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Arrr111imulion Solution~ fur ... Somma. -t kinll'11ndc. A, /r e!:1111 . .\'_rrir, .lin111h anti Zl,iri 

In lhi, pap, , . ll l'M am! J\ l) :'-1 \\ .:re lhl'd 111 ,11h..: lhL· 111.1 1h..:1 n,11i.·.d 1111111.:ling 111 1111111k..:\ 1111 ' 111 11 , 11,c k1., 

d\•11a111i1:~ ,,f th.: d1,l·a,,· .mJ 1llhl·1 analv,,, 1:.111 he li,und 111 11~1 1 h, "'"'"' '11 ' 11ht.1111.:d ,,e,L· pi ,·,, 111c-.i , 1 1 
11 

o~aplm:a llv R1111ci.:-Ku1ta ,11lu1i111111hta1 11l·J li 11111 \lapk "1lh1;11 ,· 11.1, 11,,·d "1 iahd.ili: lhe l\lll\11.:llL,d ' 1111111111 1 1 ii 

~ . - I I I 11 '\1 
,\f)M 1111th the numi.:ni:al anti g1aph1..:~I ,,1h1t11111, ,hu1\ 1h.,1 thi.: 11111 111dh111 ' lhl:l ,Iii.: 111 •1gt..:ei1\ei1t "111 th, H1111 L, 1-._ 
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2. I 1-'ormulatiun of Hum11tor ~· P1·rlurh11t i11n :\ lcthutl 

Basic Idea ofHomolopy Perturbation Method (H PM) 
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Apprnximulinn Solution, for ... Somma, AkinH•n11dt, :h'lll':u11, 1\rnr, Jinroh 1111d Zhiri 
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Approiinrnlion Solutions for ... S11mma, AAi11w1mde, Aslte:.,1,1, ,\)·,,,, Jimoh 11nr/ Zl11n 
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In I ahk ; _ I :m: 1hc ,-an :ihk, anJ p.1ramc1cn- ,,1· thc mudcl <:l\llal111n and 1hcir Jclimlllms Thc , ,tl11c, ,,1 1.ihk , l',t11llalc,I r,,r the f'\lfPCl:-c ,,r numcncal ;;.mJ grJphical q ,\111Hm,. The 1:ihk, :I 2 11, .1.R arc lhc nu111crn:al ~ulu1 11, 11 , 111 l
1 lhc ,0l1111011 111 cqua1i,,ns (52) nnd 1_,77). lhc IIP\ I ,mJ ADM sol111111n~ \\\:re ,·ahd;i1cJ wrlh Run~,· - Ku11 ,1 1., ••Ii' I 
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ar,r..:cmcnl bcl \\ ccn 1h1: ~,1u11ons 
Table 3 1 · Definition of Variables and Paramete rs Va riables/ Parameters Definition Values -Susceptible Hum:lns 10000 -\ 

I Infected Humans 
500 -

-
Q Quarantine Infected Humans 

lOOO 
u Recovered Humans 

300 -
,\ Susceptible Rodents 

500 - -
I I nfecred Rodents 

200 -

- -R Recovered Rodents so 
.\ Recruitment Rate of Humans 65000 
.\ Recruitment Rate of Rodents 5000 -
ll I Contact Rate of Rodents to Humans 0.001 -
u. Contact Rate of Humans to Humans 0.1 
(l ' Contact Race of Rodents co Rodents 0.01 
P , Natural Death Rate of Humans 

0.01 5 -
c'i Disease Induced De.1th Rate of Humans 0.0001 

Recovery Rate of Humans 
0.2 5 ,, 

Reco,•ery Rate of Rodents 
0.2 -T 

Progression Rate from Infected to Quara ntine ;:: 

Effectiveness Public Enlightenment Campaign 
0.50 
0.25 

,LI , Natural Death Ra te of Rodents 
U.0 1 " Disease Induced De;i th Rate of Rodents 
0.001 ' Total Popula11on of Humans \ 

