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UNA 1

YN
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WWnAUNIIUAUAI Nsguums kiiissusidudunseseguamusinues uwiduludunsienonu

¥ v v v & LY 1w 1 i al U av
3@U5U’N‘U’ENQQU‘U‘VI§WJEJ wazfadudunsnenedinulaesidlusyezen Iumﬂmﬂwmumumawma AU

)

Iotauauuudnaemeadinmansiitoseydnunie ngAnTsuNSauUns Inelsui Castillo-Garsow wagae [1]

a 1

ladnauenuuiasshinesiidainuasauauyys 91n1u Sharomi wag Gumel [2] lamwiuuinassfines

a

De

'
a v A

fifafnl dufie dwsunan t>0 wanwlduenyssansvianua (N) Ju 4 Yssuam: §aliineguyn

o o =

(potential smokers; P), Q’V]ﬁﬂaaquqm (current smokers; S), EﬁﬁLﬁﬂQU‘Uﬁ%

)

'
Y

1A5173 (smokers who

temporarily quit smoking; Q,) WagHTLANGUYWIBE19A1IT (smokers who have quit smoking

[

permanently; Q,) Insuuudnasavesauguyws [2] Feilaunfgnidail

1. ¢ A9 UIURALVDIAUNALNULID N UADNTINUILLIAN
2. 1 A9 9NIINTITAAVDIUIZAINTNINRUA
3. 4 A9 SNIINTTNEVRIUTEVINTUABZUTELAN
a ) a at' va o ~
4. y Ao SMIINSENGUUNTVRILNIGIEUUNS
& ) ) aa & va a o
5. a fB dNIININTUNNGUUUIINATIVRIRTILENEUUMITIATT

6. o fB BRTINANGUYMIDE NN NITVIRTLENGUUNT

' ]
= =)

7. q fis anuuezlunzguuiandinnueeiuiiguuvivesiilieeauyns

[

aunsadaulasadl

dP(t) =[A - 4P (t) - SP(t)S(t)]dt,
dS(t) =[ (s, +7)SE)+ BPH)S(t) + aQ, (t) ]dt,

(1.1)
dQ.(t) = (s +@)Q M) +7(1-0)S(t) Jdt,

dQ, (t) =[-4,Q, (t) + yoS(t) ]dt,



Tned P(0)>0, S(0)>0, Q,(0)>0, Q,(0)20, A>0 uaz 0< pu,ty, g, iy, 0, By, 0 <1
dle ﬂ::%, way A= uN

LLm’]LmeammmaiuuamﬂmaqﬂuawmmmmmuaﬂLLu'ﬂuqumﬂsimawwmm quw 3 Ul
Ao twesiimmuatusulalldmidadimnuiumuvesdunnden sevhliAsdesinusedialuns
assuuudansszuuinansadaans lnewliosa q 4 Zhang wagaue [3] liauassuuaunisids

oustusalawaain (stochastic differential equations, SDEs) fasteluil
dP(t) =[A - P (t) - BP(t)S(t)]dt + o, P(t)dB,(t),
dS(t) =[ —(u, +7) S() + BPM)S(t) + aQ,(t) | dt + o, S (t)dB, (1),
dQ (1) = [~ (s +@)Q (M) +7(1-0)S(1) Jdt+0:Q,(1)dB, (1),
dQ, (t) = [ —Q, (1) + yoS (1) ]dt + 5,Q, (1)dB, (1),

Tnefl o >0 Wurasi uar B (1), i =1,...,4 Wunszuiunisiues Wiener process) filudaszsaii
dsululassnuil l519sUsuduuues Zhang wasane (3] Wawysainntu Tngasdnuiszuy SDEs
Frasiu Tunsdlinszuiunisines B.(t), i =1,...,4 lddudasedofiy desnlaevhludssensia 4
Ussiamiufiauduiusiu anuwdsusulusiasnguussnnsfnfesiieadesiude segnatu §ian

guumis 981907179 (Q,) onalduimlvginfidsguyns (S) Enguyns
Y Y Y 9

3

~ 9 a X v
Winlviazmingavu 1519l

O =P1), xO=S@), xO=Q1), x,O=Q,®)

dx, (1) = (A = 6%, (1) = B, (D%, (1)) dt + o, (t)dB, (1)

