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The purpose of this special problem is to decrease the trend of Cervical
Cancer in Thailand. We apply the mathematical knowledge for finding the
appropriate model, This will be helpful for controlling Human Papilloma Virus (HPV)
disease in Thailand. The mathematical model is created by learning that HPV, HPV is
the main cause of Cervical Cancer. We consider the yearly Cervical Cancer cases by
type of extensions, regions, age-groups, diagnosis and stages. Then we take the real
data and mathematical theorem to formulate the mathematical model. The

numerical results are shown by the created program. The results of this study would
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ABSTRACT

be an alternative way to decrease the Cervical Cancer cases in Thailand.
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R 2.2 wuNdnwsane (characteristic polynomial) vesuming 4

WA nxn gnivUAlaY
¢, (x)=det(xI-4)

v - U s CJ
nguun 2.1 W 4 Wuawdnduuin nxn Adnyasanizves 4 \Wusnd
& o a o R = ) a =l v
Wudwusdwemyundnvuziansuas 4 dufie I3 it 1 denades

AUANNTS

c,(A)=det(Al-4)=0
ISunaunisiiin aunisanuzlawiy (characteristic equation)

4 < do ¢ w ¢
Wo 7 WULNINIeNaneuun nxn
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Ox, 0x, dr ~— _ x

/G /P G /M C)) 9, (x)
ox, 0x, - 7K C RN,

2.4 INFNNA
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2.6 N1SESIUUINRDINNAUAAIERNS

2.6.1 WUUNAD

WUUTnasminetiy Munuesing seuunisiuidndnuuladnuauenis

wuudassoaiUldanulunetednwaeaal

L.

Jueesiudin (An aid to thought) i wuvsaedlasety (Network
Model) fgvilsigaiiauuulfussfiuinnziifonssuidonhelsiis uasih
ozlsnounzlinda

Whuniesdaninmune (An aid to communication) wuudiaganztaeli
ilangAnssuvastymfisnauls wagdasliannsnosuienginssulym
wazmsudladywiiisauls

Huniesiisdouuaviineusu (Purpose of training and instruction) ity
LUUd1aeaIasaruaNnsou g ruliinduiinamidilauayin
ﬂmﬁumaﬁuszuumimquLﬂ%aaﬁua%aﬁauﬁuﬂﬂﬁuaﬁa
Juedaaiiedwiunisyiune (A tool of prediction) INNIAUUUTIa8I9E
talidilanginssuveslym Mztelidadiuuudiassaisonanzi
wiovhunolddn Welimmnisalfiiinansenudessdusenoutasiuudiansdu
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\Juirdasiiodmiunisnmas (An aid to experimentation) Tagiiuuudia
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2elinand1sls iaustlomilumsinduletimsesidoulvdugluldifu
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2

a ¢ i =l d g ow ° 2 v & 1 ao <
wisilines Ae Arpsinglduuuiasatugimueeaduinimuaduies

U

A e da & 1 a ¢ - N L a vy
WaAnwraiintuInAvasmdnasnseidudiiinnisusaiiulaain
Uoya
u
¢ @ DA b v 4 . - s & a
3. WanguAnudusius (Functional  Relationships)  AaWandunesuie
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anwurveslinduanuduiusinegluguvesaunisnadiamanidailandu
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2.6.2 Ussnnaaanuudnaas (Model Classification)
wWuudnaedinateUseinm “t’fuasgﬁ’ummmmzaﬂumﬂﬁqm waflarsuun
Usznvldodnansadail
1. Deterministic model iJuuuudassfisaineneg wu snsniadulaien
wiusu (deterministic) iasnnlalddafanisdulmuuuldianng (random
fluctuations) YBIANTWLINADY
2. Stochastic model 1Huuvuassfisnernisdulmuuuldianives
anmwInaoutinuneme iR inene wu gamgil Uiy dnsnisiva
vaaidialined Feegldanade (mean) \Jushunuuasdeddnwudouly
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A innuuds (random) anldimangdn auldrinszaievesnadns Mdululy
138n71 Monte Carlo simulation
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nssuaunsttmidesiegiinnunieldanmgaci (steady state) usu
4. Dynamic models \uwuusiaesiidifsdwaiiinainnisudsuudaves
szuuinasdudouliiosninuszneudeaaunisiivndanazaunisdeyius
(differential equations) n1swAaLNTIzeIn Judeuminlildinafianism
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2.6.3 WuUTIADIVNIAtiAATENT (Mathematical Model)
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dR P ) o o f
3. @uns (2.3) T wuERd  angInsidasullasreslszunsnvineuae
¢

o = o & el | < P
ef +v/ el nsinAureslsevinsnauimethe R aiiguin
I aa & P P = W L |
RNNGUARAAD [ TUATOMUIY + wande 8nsIn1siinduvesngs
Usgnsnmetis R AQLNUNIN

