ic+RcCc

42 N_a
43 N_e
44 N=N_c+N_a+N_c

Sa+1Ia+R.a

Se+Ie+Re

ANE, MR (o). BAE (@), milnE (o) DFmEICXy I, ZnZ LGN O
WATFICXoTEEINDG ¥, £/2, SIR F A& LT, ADREZEALD (5), BYEA
0 (). BAAAD (R) KX Eh, 2GRN oRScREInE, A0 (N) DY
fEDFGEE, PP 31 £ 1 A 1 HEREARGIRERESNAL GEERERN) Geih) ] i<
—H LT3, YA, BETI0 ALEPNL TS, 32~40 1T,

S.(0) = 15,758,424, 5,(0) = 76,499,818,5,(0) = 35,185,241
1,(0) = 10
I.(0) = 1,(0) = R.(0) = R, (0) = R.(0) =0
DEHIICKINDG, T/, FRFEENO NDIZEE ST, 41~44 171,
N=N,+N,+N,

Ne = S:(6) + 1.(t) + R.(2)

Ng = Sa() + 1(t) + Ra(t)

Ne = Se () + 1 () + R (1)
DEHICKRFTEHTES, V—Ra—F 41 {TOHME 3THD N_c I N_e DL Ab
NP, TTTERINDE N DBV —Ra—FoffHIhEcidnvwoc, MEREr%R
Vo, EEHERBRIADICEENZEETH Y, EEDOADDOHGEE EHFEHOAEIET)
CIERERoTWBRZ EICHEEINZ L,

d/dt (S_c) = -lambda_c*S _c

d/dt (I_c) =lambda_c*S c¢ - gamma*I_c
d/dt (R_c) = gamma*I_c

d/dt (S_a) = -lambda_a*S_a

d/dt (I_a) =lambda_a*S_a - gamma*I_a
d/dt (R_a) = gamma*I_a

d/dt (S_e) = -lambda_e*S e

O 00 N OO U b~ W

2N, AR, Sl ORI, PEI(2020a)1C X B,
23



10 d/dt (I_e) =lambda_e*S_e - gamma*I_e
11 d/dt (R_e) = gamma*I_e

JAZ AN D3RR YT B HER 2 XYt /1A (force of infection) & LT, FipfEEIC X > TH

% LRUET 5 (RERZMEO/E) ., BENE, BREZEADORIETRT h,

S.()
S(t)—l()
S,
S(t)—l()
S, (t)
S(t)_“)

&b (V—=Z2Ra—Fo3, 6, 917),

(1

(2)

(3)

RESZ LIS O BB 3 7 <L B DD b D FRAE CREHARR 0%%0) 1ZFRLC T

H Y, BEEANCO OB T, BEZEADD L DFA & BEMEANN D5 OFHIC X - T,

I () = AcSc(t) = yI.(b)
Io(t) = 24S4(t) = y1a(t)
Io(£) = ¢S (t) — v (t)
TRINGE (VY—Ra—FD4, 7, 1017), BIANOOB)EIZ
R.(t) = yI.(t)
Ry(t) = yI,(©)
Re(t) = yI.(v)
thd (V—2a—Fonb5, 8, 1117),

14 lambda_c = (gamma*R@/N_c)* alpha_c/ (alpha_a+alpha_e+alpha c)*
(ILc+Ia+1Ice)

15 lambda_a = (gamma*R@/N_a)* alpha_a/ (alpha_a+alpha_e+alpha c)*
(ILc+Ia+1Ice)

16 lambda_e = (gamma*R@/N_e)* alpha_e/ (alpha_a+alpha_e+alpha_c)*

(Ic+Ia+1Ice)

EHRORRGE AN NL, FhpFEIE R O RGN %2 &5 L <.
1(t) = 1.(t) + 1,(0) + L. (D)
TRIN, BN E
() = B I(D)
Aa(t) = BaI(t)
Ae(t) = Bel(t)
TRI T L, BEZMEADOHIIG)~7)XE(1)~B)RicfRAL T
Sc(t) = =BcS (DI ()
Sa(t) = —BaSa(®)I(®)
Se() = =BeS. (DI(t)
24

4

)
(6)
(7

(8)
)
(10)



ERI N, RGP R EE CRZEDERIEEIC X o THE R SIR =T e b, X
Y

aC

Be = EVRO (11)
aa

Ba = N—aVRo (12)
ae

Be = N—eVRo (13)