Tot~I Population of Roden is 100000000 
10000 
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Table 3.8: Numerical Solution for Recovered Rodcnls 

T RrRKM RrHPM RrADM 

0.0 50.0000 50.0000 50.0000 

0.1 53.9061 53.9062 53.906 1 

0.2 57.7258 57.7261 57.7258 

0.3 61.4609 6 1.4619 61.4608 

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 78.9279 78.9454 78.9260 

0.9 82.1914 82.2158 82.1883 

1.0 85.3820 85.4147 85.3772 

3.2 Grnphicul Solutions 
Figu1.:s J. I Ill 3.7 an: th.: !!l<l j1h11::~1 , olt1lllll1' or 1hc ;1pp111x1111~1.: 5olillHIII (2 S6). r1gur.:, -' · I In .1.4 ar<.: li11 llll• h,1 

- Ill •I 

pupul~tiL111 nnJ li!,!Uf<::S J 5 1,, , .7 ~r..: for 1h,· 1 nJ.:111 popul~lilln. 

, .. ,, l 
I 

1(\1 Ii 

Fi c ure 3 .1: Gr:iptiical Solut ion of Su,ccptiblr 11 un,no Populurion 

I , .... 
I . 
\ - . 

" I 

i l 
I 

~,..J 
} 

Fi~un· J .2: Grvphic-, 1 Solution of lnfrctr~ llunian l' 11pulit1iun 
1'1t1J1 

:/ 
·m 

. ! 

f :: I 
• "" 1 

,,. I 
. u • 

'. I 

' " f=--• 

l· it.:,un: ]_\: Gr.iphio d ~11lufiun 
0

( l)uJr:rn linl' llum:rn l'upul:Hion Fi;!un· JA: (;r:1phic:d S11lu(iun uf l{cl·u\ l"fl'J I fum:t n 1'11puli1fiu11 

Tr,111,11cti1111, of 1/i e \ i::ai1111 .-t, 111ciari1111 11/ llu1/w1111tic11/ PJ,y ,in t 'o/11me I./. (./01111(/ r_i' -.ll11n ·h .. 2021 ), IJ.i -/ Ill 

