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=Abstract=

A Study on the Solution of the Epidemic Model
Using Elementary Series Expansions

Hyeng-Hwan Chong*, Soo-Won Joo*, Hae-Jae Kim*, Kwang-Woo Lee**

A solution for the course of the general deterministic epidemic model is obtained by ele-
mentary series expansion.

This is valid over all times, and appears to hold accurately over a very wide rangé of pop-
ulation and threshould parameter values.

This algorithm can be more efficient than either numerical or recursive procedures in
terms of the number of operations required to evaluate a sequence of points along the course

of the epidemic.

1. M B BB o] TH,

3% Ludingdl 93 &4, A1Y 339 AR
Qrdes A%, AWEAE AAss] AHA W ZPRA £ ole IAHE mdo] AAH I,
Agde 83 2d 74 2 A4 BAe Thimeol ols) € 7H5As Agae] W42 H
LHAARE FRAHUT 2 29 (asymptotic methods)o] A&sto] A7

Kermark’} ¥ g2o2 49499 4XA4HE U QAT
WE 2483 2de deon® 1 3 E47 AREH mdo #F FYRHL FAN 9
QA HAg A ® AL Bartlett7} 4AHQY ¥ 8 Bailey7} @79 E5391®, Kendalle At
g ded M3 ALY FAF 2dS AN o Aoz YAH Wge APFn Yo
Iy olx RolE fABAH HAol: ol gol

*Fold & Fadig Ay Fga A3}

Dept. of Electrical Eng., Dong-A University

Dept. of Computer Eng., Busan College of Foreign Studies o At FAEH 2dd AP AE TIHAE
(& 947€ 90dE XA D g A7ne] o3 H #E2z
o o FolAg)

-171-



—BTae:

2. XSET Mool st ZHEH 29| 34

33 FF HEE(contract rate) Foll B A
*]ﬂifii(tijme scale)r=pt2 W3AZ) F, Autz
o2 ¥F %94 2y Fde 4e-DFH 2ok

dr

o 7) A Xj(T)E A o A A4 A A (the popu-
lation fraction of infectives)o] Jej&&ol 1, y(z)
< 74 7}1%1}(susceptibles)°ﬂ g oy &
7ol 27148 xo F& yool# @t} Iej: bt
AT YgeE ERF ATHE Aol AHAY
o] =& (relative removal rate) o] t}.

A@2-DeA y7h 09 2& o x(n)= HAWAY
£ ¢ F U

°1%’z}—’.§(the constant of motion) ¢& TF&7] ¢
B A, é](zi—l)ﬂ AA Hel TAA o2 Yir
oA FHE3HA 2(2-2)9 Zo] At

:xy—ﬂx, %’;—z—xy (2—-1)

H =
ST

x+y—0log y=x0+yo—#flog y.=«a

x(e0)=00122, 4(2-2)& 4t FEtsR

9] #HZ B4 (ultimate fraction)ql 2(2—-3)& F
2 Atk i
1 _
y. =EXP[ ¥5—%] (2-3)

H(2-2)0l A xB Fate] H(2-1) FARA Aol
Y skE A (2—-4)7 "

dy

ar =-y(a—~y+6log y) (2—-4)

HEse, 42-59% BE s}y Ao BAS A
2% & Ao
Y 1

= =g ) ¢ (2=8)
z=-logn2 FW p=e7? dyp=-e xdzo]t}.
A A(2—-5) 4(2—-6)1 o] Hr}.
z ~z
_ -e
= '[Zo{ e He*— a+6-2) }dz
gy LR g (2-6)

=gyl amemoZ

F 124, F 3% 19914 —

—172—

2(2—-6)L RE A7 5 AL FAHWL y
=y_.) yogl t=-c0o]X AjF3dtd y(0)=yo& ¥
Hata, 183 yo(y.ol £tz J4F F A
o}

E A(2-6)c) W3 A HEFI A =(inver-
sion) & 7& & Ao

d—0-Z_w—e =0 UEINE Z.w=-log y_-=T
PR A (2-T)3 o] & & Uth
1__ 1
D ag—0-Z—e*
_ 1 _ a—6-6-7 .
Ta—0-0-7_. 0-Z_.—0-Z+(1—e> " Ne "
_ 1 . (@a—0—6-z2) e 2"
Ta—0—0-7.. 0(Z_.—Z)e T T (et —1)e "
(2-7)
. 8 . 77
a—0—0-7_. 6(Z-.—Z)+(1—eF=e * ™
A
dz_ 1 ety o
[ D=a—g=g. 7 08l0(Z--—2)e e
(e~ —1}]
7] dz
S A— 3 -8
Ry A 3 (2-8)
At 714
1 7-7_»

D~ 0Z 2 +e T (1€ = 7

ot} whoF Do) o224 Z. 7t -log y- 9 21,
ad3a u=Z.—7Z2 A93d 2-10)F o]
Uebd

1 _ Z-7-.
D, 6(Zo—Z)+(1—e*" e =

(2-10)
_ Ze—Z-=—u
Tf-ute ™ (1—eY)
& 1/Di=F-cu+phth - utp v+ 0B
ANE T 7 B5E AE-1DF 2o

Uy Lo =L
ﬂ*l_}}ﬂr}g(ﬁ)_ 0__e—Zm
(2—11)
1 B e[+ (Za—Z-x)/2]—0
=lim(p =)= (6—c7)

4714 H(2-8)& H(2-12)8 ol TAHA &



Bt

E=1
L

dz _ 1 _ 2 7—Z—o0
[ D =497 108l0(Z-w—Z)e'+e

+‘P0_—1(),L:[ﬂo cz—f - log(Z-—7Z)]

