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ABSTRACT

In this paper, we have reviewed the equation of human immune deficiency virus (HIV) delayed model with

cure of infected cells in the eclipse phase described by ordinary differential equation (ODE).In addition we

obtain the graph showing the stages of healthy cells ,infected cells but not spread the virus, and infected cells

spreading the virus and virus cells by using MATLAB and successive approximation method.
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I. INTRODUCTION

The purpose of this work is to investigate the
dynamical behavior of the following HIV infection
model governed by the ordinary differential equation

model which given by
dH

& = A HO-FHE) RO)RE)+pL(E)
S H(H() ROR(E)-(A+p +1IL)
S YL(®)- IuN()

& _Pe~™"N(t-7)-1gR(1) (1)

The first equation of (1) describes the dynamics of the
concentration of healthy (H).
and Ay isthe death

uninfected cells. During infection ,healthy cells

cells uis the

recruitment rate rate of
decreases proportionally to the product f(H,R)R. The
second equation represents the dynamics of the
concentration of the infected cells in eclipse stage.(i.e)
infected that are not yet producing virus. 4, is a die at
rate , p is a productive rate infected cells .The third
equation represents dynamics of the concentration
productive infected cells N. Ay is a dieing rate. The
the

are produced by

last equation represents dynamics of

concentration of viruses which
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infected cells at the rate P, A; is a dieing a rate. The
delay 7 describes the time needed for productive

-mt is

infected cells which are produced virions and e
the probability of surviving from time (t-7) to time t
The model is disease transmission process by hattaf’s

incidence rate

N
PRI

N+6,R+63NR

Where 84,605,603 < 0 are constants and a is the
infection rate.
II. BASIC RESULTS

We can easily show that there exits a unique solution
(H(t),L(t),N(t),R(t)) for equation (1) initial condition
(Hp, Ly, Ny, Ry ) for a biological reason we assume
this condition to satisfy

Hy(m) <0, Ly(m) < 0,Ny(m) < 0,Ry(m) <0

for me (—1,0) 2)

THEOREM.2.1:

The solution of equation (1) satisfying condition (2)

remains non negative and bounded for all t<0
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Proof:

It is easy way to show that non negative of the
solution of system (1) with initial condition satisfying
(2).show that the boundedness of solution

We define

A(t) = H(t) + L(t) +N(t)

=  wu—4y  HO-fH@O.RORO+  pL() +

f(H(®), RIR(O) — (A, +p +¥)L(D) + yL(E) -
ANN(t)

= -4y  HO-fHEO.RORO+  pL() +

f(H(D), ROIR(L) — A, L(Y) — pL() —yL(D) +
YL(t)- ANN(t)
=p = AgH() =4, L(1) - AyN(D)
o= 1= Ay ~2,L(0) - NG
> pu— AA(t)
Where A =max(Ay, 1;, 1y)
Here A(t) = min{4(0),5}
Therefore H(t),L(t),N(t),R(t) are bounded.
Other hand
Z—f = Pe ™ N(t-1)-AxR(t)
= Pe™™"||Noo-AgR(1)

Pe™

R(t)=min{R(0), A:T IVl

We define R(t) is bounded
Graph for showing stages of healthy cells , infected

cells but not spread the virus, and infected cells
spreading the virus and virus cells by using MATLAB

and successive approximation method.

1.HEALTHY CELLS:
H'=H,H(0)=1
F'=f(s,H(s))
Hy, = 1 when t,=0
Hny1=Ho+ [, (s, Hn(5))ds
When n=0
m=m+ﬁmm
=Ho+[s15
H,(t)=1+t
Hy=Ho+ [ f (s, Hy(s))ds
~1+f, (1 +5)ds

t2
=1+[t+?]

2
H, (t)=1+t+%

SUCCESSIVE APPROXIMATION METHOD BY USING MATLAB CODING

EDITOR PUBLISH VIEW
Ifl:ll:‘ '?j % EFindFiIe& Insert@,fx L= D ([f)) @ LEIR .
_ un Section
|Z/compare = Comment % ‘g % . GoTo = . -
New Open Save Breakpoint:  Run  Runand Runand lﬂvﬁ\dvanoe
- - » [=Print = Indent oF| |ia .y Find + - - Time  Advance
FILE EDIT MAVIGATE | BREAKPOINTS RUN
trupleh.m  *| succhm =
1 $dsbydt=H=f (5,H(=s)), H{0)=1
A= t=0;%1left end point of domain
== t0=0.5;%right end point of domain
i- N=2;%number
5= nosuccapr=2;ino of successive aprosimations
6 — sarray = linspace(t,t0,N);%array of domain from t to tl consists of N point
= disp(sarray);
)= Harray = sarray +1; %initial f(s,L(3))
i for apros = l:nosuccapr
A= vofs = traprule (sarray,Harray,N)+1;3%vi(=s)=v({a)+ integral a to =
11 = Harray =sarray+ yofs;%new f(s,H(s)):=s
12 = disp (Harray):
13 = plot (sarray,Harray, "green') ;3for ploting
14 - hold on;
15 = Iend

