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1.INTRODUCTION

More tharmt mmillion people are infected by human immunodeficiency virus (HIV) and about
16 million dealhs caused by this diseasgcientists have made a lot efforts to get rid of this
disease but there was nore itandhave less resistance to the immune system. Therefore, the body
cannot fight other infectious diseases [IRegulated4cell in the peripheral blood are in the
average person in betwegnt andplt i 1[2] and he number of cells ingople with this
virusdecreasesn p w @Rerelsompresentea fitted modebased on anld model which appeared
in [3]. All types of the HIV infection models o# $ 14 cells have been studied over the pastt
yearsthese models are described by #ioear differenceequations.

In this paper, three iterative methods will be used to ddlveof # $ 1 cells to obtaimew
approximate solutiong he first one is proposed by tbaftardarGejji andJafari in 2006 namely
(DJM) [4]. Many authas solveddifferent kinds ofdifferentialequationsy using the DIM5, 6],
solving the Laplace equatidid], solving the Volterra integrdifferential equations with some
applications for the LarnEmdenequations of the first kin{B]. The second iterative method is
suggested in 2011 by the Temifnsari method namel¢gTAM) [9]. Al-Jawaryet al [10] have
successfully applek the TAM for Duffing equationandthe nonlinear Burgers and advection
diffusion equationg11]. The third iterative method is tHganach contraction method namely
(BCM), it has been presented DyftardarGejji andBhalekarin 2009[12]. Al-Jawaryet al [13]
havesolvethe nonlinear thin film flows of noiNewtonian fluidsoy using the BCM

This paperis organized as follost Section 2the mathematical biology modelill be
presented. Section, he fundamentalsonceptsof the three iterative methodgill be given
Section 4solve a model of HIV fo## $ ™ cellsby usingthe suggested methodee given The
numerical simulations and error analyses of the approximate solutions are shown in séation 5.
section § the convergence of the used methods is presefitezl conclusion will be given in

section 7.
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2. THE MATHEMATICAL BIOLOGY MODEL OF HUMAN IMMU NODEFICIENCY VIRUS
(HIV) oF CD4'T CELLS

2.1.Description of the Model
The model of HIV infection of # $ 14 is given by the followingsystem of the nonlinear

differential equation agl4]

— _ 1Y 1 7Yp — zQofly
— Qo @
(1) — A O @
with theinitial condition as follows:
C "Ym i hoOn 1 andomn 18

where "YO h"0d and @ 6 demonstratethe concentration ofsusceptible # $ 1 cells,

# $ 14 cells infected by the HIV and free HIV particles in the blood at itmespectivelyAlso,

| ht hand[ represent natural turnoverrates of uninfectédells, infected Ycells, andvirus
particles, respectively’Q 1 is the infection raté_ denotes a rate at which the body
producest $ 14 cell from precursain the bone narrow and thymustepresents a rate at which
“Ycells multiply through mitosis when tfi¥cells are 8mulated by antigen or mitogeh means

the virus particles that each infectéd ™ cell produces during its liféncluding all its daughter

cells,”Y indicates themaximun¥# $ ™ cells concentration in the bodylso p —

describes the logistigrowth of healthyCD4+T cells[15].

3. THE FUNDAMENTALS OF THE THREE | TERATIVE METHODS
In this section the basic conceptd the DJM, BCM and TAMwill be presented

3.1. The basic idea of the DIM

Bl OL ¢
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Let us solvahe following functional equationlp, 17]

(3) "Y "Q 0°Y 0 "Yh
where Qs a known analytic functigr andv is a linear and nonlinear operators, i unknow
function which can be decomposed in the form:

