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1 introduction 

Non-linear di ffercnt1:1I equations ha, e been soh eJ b~ ,c1ent1sb :rnd engrn~t.:r, u,,r,: Homotopy Perturbation Method ( HPM) 111 recent time~. HP\ I reduu. c d1ftic1J1t problem into a simple problem which 1s easier to solve fhb rnechod ,, :h ir" propl1~,J by He [l) and improved upon by other researchers [~.3 ➔.5 ] Homotopy 1, , 11po'1-nt part of differential topolog1, The Homotopy Perturbation \lethL1d (l{P,\() gl\,, r approximate analytical solution in a series form Several rest:Jrcher, h:11 e us.:d HP\I successfully to solve different real li fe applica11on problem, such .1,. b1fur1...111on asymptotology, nonlinear \\'ave equation~. oscillators " 1th d1scon11nuH1e, 'ti - ~.c)J. reaction-diffusion equation and heat radiation equation [ l 0, 11 ]. .rnJ Appwx1m.Ht.: Solution of Susceptible lnlecled Reco,,ercd ( S lR) MoJcl ) f lnfect1ou, D1, t.:ase, • l 2] 



Homorop1 Perturbor,on A 'Nhod for So/v,no 1\ lcllh I maa, llmcJ if I\ 

1\ lonkeypo~ 1s :i virus from r0Jcn1. wh1d1 lKCur, 1110~11) 111 \\'c,1 ,1nd ( e111, ti \f 

monkeypox virus is 1dc1111licd b:iscJ on b1ok)g1c:il d1;1rallc11,11l, 111cl .1 d 

p:lllcms or vir:il DNA. The\ lntS CJn in/eel mbb 11 skin .111J 1ramm1111:d lllfl, L II 

intrncercbr:il ,·:iccin:ition or 1111cc [13] The r:m1 IL)rcsts ol ccn11al ,ind IIL',rc,n 
1 

the hosrs of 1\ lonkeypo, unri l 2003. when the (irsl c:iscs \\ CIL' rcpllrtl'J 111 !I, 

Hemisphere [I~]. The , 1nis can be rr:rnsmirtcd bel\\'ecn hum:111, thn1u!.!h tl,L 
1 

(airborne) conloct anJ con1ac1 \\'ilh the bodily tluids l)f an 1nfcc1cJ /kr,1111 \h 

same bed and room. or using the samc urensils with rnlccrcd per~11n ,~ :inuthl'I ,
1 

,·irus spreads f 15) 

The\\ orld Heal th Organization (\\'HO) wa~ nor,lieJ in ~01 ~111 , u~fkLll.'u L'.hl.'-. 01 

monke,rpo, in N1eeria and from September to Deccmbc, . / 7~ ,u,p•'L 1• J 

. -

. ~ \: l 111 I 

contim1ed coses ha\'e been reponed in diffcrenl !I late~ or the uiunlf} 

In this paper the semi-analytical solution_. Ho~otop) Pcnurbat10n \kth11J I fl/1\I 
1 

used to solved the mnthematical model111g ot monkeypo:-. , 1ru~. Thi.' Ul'l,td<; 
1 

dynamics of the disease :ind other analysis can be found in [Io J It 1~ 1.Mlicult 10 ,011 d 

have the exact solution of the model equations, therefore Rungc-"uu,1-/ dilbu , -l , 

order buil1-in ,n Maple was use 10 validate lbe solution. ~ 

Th,~ paper has four sections: section I is the introduction ,1nJ rd.itnl ,, Pr~ 'l'llt,i,i 11 

the matenab and merhod. section Ill is the result and J1~cu"1on .inJ ,cu1ti11 I\ , , 

conclusion. 

2 Ma terials :ind Methods 

Formulorion of Homoropy Perru rborion J" e1hod (HPM) 

Considered 1he non-l111ear d, ffcrenrial equa1ion. [-l j. 

A(u )- / (r) = 0. 

