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Abstract
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I. Introduction
: . > mathemancal madeling of in1eer )
Many imes the 1'1I | . | u]; by ed i gon-| wear dillereni piations which are
- = anadyiically Therelore senn-gialyvnesl o . .

dl”lt‘ll“ (1§} !\“I\‘- m ) ' “ halvical meil, " niplered to solwe these Pronie s o g Prosmate
or numertcal solutions The numerical raphical <olutyog. Hhee . help the mathematical bl L pla
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Recovered Humans £ Suscepuble Koo, o ceted Roden " ered Rodents B which resulied
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solve mathematical modelme o miecnon. e Fseven comparimen
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In this paper. HPM and ADM were used 1o solve the mathenatic:
dynamics of the discase and othar analvsts can be foand [ 1] Theso
graphically - Runge-Kutta solution obtamed from M
ADM  Both the numerieal and eraphical solutions show that the two methods used @

2. Materials and Mcthods
2.1 Formulation of Homotopy Perturhation Method
Basic Idea of Homotopy Perturbation Method (HPM)
He, [15] defined the non-linear differential equation as:
W) flr) -0 req, (1)
Subject to the boundary condition of:

alu 2] <0, refl (2)

cn

Where A is a peneral differential operator. B is a boundary operator, /'(r} a known analytical function and |

boundary of the domain 2.

Equation (1) can be written as

L{n)= Y{u)= s{r)=0. re (., (3)
where L is the linear part and N is a non-linear

applying the Homotopy method to (3) with (s p) 0« [01] = & gives

W) 11- p{Li)- Lo o p[ztre V(- A1) =0 (4)
pelod] re (5)

Simplifying (4) gives,
v p)=Liv)=Lin, )+ pLiu )+ p[N()=/0)]=0

(6)
Using (4) in (2.0) gives
H{v.0) - L) - Eo )= 0 (7)
and
H{va)= L)+ Niv)- rlrl=0

(8)

Where 15 animual approxunation of (1)
Assunung the solution of (6) can be written as power series 0 p .
v = ‘I.’n + pl'l + [T:i'? + ... (9]
Setting p = | in(9) give the approximate solution of (1)
s lim vy v (10)

The convergence rate of (10) depends on the non-hincar operator A(v) in most cases [16, 17].

Formulation of Adomian Decomposition Method

&
el \‘[|l ' v b
dy
T Vol v
: (1)
oy
e Voob, i, ‘I
Lgu. an e
quation (VD can be represented by using the A equation as
Iv =N [y b
(12)
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here 110 the Tincar operator 7 with the nverse
Whete

= j { llh’ :”'d ‘\‘ IS 1|'LL' |“|||_|“.|".
M

e operator on | 12) wives
“]\L

| | = e e
"“”'l.\l‘ i v =12,

’
n ADM the solution oF (13) 15 consider 1o as the sum of a series
n .

=Y v,
L

\nd the itegrand i (13) as the sum of the following series:
! - -

vy, T |!z ‘\“\I \]

Where o (v v oo ) are called Adomian polynomials,
Substituting (15) mto (13) gives

v \(ul-i";.l,[\ v, ki

(16)

.lvl-i’_[lt-_.. Vb

From (16) we define

Vo= ) ‘
VoL —] I R T «‘_]u‘r“'

2.2 Model Equations
2.3.1 Solution by Homotopy Perturbation Method (HPM)

I ol a |
TN = N, e, el
Ir LN vl

dt, (ol e,

4 N N,

i.\. bpr, + o r i

)
9, 0ol 8,4y )0,
Jdr
B r0, - uR
di

Eciuatlion (18) to (24) can be written as
O PR (27)
— A, - .__'_ 3 4y,

fiili Tuthe ic Dfyypsies Volume 14, (1
[ ‘ Toer ANNOC o Mathemutical ! h_l Nic
,J‘{Hl\ﬂ('ﬂﬂll\ (Jf -’hl’.' \ fl!,“f.’ n ,i.\. U(f“"ﬂ” f_f
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(13)
(14)

(15)

(17)

(24)