(4) Y B Y
Therefor, define [1§

v 6 U "Yh

0] 0 0B Y 0B "Yh ¢ p8

So, U "Y you will analyzeas follows

0 Y 07Y 0oy Y 0°7Y oY Y Y 0Y Y

(7) OY Y Y Y 0OY YUY Eh

Also, the relation is dfined with recurrences so that

(8) Y "
Y 0Y o,
"Y 0"Y 6 h
(9) 1'% 0°Y 068

ThenO represents a linear opera®r 0 Y 0 B Y we write it

(20) B Y B 07Y OB Y 0B Y 0B “Yh
and,
(12) B Y Q 6B Y 0B “Ys8

Theapproxinmate solution in Eq§L0) and (11) itisgivenbyy Y Y & Y , more details

can be found in1[9].
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3.2. Thebasicidea of the TAM
Let us consider the following nbnear differential equatior2):
(12) O0Y 0°Y "Q mh
with initial conditions
(13) Y ih
where0 is a linear operaton) is a notinear gerator,’Qs the given function’Yis the unknown
this method can be implemented as follows; Yet the initial approximation solve ke initial
problem
(14) O0Y "Q m and”Y ih
Thenext approximate solution, ®plving the following problem
(15) 0Y Q06" m and"Y 1ih
Thus, we have a simple iterative step procedure that carsédio solve a set of linear problems
(16) 0"Y MUY m and Y i8
“Y is anapproximatesolutionto the Eq.(12), then solution forlte problem can bgivenby [21,
22]
(17) Y 1 EV8
3.3.The basic idea of the BCM
Let us first consider theomlinear functional equation [2 24].
(18) "Y "Q 0 "Yh
where"Vis an unknowrfunction, "Qrepresents given function, represents a nonlinear
opemta for the functional Eqp Y Now wecandefinesame successive approximations as
(19) "
Y 0Y,
"y
y

< < < Z

D>

Bl OL ¢
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(20) "Y Y 0Y h & p

At
a<

Sa the solutiorfor the relation 18) obtained by

(21) Y 1 EV8

4.SOLVING A MODEL OF HIV oF AA fj CELLS
In this sectionthethree iterative methodwesented in sectidhreewill be usedo solve the
systems ofionlinear differential Eqp with the initial condition given in Eq. (2).
4.1.Solving amodel of Human immunodeficiency virus(HIV) of AA 1 cells by the DIM
To solve thesystems of nonlinear défential Eq.p with theinitial conditionsgiven in Eq.¢

by the DJM, leus rewrite theEq. p as

‘00 0 Qoo"Yd 100 h
(22) o U ‘fT® [ wo h

Integrating Eq. ¢ ¢ from1tto 6, and use initial conditions, we get

YO i 0, |IY 1Y p Qo 'O Qi
™ i . Qa YD 1T 0 Qh
(23) wo i . 1T rwi Qf
Then,we have
Yo 1 _§
006 ih
(24) wo i,

In general,

Y o _ 0B Yi Qi 0B Vi Qh
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™ o _ 0 B Oi Qi _ 0 B "Oi Qh

(25) o o 0B wi Qi _ 0B wi Qh & p

By applying the DJM, we get

Yo 1 O
00 ih
(26) o ih
Also,
YO -io_ -0 _ — 1 of — —
o T N O o] ph) b1 F
Y oV i DI
006 of -®_ Qbinh
(27) o o‘fn rih
and,
YO -1 o_ -i06| _ -0
-1 01 io0l1 -0 i Eh
o6 -6 1 -Qof i -Qar i -Qo 1L
-Qoril -Qraril -Qo i — E
(28) ® 0 -1 -tor i -or i -Qor 1 -Qoriih
Then according to Eq. (11), wget:
YO YO YO o_ -io_ -0 — 1 i
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'06 06 Oo= of -4 @ih
(29) GO DO Bo o'l i ofh
YO YO YO YO O0_-i0o_ -i 0_ -0| _
-0 _ -0| _
i
iod -1 01 o Eh
06 ™o 0o 0o i of -or i -Qot i
-Qrar 1 -Qo i, —— -Qotiid
“Qiarii -Qol il ——— Eh
(30) Go Bo ©o Bo ol -cd il -dn i
ofF -or i -Qor L -Qofiih

So, we continue to obtain the approximations at @ 1" 006 h'O0 and w 6 were also

calculated but for brevity not listed here.