SubJect to the boundaf) condition of: 

l (1/ ) 
8 11. -:;- =0. ,,, 

rED. I 2 I l 

I 2 2 I 

\\'here -1 is a differemial operator, B is a boundary operator, / (, ) ,1 kno,1 n .111Jh 11l,il 

function and r is the boundary of the domain Q . The differential opl.'ratur / L.1ll bl' 

di\ 1dc:d into mo pans of L and N. where L 1s the linear part. while \ ,, , 11t111-l111c,1r 

one 
Equa11on (2 I) can therefore. be rewritten as fo llows: 
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, 111n:tl 

\1(11 ) - ( (r) == 0, 
(fl) \ . 

r E 0,, 

topv technique. we construct a Homot ,, th~ 1 tomo -
l ~1nr:-

.11\:;liCS 

)- 'I - plL(v)- L(u,, )]+ p(l(v)+ Vl1 )- /(, )] 11(11.f} - \ 

p e (0,1) rE0 

Or 

L(u) is the lmear part 

And N(11 ) is the non-linear pan 

N(u) = pN( ... ) 

ln equation (2.4) p e (0,1) is an embedding parameter and 11 1s an mmal approx.unauon 
of (2.1) that satisfied the boundary condiuon. Considenng equations (2 4) and (2 6). gives: 

H(v,0) = L(v)-L(u0 ) = 0 
(2.7) 

and 

H(v,l)=L(v)+N(v)-J (r)=O 
(2.8) 

The changing proLess of p trum zero to untty is just or Hlv,r) from u lr) to u(r). In 
topology, this is c.allcd Jdonnation anJ L(v)- L(11[) and l(v)- /(r) are called 
homotopy. 



Homorop1• Pcrwrbot1on Merhod f or ~olvtnQ /\loch I modcllin11 of,\ 1 
, 

According to HPM, we can li rst use the c111bcJJ111g p:ira111c1cr p ,l\ ,1 ~mall p.i r 
assume tJiat the solul ion of equal iL)ns ( 2 4) and I 2 (1) can be '" 111cn ;l\ p,11, er ~L ,, 

1 

p: 1•= 1·,1 + (11'1 +/7 I ', t ... 

Sett ing p = I result in the approximate ~olulloll l)r (2 I ) is: 

II = lun I'= 1·,, + 1'1 + 1'2 .J. '" 

r-•I 

I I,, 

The series (2. I 0) is convergent for most cases. However. the COil\ ergcncL . . ( ) . . b . I ,lh: de r, 

on the non-linear operator A v . The tollo\\'1ng o scrv::it1ons arc rn:idc h, 11 ,. nd 
2006): . C ' 'Oou 

The derivatives or N(,·) witJ1 rcspccl to 1· must be small because the p::iraml!tcr 

I 

'I r l t b,, 

argc. i.e. p ➔ I . " 
cN The nom1 or C 1 - must be smaller than one so tJiat the series converge.~ 
c l ' 

Model Equations 

dS (a I a) l _ h = .\ - - 1- ' .,__. _ h S -(u +c)S 
di >, \ ' \I h I h I, 

I r I h 

12 111 

dl1i la11 a,/1 l ( ) -= - ' +---' S -µ +o +r l Jt \' \ I h h h Ii 
J ' I > 

(2 12) 

( 2 I~ I 

dS, aJ,S, 
- = ,\ - ----'-- - µ s 
dt ' \ ' ' ' . ' 

(2 15) 

Ji, a,J,S, ( _ )I - =-- µ -r O +J' d, ,\'. , , , , 

12 l/1) 

(] I 7J 
dR 
-' = J'I -u R d1 ' . , ' 
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\ - \ I / + (!, R~ 

1- / + R, 
\ :;... ) 

. , 11 ) Lo (2.17 J can be wrillcn as 
1
,qu::iuon (-

dR, -y,f, + ,u, R, =0 
Jt 

Where, 

s~ (O) =Sno• lh(O)=l ,. , Q,,(O)=Qh,1 Rh(O)=R hO S,(O)=S,o, 1,(0)=1,u, R (O)=R,o 

(2.21 ) 

Let. 

(2 I 81 

(2 19) 

I 2 20) 



I 
} :µ rflilu:e■ Homotopy Pcrrurbo tron h"rChod for , 011 rn1, Maril I mlldr/hna of Mori~ 

S ' \ ' 
I :=. a,, + pol + I' . cJ ' l fl (I' + 11 (I\ ➔ 

I h l ' L 'I 4/ ~= (l l- fJl1+ f> · 1•1+ f1 ), +/l lJ i· 

Q } ' J 
~ - <",, + pc1 + p c , + p l\ + p ( 1 + 

R - d ., + pJI + p :d , + ,,'d , + 1-/d4 + 

S : I 4 
- ,\ 0 + fl \ I + f' .\': + f) \ l + fl \ J + ' ' ' 

1 =- y,, + f\ '1 + 11 1 ' '= + J)
1
I\ + f' J \ 'J + .. 