= ' °
JUM 2.6 uansdiulssnounuuinaes SIR vesduns (2.3)

thaunis (2.1)=(2.3) umgnauga fail

W (81, R") Dugnaunavesszuvaunis

~ AVE oot (2.4)
I'(ps -v) =0 (2.5)
vi® AN (2.6)

N (2.6) vwld "= 0
wud 1T = 0 Tu (25)

i "= 0 ¥ pS-v = 0

L
14

AaU S*=0 via S'% 0



L7

S*+I"+R"

=)
s )
=]
=
1]

i S*=0 i N =R
M ST 0 wliin N = ST+R

N e R =0

De

=

=
Il

i

nsdin 2 unum S* = % Tu (2.4)

wlean —vIl"= 0 cvz0

ey It = 0

o (53 3
B
7L W
B

E
]
)
|

=
D,
=
e —
Cn
“i-
M~
“l-
=
*
S—
Il
|
=
=
=
|
| =
o S

2.7.2 wuudnaas SIRS

[

o A o Mo W -
wuUdaee SIRS dillunuudtassiiluduiunan (discrete model) wsngiilu

= e -

seavianaus avlirsfisdnsinisiiewasdnsinisidedia wuuiraesiasuuangu
I - o d s & v e & v
Usyvnseenilu 3 ngu Ao nquidieanaziniio unueiy S nauAnte unume [

o | o
LLﬁxﬂﬁNWﬁqUU?BLLﬂUﬂ?U R

Il

a & da o ) & o & v ) 2 wa
Tﬁﬂ(ﬂﬂL“U@WNLLUU?]']ﬁ@Qaﬂ“Um&U e leLUUIiﬂULLa?QSaqM’ﬁﬂﬂﬁUNWLUUIW'QH

wu Tsaldwin 1salduanse Wunu



18

PSI v

n
v

—
Y

=~

Ul 2.7 wuudhaes SIRS

=l w W ¢ o . o
N1599 2.3 dyanudlanimiuys (variables) vodluuaaes SIRS

Heyanual AN VAVeld
° o 4 | a o
S PIUIUYUTEVINTLERIRDNITAALTD AU
I Pnulsznsinadalaraiunsanienasiale AU
R Fulszansiwmetie (lwsunissnen) 9ann1saniae Al
73
N PUUUIZEINTIINLA =S+ +R AU

s €

d o/ U - o
ATV 2.4 drUanNuIULARIRILUSIEIY (parameters) Y94uUUI@DY SIRS

fyanwal AUNUY wig
Jij IMTINSAALYD flafu
0511590 U fiadu

o g ISP |

/4 MIINISIELINALAATE fadu

ANasUNBLUUIIGDY STRS

o A 1 - o b A ydﬁ “-'}J o v
Sunulssansiidesdanisindeszandiuauas udawa puluilugidaite vinlv

- o - v o

AQ ‘ﬂu ﬂy A d 4:\ AJ 3/t g o
UL NTNAALIDNIIUIULANTY LN@ﬂ@uﬂ‘i%‘ﬁ’]ﬂ‘i%m&]Lﬁﬂlﬂi‘uﬂﬂi'ﬁmﬂ”l yliddwIuanag

v < v i | v 1 wd ! o & & = o !
widsuldilugimelan wavdmalingquifmedisdsnnuiniy Fanguiimedae

) & v d a &wya
ﬁ"lﬁJTiﬂﬂaUﬁ-ﬂLUUHLﬂUQWQSW@L’U@I@@ﬂ

o

MNUUUTIRe aunsalisuaunsenIINsasuklaeUssrnsuiasnaulanil




19

a5 Jr-psi (2.7)
dt
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dl e o da &
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mousud Taensioulusunsy

1y s é’
Allonsdlusunsy deil
. P = o ° ° a 4
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ANl W w3enadal F5 uad aglanii1 Command Window fuuninelviglgnsen

1. Enter the Rate of infection of HPV with treatment in stage 4 (lT):
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>> coded
Program for Model of Cenvical cancer in Thailand

Jx_ Enter the Rate of infection of HPV with treatment in stage 4 (Lt} : D.EI

U 4.86 uansvtimaansvedlusunsalude 1.
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2. Enter the Rate of infection of HPV with no treatment in stage 4 (LU)

