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Abstract

Partial differential equations (PDEs) serve as essential tools in modeling
physical, biological, and engineering phenomena by capturing processes that
evolve over space and time. Analytical solutions are generally limited to simplified
or linear cases, making computational approaches indispensable for complex or
nonlinear systems. With MATLAB emerging as a leading platform due to its
matrix-oriented design, built-in solvers, and strong visualization capabilities.
MATLAB has gained prominence in education and applied research because of its
accessibility, rapid prototyping capacity, and extensive library of toolboxes. At the
same time, its proprietary cost and performance limitations on large-scale
simulations invite comparison with open-source alternatives such as Python and
Julia, though MATLAB remains highly valued for its clarity, stability, and
integration of numerical computation with visualization. The aim is to demonstrate
the effectiveness of MATLAB in solving nonlinear partial differential equations

through the implementation and analysis of a reaction—diffusion system.

The results highlighted the advantages of MATLAB’s matrix-based structure,
which facilitated concise implementation of the model. Its integrated visualization
tools provided clear insights into the evolution of the system, strengthening its
value for both research and pedagogical purposes. Overall, the findings
underscored MATLAB’s suitability as a versatile and reliable platform for
modeling and analyzing complex dynamical systems governed by PDEs. In

conclusion, MATLAB proves to be an effective and versatile platform for solving
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nonlinear partial differential equations, combining computational accuracy with
powerful visualization capabilities. Its strengths in rapid prototyping and
accessibility reinforce its continued relevance in applied mathematics and scientific

computing despite certain limitations.

Keywords

Machine Learning, Applied Mathematics, Math Computing, Differential
Equations, MATLAB, Computers to Solve PDEs.

Introduction

Ever since early days of computing, the use of computers to solve scientific
or physical problems has been a driving face in the effort to advance the field of
computing. As early as igloos, one can problems ([CF63,KA68]);. These early
efforts mostly failed because of the lack of computing power and limitations of

early programming languages.

While scientific applications still drive the need for move and move
powerful hardware, they also demand the development of move and move
powerful software systems. Scientific computing as practical today ranges from
writing special-case solvers in assembly languages FORTRAN-type language to
applying advanced software systems with multimedia interfaces that quickly

compute solutions using parattel wa-chines on a network and provide virtual reality
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visualization to help understand the software phenomena under study. This thesis
studies the problem of developing such advanced software platforms for scientific
applications whose math MATLAB is widely used in all applied mathematics, in
education and research at universities, and in the industry. MATLAB stands for
MATrix Laboratory and the software is built up around vectors and matrices. This
makes the software particularly useful for linear algebra hut MATLAB is also a
great tool for solving algebraic and differential equations and for numerical
integration. MATLAB has powerful graphic tools and can produce rice pictures in
both 2D and 3D. it is also a programming language, and is one of the easiest
programming languages for writing mathematical programs. MATLAB also has

some tool boxes useful for signal processing, image processing, optimization, etc.

MATLAB is a high-performance language for technical computing. It
integrates computation, visualization, and programming in an easy-to-use
environment where problems and solutions are expressed in familiar mathematical

notation. Typical uses include:
-Math and computation
-Algorithm development
-Modeling, simulation, and prototyping
-Data analysis, exploration, and visualization
-Scientific and engineering graphics

-Application development, including Graphical User Interface building
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MATLAB is an interactive system whose basic data element is an array that
does not require dimensioning. This allows you to solve many technical computing
problems, especially those with matrix and vector formulations, in a fraction of the
time it would take to write a program in a scalar non interactive language such as C

or Fortran.ematical models are based on partial differential equations (PDES).

Example .
Consider the nonlinear system of partial differential equations
U=+ w1 —up —up)
Uz =Uaxx + Ua(1 —up — W),
u(t,0)=0; w(t,1)=1
uy(t, 0) =0; wx(t, 1) =0,
u(0, x) = x?
u (0, x) =x(x — 2). (1.2)
(This is a non-dimensionalized form of a PDE model for two competing
populations.) As
with solving ODE in MATLARB, the basic syntax for solving systems is the same as

for
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Tmtial Function

Figure 1.3: Initial Condition for Example 1.2.

