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In this work, we present some results on the dynamical consistent natures between a time-discrete and
a time-continuous SIRS models. The time-discrete SIRS model is built with a way making use of the
Royama’s framework (Royama 1992; ¥i%F 2007, 2008, 2011), which is sometimes called the ‘first-principle’
modelling. Introducing a time step size for the time-discrete model and taking its zero limit, we can derive
a corresponding time-continuous model with ordinary differential equations, which is a typical SIRS model,
sometimes called the Kermack-McKendrick SIRS model. For the SIRS model considered here, we assume
an epidemic population dynamics of nonfatal disease transmission, with a constant total population size, say
N. The susceptible population on the kth day is denoted by Sk, and the infective by I. We assume the
probability Pk (i) that the number of contacts to other individuals by an individual is i in the kth day, and give
the probability that the individual who contacts in j times to some infectives in the kth day successfully
escapes from the infection by (1— ,Gk)j (0 < Bk < 1). The parameter Gx corresponds to the probability that the
susceptible is infected by a contact to an infective in the kth day. Besides, we assume the recovery probability
gr for an infective in the kth day, additionally with the probability m that the recovery successfully brings the
immunity. The immune population on the kth day is denoted by Ri. The immunity is waned with probability
0 per day. With these assumptions, we can derive a discrete epidemic dynamics model for the susceptible
frequency vk = Sk /N, the infective ¢i = Ix/N, and the immune nx = Ri/N. Especially, we consider the case
that Py (j) follows a Poisson distribution. With some additional appropriate assumptions and introduction
of a time step size for the discrete model, we can derive a corresponding time-continuous SIRS model with
zero time step size limit In this paper, we describe the result from a comparison between these time-discrete
and time-continuous SIRS models from the viewpoint of their dynamical (qualitative/quantitative) natures:
the existence and the stability of equilibrium state, and show their dynamical consistency for a non-trivially
wide range of time step size.
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BBGEDRRSY A F 2 7 ZcBIL TZ, FEICR - T, EAN L BB 7L OBENLEEICET 2
MAFBRELTW2LITHS (LEAE, B2 BLC20BXHE) 28, 20EEeTY v 7AKK
DOUTOREHI DO TIREREGBRICF I 2 L EZL o, HEEETFLOSENEEICET 2R
BRBEEVR->TV 3,

REBRRE 7L OBFE Iz >V, BHEREELERCET 2 REDHHABEEF YV JICBALRT
WFEE LT, Royama (1992)[5] ic k> TRHEE Wiz, HHEBRADEERES A+ I 7 AOEREZBEAL
TRERRRICIGBEM LB L TBIHE I N2 E0HBARIC & 2HEEEE FLoOBRE (TE—FE,
KEBETV VY TEMINB[ELHB) PIOBREPOREL L LEZ S LDTE S site-based &
T (& ZIE, R [1, 6,7 2B) AT 3 L05TES,

FEXTIE, Royama (1992)[5] i< & 28T 7V > /' #I5A L <, #EEF (2008, 2009, 2011) (7, 8, 9] i<
BTSN, BEHOBETE ZRYPHEDEBRST A F 2 7 220 Th, BEEEHE ¢, = Sk/N,
BRERE o = Ii/N, RBERE GERRME) ZFHEE g = R/N OBEB 252 2 29 HERRICL2
SIRSEFN%2EZ 5, ZOMEIETVIZ, 1HS%HOEEBOEMERDS Poisson 476 26 5 BA,
GENZFETRER Ty 72BATWE, BEATy 7RODEBRICEWT, X{AsnrEHMIFER
12 X % Kermack-McKendrick & SIRS & #/L 28 ¢ [7, 8, 9], iz, ZoHBRBIC & 2 BEE SIRS €
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Fig. 1: £ (1) KB} 2BEOREEBE

FE, ZORMAT vy 7REDDERCEH I N2 HEHRDABRRIC & 3 Kermack-McKendrick & SIRS
EFNICOWT, FHEOEEME L ZEMD “dynamical consistency (FEMIRZME) "L TInFE T
LRBONTLAEREBRS,

2 MEBEBUSIRSEFI

BFETIL

EZBERIAF IV RAOBBAT - (e, H2BE — X HlF) Tz, REGESA XD (%
FE - - BHAICKB) WMBIIEHETERLDLL, EXTVWIEGHOY (X (BEH) 2 N (EE
¥) L5, FkHE GRS OBRPHERZEBGEL S, BY (BRARE) BEKE L, ZBRE
BE#HE R, EROL, @M1 Hiz TEX jEGLEMTIEEL P(j) T5EX5, &P 1BH1D
S 5 BB OMEE (r) 13, (1) =2, 7P(j) TH 5.