I e

L4 la & g Ay M v o’
Ao Wigldldadnsnvesuszynsiidaonsiiadnuagnlussesgavihenlilafunisinwm

ﬂ! a1 % 1 1 o
(Ly) ®Bafendfosnin 119y 0.2 degu

>> codel

Program for Model of Cenvical cancer in Thailand

Enter the Rate of infection of HPV with treatment in stage 4 (Lt): 05
fx Enter the Rate of infection of HPV with no treatment in stage 4 (Lu): 0.2|

U7 4.87 uanamiiwadwsvaslusunailude 2
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3. Enter the Rate of infection of HPV with treatment in stage 1 (MT):
= o [ as o a &‘ a v el [ a
Ao WildldArdnsivesdszvinsiifmdouzisadinuagnluszesisuduilasunisinm

(M;) @aflentlasnin 1 19u 0.3 fagy

>> code3

Program for Model of Cenvical cancer in Thailand

Enter the Rate of infection of HPV with treatment in stage 4 (Lt):0.5
Enter the Rate of infection of HPV with no treatment in stage 4 (Lu):02
Jx Enter the Rate of infection of HPV with treatment in stage 1 (Mt ) : 0,31

U7 4.88 uananthnadnsvedlusunailude 3.
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4. Enter the Rate of infection of HPV with no treatment in stage 1(MU):
= 1 s dﬁ é‘ ﬂl L 4 1 Vo s
Ae LigldldAndmsnvesdszrniifndensisanungnluszaziudunlalafunsine

(My) Bsfldnfesndn 1 1 0.4 dsgu

Command Window

>> code3

Program for Model of Cenvical cancer in Thailand

Enter the Rate of infection of HPV with treatment in stage 4 (Lt): 0.5
Enter the Rate of infection of HPV with no treatment in stage 4 (Lu): 0.2
Enter the Rate of infection of HPV with treatment in stage 1 (Mt }: 0.3

Jfx Enter the Rate of infection of HPV with no treatment in stage 1 (Mu) 04|

U7 4.89 uanaihwasnsvedlusunsulude 4.
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5. Enter the Number of years for survival of infection of HPV with treatment in

i LY 1o =l = 1 ° v Va 4’
stage 4 (NL;): .. #o Wildlddnnulivesmsiitinegsendwiuifnidonsisanuagn

Tuszozanvineilasunssnw (Ioeer) WU 0.2 Aagy

>> code3
Program for Model of Cenvical cancer in Thailand

Enter the Rate of infection of HPV with treatment in stage 4 (Lt): 0.5
Enter the Rate of infection of HPV with no treatment in stage 4 (Lu):0.2
Enter the Rate of infection of HPV with treatment in stage 1 (Mt): 0.3
Enter the Rate of infection of HPV with no treatment in stage 1 (Mu ): 0.4
Jx Enter the Number of years for survival of infection of HPV with treatment in stage 4 (NLt): 0.2]

< w o g v
JUT 4.90 uansmihwadusyedlusunsalude 5.
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6. Enter the Number of years for survival of infection of HPV with no

treatment in stace 4 (NL,): .. #a Widldldduulveinsiidinetsendmsudnniie
g (Y] Y Y

a 14 M Yo s
uziSsnuagniusseganvneilildsunisinu (Toesy )

[

mindléladeyadruntvenisii@inegsendmivginidourisenuagnlusves

=l 1 °

v oad M vy [y I o a ala v wva & a
gavhenldldsumsine (Ioegy ) ¥nnidwntvesmsii@inegseadmivifinionsiie

Unnumgnlussezanineflafumssnu (Luesr) Wy 2 Wsunsuaelvnsendoyalml fagu

>> code3
Program for Model of Cenvical cancer in Thailand

Enter the Rate of infection of HPV with treatment in stage 4 (Lt ): 05

Enter the Rate of infection of HPV with no treatment in stage 4 (Lu): 0.2

Enter the Rate of infection of HPV with treatment in stage 1 (Mt ): 0.3

Enter the Rate of infection of HPV with no treatment in stage 1 (Mu): 0.4

Enter the Number of years for sunaval of infection of HPV with treatment in stage 4 ( NLt ): 0.2
Enter the Number of years for survival of infection of HPV with no treatment in stage 4 (NLu): 2

ERROR...
The value of NLu must be greater than or equal to zero , NLu must be less than NLt ==> ( NLu < NLt )
Please try again later.