EEWTZLDHR, VY —Ra—FD 14~16 fTiIxnd %,

22 alpha_c = 0.009

23 alpha_a = 0.630

24 alpha e = (1-alpha_c-alpha_a)
25 gamma= 1/4.8

26 RO =2.5

T Z T, RoIFEABFAEELT25 LEIND, 22~24 [T TREINEZMEDEZR %
KT 27 A =2 DfEIX, a,=0.009, a, =0.630, a, =0361TH Y, 24 fTTRIN
Y, AR LIRS L) ICREINT VS

AR 4.8 HEED2NTW 3B (25 17), Nishiura, Linton and Akhmetzhanov
(2020) T 18 BID Y v 71T A4 7N Fi % 4Tt o 7= FIEMIFE (serial interval) D ¥

—H LT3,

28 IFR c = ©
29 IFR_a = 0.0015
30 IFR e = 0.0100

28~30 17T, BIEE (BRPEE LU VILTEH) X, KE 0.15%, EinE 1% L REXNT
Wb, 72770, 21 Hicmank o, CoBETIE4 A 15 HEREBRTE L,

A3 ZXRITTSIR ETILOERBAER
FrREREE 0B X, (4)30, (11)~13)xX%E(8)~(10)=icfLA L T,

—$@)=VROC(%%U(Q+1(Q+I(Q)

-$Aﬂ=y%)d)%0(ﬂ+1&%H(ﬂ)
e( )
—S,(t) = yRy—— ae(l (O + 1,(0) + 1.(1))

25



b, TNERT PAEITHIEE G, ZXICSIRET LV E LTRHET S &,

Ie(t) Sc(®ac/N,  Scac/Ne  S:Oac/N|[LO]  [1©®
ia(t) =YRo |Sa(®)aq/Ny Sa(®)aa/Ny Sa(O)ag/Ng| |l | =y [1a() (14)
ie(t) Se(®)ae/Ne  S(t)ae/Ne Se(t)a/N, [|1(t) I (t)
L7 %, (THDERGYIHECEE T, BRPEEHDFE CLEE B-—y) TELTI LT
L. (1R
B —7)I(t) ac ac ac]|l(t) I.(t)
(:8 _V)la(t) =yRo (% @a aal Ia(t) -Y Ia(t)
(B =1 () Te Qe () L)
Y, TNEREMT L L,
a.  a I.(t) 1.(t)
Ro|%a Qg I, = l () (15)
Qe Qe I.(t) I,(t)

t7 s, (15)X 27z 3p/yid, EdDfTH] CRIRATH
ac ac ac
Ro|%a Qa aal

ae G O

DEHEE %25, EAEMHEER, 1751

- Ryl a. a. —Ry1A 0 a.
R3 ag a, — Ry1A ag =R Rg'A  —Ry12 Ay
a, a, a, — Ryl 0 RoA a,— Ry
-1 0 a.
= RyA? -1 aq =-2[1-Ry(a, + a, + a.)] =
0 1 a,—R;'A

iz 3A (=B/y) THY., Rolas+a,+a,) =Ro& 0 (FEIR) &b, HANELRAKD
BIAMESEAFEEREERINDIDT, TNUDBR L EDXICETADRLGLD LD L
ERINTVDE, Ry 1 XV KRZTFNIE. B—y>0&7%2DT, YN DG HITF
BT 5 LRGYENRTRITT 2 2 L 2R LT 5,

RARBEA NG B EA~R7 P v,

Ae Qe A [Xc Xc
:RO Oa Qg Cg||Xa|= :RO Xa (16)
e de QAellXe Xe

Ziti7z 3R b

XcT
B
xe-
Th3, 16)RDMHUER,TEI Y, B4 2 &

X, = a.(x,+ x4+ x,)

Xq = ag(x, + x4+ x,)

26



Xe = a,(x, + x4 + X;)

Einb, BERZ PRI, X7 PV
[ael

ZEDDDERY, TV OEREEN OREEDOHKITZ, ZOBERZ P ALDHEKIC
bt R TPRING, b LEZELRFRENTH 570, FhnlEhl o RgH
DWKIFIAADHKRICR>TnB13TTH S, Lz >T, MFOHEKEE 72T b
ac/N.