(25)
(26)
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©Hp

Where,
A = ““4,". |._ = “‘. +|l" +r) 0 = I.H. -ni_ -:-l\ A4, slu +0 +) )
JAM=1, . R A=K (28)
S A0 =N sl O )= R)=R S ()= { LR ‘
Let,
A ;l\r‘ i !IJH, i
I, hovph cphooph plh e
O, c.oopapiegs ple p'l.'l ' ‘ (29)
R,ood o Mo p:d; ' ;llJ ! ,lld. g
x R 4 [
N P p e pN |
Loovovprovpiy,epy Py ll
R, :‘-;L"np":__+p':_-p':‘- . ]
Applying HPM to (27) gives
A, e, (o, =, 1 (30)
I pl— v p—"=A, | ==« —I5, + I |=0
" 1.’.- (I N, ‘
a, la, yar e 1 (31)
- pl— p|— | — 1S5, - A | =0
i lJf | X N, ) |
d g 32
{1 pI"‘,' ;;.{ U—’ -, '.L’_i [ [ )
t.ﬂ '
0 K. s R Lo (33)
f—_ —_ ) s+ u Il
¥ I FL o &, - . -|
o, las ads | (34)
1l .l']' 'P‘_ - —— n 5 =0
dr di Y
d. o d alds | (35)
W-p)— v p —=-—= 1i|-0
dr L Y l
0 IJR'+ i ! R ) (36)
l—dt pj——-7. 1 - u R -f
! dr pl dt

;‘1 a, =0
@
ploa, 4 —av, c—ob s da, A, =0
ﬂl I,
p’ o —layr, e e —=lah b ) da -0
v, v
a 3
Py, _"[J“l oy rav b lah e s s by d 0
v
a a,
' gy Slagy, vay, vy e v e e e por ca v, )y da =
v \
|
‘ |
] b, 0 |
, i “, |
ok S, ah, i 1\ |
Y A |
w, .
b, Ly, ow vy Lk, cab )e 45 =0 .
' i
o, ' |
ok la ¥, ¢ U EN (s b g, LN P i |
\
d ! N ! { i Vol '

(38)
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) 1« n!
0"
|
b, "L
|
boe gl =00
|
s, =0]
|
! S A RN “I
'
|
i |
|
o ‘
- Sx b sy, -A, =0 |
N |
. |
bt :‘_'i"l-‘rl Fayy )b =0 i
N, I
', .
,_—[un_\,',||_|‘|-.t,.\‘|&y_| =0 |
N, |
o, I
0t ‘\,_l’"\ tant gty vax =0
\ 0" !
ll‘ |
L, Ay, =0 |
. |
",
L Tltu.‘]"’l.".]""l.‘\:u
d |
w, |
T[‘»-‘,"l)n'ln)-""n.h.:D |

o, |
Clr by s ) e dyy, 0\

|

¢ 70 |
|

Vb, ‘-_n|

- vyt B =0
|

4 I |

|

=4 "',_n,'u‘:.-lill

Integrating the each equation o

ot v )

S, 0 =B =, i, — n < E \
(A ¢

It by 2O :t'l:';l..r |

" '.‘
\ '
Pt =B A0
2 [ 2. |
; i o
v,oN Ay o=, =2 = v = E — |
o Ry
i A
o | b, E
n
i i
M |

f equations (37) to (43) with initial c
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(39)

(40)

(41)

(42)

(43)

onditions gives
(44)
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Where,

¥ 1 v ! & Iy 'y '\I il
' ' (4%)
| L
Ko 0.8, led "’ w BRI B A v / t 8
s s, a0 L8 e, Ry
U ]
1, i
P e OO B AT W IO N R
\ ¥,
s o
( 5,8 «1,8) 15,8, 1,8 0
i N, :
|,
( \eH LR {efi, 0, u B | =S 8, <1 B0 p B
("
‘, 248 Aol B) a8, (B, uh,)
\
(46)
o a
i [ 2.8 | [ e I i e
. . 47
' "
n I8 8,8, 100 =Ly, 8 N . I
\ ' .
|
] i [ T t b | 1%, ¢ L]
| 1 Ba, o) arx L]' i
i (R ) 1 W, ! |.||,' (Rl Wi b .
) (4K)
i - { y ht i il \ ] i ]
l i AL \
i I | Iy [ )
I | W (] !
Substituting (44) mto (29) gives
9]
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Solving (36) for n = 0 gives

