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L3932 2 2AE wo]X| ¢ FEL Ve g 3= MCMC (Markov Chain Monte Carlo) W3}
vl skt MCEM«I A AdA o2 P Aol w2 9] AAE AlFstlrh. =3 20099
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#el A ke AEE A5 5 S Aotk Bl 7123 A5 AWy Add WA} viF e

452 Soto] s = Aol et +34 HF2o] Al=H ottt
zmq_,] :@1’ ’\]' 44'763 Adgely] Y3t By 152 7] v]E W44 (ordinary differential equations;
ODEs)< 7M1 &= 3t v A4 232 A9 o]F ] 244 (deterministic) A &2 U=
WETh= 713 stoll AGHY FAE aotd 4 e B3t 233 244S M8 B2 AA B
S ZAECR AyE ¢ IEE 3] A7ith. 2apEo g b2 M3 (law of large number)]]
SAste] AR FAE %ﬁ%}ﬁi 83 2¥S +=37 Pt} (Anderssond} Britton, 2000, 5%).
Jeiut v A AS o] 88 A REe AW it s v Il BAEE etk =
AW Y el o @l 7] AR Ao ufg- AL HEjolA= A ke 27
Al A A Gk AR S AR AletA] Foke FAE 7H 4 Qlt} (Schwartz 5, 2015).

B it AL 2RFA 2AYS HEtke 7MY Eoke &8 (stochastic) 23X Y=
2 of Aol AsE AW 2o o AL & Aok

oA A& AIZF vz Iz A (contlnuous time

&
pi
M
+
30,
o
J

i
o~
ko
o
o
o
*

Markov Chain)& H}E% 2o
o] TREA L 5 g W
YAle] $51 2o FEHLA shet] YolAE o e
29 Te Aguel B4 A9e Adst S 2Y 733 08 209 AR Asud,
Ryu2} Choi (2015)%= u]& w3yl o]&3te] AAZ A 7FAoA A=A SIR (susceptible - in-
fected - recovered) 23] B4 24L& 2954t o m HAAFROE BoE FAstgon o2
2 Zelglo} WA} 4~ Als o ATk SeoE‘r Choi (2015)+= Ao FxlAo] 54 229
HJF—D}— AR NA BYPYL F=251AF 3T 2 WS 20099 L UErE FEE AZxEs gt
271 3o AU o] o BHA BAAA 6 o) Ree] SAE HEAS 2 FEer Y
37 8349tk Lim S (2016)7 Do S (2017)< 2015d 595 2016 197h7] ZAE w2
J_El%ﬂ}olrﬂ/\ (middle east respiratory syndrome coronavirus; MERS-Cov)°]| 2|3t & 7] 23} 3
A4 ARE o188 RY 75 ATE AYAYT. T ATE TF B 34 DL AEse] 7Y 4
S APt Lim 5 (2016)9] Ao+ AiAe]R R F4Hor ‘lgrég‘ﬁﬂ TAS Ads
20154 79 282 o) B UL AU AL A 2L 1399 WA ARE A% ARL 2T 0|5
o) SUFOE I HYE FIE Sk Do) AR AT 29 9 A ZFoke] 29
AL AY3HATE Do 5 (2017)9] AFoA= Lim 5 (2016)9] d+2k= ti27 SIR 2l =
FE712 B8+ GAE F718F9] SEIR (susceptible - exposed - infected - recovered)® _3 2
stoitt. SIR 230 SEIR RgolA 24E 24 7heu] gl sidshe 2o 2440
Houy Aol gt A& el 7|22 gGA A (basic reproduction number)+<=
o]x] ororom] zHz} 1.1287} 1.1822 24 it} Eom S (2017)2 AdWe] 7 S22
04?—~ 3“3}@1’/]— 1928 Lowell Reed2} Wade Frost7} A Qtsh Ho}‘ﬂ o7 7|1BEAHo7g %A
= 35 1gL T30 B g 29 35S A5 o] AAE Y
eed-Frost 2 olg} £Et} (Deijfen, 2011). Eom 5 (2017)2 20161 64K E oF F Z3H
F%ﬂ 7Pﬂﬂa F3}=o] $2]3F Maroua A< 9 +E{]a} A A8 F ©]&3t Reed-Frost
? AEE U GE QA
2317 AL BYo] ARBfolo} shu] RS 2 Fu Holo &
= A2 AREEH ol BE ARelAe) AR £AE BT ook
14 ol B a Aot B EEdlAE REdoe velso) +77
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AW 250 tste] E-EZ 32]—71]' W3 23 (stochastic reaction model or stochastic kinetic network
model)& A835te] B3 F5S AES £ Hop B4 4 S aNet Ay G 239 £
W F5E AT Sk B AvldE B8 Ao g RS FEe) Astel BM LuAF
(Dempster 5, 1977)2] ZH| 7]-% (Monte Carlo) A (Wei&} Tanner, 1990)E ©]& st} &3
s}t vk 23S £4317] 93 2 71A] #| o] A<t (Bayesian) FHZH o] A= St Boys 5 (2008) 3%
Wilkinson (2012)+= Gillespie €a18]& (Gillespie, 1997)0l 7]Z3t Hlo]z| ¢t F2 HIHE xﬂ 0}”6]-
93 MCMC (Markov Chain Monte Carlo) 71'H-& ARE3to] o]k AlQoA AFH £ (