4.2. Solving a model of Human immunodeficiency virus (HIV) of AA fj cells by the

TAM

We usethe TAM to solve the systems of non&ar differentiabquations given ikgs. (1) and

(2). We have thdollowing form
0 "Yo Y oh

0 0o ‘00h

and,

2(

6 "Yo YL Yy — Qe
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0 0o QoY @
0 wo ‘1 'Or wh
Also,
Qo _h
Qo T
(31) Qo T8

with theinitial conditions (2), we get the following initial problem
0 Yo mh'Ym ih
0 00 mOomn ih
(32) 0 o mo T ih
In general, we get
0 Y o 0 Yo Qo mhY m ih
0 0 6 0 06 ™o ™o m ih
(33) b w 6 0 wo Qo6 mw m ih

The following initial problen must be solved to get the initial approximation

Yo mh
‘00 Th
(34) wo m

By integratingboth sides of Eq. (34andusing thenitial conditions
"Yn ihoOn ih omn i8

We get,

<
o‘
ox

In the secondtsp, we will solve the following problem:

9

Bl OL ¢
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Yo 0 Yo h Ym ih
‘06 0 06 hOm ih
(35) o0 0 wohwmn 1h
This produces,
"Y 0 HO 6 andw 6 hsimilarly, to Eq. (29).

Similardy, we get’Y 6,"0 0 andw 0 hwhich means solving the following problem:

(36) Yo O Yo h "Ym 1ih
(37) 06 O 06 h Om 1ih
(38) o 0 woh womn 1h
We get:

"Y 0 FO 6 andw o hsimilarly, to Eq.(30)
So, we continue to obtain the approximationséat ¢ for "Y 6 h"O 0 andw 0 were also
calculated but for brevityot listed here.
4.3.Solving amodel of Human immunodeficiency virus (HIV) of "AA § cells by the BCM
Consider theEgs. (1) and (2) by following the similar proedure as given fahe DJMin the
subsection (4.1wehave the Eg (23)and(24). So according to the BCM, we get:
Yo 1 _Q

‘0o i,

In general, we have

(39) @o wo _ ‘10 i (o | Qhséws



11
RELI ABLE | TERATIVE METHODS FOR MATHEMATI CAL Bl OL !

Also, we have
"Y(t), 'Qt) andw O, dmilarly to Eq. (D) .
Moreover,”Y 6,006 andw o hsimilarly toEq. (30.
Thereforewe continue to obtain the approximationg at @for”"Y 6 h'O 6 andw o were also
calculated but for brevity not listed here.

It is clear that the obtaingth approximate solutiohy the DJM for Eq(30) is the same to
the&th iteration obtained by the TAM or by the BCM. This means that the solutions resulted by

the three proposed methods are exactly the same.

5. THE NUMERICAL RESULTS
The effect of the proposed method3IM, TAM and BCM for HIV of # $ ™ cells are
examinedto evaluate the accuracy of these approximate methods of solution. We can find
appropriate approximate solutions when determinindy i ff At Y  values the following
two cases will be studied:
Casel:
We will examine thesystem given in Eqg1) and (2yvheni ™ h mandi T by
setting_ T@®hand he others parametesse takingfrom[25],i oh| m8t&f T@hf
c8hQ mdrm Yy pu M p mtandapproximations are calculated fofo h'0d and
o O hrespectivelyThe results for all the proposed methods are the same. Hence we have selected
the BCM for solving this case.
By apgying theBCM, wegeth
YO T T@oh
00 mh
®w 0 TIPh
Also, we have

O T T WX WU O TT Yo O TP Q@@ QX
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D0 ™ TWINMNOC WINITINPK v
woO T T oh
Moreover,
YO T T WX wuopd YYRG TR 0 WTOT Y
TINMMUVWYPPULUBITTGCPYTYR X O ™O
X8 o epm Oh
VO ™ MMM XTBITTTNTY P& X O X
TBIMTNP P QMXWIMITPC OO XH O,
WO T TRD TR YYTOT prdt T Tty v
So, we continue to obtain the approximationéat ¢ for Y 0 HO 6 and® o were also
calculated but for brevity are not listed here
Case:

