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¥ aTe Agus B4 BAL AW A DF B9 2YL 25 A Aok e
2t HHL ARAQA HHF FEFQA HFHOE A E7FT 4 Ak REEY A3t Ao it &
A2 AAH HAow SAANT AL T ATRIRAL ol 85 B THAUG. B AT
o= AW &4k 239l SIR (Suspectible — Infectious — Recovered) RS 7|Wko g 3to] Ay
o 34t o2 BRE FHITA Srh. ALAFHE olBolo] g 2R F, AvERAAL
o187 27474 23 WU o] Gillespiert AT Wiol Mt} FEAQ BAS Gt 2
AL A A=sGTh B AFelA 2708 S ELS Ay ERe] 2001d 195E 20029 39
WA 5 ARE o 83fe] B8 AR A 0w, 1 A% AE ¥

ol A Ao HAALS 2 AuSRE

1. A&

Agyoldt Ay F Aol Zhsd AL Btk 54 PUAL BANY SHBAL Aol WAy
s Aoz E Agonyy Aadel Y S5 (A e AR gtk A
B R R AR, vheles, 4%, Bl AYFE So| dom 94 SHoRE TF]
A AR, g8 A%, A%, 34 94 A8 So] Uk L PEL AU A%, Ao} A%, £
o, SN Ao I 4A A5 Soll ek AAR ASA] Aol Yol APt W)
o %9 AL wpolEaT). 22 TE/E B QR 3l A= Sert

AEA nlo|H A= th7) AHE AFgho] whitol A
(2011 v A s <ol >3 201549 G AR B3 <)>E A B
223 itk <A A> 43} & B9 AAL wH o) WFo] HAR Fob A7 AYH 2 vlo)

Bagith o] mlolelat A 293 SRR FHAUZD, B AgE] of npolesol AgE ] ¢
< £ Aolx glo] Sk 43 <F7I>E SFVIE FEEE BASEE 29 349, AR 100%9]
frel Qs Aot whelelast BEe] WSk ole] FRe BAAA Fe w) A3 77t
AAEE BH A ol AT WA FEE Gl v AA gtk AFER, Ak (SARS) 5 B
sl AAH A, FA R SuL SE FAUTH

o Qo XA 72 ATAY A DL ol 3 H

EEL 20140E AR (R8T}371E )9 A)
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AA 1918499 FAYY 2557402 93 2,5009~50008r 0] 34 gick. w=e] A4 &
AL AL BIT A LA AAAD 2 A A2 15T 2AGA A 1819 2 A 97
20%7F AAS AT, T F 2.5%~5%7+ ALk olwl AAR FFo] AN 27 Aolek
Ash £k AA 02 LTk AR ol ST WAIE B A ofn RoRE T ool o)
@ 5 Qo Aol ok whaA Atk =g £ A}aol QA 2R3 glol Aol o EA
H97 97 YETh AGBL W] A3 A AAY BER FAHELS o LB AdEe) W 2
A+ Zs sk A1) A8 RES g am. R AT 4IE olgsto] HAEL A
9 BN PRSI Aelol B ARG ASAY SR AG Yol NP NS TS A8
o1z s

Ao Hol] e b FAES BY3) Fora Aol dAsS wf oE SAsH] H% =
7] tHRte g o] 8% 4 glom w3l AZke] EEo WE W it AFE A5 5 Utk o]
o ge AWe] B AL TUT FoA A WAL AT H2lE A2 AFE Graunt
(1662)0ll 3] AT ATk, o] ATl M= W vk ARAES AT 45 BEAL ATHAT
Bernoulli (176 )= AAFE A3ty o] A wol AFgEo] vl SeX B4 298 Ex
e, of Q7S Boto] AAT o A3 Aol BAHS 24 2 AATE o BT 5 Yrks
e A ST 1 1% A a8 AAAe s Aol JA A5 A1) S

e

t}. Hamer (1906)& = HdoA AP H T Fafo] As 2P SI P& AAI3t
(1911)+& Zefejols B717F {71+ Holehs AS Lol Tetejote] it R3S AAToEN T
ghe]of of el 7]of a3t