ARE 2ARE B2HA %S £ ARE DAHY PYOE 223 F 9484 29w 2a
RB4E F2Z28E MCMC S AlQHHath Choi®t Rempala (2012) H3F wjo] 2|2k 2ol 7]t
< ¥ MCMC *H<E Adsigity. 252 54 318 13 2oA H2H A 942 F9 H3le} Al
g dEAH o8 FE3te] MCMC HoA 7Hadshe s Astnt o] o uniformization
H (Rodrigue 5, 2006)2 A3t I S 2009d wZo|A FAT AF ZFo 27| 270

[

A543l th Choi (2015)& EEF 313t W8 By B4E A= glojA 7|[2F 22 Boys 5
(2008)¢] o RE Sdste F7HAE HE 7S A&t 4 AHE A3 A7E d7E A
RS i=g

B a7y 7L o 2k 2 FoMe B8 39 vk 23S o] 43t AW B}t By 153
23 2HS 95t 2 AFolA Atsta e S /‘7H§D}. 3 FoAE 2o AL Foto] A4
g JF ASE olddte] BY 4 AHE gt o] w A it By 7hed] el SIRS B
< OI%E‘}SaD} agja 7]1Ee] o MCMC 3 e] vlag @7 s3sict. 35k nj=roll A ddst
HE AlF AZSFAAF (HIN1)S 27] 34 A5E ARt AA A5 £4& Faskdnt. vpx|e} 4
Ao He l Aol tist Helet ke M&dich

2. BAA vy 273wy
2.1. %54 Q4 Bt 2y

iAo 7 Z2F A7 FEZF A 4 232 William Kermark®} Anderson McKendfrickel 2]3}
470" SIR 3ot} (Andersson¥} Britton, 2000). SIR 23 AR s} Aol wjet AA 23
S 37 3709 B Ake g ZR3IG T WA S (susceptiable)= AR o z;om ThsAo] 9= 7+
9 TS UERITH 1 (Infected)t o) 74s]o] 79 Sl ARle] AL A% AL 5 9
AdwS UeRdth upA e & R (recovered B removed)-2 ZHEel] SE UP 7HXﬂ 7F 478 Alzke]
=& Fo BRI FE Astel T ol AWE BRAAN P AT H%EE etk B
QApste] ol met 2l hakol S @ AAE ZATLR o5 s # ohA AR Ago] SE Fol
3 EFO = o]F3HA At olF Al ©AY] o 22 7HA AL SIR 2 ojgta R 24 Hrt

sl

st

SIR B3¢ ol 34 B¥L 7K1 ek A48 AN 29202 oI5 ol IR A5
N8 AAA HE B B G B (exposed) AE 748k 2P0l SEIR 2Folek (Do 5,
2017). SIS R Yol HuFE £7RE opAl Aol 4D 5 9 AYIA A8 5 9
£ Bgolx SIRSE Aol A 2)=slo] 3182l AW 3 AAZE D Akel A Fo thal Aol
498 Aol gt Aol 488 & Qb Byoz Beeke 2 Aol tEgele ¥ & At