@q/Nqg
ae/Ne

EZHEoEROEE L 5, ok, 1D)~3)XTRINTV 3
V—Z2a—FCREINMEEHE G, a, /N, 1 EFEHELT B L 2D P,

0.07
L
1.25
b, DFEN . NEOBRPL T I IIHAEDK 0.071% (14450 1) THY ., EmEEEITK
HEOR 125 R LT VW EREINLTVS
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8 B FEABE DL

Bl 1Bk

fitik B 13, W Ao E RO EZME T 5, ik A T L 72 Fiinkid b SIR
ET VI, 6 ZROBARROMATIERNERBTE 5, BFERO RN ZAERIL, x2~7
P LT

x() = f(x(®)
L b, FEEELET AT, xT =[S,S0 S I, 1,18 %, TIRERE~NZ AL 2ET,
AT, —fiRIECcostBTiEzZHRHT 5,

P ERE O BUEFH R <1k, WIAR St 2> /NS 2 [X[H (step) CHIESIY I T BUE % Sk
DTV, NXE (8,22 Dtpiy-y) DEBMEMCT, DEDXM (tyony-12*Dtpy) Zalk
T 2L EEEOGREL, BERL L72Z M Ex, = x(t+n) & EET B L,

XniN = An-1Xnin—1 F Ay 2Xngn—2 =+ QoXp + AP (Xnyn, Xngn—1) o) Xn)
ay_q+-+ag=1

Thb, hMIXREETH 2, N=1¢72 1 BREOFHHER I,

Xn+1 = Xn + hP (41, %5) 17
THbd, 1 BEEFETIE, DAToXBoEHRZED R v, % EREETIRIXFERIZEE ST
Wi EFERTE RV, 1 BFFECIRXKHEEZZEZ S 2 LIIERTH Y, EUEREIC
Gbd CXEESHE TN ik GESE) 2252, @it cix, 17)XDOhDKE I 23
XEick->oTHE 3,

Berkeley Madonna Tl, M 5EIC Euler, RK2, RK4, Auto, Sdff @ 5O A 7~
VBB, FT7HAMIRKE TR >TE 0, WFnd 1 BEET, RYIO 3 21X
MEEE DITETH %,

B2 #47—%

TR TEEEOAICERHL T, KlEEZhE LT, t,=t. thy =t+h& LT, Kl
t+hDOx%FETE e 2E 25, T, Wt t+hDxZ AP EROME X 235+
52 LICEFEL W,

AT —iEiE, EROMEE & L CEIEM ORIt T O E v,

x(t+ h})l —x(h) _ f(x(t))
CEHET S, chnEEETS &,

x(t + h) = x(t) + hf (x(0))
b,

0 ZF5EDFBAIX, Marcoline et al. (2022. p.45-)1c® %,
28



Wit + hOxZ Wt T 1 ROEETF— 7 — BT 2 &,
x(t + h) = x(t) + hx () = x(t) + hf (x(1))
L bDT, WEMRD T — 7 —EH L EMERIRIE 1 ROEXB—EHT 5,

B3 =ik
(BB Hikid, Riselt + hOxZ AL EROMEE & LT, HRDK Lt + h/2TDJREL
DR T,

x(t+h})l—x(h) :f<t+;l)

TatE T2, Zh2XET 5 L.

2
BEOLNE, L L, Bkt +h/20x03KMABDT, ThE 44T —ikT

h
x(t +h) = x(6) + hf <x (t + —)) (18)

h h
x(t4+3) = x(©) + 5 f(x®)
Lk, (18)cfRAT 2 &
x(t+h) =x(t) +hf (x(t) + gf(x(t))> (19)

DEHc, Bifit+hoxwelET 220825, i, bhEE0HERE 1 5,
19RO EHUE 2HEY 1 ROEFTF— 77— BT 2 &,

h
x(t+h)=x(t)+h (f(x(t)) + Ef(x(t))f’(x(t)))
Ll b, EEMRO 2RXDOEE TOT — 7 — &I,

h? h?
x(t+ h) = x(t) + hx(t) + 75&(0 =x(t) + hf (x(®)) + ?f(x(t))f'(x(t))