A%, (1) = (= (1 +7) % () + A% (0%, (1) + @, (t) ) dt + 5,%, (£)dB, (t)
A, (t) = (— (1 + @) X, (1) + 7 (1- ) X, (t) ) dt + 5%, (t)dB, (1)
dx, (t) = (=X, (t) + yo X, () ) dt + o, x, (1)dB, (t)

laefl B, (t), i=1...,4 Dunszuviunsiwesilidudasedeiu Jaflumdndanuulsusiuaunususiu

$711 (variance-covariance matrix) 1usadl



1 po P Pu
Po 1 Py pu
P P 1 py
Pu Pu Pu 1

Weh P Pigs Pras Poss Powr P €[~11]

uona1ntl NsusEInuATRmesiussuu SDEs Wuiladdgsunilsdmsunisidauwuy SDEs
luussgndldivteyasanelilaundeimiiwesvestayadmsunisiiluldlutunaude 91U fuliy
Tassuilldvensuuifnues Zhang kazany [3] inWaiuregend msusilieg (1.2) Tunsalfinau

wlsUsuladudasyeadiu
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=b.
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ANUTAUZ I

unileny 2.1 fudsgu X azgnisendt InnsuanuasundseAang u wazanawlsusiu o’ daduu

unuey X ~ N(,u,az) filaiduanunuluuYesaNiiazduves X fe

1 _(X_/‘)z
f(x):ﬂae 20* xeR

i X ~N(0,1) uusnagnandn X dn1suanuasunfunsgiu
unilew 2.2 | Wuendesves R, nduvesiinsdu {X,},_, wdendnszuaunisalauasdn

unilenw 23T (X} Wunssuiumsalaupaiinuudiglinnnaninaedu (Q, 7, P) dwmiuwiae e

tel

fleiidu X, (@):1 > R azgniFenindumaiiudtagne (sample path) vos {X,}

unifienu 2.4 dwdsdu X uaz Y azgnidenindudasedanu ddmsunnuasawn A waz B Tu R
P(X eAY eB)=P(X e A)P(Y eB)

unilenu 2.5 nszurumsiwesuutianm [0,T] Fenssuiunisalauaain {W, VaonndoItouly

Jieor)
soluil

1. W, =0 smeauuaziu 1

2. dwIu 0<s<t<T g W, -W, ~ N(0,t—s)

WU 0<s<t<u<v<T 1o W —W, waz W, -W, 1Judaszraniu

3. @ng
I a LY 1 A =
a. {w, }te[O,T] IMaAURIRE1saLiD



unilew 2.6 aunsidsoyiudalauaain Inevhluudezgnidenlusy
dX (t)=f(t, X (t))dt+g(t, X (t))dw (t), 0<t<T (2.1)
X, =X

do f uar g Juileddudataves t uae X, W, Wunszuviumsiues uas xeR

aun1s (2.1) JDudydnvalfiumuaunisidalsnus
X (t)=X(0)= (s, X (s))ds+[ g(s, X (s))dW s) (2.2)

TngUiusmemuvniievesauns (2.2) gninuwuuyiussduladfyuasUsnusuuudle (4]

NQEHUN 2.7 gn3va9dLla (Itd Formula)

dX (t)=u(t)dt+v(t)dw (t)
Tn X(t)=(X1(t),...,Xn(t))T Fedmsunnees u iR u(t) waz nxm wn3ng v(t) Taeii W (t)
nszvumsiued m 87 uaz g (t,x)=(9, (t,x),... g, (t.x)) Duitedduan [0,00]xR" Fa R” il
ouWUSSUAUN 1 wag 2 deillos agléfdn ¥ (t@)=g(t, X (t)) Dun NSPUILNTBLAT

A, (1) = B X (9)dts T Tt X ()0, 1)+ zz;g; (X (1)) 8, (1)0X, (1)

L]

n k=1...,p
Toeil dW, -dW, = 5,dt, dw, -dt =dt-dW, =0 uag dt-dt=0

35n159981893-11581311 (Euler-Maruyama mathod)
dmsuaunIseyRusalaLAasn
dX (t)=f(t, X (t))dt+g(t, X (t))dwW (t), 0<t<T (2.3)