o
N
1o
o

o o] SIRS 2¥g & Eo] B4 SIRS B3eA S( ), 1(t),
AT, ZET, F8T FH (state) T2 BFE Jdo] £ vhErd
Se Moz uAS o] o 74Rs w3 nE Al@oﬂﬁ S(t) +
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I(t) + R(t) = M< 9&3tkn 79tk SIRS P& t1go] 887 53 g vadoz wals 4
.
S+1I 591 ; hy=h(S,I,R,0)=065I,
I 2% R hy=hoS,I,R,05) = 051,
R 1,8 ' hy=hs(S,1,R,05) = 03R. (2.1)
of oA A Ax WA 7 i g ARAZE AT g ARAY FE5E FEToRY
o152 el Aol £ Al e Ae el & A7 94 Aol Ay Tz 5850 sue
029 oS Y Aojth. wiAY Al WA AL Bz 7 AM} AR Ado] B2 Fof W
oJejo] ol AN ThA] 2 thAF Oz o5 ehl: Alolth Z47e] ukg Aol vk A4 6,
B2, 930] = o] glom AR A5t FlHE W o] Al ¥ks A4 FHsAS E4vt "k 7
Zko] WAl B Zh wkgale] WA AR E Uehle ¥ T (hazard function HE+= rate law),

hi(S, I, R,01), h2(S, I, R, 02), h3(S, 1, R,05) 7} &&= o] et Z} wha-Ale] o] A% Azt nt=3

B A E w2y 7w WYL ojibHolgt & uf WP Zold B AA S wEA Hy o] uf 7+ )
3 s Xols FE -Jrﬂ«] =7} It} (Choid} Rempala, 2012).
H2AR t = 0014 7+ F2 3t 5(0), 1(0), R(0)7F ¥k A< 01, 02, 037F F152 vl Gillespie
&1 8E (Gillespie, 1977)& |83l SIRS EFS B9 Q@Q E&to] & & & ot o2 Fig-
ure 2.1 HOJAYPE Foto] #3H SIR B39 st oojt}y. =7|X<9} vk A4+ 24+ S(0) = 100,
1(0) =1, R(0) = 0°]aL 61 = 0.01, 2 = 0.2, 03 = 0.12 FoFr}. vpehd AN 74 o, 7hed
A oAl ZAE, THkE 9E 52 AL 35S YERdth

TIME

Figure 2.1 SIRS model trajetory for susceptible, infective, recovered respectively whit total population = 100
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Y AT 0,714 BB 99 98 R mEs A 38 B4 X o, 293 of 3
Sk B 71, 70,...,2,719] £ (species)E 7FA AL Ry, Ra, ..., Ry ¥FS (reaction) &2 A=
o) Ao S, SIRS wYE o St el delch A YA 4] Az
AEE T de A" T ha(x,01),..., ho(x,0,) }@_ Feo] Qlom 71X 0 = (6:1,6,...,60,) & ¥t
< 4R FAStelop & Baolth X 7} BE A% AN ZFE B Pk 3142 o Gillespie
ol ste] % e T 2o 8 4 Utk (Boyes F, 2008).

T n;

L(O|X) = [ [ T hwi; (@(tis), Ox,;) exp< / ho(x G)dt) (2.2)

1=1j=1
A7) A ho(2(t ) 0) = 1_, hi(z,0k) otk S5 5 T35 243 A2 Willkinson (2012)E 3=
45 ek A (22904 NF BF hele,0)% WS F50) NS ok S5 Ao go| Pejz 2

2lg s ME‘r. 5 hi(z,0k) = Orgr () ©] AL ol wet 4 (2.2)= vh=3t 2o Aeldth

<H [T 6w, o0, ol ) exp ( X_j O1gr (:z:(t))dt)

i1=1j5=1

(I e (=3 [ tertotonr)

e ( 0 /O "o (x(t))dt)

k=1

=}

h=

s

L(6]X)

R

=[] Lr(6x]1X). (2.3)
2 (23)0A rpi, k=1,...,0, i =1,...,T% F2F (i,i+ 1]o] A TS 93 ko] 2 Jepin)
Tk =30 e AA BE FONA kAR ukso] M & £5 Yehdth o)Al 4]
B 8 W A 0ol the 2] Zhsdith AnEow 7} gof tist S gl £

BS 7HA ol= 5 E Zh ool thE A ¢ FAA = thet 2ol FoXrh

§ Tki Tk
A ;— T
i=1 k= 1,.