In this casave will examine the HIV model in Eq(1) and (2) by setting T®h phand
the others parameters are taking frf@6lhf t@®h| 181§ ¢8hQ ™8T QY
pummn p wand in particular sixth approximations are calculated Yar FOd andw 0 ,
respectively.The results for all the proposed methods are the same. Hence we have selected the

DJM for solving this case

By applying theDJM, we get

Yo T T@oh
006 mh
® o Th

and
YO T TMIwXWOPOE TT P TSITITTU LV L@
OO0 ™ TWINNT XTBIMNITO R U

~

® o T} 1h
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Also,
YO T8 TSIT YTMEOQ PRBI YT MR C XBITITTG CX UV O U
XBWXEWO 08TC oo cRowam Oh
00 T TBITMTNNCO® CTRATNTP PO YNBITITITITO WA X X T
X&p O h
WO TS TR YYTOr pTBIMTINTORU
Then
YO YO YO T T® wxX olp g T T Yow w
TMINTNU LV L@
06 0060 00 T TWINTMMC XTWITTITTG,X U
o0 WO wo T g vh
and,
YO YO YO YO T T wX P @ W wp v
TMIYTNTNPEX CMBITTTTITG ¢ LWIB72P TT O
o8t oo cHowam Oh
00 006 0060 00 MMM XTWMMNT T& XU U
-0.0001138® -0.0000396774 + 7.2 M O,
®O0 WO WO o

0.1-0.240 + 0.2880410 + 0.00006750,

So, we continue to obtain the approximatioréat ¢ for Y 6 FO 0 andw O were also
calculated but for brevity are not listed here.

We observed that the numerical results obtained ubasthree suggestedethods are simildo

each otherTheerror remainder function is calculated @]

oY o Y _ |Y i'Yp

— Y h
oY o0 O @'Y 1Oh

Bl OL ¢
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(40) gy 0 o ‘10O rwh
and thebd O'Y is:
(41) boy i AS@'Y 0shQ pitlv

The maximal error remaindér'O"Y values for the numerical solutions obtainedhsproposed

methods, the ADM [2728] and the VIM[29] for Egs. (1) and(2) for case.lis presented in Figs.1

3.
0.100
0.010¢ &~ Tpum
;o -
= 10-5| —— Tgcem
1075} —&— Taom
¥ Tum

n

Fig. 1: TheD 'O'Y Comparison of proposed methods solution for daséh ADM and VIM method fof'Yo 8

@~ Ipym
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B:J“‘ = lram
= 1011 ~— Igcm
~&— lapm

-14
2 s 4 s e Tl

n

Fig. 2: Theb 'O'Y Comparison of proposed methods solufiencasel with ADM and VIM method for"Qo .
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Fig. 3: Theb ‘O'Y Comparison of proposed methods solufimncasel with ADM and VIM method for® o .

It can be seen clearly that the error decreases when increases the number of itef3tioh oo

RELI ABLE
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1074}

n

FOR MATHEMATI CAL

-9 VDJM

VTam
~— Vaem
- VADM

- VVIIVI

Bl OL ¢

andw 0 8A good agreement have achieved between the proposed methods ADM and VIM

without required to evaluate the Adomian polynomials to handle the nonlinear terms as in the

ADM, does not require to calculate Lagrange multiplier as in the VIM and time saver.

Moreover,in Figs.46, the approximate solutions for case 2 are prese@ece again, good

agreements have achieved between the proposed methods, ADM and VIM.

Fig. 4: Theb 'O'Y Comparison of proposed methods solufiencase2 with ADM and VIM method for"Yo .

n

& Tpym

Tram
~— Tgem
—+— Tapm

- TVIM
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10~°
< 1077
o = lram
W -9
s 107 ~o— Igcm
10—11 - IADM
/
1 2 3 4 5 6 VM

n

Fig. 5: TheD 'O'Y Comparison of proposed methods solufiencase2 with ADM and VIM method for'0o .

0.100
0.010 & Voum
g -
S 405 ~— Vaem
::g:: —4— Vapm
¥ Vum

n

Fig. 6: Theb 'O'Y Comparison of proposed methods solufioncase2 with ADM and VIM method forw 0 .

It can beseerthat theerror decreases whéime number of iteratiomcreasegor “Yo , ‘00 and
wo.