LSIDLLUILIA U [0,T] pondu N 219 Nudazveiianuniamvniu

v d, T
Wt =nA Vn=0,...,N L A:W

W x, Junawaedsdnarvesauns (2.3) ivan t, lagldansvetossians-ungenun

Xoor =X, + (8, %) A+ 9(t,, X, ) AW,

n!n

dle AW, ~ N (0,A) uag x, =X,



UNy 3

ANSUSEUUAINISTLNDS

v n v o Yal 1 A va o o A va a o o va a
W (.} Wudeyavessaudiiliveguyvs, idwguyvs, §dnguynidinsm uasdingn

guuvsegansiuusazdsauugis [0,T] aundalideyauuvunanviamii q M wu At=13u

13I90IN15SUSTUNUAINITRNDT A, 1y, 1y, Iy, tyy Oy By ¥, O, Oy Oyy Oy, Oy Pros Pras Pras Poss

Posr Paag

1NauN"s (1.2)

dx, (1) = (A = 4%, (1) = A% ()%, (1)) dt + oy %, (t)dB, (t)

dx, (1) = (= (1 +7) % () + BX (0%, (1) + %, (1) ) dt + 0, (1)dB, (1)
A, (t) = (— (1 + @) X, (1) + 7 (1- ) X, (t) ) dt + 5, %, (t)dB, (1)

dx, (t) = (—2,%, (£) + 70X, (1) ) dt + o, %, (t)dB, ()

laefl B, (t), i =1,...,4 \Junszuviunisiiuesiilddasssionu Sadunindauuwlsysiuanuulsusiusa

1 P2 Ps Pu
Po 1 Py Pau
P P 1 py
Pu Pu Pu 1

oo 0.0 0|\l p, p3 pyufjor 0 0 O
I8 0 g, 0 O0jlp, 1 pyu pu|0 o, 0 0
0 0 o 0|lps P 1 pu|0 0 o5 O
0 0 0 ooy Pu Pu 1]J0 0 0 o

O'12 P12010,  P130,:03  [1,0,0,
_| P01 0. 22 P230,03  P40,0,
P130103  Pr30,03 0. ; P34030,

| P1a010s  Pu0,0,  P340350, o,

Tnensusnuuulaiaan (Cholesky decomposition) aglaandiumsne



a 0 0 O
A a, a 0 O
a, a a, 0
a 8 a a

AT=A-A"
naun1s (1.2) anunsadngulndla fa i
dx, (1) = (A — 26, (1) = 8%, (t) X, (1) ) dt + X, (1) (&,dW, (1))
dX, (£) = (= (4, +7) %, (1) + BX, (V) X, () + X, (1) ) dt + X, (£) (2,dW, (t) +2,dW, (1))
A, (t) = (— (2 + @) X, (t) + 7 (1= ) X, () ) dt + X, (t) (2, dW, (1) + a;dW, (t) + a,dW, (t))
dX, (£) = (—4,%, (1) + yox, (t) ) dt + X, (t) (@,dW, (t) + 8,dW, (t) + a,dW, (t) +a,,dW, ())

Toeft W, (t), i=1...,4 Junszviunsiweiniludasssiaiu

A9U1 15198YNN5UTEUIUAIMITITMDS 1a8azSUAINNSUSEINUAALUSEANSANULUTUSIU HU

Ao a,a,,..., &, Mensldansveddle (it6 Formula) aglain

1 .
dlogx(t)—w i(t)—Z(T(t))Zdxi(t)-dxi(t) Vi=1..,4

dlogx, (t) = (%—,ul PX, (t)—— ]dt+a1dW()

Et; _%(a +a, )Jdt+a2dW1 (t)+a3dW2 (t)’

dlogx,(t) =| —(u, +7)+ Bx,() +

d log X, (t) = | —(x, +a)+7(l—0'));2—8—%(af +a? +a§)]dt+a4dwl(t)+a5dwz (t)+a,dW, (1),

dlogx,(t) =| —u, + yo i? 8 —%(aﬁ +aZ+al+ afo)]dt +2,dW, (t)+2,dW, (t) +a,dW, (t) +a,,dW, (t)
4



dmsu t>0 azle

|09X1(t)=|09X1(0)+'[(®—ﬂl Bx, (5)—— st"f_[ a,dW, (s),

X;(s) 1

I I 0
0g X, (t) = 09X()+J'((ﬂ2+7)+ﬂ><(8)+a ) 2

~(a} +a3 jds+_[ a,dw, ( Iade s),

X3ES; _%(a +a+a )jds

log x,(t) = log x,(0) +J:(_(ﬂ3 +a)+y(l-o)