AR TH, Royama (1992) [5] ic X 2EBEFY v 7/ 2IGAL T, HE (7,8, 9 KB THR I X
DEFHABRRICLB2HEBEFNVICOVTEET S (Fig. 1 2H) :

o0

Yer1 = (1= Bok) P(i)k + (1 — m)gdx + O
i=0
Bror = 3 {1-(1- B8V} PGYn + (1 - )b M

=0
M1 = mady + (1 —6)mi

FEBDEICOVT Y+ +m =1 THB, ZOEBEFTNVIE, BIEOERTE 2RJPEDD 3 BHH
28I BZEMEEHEE o = Si/N, BEREEEE 6 = I,/N, REEREEGEE » = R,/N OBES
EEZT03, #I3X=5 8 (0<B<1) & | BRMEEEEML BRZEEEBRE ICBRT 25R
WML, | HOMICESEL /- j B L &M L 7 BZEBESREY» 6 RN 2RI (1 - ) TEALN
%, g3, BPMEGE1BONICEEL, BEHERIBERTHS (0<qg<1), £, BEEL-BEFICH
LT, REESHEEEZmMm 0<m<1) THEALTWS, m=0DFAICIZ, BRLZEEZLTEZERE
B LTRREBEEL 2, m>0DBAIE, FELABEOAR, & m NEE2EE T2 LFTE
3, X512, REEEHEEN ] HORIZEEEZRYL, BEEGICR S GBAIEEREE20 0<6<1) T
BALTEL, 6=00HB4, EBEIN-ERBRIXARLIHYT S,



RERIEEED 0, Thbb, 0=0, »>, BEROGBEBEERENE, Thbb, m>00HEII,
RBEEETEINE, ZORBITKAGBEIMEYLL, BRSAF 172, SIREFILEHINZ D ILE
T3, =N, m=0%61F, BE»SHELBERLTERZIEDS 3 BZHEELE 220T, RERE
BERIFELT, L34, Re=0ThDH, ZOBAIKE, BRIAFIZRIE, SISEFILEFENS
YDIET 5, BIZ, 0>002m>00H4, BRroBEELAEERILTL bRELEBTET, &
ReBBTELroERRBRERKICRES2—F, EREEALER ) CRIEEBCR30T, <
DIFE, SIRS EFILEFIEN 3,

ERUPESED Poisson AHTEZ5NBES
4, HEE P(j) bR D Poisson ZHRIHE I BEEELS ©

7je-'7
= i
BEZYE | BT 2 BEROMFE (1) 1k, (1) =7 TH3, ZOLE, BEEEFL() X, ROES
HBRRELS [7,8,0]

P(j)

Vet = Yxe P + (1~ m)qdy + Oy
brrr = Uil —e P1%) + (1 — q)gy (2)

Te+1 = mgey + (1 — )

3 BRAFY7R0D@ERICHTIERFRAEETI

BAEER DA P(j) 25R0EI TR L 72 Poisson 70 126 ) BADESHBRAR (2) o0, BEXFv 7
Br>028AL, BRAZIBRELT, ROL ) L—BUESABRRAREZHHT LI LTES[7,8,9]:

Y+ k)= H(t)e Brho) L (1 —m)gh o(t) + Ohn(t)

ot +h) = w(t){1 - e Prhe®} 4 (1 ~ gh)g(t) (3)

n(t+h) = mghe(t) + (1 — Gh)n(t)
IIT, (& @) IE—RETRIHEoT, QIBLTHEAT v 7RICKEL EE b7 A =21
DOTOERLZES Y > yh, ¢ gh, § - 0h ZHVTWVS, FiZ, (2 IKBIT3EERE 0<qg<1)
BLUREREEES 0<0<1) i3, gh, OhIi—ILENTVBD, 3) IKBITBRSA—F ¢ 0
BHERE2RTLOTIEAL, B MR, SEEE X, tika(, EER B, RBEEER (R
B) LHERELDTHE, ZLT, ¢ghBIU O DHEEEEFELTWBEILED, gL hlz0<qg<1/h

0<80<1/hZWW-TIEEH (1 2BLATBbLV) ELTEEINS,
BEIL, B)Dho0DBRIZEVT, ROBOHBERZ2EHTEILHTES:

WA~ —am06) + (1 - m)ad(t) + on(t)
1890~ prwew) —aot) )
I~ mga(t) - on(t)

dt

IO HERRIZ, BDEML Kermack-McKendrick B SIRS ® F N ICBENICRASETH 2, ZD—H
12, (2) IR BBEBBERSAFIIRADETFY VFOREL, ISHAONERIAERR 1) Itk 3
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Kermack-McKendrick B SIRS € F WV ICBIT B REDILBRICIZA LD L BRTES, LkdoT, 0D
HHICLY, BEBEERSAM T 7 RAETI(2) ZHEBE Kermack-McKendrick B SIRS €7V L& C
LHTELESLS,