L BDT, HEREhEEOT— 7 —EIZ 2 XRDIEE 8T 3,

B4 T =20y &E
(GHEE) vv =2 v 2k,
ki () = f(x(D))

h
ko(8) = f (X(t) + §k1(t)>

h
k() =f <x(t) + Ekz(t)>
ky(6) = f(x(6) + hks (D))

29



x(t+h)=x(t)+h <%k1(t) + %kz(t) +%k3(t) + %k4(t)>

KX oT, Bt +hDx%EIHT 5,

BS (LAZED) ILvF =0y &E
LI tEofidzé&ri? (D) vy =2 v 2% (Runge-Kutta methods) (%, s#% B8
(stage) & L T,

k4 =f(x(t))
ki:f X(t)+h ai-k-

N
x(t+h) =x(t) + hz bik;
i=1

TRIND, a2z BRICH DT ZA, bz BRICHDOR7 PLZbEERL TEL, AP
TZAFHTH 2 & % RBEARE LT, BREATIHEL ZENTE S,
FAT=RKE@INT=0 v 2ETDA=0, PT =1 KT EeHRTE, 1 E1RDFET
B3,
Wik,

A=[1/2 ]

bT=[ 1]
ERTILBTE, 2 B2 ROHGETHL, ADZERIX 0 KT, NIORELEELZ LV
T oy 2L TR T 5 &
kys,(t) = =New(B.(£),S:(t), 1(t))

h h
a5, (© = =New (Be(0) 5e(0) + 55, (0,10 + 3 a0

Sc(t+h) = Sc(t) + hkyg,
b,
HHP L Y7 =7y ZgkR,

1/2
1/2

A=

1

br=[llll]
6 3 3 6
LB AV T=0 g 2T, ABARDIETH B,

30



B6 ZotonrAE

Auto A7 v a vk, #EHAL Y S =20 v 23k 1 ficd Y, Cash—Karp 7% (Cash and
Karp 1990) #H\v 2, AL V7 =2 v ZIETIE, nReén— 1ROV VYT =7 v ZED
RHREARDOAZDFEL W RE WG, XEEZHENL CatRES 25 2 & T, EEREz/h
ST 2bDTH %, @RDITIETHMT 217HAD T/IMTHIDAER D 7 DITHNCTHH Y
THEEICE, BROFGEDITIE SO 72D TR T 24 R v, 2L 21, A4 77—
EOAZHFIEDAD F/IMTINC R o T B 2 &b, FRIETIHRET 2BIChREZ 572
JCTAA 7 —EDFEIRFICEIRTZ 2, i, 2(D)RoGFEERRE NS, Cash-Karp ik
X, 6 X5(4)RTH 5,

BIGTRIN v =y 2k, oY 7y 27 ThEEL LTibhTWw 3,
Dormand-Prince & (Dormand and Prince 1980) 1. 7E5(4)XDHFETH H ., MATLAB
TOFHER 7 ode Y LoN— & XT3 (oded5) 3, £72, Python ® SciPy 74 77V
D scipy.integrate.solve_ivp BIBDEEREL 72 2 32, 7 Bt 5(4) XD Tsitouras i (Tsitouras
2011) (%, Julia @ DifferentialEquations.jl »¥ v 7 — ¥ CER R X LT\ 3 (Tsith) %,

B (stiff) RIS 2 Stff 47> 3 Vit AR T EMTTH TRV RiRE o —fE
T® % Rosenbrock i (Kaps—Rentrop #%[Kaps and Rentrop 1979] & 3 FEiEh 5) ZHWw 5,

31 TODE Y A8 — D& https://jp.mathworks.com/help/matlab/math/choose-an-ode-

solver.html
32 https://docs.scipy.org/doc/scipy/reference/generated/scipy.integrate.solve_ivp.html
33 ODE Solvers. https://docs.sciml.ai/DiffEqDocs/stable/solvers/ode_solve/
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https://jp.mathworks.com/help/matlab/math/choose-an-ode-solver.html
https://jp.mathworks.com/help/matlab/math/choose-an-ode-solver.html
https://docs.scipy.org/doc/scipy/reference/generated/scipy.integrate.solve_ivp.html
https://docs.sciml.ai/DiffEqDocs/stable/solvers/ode_solve/