Moreover the effect of parameters, Uand Qarepresentedn Figs. 7 9, for case 11t can be
noticed , when the valuesf/ and™Qare increasehe error will be increaseSurthermoreywhen

the value of| increased the error will be decrease.
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0.100
o y=24
» 0.001]
ﬁ - y=4
= 10
- y=6
1077} % y=28
n
Fig. 7. The 0 ‘O'Y curves for different values offor case 1.
-0~ k=0.0027
- k=04
- k=0.8
=+ k=1

Fig. 8 The 0 OY curves for different values @for case 1.

Bl OL ¢
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102 g

n

Fig. 9: The 0 ‘O'Y curves for different values offor case 1.

Moreover, we will examine thenaximal error remaindeér O'Y by setting_  m@®hi  oh|
M T™@h'  ¢8hQ m8t T QY pu M p 725], the maximal error remainder
0 ‘0O'Y values by our proposed mettsarealso shown in Tables 2, It can be seen clearly that
by enlarging the intervalof 6, the accuracy deteriorates and th©'Y is increass Since these
approaches lead to axpansion of theolution,whenwe enlargethe interval ofo, in fact we go
farther from the initial point. Thus, the accuracy of the proposed methods diminishes as in Taylor
expansionThus in fact the limitation of the proposed method

Table 1 The maximal error remainded: O'Y, where0 O by pBoposed methods,

wheres=1,..,6.

n 0 Oy "Yo 0 oY @™ 0Oy wo
1 0.555412 0.00471494 0.29175

2 0.378658 0.00646718 0.177082
3 0.183793 0.00271458 0.0732605
4 0.0655693 0.00117611 0.0225898
5 0.0194399 0.000235087 0.00565843
6 0.004696 0.0000658559 0.00116137
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Table 2: The maximal error remainded: O'Y, where0 O by proposed methods,

where¢=1,..,6

n 0 OY "Yo 0 Oy 0o 0OY wo

1 0.84265 0.0100828 0.40887
2 0.78237 0.0175283 0.349544

3 0.530668 0.0128055 0.20404
4 0.259976 0.00731101 0.009387
5 0.108652 0.00253588 0.0093817
6 0.0362165 0.000856801 0.00938

Further investigation can be done by applying the classical Rdfgga method (RK4) Using
theMATHEMATICA 's codgsee appendiR) as a benchmark to assess thégoerance of the
proposed methods.

In Figs10-12, for case 1goodagreement is observed betwgeoposed methodmndRK4, for
"YOh'Oo AT 8068

0.20
Py
0.18} -
A
0.16 'A/‘ - TDJM
&
0.14 , ./A' Tram
.
0.12 /A/ ' Tacm
010§ 5 =+ Tras
0.00 0.02 0.04 0.06 0.08 0.10

t

Fig. 10 Comparison of proposed methods solufioncase with RK4 method fofYo .

Bl OL ¢
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2.x107%|
- Ipym
1.x107%} by
5.x1077 ~— Igcm
4~ IRrks4

0.02 0.04 0.06 0.08 0.10
t

Fig. 11 Comparison of proposed methods solufi@ncasel with RK4 method fofOo 8

0.100
0.095¢
0.090

= Vram
0.085]

- VBCIVI
0.080¢

—+— VRka

0.00 0.02 0.04 0.06 0.08 0.10
t

Fig. 12: Comparison of proposed methods solufiencaselwith RK4 method foo 0 8

Finally, Figs 13-15, for case 2, good agreement the approximate solution achieved by

proposed methods proposed and R&4 Yo h'00 AT B o 8
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0.16}
0.14} - Toum
—mn- T
0.12| AN
- TBCM
0.10  w TRK4
0.00 0.02 004 0.06 0.08 0.10
t

Fig. 13Comparison of proposed methods solufioncase2 with RK4 method fofYo .
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@ Ipyum
1.x107%} -,
5.x1077 | o lnen
4 Irks4

0.02 0.04 0.06 0.08 0.10

Fig. 14.Comparison of proposed methods solufioncase? with RK4 method fofQo .
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0.100 ﬁ\
0095 W_ f
| _\§ -0~ Vo
0.090 o
"'\: " Vram
0.085| . |
\:‘\ Vaem
0.080 |\
W * Vra

0.00 0.02 0.04 0.06 0.08 0.10
t

Fig. 15.Comparison of proposed methods solution for @agith RK4 method foro 0 .

