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Abstract

A new transform Sumudu Adomian Decomposition method (STADM) for non-linear
random ordinary differential equations and the non-linear Random Integro differential
equation (NRIDE) are utilized in a novel way to obtain accurate solutions. The iterative
implementation of the coupled transform decomposition be use to approximated solution
to ordinary differentials equation with random components. We use a normal distribution
to analyze the parameters and initial conditions of ordinary differential equations with
random components. Using Mathematica 13.3, the graphs of the approximate solutions
and the absolute error are presented. An investigation is conducted into the effects of the
normal distribution on the results of random component differential equations. Based on
the numerical results, this method is highly effective. Some applications are presented as
examples of how the proposed technique can be utilized to obtain analytical or numerical
solutions to certain kinds of random differential equations, thereby demonstrating its
efficacy and potential.
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1. Introduction

Random Ordinary Differential Equations (RODEs) are currently
significant topics that involve ordinary differential equations (ODEs) with
random variables or constants. In physics, engineering, and mathematical
biology, random differential equations (RDEs) are used to analyze a wide range
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of problems. In recent times, some scientific challenges spanning domains such
as control theory, fluid mechanics, climate models, and physics have been
successfully resolved. In the literature, there are remarkably few studies
discussing random nonlinear differential equations (RNDEs). When simulating
disparate phenomena, noise is crucial. Differential equations pose essential
difficulties due to uncertainty and arise in the mathematical modeling of
physical systems and in a number of real-world situations. Uncertainty can be
incorporated into differential systems in various ways. especially in the past few
decades in a variety of fields, such as the social sciences, mathematical biology,
and engineering. Ordinary Differential Equations (ODEs) with a
multidimensional stochastic process W, are named RDEs. In numerous
applications across numerous scientific domains, RNDEs are essential. These
issues are frequently unsolvable analytically. Consequently, numerous
numerical techniques for solving ODEs, PDEs, RPDEs, and RODEs have been
created. Decomposition method, differential transform method, finite difference
method, and numerous other methods are among the many numerical techniques
available [1-6]. Many authors studied some types of differentials equation. A
mains goal for the this study are to compute approximate solutions using a
mixture Sumudu transforms and the Adomian decompositions methods to
obtains effective solutions of the RIDEs [7-12].

2. Application and results
Consider X'(t, w) = eWt(@) — gtewt(‘“) + fol tsX(s, ) ds
With X(0,w) =0
Solution: Recall the Sumudu transform S{f(t)}(u) = |, 000 e tf(ut) dt
With basic properties S{f’ (t)}(u) = i (S{f(t)}(u) — f(O)),
S{t"}(u) = n!u"

Let SIX(t w)} = X(u,w)
Applying S to both sides of Eq. (2.1) and using X(0, w ) = 0, then

2%, @) = S{eWe @) — s{t e @) +5{t [} sX(s, ) ds} (W)
Let fol sX(s,w) ds =: A(w)
then S {t fol sX(s,w) ds} (u) = A(w) S{t}(W) = uA(w)
Hence X(u, 0 ) = u S{eWt@}(u) — g S{t eWe@}(u) + u?A(w)
Taking the inverse Sumudu transform we get
Xt w) = Xo(t, w) + STHu?A(w) }(b),
Where X,(t,w) = St {u S{eWt(@)} — gs{t ewt("))}} ®

Using the derivative properties, X, is the exact solution of
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Xo(t, ) = eWel® — 2 W) X,(0,w) = 0

So X, (t, @) = fot (ewr(m) _ gr ewr(m)) dr
Then, we can generate the higher components by

Xnr1 (6 @) = STH{u2AL (@)} = S An(@),n = 0
Then, we can get X, (t, w) = %Ao(w)
X2t 0) = = Ag()

X5(t,0) = = Ag(®). X4 (6, 0) =~ Ag(®), Xs(t,©) = 7 Aq(w)

2
2%Ao(w),n =012, ..
The partial sums are Y (t, ) = ZptoXa(t @), m = 0,1,...,5

Yot ) = Xo(t, ) = [ (ewr(ﬁ)) _ % r eWr(m)) dr

Then general pattern X, (t, w) =

Y (tw) =X, (t w) + %ton(w),Yz (t w) = X (t, w) + %ton(w)