+'[adW jade IadW s),

X(8) 1

log x, (t) = |OgX(0)+J[y4+7 () 2

La +a8+ag+a10)J

+_[ a,dW, ( f a,dW, (s +_[ a,dW, (s _[ a,,dW, (s)

TneanauURvaIn1swUsHuAaaaes (the properties of the quadratic variation) aglerin

[log x,,log x| (t)

{j'[%—ﬂl pro(s) -2 stj'(%—ul pro(s) -2 ]ds}(t)

+2D0(m—yl B, (s)—— Js,'[(;aidwl(5)}(t)+U(;a1dwl(s),'[(;aidwl(s)}(t)

dW, (t)-dw, (t)=dt, dW,(t)-dt=0, dt-dW,(t)=0 Vi=1,..,4,

dW, (t)-dw, (t)=0 Vi= j, uaz dt-dt=0

tY

YJUAD

j’(xfs) =P ()~ jdsjaldvv )}(t)=o,

f{%‘ﬂl ﬂxi()—% ]SJ(T—M ﬂxi()—— ]S}O,




bheY®

“(;aldwl(s),j(;aldwl(s)}(t) = a’t
ety 2glen

[log x,,log x,](t) = &t
Tuiuesfediu azlen

[log x,,log x, | (t) = a,a,t

[log x,,log x, ] (t) = ajt + ajt

[log x,, log x, ] (t) = a,a,t

[log X, log x, ] (t) = a,a,t +a,at

[log x,,log X, ] (t) = ajt +ait +agt

[log x,,log X, | (t) =a,a;t

[log ,,log x, ] (t) = a,a,t +a,a,t

[log x;,l0g X, | (t) = a,a,t + asa,t + aa.t

[logx,,logx, ] (t) = alt +ajt +agt +ast

dlo n—> o, At > 0@t t = nAt 2glean

nimil(log X, (xAt)—log x, ((K—l)At))(Iog X; (kAt)—log X ((K—l)At)) —>%[Iog x,, log xj}(t)

Vi, je{12,3,4)



Aau nasleaunisUssue a,a,,..,a, MY 4,4,,..,a, il

A2

1 n
7 2:(logx,, ~log X,.) =&

n

%Z(Iog Xl,)c - Iog Xl,/c—l)(log Xz,x - Iog Xz,K—1) = EA11‘€‘2
k=1

n

=3 (logx,, ~logx, .| =& +&
=1

K

n

%Z(Iog Xl,K o |Og X1,K71)<|Og Xs,x o |0g X3,K71) = é154
x=1

%i(log X, —log X2,K—l)(|0g X;, —log ng,(_l) =4,3, +4,4,
k=1

n

1 a2 A2 A
?Z(Iog X3p ™ log X3,K—1)2 = af + 52 + g

k=1

n

%Z(Iog Xiw log X1,K71)(Iog Xow log X4Jf*1) - 515'7
=

K

n

%Z(Iog X, —log XZ,K—l)(IOg X, —log X4,K71) =8,a, +4,

k=1

OgJJ)

n
k=1
n

1 A
?Z(Iog X, . —log x4',(_1)2 —&2+a8 +a2+a;
=1

K

10



flau 157198 bensUSELNUAINISTWDS fall

4 = \/%i(log X, —log X1,x—1)2 ,

k=1

-i-i(log X ™ Iog X1,K71)(Iog Xop ™ Iog XZ,K—l)

k=1

a, = 3

N 1 2 .,

a; = \/?Zl(log Xowe — log XZ,K—l) —a,

R -il-zn:(log Xl,l( - Iog Xl,l(—l)(log XS,K - Iog XS,K—I)
.= k=1 éi ,

1 zn:(log Xow — Iog XZ,K—l)(Iog X3x — Iog X3,K71) - ézém

A — k=1 ,
) 3

A 13 2y ap
aG:\/_ (Iog X, . —log x3]H) —-a;-az,
k=1

-Ij:i(log X ™ Iog Xi,x—l)(log Xow ~ Iog X4,K—1)

k=1

é-7 = =
&

R -I:I:Zn:(log X, . —log Xz,;«—l)(log X, —log X4,,(_1)— a,4a,
4, = —=xl 3

-I:I-i(log X3,I( o Iog X3,K—l)(log X4,;< - Iog X4,r<—1) - é.4é7 - é‘sé'g

8 = -
S

n

A 1 A
b= (3 (00, logx,.. -3

k=1

~ N
|
2
|
&

11

(3.2)



