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

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, some figures were presented in which newly infected persons and infected
persons were confused. Since the variables were mixed up, the internal validity of the analysis
is lacking. 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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(%72, 8 EDIKIRICHE 72750 o & IC oW TlE, 4 A 22 HOHEARAFEDOIRSICHL
T, 1 HY72 ) OFHIESRE LD 500 225 100 £ Cloild 3 3 BEEic o T, il
0% THNIX 15 HREIEFT 2L 2 A, 66%THNIT 90 HUEZET B LI T epmaIn
TWBLEIATIIVET, |

33 REOKE 8
®5 (A) i, 4 A 11 HEROEROMY B ZEELT, K2 (B) ##ketr 1o

Yz R Ee i ERIL. CoBERORRICKZ> 4 H 10 HOWHEE D4 v 2 &
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20 https://kokkai.ndl.go.jp/txt/120115261X01720200429/291
10



https://www.mhlw.go.jp/content/10900000/000624048.pdf
https://www.buzzfeed.com/jp/naokoiwanaga/covid-19-nishiura
https://kokkai.ndl.go.jp/txt/120115261X01720200429/291

BB OHZ 2R L7 d DTH 5 H, 2 LI3FE oK ESTEIX L5, FBURG
BRI 500 NDK#ED: SR EFGT 2 X S ic, HIERBHZ 22 HE LTw3 (GEREIC
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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) ZEFT 3 (PHE 2020b), GitHub T5 H 27T HIcAfla sy —xa—F 2%
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

22 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,
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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

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+Ia+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 @ EDHIEED 72  CTHEHREANBVHEMECEZ 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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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 B, £/, SIR F A& LT, ADREZEAD (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)
DISICEKRFTZENRTES, V—Aa—F 41 {TOHMIFE3HD N c it N e DR & Eb
NP, TTTERINSE NBY—Ra—FoffHINE ZEidhvoc, BEIZEL R
Vo, SEEHBRBRIMADICEENZFETH Y, BEDOADDOHGEE EHFEHOAEIET)
CIFRER TR Z 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

BN, AR, Sl ORI, PEi(2020a)1C X B,
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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)
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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 T34 % U Tid o 7= FHEMIFE (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))
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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,)
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Xe = a,(x, + x4 + X;)

Einb, BERZ PRI, X7 PV
[ael

ZEDDDERY, TV OEREEN OREEDOHKITZ, ZOBERZ P ALDHEKIC
bl bZeRTPRING, b LEZERFREN TS 570, FhibEE o R
DWKIFIAADHKRICR>TnB13TTHS, 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 1EB&%

8% C 1d. W AKX OBMEE RO EEMH T 5. AT L = EifhEle 7 v
X, 6 ZHoAEROMy R L RRATE 2, ARZFOMAERZ, x2_7 e
LT

x() = f(x(®)
b,

FEffEElte T ATl xT =[S, 8508, I I, 1,1 & 70 %, TIIREX 7 AL E2RT, B

Z.

Sc(t) = —New,(S.(),1(t)) (17)

Sa(®) = —Newy (S, (), 1(t)) (18)

Se(t) = —New,(S.(t),1(1)) (19)

I.(6) = New,(S.(£),I(t)) — Out(¢) (20)
I,(t) = New, (S (6),1(t)) — Out,(t) 21
I,(6) = New,(S. (D), 1(t)) — Out,(t) (22)
New,(S.(t),1(t)) = (1 = x(£))BcS()I(¢t) (23)
New,(Sa(),1(t)) = (1 = x(£))BaSa (DI (L) (24)
New,(Se(£),1()) = (1 = x(t))BeSe (I (t) (25)
Out(t) = yI.(t) (26)

Out,(t) =yl (t) 27)

Out,(t) = yl.(t) (28)

L@WHTET L TE D, outBifiE, = —FonHlttmO 2D ICEAINLD D
TH 5,

DI, — I costETE L Eikdlt SIR =7 v ostEGEZHHT 5, FEikdEt
ETACTREEZET T, NEORERE DEFD AT 5,

P ERE O BUEFH R <1k, WIAR St 2> /NS X[ (step) CHIESLIY I T BUE % sk
DTV, NXE (8,22 Dtpin-y) DEBMEMCT, DEDXM (tyony-12*Dtpy) Zalk
ERCE 254NN MR EN