Figure 1
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EDTOR PUBLISH

{F[jig L] i Fies

i/ Compare » Comment % 4 ]

VEW

Insertﬁ;fx' (]J

] GoTo v
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’> K’b) @ @Run&ec{m

New Open Save Breakpoits  Run  Runand Runand @Advance
¥ ¥ ¥ HPM L] Indent ﬂl} HFM ¥ ¥ ¥ Time  Advance
FILE EDIT NAVIGATE | BREAKPOINTS RUN
truplehm | succhm X
ilf= tE\mction newyarray = traprule (Harray, Sarray,N)
i istr = sprintf('$8.6f integral',integral);
3 idisp(atr);
4
5= h=3array(Z)-Harray(l);
6- NeWyarray=sarray;
= for 1 = 1:length(Harray)
g- newyarray(i)=trapz(Harray(l:1},Sarray(l:1));
dl= end
Figure 2
& Figure 1 - O
File Edit View Insert Tools Desktop Window Help ™
Ddde | RRODEA-S |0 ad
25 T T T T T T T T T
2_ -
156} B
10 005 01 015 02 025 03 0.35 04 045 05
Figure 3
2.INFECTED CELLS BUT NOT YET PRODUCING =2+[t-1]
VIRUS: Li(t)=1+t

[’-L,1(0)=1
L'=f(s,L(s))
LO =2 When tozl

Lnsa=Lo+[} f(5 Ln(9))ds

‘When n=1
Ll - LO + fti) Lodt
=2+[s]§

Lo=Lo+[;, £ (5, Li(s))ds
=2+ f[o(1 + 5)ds
SZ
=2+[S + ;]go
=2+[s + ;]{

24[(5)-(143)]
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2

t? 3
=2+ t+;+5]

La(t)=t? + 2t -

SUCCESSIVE APPROXIMATION METHOD BY USING MATLAB CODING

EDITOR PUBLISH VIEW

lq}' 7 ﬁ Lo Foaies nset & fe ]+ D (LE? @ 2] Run Section

T {iZ| Compare *  Comment % 42 #J o GoTo »

FILE EDIT NAVIGATE | BREAKPOINTS

Breakpoints  Run  Runand Runand @-Advanoe
- - - Hﬁnt - Indent EI E L___.LF[[I - - - Time

Advance
RUN

truplelm  ® | succlm %

1 %dsbydt=s=f (z,n(z3)), L{0)=1
= t=0;%left end point of domain
= t0=1;%rigst end point of domain
4 - N=2:% number
5= nosuccapr=2;%no of successive aprosimations
[ sarray = linspace (t,t0,N);%array of domain from t to t0 consists of N points
1= disp(sarray):; )
g - narray = sarray +1; %initial f(s,L(3))
= for apros = l:nosuccapr
10 - yofs = traprule(sarray,narray,N)+1;%v(s)=y(a)+ integral a to =
11 = narray =sarray+ vofs;inew fis,=z(z)):;=s
12 = disp(narray):
13 = plot (sarray,.narray) ;¥for ploting
14 - hold an:
15= gnd
Figure 4
EDITOR FUBLISH VEW

ﬂ] U ﬁ o met D B v @ D ﬁ)) @ 2] Run Section

/Compare v Comment % g ] pfGaTav

New Open Save Breakponts  Run  Runand Runand <l Advance
v v v Pt v Indent (%] & f L Find ¥ v v Tme Advance
FILE EDIT NAVIGATE | BREAKPOINTS RUN

truplelm | succhm ¥

1 - Function newyarray = traprule(Larray,array,l)

2 $str = sprintf('$8.6f integral',integral);

3 tdisp(str);

4

5= h=Sarray(2)-Larray(l);

6 - newyarray=Sarray;

U= for i = L:length(Harray)

8- newyarray(i)=trapz (Larray(l:i),Sarray(l:i));
§- en

n
Figure 5
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g |

<] Figure 1 =
File Edit View Insert Tocls Desktop Window Help e
Ddde | AT EA-|2 | 0E| a0
4.5
4+ -
Seh|-
3 - -
25+ B
2_ -
151 B
1[] U.I‘I U_IZ U_I3 U.I4 U.IE U_IE- U.I? U.IS U_Is 1
Figure 6
. t
3. INFECTED CELLS SPREADS THE VIRUS: No=Nos ! £(5. Ny (5))ds
N=N.N(0)=1 =3+[] (1 + s)ds
N'—£(s,N(s)) o
N
Ny = 3 when ty=2 =3+[s + S1i,
t 2
Np+1=Lo+ [, f (5, Nu(s))ds =3+[s +>15
- t2 4
Whennl B4l )-(248)
N1 = NO + fto Nodt :3+[2t+t2—8]
=3+[sl5 t2+22t—2
Np ()= [——]
=3+[t-2] 2
N1 (t):1+t

