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1. Introduction:

Recently, interest has increased in research on exact solutions to nonlinear differential equations, whether partial or
ordinary, and researchers have been interested in studying natural phenomena such as physics, chemistry, etc., and researchers
have resorted to advanced methods to obtain accurate solutions[1], the inverse scattering method [2], and the function method
Exponential [3]. Exact Solution of Partial Differential Equation Using Homo-Separation of Variables[4]. Exact solution of
nonlinear partial differential equations describing PseudoSpherical Su [5]. Exact solutions of differential. equations using
Tanh/Sech [6]. The true solution to types of partial and complex differential equations [7], True solutions of nonlinear differential
equations with exp(—@(())-expansion method [8], The Adomian decomposition method to find the exact solution of some types
of nonlinear differential equations, [9], The first integrative method to find the exact solution [10], Exact solutions of the mKdV
equation[11], etc. This paragraph is an introduction to exact solutions methods and some of the methods used to solve various
equations

Viruses cause significant damage to computers. Viruses are programs that are designed by some professional
programmers to cause harm to other people's devices, for illegal purposes, such as disabling devices, stealing information, or
other things. It can be said that computer viruses are similar to viruses that spread among humans in terms of the method of
spread and not in terms of harm. The first appearance of computer viruses began in the early 1980s, and they had only a minor
impact, so they did not receive much attention and many considered them a myth claimed by some of those interested in this
field. Rather, the spread of viruses between devices expanded, and then became a threat to the information revolution. Viruses
that infect computers include operating system viruses, parasitic viruses, general viruses, macro viruses, worms, Trojan horses,
and others. The goal of any virus is to take control of control data on the computer. Among the worst viruses are viruses that
infect programs. Microsoft Office because it manipulates user data and also affects the speed of the computer, and sometimes
Some programs do not respond to user commands sometimes, As time goes by, hackers and virus developers develop programs
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containing viruses in more professional ways, to steal user information and data. At that time, researchers interested in the field
were reminded of the necessity of studying the impact of viruses on computers. Mathematical models describing the spread of
viruses have been studied. Researchers were interested in developing some mathematical formulas for checking and transmitting
viruses over the Internet. The main source of viruses is mail and secondary storage devices. They were interested in improving
the models. The spread of viruses in addition to other factors can be affected, as in the work mentioned in the following
research[12],[13],[14], There are many types of viruses, including SEIR.[15]

The system was studied by many researchers in different ways, and each researcher studied the effect of a number of
parameters. Because the system contains a large number of parameters, it is difficult to study the effect of all the parameters at
the same time. Therefore, we chose to study the effect of the parameters d1,d2, and d3 to get acquainted with the previous
studies. Take a look. On the following papers[16],[17],[18],[19],[20]

In this paper we will discuss. methods for solving the exact SEIR. virus system in detail. In the second section, the
research includes the homogeneous equilibrium method, in the third section the mathematical system, in the fourth section the
application. of the method, and in the final. section the references.

2. The Homogeneous Balance Method[21],[22],[23]
Assuming that the nonlinear partial differential equation has the following form:

(w220 =0 (1)
Where u is the dependent variable in the equation to be found

The homogeneous balance method is based on converting the (PDE) into an (ODE)using the hypothesis
ulx,t) = u@), §=klx+wt)+¢ 2
Where k and w and &, are constant, eq (1) is transformed into the following nonlinear (ODE)

ll)(u, kwu', ku', k2w?u , kK*u",.. ) =0 3)

To solve eq (3) using the homogeneous balance method, Assuming that:

u = X, qi¢’ 4)
where q; are constant and ¢ are satisfies the Riccati equation[24]
¢ =ap?+bdp+c (35

Where a,b,c are Constants,

Balancing the highest order derivative term with a nonlinear term in equation (3) gives leading order m = n,so we can
choose:

uU=qo+qd+q9*+- (6)

Where q; ,i = 0,1,2,..n are constant, From (5) and (6) we get the value of , after that we substitute ¢ and the value of g; in
(4) to get exact solution of (1)

3. Mathematical. Model[15]
The SEIR system is a system that describes the spread of viruses in the computer and is as follows:

% _ 4,25 4 §—BS(L+B)+ y,L +y,B — 65
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Where B(x,t) denotes computers vulnerable to viruses. While S(x, t) refers to healthy computers.L(x, t) denotes computers that
are unknown whether they are infected or not,S(L + B) denotes the relationship between healthy and unhealthy in time period
t,d1,d2,d3,y,, v, It is the rate of spread of viruses.a It is the rate of computer virus penetration.§ and 8 are the infection rate
between infection-free computers and latently affected computers,

4. Application
Now we use the homogeneous balance method to find some new exact solutions for the SEIR system

to solve the system (7) in the first step we will transform it into a system of (NODE) using the hypothesis (2), to become as
follows:

kwS' = k?d,;S" + 86 — BS(L+B) + Y;L + Y,B — &S
kwL' = k?d,L" + BS(L + B) —Y,L — aL — 5L ®)
kwB' = k2d;B" + aL — Y,B — 6B

Now let the Riccati equation is as:

¢'=a¢2+b¢+c 9
and

S(&) = qo + q19(8) + q20(§)?