It should be noted that tipeoposednethods have many advantages such as being deriiatese
and overcoming thealculatingAdomianpolynomials to handle the ndimear terms in the ADM.
It does not need evaluating the tipller of Lagrange as in the VIM in which the terms of the
sequence are shifted to be complex after sévrations, thus, analytical evaluation of terms

becomes very diftult or impossible in the VIM.

6. THE CONVERGENCE OF THE PROPOSED TECHNIQUES

In this section, we will providéasic concepts and theorefos the convergencef@roposed
iterative methods [30
To prove the convergence for the iterations given by the DJM, TAM and B the DJM, it
can be directly proved the congence However for the TAM and BCM, we should follow

some steps as below

0 Yoh
0O "O0 h
(42) O 00 0 h
e
0 0 v E 0 8

where QOis the operator that can be defined as
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(43) 00 'Y B 0 0ol pkiB88

The term’Y represents the solution for one of the following problems

For the TAM:

(44) b6 6 ™M O B 0 o6 mha plgBs
For the BCM:

(45) 0 b OB 0 o6 ha pltBs

The same given conditions with the used iterative method will be Tiked, by this manner, we
have'Yo 1 EY o B 0 .Sobyusingt cand T o, we can get thiellowing solution

in a series form

(46) YO B 0 08

According to therecursive algorithm of the DJM, TAM and BCM, the enough conditions for
conducting convergence of these methods in the following theorems

Theorem 6.1. Let "Odefined in T o, be an operator from a Hilbert spéd@go 0. The series
soluton"Y ® B 0 0o converges ifmm , psuchthat™©0 0 E 0

, 00 0 E 0 (suchthaty , 0 )Q mipkFB.

This theorem is just a special case of Banach's fixed point theorem which is a sufficient condition
to study the convergence of our propdsterative techniques.

Proof: See [3(.

Theorem.6.2. If the series solutioctYd B 0 0 is convergent, then this

series represents the exact solution of the current nonlinear problem.

Proof: See [30).

Theorem.6.3. Assume that the serisslutioB 0 0 which is defined inT ¢@be convergent

to the solutioriYo . If the truncated serig® 0 0 is used as an approximation to the solution

of the current problem, then the maximum ef@oro is estimated by
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47 oo —, A M
Proof: See [30).
Theorems6.1 and6.2 state that the solutions obtained by one of the presented methods, the DIM

given in w, the TAM given inp @hor the solution of the BCM given irg 11, for the nonlinear

Eqs8p and (2), converges to the exact solution under the condifian , p such

that OO0 0 E 0 , 000 0 E 0 (that is U , 0 )10

Tiple 8 .In another meaning, for ea€hA TOlH we define the parameters

(48) |

Then the series solutidh 0 @ of Egs. p AT A hconverges to the exact solutiofo ,

whentt pH 'Q mipktiB &iQ pltlwdAlso, as inTheorem 6.3, the maximum truncation
error is estimatedtob&Yydo B 0 —1 A Awheré | APHhQ ripMs k& ,we
evaluate the , wherg for"YOh for'0o and forwo.

6.1. Convergence and error analysis of a model HIV ofA’A 1j cells by DJM, TAM, and
BCM
To prove the convergence of the DJM, TAM aB€M, the Eqgs. (1) and (2), wdo the
following:

Applying theTAM, the"Y represents the following problem

"YoO 0O B YoOh "Ynm mh a pkfB
D6 O B 06 h Om T & phi8
(49) o 0B woh om TN & pRM

Moreover, while applying BCMhe™Y representsor the following problem

"Y Y 0 B YO ha plgi88
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O O 6 B 00 ha pliBs
(50) w w 0B woha pktb
As presented in the proof of the convergence of the proposed methods, the terms given by the

seriesYO B 0 0 in (46) weget the convergent conditions (42).
case 1.