12

o v
PJupo azlan

1\2 A A A A A A
Q a, a, a,
3 = a,a, a, + 28, +838; 8,8, + 8,8,
Anx AA A=A 22 22 | A2 AA AA  AA
aa, a,a,+a;a; 4 T8 +3 48, + 3585 + 349
AA AA AR AA AR | AA A2 22, 22, a2
Q;, QA ta38; 7,3, +a;8; + A ; T8 +35 +3,
Gl @A
NIDNAD
A A oA 2 A2 o~ 22 A2 A2 o~ 22 A2 A2, A2 A a
0,=0q;, 0,=4Q +8;, 0;=43, +3; +85, 0, =4/ +83+38; +3,, P, ==,
0.
3 5 4,4, +4,a 44 +44 44 +44 +A4, 5.3
A 4 A A 20y 5 A 28 A 467 T dg 6
Pi3s=7% 1 Pu=7 P ~ A v P = < v P < =
O, 4 0,03 0,0, 030,

AONN L5193 UTZUNUAMNNINTLNDSTNED WURD A, 14, 1y, 1y, 1, @, 3,7, 0 I0EIBN15VD90081803-
138781 (Euler-Maruyama) Tasdwsutnsden [ (x —1)At,xAt | 91naun1s (3.1) gl
X = Xpeq = (A= 10X 0 = BX %o )AL+ X (R, VAL)

X2 ' X2,r<—1 = (_(JUZ + 7) XZ,K—l + ﬁxl,K—lxz,K—l + aX3,K—l)At + XZ,K—l(aZgl,K—lJE + aSgZ,K—l\/E)
(3.4)
Xy o =X = (—(, + a)XS,K—l +y(-o) XZ,K—l)At + XS,K—l(a4gl,K—l\/E + a582,xfl\/ﬁ + aega,,(fﬂ/ﬁ)

T P (_/J4X4,K4 + 7O'X2,K71)At + X4 1 (3751,K71\/A_t + aSEZ,K—l\/A—t + a983,K71\/A_t + a'1054,,«71\/A_t)
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NsaesaNT R YRUSalaLAGRN

5z dNResAUNseuuSalawAaRn (1.2) lagliignisessiaes-ungenundelvisdosning
1% a1’ - = v
A =0.001, t €[0,1000] wens1asli o5, o, NAUTUUIN UWBE Poy, Ors, Posr Pas FANTUAU LHDINET

° z:{' I3 ' v v = v
ﬂanQUUﬁiﬂgLﬂULLUU@Sqﬂiﬁlﬂau@aqﬂiﬂUuﬁimqﬂJﬂjﬂ

A =200, =01, u, =0.2, 4y =0.15, u,=0.1,
a =0.15, £ =0.01, y=0.3, o =04, 0,=0.2,

(4.1)
o, =0.2, o,=0.1 o,=0.1, p, =—0.1, Pz =0.025,

P =0.05  p,,=-0.05, Py, =—0.05, p3, =—0.005

wazASud x (0) = 250, X,(0) = 700, x,(0) = 450, X, (0) = 400 Tnemsil3eudiousuaulssnnsia ¢

Useny uazUsennsvianan assy 4.1
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foun 15aiUSeuiisuaunsiseyiusalauwnain (1.2) Auaun1shumesiidadn (1.1) wagitoNaezm
unlszrnsusazUssinnlilnalAgeriunase 1fmaiedeannsdiaesaunisieuiusalauaasn