Aol B AL HEAOE RS o
Aol w7 3 27 247 APPY T} A a17] f18te] Adet SIR 2He] Qlrh
SIR g 499 o) AHE 24 A e FeaAsIc 44 2T ked 29 39 )
5730] A& AE S (susceptible) & UEPATE Aol ZrdH F - I (infected) 2 ERATE 1A
oz AYo T FEF AL AL T oz I OE—‘?'— E] Hoju k2 R (recovered) 2 YERATE SIR
EyolM= S Adelell woAds A (iAol T Zeiet R ez A=tz dolse] itk 71
A AHe) aRAE SHoR AYsindl @ 2 & gtk o AT 2047 Skl ol
s BRHo AR olF e £e49 malo] wEolRn, BARen A A4 A
ol 3-8% 2tk

AW BUE FAZ e A7l DA SelueldE ol Asiwo] Stk Hwang
(2007)0l A= g=9 DEtElo}, AFTT £¥Y, 59 A5 ¥AY IJAAer 285+E SIR
Wg Aglo] 7)E WAL AW velE oA ZeHe ATE AL, Lee  (2009)014E FRFAL
A8 olgato] F) mEAPEASe] A BE 247 AW 4 2A SIRS BEE Aglo] §
A5 24 5kt SIRS 282 SIR 283} &8 recovered ©HAOA] ThA] AH+= susceptible
A=z o]Fo] 753 M3 Eolth Lee 5 (2010)2 AlF A& ddx}o) tfdte] SIR 7| 23
oA FE 7 (exposed)a ek AR ;S‘ﬂro] @3 (closed) YA a1, A2 2848 (birth)} A}
% (death)7}3& 23oj £7}8}= SEIR-BD 23S o]g3to] 233} 9t} Kim 5 (2013)& 38}
4 mRel SIR RAL sl AFAEZAG A2 AA B4 2 BeE A5 AGRe) A A
Z22 9 & 5 Qe 53 AR A28S A kEth. Hwang Oh (2014)= 2010/20119% &=
g FAG Eatell g AFE 2010/2011 FA ol thste] AIZ-F3 EE SIR FERFS 7H St
105 Ff e 45} el skl nAA, Y gl At 2A) 48
o] ZA A (deterministic) 22 FZ Aty 71 3t Au| R4 (ordinary differential equation;
ODE)€ ol43}o] Z3& 22930, 999 S0 e 24U AR08 SA00HE £ 5 3
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o ZH 2 AFolM e ADHY gt A& FEA (stochastic) 9l Aol et FAksoiy Ky B2
= A7 A= 1t} (Choi®t Rempala, 2012). Choi2} Rempala (2012)+& 20099 23k
QS FdA} (HIN1)9] g4t A4S 52 ez 23S F3sct

N—H

3
A

ArNME A9 B 5 SIR 23S AR5t A g4t o 28E Fdstaat st
R, Ao it AHE ZA A (deterministic) 91 g3} A FEA (stochastic) A FAol wef &
b gitiar B AR AlE o]8st A4 2y W tEo] Gillespie (1977)7F A bst #Rof

H |- A

2 Ao AL o33 gk WA 2™ SIR BFolA Ae] Fat 34e AR F (deter-
ministic) 91 gl wet ghikeittn Ba Adulig g alg o] g%t ndd A i Y-S avfeict

ae]a 3o AW it AAES BEH (stochastic) Ql Aol whet ebgicta By 254 A

il 23 Gillespie (1977)9 &3 ote FE AlEH o)A &8]E (stochastic simulation algo-
rithm)& A7t} 48 A= AA AR E o] &3 BAEAAE AAete] At Whio] & 4898 A
32 53 BY Zojtk upg 5-oAE Adroz B A7) whge) shl A 235 Al st

=

AL A7 A ol QAT F S5 AR Urhn Aol FFL AL R4ES 0
49l A RYo= BE 4 Atk +34 AGY Yot el 540 gt SIR, SEIR,
SIRS 5ol 9oy oys ByPES A AYPAFE vepdch thEZd AGY BPo2E Ker-
mack} McKendrick (1927)¢] A|A| gt BP0 2 AW o] F34317] 98t 27] 2037 AAe] it A

£2 #3408 BAR SIR 230l
SIR 232 43 S ZPlA gol AHRHE R0z AA RN DI 29 Asdel U
9 7l (suspectible; S), oju] AHof ZAAE ZET (infected; 1) T8l I AZbo] 2 Fof
Ao 2 HEH 3| BE AU (recovered) =+ AP (removed)d 3] E (recovered; R) o2 &3}, 7+
o