—-1]

1
“a=g=g-z_-ostete=0 - 2)~1}

+0{fs - Z—p-1 + log(Z—27)}] (2—12)

aHPAM H(2-6) H(2-13)F o] o

' [a+0 + log y—y]

B 1
Ta—6-0-7_.%8 y

g T log y+£-1 - log(Z.+log y)]
Ta—0-0-7_ '°g[a+0.1;ogyo_yo]
+a 09— 00 7 - [ﬂn lOgYO+ﬂ—l log(zm+logYO)]
(2—13)
AEE A8A, H(2-13)9 =AY FF& K=
T, 2(2-14)9 #o] & F Ut
a—0-0-7 .
T= EXP[—T(T—k)]
1/(0'/9-1—
(a+0-logy—y)
T p.+1)/00 - B-1—1) 0-8-1/(6-B8-1—
y + (Zo+logy)
(2—14)
A(2-14)9] QEZ L& (y—y=-)'olt}h

AP T=Ga(y—y«) '+Go+Gi(y—y=)+&
AN & Atk 9714 G- G2 4(2-15), (2
—16)o] ).

1/(0 - B-1—
{y=+8 - log(y/y=) —y}

T B+D/@ 1)
y * [log y/y=1]
1/(6 - p—1)
(6—y-)
8:p-1+2)/(6p-1—1)

= @ po—
Ve (2—15)
[/] (1+0'ﬂ0)/(1—0'/9—1)
20-0-pp "
(2—-6- ﬂ—l)/(a * /9—1_1)
c[(8—y-)

Go=

g ﬂ 1/(0 ° /9—1'—1)

—173—

& Ao 9@ K9 2d) Aye ¥ A7 -

1/(6 g1

B-(0-y2) (2-16)

adx ‘

6o 0=y (3-20 5 )/(0 - f1=1)

SN CEY =2 BV Ry me

. [{eym(ﬁs—ym) +g—,102}g

~ (5= a+e)0—y.y B B oy )]
(2—-17)

ol®, 4714 g=(0 - f-—1) ‘ol }.
3% olF F48 AL, (y-y.)o BN E
W A2-18)g ANE & A

— — — 2__
y:ym+T Go /(’I:ZG?O) 4G,G_, (2—18)

4714 Te H@2-10d4 FHSFAL, x()@&e
aofuith 2 (2-2)l 4 T
2(2-18)¢ AAAT T Hrh ol

3. ZFE{of ot siM A HnE
3.1 Alg8o|E{e] 74

2 =% olgyg AAE dolry] AHMA x0 v
2 o] x71g& 0.04, 095, 0.67 0.01, 0.98, 0.50
a8 0.025, 0.95, 0.409] A9E Yoz &Y
o A7 GE FESAALH, 99 2@ B
FHaA g ‘

J2HE FYEAE gotrRIl ANA y,=0.92, 6
=042 1ATE x99 & 007, 0.04 2 0019
AL e AFPReR gt 2EE JAY 2
AFH HYE AsfA EAL 34 NN, J2A
4= H, D9} A4 3893 DK2 Hagon, 4
(2—-1)& 713 A &3 Runge-Kutta o 2 3] A3}
At

a9 1L gAY JAFHE A FH oMty 4%
ZExo|t}



—BTRe 124, F 3% 19914

< Ascl6), ASD(6),0(6),11(50), X1 (50) > NN=25. H=10, DK=10~2 81 2 299 o
)
st OAe AFH £AALL daed 29
2,33 2e H98HE de.

/ READ: ASC1,ASD1,Q1,NN,H,DK /

| 013 I
0.2
- ol A © B X
i ot 08| Az-18) 2
i 009 o.r- 3%
. > 008 06
& B it
, 00T Runge-Kutio®
X Q06 31 w28
COMPUTE : X1{J),Y1(J) 00! 04 e
004-
by Runge-Kutta Method oo 03
B St eapatios TR TR

Lig— r_
LT
1164 09
! 115
. 1144 c | 08] \ D
. LI
112 o1
LI
. 0. | 06
0,091
. 008{ 05
. 007
COMPUTE - D| 0.06{ 04
0.081 .
! 004] 03]
! aca]
0,02 02

. o0l [N
............... OV ARRSARREERARESS
5 10 15 20 @) 5 10 I5 20 @
——

! I
o1z 0.9 —‘
COMPUTE : &(2 - 18) 02 E F
0.8
oe] 0.7
0.4 0.61
Q2 0.5
0.} 0.4
Qo8] 0.3
0.06{
004] 0.2
.1 0.1
|||||| 04
I 5 o 15 20 &) 5 [[+] 15 20 @

O% 2 FAHHS) ¥w
AC% Ex 7494, H D$ F& 2497s
A ZHMolth.
Yo X} 0= ZZd &3 . AB: 0.
95, 0.04, 0.6.
C,D: 0.98, 0.01, 0.5. E,F: 0.95, 0.025, 0.4.

Fig. 2 Comparison of numerical solution. curves A,

C and E are fraction of infectives verus

38 1 2% Fd A% 2HEN 2 A8 time. B,D and F, fraction of suceptibles
A% 38 verus time. The initial suceptible(Y,), initial
Fig. 1 Flow-Chart for analysis of the deterministic infective(X,), and threshold(8) prarameter
model by elementary series expansions for each figure pair are respectively. A,B: 0.
95, 0.04, 0.6 C,D: 0.98, 0.02, 0.5 E,F: 0.95,

0.025, 0.4
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