Final Profile
I:5 T T T T T T T T T

0.8 k

Figure 1.4: Final profile for Example 1.2 solution.
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solving single equations, where each scalar is simply replaced by an analogous

vector. In

particular, MATLAB specifies a system of n PDE as
m O

o (x,tyu,u u, =x~ a—(xmb, (%, t,u, ux))+ s;(x, t,u,u,)
X

m O (.m
c,(x,t,u,u u,, =x a—(x bz(x,t,u,ux))+s2(x,t,u,ux)
X

—m

0
c,(x,t,uu yu, =x —(men (x,t,u, ux))+ s, (x,t,u,u,)
X

(observe that the functions cx, by, and sk can depend on all components of u and uy)
with
boundary conditions
pi(xy, t, u) + qi(xy, t) - bi(xy, t, u, uyx) =0
pi(Xs, t, 1) + qi(Xs, t) - bi(Xy, t, u, ux) =0
p2(x1, t, u) + qa(xy, t) - ba(xy, t, U, ux) =0
pa(Xs, t, 1) + qa(Xs, t) - ba(Xy, t, U, ux) =0

pPa(X1, t, 1) + gu(X1, t) - ba(xy, t, U, ux) =0
Pa(Xs, t, 1) + qn(Xs, t) - ba(Xy, t, U, ux) =0,
and 1nitial conditions

u;(0, x) =f1(x)

(0, x) =f2(x)

un(0, x) =fi,(x).
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In our example equation, we have

O 1 T s}
c= = : b= = :s= =
c, 1 b, U, S, u,(1-—u, —u,)

which we specify with the MATLAB M-file egn2.m.
function [c,b,s] = eqn2(x,t,u,DuDx)

%EQN2: MATLAB M-file that contains the coefficents for
%a system of two PDE in time and one space dimension.
c=[1;1];

b=[1; 1] .* DuDx;

s = [u(1)*(1-u(1)-u(2)); u)*(1-u(l)-u(2))];

For our boundary conditions, we have

B 0 q, 1
P(O’I’U)Z(PJ:(H j: q(o’t):[q ]:[Oj

s u —1 q, 0
P(Lt’u)z(sz[ 0 j: Q(lat):[q ]Z[J

which we specify in the function M-file bc2.m.

function [pl,ql,pr,qr] = be2(xLul,xr,ur,t)

%BC2: MATLAB function M-file that defines boundary conditions
%for a system of two PDE in time and one space dimension.
pl=[0; ul(2)];

ql =[1; 0];
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pr = [ur(1)-1; 0];

qr=[0; 1];

For our 1nitial conditions, we have

ui(0, x) =x?

u(0, x) =x(x —2),

which we specify in the function M-file initial2.m.
function value = initial2(x);

%INITIAL2: MATLAB function M-file that defines initial conditions
%for a system of two PDE in time and one space variable.
value = [x"2; x*(x-2)];

We solve equation (1.2) and plot its solutions with pde2.m (see Figure 1.5).
%PDE2: MATLAB script M-file that solves the PDE
%stored in eqn2.m, bc2.m, and initial2.m

m=0;

x = linspace(0,1,10);

t = linspace(0,1,10);

sol = pdepe(m,@eqn2,@initial2,@bc2 x,t);

ul =sol(:,:,1);

u2 =sol(:,:,2);

subplot(2,1,1)

surf(x,t,ul);

title(Cul(x,t)’);

xlabel(’Distance x’);

ylabel(’Time t’);

subplot(2,1,2)
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surf(x,t,u2);
title(Cu2(x,t)’);
xlabel(’Distance x’);

ylabel(’Time t);

ulje

Timet Distane x

Figure: Mesh plot of solutions for Example.
Objective

The aim is to demonstrate the effectiveness of MATLAB in solving
nonlinear partial differential equations through the implementation and analysis of

a reaction—diffusion system.

Methodology
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¢ The nonlinear reaction—diffusion system representing two competing
populations was formulated as a coupled system of parabolic partial

differential equations with specified initial and boundary conditions.

¢ MATLAB’s built-in solver was employed to obtain numerical
solutions by defining coefficient functions, boundary conditions, and

initial states within separate function files.

¢ The spatial and temporal domains were discretized, and the solver was

applied to generate solution profiles across the defined grid.

¢ The numerical outcomes were then visualized using MATLAB'’s
plotting tools, including initial distributions, final steady-state profiles,
and mesh plots to capture the complete spatio-temporal dynamics of

the system.

Results:

We prove using this example that MATLAB is :

* Mathematical/Scientific computing

* Allows you to rapidly prototype concepts

* Designed completely around mathematical computing

* Invaluable for signal processing

* Incredibly broad array of useful libraries

» Simplest and most concise language for anything involving matrix

operations
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*  Works very well for anything that is simply represented as a numeric
feature matrix

* Huge pain to use for anything that isn't simply represented as a numeric
feature matrix

» Lacking a good open source ecosystem

« MATLAB, R,Python & Octave are all becoming sought after skills given the
role they play as tools to resolve Machine Learning Problems. Note however
that they are not just languages. They also represent a set of libraries/packages
which matter more when choosing one of them than the difference in syntax. In

case of Matlab, it may also cost you money to use those packages/libs.

Abbreviations:
Matlab : Matrix Laboratory
PDE: Partial Differential Equation

PDEs: Partial Differential Equations
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