IOS 



'i11111111u, -i~;,,., ,,,,,,. . I <lr1 Zll rl , 'r11r, 1;,,,,,1, ,,,,,1 z1,,,, [,,,,,, Uf \ I l/P 
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01,\ u,,i11 n, 
II 1, 11h,, n·cll Imm the m1111en1:Jl ,1,lu11111 that 111 Jbk , ! ll• , C, th, l ll'\I ,11111111111 1, closer lo RK\1 tha11 \l)\,\ ,h,h. 11 
1.1hk '\ - ,11J '\~ the \1):-, \ '-l>lu1i,m 1, c\11,,.;r 111 RK;\\ 1hu11 ! \\'\,\ ln 1"11!lH ' I 1\" '-tt-lcp11hk I luman ('ll('Ul,111011 111,.;r,:,1" ·"' " 1th lllllc ~, , ,....,uh 1•1 11 ... ,,, ltl "'111.1d r..il, ,I JcP 
'111111.111, .1nJ .:,1111.,1:1 ra\l: ol'humJn, h> human, I 1iurc, ~ ~h,•\\ , th.ii th, mki.:tcJ huntJ I\ lk-1.f,. ,,,:, \llh II m, .i.., '- u I 
h1!,-h pri•g.1,--..,1 .. 11 rnlc l'r11m 11\ kcl11•n l11 11u.ir,11111nc Thc m,>\c m,111111" 1nki.:1<:d 111J 1\ 1d,,.t1, 1 • 1u,1r 101 1111. \J,, "1'! r,Ju .... th .. 
11umb,r ol' rnlc.:1cJ p1•pula11011 It 1, ,,b, .:nc<l frnm hgurc, 1 1h.1l th, 4u.irJnl 111.: h11111a' ruput,111, n dc:1,;n.:.1.,0 "111 1 m, 1 
p,1,pk r,c1•\c1c,I .inJ , ,,me d1c1\ \(1)111 th, J1w,1,o.; \ he mJl\ d l -ii, 1h:1, .1 '- llcal,J 1° p1.ir.111•1, '- t,, r Jr~ 1 rc 111 
lo rcco, c11::d ..l.i-.- 111 ligui.: , 4 th, rc1:11\crc<l hum.m I t>pul ,11.,n m-rc,ts, \\llli 11111, ,, lhc r,1,;11 cr1:-J 111J1 11 
qu,11J111t11e ,ind the enhl!.hh:11cJ ,u,1.:cplll•k 11J 1 1Jual, 11111,c.l 1111, 1h, ,l,1" I 1.!111. , • ,h,,•, h I f. 1,~ n11l , 
popul,1tw11 1nc1ca,c~ \\Ith lnnc .1, 1 1c,ull ,, \ \11!!-h ,,,nt,Kl talc 11\ 1 .. ,k111, ,,. 1111.h:111, II 1, 1 ,11110:J 1h,11 h. J,111 h,I\,. 1111 
,111) cnnll lll 111..:a~u1c ,111c, 1h.: \11th h1..:J\..11u11111hc11 p11p11\.111,,11 :, h gu11: 1 t, th, 1•1tc\.lcJ rnJc1,1 p,,p111,1ll"n J..:1.rt:.t'.><.'> ,,ti 
t1111c .,~ tho:y J 1..:<l Juell> lho: J 1"-,1,c ,mJ ..i, , 11111,: ul 1ho:111 '"''" ,10:<l 11.1111r.,\I, I 1,11.. '"'"" th,t> th<: • , cr1:J rod.:nt 
p,ipul.il\\1111110:1Ca, c, w11h 11111..: ,i, th..: 1.:,:n, crcd 111k-:1,J H•J ..:nh nw,,J 11, r,,,,,cr.:J ,:\J~, \"11,: dY,,rl 1,1 qtrnr,1111111, ,11\J l1cat tho.: 111k1.1cJ 1•c11pk an,\ 1. 1m Inf! •lit publK ·11l11:.h1.:1uno.:111 .:1 alh,~h: mnnl-.o.:~pu:-. \ nu~ l'tlllll lh'- pupu\.1111111 \1 1, , 111•\\ 11 111•111 JI\ lho: ,.,lut1111t- 1hJt the agi.:.:mo:nl ,, nh the R11111!.: \....ull ll that ''•" \"cJ ,1, th,:"·"" l1,1 !111,1111111 
4. C nndu,inn 

llll('all!O 1, h, l.c) ll 
11\'M 1nd -\OM ,ire •n 

\\omoll•py l' .:mn\,,1111,11 :-. k1h,,J 1lll'M1 .111,\ \J,,1111,m \k,,1111p,,-11111i. \kllwJ 1 \1)\\ 1 ,c,~ 11,,·u ",11\ ,.d ~" 
,c\Cn ,,rd111ary ,h lkn:11l1al .:1111a1111n, 111" 111.1lhcn\J 1\ 111,,.\dmg ,, t rn,111\..c\fll'\ 1r11, l h , 1u11u1t, ,ht,nncd .uc 
1111111.:11c,1lly ,111d !,!f,1ph1call\' I ho:\' ,uc .ii·,,, , altu..11cJ ,,11h th..: Ru11~.: Kun., 11, :\\.ipk <.111l,~.u1: lht , ro:,.:.,k,\ th,11111 lahk I~ ht'(, lh, Ill' '.\\ ,uhtlllll\ 1, d11,,:1 1,, RK\I 111.111 ,n:--1 '''" " m t.ih ' 111d' 
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