For"Yo hwe get
ENE ﬁ
VA T T PG up
EYE N

1 /E'_Y/E T 0 WTT T

EYE B N

EYA WL X L PP

ENE T8t g

VA X ¢ Yg @y

EYE T8 g

YA LY @X @hy

£YE T8t 80

EYE twpmne

and, br "00 hwe have

£OE i
Do TP
£OxE B N
1 ZOn CUL QT PP
AOx T80 h
1 2O otTpe
£EOE B .
1 On MTewg TET
y:50"3 g
1 —— TPt 1ah

A0z



26

AQxE
T o

SAWSAN MOHSIN ABED, M.A. AL-FJAWARY

T8I Mo ¢ o Ypsu

Moreover, fore 6 hwe get

AW A
A A
A A
A A
A A
A A
A A
A A
A A
A A
A A
A A

where thef

™ t ph

T ¢ 1T ph

Tt Y T T 1T pohn

T8t @ Tt ¢ Ph

@t t Y 1 ph

BT T T C Mp

values forQ pand0 0o

are convergent.

case2:

For "Y o hwe get

AEYE
EYAE
EYE
EYE
EYAE
AEYE
EYE
AEYE
EYAE
AEYAE

Y p @ o pp

TBIT L X T @hY

8o p T p PR

T8I G T X QX

T8I P W G Php

T, areless than 1so the proposeiterative methods
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EYA B
1 o POXC QIR

and, br 00 hlwe have

ROE -
' woe TP
ROE 3
| Z0n T Mo X cah
ROE 5
| Zon T®@ G wp mph
gOE 5
| Zon LOUL G PP
gOE 5
1 on L Tt Y TT EIT
FOE e 3
1 Zon CwyYyx m

Finally, forw 0 , we get
AW A 5
e P

A A ;

mom OO

A A . .

A Y T p Php

A A . .

A QTP Pt

A A . .

D E Ty php

A A .

—— T@IT M ph

A A

Here valuesare also lesshan 1 for’Q pand 0 0 1@, for three methods (since the

approximate solutiaare the same). Hendbge proposednethods are converges.
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7.CONCLUSION

In this paper, three iterative methausmely theDIJM, TAM andBCM were used to solve
model of HIV for # $ 14 cdls. Theapproximate solutions were obta&d in aconverged series.
It is showed that whethe number of iterations increasetle remainingnaximum error values
aredecreasedrl he results obtaed using the Rungutta (RK4) method were compad with the
numerical results obtained by the proposed methods, VIM and ADM, good agreements have been
achieved Thus, the proposed methods prodiieecurate, reliable, effective results and can be

applied to the other types of linear and nonlinear problem

APPENDIX A: MATHEMATICA [CODE FOR A PPLYING THE RK4 FOR THE Egs. (1)
AND (2) FOR CASE(1)].

ClearAll["Global™*"]

A=0.50=0.023=0.3;r=3y=2.4;k=0.0027Y =1500; p=10;
ClassicalRungeKuttaCoefficients[4,prec_]:=With[{amat={{1/2},{0,1/2},{0,0,1}},bvec={1/6,1/3
,1/3,1/6},cvec={1/2,1/2,1}},N[{amat,bvec,cvec},prec]]

{T1,1if, V}={T Ii,V}.First@NDSolve[{T'[t]== A-o*T[t]+r*T[t](1 -(T[t]+li[t])/Tmax) -

KT ==k*VE* T[] -B*I[t],V'[t]== n* B*Ii[t] -

V*V[t], T[0]==V[0]==0.1,li[0]==0}{T,li,V},{t,0,0.1},Method -
>{"ExplicitRungeKutta","DifferenceOrder>4,"Coefficients*
>ClassicalRungeKuttaCoefficients}, Starting Skége>0.01];
xI=MapThread[Append,{Tf["Grid"], Tf["ValuesOnGrid"]}]

yl=MapThread[Append {lif["Grid"],lif["ValuesOnGrid"]}]
zI=MapThread[Append,{Vi["Grid"],Vi["ValuesOnGrid"]}]
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