4 Dynamical Consistency

4.1 BFBLEEW

BEWEL SIRS £ 7L (1) 122V T, BREDEBRNDBASENT 25&442E2 2, BREFENBAME
LT ¢k, gxl,pp=0%,33%L, 1)DE2RELD,

S {1 = (1= Beo)} P(G)wo + (1 - g)g0

3=0

~ Y jBsoP3) + (1 - g)go

=0

{83 iPG)+1-0) o0 = 181 + (1 - )40
j=0

é1

i

THb, TIT, (m) i3, BRELRE (BA) LABICRERZE | BEsEMT 2E@EKOMEE (n) =
Y 520iP(j) <00 THYH, ERMOFRDOEE j IINL T, HIERAVEFELT, jPU) <nTHBIL
Z, BEETVELTHRALEEL LTAVTWS, LT, BAVBEIIT2%MH, Thbb, ¢ > ¢
THE-ODFEMEIX, KDEIHIZ, BRENBAMICE T 2BEBEEL (basic reproduction ratio at the
invasion stage) Ro = ¢1/¢p IZ2WVT,

Ro=B8(m)+1-¢>1 (5)
TH2, F(5)BEDLTE, BRMEGEIIBEAERERICIEML, BERTIHRT S, &6 5) DF

EB R L EESEDITIE, BRAEERIIBPERERICEFICRL L, BARTRE: 57, B
FEIRERKRET 3.

Riz, % (1) CEZSNIMBRGHEY A4 F I 7228w, $n BEICESZERE) S R EBEICE -
TEGEDBRENER ) FTICBRIE - BREBEROMGEEEL 2, ZOMFEEZZI TR, 8B
BizEE L - EE0BEBEEY (basic reproductive number) ; £ LT, R, ¢XT, 727 L, EnHA
BWTHZICBEEFIC 2> 2B, BH, o+ 1 HEL SBRVHBILE LD LRET S,

XoT, BEEEBE L HRICER jEGLEML 2L 2, 2095, | BENERZEEETH 2 BRI,

()G 027 (1) ho-wor

TEAohs, BRELEML BCBREBESBRTIERI [ THE95, LEROEZKE ! @D
A, nf@ (n <) CBELHEC 28R,

l
(n) ,3"(1 _ ﬂ)l—n

THs, INHOEEZHVNE, SLBBRICEWIBRAEGENRLI Y 2 BZEBSOPFEIIRD &
IIEETES [7,8):

PIPIOIE (n) (1 - By ( j) Wk (1~ v PG) = 3 BUPG) = Blm)  (6)

7=01=0 n=0 Jj=0



BREFEIELBBICBLT, BR g TRRNZE) LREINTVS, L AECBREN 2% 7B
RefEkiz, BB, Frk+1HEIZZ, SEEESEKCRS, SLHEICEEN2E--BAEE, Bk H
BCRBREGEL LCITBIL LB LIcEET S, BnHECBRRL-EENSn+ 1 HEICBREN 2%
IR, ¢ Br+2HBKBRNEEIERR, BEn+ 1l BERBRAZEBL LA TFNIER SR
DT, (1-qlgthd, ARIZLT, En+kHECBRRNZEIERZ, (1-qf qtis, 2T,
BEORRER, (BRIEEEEE, BEEFEEOBEHZBVT) BT LEEINTHIDT, (6) &
D, BEn BRWCRREL @S, En+kBEICBRNEE) OB SRS EEGOBESIL,

k k
Z BYnai(m) = B(r) Z Yn+i
=1 =1
TEZ60 3,

L7321, #R, Bn BEICBHL -BEDOEAFEESR (basic reproductive number) R, 1ZRD &
HIEH»DB :

o0

k
R, = Z [(1 —q)k_lq{ﬁ(ﬂzwnﬂ}} (7)
k=1 i=1
HRLDo, IOBFEEERZ, BRILEEEE, BLEGEEOBLSHOBEICKEL TR, %)
TEZONBBRIAFTIZRACEH>TEEZDDTH 3,
i, BPMEHEROBLEEOEEBFEER R, I,

oo

k
Ro = 3. [(1—q>k-lq{a<w>2w,}]
k=1 i=1

TH5, FBDi>20IC2VT0<y; <1 THBHH, IOMBRICLY, —MRIZ, Ry < B(n)/q THBZ
CRBERICEBTES, Lied>T, Bn)/g<1i6id, Ro<1THH, HIfF) BREGEIIBRLERE
BRICEFACED L, BIERBIRKET S, HIC, Ry <1613, B IEIRKET 22 Lol n
20T, IDLE, (B BREAFREIRVOBIB»OAEL B3I Lz vEEL N, BESHMEE
BOBLSEPBICHES LHFL T, ThdL, Yyorl 2ZHVNE, ¢~ 1 BEBD > 020
TEYOU2ELTL, 0T, EEDi >0 I2LTEM ¢ ~ 1 BEATHIZE, Ry <1561,