SUCCESSIVE APPROXIMATION METHOD BY

USING MATLAB CODING

EDITOR PUBLISH VIEW
ED:' = % (5] Find Files insert S fx [ » <o o D ([_f)) L@ N )
_ un Section
i) Compare ~  Comment E/g S5 :j;_:l E>[|GDTDV . -
New Open Save Breakpoints. Run  Runand Runand I%Auvanoe
- - ~ [=iPrint w Indent = (| Find - - Time  Advance
FILE EDIT NAVIGATE BREAKPOINTS RUN
succM.m ><| truplen.m *
1 Zdsbydt=n=f(=,n(=s)), n(0)=1
2 - t=0;%left end point of domain
== t0=2:%rigst end point of domain
4 - H=3:% :';_rrbe:|
5= nosuccapr=2;%no of successive aprosimations
6 - sarray = linspace(t,t0,N):;%array of domain from t to t0 consists of N points
7= disp (sarray):;
8 - narray = sarray +1; %inicial f(s,L(=3))
L= for apros = l:nosuccapr
10 — yvofs = traprule (sarray,narray,N)+1;%v(s)=v(a)+ integral a to =
13 = narray =sarray+ yvofs:inew fis,=s(=)):==
12 — disp (narray):
13 = plot (sarray,narray) ;¥for ploting
14 — hold on;
15— end
16
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Figure 7

EDTOR PUBLISH VIEW

'{_’5 E ﬁ méFindFiles Inseﬂ@@' 'gll [2 @ ERunS{ecﬁun

@Cﬂmﬂe *  Comment % :}@ :ﬁl anTov

New Open Save Run  Runand Runand @m
v v v ﬁﬁﬂ - Indem@% uFl'd hd - - Time  Advance
FILE ‘ EDIT ‘ NAVIGATE BRENG’CIINTS‘ RUN
© succN.m ><|| truplen.m ><|
1= ction newyarray = traprule (narray,Sarray,N)
2 %str = sprintf('%8.6f integral',integral):;
3 $disp(str);
4
El= h=Sarray(2)-narray(l);
El= newyarray=5array;

g -

7= for i = 1l:length(narray)
newyarray(i)=trapz (narray(l:i),5array(l:i));

9= end
10
Figure 8
File Edit View Inset Tools Desktop Window Help
DodS | k| AATDLEAL-2|0E am
11
Figure 9
. t
4. VIRUS CELLS; Ry=Ro+/. to f(s,Ri(s))ds
R=R,R(0)-1 =4+ftt (1 + s)ds
R'=f(s, R(s)) -
S
Rg = 4 when t(,=3 =4+([s + 7]50
t 2
Nn+1=LO+ftO f(S' Ny (s))ds =4+[S + S?]g
2
Whenn-l ~4+{(t)-B3+)]
Ry =4Ro[ -I]-tfto Rydt =4+[t2+2t2—15+8]
=4+1S13 t242t-7
—44[t-3] Rn ()= =1
Ry (t)=1+t
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SUCCESSIVE APPROXIMATION METHOD BY USING MATLAB CODING

,{'L:, - H [l Find Files Insert =L f [lg] = <@ . D @ L‘@ D] i Section

=| Compare * Comment 9 o & GoTo «
Mew Open Save = o 4% >l Breakpoints Ru.n Runand Runand Iﬁ.ﬂ\dvm
= = v (= Print > Indent g [Fop 4 Find ~ = T2 fhieeeo
FILE EDIT | NAVIGATE | BREAKFOINTS | RUN

SUCCRM ><| trupler.m =

1 %dsbydt=s=f(=,R(=)), R(0)=1
2= t=0;%left end point of domain
== t0=3:%rigst end point of domain
4 - N=4:% number
5= nosuccapr=2:%no of successive aprosimations
6 — sarray = linspace (t,t0,N):%array of domain from t to t0 consists of N points,
= disp(sarray):;
8- Rarray = sarray +1; %initial f(s,L(s))
9 - for apros = l:nosuccapr
Il — yof=s = traprule(sarray,Rarray,N)+1l;%v(=s)=v(a)+ integral a to =
11 = Rarray =sarray+ vyofs:;%new f(=,=(=)):==
12 = disp (Rarray):
13 = plot (sarray,BRarray) ;3¥for ploting
14 — hold on:
15 = end
Figure 10
EDMOR PUBLISH VIEWY
| ﬁ EaFlndFlIEs insert =L fx ,
— Run Section
| izl compare = Comment 95 % & o GoTo =
New Open Save Breakpoints ~ Run  Runand Runand I%M"'m
- - - @Pmt - Indent Wi |Za | Find ~ - - Time  Advance
FILE EDIT | MNAVIGATE | BREAKPOINTS | RUN |
sUCCRLm - % ” trupler.m ><|
- Function newyarray = traprule (Rarray,Sarray,N)

Estr = spri
fdisp(=str):

ntf('%8.6f integral',integral):;

h=5array(2)-Rarray(1l);

- newyarray=s5array;

- for 1 = 1l:1ength(Rarray)

- newyarray (i)=trapz (Rarray(l:i),5array(1l:1i)):

[ B R T A
|

- end

Figure 11
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Figure 12

III. CONCLUSION

In this paper we showed the graph of various types of
infected cells that produce virus. In this we used the
MATLAB Program and successive approximation

method and hence we formulated graph.
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