- foT gr(x(t))dt - fOT gr(z(t))dt sy U (2.4)

kaf(ak,bk), k:].,...7’l). (2.5)

A T B (23)9 A BF (25)2 RE UL} L AF RE F4E FET 5 glom o] 2

AAZ X BE gEol #FHE A2 A9 E7Fs dtv] AT At A2
i, i) S AIE F2 S AR #EE T Abde] AR E Fold 5 QUtk & AL Aol
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o B A ke F SO WHE A AN ¥ 4 vk 943 BAD Ans) A5 ARE TES
7] A3tel AZo] WY ALE X2 VERATE o)A 23 AR Xt B30 34 B4 B
; go) 27

2517 92 Agol A5a7] uho] ojol tha AR Al it F4o0] £ z
BAOIN DR A S AmE 2789 ol PeCh. BAEA e £ Bol oje AWH F4L
Eaeto] W Aol e F4L SAN] AT PHL Wol A ) o)A
SPRARE p(Xis,01X) 5 Bol AT AFEER Y BAHA & 9 A8 Xy, 0 A%
05 77t 2 AR ALS B X 2 BE & 3= Gibbs sampler 5 ©] A| <= o] 2t} Boys 5 (2008) 3}
Choi®} Rempala (2012)= X 59 ZAF AZEZZHE FE& 9)5l9] Metropolis-Hastings ¢l
222 olgshath. 2eL A (26)945 2ol BE X, ® 22 TAle] 339 91 ryo] An
B Rl A% WE Aol t@ 270 stttk 2 ATl oleld AL Aedetel reol thsto] e
72 EM (Monte Carlo expectation maximization; MCEM) ®HH-& 28310 W3 Aol dist &
ol ok kS AlAIBtaLA} gt

2.3. 28 7122 EM (MCEM) ¢va&

HFAFA 2 A o, i =1,...,T, k= 1,...,v8 25
(Dempster 5, 1977)& o]&3tt}. E-stepolA= &2 ] oro o] 7 =
€ SETS4E HAuiE A7l MLE 08 78tk £ @4 23258 7 vhe A5
ol 23 Fotd o3 2ttt

T T
log L(0k| X) = _ rxilog O 79,@/ ge(z(t)dt, k=1,...,v. (2.7)
=1
E-stepoll A 0,9 ghol Fole of #ZHA S 1o 7S AdTerA 21 25 35
(2.7)9] 71dgkES et

T
Eoiaflog L(6x] X)) :logGkEold[Zr;ﬂ} — 0k [ gr(z@))dt, k=1,... 0. (2.8)
0

=1

M=stepol A= 4] (2.8) ZTI3} A7) 0, k=1,...,0% A3t

Eoia {ZL Tki:|

foT gr(x

T 8] AR B2V FEe] G A OIZ] 0}7] 2ol olof it ZiFhE Pk AL E o

2 ZAZFE £ Atk olof ikt e B AP A= E-stepdllA 7]t gS vEE AlXFsEA] a1
EH 7HEE e 1%5]' o

Tanner, 1990). ©]A] EM ¥ 2]&o A9 E-step2 tha} Zo] 28 7HEE "2 & X2 4 ot

m 11

a. Draw 7o, 75, ..., T r\ilp(rki\ek,X), k=1,...,v,i=1,...,T.

b. Eoallog L(0|X)] = L Sy log L(Ok|X,rh,), k=1,... v, i=1,...,T.

ojAl ¥Hl 7HERE E-stepoll Al Zt A7 [i,i 4 1)ollA FEFHA] e 18] F2 BAE thRo] B
b e ZF RESO WA Atelu ORRE A AA ZEAlS X' d5AL nfEaz A
< W2 o1kl HAolet & 4 Stk F rpE counting processE WHETH & 4 Qlt}. counting
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process®] 7 Ul A 9l ol Zol 7 (Poisson process)o|™ AFHoZ ZF Wkg-o] WA T = =
o YR WELD 5 A o9 T T MUY A AE 2o Y 571 A 3
9l Gillespie &1 g]&oA] ZRHT} Gillespie €18]&S XF ¢ 38707 Fg o
T — leaf o] Ak H ATk (Gillespie, 2001). & A= 7 — leaf HHH} FAEE HHS &5t
of sl $EE ST Bk 7— leaf WAL A P i +1) A4 A% A g