Ry =~ Z {(1 _q)k—lqﬂ(.,r> . k} - é_@l
k=1 q
THb, BlEickh,

Result % (1) THEZONIMMBIERY A F I 7 R2BWT, EXBEER R <1 Thb-0DLE+
DEEIE, B(n)/g<1TH 5,

—7, Kermack-McKendrick B SIRS € 7 (4) I2 DWW Tk, BEUEDBAM & LT DL 4(0) < 1,
Y0)=1,n0)=0 ¢t LTEXAOGNS, Lo,

d_%it“) = By¥(0)¢(0) — g¢(0)
t=0

~ (B - q)¢(0)

THH00, YHHOBRMEGS - ) BYMEGEIRE [{1/1(¢)}dI(t)/dt],_, &, ERc& D, By —qTH
5, IHWER S, WHAOBREGEIEML, Ao, BT 2, Z0&MEIR, EAEEZES Poisson
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DETEIZONBZHE, Thbb, (1) =y DHAOKEKE SIRS € 7L (2) 122V TOBPEE DFEEF~
DBADRINT 2% LTOEEXBEEL R 51 KO KEOEME, H500E, 1 LHDAILEFEICBY
T, y—vh, q—qgh EL7=bD (Tbb, BEKESIRS EFN (3) KD TOERBFEELOEKE) &
—¥T5, ZO—BERRMATy TR AICRKEL kv,

¥, K{Hon-#ERE LT, Kermack-McKendrick B! SIRS € F NV (4) IKOWTOEXBEER Ro
X, Ro =fBy/q TEAbhH, BEBEISIRS 7N (3) DEXRFEER Ry ic2wTiE, LEickh, ik
D, Ro=0v/qg LEEXBDT, HRELT,

Result BB SIRS € 7L (3) & Kermack-McKendrick B SIRS € 7L (4) iKW TOEXBLER Ro
i, BREAFy 7B b ICREET, KT 3,

4.2 BREFEFER

BE#R SIRS & 7L (3) & Kermack-McKendrick # SIRS € 7/ (4) DL FNDRIZH, BPEREF
# 5 (disease-free equilibrium; DFE) (¢*,¢*,n*) = (1,0,0) R&EICFET 3,

FEWIZSIRS EFNE2EZB7:0I1C, 0>0DHBEIRoTEZBZ LIl &I, BEBRISIRS €70
(3) ® DFE DRFAEERTICL D, DFEDADICB I 3B ROEEREIL fyh+1-gh THBHZ E
NEHTEL, FEETFTV L OBAEICED, ¢h <1 TH2H05, BEEESIRS 7L (3) ICBALT
12, COBEBERETHS, COBEEHEIKHATY 7EAICKEL T34, DFER, ZOBERE1
EDDAEFTNIIRFAEHERE, 1 KOV RETNEIFRRETH S, Thbbd, fy—q<0%6XRAIER
E, By-q> 0% SITRKETH S, L7do>T, BERE SIRS €57 (3) icBAL T, DFE OFFREEY
X, RERAT v 7R hICRERTICRE B,

—7%, Kermack-McKendrick % SIRS & 7 (4) icB§L Ti2, DFE D@ Y I8} 2B RO EEEHE
ik By—-qTHhH, DFE X, ZOBEFMEIELR S ISRFTEERE, AR SIETEETH S Libh 3,

BlEi&D,

Result 6 > 0 DF{AIZOWT, HEEA SIRS £ 7V (3) & Kermack-McKendrick B SIRS € 71 (4) 2
81} 3 DFE (¥*,¢*,7*) = (1,0,0) DRFAREEE, BBATY 7R A ICKELET, BT 5,

CORERIZ, BIfi TR UEABEER R D—BHE LFHELBERINH L ZLIZHSLTH A 5, BHEXM
TLIFLIRR SN LI, HREOKBEEFVIIOWTIR, EABEER R, &, BFEMICIZ, DFE
DRFNIHERER LA—DROEER2RAEL-bDELLTH B, FRX TR TV 2 RRELRRSY A
FIIRETFALIDRICEENZHDTH B,

A3k, TRAFEREE OFBRIEENLIDE VS L b b, BINLEERERICBIT 256HEEL L TE
BINTVBELDTHZLTERLE, ROBEENLERLEARORKE L 0BEEOES, Thbb, &
SHNABEERKUINTIHFEEF VI DOTERENICHBIN S “RyDEEEFV V7L LTOAEN
BRSREELBENH S Z ENBHINTLS (LA, REPB 2R, O Lid, ERIXTH-T
VAFEBEFNLIZOLTIRY SR LRERETH 2, ZOBKT, HrRICEENLVERERRSY A
SZREFNICOVTIE, BEEF) /L LTEBRBINARERE L L COERBEERSEENICE
HEhs Ry TRREYNICRIRTELVWILMNHD X5, 2DBAICIE, DFE ORFNHHEEEMR T TR
EXBEERBRRTELY,
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Fig. 2: % (3) £ % (4) I & % SIRS EFAOMEHIE, BHPIFEETE S ICHEIGRT 2 A O5EFE, 4(0) = 0.999;
¢(0) = 0.001; ¢ = 0.02; m = 0.5; § = 0.001; 8 =0.1; v = 0.5; h = 10.0; Ro = 2.5,