M C BEI— R

Cl O— Nk B
A CcOMBEEIIR ZFH L. Z0fER %13 % Quarto = — FiE, GitHub TZH
(https://github.com/iwmtyss/covid/blob/master/COVID_Age3_2020_results.qmd) L T
Wb, 2O HTML Hix, EE DV 4 b B (https://iwmtyss.com/Books/2025-
1/COVID_Age3 2020 _results.html) LTw3%, L7 R &%y 5=y D= g VT,
R (4.5.1), tidyverse (2.0.0). deSolve (1.40). Quarto (1.4.62) TH %, 22— F DK

0. &%

1. 3H19 &R

2. 3A2HBF

3. 4HA3HE&H

4. 4 H9 H&ER

5. K - PHIH(2020a)

6. AR - PEiHI(2020b)

Lo Th0, 0BBKIA 77V, 1~6 BRERZHET 2 F VAL 5,
KC1IF, BB A 77V cEEN B 0—ETH %,

#£C1 BEH—%&

set_control HERH & 2 D /E
set_population ANODHRE

set_parms JEHNRTG R — R DFE
set_intervention A DFE

set_input 7772 —X DFE
model_sir SIR €7V DfiR% K %
model_seir SEIR ET VD% KD %
Plot_New YRR D 7 a v b
Plot I BB DO T a v b

a—FofitkebDid, SIR €7 AL %E< model_sir B% & SEIR €7 1 % fig<
model_seir BA¥{CTH 5, ZNZNDOREE D51 HIZ,

model_sir(scenario, aggr = FALSE)

model_seir(scenario, aggr = FALSE)
&7 %, 58 scenario (¥ F U A) ., FRZHNT2H4HTTH Y. &Y {Hscenario ®
BE s, ME&ITEIIEHBTH 22, Af<TldvF VU4 11% scenario 01, @ X 5 Ii#
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https://github.com/iwmtyss/covid/blob/master/COVID_Age3_2020_results.qmd
https://iwmtyss.com/Books/2025-1/COVID_Age3_2020_results.html
https://iwmtyss.com/Books/2025-1/COVID_Age3_2020_results.html

LTw2, 5% aggr . FALSE (BLEfH) D & 2 Fhmblfg 2 & o AQZEHHE L. TRUE D
EEEEHEZEIR T 5, o nglfofic, 4D ANTA—ZDY X

control (¢l & &HETTE)

population (AH)

parms (JEF X7 X —X)

intervention (U A)
ST 5, NTA—2iFENE N, epidemics Xy F— AL L ZHEEEZ VW TW B
B, TNLIFBAHOGIE TR, e —oEHE LTEREINE, K Cl i, TV
T2 NI —2%F Db DTH B,

X C.1 =2— FoiE

Model functions Composable elements Output
model_sir population times,

contact_matrix, demography_group, S, E, I,
model_seir demography_vector, R, New, scenario

initial_condition,
+ susceptibility, dimens -

Model parameters

intervention
control time_begin, time_end,
time_begin, time_end, reduction

increment, times, method

parms
compartment, betao0,
gamma, epsilon

(3F) B3%% model_sir. model seir o 2 fE¥HA 5 72 b, FEflix C.2 HiCaiHT 5, ¥
7 A—=2% (Y RA1F) I, control, population, parms. intervention @ 4 ffi5 & 7
D, FEMIE C4 EiCHAT %, i, epidemics »¥v 7 — Y DK (https://epiverse-
trace.r-universe.dev/articles/epidemics/design-principles.html) ICZEBI L 72FEx & L Tw»
%o

3 epidemics (X, B ¥ F Y RAFEABIEEEKRYEBE (London School of Hygiene & Tropical
Medicine, LSHTM) ®DEYSEHIE T L+~ % — (Centre for Mathematical Modelling of
Infectious Diseases . CMMID) 235 L T3 R Xy 47— TH 2% (Gupte, Eggo, van
Leeuwen 2025),

AfECiIEICa— FZFEFE L. ZONERIE T epidemics LI1dE -7 BB 08, %
BERAICT220ICA TV =27 Pici3EBlomaE LTw3,
% epidemics Xy 7 =Y Tl S4 ATV 2/ P LTHEINTHED, TITIEHHEICY A
FELTHEELTNS,
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C2 SERETFILDES

model sir B L model seir BIBOHEE IZIZIZF LD T, BREDHED A% iIHT
3, 2D7-®, SEIREF L% FHHT 3,