MA L AA BF A Suspectible — Infectious — Recovered (SIR)9] =202 Holxlo] 2}
AR HHTOR o) 5T A T2 AT Welo] AAN © ol4 Aol FALAE P ThE A}
oA B A7IAE Stk 7Hy gt

olgh= th2A SIRS B2 I E7oA 487 Al 24 7HeweE HolE
=} Suspectible — Infectious — Recovered — Suspectible (SIRS)®] o2 o5 3ty & 4 |
o} SIRS BRolAe AYow suso] velo] AVteke oA Ao 298 & Uee julsh
SEIR 29& 249 7h5-2old 47o2 dolslt B4olA 29l 57 (exposed) & 7142
1= 2 o)l &, Suspectible — Exposed — Infectious — Recovered (SEIR)®] =22 o5 3t
O @ 4 Qo B AT 4 109 Bejel SIR BRE FH0R 7S AW A g

oAl WA A o142 T AHE 22 X(1), Y(1), Z()= EADTE. nAH SR B o)A
£ 2 mge) 271e 156 okm AR AA 2Ade) 2718 Molzt 3 E AR to
A X)) +Y(t)+ Z(t) = Mo] 4-H3ct.

opEo e SIR 28e TAG] AalAE F e 24g AlRch A 0l 2 A8 29 A
=5 Yehl&= #9E (transmission rate) 0] E T2 e J&8 A=E YEUl= 3 E-E (recovery
rate)olth. olF 717} A%k 4% BT, E2AE SIR BES PEATL B Fold dojE R
B o] ¥ m4g FR%o2H TAAGT T 4 Uk

SIR oA o] Al IS AA 2 (deterministic) &2 &2 tiyl 7FA sk AlujEubg 4
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2 ol TAH AHE BAAS OHe) A (2.1)3 ek
d
0~ vl
WO atyy() w0 (21)
d
th) =y(t)
VN ASE 12 ol Al eyl 29 AP T BAT 1A Ao, of W10
AT UL () BATAN AN FOTHR Sk MBI, BTN I

=0=a(t) +y(t) +2(t) =M

AR AL slE2] Yl (petri net)olAe] 3}8taEE Y7 (stoichiometry matrix)S ©]-83Fo] &
13} 4= 9lt} (Wilkinson, 2012, page 21). ©]& §E317] 93t AL o9} 2t}
stepl. ¥F3-E2 P& (reactants matrix; Pre) 3} YA & (products; Post)= T3}
S I R S I R
1 1 0 0 2 0
Pre = ,  Post =
0 1 0 0 0 1
step2. ¥k 3J& (reaction matrix; A)E F-3tc}.
— 1 0
A = Post — Pre =
0 -1 1
step3. S}stEFE P& (stoichiometry matrix; S)E T 3Hc}.
-1 0
S=A"=|1 =1 (2.2)
0 1
stepd. AP AlS PEE FHSITH
S -1 0
d ( Az (t)y(t)
Zlol=1 = " (2.3)
(R) 1 Yy
A (2.2)E A (2.1)0X ZZ9 F (species) WOl BAJ+= A5 53k, 1 44 /AL PES
T3S otk 4 (2.3)A 7 LEZ v FEL 270 Hhgof gt 715A] (weight)E 3]
HE| R e Aot} Aul @A A2 AR Y BRY dFoR AF R BFo] Zids| Xt
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= FRo] drt. olFe FH w2l v H33e FEjY RYPE A EYAHAE o]t BY T5E&
A= 4 9t}

A gl B¥E 753k o QoA T8 AL 7R G}LF— A o] At o Fojt}. 3t FHat
o] AYHTHA A7k sl wet AU 7kA] Fite] E ZlojH, o]F o] it £E = ThA T E Z 9]
I 3 ZAE AAFE AT tis Aot} 7EFe=w z_}o‘gx}g 7 S A e A
gats = Ao FAJT B £ k. &, A (2.1)9A dy(t)/dt > 0°] B& uisiy o33 22
g FEE 5 ok

dy(t)
at >0
Az (t)y(t)—vy(t) >0 (2.4)
Ax(t)y(t
Ov)
vy
7] o

AW ko] 7] dAloA & AA BRG] RES] AlrEe] el ZrdE 7HsAdE 7HA
o z(t) ~ 1o]gkx & 4 k. wWebAl z(t) = 1S
2007).