4.3 RBREESFER

BEB( SIRS € 7V (3) & Kermack-McKendrick & SIRS € 7V (4) DL FNDRIZDOWT D, BYE
EETH R (endemic equilibrium) (¥*,¢%,0%) = (+,+,+) BEET 27 DICRIEERLETH B, £
TY, B, KEMICSIRS EFNEEZ 2D, 0> 0DFEAIR-TEL 3,

BEBEI SIRS €7V (3) k20T, b L b, BPEEEFHES (v*,¢0°,70") = (+,+,+) BVEETE%5
i, ROBEIABRZHT I LREDICEINS

Yt o= 1-(1+M)¢ (8)

1 - e—ﬁ'Th‘b* q 1
h = 1+M{_1+1——(1+M)¢*} ©)
o= 1-9¢"-¢ (10)

T, M=mq/0 EBVTw3, #iz, BEZAHER (8-10) 27T, 1 EHMSRELRS ¢*, ¢*, 7*
VEETUL, Z20L ZICBRETETLESNEET 3, EUABROE 2R (9) i3 ¢* K2V THLTE
D, By>q%biE, ZDLEICRY, 0<¢*<1/(1+M) 22H—DR¢* 21O LBBRICIEHTE
5, ZOLE, (8), (10) ickbh, 0<y* <1, O<n* <143 y*, " BEETS, Li=doT, BEEE
SIRS £ 7V (3) IZ2WT, BPMECEVHEAVEET 22 dDBBEFTIEMER, By>q ThbL, BEE
BEEB R = v/ ZHVTHERIE, Re>1Th 2,

—7, Kermack-McKendrick B SIRS & 7/ (4) Iz DWTid, BPETETE S IZ, BROIZ, XD LS
EBHTES

ooy (L Y iy M o 1
(w’¢’n)—(R0’1+]\I(1 Ro)’1+M(1 Ro))
LcdsoT, BREEEVFERPEET 2-0DOBBHOHRER, Re>1 TH3,

BEizkb,

Result 6 >0 DJAIZDOWT, BRI SIRS € 71 (3) & Kermack-McKendrick B SIRS € 7L (4) Ic&
F 2 BRMEEETER (v*, ¢, n*) = (+,+,+) OFERkIZ, BERFy 78 b CKELT, BII—KT 3,
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Kermack-McKendrick B SIRS € F)V (4) Iz2WTi3, BEEEEFE A2, FETUE, 47, B
HEETH D 2 L2 BHABROBEERITIC L > TRT I L TE 258, BEME SIRS € 7L (3) D
RIEEEFHERICoWTIE, RBAFREEBIC DL TLEENLRERNRZBON T VAV, Fig. 2 IZ7R
L7z &) RBEFBEORSRIC LS, BEBE SIRS € 7V (3) & Kermack-McKendrick # SIRS € 7L (4)
DERFEEEFHESOLEMRR, BORL Yy CORBRTY 7R AICEST—RLTWAZ LTHRENS,

4.4 SISEFIL (m=0)

m=0D\/E, F3)EH @), wTFhy, SISEFLTHE, ZDHE, L iiE, DFE DXEHER
oW, DFE DAY I B 2BLRICNT 2 BEEBIT 2 AV - RIIREEBT CiRT+2TH 3.
L 61, BEBE SIS T (3) DL RICIZESTE 1, Kermack-McKendrick B SIS € 7V (4) DR
ALRICIZEREO RN 206 TH S, 7L, BBRISIS €T (3) IKBIL TR, v(kh)+o(kh) =1
PHEED k =0,1,2,dots 122> T, Kermack-McKendrick & SIS €7V (4) (CBEL T, () +¢(t) =1
PEBDLIZOVTHEDUDPDT, WIFNDEFVOEEMNIIZ 1 RITRTHS I L 2FH L TEELBNT
DABETH B,
m=0%&L7-MEESISEFI (3) LLBERSAF 3 7R, FENIIKRD 1 XREDTHEAICKE
EhTn3:

Gt +h) = {1 - ¢(t)H{1 - e™Ph®} 4 (1 — gh)g(t) (11)