XniN = An-1Xnin—1 F Ay 2Xngn—2 o+ QoXp + AP (Xnyn, Xngn—1) ) Xn)
ay_q+-+ag=1
Thb, hMIXREETH 2, N=1¢72 1 BREEDFHHER I,
Xn+1 = Xn + hP (41, %5) (29)
THd, 1 BEEFETIE, DAToXBoEHRZED RV, % EEETIRIXFERIZEE 2T
Wi EERTIEZR VA, 1 BRISFECRXEREZZZ 2 Z 3RS TH Y, TERAEIC
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Hbe CXMEIFHE N L 5E GEICE) 2352, #cA Tk, Q9)RDOhOKE S H
XEIC Lo CTHZR D,

Berkeley Madonna Tl, & 5EIC Euler, RK2, RK4, Auto, Sdff @ 5O A 7"~
2VBHY, T7 ANV FERKACR > TS 2 windh 1 EET, &Y 3 DX
IEEEDHETH S, AFEDO VBA X, 2D 32D FHEEFEEL WD,

B2 #47—%

CZTH1IBEEEoRCERL T, KiEZRE LT, t,=t. ty =t+h& LT, K
t+hDOx%FHETBE e 2E 25, T, Wittt +hDx e AP EROME X 235+
52 EICEEL Y,

AT —iEiE, EROMEE & L CEIEMOR St T O E v,

x(t+ h})l —x(h) _ f(x(t))

CEIHET S, ChEEET L,
x(t + h) = x(t) + hf (x(0))

&b,

st + hox %St T 1 ROEE T — 7 —ERT 5 &

x(t + h) = x(t) + hx () = x(¢) + hf (x(1))

L5 DT, WEMOT— 7 — R BEFEIE 1 ROHEHA—E L, 1 X (order) DT
WEx b2 QRULEOHZEER D D),

gt 7 v co(17) TR I N E/NRORELAE 1T,

S.(t +h) = S.(t) — hNew (S (D), 1(¢))

THEEINS,

B3 haE
(BB sz, Bttt + hox AL EROMEE & LT, TR SNt + h/2 TDlEE
ERR DR W T,

x(t+h})l—x(h) =f<t+g)

TR T2, Zhz2XET 5L,

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

h
x(t +h) = x(6) + hf <x (t + —)) (30)

2 % F57EDFBAIX, Marcoline et al. (2022. p.45-) 12 ® %,
23



h h
x(t+3) = x(©) + 5 f(x®)
Lk, B0O)RTRATZ L,
x(t+h) =x(t) +hf (x(t) + gf(x(t))> (31)

DEHIc, Bifit+hoxwelET 220825, i, bhHE0HERE 1 5,
GUOROLUE2HEY 1 ROEFTF— 77— BT 2 &,

h
x(t+h)=x(t)+h (f(x(t)) + Ef(x(t))f’(x(t)))
Ll b, EEMRO2RXDEE TOT — 7 —ERIL.,

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

LB DT, WEMRE P EEOT -7 —EIX 2 ROETTHT 5, oF Y, K
2 ROMEEZ D D,

INRDRIBEGE DA 1%,

Sc(t+h) = Sc(¢)

h h
— hNew, (Sc(t) — 5 New,(S(0, 1), 1e() +3 (NewC(SC(t), 1)) — ylc(t))>
LEME I NS,
B4 I =0v&E

(HEE) vv =2 v 2k,
ki () = f(x(D))

h
ko(8) = f (X(t) + §k1(t)>

h
kﬂo=f<ﬂﬂ+§kﬂw>
ky(t) = f(x(t) + hi3(1))
1 1 1 1
x(t+h)=x(t)+h <gk1(t) + §k2(t) + §k3(t) + gk4(t)>

WX oT, Bifit+ hDxZ it T2, v ir=27 v 2Eix, 4 ROKEEEZ SO,
FEihE{te T cl. BAERIC
kys,(t) = —New(B.(),S. (1), I(1))

h h
kys (t) = —New <,8c(t),5c(t) + §k1,sc(t),1(f) + Eku(f))
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h h
k35 (t) = —New <,8c(t), Sc(t) + 5 ks, (), 1(t) + 3 kZ,I(t)>
Kas,(6) = =New (Be(£),Sc(8) + hks 5, (6), 1) + hk (8))