' 5
' " R R, - (57)
) |l B, =t AR B =y LES LY
1 )
i la 1o '_., - i,q R, =1y R,
LI 3
Where
3] i l i i
\ N, l \ N,
U' a i l'l| | (5 )
8 et PRI - A | 1, Wk | AR A T
\ N AR 1Y
B, @ VR, < (eS Q, -uR, V8, =€\, i
| a ]
B l--\J.on.&_.lR AN, v uA |
I N |'N
a ¥
B, =|=ts.1, x,:,].s',, Sy
N \
B, olrt, ~uh,} !
-l"“l\‘lng (56} for 1 = | gives
' : . i '
) L L ' i 1 [ ' i { J
g " 3 2 0 N q)
(59)
' It i e 1) I : (5 o
~ 6l Y & I
| I | I
1 ‘I — L [ [ v, | { —_ v —a
- 0 ¢ ' [ "
A I\ - i :
. ‘ i
Where,
la
' AT T 1 i IS.8 -8B, I\ 14 i
!
Gt jobsisihe Ehe w1 a5l
v, |
. Boa o Cig g !
\ N l
. (60)
' 1 (s 8 a 1 |
=|—I($, B, -8 | )o—= y - n ;
N NRLALLITRE Y N B ‘
J |
a v -~ |
' - ($, 5 A BRI : | |
WA A M R Y (on
\. “ . LT |'
) It
‘ i l
"".‘ \ —R \ ] (=i -4 8 ) = 1 [
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oy By
{5« T U
- 1]
' & ]
i .\_ﬂﬁ..— "_- Coy lr By 1B ) Co = 1. By,

Solving (55) for 1 = 2 gives

] L} i 1
L il ! ' '
iﬂ ] |2, '.D! -—-lﬂ:“—
| |p|u F # 0 1a i L I Pty i 0
m . " ( t’ " ”
%..Qﬂ'_;mi’um H[ L Ib'nr;"nmz_"'nm"la"

@
=m" ='n|am =8 a--"--l b '\'_"'(su"‘:h = :"u":u ko cue'n 5 -'|(u-

—

. Ca: -3B,,,8,, - 38,8, -C,1,)

l! cn: "‘Bm 1T "m"n =Cpl)e e,

1
I.
|
°]
=288, -G

'l

‘sdrl:l = :’I"nlﬂ B "Ill'l-,’ Air.'

]
i
|
|

"o
'|

|
g I
l‘%@ncm =38, 8, =388, - C,, I = 1€1n J

ae

stQm =4 zam‘m e le,. )

|
|
II
13“,3,“ =Cmli)- 46 ]

sl - 4,8 ) D, =i, ]

'_"irml D, =(‘ «Cyp ‘-‘ac.r_ —C o kD, =eC

a o i

1
=Ch L )rucE,, l

|
[
|
- 38.,‘,3‘" Lt I (2T ]l
'n
|
|

LA 1
by, (s“( w ,ra‘\_'@‘-lﬁ' =G0y} n.C, !
o Posic o 1 |
" v e T R -le'..]— 0 I §
o ] 1
. ; 5., -38,, 8y "‘"u-'nln"‘m'u"-".‘-u l
1
* RLBy - UG Ee

AL S T A
wi

Somma, Akinwande, Ashezua, Nyaor, Jimoh and Zhiri

B-u’,\' -"n"-n I ¢ Ll ts&"u lnm“. = H--'..I

a, Ti
o€ - 28,8, - n" )s _"“ SCan =28,.8,, - €,,! = 4€, l
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Solving (S6) for » = 1 gives

£ i =y} P
) K i
Vi ‘ " 2 1 l:u " n " H: | I
l. ] [}
v EeT B L, y l
N 10 N 2
. .
L] ’ !
et L Ew L% l
! M| [N m
y ‘! : ! i |
Y \'n :4' “ 10 Dy -‘l\t
L o . ! I‘I
\1 VB Eat Byt
2 120 7 N I
' . '
! : ' \
Yo ‘["l“’Em I:E £|u 0 ' wmt |

olegeeg gl (70)