R. = = ,1 + r = 1 + P : .: , + r ' .: , + P • :: J + · · 

Appl)'ing HPJ\ l 10 Lhe first t'quauon of t2.20) give~ 

f )dS~ [ dS, . laJ. o~/,.1 ] ,1-p --+p -- -., .+-.-+-,- sh + ..11sh =O 
Jr dr ,\ . 1\ h 

Subsunmng the firs! cquanon of ( 2.22) into (2.23) g ives 

I I I I I 

' 1 J a,, -ra1 +p· a) +pa, +pa.+"· 

I 

+ p ~/ (a ,,+ pa
1 

.... p·o=-'- p'a,. + p •aJ + · ·•Xh0 + ph1 + p ! b, + p 'h, + p
4
h. .. ) 

Ii 

-r pA1(00 
+ pa

1 
+ p =a-:. + p 1a, -'- p•a 4 + .. . )-pA 1, = 0 

(2.2-l ) 

S implify ing and collecring the coefficient of powers of fl in (2.24) g ives 

; \ lrtJ 

( 2 "'l"'I 
"--' I 
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, a , 
+ - 0 11 11 

/' ''1 V, 

r\pplying H PM to the second equation of (2.20) gi ves 

dlh [ dl h laJ o , lh , l ( I - p )- + p - - - + -· - IS h + A2 I It = 0 
dr dt N, N,. ) 

Substituting the second equation of (2 22) into (2.26) gi ve~ 

, , ' 

bo, + pb, + p 2b2 + P b, + p~bJ 

a , ( 2 ., - p - a
0 

+ pa,+ p u2 +pa + p a , ... 
N, 

av)+-Aa 

Simplifying and collecting the coefficient of powers or p in (2.27 ) gives 

(2 26) 
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P
3 •b ' -~ la l' +av + 0 , 1, )- a : (a 0h, + 0 1b1 +a,b0 )+A,h, =0 · 3 ~, \ 0- 2 1. I • ' 0 J\' · · • /1 , h 

pJ : bJ
1 

-:
1 {a0y3 +a1y2 +a2y1 + 0 1yo )-:2

1 

(0 n.1'1 + 0 ,Y2 + 0 2.1'1 +a,r11 )+ l,h o , ' 

Applying H PM to the third equarion of (2 .20) gives 

Substiruring the lhird equation of (2.22) into (2.29) gives 

c0

1 

+ p c1

1 

+ p2c:
1 

+ p' c,
1 

+ p Jc4

1 

+ ··· - pr(b0 + pb, + plb2 + p 1h
1 
+ p JhJ + ... ) 

+ pA,(c0 + pc, ..._ p 2c2 + p 3c3 + / cJ + ···)= 0 

Simplifying and collecting the coefficient of powers of p in (2.30) gives 

I 

p' : c1 - rb0 + A3c0 = 0 

p :. c2 -rb
1 ..J. .,-l

3
c

1
=0 

' J . ..J.. p .c, -w2 + ,.J1c2 = 0 
I 

p J : C J - rb1 T ,.j 1 C 1 = 0 - -

Applying HPM 10 the fourth equation of( 2.20) gives 

(2.30) 

(2.3 1) 

( 2 32) 
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"ubst,culing the fourth quat inn of(_ , , 1 Int 1 

Simplifying and collecting lhe coefficient of po" er 

, 
0 ·d - 0 p . 0 -

I 

p' :d, - t:a 0 -y,,b0 + ,u1,dr, =0 

I 

p~: d~ - t:a1 - Y,,b, + .U.,,d, = 0 
I 

p ; : d 1 - EX1 ~ - ;· I, b1 T .u,, d 2 = 0 

PJ :d J, -lXl3 -yl,bJ +µ,,d, =O I 

Applying HPM to the fifth equation of (2.20) gives 

(1 - p )- + p - - \ T ' + µ1,Sr = 0 dSr [dS a 1 S ] 

dr dt A r 

Substituting the fifth equation of (2 22) into (2 1") gives 

m (2.3J) gives 

( 2.34) 