2z2 Ay} = ()_,] ARUS 7Ix 7 2EE AYPsrh B AFo A= o|F st X(i)e}
A X(i+1)9) BRE @7 o] &3te] 25S APt T—leaf oM 1y, 0 2E S et §
A ZodMe] e A hi(z(3),00) 8 B4E 3 2

T2 AEA i+ 19149 AEE A ALt 1S FEL Thee] Xoks BXERE WA x2S &
E3tt}
Ti ~ Poi((hi(2(1), 0x) + hi(2(i + 1),0x))/2).
FE F o A Zo] HFTHoR Bttt A7A spie TR (i, + 1)olA Hadte g i
ofof B W8] 4= o]},
Tg) _ { Th; %f r,}- > Ski, (2.9)
Ski if T < Ski-
3. A8 ¥4
B doAe 71 A5 AA AEE o83t 284 &gt MCEM el 93t &4 A4
S wae] 274 A7

=AM E=R 70 e Ase vlastr] #ste] Boyes 5 (2008)3
Choi®} Rempala (2012) 7} A1kt MCMC 2 o83 Wl o] Ak 4 235 37 AAIZt

ofl
rlo
DO
=

o
=

dorlr oo rgt mo b g of

= SIRS g o 2XHE Gillespie 118|252 o] &3te] 23 55 AT & S,
S o] g3 23] A4 HAL Ryud} Choi (2015)E F=xstd At 3709 w4 gt uks
6 = (0.02,0.2,0.1)2 AA3AT;. AA BRG] I/ M = 252 3197 7D

o] 2713+ 77 S(0) = 24, 1(0) = 1, R(0) = 0& ARt AA Al77H

|9} o] 27|FE A AL WS A4S ZAF T Gillespie LT ES o] g3lo] HA A=
T 4 ok AR A3 Figure 2.1 AlAI=E o] Tt shAIRE AA] 433} FAFHA 817] 913k
AE AA ARARE ©]&3HA & [0, T]9] DA FEH AEwE At #AL A% A}
£ Ak AR BI= Figure 31004 &8 4= o}y, H2A Adxoz FAE 2o 79 o
o] Al ARelx H2 A FAew FAE Ao ] A ARtk b stde s FAlE
o] 3B vepdth gk Al o] 250 =EEHA g3l H RES FAF 4 At

oA &7id MCEM @< 48317 fsiA throl 2 &) Al 2 [i, I+ 1)1 A rii ] SF3k
2 v Ak Fojof At} o) thyo A3} o] AAHT)

ko
Q

5

wn

=2

¢}

O

0

ox K

Moy W oRd 2

P

52
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r
ol
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oX oX
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T,

Species
r'e
g
4
&

0 10 20 30
Time

Figure 3.1 Simulated SIRS model; solid line: S, dotted line: I, dashed line: R

if S(i+1) — S(i) > 0 then

834 = S(Z+1)—S(Z),
s = sz — (R(i+1)— R(1)),
S1i = S2; + (I(Z + 1) — I(z)),
if 1(i +1) — I(i) > 0 then
s = I(i+1)—1I(3),
s3i = s1.—max(S(i) —S(i+1),0),
s2i = 83+ (R(i+1)— R(7)),
if R(i +1) — R(i) > 0 then
sz = (R(i+1)— R(i)) +max(S(i + 1) — S(3),0),
s o= sa(I(i+1) —1(d)),
S3; = S1¢+(S(i+1)—$(i)).