1 1 1 1
Sct+h)y=S.(t)+h <g kis, () + §k2,sc(t) + §k3,sc(t) + gk4,sc(t)>

LEtREIN S,

B5 (LAZED) ILvF =0y &E
I EofidzeEi?l (RFD) vy =2 v 2 (Runge-Kutta methods) (%, s#% B
(stage) & L T,

ky, = f(x(t))
j=1

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

TRIND, a2z BRSO ZA, bz BRICHDOR7 PLZbEERL TEL, AP
FTZAFHTH 2 & % RBEEE T, BREATHEL ZENTE S,

FAT=RK@INVT=0 v 2ETDA=0, PT =1, KT EeHRTE, 1 E1RDHET
Hb, NEORBEGEEL VT « 7y 2o Citibd % &,

kis,(t) = =New(B.(2),S:(t), 1(t))
Sc(t+h) = Sc(t) + hky s,

b,

Wik,

“‘=[1/2 ]

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

h h
ka5 (©) = —New (B(0),5:(0) + 5Ky 5,0, 1(0) + 3 Ky

Sc(t+h) = Sc(t) + hkyg,
LB,
HHP L Y7 =7y ZgkR,
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A=
1

brz[l 11 1]

6 3 3 6

b, My =0y 2Kk, ABRARDFHIETH B,

B6 ZoftbdAk

Auto A7 v a Vi, #EHAL Y S =27 v 2%k 1 ficd Y, Cash-Karp 7% (Cash and
Karp 1990) %\ 3%, @HAMAL V=7 v 23ETlE, nRén—1ROA VT =7 v 2iED
HREARDAEDFIEL ) RE WG, XEEZHENL CatRES 2 2 & T, EEREz/h
I T2HbDTH %, WRDITIETHAT 21THAD F/MTHIDAER D 753 DATHNIHH Y
T 251, BROGEDITINEZH 720 CEHRT ILEDL R, 722X, 47—
FEDOAZHTHFEDAD T/MTHNIC IR o TWB T e b, FRETHET 2IChEEZ D7
FTAA T —EbFEKFICGIETE 5, N, 2(D)RD ke RIS, Cash-Karp i
X, 5B 5(A)RTH D,

BIGE Ly =27y 2EE, oy 7 by o7 ChIE#EE LTCfbhTwd,
Dormand-Prince & (Dormand and Prince 1980) 1. 7E5(A) XD FHFETH H ., MATLAB
TOFHER 7 ode Y voN—& XT3 (oded5) %, 72, Python ® SciPy 74 77V
O scipy.integrate.solve_ivp BIBDEEREL 7225 20, 6 Bt 5(4) XD Tsitouras i (Tsitouras
2011) 1%, Julia @ DifferentialEquations.jl »¥ > 7 — Y AR I LT3 (Tsith) 77,

B (stiff) HRERICGEFT 2 Stiff 4 7> 3 Vi3, AR T ZATHCh v Effiko —E
T® % Rosenbrock i (Kaps—Rentrop #%[Kaps and Rentrop 1979] & $FEiEh 3) ZHWw 5,

25 TODE Y A 8 — D& https://jp.mathworks.com/help/matlab/math/choose-an-ode-

solver.html
26 https://docs.scipy.org/doc/scipy/reference/generated/scipy.integrate.solve_ivp.html
27 ODE Solvers. https://docs.sciml.ai/DiffEqDocs/stable/solvers/ode_solve/
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https://docs.scipy.org/doc/scipy/reference/generated/scipy.integrate.solve_ivp.html
https://docs.sciml.ai/DiffEqDocs/stable/solvers/ode_solve/

18 C BIR7 7 A L DR

Cl 77ALDRER
A i L 7 Excel 7 7 4 2+ (COVID_Age3 2020xIsm ) ¥ . GitHub
(https://github.com/iwmtyss/covid) I XT3
77 ANTE, SEHHOETACAG LIBYIYDOYFIATYIaLb—vavdiElhb
Nz, £3. 3 FEEHOET VIIEARFEER VAR EEROREIC X > TRl X, #
b EURBEAA H & HIREIRERE DEWIC X > TET L C WITER DY F ) ADBHEET 5, £
C.1 1, BMHIEEREUND TG XA =2 DT DD DTH S,