L(&) =15+ r11p(&) + r,9p(§)? (10

B(&) = co+ c19(&) + c,9(8)?

Where qy,q, ,q; andry , 17,15, and ¢, , ¢4 , C, are constant
Now by substituting (9) and (10) into equation (8) we get

kw(qo + 10(8) + g2 (8)?) = k?d1(qo + q19(&) + q20()?)" + 6 — B(qo + 10O + @29 (E)?) (g + (8 +
120(E)? + co + c1p(8) + c20(8)*) + (rp + 1 P(&) + 1,9 (6)?) + Yo (co + c19(8) +
()3 = §(qo + ¢19() + q20(8)?)

kw(ry + (&) + 1, (8)?) = k2d,(rp + 1 (&) + 1, (6)?)" + B(qo + 19 (&) + q20(8)D) (o + 11 (&) + 1 p(§)* +
o+ @) + 0N V(o + np) + 1P —alrg+ 1) +nrp(8)?) —
8(ro + 1 9p(&) + ()P (11)

kw(co + c1¢(&) + c,0(8)%) = k?d3(co + c10(E) + 290 (§)?)" + a(ry + 11p () +1,0(8)?) —  Yolco + c19(8) +
()3 = 8(co + 19 (&) + c20(8)?)

we derive equation (11) for & we get

(Bqzrs + Bazc, — 6k*d1lq,a®)p* + (Bqyry + Bqic, — 10k?d1q,ab + 2kwaq, + Bqi1, + Bqqcq — 2k%d1ga*) P +
(Bgyco + kwaq, — 3k?d1q,ab — 4k?d1q,b? — y,c, — Y113 + 2kbq, + Bqiry + Bqoer, — 8k?d1q,ac + Bqicy + 8q, +
Baz1o + Bqocz)d? + (=y2¢q + Bqory — 2k*d1gyac + fqocy + Bqiro — 6k*d1q,be + 2kweq, + kwbg, + 8q, —
k?d1q,bc —yi1y + Bico)d — 2k?qac? — 8 — yi7o + Bqoto + kweqy + 8qo — vico + Bqoco — k*dlgbc =0

(-6k?d2r,a* — Bqrc; — Bqar2)9* + (—Bqzc1 — fqory — 2k*d2ria® — fqir, + 2kwar, — Bqic; — 10k?*d2r,ab)¢® +
(—4k2d2r, — Bqa1o — Bqaco — Bqor, — 8k?d2r,ac + ar, — Bqic, — Bqiry + kwary + 81, — Bqoc, — 3k?d2riab +

yiab + yi1y + 2kwbry)d? + (61, — 2k?d2riac + 6y + kwbry — 6k2d2r,bc — fqory + 2kwer, — Bqoto — BqoCi + Vi1 —
k?d2r b? — Bqico) ¢ + kwery — 2k%d2r,¢? + arg — Bqore — k2d2r bc — Bqoco + ¥170 + 615 = 0

—6k?d3c,a’?¢p* + (—10k?d3c,ab + 2kwac, — 2k?d3c,a?) 3 + (—4k?d3c,b? + 2kwbc, + y,c, — 8k%d3cyac + 5c, —
ar, — 3k2d3cyab + kwac,)p? + (2kwcece, + y,cq + kwbey — 2k?d3cqac + §¢y — k?d3c¢,b? — 6k?d3c,be — ar)d +
y,Co + kwee, — 2k?d3cyc? + 8¢y — k?d3cibc —arg =0

Setting the coefficients ¢p!(i = 0,1,2,..4) to zero we get the following equations:
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Baarz + Bgac, — 6k*dlga®* = 0
Bq,ry + Bgic, — 10k?d1gyab + 2kwaq, + Bqims + fq.cq — 2k?d1q a? =

Bazco + kwaq, — 3k?d1q,ab — 4k?d1q,b% — y,cy — yi1 + 2kbq, + Bqi11 + Bqory — 8k2d1qgyac + fqicy + 8q, +
Bqzro + Bqoc, =0

—y,¢1 + Bqory — 2k2d1q ac + Bqocy + Bqiro — 6k?d1q,be + 2kweq, + kwbqy + 8q, — k2d1q,bc — yi1 + Bgico = 0
—2k%q,c? — 8 —y11o + Bqoro + kweqy + 8qy — v1co + Bqoco — k*dlgibc = 0