DFE i3, F#E ¢* =01k >TEZ 603, VbW 3 cobwebbing ¥IC & 2 FH R OREEBITHERT
HYH, DFE3, fyh+1-qh <1 D: ZKBWHERE, fyh+1-qh> 1 DEERRETHEILEE
BIHATEZ ENTEE, ThoD&MAIR, KBS, BRATFYy 7RACIBEEL CORWI LIZE
BLEI, 3512, Byh+1—-qgh>1DEEICIZ, Z2DL ZIIRY, H—DRPEEETHE S ¢* > 0 D3F
FELT, KBNEHERETHSZ L HRARICEHETE 3,

—7%, m =0 & L7 Kermack-McKendrick & SIS € 7L (4) iIc2W T, BHRSAL F 37 i, REN
RD 1 RO HBRCKESI N TS ¢

dé(t)

= Bl st)el) - as(®)

I

= {(By —q) - o(t)}o(2) (12)

O HERAZ, VW3 Bernouli W ThHY, BB I LLTARETHB, £z, By—q¢>0DFBEIC
i logistic ABATHH 2, BRI, DFEW, fy—¢< 0D & ERBNIERE, by —¢> 0D L ETK
ETHY, fy—qg>0DEEIZIZ, ZDELEICRY, H—DBIEEETHAN ¢ > 0 BFEL T, KB
FHERETH D I LMEHTE S,

Result m = 0 DFAITOT, HEEE SIS €7V (3) & Kermack-McKendrick B SIS €7/ (4) I8}
2 PEROFEE L ZEER, RERT v 7R AICEKREFET, HIi—HT 3,

727 L, m =0 & L7 Kermack-McKendrick & SIS € 7/ (4) iZ2WTiX, By —q >0 DA, HIC,
() IR L & b ICEFTICHEIN L TREETE R ¢* >0 ICHHET 555, m=0 ¢ L-MBESISE7
W (3) ILDVnTIE, HERE %A ) BPMECE LR EOIEOTREM IR, RAE T, BENCREBES
nToky, TORIZINTIE, $BDOLVFELBITIC L > THG»IZINEESH, 7L, ThET
DPEHERERICEVTIE, m=0 & LBEBEESIS 7V 3) K2LTORERE % 4 ) BREEETF
BER~DOEHERIIB TR,

19> 0 DHADF (3) DRILRICEAE 1, % (4) PRELRICEAE 0 I3ENZ,
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Fig. 3: 6 =002 m >0 DBPADHK (3) ic X 2B SIR EFLVOBHE, ~7L, m =0 DFAIL, SISEFIL
TH5B, 1o =0.999; ¢ =0.001; ¢ =0.1; §=0.1;y =5.0; h = 1.0; Ro = 5.0,

4.5 SIREFIL =02 m > 0)

RERUELE 7L (3) AT 5 Kermack-McKendrick € 7L (4) I BT, GRBKIEHEEHM0, Thb
b, 6 =0, »2, REBBEEIE, T2bb, m>00E4Icid, EEEEIREYEET 2Tk
HY, ZORBIZKAGBITHLL, ERSAF 2203, SIREFLERZ (Figs. 3, 4 BH).

Fric, EEBEESBECRERERGBERS, =012 m=1DBAIT21TIZ, BILEENBsN
T3, ZORBITOWTIE, BE 910k ->T, BEBMEFL (3) & Kermack-McKendrick 1€ 71 (4)
DIEGIED, HiC, (v, 0)-HFEIZBITE2RERT v 78 b ICRE L LR

¢+¢—§w%w=cm%. (13)
Lippl i, 2D, 0=022m=1D84, AUHHEELEEE, (v, o) HERCET
% BERCEL SIR & 7L (3) DEELE {(¥(t),0(t))| t =0,h,2h,...} i, &2, Kermack-McKendrick B SIR
T (4) DIEHIR L1255 (Fig. 4(b)), EV#EZ UL, 0 =052 m =1 DA, Kermack—McKendrick
BISIREFI (4) EMUNRTIA—S{EB, v, g 2T, BEHESIR EFN (2) KKERAFy 7B L 2 EA
L, RERAT Yy 7TRACHKELIMEZ DRI A—F 4 L gt O TOE#y - vh, g— gh ZHEELT,

Ykp1 = Ppe Prhex
bk+1 = Yr(l — e AThér) 4 (1 — gh)dx ‘ (14)
Tk+1 =  qhor + mi

BEZNT (—BLR 3) LAZTH D), (4) BT AR (v(0), 6(0)) & B U HHASAEE (Yo, do) =
(¥(0), ¢(0)) 129 B (14) DEEFE { (i, dk) | k =0,1,2,...} 1%, % (4) DR (v(1), o)) I k>THEZ NS
RHR Ty 7R h COEDBBIERI { (Y(t),6(t)) | t = 0,h,2h,...} E—BT 3 (Y, d) = (W(kh), d(kh))
(k=0,1,2,...), ZDEHKT,