(2 35) 

a, ( ' l -1 'I, ' 3 l ) ("' 36) 

+ p N, Xo +pr,+ p-x~ +pr,+ p XJ +···f)'u +PY,+ P-Y2 'p YJ + p YJ +··· - · 

+ pµ,(.\n -r px, -r p !x 2 , p 3 r3 + p 4 rJ +···) -pi\ , =0 

Simplifying and collecttng the coeffi cient ot pO\\ers or p in (2.36) gives 
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, 
0 

p : X 0 = 0 

i ' a 
p : X 1 + - 1 

X l ' + µ X - J\ = 0 
J\T o~ 0 r O , 

r 

' I al ( ) 
p : x , +- .r0

r, + ., 1
r 1 + x, ,·t1 + µ ,x, = 0 

V . - . - · -
, r 

~ I a 
p : x ~ +7(xoy, +x,y~ +X:Y1 +X3)'0)+µ,x3 = 0 

. ' 

Applying HPM ro the sixth equation of (2.20) gives 

r I _ p) d I , + p[ d I , _ a J, S, + A I ] = O 
\ dt dt N J ' 

r 

Substituting the s ixth equatioo of (2.22) ioto (2.38) gives 

I I I I 

1· +p) ' +p 1
1· +p j \' +p• 1• +··· 

ll I J • J • J 

a, ( . , • X 1 ) • l 
- P V .\ o - p .\ , + p· X1 + P X ; + P XJ + · · · Yo + PY, + P Y: + P 1'1 -r P )'• + · · 

I r 

+ pA.(vc, - PY1 + P
1
Y : + p'y, + P

4
."• +·· )=0 

Simplifying and co llecting the coefficient of powers of p in (2.39) gives 

(2.39) 
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, 
11 \ ' ::::0 p . 11 

I a,\\' + A,l'o= 0 I \' --·o 11 p ·. I N, 

: •
1
,' _5.. (x

0 _1'1 + t ,.Vo )+ A4Y1 =0 11 · ~ N, 

, .
1
.' _.::.!... (x

0 )'2 T x,y, +X2Yo)+ "~Yi =0 P ·.-' N , 

PJ :yJ
1 

- ~
1 (x0Y1 +X1Y2 +X2Y1 + i: ,y )+ f4i =01 , 

Applying HPM lo the sev1.:nth equation of (2.20) gives 

dR [dR, ] (1- p)-' ~ p - - y,f, + µ R, =0 dt dt 

Substituting the seventh equation of (2.22) into (2A I) gives 

Simplifying and collecting he coeftic,ent of powers of p in (2.42) gives 
, 

I) 0 ,-, =o = 
, 

P
1 

: : , - Y,J'o + µ ,:n = 0 
, 

p 2: : 2 - y,y,+ µ,z ,= 0 
I 

p
3 

:z) -r,Y2 +µ,z2 = 0 

(2.40) 

( 2.41) 

(2.42) 

(2.43) 

lntegrating the ftrst equation of (2.25), (2.28), (2.31 ), (2.14 ), (2.3 7), (2.40) an1. t}.43) with initial condi tions gives 



f~ 
fl 

Oo = Sno l 
bo = I AO 

1 

Co = QhO 
do= Rho 

Xo = S,o 

Yo = J rO ): 

Homotopy Perturbotion Method for Solving Moth'/ modelling of Monk 

Zo = R,o j 
Integral ing the second equation of (2.15), (2. 28 ), (2.3 I ). ( 2 .34 ). (2 .3 7). I 2.40 I an J 1, 4 

, and substituting into (2.44) gives 
• " 

0 1 =Bi' 
b1 = 8/ 
c1 = 8;t 

d
1 = BJt 

x1 = 8sr 

Yi = Bot 

z, = 8 11 

where. 

, - , -N s.,1,, -N s.,1 .. -A,s., . s, - N s,,1,, + y s.,,1 ,.. i , 

B -(A a, a2 l -(a, G z r h 
r ' h 

B, = (d., - A,Q., ). B, = ("5., + y,Q., - µ,R., t B, = ( /\, - :~ S,,,I,,. - u I , 

B, = ( :: S,,J,
0 - A,1,0 } B, = (y,f,0 - µ,R,,) 

Uliegrating the third equation of (2.25), (2.28), (2.31 ), (2.34 ), (2.3 7), (2.40) and t 2.43 J substituting (2.44) and (2.45) gives 
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,1 

where. 