21 (2.5)

2l (2.5)28E ALHE 32 Ro = A/yE Zeth o] A& 712 ZAANE A (basic reproduc-
tion number)2} E2]v] AH BiF 2] FHAA v-p FLIHA thFojAoF dh= sX|olt). o] gk
gulE BE AF7F AH o Z:“’é% T Q= Aozt 7P E o, Aol e 3R 2 eIt
T A AAATIE B ALFE Aol JAFE Fal B AeA ARE AAske 58
o 92 & Euk ofyet, Ro 3k& F3l vlolelxd R S

Ro < 1o o] ZAx7E Apale] 71 Setell B o= 3y wvke) 23; xS 24
AIZ17] wiell, AlZbell meh Ak 27F Zasl dd &, Fa73kelA JRFes s s 34
(locally asymptotically stable)& Zral HEW2 1§ o] B4 A gh=th RIH=Z Ry > 101 2]
AAATE AR FH7IZE F el FoH oz 27 Ol*o«l 27} ZFARE A7) 7] w2l ARkl o
o 29A 57 Z74H Bk olalt A shon] dgel 48 & g gujdt g §
o Ro 4] 109 3] sicp, o Aol 2l H 038 271 AR AL+ A ol 3
Qo = Zue] 90%o|Abo] WAL Trolol 10HE 19 o]3te] nHEE 7

P2 FAANZ 5 Atk Ro = 1°|H I& ‘i‘oli‘ri stetl, FEHO|T %78 A oA A= FRIS ]/‘1
AAoz BART Y AGWL DA SR RN Rol /72 AR AT, BRe w ol
AE odg] T2 A,E0] Reoll 43S njx]7|= 3t} (Lee, 2011; Korea Centers for Disease Control
and Prevention, 2011).

A (2.1)8) AuR ] 3 SIR BRS £ e B4 A%k 4 A7) A5jo] dlojE e @
219 Algds Hasteles ZHAAHFH (least square estimation; LSE)-S o] &3ttt ZAAFH A 23
of 4] (2.6) A2 Bao ghe Ho} mao FAgow AT

> (1) —9)? (2.6)
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A (21)2 299 AW iy A A HAFE T3] A 2t AL AWt e B
golth. a3y dAFoz Ao F4t o] oje} o] A2FA HEH = %X—l"du}i BE A Hoe
53 (stochastic)?l Pz Lty ps S i

Andersson3} Britton, 2000, page 3). F&EZ < AAHS 7pFs AW i 2y FEFH H}— D?ﬂ
(stochastic chemical reaction model, stochastic kinetic network model)& &3} &3 4= 9lt}. &
24 kg mge Je) A=sha A2 (biological system)E] 3ol FEHoT FAAuiE 7138
23g 73] 8 NEE RYPoltk AA| RFE T (species) T} RES (reaction) S F8F] 73
% gtk TAAY Hejo) SIR 23S 384 M nyos 7AW 4 (3.1)7 2k

el 2

X+Y D2V i hy =m(X,Y,Z) = AXY (3.1)
YL Z:hy =ho(X,Y,Z2) =Y

A (3.1 X, Y, Z= SIR 23S 748 A Aoz 7 bz, 7y
o] 2718 vetliH, g5 v 23] ZF F (species)o] Hth. A WA A3 F WA zd
(reaction) 02 E&jw AA] & ¥ YA 4 FE 7H AFE 5 T HIE AYsr
Alojtt. Al (3.1)0llA A HA BEAE TR Y 7R e AV B THe e X AA 7R
vl JRAeE Agete] R TR JHA TRl st FET o R WA= RS AYehe
ofth. T WA MIAL FAF Y AA St APotE FEuo] HREOR o Fah
Awshe g Aolth R WAl W3] Lolubd Xt AAZF St gashe A0 Y AAE o
gt = WA 3ol Lol S Y AL Sk dashe SA0 Z AAF Sk s
Z}7+2] Wk-S-412 Wk-g- Ak (reaction constant)”Z} SE T}