SEIR 7 ATk, BPEL M NI S 2 WRBTEADE (exposure) #5525, %
LT, BBAODLL —EDORCEYEEL S DBRRF IHITT 2, 2o, BLETELEER
HICER MR b DRYFICHBITT S SIR €T A %2EH L 2ATH B, ARG ¢ 50
REtk % b o2, JEYeD Y% b O F T DR & AR & 0T 5 (R ds & FIE
T COBRIM & 3 OWMETH 2), FMBEE LI, TR

S;(t) = —New;(t)

E;(t) = New;(t) — €E;(t) (20)
I;(t) = €E;(t) — yI;(©)
R;i(t) = y1,(v)
DX SRR TE 5, FHEEEORAET, BEHE L oflic ko TAEL,
Si
New,® = X 1) Y my 010 21
' j

ERIND, TTT, my 3FEMREE 2 1 A7) i ADFEmREE & &3 5 D2 2R3,
pIIARBELEE D 1 BloEHfC X o TS 2R (T RIEYE, secondary attack rate) %
AL, FlEEIc Lo TE RS2 LTS, QURAZELEOHLALO RS &, FilnlEE)
DIEPE DRI L L, 205 b DOREDOREEED & 5 H DEIGS/N & R GLHIC
Ko T, FHERRBEBPREING,

ANODIGEAEBRBRETHY, S/IN=1TQDAEERTEZ L LT, QDUXER
7 PTG TERT &,
New;, (t) [P1(0)m11 P1(0)m1nl [11(15)]

()

L%, EBEOFECIREMITIIIRIMAZBE L TEL LRy, QUAPEEEE T 2HA
FHEBER L (338 o 7 AR AR R 2 5 2 5 720121E, 175(p;(0)m; ) DK HEZA L
LT, ThEEIB =yREEFEL T, Q1A%

Si 1(0)my;
Vew, (1) = o, (0 N7 (Ep(jmfzj(t)) (22)
F\T

DXHICHHET L, T,

1VeMQ(t) pn(Ojrnnl . pn(Oirnnn

XO =20

Thd, QQDROHELOEBDIYIMELE L 5 & %,
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New,(®) = ) BupilDmy (f)m” ()
J

L5,
RTRZ7 PRS2 2 #E#ML T,

i1(0)m;;
ICERY A ie
J

Bi(t) = BoX;(t)

LERT D L, FRURGEE R
New;(t) = p;(t) ol )]l() (23)

THRINS,

2 — FClX, deSolve Xy 7 — D ode BAKIC X » T iR 2z, S. E. 1%1T%
(AT IcWi e, HICERRETED) OETE %, R OEET [*] 3 0oER T L oz 5
$50C, ffi#sa—FT@I)RDOFHELAREL %52, BIRDR Y EIE tibble &7 =2
FTH D, AET times (FHEEKFE. time scale) . demography group ({EinlE/E). S
(AL, REEE), E (BEAD), T BREHEAD, ERE). R BRILAO, [
8- BEC#E) . New (FTHUEKSE) . scenario (v F U A) <, BUHIfEIX times DfETH 2
%, KfgTld, v F VA4 1 D7-0DBKDKY i result_ 01 D X S icif LT3,

C3 %

fHleL<, 4 A3 HENEZHEHRTZ2a—-FEUTOLICRSE, TV C E2HET ST
®IZ control, population, parms % &%iE L C. $EARAIRZ L. 2 ZIHIER. 8 EIHIKD v~
F U+ Z &I intervention ZKET %,

# 4 H3 HEROHE

control <- set control(time end = 50)

NO_jp <- c(c = 15758424, a = 76499828, e = 35185241)

I0_jp <- c(9, 1, 0)

alpha_c <- 0.009

alpha_a <- 0.630

alpha_e <- 1 - alpha_c - alpha_a

susceptibility <- c(alpha_c, alpha_a, alpha_e) / NO_jp
population <- set _population(Ne_jp, IO jp, susceptibility =
susceptibility)

parms <- set_parms(compartment = "SIR")

# >+ U A3

intervention <- list(set_intervention(time_begin = 30, reduction = 9))
result 03 <- model sir(scenario = "HIJ#7& L", aggr = TRUE)

% model_sir BABDOR Y fHICIZ, ETMICHRWVE ZE TNV,
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# > F VA4

intervention <- list(set_intervention(time_begin = 30, reduction
0.2))

result_@4 <- model sir(scenario = "2 #IHJK", aggr = TRUE)