C =(~(S,.0B1 + I ,o B, )+ !:.:... 1s /:J .,.. I h• B,) +AB I N, N,. 

C, =(~(S,.0 8 6 + l ,0 81 )+ a 2 lS,,0B, + I hoB,) A2B . · N N r h 

C1 =(rB1 -A3B3 ). C~ =(EB ~ },.8 -_u,.BJ. 

C, =( :: (S,,B, + I ,,B, )+ µ B,). 

c, =l :•. (s,,B, • 1,.,B, )- A,B,), c. = (r,B, - .u,B,) 

I 4h 

lntegrating the fourth equation of (2.25), {2.28) (2.31 ). (2.34), (2.37). (2 40) and (2 ~31 substitu1ing (2.44), (2.45) and (2.46) gt"\es 

l 



r' 
a,=-D, 6 

I _; 
b. = D, -

J - 6 

I 3 

CJ =D -
1 6 

I J 

d =D -
J J 6 

1 
[" 

., , = -D, -
. 6 

1 

I 
i · =D -• J ,, 6 

' f =, = D, -. 6 

w he re. 

Homotopv Perturbor,on Method for So/v,ng Moth I modelling o/ M onke1 

D2 =la,,' (s,,(l c () + 2B, 86 - I,oc, )+ a,/ (S1,o B: + 2B,B 1 -I ho c , )-
/ , I " 

D 1 = (rC! - .-J 1 C 1 ) 

DJ = lY1, C, - cC, - ,U;, CJ) 

D , ~ (.: : (s,,c ,, + 2B,B, - l ,,c, )- µ , c,) 

D , ~ [ : : (S," C, + 28, B, -1,"C,)- .-1, C., ) 
D- = (,v,C,, - ,u, C. ) 

Integrating the fifth eq uation of(2.25), (2.28). (2.31 ). (2.34). (2.37). (2.40) and (2.43 ) 

s ubstiru ting (2.44), (2.45). (2.46) and (2 .47) gives 

t V1r I 
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/ 4 

OJ ::: -E, 24 
/ 4 

bJ ::: E i 24 
/J 

C4::: E) 24 

14 

dJ == E◄ 24 

( l 

xJ == -Es 24 

( 4 

YJ ==E6 24 

( 4 

Z4 == E1 24 

Where, 

(2.4 ) 

E, =(;: (s.,D, +38,C, -3C,B, -I,, )+ :: (s., ), +38,C, -3C,B, -/ D )-A,D 

E, =( :: (s.,D, , 38,C, -3C,B, -1,,D, )+ ;: (s.,o, + 38,C_ -3C 8 - I D, )-A_D 
£3 = (,D2 - A3D3 ) 

E4 = (rhD3 - ED1 - µ,.D
4 ) 

E, = ( :: (S,0 D, + 38,C, + JC,B, -1,,D, )- µ,D,) 

E, = ( ;: (S ,,D, + 38,C, + JC, B, -1,,D, )- A,D, J 
E1 = (r,D6 - µrD1) 

Substituting (2.44) to {2.48) into (2.22) gives 
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" J J 

S iC I 3 I 4 I sh= /10 + pB,1 - P ' - - P D, - - P E1 - + .. . 
2 6 24 
) ) 4 

I I B 
, 1· 3 I 4 I 

h= 1,o + P ,l + p ·C,-+ p D, - +p £, -+· ·· 
. . 2 · 6 . 24 

' 1 J 
, /" 3 I J I 

S =S +p8 1-p·C -- p D - -p E -+ ·· · 
' r O I 5 2 5 6 I 2 4 

, ~ .1 

, r· 3 r JE r 
I , = i ,0 + pB.r +p·C6 -+p D -+ p -+· ·· 

'" 2 6 6 ° 24 
' 1 J 

, 1· ] 1· JE I 
R =R + JJB11+p·C.-+p D1 -+p - - +· ·· 

' '" . 2 6 24 

x i =fun \'= ' 'o + v, + ' '1 + '" + \ 'J t . .. 
p--.1 

Where. 