#KC1l NTA—-ZRDHE

Y A B C
FEAR A FERL B2V 2.0 2.5 2.5
P GE R (N B8:D8, C14V 10 10 1
Bt IR AR H D3:16, K3:M32 L L 20, 229, 30

1) [Parameters| 7 —2 3> — F,
2) [Parameters-x| 7 —27 3+ — b,
3)22 Hiz, ARCOMHDBEETH %,

ETFTNADNT A — XX, [Parameters| ¥ — F CHEINTEBY, TNLDEEZEEZHL T
AHETLZLVESTH DS, TN ADQHAHEERDBIETET VB 55 20%HEfl I
ELTEREHL, UTFoBEMEROSF YV AD 1 DicEdENns, ZoHREIT. EEMICEAR
FAFERDS 20%(K\ > 2.0 £ 72 5 2 & EEMEFHR E. RS Th 3,

HIECREXDEIC L > C IO Y F )V ADBRES N, 1206 11 TTOBLEZSE DT
Wb, & C2 k., ZhbiconT, WET2ET L, BHNROER, AT 24
. R, AfEcofffERT (Moséa, R RAd) 2Rl Thd, v F I AT
DHTHR D EIL. [Parameters-x| > — FIcEF o TH3 (1 & 3 IFHIERZVWOT, &
Dy —MiciEEN W), 7 CIEHR L, Cl, C2, C3icHimfbL T3,

K C2 HEREDF YA

# | ®7 | BEAR fEF 3 2 258 | GHEH | fERfE T
= L il
1 B 3 H 22 HEHR | $idlERgE 240 | AL
SR YA AL
4 H 15 HER} | QR R AL
2 A 3H2 HER | RYmAHUIE 300 | A3C



https://github.com/iwmtyss/covid

3 Cl |4H3H&ER | HElUERER 50 | X1 (&SRR L)

4 Cl |4H3H&ER | FiHEEEK 50 | 1 (20% D filis)

5 Cl |4H3H&ER | FHEEEK 50 | [ 1 (80% D ifilis)

6 C2 |4 H 11 H&ER | EREHHK 90 | X2 (4#], 6%, 8% LBREM

(AR

7 C2 |4 H11 H&ER | BgEEK 90 | ¥ 2 (AT 7 El o HEfkiR)

8 C2 |4 H11 H&ER | BgEEK 90 | ¥ 2 (AT 8 & ki)
4 H 22 HERE | B 3 (&HH (80%HINk))

9 C2 |4 H22H&ER | EREHHK 90 | I3 (J&HH (65%HIK))

10 | C3 |4HI11HE&ER | FillRgE 90 | ¥4 (8EIWDLA

11 | C3 |4 H11 HE&EFR | FillRGE 90 | ¥4 (7 W DGH

SRR, =7V A L 2T B IREREHESHER CTE 2T %Z & 2729,
ZNZN 240 H, 300 HE L7z, 7V CIIFRT2XICHY T 2 M ZFIE L T 528,
vFIAIICONTIE, 100 A2 A 2R T 2720, HHITIKNIIB0HTHS & C
2% 90HECTIHHELTH S, eroBAx Nicary—32 LT, iFHBRIRAES ICER
T&2% (/z77L, 74 C OHIRED L F IV A1FZ 90 HETL2HRELTWAWVLDT, %
NP IR T 2550, HIEO > F ) A SR T 2081 H 5),

P (t=0) oHfHZ, OHOKFOSr 292, HF0.1130H 2824 53¢ 722, MMl
OB & N5 & FICHIEERIZ 0 20 S AEBICEL T %, Fl 2 iE, 20 HIicBEfEliR23 6
IR A5EX. 20 HOKFO 402 HEEMEIR 2 G £ 2 L AE L, 19 H 218365 (¢ = 19.9)
22520 HOKE 04y (¢=20) FTIIHIHEEO CEHEL, 20 HOKF0 025 20 H 2 I 24
¥ COEIIHRE L ZHIRECEHET 5, 20 H 0 0 4> 0 JrHUSgLE b 3%0E L 72 MR
TEHHE T 5, 1 XHECHRIRFE MW & 212832 L IAHE L v,