£ vehith. Fig:
A 7ol A
(2.9)01 #8517

ol AoIA S(i), 1), R(i)E 7H A1 il A B2 7+ ke, 4, 38ee) 4
ure 31014 Holu} Ao BAR AL udth. 2T s, k = 1,2,3S B2
ol thgt WA A% i, ko= 1,2,39] k3 g UERTE o] s, k = 1,2,37} 4]
=},

=]

MCEM g o188 349 458 vlwsty] Akl MCMCE §8 WolAet 343} Mg &
Batgdeh 7 PEe Testad 3 AA PES Boys 5 (2008)0] A PHolm F A
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o] approximation block updating ¥H& ©]83k Zlo|t}. o] ¥l Choi?} Rempala (2012)&
uniformization WE-& o]-&sto] HAF A k2 WA JAE BF FE5H= yolth Al R R
5,000 2] W 4388 AT o] 72T 7] 1,000708] ¥HEL burning set 0 2 to] A< r‘s};
Z7 Aol o] g3ttt MCEM ¥PHoA 2H| 7152 E-stepd ¥HE S2xl= 10022 3t
BA2 SAS/IML V9.42 335 Q).

k& Table 3.1= MCMC "o 93t =4 A= A3 Fo|tf. A HA 9] Uniform-& Choif}
Rempala (2012)9] %% Z3}oli ¥ W) S MHE Boys 5 (2008)¢] 374 Aot} uhx e} e
MCEM- & oA Alket ¥holtt. 7+ 7ho] A5 WA 01, 6o, 639] 4,000 £E F#S 1}
B Z5 ke EAAE AL Aolth. Uniform¥} MH+= #o]Z] <t Bl o] 7] wi#of] A% %2 3
ol siEstth AAgkel 242 0.02, 0.2, 0.190F T35S wf Al W2 BF vjstal vja A 782”
st 435 1 k. MCEMS] W o] vAsA g Ao g =g Z HFZ Holal gt} ol yi
o] MCEM %2 BEHA7) vi¢ 22 215 gl 4= dtt. MCEM oA+ E-stepoll A 1007H

A7) W2 AtiE g i 22 2EAATT Aad A

o SLe el PR Fie ALY
2 oju 4= AT 4 9

Table 3.1 Posterior means and standard deviation (in parenthesis) for MCMC using Uniformization method
(Uniform), MCMC using Metropolis-Hastings algorithm (MH), and MC-EM simulation (MCEM)

0, 02 02
Uniform  0.0197(0.0039)  0.1902(0.0392) _ 0.1059(0.0322)
MH 0.0199(0.0039)  0.1885(0.0394)  0.1059(0.0318)

MCEM  0.0205(0.0001)  0.1835(0.0076)  0.1248(0.0006)

th% Figure 3.2%& ZF ®Hel w2 5,00089] vHE43) A5 AIEREE FAIS Aot Al vk
e A AR kg g9l 6,9 AT FE S Aolth 7€ F wo)X| ¢ e Z XolE B
2 4o 50002 WHE3PoA A Aoz £ AFE Bl 3 o) v et &2 MCEM %

Hel 8 A7E HolErh EAof o]849 AFE]E quad core CPU 4.0GHz, windows 10 x64-based
processoro| ] 3 it 7|9 MCMC R 49 < 3% Y7t 2853t MCEM i<
A dEez w71 o 4629 A|7ko] £28F] ‘Zi‘jr ol E-stepollAl ¥H52] & 10002 39
7] WjiZel AAHoE MCEMS] #io] &2 7 vHEg ’\533]’037] w2l Zoeg 7)) et
MCEM®] 2 Audoz uj9 2k (<F 1-2008) WHE-2] 8 7K1 83 235 HoqFa Q7]

o] £ee] ozt SEE FEH 29U 4 Avkw ¥ 4 ek

3.2. 4% Az 84

E AT AFstal 9 MCEM WS AA| A5 £40] A§3te] Bxp. 49 o]§H A5 +&
20004 WA WA A/HINL QB2 A Amolth. elvietol i Aol sHAS7 ol

I BEth o]F AF FF2he olgol ARSE AT v=e] A A2 EF (center for disease control
and prevention; CDC)olA AGH v Z7AH 0 +=3H AEZ 2009 49 2695 54 1447}
2l & 199 Sk M d x4 7)=3 2kF o)t} (Choi®t Rempala, 2012). th2 Table 3.2+ 3%
A€ A= ®olr}

Table 3.29] At 22 7}A) 11 SIRS 22 A3 3= o= A|2Fo] 9t} +HH ;q,e: SIRS 2.3 o A]
2 19 sFets g AR Tte] EAst. wWeEtbA SokE Byo] asit) A EF9 #E o
AT BT BE Abgre] L FolXl Agy I 2719 ARz oltk. AEAt -r-4 7kl o2 74
AT 7o) vl&E AA BRI 2R3k v]S o] wl-g 2] wjEel 7 T2 B A A<