A v ANA Z+ 52 747 A% A7 ulE 2 A4 (continuous time markov chain)S

2 ukg-o] e P e (hazard function) hi, heol| Bl dte] WA3TE A}A

07 X9t v AL A7 @ had he B B E 3= Eoks I (poisson process) S WHE
cha # 4 gtk

HhS A7 Fol A, o9 22 338 vk BEY] TS fete] theFst o] AAl= A gk
o] 7k 71 thE A 2l ¥hH-L Gillespie (1977)0] 28] 11oHA S5 Al Ed o] &a12]Z (stochastic
simulation algorithm)©]t}. Gillespie €1 E]|&2 37| F 7[X] FE oz FAHT) oyt whgo] &
Ash=rtel gk B2 I wkgo] MARS wi7bA] Alzte] uhit SR =Tt gk Riolth. &
A Wg 2yoA 2E AP &S hott HAF 4 (3.1)Y FEH SIR Bl thgt vhg 230

At ho = ha + ha7t AT} o)A §7 ¥Egol BT wj7tR])e A 7H2 hoE BEFE 7= ASEE
(exponentlal distribution) & w2t} 744k, E4 vkl AL hi/hoE FEZ 7HA= o4t EE

X (discrete probability distribution)& wWEtiy 7pg3ic}t. o]#] sk 73 Gillespie &alg]&e
S 382 g5} o) Fol

stepl. 271 AVBONAS] 7 FEL] 58} W F47h Fol Aokt

step2. A AFE] Foll ZIWkeiA ZF Al ANA Y hiZ FTE

step3. ZF AlF A9 & BF T3t

ho = E hi
stepd. TFS WHo] LIPS wj7hA ) A7+ 2E8)h | ~ Exp(ho).
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step5. A|ZFE ulo|Edh o)A, ti= AR AZH ¢ = A=

ot
i)
rlr
>
)
o
T

step6. o]H Whg

step7. o]® ¥kgo] I

step8. E3} AI7HS &

step9. t > Thae©)H A EH )AL 28310, 127 90 Step 28 HEolzit}.
2 H4E w2t SIR 237 Gillespie dale]ES 0|83k

7% 4 (31)9 %A SIR 2L 7A Tdoltt. 7 B9 27 X(0)

Z(0) = o°lv] AA RHG] £ M = 501 ey E3

v =012 3ichk. oA vjEst FHe= %

2 FAE REL ojo] tj 3 SEA 2YS Yehich

— Suspectible
Infectious
- Removed

600
l
1
1

200 300 400
| | |

100
|

0 10 20 20 40 50 60

Adye] g4 dE 2y2 3] 9% vlolH= A #A]ER (Korea Centers for Disease Con-
trol and Prevention)ollA] #2]3}1 9+ 9] 2001d 1€95E 20023 39714 (&
62)9] =u] Hetejote] = AL = A5 E ARSSte] EAIGIT detelote] Ae BE Abgo]
g ool 2 5 dlom Hx FIAIRA 2001 1499] A7 45,524,6818 0.2, o]E EHT
TE B 7 Atk 739 ASERE HE BEAHANA BFEE AP o 2o HuEglon, o
7t obd F AR 2 F 6241789 8 A9t ZEATE A E T

-
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Figure 4.19] AAx] 292 #2H 8 A+ Zete]obd] ZgAt ol st Al=%E vetdct
= ‘3“@/\] 7‘401]*1 A&t %‘3] F7Ftd AR = 30 A A H LA E 71 F5 o]F ThA ]
Folle o ol Al AR vehbA] etk Al 7

fia= & -(l’*];ﬂ/ﬂt F7HQ 2kg 9] wgho] Fasiry. 4AA| SIR 2
6301]/\1 7—|7—|L S, R2 & ]Q% Th 7w, AR, 5T AIFE AE desith S, A AR
of thst z+ + (FE Wb BFolA 9 el EH?_ ik 74 (trajectory)o] B2 sHA "t SRR B
g dolH e 24 AFE FEE AFETY A7 #EE o] . o)A X AHE o]&5te] WA A
Al Gk Rl w2 Ag 75 gl thske] gopE At

U.u., ol m
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.
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Figure 4.1 Weekly count of infected. Left panel is the daily reported number of newly infected people and right
panel is the trajectory of whole stage of Infected species Y (¢) in the SIR model.