-6k2d2ry,a? — fq,c, — Bgar, =0

—Bqyci — Bqyry — 2k*d2ria? — Bq 1y, + 2kwar, — Bgic, — 10k?d2r,ab = 0

—4k2d2r, — Bq,To — Bq2Co — Bqorz — 8k%d2r,ac + ar, — Bqic, — Bqiry + kwary + 61, — Bqoc, — 3k?d2riab + y ab +
Y11ty + 2kwbr, =0

81y — 2k?d2rac + 61y + kwbry — 6k%d2r,bc — Bqory + 2kwer, — BqoTo — Bqocy + vari — k2d2rb? — Bqico = 0
kwery — 2k2d2r,c? + ary — Bqory — k2d2ribc — Bqocy + Y11y + 619 = 0

—6k?d3c,a’? =0

—10k?d3c,ab + 2kwac, — 2k?d3c,a? = 0

—4k?d3c,b? + 2kwbc, + y,c, — 8k%d3c,ac + Sc, — ar, — 3k?d3c,ab + kwac; = 0

2kwcc, + vy, + kwbey — 2k%d3ciac + 8¢ — k?d3c,b? — 6k?d3c,bc — ary =0

¥2Co + kweey — 2k2d3c,c? + 8¢y — k2d3cibc —arg =0

With the help of the Maple program, by taking part of the above equation (only the first five equations), because if all the
equations are taken, it is difficult to find the solution, so only the first five equations were taken, we get several cases, including:

Case: I .we have

1 8+y179—Bqoro—kwcqi—8qo+y2co—Bqoco+k?dibc

90 = o 1 =q1 92 = ,

2 k2d1c?

_ 3Bd1b82—pws2, -, —10y,k3d1%abrocy,+2y, k2wargcdly,
Bked1(=82+681)(5+y1T0—Bqoro—kwcqi—8qo+y2co—Bqoco+k?d1qsbc)

ro = TO 'Tl

-B83+8B6%k?d1ac,., 16y k?dlacryfysco—16y1k?dlacB?qoroco
Bc2d1k2(=82+81)(8+v170—Bdoro—kwcq1—8qo+Y2co—Bqoco+k?d1q1bc)
(—10k3d1%ab8cyy,..2k?way, cocdlyy)

Bked1(=82+81)(8+y1m0—~Bqoro—kwcqy—8qo+y2co—Bqoco+k?d1qybc)
1 (-B83+8B58%k%d1ac,., 12y, k*d1%c?a?Bqoco)

2 Bc2d1k?(~82+681)(5+Y1r0—BqoTo—kwcq1—8qo+Y2Cco—Bdoco+k2d1qibc)
Now whereqy =1,q, =1, r9,=1¢,=1,di1 =1L y;=1,y,=2,=1,6§ =1,d, =1, w=1 k=1, we get:

1

Co=C ,C1 =

Cy =

©="5
2 + 3¢ — 8ca — 8a?c3 — 2ac?
T‘1 = —
—148ca-12a%c?+12ac?+16c*a?
1”2 - — 22 (12)
2+ 3c —2ac?
Cl = f
—1+ 8ca + 12ac? + 16c*a?
€2 = 2c?

The Riccati equation(9) we will solve it by the Homogeneous balance method as follows:
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¢ =X, eitanh'E where m=1 we get
¢ = ey + e;tanhe (13)
Substituting (13) into (9) we have the
2
¢=—i(b+2tanh€), ac:b:—l (14)

From (12)and(13) and(10) we have exact of (7) where:
6=1,p=1,0=1, a=1, b=1, c=1,
where
0 = —11232tanh(k(x + wt) + &,)? — 168tanh(k(x + wt) + &;,)
+48tanh(k(x + wt) + £,)° + 48tanh(k(xwt) + &,)*
x = —3tanh(k(x + wt) + &) + 3tanh(k(x + wt) + &,)3 + 1 — 4tanh(k(x + wt) + ;)% +
3tanh(k(x + wt) + &,)*
a2=L"
" 16H
where

E = =392 cosh(k(x + wt) + &;) — 368 sinh(k(x + wt) + &), ..,
—184tanh (k(x + wt) + &;)%cosh (k(x + wt) + &;)3
H = cosh(k(x + wt) + &,)3 (—49 tanh(k(x + wt) + &) + 49 tanh(k(x + wt) + &) + 23 — 92 tanh(k(x + wt) +

£0)° + 69 tanh(k(x + wt) + E)*
17

43 =37

where

Z = 116 cosh(k(x + wt) + &) ,..,280tanh (k(x + wt) + &y)%cosh (k(x + wt) + &)3
I' = cosh(k(x + wt) + &3)3 (—29 tanh(k(x + wt) + &;) + 29 tanh(k(x + wt) + &;)3 + 35 — 140 tanh(k(x + wt) +

£,)° + 105 tanh(k(x + wt) + £,)%)
Then, the exact solutions for system (7) are:

1 1
Sexact (X, t) = >~ tanh(k(x + wt) + &) — 5(1 + 2 tanh(k(x + wt) + &;))?

