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Article Info ABSTRACT

Article type: Introduction

Research Article As it is well known, the cause of the AIDS disease is the HIV
virus. The mechanism of the AIDS disease is that, after the arrival
of the virus it consumes the CD4+T cells of blood and causes
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According to the content provided, awareness of the number of
healthy or infected CD4+T cells in the blood of a person, plays a
great role in prevention and propagation of AIDS disease. The

Keywords: gained information help the doctors to choose the most useful
Collocation method: therapeutic method. Moreover, this information enables doctors
Fractional ' in choosing the type and amount of medicine.
differential
equations; There are various mathematical models dealing with the CD4+T
Chebyshev'_s nodes; cells function in confronting with HIV virus. One of the most
Error function. famous of models, is the following system of differential
equations:
= T)+1
| DT(t) =q—nT(t) +rT()(1— —kV()T(t)
max

{Df‘zz(t) = KV(O)T(t) — BI(t) 0<t<R<ow

{ DXV () = upI(t) —yV (t) 0 <oy, 05, 063< 1

lT(O) =T, ,1(0) =1, ,V(0) =V,

Where the parameters utilized in this model problem are explaine
in table below,
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Parameters

and Meaning
variables
T(t) The concentration of uninfected CD4+T in the blood
I(t) The concentration of infected CD4+T in the blood
V() The concentration of HIV virus particle in the blood
n Turnover rate of uninfected CD4+T cells
B Turnover rate of infected CD4+T cells
y Turnover rate of HIV virus particles
1
T +1 Logistic growth indicator of uninfected CD4+T cells
Tmax
k The infection rate of CD4+T cells by HIV virus
kVT The incident of HIV infection of healthy CD4+T
The number of virus particles produced by each infected CD4+T
H cell during its life time
q The generation rate of uninfected CD4+T cells in the body
up The generation rate of virions through infected CD4+T cells
Tmax The maximal concentration of CD4+T cells in the blood
, Tate of cells’ duplication through the process of mitosis when

they are stimulated by antigen and mitogen

Recent investigations have shown that most of real world,
phenomena can be modeled using fractional differential
equations. Furthermore, in comparison with the models based on
ODEs of integer order, fractional order models raised from
physics and biology would provide more efficient and more
accurate results. Therefore, fractional order models are of special
importance in science and technology.

In this paper, we investigate the fractional version of the model
problem (1). Consider the following CD4+T cells function of
fractional order,

|(D:‘1T(t) =q—nT(t) +rT() (1 — %) —kV(OT(t)

{D;“zz(t) = KV(O)T(t) — BI(t) 0<t<R<w

IDIV(E) = upI) —yV (L) 0 <oy, 0y, 065 < 1

lT(O) =T, ,I1(0) =1, ,V(0) =V,
Where, Dy is the fractional derivative of y of order in o (0 <
«< 1) in the Caputo Sense, given as follows;
DEY(O) = g Jy (= D™y @ 3)
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The numerical methods that have been derived so far, have high
computational complexity and, moreover, their accuracy is not
high. We propose a collocation method based on Dickson
polynomials for the numerical solution of the problem (2).

The efficiency and high accuracy of the derived method are also
assessed.

Conclusion:

A fractional order model has been considered for infection of
CDA4+T cells. The numerical solution of this model has been
constructed using a collocation method based on Dickson
polynomials. Since the exact solution is unavailable, the obtained
results are compared with the results of order methods in the
literature. In addition, some error functions have been given to
analyze the error of the obtained numerical results. These error
functions show that the proposed collocation method possesses
the so-called “spectral accuracy” The proposed method is also
applicable to other systems of fractional ODEs.
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t 03] [v1 s, VIM [¥] Fasiyo SUsS 4S5, o) [21 s o= b,
0.0 0.1 0.1 0.1 0.1 0.1 0.1
0.2 0.06187996025 0.06187991856 0.06187995314 0.06187984331 0.061879843 0.06187984322
0.4 0.03831324883 0.03829493490 0.03830820126 0.03829488788 0.038294888 0.03829488777
0.6 0.02439174349 0.02370431860 0.02392029257 0.02370455014 0.023704550 0.02370455004
0.8 0.009967218934 0.01467956982 0.01621704553 0.01468036377 0.014680364 0.01468036368
1 0.003305076447 0.02370431861 0.01608418711 0.009100845043 0.0091008450 0.00910084500
Fgo gy g ol by I ool b T(E) ool Cuwsd 4y polio duwlio :(5) Jguzr
t «=0.75 x= 0.85 x= 0.95
x=1
Present Method |Muntz Method Eﬂrgfﬁgé hweliﬂgzci Eﬂrgfﬁggj Muntz Method
0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1
0.2 0.3645697 0.3670560 0.2781874 0.2790315 | 0.2270366 0.2272514 0.2088081
0.4 0.9361864 0.9419131 0.6229638 0.6246844 | 0.4602312 0.4606339 0.4062405
0.6 2.2724237 2.2858520 1.3282599 1.3317891 | 0.8972132 0.8979687 0.7644239
0.8 5.4046402 5.4360892 2.7763784 2.7836259 | 1.7173925 1.8178109 1.4140468
1 12.7110109 12.784070 5.7471055 5.7619568 | 3.5263502 3.2590105 2.5915949
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Fgo b9y 3 ol by I ool b I(E) yolio suel Caws 4yl (V) Jgur