ARCEHERT 2 EBOHEKEE2 vwo72A [Result-SIR] 7—2 v —bicav—LTFE
o tkic, thErsBLA-HEBEREZ [Result A| [Result B [ Result C12 ]
[Result C3] V=2 —bMIRLTH S, AMOBMIUFELTERT 210, 2hbD4o
DY —rv—tERENTI N,

[Result A| Tt BPERMEBEZRL, BENRERORIEZFR L LKL Tw 2,
[Result BJ Tix. 50 HHOHBUREFE. BPEMBE, LCHER (FHHTE W) %
MLTWw3, $722FF CICEBEER (HEETH) 2T 2 \EELELZHEIL Tvw 5,
[Result_C12] Tix, HHINZMEZERL T3, [Result C3] Tlx, 4 H 11 H&ER &
4 H 22 HEFR A, BOZEOMVEZ ZBIELZKEZRRL T,

ZoFVFDHEIZ, v FVF 1 & 22 [Simulated-SIR AB| T, ¥ F U A 320550
[Simulated-SIR_ C1| T, ¥+ VUA 6 25 9 2 [Simulated-SIR C2| ¢, ¥+ VUV F 10 &
11 7% [Simulated-SIR C3] TH I b T3, £ F VA TOLEKO X 2 EHEHH T
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%25 X910, Excel v F U ABERBEREZ D TIC, TXTCOYF Y ADFEERLY — 72
v—MIHENB X IT LT,

%y FVATD SIR ETFTALDOFHERE—~TH L, v F VAT i, fTIREE, Flicix
ERDPFHEINT WS, UTFTDX ey F AT lofHoEBsitEaIns B 1{ricik
ETATORRE. B 2 TIRERRYIOY TV ADEHOT — 27 v — F TOHEE %2 7=,
o> F VA3, ZOHMTHELTWS),

I R New
B C D g
Total
Susceptible | Infectious Removed New infection

INnoofiid, DT CEET 3 FFREE O GRHEL LCRtRI N5,

Se I Sa Io Se I

F G H I ] K
Children Adults Elderly
Susceptible | Infectious Susceptible | Infectious Susceptible | Infectious

PIES D 2 DFlE, SIR €7 A D TTRRIC L st T, B REZ B 8o T
w2 A3, rtk BIE (i) I X BRVEOEIIBRATND,

R, New, R, New, R, New,

L M N o) P Q
Children Adults Elderly
Removed New infection | Removed New infection | Removed New infection

Removed (2, A 72> 5 Susceptible & Infectious Z 5[\ Tk 545, New infection 1,
(23)~5)Ric k> CTEtHE I N2, HEMBEOEED, F~KFE L~QFlichWidnd
Dld, HIZIC Tk BORYEZ L LD HAEDPLTH D,

1§k B TONew & Outit, LATF D X 51C Newl Bi% & Out B cilH a1 %,

=

Function NewI(Beta As Double, S As Double, I As Double) As Double
2 NewI = Beta * S * I

3 End Function
1 Function OutI(Gamma As Double, I As Double) As Double
2 OutI = Gamma * I
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3 End Function

C2 rk 8%

VBAIC X o TEFRI N7z rk B, (17)~Q22) i H-o CRERZ AR LRGN T OF)
YPERAEL WL, W RERXOBERHEIL, 518 Stage 1 DL E AL T =1k 20L %
ik, TSN osIB o gy =0y 2ECHET 5, BUTIZ, VBAIKK5a—F
DIRHTH 5,

1 Function rk(Beta_c As Double, Beta_a As Double, Beta_e As Double,
Gamma As Double, _

2 aS_c As Double, aI_c As Double, aS_a As Double, aI_a As Double,
aS_e As Double, aIl e As Double, _