Jx Enter the Number of years for survival of infection of HPV with no treatment in stage 4 ( NLu ) : |

A v L2 v
5UR 4.91 wanamiimadwsvaalusunsulude 6.
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= [ v ' ! 1Y
dieglinsendeyalval wu 0.05 fsgy

>> codel
Program for Model of Cervical cancer in Thailand

Enter the Rate of infection of HPV with treatment in stage 4 (Lt): 0.5

Enter the Rate of infection of HPV with no treatment in stage 4 (Lu): 0.2

Enter the Rate of infection of HPV with treatment in stage 1 (Mt ):0.3

Enter the Rate of infection of HPV with no treatment in stage 1 (Mu): 04

Enter the Number of years for survival of infection of HPV with treatment in stage 4 (NLt): 0.2
Enter the Number of years for survival of infection of HPV with no treatment in stage 4 (NLu): 2

ERROR...
The value of NLu must be greater than or equal to zero , NLu must be less than NLt ==> ( NLu < NLt )
Please try again later.

Jx Enter the Number of years for survival of infection of HPV with no treatment in stage 4 ( NLu ) : D.US{

d ¥ a 3 2/
3UN 4.92 uansmaansveslusunsuluda 6.
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7. Enter the Number of years for survival of infection of HPV with treatment in

stage 1 (NMy): ..

< L 1 o = slala i o o Ve & [
fis Wigldlddurntveanisiidinegsead miuginitionsiSsunungn

TusrosiFusuildsumsinw (Iecyr) Vo 2 fagy

ERROR...

>> code3

Program for Model of Cenvical cancer in Thailand

Enter the Rate of infection of HPV with treatment in stage 4 (Lt): 05

Enter the Rate of infaction of HPV with no treatment in stage 4 (Lu): 0.2

Enter the Rate of infection of HPV with treatment in stage 1 (Mt): 0.3

Enter the Rate of infection of HPV with no treatment in stage 1 (Mu): 0.4

Enter the Number of years for survival of infection of HPV with treatmant in stage 4 ( NLt): 0.2
Enter the Number of years for survival of infection of HPV with no treatment in stage 4 (NLu): 2

The value of NLu must be greater than or equal to zero , NLu must be less than NLt ==> ( NLu < NLt )
Please try again later.

Enter the Number of years for survival of infection of HPV with no treatment in stage 4 (NLu ): 0.05
Jx Enter the Number of years for survival of infection of HPV with treatment in stage 1 ( NMt ) : d

< v 1Y) v
JUN 4.93 uanamiwadnwsveslusunsulude 7.
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8. Enter the Number of years for survival of infection of HPV with no

5 = Y | o alala ' o YR 7Y &
treatment in stage 1 (NMy): .. fio Wifldldshundveinmsiitinegsendwiuiine
[ a:\' 2/ ! Vas [
wziSenuagniussezisusuildliiumssne (Iewy)
2/ 8/ o =l ol ala 1 ° o Ve, 4’ -1
windldnsendeyadunteeimsiifinedsendmiuiPadeusiienuagnlusses

a v oal Vo o e = alaia ° o wva & &
Susuildlasun1sinu (Zeeyy ) nnirdnnutveamsiiiinsendmivifnreusiiaun

ungnluszasGuiuilasumssnw (Iecyr) Wu 5 Waunsuaslvinsendeyalmil degu

Command Window

>> code3

Program for Model of Cenvical cancer in Thailand

Enter the Rate of infection of HPV with treatment in stage 4 (Lt ) 0.5

Enter the Rate of infection of HPV with no treatment in stage 4 (Lu): 0.2

Enter the Rate of infection of HPV with treatment in stage 1 (Mt ): 0.3

Enter the Rate of infection of HPV with no treatment in stage 1 ( Mu): 0.4

Enter the Number of years for survival of infection of HPV with treatment in stage 4 (NLt). 0.2
Enter the Number of years for survival of infection of HPV with no treatment in stage 4 (NLu}:2

ERROR...
The value of NLu must be greater than or equal to zero, NLu must be less than NLt ==> (NLu < NLt )
Please try again later.

Enter the Number of years for survival of infection of HPV with no treatment in stage 4 (NLu ): 0.05
Enter the Number of years for sunival of infection of HPV with treatment in stage 1 (NMt ) 2
Enter the Number of years for sunival of infection of HPV with no treatment in stage 1 (NMu ) - 5

ERROR
The value of NMu must be greater than or equal to zero , NMu must be less than NMt  ==> { NMu < NMt )
Please try again later.