t x=0.75 x= 0.85 x=0.95
x=1
Present Method | Muntz Method | Present Method | Muntz Method | Present Method | Muntz Method
0.0 0 0 0 0 0 0 0
0.2 | 1.2063066e-5 1.2151979-5 8.8720752¢-6 8.9043994e-6 6.8197683e-6 6.8290042¢-6 6.0327022¢e-6
0.4 | 2.8057918e-5 2.8204527e-5 1.9343576e-5 1.9385818e-5 1.4736133e-5 1.4746964e-5 1.3158341e-5
0.6 | 55477476e-5 5.5742298e-5 3.3803924e-5 3.3864401e-5 2.4142790e-5 2.4155672e-5 2.1223785e-5
0.8 | 1.0646102e-4 1.0695931e-4 5.5311011e-5 5.5403434e-5 3.5569645e-5 3.5585428e-5 3.0177420e-5
1 2.0564037e-4 2.0660978e-4 8.9115050e-5 8.9263406e-5 4.9885851e-4 4.9905893e-5 4.0037815e-5
g Ghey g polo (b 3l edliiwl L V() ouel caws &y polie :(A) Jga
t x=0.75 x= 0.85 x=0.95
x=1
Present Method| Muntz Method | Present Method | Muntz Method |Present Method | Muntz Method
0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1
0.2 0.0497882 0.0496485 0.0543246 0.0542264 0.0593022 0.0592643 0.0618798
0.4 0.0336711 0.0335988 0.0350109 0.0349582 0.0370092 0.0369869 0.0382949
0.6 0.0251476 0.0251079 0.0243529 0.0243227 0.0238116 0.0237983 0.0237046
0.8 0.0199646 0.0199388 0.0179229 0.0179038 0.0157670 0.0157587 0.0146804
1 0.0165526 0.0165367 0.0138080 0.0137958 0.0107561 0.0107509 0.0091008

x=1 6‘)441(05 5) 9V(055) ‘T(OBS) (5‘f OA.A" w\)datsu).o.)).n)l.&n (\\)9(\’)5(%) 6L¢>J5\.\>)\)
ol oo 00ls Liali M g A caliee joliae
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\¥F

T(05 5) &ly odwol Cawd LYY 2ol () Jous

n
5 10 15 20 25
-1 0.568397692 0.5588633563 0.5588633582 0.5588633582 0.5588633582
0 0.5683977053 0.5588633558 0.5588633580 0.5588633584 0.5588633582
1 0.568397722 0.5588633507 0.5588633440 0.5588633579 0.55886334
2 0.56839778 0.5588632271 0.5588633582 0.5588633582 0.5588633582
| 74 (05 5) &l ool Caway = polio (V) Jous
n
A 5 10 15 20 25
-1 0.1745606886e-4 0.1707873571e-4 0.1707873578e-4 0.1707873578e-4 0.1707873578e-4
0 0.1745606910e-4 0.1707873570e-4 0.170787357%-4 0.170787357%-4 0.1707873578e-4
1 0.1745606951e-4 0.1707873556e-4 0.17078733512¢e-4 0.1707873424e-4 0.17072e-4
2 0.1745607102e-4 0.1707873501e-4 0.1707873578e-4 0.1707873578e-4 0.1707878e-4
I (05 5) Sy o0l Cawd Ay oy polie :(1Y) Jgu
n
5 10 15 20 25
-1 0.03013332997 0.03012787376 0.03012787386 0.03012787383 0.0301278738
0 0.03013332999 0.3012787387 0.03012787382 0.03012787380 0.0301278738
1 0.03013332888 0.03012787441 0.03012787380 0.03012787383 0.030127877
2 0.0301333301 0.03012787465 0.03012787383 0.03012787383 0.030127873
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