# > VA5

intervention <- list(set_intervention(time_begin = 30, reduction
0.8))

result_@5 <- model _sir(scenario = "8 #IHIJK", aggr = TRUE)

77 7% a—FIUTDXIck %,

# RUEREB D 77 7
rbind(result @3, result 04, result @5) |>
plot New() +
scale x_continuous(limits
scale y continuous(limits
2000)) +
scale_colour_discrete(limits = c("HIEZ&L", "2 FIHEK", "8 EHIHIFH"))
# BB D T 7 7
rbind(result_@3, result_ @4, result_@5) |>
plot I() +
scale x_continuous(limits
scale_y_ continuous(limits
20000)) +

scale_colour_discrete(limits = c("Hl#EkZ&L", "2 EHE", "8 BIHIH"))

c(@, 50), breaks = seq(@, 50, 10)) +
c(@, 10000), breaks = seq(9, 10000,

c(9, 50), breaks = seq(@, 50, 10)) +
c(9, 100000), breaks = seq(@, 100000,

HEARFEEREEZ N TR, > F VAT LI parms ZRET 3,

C4 RS A—2&

4D NT A= 2B, [set | #EUHE L T2BEBORVIETHREIND, % DS
TA=ZFINOOBBOGTHEIN, ZOEERERVHEICR LD, —EHD T X —2X
FBEM O TEEINT, BVEL R 5, EFARHET KN, CNODRY EE
ST pEICR > TV B,

control

control XWFfEl & o TN OBUEEH EFHRICEH T 2 7 X -2 DELATH Y,
time_begin (I DHHAL,). time_end (FHEDHH). increment (X[EIEA). times
(GHEREED) . method (M TREXDfE) 2575,

7 AOFHERFE X, ERefez X0l <A, Ao T ciRloHAIdH T
505, FtERfR oA (XEE) 12 0.1 HTH %, times I set_population BA%(CEH
XN, wBi%E 1, #IH% (time_end - time_begin) / increment + 1 & EWT, 17217
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Bz TR ELTELNS,
method (Z. P TFEX % fE < deSolve Xy r — I T 2 HiETH O, Ny F—YD
ode BAXL D5 # method ICEE N3, BEEMEIZ. HHIL v 7 =2 v 2k ("rk4") TH 3,

population
population X, AHICEE# T2 X7 XA —2DEATH D, contact_matrix (FERfT
H1). demography_vector (AIN;). initial condition (JE&HE £ #IHAMEL (0)).
susceptibility (JXZM:). dimens (FFEpFSfE %) <dH 5, FHPEE O LT
demography_vector DEFED LA L L TH 2 b4, demography _group D& 72 %,
AR Tl set_population B D58 L LT, UTD 4 HEDOHKEN I N TS,

E7 L AB €7 CD E7VE E7NVF
contact_matrix m;; = N; m;; = N; 1 1
demography_vector N; N; 10,000 100,000
initial_condition (0, 10, 0) 0,1,0) 1 1
susceptibility a;/N; a;/N; 1 1

(#) =75 0+ A 2» 5 D T . N-=(15758424,76499828,35185241) . a =
(0.009,0.630,0.361),

contact_matrix (%, set_population BI¥® 518 iz 21K DF7H(m) B E I 05
23, R Y EIE(22) XD 1T5(p;(0)my;/2) £ 7% %, dimens (&, AADT—X DRI 2L
Iz,

parms
parms [IEGYEDOWHEICBET 2 7 XA -2 0EATH Y, UTO4FHETH %,
compartment [XEDOfEE% /K3, SIREF ATl sir". SEIR EF ATl "seir" & 72 % ¥,
beta® [JEREIE (BRRE. By). HEAFAELR L FHMARKHE»OEHINS,
gamma PR OBE (1),
epsilon “PHEEGERIEIFE O W% (200 De),
ZNnHlt, set_parms BAEUIC X o TERET 5, Z OB DFIEICIT betad 2372, b
Dic ro CEARHAEERR, 2D S, EEIKE,
beta® = gamma * ro
IC X o TEHHET 5,
FETNOEAMEIZ, UTO XS ICREI NG,