A WAZ AA BT AL AT G SAE L3 AOBE o B Tkl 7Y b5l 3
28 25 5 Atk A ARNARE 7 AN BAT AT FAA] $AE FAHNA W Fom
4G A5 ARE TT 5 Gk oE ol X()F A 014 7Y A5 ok S rE AR
to 4 Ao ZFE Aol SAtet Ak Figure 419 2 WA 1o] o] i, o B3 AL Eeky & 4
Stk oAl X (1)t thewh o] AskaTh

=

Xt)=X({t—-1)—ry

ARHOE ry e A (3.1)9) FHEUSEYoIA ABA WS (reaction) ] WA WSS Lhehic,
Teo® BT V(1) TEAAL FokiA Y()E A% AR o)A a3 Al 498 A=

Fobgls el A F9E Al 228 Hoka AYoRRE H¥so] JRTOR o5 54

& Aol T+ ATk 1o A7 ol FBE A SAkel s gaeel B A ke 2

o] At}
Yt)=Y({t—1)+ri —ra (4.1)
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M@nﬂQgﬁ%aﬁﬂﬁ%mwm&@mmmpwwwaMWkﬂZQEa@4
Vet A ekelobe] 45 B 399 3% 7)7ke] BRI Ak (Yeom3} Park, 2007).
= bow o] T 4 AAE PEAAL. WA B ARE T
Ak 399 987102 nesE 79 7hed M 59 olue] B
= Joi7h7] o] dell Ao 5% Arkw ¥ 4 girk. 123 nhA
the AE7HA Aol 4G AElE olahl Btk ol wesl Hu
Ve hedl BEAo 5/78 (-1 A Yol A Aoz 8E T
Vi) 2/79) Abghkel The AR ¢ AR7A giel WP Bk =, A (41)elA Yt — 1ol
AGsHe Ak o)A A AA FFR SATE oI ¢ — 1 AN AR Dol FDE A
ﬂ%ﬂ2ﬁﬂ%F%P:fﬂﬂLﬂ:1ﬂ¢rwcv4ﬂ7VWJﬂ%%ﬂY@*UﬂruXQNﬁJ
oz ANAL BE SAE A5E0E AMEE 49 254 o AWA Aol WeY Sark
WASre R BT 1A AZE AT, WA 1A gEel Acka AP Bl 2
st ALY A7 A40] B B2 £AE thee) Aol wek 4A 78 5 ek

Z(t)=M—X({)—-Y(t)

ol¢} Zre FAAG 3Pte] FEH vojEle}t AES /MEE B T
AA it A& 75 4 9lrh. Figure 4. 14 T R 292 o9l 22
A7) it AL el 2delth oA #5E A Fat AAHE 2R H QA Al ulel Fatkel
I BW FolR AR E o] 83t BEY AHFS st

2l (2.1)9] R HA A 9% SIR By E4E FH5H7] Hste] 4 (2.6) o] &3kt 4
2 S 98 271322 2(0), y(0), 2(0)5 FF3sleiof e} A AFEE o] &3] 2GS
T3t 4 Qlud HE A FNA 7FE s g 228 4z n, m
"ok Z(0) =00z} 31 HA n+m = Mo] Hh. #EH A 50| 2sted m =27} Ha
= 45,524,681 — 2 = 45,524,6797} At} AmEAAAS 93 277k 2(0)<) y(0)= tf
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Abstract

The purpose of this paper is to establish the epidemic model to explain the pro-
cess of disease spread. The process of disease spread can be classified into two types:
deterministic process and stochastic process. Most studies supposed that the process
follows the deterministic process and established the model using the ordinary differ-
ential equation. In this article, we try to build the disease spread prediction model
based on the SIR (Suspectible — Infectious — Recovered) model. we first estimated the
model parameters using least squared method and applied to a deterministic model
using ordinary differential equation. we also applied to a stochastic model based on
Gillespie algorithm. The methods introduced in this paper are applied to the data on
the number of cases of malaria every week from January 2001 to March 2003, released
by Korea Centers for Disease Control and Prevention. As a result, we conclude that

our model explains well the process of disease spread.

Keywords: Epidemic model, Gillespie algorithm, ODE model, SIR model, stochastic

kinetic network model.
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