L, | |
| \ VLD, - 380 3,,Cp - Ol |
e, \
| a, o |
l- ” 8,0, 3B, Coy - 38,0 =D T 4Dy |
: |
[, : !
| =150, 48,0 -0, 0 =R, [T SR ¢ OV B | |
\y 3 |
fuo | |
e 18,0 ag, C. o120 nd oD |- 4D, | 1
|
fa i
| \—_"us_,l e S INE G B O - 15B, Gy 10 B W0 ;
L™ P |
u . .
i (35.C . IS8 € =108, C 0 ~158,Cpy ~108,.Cyy - 3, L A0, 1
R ]
) N |
[::1 ‘ |
E,, =) —I13,.C. ¢ 5.0, —p 0B ‘
\'\ : v (?”
i |
|i'l§”D” 'S\(u’ .'Hn r.-| Du"‘w' [
£ael ™ | |
I*% (S.,0,, - 38, Coy = 38,00 - Dl 405 JI
[ I (72
E'—is n 13 ., -68,.C W [ p.!.} I
!\ O . e e e " ] H " [
.-
o
| —15,, D 43,,C 68,0, -48.,0, wh,.C D0, 40 :
N
N |
[ . K
— § ISR O, -0 €. L3I i, =i 1, [
i\ @ ‘-‘l-- “_-. s 108, €, 183,,C, 108,.t, ) :|‘
Ewcl 'l
voa R R I
P I L ¢ W08, ¢, 1830 -lnE O s30T Ly |
l v oo L h
|
||-' i |
[ ] LR O R e B Ao |
B , J
E ol ~ap )y D D, e - 300,01 ‘7-‘-}
| k
E,, l-ed vr b, -ul JVE, leed, o= Du Dy ] )
¥ | 3D, eir D W B |
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foge P i 6h,, €., '”3!"( i, = OB C n Fo)uD
! \
PP TV RN | T MU | | T R T
Topas |
A}
gt
|
! e { )
[ Ui, o, ! .fl.l‘ oy
b | \
1 |
(04500 a0 D)= D0 :
7. L(5,. 00 I
e \ II
.rgl“.’pm -8, 1 # ﬂﬁ'l"-\h - 'Bclch.‘l T Gﬂl“-I(.‘;\ D <"'—' lu“nu l:
Eu |\ ) |
lg.'—ﬂ&.na.u 188,,C,, man'rll: -I88,,C., -108, ¢ ICLiT) 1
| N, |
[ B I |
|- 3G I
f |
|2 C ¢ BC i) i
L T v, |
Lo By 00 En =Dy i DN oy = (9,00, 30,0,,) }

5‘(:|=1'|“+<|'“+'|'|_.+‘r”+_\‘“ }
;_[;}:y__‘,+,|_|—_|-_,:'-_\"__.+_|~_‘l|
(.3'.“]:."--“"~.+4"-.*.".-+J'..I
R.l"=.\'.4‘-'_\'.=‘}'.“‘J',.*.".,!
A R O A PR DA S ll
Ly=v, , +v,, S e T S ll

RA=voot vty i+,

Substituting (53), (57), (59), (64) and (70) into (76) gives,

I (|
e S e S S
1} . )
r ! r r [ ‘
- Ty, —v, 1 B — =, —
. .o SrsEs Yau e M 12 i
; ) I i ' > 2 |
O lehz ‘U-""’uT 9.,—'9..: A Y S ¢ Y -0 |
) N ' s f
TN R SRS Ny g o S S
R0 . wy . 5 .l 120 " 30 <I
' " : ' " t'o
SN S S S, =S, e §, 4§, g — |
2 A 1 120 0 =2
I ! ' a 13 ¢! |
[T B A ol — e — ), |
) N [ n 10 20 12 |
' i ' » 't |
SV=R_-R,-R, —+R,— R, — tR,—+R,, I
2 A 120 ] \
where,
L R T T A W - by e, -0y, I
T L LU v N (Gh v E S, E .8 £ II
b, =B b L s D), = BC,, 0 D, £l
Lo By cEL LI, oL 1, - E,,
o R (ST I Lo, in L |
I T TR S ! |
Y 14 f o) g [N (n [
0 [ ' |
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Of A 1
l’l’
U IR, v )N (i N

‘ T
§ TR T A B RV SIS BN Foooy, LI (/)
I ' / \H { Vo 1 R I' ! (R . [ Wt
! (RF}] L,oVv! N | s
R, W, R C, N, U (LI oot
N 18 |
3. Result and Discussions |
3.1 Numerical Solution o - ‘ |
fn Table 301 are the vanables and parameters of the model cquation and their defimuons: The values tahle -