Result % (2)IC81720=0»Dm=1DHEIC Y47 2 EHBSIR 7N (14) 13, ERORHAT v 7R
h 122> T, Kermack-McKendrick B SIR (E#MoAERR) €F1L (4) &L EBHI% dynamical consistency
z2b7,
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(a) (b)

020}

00

y v

Fig. 4: 0 =022m > 0DHBENK (3) LK (4) L& 3 SIR EFLVOEHE. (a) m = 0.5, .0,
¥(0) = 0.999; ¢(0) = 0.001; ¢ = 0.02; 8 = 0.1; v = 0.5; h = 10.0; Ro = 2.5, (b) DHA, F (3) DEHHE
{(@(t), 6()|t = 0,h,2h,...} 1&, ®ic, R (4) DREBECH S,

=0020<m<1DBAICIE, m=1DFED L) % ERN% dynamical consistency 1318 517\
23, SEMERIZ% dynamical consistency &, RHAT Y 7R ADDLEDAEVL Y CIZBWTE D ILO I B
EBEIC L > TTRBIN D (Fig. 4(a) BH).

6=0220<m<1DPE, Kermack-McKendrick & SIR € 7/ (4) 22 Tit, REFER

%%1 log |Byy¥ — (1 — m)q| = const. (15)

ZROIBILHBTE, (15) 2% (¢, ¢)-THFEEICTE 1} 3 Kermack-McKendrick & SIR € 7L (4) D #B#E
B HRESZ B, Fig 4(a) KTT &) BBEHEORER»S, 6=0220<m <1 DHEDORMBE
SIR EF (3) IZ2WT b, (v,¢)-HFEICE T 2BRESRELBLOMBIFET S LRTBINTL
30, m=1DBEDELIIIRDSHT Vi,

Y+o—

5 #5E8

AR T3, Poisson BBEZIGHL-EEEFT ) I D BHIX N2 EDHERRIC & 2 HEHRE SIRS ®
FL3) k, ZORERT vy 7EY 0 OBRTHH XN 2B ABRRIC & 28HE Kermack-McKendrick
B SIRS €7V (4) o2 T, PERADFEME L KEEICHET 5 “dynamical consitency (FIFEHIRFE) »
FRREBRICOVTRRE, THETOBHERICE ST, THoZHo0EEEFNLOM T3, BEBE
SIRS EFNICBIIZEMRA Ty 7B h DHENSICEWL Y JltE8nT, H¥NLREENERENI—RT S
LRI,

ZORRITEHEETF) V7 DI RERTH L LEZ SN SN Lk, X (HIS N7 Kermack-
McKendrick B SIRS € 7L (4) 22T, FEHXXMIZE VT, Z2OHEP, 20HBETV V7IcBII3
RE, H30i2, 2ORENLBEDEEEFT) v 7L LTOBRICO>VWTRRs T3, LIELIEHAT
MIZERI N ZDREICI,

o EE7 VY LRE
o BURH B H D (HifF) a> %7 FEosER;



o BEHL TV AERDLEAD Poisson EE

EVIZODRBEVEENS, BHSHBRRARIC L 3 BEBEFNVOBENLEEOREEF VL 7L LT
DEFERIZEVT, BREBROESSICAINE Z LA kv, LEOZ20RTLEFICRNTE
RBEROBRIC LD THS, 2L T, INLEODREIR, AR T THER L B8 SIRS © F L 0K
BEFVTIBIBRECOHBETH S, KESHBELDOTHIUE, ZODHHEEFN (3) & (4) DHE
WHEBEERDHZDREATH D, LOIOPERBRNLERTHAS )., $, 2b2H, BEETFNL (4) 13,
BHEETFL ) OHIMBRE L TEEHENALDTH S5 5, HBFOEENRVEINIDIZURTH S
v (BEWZ) RALHH 22755,

LoL, BHSATBARICLZBEE T VORENLEESZ 20 L ) AEEXBBROERIC & - TERT
%0, BEARBILBI2ERII, FRORAICEELIZIDELTROATVE I LICIIEETAE
Th3,

AKX T2, FEOBMENLENEEICEWIEROEELEEL, ZOHMRBICE T 2ERELD
FIIE LCHEBEISIRS €7V (1) ¥ (2) 2R LT3, CHODEEEFNICOVTR, TEROERT
%, BEFL TBROLENL (EEZBER T2 SEBRENE D L ALY 2) ) BREESZEICHEKY
BMLECEBIND LI RBEICOVLTHLRANND S, 2084, (2) KRBTy 7B A 2BAL - 5KE
BTN (3) IZDwTIE, REATy 7R AH BROLEET 2 BEFORIZRLTWLREEITIL,
7L, FEXE, Y SR LT(t) ET2%51E, Y WHLTRY(E+h+w) ETRETHS, wid
TEROERD L) BEHORIZRL, v) P yt+h+w)id "EROERT 3, BESKRTRICET
59D (HiF) EEXRLTVE, 2L T, BEETFL 3) OEADKA% t+h+w icBSHBI - LT, B
HRAT7Ty 7TRECOBRTHEEE T (4) 2BHT3EEITE, h+w o 0 DEBREESEFNITRS X
W, "BROERNLZV, BEEHEAINLBE, h- 0 P ITOBREETIE, SESAFBRRARICL2E
BETN(4) 2B I LRBTERZ Y, KEA Ty 7RE D OEBRIC L > TEHH S 1 3 EREREE SISO
TH, ZDLIHIZ, EEORACERSERLL J 2REICEITLbDEL S,