73 585

YS(t! (1)) = Xo(t, ("*)) + Fston((,l)) ’ Y4(t, ('0) = Xo(t: ('0) + thAO(m)
4681

Ys5(t ) = Xo(t, w) + @ton (w)

Where Ay(w) = fol sXo(s,w ) ds = fol s [fos eWr(@) _ %r eWr(@dr] ds

We obtain the best Brownian path when W (w) = 0
Figures 1 and 2 illustrate 2D plots for random approximated solution and
their absolute errors for N = 100, 500, and 1000.
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Figure 1

2D plots results of the approximate solutions when N=100, N=500 and N=1000
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Absolute Error (All Approximations) — N = 100
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Figure 2
2D plots of results of the absolute error when N =100, N=500 and N=1000

3. Conclusion

We have successfully employed STADM to obtain approximate analytical
solutions for several RODE and NRIDE applications. The proposed technique is
simple to use, appropriate, and effective in achieving the desired results for these
issues, and STADM provides converging series results quickly. sRIDEs'
approximate analytical solution was obtained quickly and effectively. The
STADM is more powerful and reliable for obtaining approximate solutions to
several classes of random-component integral equations. The error used here,
when the exact solution does not exist, is used to check the accuracy and
convergence of the sequence of approximate results to the exact solution.

References

[1] R. Abazari, “Solution of Riccati-type matrix differential equations us-
ing matrix differential transform method,” Journal of Applied Math-
ematics & Informatics, vol. 27, no. 5 pp. 1133-1143 (2009).

[2] H. O. Altaie, “Comparison the solutions for some kinds of differ-
ential equations using iterative methods,” Journal of Interdisciplinary
Mathematics, vol. 24, no. 5, pp. 1113-1118 (2021).

[3] N. Bildik and S. Deniz, “Modified Adomian decomposition method

for solving Riccati differential equations,” Review of the Air Force Acad-
emy, vol. 3, p. 21 (2015).



ANALYTICAL SOLUTIONS OF RANDOM INTRGRO DIFFERENTIAL EQUATIONS 1571

[4]

[5]

(6]

[7]

(8]

[9]

(10]

(11]

(12]

A.M. Mohammed and H. O. Altaie, “Analytical solutions via coupled
Elzaki Adomian decomposition method for some applications,” Jour-
nal of Interdisciplinary Mathematics, vol. 27, no. 4, pp. 761-766 (2024).

R. E. Gutierrez, J. M. Rosario, and J. T. Machado, “Fractional order
calculus: Basic concepts and engineering applications,” Mathematical
Problems in Engineering, vol. 2010, Art. no. 375858, pp. 1-19 (2010),
doi: 10.1155/2010/375858.

K. B. Oldham and J. Spanier, The Fractional Calculus: Theory and
Applications of Differentiation and Integration to Arbitrary Order,
Mathematics in Science and Engineering, vol. 111, New York, USA: Aca-
demic Press, pp. 234 (1974).

A. M. Mohammed and H. O. Altaie, “Elzaki transform decomposi-
tion approach to solve Riccati matrix differential equations,” Journal
of Interdisciplinary Mathematics, vol. 27, no. 4, pp. 767-773 (2024).

S. G. Samko, A. A. Kilbas, and O. I. Marichev, Fractional Integrals and
Derivatives: Theory and Applications, Switzerland: Gordon and Breach
Science Publishers, pp. 976 (1993).

Y. Tan and S. Abbasbandy, “Homotopy analysis method for quadratic
Riccati differential equation,” Communications in Nonlinear Science and
Numerical Simulation, vol. 13, no. 3, pp. 539-546 (2008).

A. M. Wazwaz and S. M. El-Sayed, “A new modification of the Ado-
mian decomposition method for linear and nonlinear operators,” Ap-
plied Mathematics and Computation, vol. 122, no. 3, pp. 393—405 (2001).

O. A. Salman and H. O. Altaie, “Analytical approximate solutions of
random integro differential equations with Laplace decomposition
method,” Journal of Interdisciplinary Mathematics, vol. 27, no. 4, pp.
907-912 (2024).

S. A. Al-Ameedee and A. J. Obaid, “Sandwich results of meromor-
phic multivalent functions defined by multiplier transform,” Journal
of Interdisciplinary Mathematics, vol. 26, no. 4, pp. 651-658 (2023), doi:
10.47974 /JIM-1484.

Received November, 2025