x, ={S1, ,l h, Q,1 · R,, ,S,, I, . R, 

Hence. (2.49) becomes 
' l J / . / / 

S =S + B1-C - -D - -£ - +· ·· 
" hO I I 1 I 6 I 24 

' 1 I I - I . I 
I = I +B,r + C-+D, - + £,-+ ·· · 

11 1111 • • , • 6 . 24 

I 1 I J I J 

0 =0 + B r+C -+ D. -+ E -+ ··· 
- - h 11 1 l 1 , 6 1 24 

,: ,i rJ I 
R, =R ,+B,1 +CJ - +D.-+EJ-+··· 

0 " ' 1 • 6 2-1 

/ ' /) ,. 
S =S +Bt-C --D -- £ -+··· 

' ' 0 5 I .2 I 6 I 24 
... ; J 

I - I / 
I = I + 8 r + C - + D - + E - · + · · · 

' '
0 

" f, .2 " 6 " 2-1 

I 1 I 1 I J 

R =R +B.r +C,-+D. -+E,-+··· 
' ,o ' 1 (l 24 

(2.49) 

(2.50) 

(2 .51) 

(2.52) 
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lt and Discussion, lh"U 

ric:11 ~olution , u n1e 

, 1 r. the, :mabk, anJ p,1r,1111t.11.:r, lll the m,1tkl eq11at1<1n Jnd th1.:t• Jelinitwrh I ,bk -' J 1. . In · f table I I \\ cr1. c,t 1ma1cJ lor the purpus1.: , ,t nurnc111. ii ,, ,lutiu,i-, I h1. tJl'k, The \JIUC" o • , ,, . , the numcnc.:il ,olut1on, 111 each 111 the cqu,\lion (' , ~ I h. f lP\1 '>l'lu lllll 
; , IO_,.,, ,lfl 
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1
.J tc<l ,, ith Rungc-Kutta ,1) '-l.:1. the .i~rt:cml.'nt l-ict,,1.1.n h1: t,, 1, ,,11, 11111"' 11 11,IS \.I I a 

r ir1. minimal .:rro :i • 
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Table J.2: Numerical Solution for Susceptible Humans 

T Runge-Kutt a HPM Error 
0.0 10000.0000 10000.0000 0 
0.1 16153.0850 16153.0850 ➔.93074E-05 

0.2 22 145.2435 22145.2426 0.00082 7 317 
0.3 27980.6848 27980.6786 0.006220 11 9 
0.--1 33663.508 I 33663.4822 0.025872 13 
0.5 39 197.7056 39197.6268 0.07867993 
0.6 44587. 1643 44586.9697 0.194616374 
0.7 49835.6706 49835.25 19 0.4187 11643 
n.s 549--16.91 12 54946.0984 0.8 12878598 
0.9 59924.4760 59923.0 I SO 1.457988925 
1.0 6477 1.861 S 64769.4036 2.458272091 

Table 3.3: Numerical Solution for lnfected Humans 

Runoe-Kutta RPM Error 
0.0 500.0000 500.0000 0 
0. 1 474.9230 474.9230 -3.35343E-06 
0 . .: 451.11 61 451. 11 62 -5.34592E-05 
0.3 428.51--19 428.5153 -0.000391696 
0.--1 --107.0581 --107.0597 -0.00 1606786 
0.5 386.6S74 386.6923 -0.00484 11 69 
0.6 367.3478 367.3597 -0.01 1888652 
0.7 348.9867 349.0 121 -0.025420482 
0.8 33 1.5544 33 1.6036 -0.049079107 
0.9 315.00--10 315.09 15 -0.087586605 
1.0 299.2903 299.4373 -0.146971 

Table 3.-4: Numerical Solution for Quarantine Humans 

t Runoe-Kutta HPM Error 
0.0 1000.0000 I 000.0000 0 
0.1 997.883 1 997.8831 5.54961 E-06 
0.2 994.6159 994.6158 9.13095E-05 
0.3 990.2896 990.2889 0.000686259 
0.4 984.9899 984.9870 0.002842679 
0.5 978.7972 978. 7886 0.00861 0256 
0.6 971.7872 971.7660 0.021209245 
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c;, Numerical Solution for Rc1.:1n crcd Hun1a11, Table 3 .. · 