T, ok
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Figure 3.2 Trace plot for the parameter ;. First panel is Uniformization method, second panel is MH method,
and the last panel is MCEM method

Table 3.2 Daily counts of the number of HIN1 cases in the US from 26, Apr, 2009 to 14, May, 2009 (19 days)

Day 1 2 3 4 5 6 7 8 9
Count 20 40 64 91 109 141 160 226 279
Day 10 11 12 13 14 15 16 17 18 19

Count 403 642 896 1639 2254 2532 2600 3009 3352 4298

AR % 98 Aoln. 2en 28E 2%t Yo 8T 2a D2t dek ozl @ 54
2 Wgelel 2T IR T 2L ol 8T 5 UL Aoltk. olo] Table 328 48] A
2o vt} 2L birth-and-death FAS A5G

Y — QY, h1 = hl(Y) = 01Y,
Y230 hy=ha(Y) = 6oV, (3.1)

4 (3114 R WA NS Ay gde den F oA BgALe Agos el 352 e
Wk Folzl AEsk AW Ak Y 27 Ade] Amol7] WEe] g 27 BAglel 37
=]

3 ek FeAe] 247} 28Ae] AuT A5 2 AW WY SEE el 08 Pt
M > haol BAZE AR ol T 01 > 0,7 ARSI Bok BHoRE 72 Shw T W

0

A 930 g (o] &) FHo] YEAT e FAE ZoR 5T 4 Qi oy EAS 11
g3t ZAE sk 619 FAH 2RE 7] A%t 6:9 2 0.0012 1A}t (Choigt
Rempala, 2012). % 3,0008<] ¥H2 5308 3lg0on o] 7184 1,000W2] % 3

2 AASL FHHE 2,000M9] A Aelstglth. FAEAE 6 = 027501 BEAAE 0.00412
A4¥s) e}, Uniformization ¥PHS 0] 838 49 A= 6, = 0.2070] 1 TEAX= 0.00360|t}. &
Aol A8 AJ7F2 MCEME] 3¢ ¢F 8% 7} £ 2% .21} uniformization W2 18 oAk Al7to] &
259t} Uniformization -2 Al4b oA FHe] X¢E ALbstodof 3= @S 7HA 2 Tt

< burning set2



107

Stochastic epidemic model estimation

o] wol] of Aol
2y 4% 4=

Gillespie $3121 52 ol §3t0] BB 7559tk 1 A3t the Figure 3.3 o Ao} Qick. 17)

o e Bow BAE Ao] Table 3.29) 422 °]

8 Avelth. AWAA FAE P et g A

flt
N rlr
H
o
N
)
o
2
Rl
oX
i fo
2
oo
ox
ol
)
(e}
)
3
ot
o
>
1o
N
N
o,
%
M)
[en]
o
[e=]
=
ftfo
N
B
k

5000

4000

3000

2000

1000

TIME

Figure 3.3 The model fitted (solid line) and observed (dotted line) counts of HIN1 data in the US during the
oneset of the epidemic

4. A=
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Abstract

In this paper, we introduce a statistical method for modeling the spread of disease.
Historically, the ordinary differential equation is proposed to construct the epidemic
model. However, the deterministic approach for the epidemic model is too simplified
to capture the stochastic behavior of spread of disease. We consider the stochastic
kinetic networks model for the epidemic modeling and we proposed MCEM (Monte
Carlo expectation maximization) method to perform the statistical inference for reac-
tion constants of the stochastic epidemic model. We applied our MCEM method to a
synthetic data from the representative stochastic epidemic model, named SIRS (sus-
ceptible - infected - recovered - susceptible) model and we compared proposed MCEM
method with two Bayesian MCMC methods. The MCEM result gives stable and faster
convergence results. We also MCEM method to the data from the onset of early pan-
demic of HIN1 in the US. The proposed MCEM method can be an alternative to the
estimation method for the stochastic epidemic model.

Keywords: Epidemic model, MCEM algorithm, SIRS model, stochastic chemical reac-

tion model.
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