B HEARIC L 2ERREEFVICE T2 (EROBIICERIEREL ) 2RE,) 13, EBEOBEKIC
N BHBHILIEBEEZ 5L HTESL S S, KiE LD TFE8HEM (mean-field approximation)
EREATH Xk b Lz,

KBS, EYEGHSRIILL2A, BRCBT2EAF— 513, AN CBERARETIE LTES
ns, £7:, FEOHRR X, KK, LEDL )% "'BROLET 5, BEH L "BEROEESLY (EER
ERTED  LERESED L ALY Z) ) KREHIREICKESECRESN28E > T2 EEL
5D, IFEALDRBRBEDERY A F I 72220 THHNTIZRV, % DABREE D BRLRBRIZO
WTIE, EE - HESEBICEREL TS, 2LT, £iE-HEESNCR, TR25, HREXS D, 58
B & RSN IEET 3, RMERZORLAMD—2L A &), 1 HONT, BRI D
3% (%R BEELBEMEZIDIZCL (BXokw) BEENHDIZ2IEE, A VY7L vHFDk
) R HENLRBREICDVLTHEZI TARIIERICERYTE S/ 5%,

REICB T 3HBWLRESCOERELRICN LT, BEERZBRELLRKE LT 2 E@MKAT 7L
22 NAll BHBETI LR AVIETTHE, ZDLICELTEREL, E0HERRICL 28
BEREETVOBABEARATH2BEL PR BVEEI NSO, HAERRT 2EEEOEYREGE
BRICNT 2EEe T VICEL T, BRENE, o8, FEEEROARRARIC L 2 ERENT F L E
HA3h, ZROEGHSEOEBICEVWTRIZNOTE L, BRMENERY (4 F I 7 RIET28HEE
TN L BERIARLFANTIIZV, ZOZ 25, BRERDLTELLEZ SN T 3 ERRET
TR, TIGERl & L OB LA BENEBENH Y, 20BEBEEEF) v /L LTAEWNT
HoTHOTHBLEEILILNTELESS,

7KL, ZNn6DERRNET TIVIL, IZLAEDBE, Aor0HBEREETLEOEECL I EHEN

73



74

2bDTRES, EEDE I "ERORAICERMNERLL I 2{KE, 2HICHICHRE L TEEINTY
3, 2L C, BEENEBEENECOERERICERINTLIRRICHT 2EMHTG w #EOEHEICHE
TEIEBIILALRINT I hdot, 2D &I BBEDEBIZOWTEETH—2DADH O, FFWX
TR~ & 5 7, BEBRET T OERBEE FLONIGICE T 2 HBHFETREZVPEELITVL S,

bbAA, LD ILHEHRIBIHIBEREEOMEBIEICL D, BEBEEFVIE, ZOETFTY Y IZEL
T, EREETFLVL DL SENICEENEEZ 22D 2 BHENRY, L2LAds, BBEEEFLDY
2l hEVEHER, BEYIE, BEEEFVICHTIRENENONBEI 2 IHETHh, 202 L
2, BROERIOFEICERT 2700 (HEHEBEFALICHKLTD) RETH-7-Dhb Litk\w, 7
L, BR, 2L T, 9%, avCa—9yXBE3BBULBROFENETETEEL, B#LL Tl
Ttk T, BBRBEEeFVOEENENE T ED S NBBENEESICoh, BEEEFLVOEH
EOBIREBEF) 7L LTEYTHAITLHTRELIZVALR LS TERLEVAEZ L), ZTOEEKE
TYH, BBEEEFABITCE 2BRNEHRRSEETETEN Lo TESE S, £, ERBET
NSRBI 2 BRTCEL 2 (RO L D) BRIINTEMIIE 20D TH S Z L xEA NI,
INFTOEGHEFABIOERIC X ZER/OBRIZOVT Y, BT LICL2ERF2ITIZL
ZEoT, FLLHEEPHESRZ RIS a0 Lk,

SRR BRRPEORENEHEE F VRN T —< L LTHRD LiFo 225 505, BYMEDERSY 1 F
T/AOREICEL TYH, EERHEE T LEYURD L ICHRAT 3 BENERY o Bin, SENICERI
NBEERE VI AMRICE > TH LV ERNEBEARBEINIARBERH 2D TR VES I H,
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