1 F ‘ T ) - N r o * N TR
estimated for the purpose of numenieal and graphical solutions. The tables 3.2 10 3.8 are the numerical

solutiog, of
the solution 1 ¢

quations (52) and (77). The LIPM and ADM

. . |
solutions were validated with Runge - Kuy o, iy
agreement between the solutions I
Table 3.1: Definition of Variables and Parameters
i_Variables/Parameters Definition Values
N Susceptible Humans 10000
Infected Humans 500 o
Quarantine Infected Humans 1000
Recovered Humans
S Susceptible Rodents
I Infected Rodents
—
R Recovered Rodents
A Recruitment Rate of Humans
A , Recruitment Rate of Rodents '
| |
a, | Contact Rate of Rodents to Humans 0.001 o J
_— f
«@ . Contact Rate of Humans to Humans 0.1
@ Contact Rate of Rodents to Rodents 0.01 o
— o
u, Natural Death Rate of Humans 0.015
D — - —
J, Disease Induced Death Rate of Humans 0.0001
— ] -
7, Recovery Rate of Humans 0.25
-— -
Recovery Rate of Rodents 0.2
_‘-___‘__—_-__—‘_—___—— . S
_L_ R _Proeress:oﬂa_te_f_rmfected to Quarantine N 0.50
s ~ | Effectiveness Public Enlightenment Campaign 0.25 - '
i, Natural Death Rate of Rodents 001 )
__C_’_______‘__‘___‘_ D|SEASE IndUCEd Deﬁth R.’]te OfROde]]tS 0001 T
: Total Population of Humans 100000000 —
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Table 3.8: Numerical Solution (or Recovered Rodents

T RrRKM Rri{PM RrADM
0.0 50.0000 50.0000 50.0000
0.1 53.9061 53.9062 53.9061
0.2 57.7258 577261 §7.7258
03 61.4609 614619 | (1.4608
0.4 65.1131 65.1155 65.1130
0.5 68.6842 68.6887 68.6839
0.6 72.1759 72.1836 72.1753
0.7 75.5899 75.6019 75.5888
0.8 789279 78,9454 78.9260
0.9 82.1914 82.2158 82.1883
1.0 85.3820 854147 85.3772

3.2 Graphical Solutions

Figures 3.1 10 3.7 are the graphical solutons of the approxmate solution (2.86). Tieures 3110 34 are lov the

population and figures 3 5 10 3 7 are for the rodent population.
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Frans. Of NAMP

. " "

Figure .5 Graphical Solution of Susceptible Rademt Populaion

Figure L6 ( sraphical Solution of lafected Rodent Population

Figure 3.7: Graphical solution of Recovered Rodent Population
Discussions

U is observed from the numerical

the HPM solution is closer 1o RKM than ADM
table 3.7 4nd 3 8 the ADM solution is closer to RKM than HPM.
In figure 31 (e Susceptible Human population increases with Gme us result of mcrease m contact rate of rodents (o
humans and contaet rate ol humans 10 humans Fiaure 3.2 shows that the infected human decreases with time
gl progression rate from nleetion o quarantine. The movement of infected individuals 1o (uarantine
number ol imfected population 1t is observed from figure 3.3 that the Quarantine human popul
people recovered and some died trom the disease. The indiy wuals that are weated N quarantin
to recovered class. In figure 34 the recovered human population increase with thine
quarantine and the enhiahtencd susceptible individuals moved i, the ¢l
population nereases with time as

solution that m wble 3.2 10 3 6

while

as a result of
class will reduce the
ation decreases with tme -
¢ class and recon ered nmun

as the recovered individuals |

rom
ass Freure 33 shows that the susceptible rodent
a result of lugh contaet rate of rodents 10 rodents. 11 s assumed that the rodents have no
any control measure once the virus breakout in theig population. In figure 3 6 the infected rodent popul
ume as they died due 1o (he disease and as some of them recn
population ncreases with tnne

atwon decreases with
vered naturally Frgure 3
as the recovered infected rodents

The effort 10 quarantine and (et the infected people and ¢
cradheate monkeypox virus from the population
agreement with the Runge Kutia that w

7 shows that the recovered rodeni
moved 1o recovered class

armymg out public enhg
s shown from all the

htenment campaian s the key 10
as used as the basis fo

solutions that the HPM and ADM are in
vahdation
4. Conclusion

Homotopy Perturbation Meihod (1M
seven ordimary diflerential o
numerically and wraphically.
revealed that i table 3.

1 eloser o REM than |

and” Adomian De
uations ol mathenatical mode

They are also validated with the Runge Ku
210 3.6 the HPM solution 15 closer Lo

IPM henee we can deduce that 1P\

vmposition Method (ADM) were used 1o solved systems ol
ling of monkeypox virus. The solutions obtained are presente
a i Maple software. The numerical solution
RKM than ADM while 1n table 3

37 and 3 8 the ADM

\-»|u|u|]w
perfonns betier than ADM
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