100 As Aegu 4.2

N3y 4.2 wuidnadeiladenulndifesiuAmunanaunisfivesiiann (1.1) Aladnssuniu

U a2



gavieil isnagUssinudminesiagldaunts (3.2), (3.3), (3.5), (3.6) Fildtoyannisinaes

MENIsIAMas I UENNTS (4.1) glamUsyanaiumazAse fail
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. ATUTEIN
WITnneI 7] T3 T T T
ASSN 1 A3 2 A3 3 ASeN 4 AS99N 5
A 202.9396 199.2079 207.2476 198.4450 199.0914
i 0.1439 0.1151 0.1221 0.0761 0.0993
i, 0.1881 0.1840 0.2056 0.1799 0.2244
L, 0.1800 0.1582 0.1582 0.1730 0.1043
4, 0.0928 0.1097 0.1077 0.1070 0.1149
a 0.1489 0.1311 0.1521 0.1156 0.2090
B 0.0101 0.0099 0.0103 0.0100 0.0100
y 0.3119 0.3024 0.3115 0.2972 0.3214
& 0.3737 0.4273 0.3987 0.4122 0.4201
o, 0.2004 0.2004 0.2006 0.2003 0.2002
o, 0.2002 0.2001 0.1997 0.2001 0.2001
o, 0.1001 0.1001 0.0999 0.1000 0.1000
o, 0.0999 0.1001 0.1000 0.1001 0.1000
Pry -0.0992 -0.0996 -0.1002 -0.0988 -0.0986
Oi3 0.0260 0.0241 0.0235 0.0242 0.0242
D 0.0506 0.0492 0.0485 0.0508 0.0507
Das -0.0509 -0.0502 -0.0488 -0.0508 -0.0519
Dos -0.0518 -0.0499 -0.0507 -0.0490 -0.0502
D -0.0053 -0.0055 -0.0029 -0.0057 -0.0050




23

. AUsEIN
WINARI 7] T3 T T 7]
AFIN 6 ATIN 7 AFIN 8 AFIN 9 A3IN 10
A 198.5562 202.4569 199.2865 207.9369 200.1692
n 0.0675 0.01550 0.1114 0.1151 0.1120
L 0.2228 0.2069 0.2373 0.2088 0.1968
i, 0.0847 0.1261 0.1164 0.1578 0.2008
A, 0.1096 0.0997 0.0897 0.1041 0.0885
& 0.1966 0.1666 0.1936 0.1398 0.1166
B 0.0100 0.0100 0.0099 0.0104 0.0100
7 0.3018 0.2989 0.2963 0.3022 0.2943
& 0.4448 0.4135 0.3717 0.4181 0.3597
o, 0.2005 0.2004 0.2004 0.2007 0.2003
S, 0.2000 0.1999 0.1999 0.2003 0.2001
G, 0.1001 0.1000 0.1000 0.1001 0.1001
o, 0.1000 0.1001 0.1001 0.0999 0.1000
Dz -0.1010 -0.0993 -0.0999 -0.1012 -0.0993
Dis 0.0244 0.0247 0.0223 0.0240 0.0231
Pua 0.0503 0.0494 0.0492 0.0506 0.0511
o -0.0512 -0.0512 -0.0499 -0.0499 -0.0492
Doy -0.0502 -0.0521 -0.0501 -0.0507 -0.0511
Day -0.0039 -0.0054 -0.0036 -0.0050 -0.0042
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ANRAYYDIAUTEUIUNITITLFDSAINNITINE9 10 ASI LN MUSoUBUAUAIDSY NEDUNIATUIDIAN

ANMURANATIA absolute error and relative error WaAIRIANS1IAD LU

WIS RDT AUTZU A3 abs-err rel-err
A 201.5337 200 1.5337 0.7669
/:21 0.1118 0.1 0.0118 11.8000
,[[2 0.2054 0.2 0.0054 2.7000
1&3 0.1459 0.15 0.0041 2.7333
A4 0.1024 0.1 0.0024 2.4000
a 0.1570 0.15 0.0070 4.6667
ﬂA 0.0101 0.01 0.0001 1.0000
7’} 0.3038 0.3 0.0038 1.2667
& 0.4040 0.4 0.0040 1.0000
(5‘1 0.2004 0.2 0.0004 0.2000
(}2 0.2000 0.2 0.0000 0.0000
&3 0.1000 0.1 0.0000 0.0000
&4 0.1000 0.1 0.0000 0.0000
1512 -0.0997 -0.1 0.0003 0.3000
1513 0.0240 0.025 0.0010 4.0000
1514 0.0500 0.05 0.0000 0.0000
/323 -0.0504 -0.05 0.0004 0.8000
524 -0.0506 -0.05 0.0006 1.2000
/334 -0.0047 -0.005 0.0003 6.0000

nenTasiulan Adssanamnsilwesilalunisnageuiianuudugn Wunstuduaugnsiedvesans

wazAsNstun s uIuilataus A luunneumini
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Background and Rationale