3 Optional dt As Double = 0.1, Optional Stage As Integer = 4)

BB OG8E, UTDlY TH 5, BHEMIEE DRI TITEMAHED 72 585 X
JG&RLTH Y, FEMEIED D 2 56 1 IFHIEERICE U TR L 72E2551%0 L 72 5,

# C3 1k B D515

VBA TOEK4 ETATORS Excel To 4 i BOE L7k v

Beta_c¢ B BETA ¢ [ Parameters |
B11

Beta a Ba BETA a [ Parameters |
Cl1

Beta_e PBe BETA e [ Parameters |
D11

Gamma 14 GAMMA [Parameters | B4

aS ¢ Se 117 Eox

al ¢ I 117 Eoxn

aS a Sa 17t

al a Iy 1frEoxn

aS e Se 117 Eox

al e I, 117 Eox

dt h dt [ Parameters |
B16

Stage S STAGE [ Parameters |
B17

5 Const AGE As Integer = 3




O 00 N O

Const N As Integer = 4

Dim Result(2 * AGE - 1) As Double
Dim aI tot As Double

8 1T?d Result I¥. RV EZEMNT 25 TH 5,

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Dim S_c(N) As Double
Dim S_a(N) As Double
Dim S_e(N) As Double
Dim I_c(N) As Double
Dim I_a(N) As Double
Dim I_e(N) As Double
Dim I_tot(N) As Double
Dim kS_c(N) As Double
Dim kS_a(N) As Double
Dim kS_e(N) As Double
Dim kI_c(N) As Double
Dim kI_a(N) As Double
Dim kI_e(N) As Double
Dim kI_tot(N) As Double
Dim a(N, N) As Double
Dim b(N) As Double

10~25 7T, stECHATIEHR 7 P2 CEERT S, 17~25 fTIZET AL TOER

Lz AHNCEEH L 720 10~16 /T3, @hEHRMH oS THh 5,

27
28
29
30
31
32
33
34
35
36
37

al_tot = al_c + al_a + al_e

1 Then
1

If Stage
b(1)

ElseIf Stage = 2 Then
a(2, 1) =1/ 2
b(1) = o
b(2) =1

Else
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38 a(2, 1) =1/ 2
39 a(3, 1) = @

40 a(3, 2) =1/2
41 a(4, 1) = @

42 a(4, 2) =@

43 a(4, 3) =1

44 b(1) =1/ 6

45 b(2) =1/ 3

46 b(3) =1/ 3

47 b(4) =1/ 6

48

49 End If

20~4917 T, A4 77—k, HEE A VYT =29 ZEOTHAL NI P AbEERL T35,

51 For I = 1 To Stage

52 S ¢c(I) = aS_c

53 S a(I) = aS_a

54 S e(I) = aS_e

55 I c(I) =alc

56 I a(I) = al_a

57 I e(I) = al_e

58 For j =1ToI -1

59 S c(I) =S c(I) +dt * a(I, j) * kS_c(3)
60 S a(I) = S a(I) + dt * a(I, j) * kS_a(j)
61 S e(I) =S e(I) +dt * a(I, j) * kS_e(3)
62 I c(I) =1Ic(I)+dt* a(I, j) * kI_c(j)
63 I a(I) =I a(I) +dt * a(I, j) * kI_a(j)
64 I e(I) =1Ie(I)+dt*a(I, j) * kI_e(j)
65 Next j

66 I tot(I) =TI c(I) + I a(I) + I e(I)

67 kS c(I) = -NewI(Beta_c, S_c(I), I tot(I))

68 kS _a(I) = -NewI(Beta_a, S_a(I), I tot(I))

69 kS e(I) = -NewI(Beta_e, S_e(I), I tot(I))

70 kI c(I) = -kS_c(I) - OutI(Gamma, I c(I))

71 kI_a(I) = -kS_a(I) - OutI(Gamma, I _a(I))

72 kI e(I) = -kS_e(I) - OutI(Gamma, I e(I))
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73 kI_tot(I) = kI_c(I) + kI_a(I) + kI_e(I)
74 Next I

75 Result(®) = aS_c

76 Result(2) = aS_a

77 Result(4) = aS_e

78 Result(l) = aI c

79 Result(3) = al _a

80 Result(5) = al e

81 For I = 1 To Stage

82 Result(®) = Result(®) + dt * b(I) * kS_c(I)
83 Result(2) = Result(2) + dt * b(I) * kS_a(I)
84 Result(4) = Result(4) + dt * b(I) * kS _e(I)
85 Result(1) = Result(1) + dt * b(I) * kI_c(I)
86 Result(3) = Result(3) + dt * b(I) * kI _a(I)
87 Result(5) = Result(5) + dt * b(I) * kI e(I)
88 Next I

51~88 17T, (AFD) Vv =2y ZFECLIEHEBINTV S,

90 rk = Result
91
92 End Function

90 T <. aHEMER (6 FDEH) ZEL T3,
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