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Abstract

In this paper, we establish an analytical solution to the non-linear biological population model using a hybrid
method that combines a reduced differential transform method with a resummation method based on Yang
transform and a Padé approximant. The proposed method significantly improves the approximate solution series
and broadens the convergence field, It is also dependent on a few straightforward steps, and does not depend on a
perturbation parameter or produce secular terms. Three examples are given to test the effectiveness, accuracy, and
performance of the suggested method. The results and graph demonstrate that the suggested method is successful
and more accurate than other methods. In addition, PYRDTM is a useful tool with great potential for solving
nonlinear BPM.
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1-Introduction
A biological population model (BPM) is a degenerate non-linear partial differential equation, which represents the
distribution of population density in an area and it Written in the following form:

u (6,3, 6) = WY, ) + @ (XY, 0)yy + f(ulx,y,1), (M
with the initial condition
u(x,y,0) = f(x,), )

where t > 0,x,y € R (set of real numbers) and u(x, y, t) denotes the population density and f (u) represents the
population supply due to births and deaths. Also, f(u) = pu®(1 — ru®) with h, a,r, b are real numbers. If we take
special value of numbers then

(i) For f(u) = c u, ¢ (constant), we get Malthusian Law.

(ii) For f(u) = c;u — c,u? where ¢y, ¢, are positive constants, we get Verhulst Law.

(iii) For f(u) = —cu™, (¢ = 0,0 < n < 1) we get Parous Media.

There is a substantial body of work on biological population models which are resolved utilizing various
numerical and analytical methodologies, such as: Liu et al. [1] employed the homotopy perturbation method for
solve fractional biological population equation. Arafa, et. al. [2] utilized the homotopy analysis method (HAM).
Shakeri, and Dehghan, [3] employed He’s variational iteration method. Srivastava et al.[4] applied the fractional
reduced transform method to study analytical solutions for time-fractional order population problems . The BPM
model's numerical computation is performed by Cheng et al.[S]used element-free KP-Ritz method. Zhang et. al.
[6] used the improved element-free Galerkin method (IEFGM). Brajesh Kumar [7] proposed the modified cubic
B-spline differential quadrature method (MCB-DQM) to solve the two-dimensional BPM. The methods
researchers use to solve the present problem, which we mentioned earlier, have many benefits. Still, there are also
some disadvantages, such as the large number of iterations required to find an exact solution to the current problem.
These methods also take a lot of time and effort to complete solution to the issues. There are several analytical
approaches for example, the RDTM is a useful tool because it doesn't need a perturbation parameter. In 2009, the
Turkish mathematician Keskin [8] proposed RDTM for the first time. It has drawn a lot of attention because several
authors [9-16] have utilized it to find solutions to a variety of issues.Also the Yang transformation is suggested
by Xiao-Jun Yang in 2016, which is applied to solve the steady heat transfer problem [17]. Henri Padé (1863-
1953) presented an approximation technique in his doctoral thesis in 1892 which is called Padé approximation. It
has received much attention since it has been applied to solve a wide variety of problems by many authors[18-20].
In this paper, we will present a hybrid method that combines (Reduced differential transform method ,Yang
transform, and Padé approximate to find analytic approximate solutions of nonlinear BPM. The solution to BPM
is obtained in convergent series forms using YRDTM. After that, we create its Pad'e approximant of an
order [N /M] to convert the power series solution obtained by YRDTM into a meromorphic function. The values
for N and M are selected at random. In this stage, the Pad's approximant improves the accuracy and convergence
of the truncated series solution by expanding the domain of that solution. This is an method that we name
PYRDTM. One of the advantages of the suggested method is that it reduces the number of iterations required to
find approximate analytical solutions,and the time and effort required to solve the non-linear issue. The most