37 epidemics »¥ v 7 — ¥ Tld, population ICEFETNDE T A =X THDLH, Kfoa—F
TlX, parms L&D 5,
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EFA TS5 B 5 CD TS5 E E5FNALF

compartment "sir" "sir" "sir" "seir" "sir"
ré 2.5 2.0 2.5 2.5 2.5
gamma 4.8 4.8 4.8 10 4.8
epsilon 5

intervention
intervention (¥, —EHARIC—EROEMENNR % 5 C 7 5 AREAERINAICE T 587
A—=ZDELHTH Y, time_begin (FElHIIK D IHIH) . time_end (’&H1). reduction
(R OB Ax) 22675 5,
BP0 B HIR 3 2 56 1%,

intervention <- list(

0.4),
0.6),

20, time _end = 27, reduction

set_intervention(time_begin

27, time _end = 35, reduction

35, reduction = 0.8)

set_intervention(time_begin

set_intervention(time_begin

)

D X 9T, set_intervention BARIDOREVEZ VXA ML TEHET %, HEAMHIREG H34E
MnPEE & L IC R 72 2563, FPEEICHIGL 7227 PATIRET 5, AR THEHL T
s, 7zE 2IE, B0 T 15 s I EAHEIR U 2 v EEE.

reduction = c(9, 0.6, 0.6)

DEIEHET T X v, FTHEBROKD Y £ TR RFE S 2 5613, B TR ZRE
LadThww (BEEMESFHEIHM O L o T 3), HEAlEIHE &P H—05A 1%,
intervention <- list(set_intervention(time_begin = 20, reduction = 0.8))
DESICHET %,

BEEtE <3, BaR R 5 1 SHRERRRER 2> O HIIRIG E 2 X DI LTw 3, Billh
Reriofl ., HEALHRRATOREEL L CEHR I L 5,

Ch »FU=F

NIA=ZDfAEHEDLREICL ST, UTDOXRC2LEKCIITRLZ25DYF VA %ZEE
LTwd, #¥F IV FAORPEHEFHEEHABRRIT RO 77 7 1,
https://github.com/iwmtyss/covid/blob/master/COVID_Age3_2020.qmd IZ & - TEX &
NnTn3,

£ C23, FlELSIRETMVICL 2 (v F YA 125 125T) THY, AN
McfEHALEdDO—EIChosTW3,

#£C2 HWEDLF VA (FVF1~12)
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1 B 3 H 22 HER | HiHUERRER 300 | A
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4 H 15 HERE | SATHRAHIE AL
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3 C 4 H 3 H&FE R SE L 50 1 (K7 L)
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7 D 4 H9 HE&ER RQFHL 90 | X2 (7 EHIE0)
8 D 4 H 9 H&EFR JERGERL 90 2 (8 HIHIR)
4 H 22 HER | EREFE 3 (8 HIHI) )
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# C3 HIEEDYF VA (¥F VA 13~25)
F5 | =T PR R 3 3 R R & T
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24 F 2020b, XI5 JERFEL 130 6 (6 A
25 F 2020b, XI5 JERFEL 130 6 (8 HIHI)
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(F) FIBRIED 20202 138K - P (2020a). 2020b 1385K - PG (2020b) #4853, o
F VU 19a, 20a, 21a X, ZREFNEAK - PEIH(2020a) LA L 8T A —&2 TP F U+ 19,
20, 21 T %,

X C2 &KX C3 i, #K - FEiH(2020a) > X4 & [X5] OFHIBRGEELD RGE R
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&7 Y EMEIRE (6 <t) OREEZRIE, T,
New(t) = New, et

ERINSG,

PEHBIZIC & 3BT A Tld, BMEIER R (6) TORMBREFBILERN 282 2§
5 DT,
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EEEN

R-1 (26)

New(t) = (6)S(O)I(t)
TRTbDELT B, ZIT,
B(t) = BoX(t)
T 5, BYYERITO S WIoREET, A (1 ickk#eEfl) g A ERBYEHE L LT
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b,

AR (2025) CABI N AT 4 Fic X, KoiEE 7 v colREF(27). (28)
D& HAFAERT 25, PHBARKMIZ 48 HEEWTWS, Lzd> T, REK
WEBHB 2D cRHHICiZ, AL X7 2 —2 LPHAfE% D DHARR 7 SIR €7 LD
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New(t) = BoX11(t)
&7 BDT, tRFROMREZ & 2 &
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