Lexace(%£) = == — 13 tanh(k(x + wt) + £) — = (1 + 2 tanh(k(x + wt) + £y))? (15)
Brace () = =3 — 3tanh(k(x + wt) + &) + 2 (1 + 2 tanh(k(x + wt) + &y))?

This precise solution shows the extent of the spread of the virus in computers. The farther the parameters d1 = %, d2 = %, d3 =

%are from zero, the faster the rate of virus spread in devices, where d1, d2,d3 are default values.
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S(x.,t)
B(x.,t) L(x,0)

Figure 1.shows the solution path for computer types S(.x,t),L(x,,t),B(x,,t) sequentially.

Case: II . we have:

__ Baoro+Baoco—v1mo—86+8q0—¥2¢o —2k%acd+682,,2k?d1acBqoro—Bqic1k?cd1b

= = =0,y =71y, 1y = r, =
90 = 4o, 01 kc(—w+kd1b) 42 = VT =Tol ke(y1+B4o) (~w+kd1b) 2
—4k5d12a?c?y,wby, +2B2%8%k%d1ac, 2y, k*d1a?c?w?Bqo—2y,kd13a%c?b2 Bqo+4y, k3 d12a?c?bBqy
c2k2(~w+kd1b)?(~y2+y1) (=Y1+Bq0) ’
2B282k%d1ac, - —4k>d12a%c2wp2qy%b
Co = Cp €1 =C1,C2 = (16)

 C2k2B(~w+kd1b)2(~y2+y1)(~y1+B40)
Now where:co =1,c,=1,1ry=1,d1 =1y, =4y, =2,=1w=1,6§=1k=1,b=3,q, =0,q;, = 1 we get

_ 2 -12-6c  _ 48+24c’-144c _ 48+72c%-144c 17
q = c'r1 - 6c 2= 24c2 62 = 24c2 ( )
The Riccati equation(9) we will solve it by the Homogeneous balance Method as follows:
q Yy g
¢ =3YM, etanh'E where m=1 we get
¢ = ey + e;tanh& (18)
2
¢ = — - (b + 2tanhe), ac="--1 (19)

From (17)and(18) and(19) we have exact of (7) where:
6=1,p=1,0=1, a=1, b=1, c=1,
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dl = 1 cosh(x+t+§9)3~10sinh(x+t+§p) cosh(x+t+§p)?+8 sinh (x+t+§9)—8 cosh(x+t+£o)
8 sinh (x+t+&p)
d2 = 1 cosh(x+t+§p)(40 sinh(x+t+§)—4 sinh(x+t+8p) cosh(x+t+§0)3+35 cosh(x+t+§)*~36 cosh(x+t+£p))
24 2 cosh(x+t+&0)%2-3
d3 = — 1 cosh(x+t+§p)(~12 cosh(x+t+§o)+8 sinh(x+t+§o)+19 cosh(x+t+§0)3+16 sinh(x+t+§o) cosh(x+t+¢0)?)
2 sinh(x+t+&y) cosh(x+t+&y)+2 cosh(x+t+&y)%2-3
The exact solution of system (7) is:
Sexact(x,t) = 2+ 2tanh(k(x + wt) + &) (20)

1 3
Lgyact(x,t) = — 5 3tanh(k(x + wt) + &) + 7 (1 + 2 tanhh(k(x + wt) + &;))?

1 1
Bgrace(x,t) = 5~ tanh(k(x +wt) + &,) — 1 (1 + 2 tanh(k(x + wt) + &y))?
This precise solution shows the extent of the spread of the virus in computers. The closer the parameters d1 = %, d2 = zi' d3 =

gare to zero, the lower the rate of virus spread in devices, where d1,d2, d3 are default values.

S(x,0)
B(X ,t) L(X 5t)

Figure 2. shows the solution path for computer types S(.x,t),L(x,,t),B(x,,t) sequentially

5. Conclusions

The SEIR model, a system of nonlinear differential equations that describes the transmission of viruses between
computers, was solved. The real (exact) solutions of the nonlinear SEIR system were obtained using the homogeneous balance
method. The effect of variables (parameters) d1,d2,d3 on virus transmission was studied in virus-free computers S(x,t),
computers unaware of the infection site L(x, t) and control computers B (x,t) in the system (7) and it turns out that the smaller

41



EDUSJ, Vol, 33, No: 3, 2024 (35-44)

these parameters are, the slower the diffusion. This is the goal of the paper to reduce the spread, as shown in Figure (1,2). Maple
software was used to obtain results and graphs.
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