Jx Enter the Number of years for sunival of infection of HPV with no treatment in stage 1 ( NMu ) |

d ¥ s v
JUN 4.94 uansmiwadnsvaslusunsalude 8.
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mindldnsendeyaifuduiuav iwu 5.6 Waunsueelifldnsendeyalmi dog

>> coded
Program for Model of Cervical cancer in Thailand

Enter the Rate of infection of HPV with treatment in stage 4 (Lt): 05

Enter the Rate of infection of HPV with no treatment in stage 4 (Lu): 0.2

Enter the Rate of infection of HPV with treatment in stage 1 (Mt ): 0.3

Enter the Rate of infection of HPV with no treatment in stage 1 (Mu): 0.4

Enter the Number of years for survival of infection of HPV with treatment in stage 4 (NLt ): 0.2
Enter the Number of years for survival of infection of HPV with no treatment in stage 4 (NLu ) : 0.05
Enter the Number of years for survival of infection of HPV with treatment in stage 1 ( NMt ) : 2

Enter the Number of years for survival of infection of HPV with no treatment in stage 1 (NMu ) : -5.6

ERROR...
The value of NMu must be greater than or equal to zero , NMu must ba less than NMt ==> ( NMu < NMt )
Please try again later.

JFx Enter the Number of years for survival of infection of HPV with no treatment in stage 1 ( NMu ) - [

= 2 1Y v
3UN 4.95 uanaimaawsvealusunsulude 8.
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o 1] v ] W
Wiegldnsendeyali 1w 0.1 Aagy

>> code3

Program for Model of Cenvical cancer in Thailand

Enter the Rate of infection of HPV with treatment in stage 4 (Lt): 0.5

Enter the Rate of infection of HPV with no treatment in stage 4 (Lu): 0.2

Enter the Rate of infection of HPV with treatment in stage 1 (Mt ): 0.3

Enter the Rate of infection of HPV with no treatment in stage 1 (Mu ) : 0.4

Enter the Number of years for survival of infection of HPV with treatment in stage 4 (NLt ): 02
Enter the Number of years for survival of infection of HPV with no treatment in stage 4 ( NLu ): 0.05
Enter the Number of years for survival of infection of HPV with treatment in stage 1 (NMt ) : 2
Enter the Number of years for survival of infection of HPV with no treatment in stage 1 (NMu ) : 5

ERROR...
The value of NMu must be greater than or equal to zero , NMu must be less than NMt  ==> ( NMu < NMt )
Please try again later.

Jx Enter the Number of years for sunvival of infection of HPV with no treatment in stage 1 ( NMu )

a v ) v
JUN 4.96 uanaviimaansveslusunsulude 8.
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9. Enter the time (day): ... Aa Wigldnsandruauia (Fu) HfesnisavAiun
LU 1,000 u fagy

Command W

>> coded

Program for Model of Cenvical cancer in Thailand

Enter the Rate of infection of HPV with treatment in stage 4 (Lt): 0.5

Enter the Rate of infection of HPV with no treatment in stage 4 (Lu):0.2

Enter the Rate of infection of HPV with treatment in stage 1 (Mt ): 03

Enter the Rate of infection of HPV with no treatment in stage 1 (Mu ): 0.4

Enter the Number of years for survival of infection of HPV with treatment in stage 4 (NLt ): 0.2
Enter the Number of years for sunvival of infection of HPV with no treatment in stage 4 ( NLu ): 0.05
Enter the Number of years for sunival of infection of HPV with treatment in stage 1 ( NMt ) - 2
Enter the Number of years for survival of infection of HPV with no treatment in stage 1 ( NMu ) : 0.1
Enter the number of time ( day ) :

time S leest leesu lccut lecuu

000100 2972.2796 25.3210 0.8313 347.5143 19.3054
000200 2957.4499 6.4115 0.0035 301.9154 1.2423
000300 2946.1011 1.6235 0.0000 262.2998 0.0799
000400 2937.0993 04111 0.0000 227.8823 0.0051
000500 29300095 0.1041 0.0000 197.9808 0.0003
000600 2924 5438 0.0264 0.0000 172.0029 0.0000
000700 2920.4729 0.0067 0.0000 149.4337 0.0000
000800 2917.6047 0.0017 0.0000 129.8258 0.0000
000300 2915.7745 0.0004 0.0000 112.7908 0.0000
001000 2914.8412 0.0001 0.0000 97.9910 0.0000

1000 29148412 00001 00000 979910 00000

fx if continue program enter 1 or no continue program enter 0 |

JU% 4.97 wanamimaansvealusunsulude 9.
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File Edit View Insert Tools Desktop Window Help . a
DEES | ARODEL-@|BE 80

lccst = 0.00010835 , End of Epidemic at t = 460 days
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File Insert Tools Desktop Ip
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lcesu = 1.3543e-14 , End of Epidemic at t = 154 days
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