---- Runge-Kulla 11PM [m11 

~ 300.0000 300.0000 ll 
0. 1 65 1.53-18 651.53-18 -, lH,2 I- ,, 
0.2 1154.1676 1154.16~-l -1) ()l ll lSh 1 

OJ 1803.6770 18036835 -ll f)()h' I -

0.-1 2595.95-10 2595 98 I 1 -002-111 1 

0.5 3526.9986 352- 0811 -0 llf-24,111.. 
0.6 4592.9 177 -1593.121., -11.20)92'1, 
0.7 5789.9211 5790.3599 -ll.-11X- :11.:; 
0.8 7\1 4.31 95 7115 I 7 I 2 -fl S 5 I l) 2 ' 2 
0.9 8562.522-l '-156-t 0-lll7 -1 ,2-2i!,. ') 
1.0 10 \ 31.033-1 10133 oOX I -2 , - nq.i 

Table 3.6: Numerical Solution for \u,ccptihk R11dcnt, 

t Runge-Kutta HPI\l Frrur 
0.0 500.0000 500 0()()() u 
0. 1 999.2-189 999.2-1~8 -2 -2l/l)51 .1)\1 
0.2 \497 .9978 l-t97 .9977 I .➔ 1 •l I I- I 
0.3 I 996.2472 \996.2-t73 -2.55S-H I -
0.4 2-193.9980 2493 9%l) 2 .\Xl.i , [ -1 -
0.5 299 1.2503 2991 2501 2 ,.H , l I H 
0.6 3-188.0049 3-tXX.00-llJ - b '-tit,-\ l I 0.7 3984.2622 398-1.2ti2 I .:; ~ '\~(1\1- lt-0.8 4480.0228 -l-180.022l-- 1 I 21Jl I'll _, , 
0.9 4975.2872 -197 52871 2 ll.;;'1,:-;\ - ' l .O 5-170.0559 5-170 0559 , 45h-\3l: I' 

Table 3.7: Numerical Solution for lnlcdcd R11dl'11t~ 

t Runoe-Kutta HP\\l Erru1 
0.0 200.0000 200.0000 ll llOOIHl 
0.1 195.8257 195.83 lb . () l)())\-2\,L) 
0.2 191.7394 \91 702-1 -ll ll22llq~;;Q \ -

$ £ 
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0.3 187.7394 187. 7900 -0.05064 1 ~9(, 
0.4 183.8237 183.9 118 -0.088 1297 5 l 
0.5 179.9906 180.[ 254 -0. l 34S08 191 
0.6 176.2383 176.4283 -O. I 90062J 7 1 
0 .7 172.5650 172.8 184 -0.2533 15299 
0.8 168.9692 169.2932 -0.32402S283 
0.9 I 65.4492 165.8509 -0.40 I 70 I 136 
1.0 162.0032 162.489 1 -0.485873876 

Table 3.8: Numerical Solution for Recovered Rodents 

t Runge-Kuta HPM Error 
0.0 50.0000 50.0000 0 
0. l 53.9061 53.9062 -3.9336E-05 
0.2 57.7258 57.726 1 -0.00030932 
0.3 61.4609 61.4619 -0.00 I 02533 
0.4 65. 11 3 1 65. 11 55 -0.00238539 
0.5 68.6842 68.6887 -0.0045692 
0.6 72.1759 72. 1836 -0.00773755 
0.7 75.5899 75.60 19 -0.01 203 I I 7 
0 .8 78.9279 78.9454 -0.01 7570 19 
0.9 82. 1 9 1 ➔ 82.2 158 -0.02445349 
1.0 85.3820 85.4147 -0.03275749 

Tables 3 .2 to 3.5 are the solutions of Susceptible human, Infec ted human , Quarantine 
hwnan and Recovered human respectively whi le tab les 3.6 to 3.8 are the so lutio ns nl 
Susceptible rodent. Infected rodent and Recovered rodent. 

4 Conclusion 

The mathematical model of monkeypox vuus was solved semi-analytically using 
Homotopy Perrurbation Method. The solutions of the model equations were validated 
numerically with the Runge-Kutta in Maple so ftware. Numerical solutions showed that 
the HPM is in agreement with Runge - Kutta. Semi - analy tical solutions help to 
valida ted mathematical modeling of infectious disease and others it give better 
understanding of the model the mathematical epidemiologists and the lay man. 
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