As we all know, smoking is not only harmful to human health, but it also does harm to a smoker’s
whole family. In the long run, smoking also harm to the whole society. In recent years, several researchers
have proposed some mathematical models to characterize smoking behavior. First, Castillo-Garsow et al
[1] presented a deterministic smoking model, then Sharomi and Gumel [2] further developed the
deterministic model. For fixed time t > 0, they separated the total population N into four classes: potential
smokers P(t), current smokers S(t), smokers who temporarily quit smoking Q,(t), and smokers who have

quit smoking permanently Q,(t). The smoking model [2] can be written as

dP(t) = [uN — pu, P(¢) — pP(D)S(D)]dt,

dS(t) = [—(uz + ¥IS(®) + BP(O)S(O) + aQ,(D)]dt,
dQ.(t) = [=(uz + @)Q.(t) +y(1 - 0)S(D)]dL,
dQp(t) = [~14Qp(®) + yaS(®)]dt,

where P(0) > 0, S(0) > 0, Q.(0) > 0, Q,(0) > 0 and 0 < y, iy, o, U3, far @, B, ¥, 0 < 1.
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Although deterministic smoking model can characterize the dynamical behavior of the smoking
population in some way, it assumes that parameters are deterministic irrespective of environmental
fluctuations, which imposes some limitations in mathematical modeling of ecological systems. Recently,

X. Zhang et al [3] proposed the following system of stochastic differential equations (SDEs)

dP(t) = [uN — pu, P(t) — BP(t)S(t)]dt + o P(t)dW, (1),
ds(t) = [~(uz +Y)S() + BP()S(t) + aQ.(t)]dt + 0,5 (t)dW, (1),
dQ.(t) = [—(us + @) Q:(t) + y(1 — 0)S()]dt + 03Q,(t)dW5(t),

dQ,() = [—1sQ, () + yoS(D)]dt + 6,Q,(D)dW, (¢),

(1

where o; > 0 are constants and W;(¢t), i = 1, ..., 4, are independent standard Brownian motions.

In this work, we will study the system of SDEs (1) in the case that the standard Brownian
motions, W;(t), i = 1, ..., 4, are dependent as a more general model. The dependent condition is considered
in this work because we think that the four classes are related to each other in general. For example, the
smokers who have quit smoking permanently @, (t) can also motivate the current smokers S(t) to quit

smoking.

Moreover, parameter estimation for stochastic differential equations has been a topic of interest in
recent years. We will simulate the data in order to analyse the behavior of the stochastic smoking model

and estimate the parameters by using maximum likelihood estimation based on simulated data.

Objectives

1. To develop the stochastic smoking model by adding dependent noises

2. To estimate the parameters in stochastic smoking model with dependent noises

Scope
1. The SDE model in this work is given by the equation (1).
2. We will use maximum likelihood estimation for estimating the parameters.

3. We will use Euler-Maruyama method for the simulation.



Project Activities

1. Review basic knowledge and articles on SDEs which are related to our project

2. Defend the project proposal

3. Perform parameter estimation and simulation

4. Conclude results and write a report

Research Plan

29

Project Activities

Month, 2019

Month, 2020

Jul.

Sep.

Oct.

Nov.

Dec.

Jan.

Feb.

Mar.

Apr.

1. Review basic knowledge and articles

on SDEs which are related to our project

2. Defend the project proposal

3. Perform parameter estimation and

simulation

4. Conclude results and write a report

Benefits

The benefits to the student who implements this project are as follows.
1. Obtain the skills to search for information and to improve thinking process

2. Gain knowledge in SDE and know how to implement a numerical method for a certain system of

SDEs

The benefits for users of this project are as follows.

1. Obtain the general model for smoking behavior based on stochastic with dependent noises

Equipment
1. Computer
2. Paper
3. Printer

4. Software
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Budget
1. Paper A4 600 Baht.
2. Printer ink 2,500 Baht.
3. Stationery 400 Baht.

4. Photocopy 1,500 Baht.
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Biometrics, Cornell University, (2000)
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