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Abstract

This study focuses on the application of the programming language of Python in
mathematical modeling in engineering and science. Mathematical modeling refers to a process
of representing phenomena of reality in the form of mathematical models through
computations. The formulations created in a mathematical model are computed in order to
analyze and simulate them. The Python language has become popular because it is open source,
contains libraries and is computationally powerful. This research study provides an outline of
the process of mathematical modeling using Python by considering some libraries, such as
NumPy, SciPy, and Matplotlib. Furthermore, a comparative analysis of Python along with
some other programming languages, such as MATLAB and COMSOL, is provided to compare
the performance, usability and scalability. This study reveals that although there are some
advantages of Python in terms of customizability, data-driven modeling and availability, there
are some challenges related to its execution speed and computational effectiveness. Therefore,

Python programming language is suitable for developing flexible research models.

Keywords: Mathematical Modeling, Python Programming, Scientific Computing, Numerical

Simulation, Computational Analysis, Engineering Applications, Data Visualization.

1. Introduction

Mathematical modeling represents the real-world systems using mathematical
derivations. It plays a major role in both engineering and sciences since this technique could
be used to model many engineering processes such as heat transfer, fluid flow, structural

behavior, and biological systems. The transformation of real-world physical problem into
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mathematical equations will allow engineers and researchers to model different cases to save
the cost of performing experiments and obtain an optimized system. With increasing
complexity of engineering systems nowadays, mathematical modeling becomes increasingly
important as a powerful tool for analyzing the working of the system and making decisions
based on data [2], [8]. Figure 1 shows that the process of mathematical modeling is iterative
and consists of repetitive process involving formulation, analysis, interpretation, and

refinement of real-world problems.
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Figure 1. Conceptual cycle of the mathematical modeling process

Figure 1 shows the iterative process in the development of the mathematical model.
The formulation of the problem in the real world gives the development of the mathematical
model. Analysis of the mathematical model produces the outcome that will have certain
implications on the problem formulated. These implications give insights into the

understanding of the original problem.

Programming language bridges the theoretical modeling and computational modeling
process. While theoretical modeling establishes a platform for deriving numerical solutions of
mathematical equations, programming languages establish a tool through which numerical

solutions are efficiently computed and simulated. Programming environments differ in their
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capabilities with respect to computations, ease of use and flexibility. For instance, MATLAB
has rich built-in capabilities for numerical computation whereas lower-level programming
languages can enable efficient simulation for very large problems. In consequence, there are
various considerations that need to be considered while choosing programming languages as
we transition from theoretical modeling to executable modeling. All these issues have a bearing
on the efficiency and accuracy of the model [1], [2]. Mathematical modeling through
computational implementation, as illustrated in Figure 2, includes algorithm development,

program execution and result analysis.
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Figure 2. Computational framework for mathematical modeling and simulation [21]

Figure 2 shows an extensive computational procedure of mathematical modeling that
starts from defining modeling objectives and proceeds to model formulation, algorithm
development, and program coding. This procedure involves testing, numerical computations,
and result analysis with subsequent model improvement. It should be noted that this model
demonstrates the importance of combining programming and computation approaches in

implementing theoretical models as computer programs.
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Python is a commonly used programming language for mathematical modeling as it is
open source, user-friendly, and has various available libraries. The available libraries like
NumPy, SciPy, and Matplotlib facilitate numerical calculations and simulations and also data
visualization. In addition, Python has the capacity to be used in connection with advanced
technologies like machine learning and data analytics. This makes it a very versatile language

that can even be applied in developing custom-made models and applications.

This review presents an overview on the role of Python programming in Mathematical
Modeling and Computing Applications. Comparison of different computing tools is made
according to accuracy, computational efficiency, ease of use and flexibility. Further, the
application of the programming languages has been discussed in various fields along with the
strengths and weaknesses. The purpose of this paper is to discuss the applicability of Python in

solving engineering/scientific problems.

2. Literature Review

Mathematical modeling is widely used for the representation of various systems of the
real world in the engineering and science fields. Mathematical modelling allows to convert
real-world phenomena into mathematical formulas so that computational systems could
process these formulas [1], [8] to produce results that would be similar to those of the real life.
Various industries employ mathematical models as well as its applications but in general, the
use of mathematical models can be observed in the fields of manufacturing systems, biological
systems, and energy systems, where mathematical models depict the development of these
systems and optimize the output [10], [16]. According to recent studies, mathematical
modelling can also be applied to solving large scale issues like the prediction of the results of

pandemics and healthcare analysis [20], [17].

The programming languages are used in mathematical modeling have a significant
impact on the effectiveness of the mathematical model. The programming language used a
certain level of computational efficiency and abstraction. MATLAB programming language is
considered to be one of the most popular programming languages for numerical computations
due to its many built-in toolboxes which make it easy to create control systems [2]. However,
Python is gradually emerging as the most preferred programming language since it allows

flexibility in programming. Python programming language has many libraries that facilitate
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scientific computing and data analysis [1], [9]. The simpler programming languages will allow

higher levels of computational efficiency but require programming skills.

Based on recent studies comparing programming languages, high-level programming
languages provide a better access to allow faster prototyping using rapid prototyping methods.
Nonetheless, when creating larger simulations that need performance optimizations, low-level
programming languages are more efficiently used [1]. Hence, programming language plays a

crucial role in developing new models.

Python is widely applied in mathematical modeling because of its versatility, openness,
and variety of libraries (NumPy, SciPy, and Matplotlib), which contain lots of numerical
computations, modeling, simulation, and graphical visualization routines [6], [9]. Additionally,
they enable the application to easily build mathematical models (differential equations,
optimization, and statistics). Moreover, Python is widely applied in computational physics and
engineering applications, where it is often used for performing engineering simulations or
helping solve engineering problems; by building modular/reusable code structures, Python

increases the likelihood of finding a solution to an engineering problem [7], [12].

Various domain-specific frameworks have greatly enhanced the modeling abilities of
Python. PyBaMM is an open-source framework that allows users to develop batteries using
electrochemical models in Python. Similarly, PyMC allows users to use Bayesian statistical
models to perform probabilistic programming and quantify uncertainty, making it a great
framework for data-driven mathematical modeling applications [11]. In summary, the above
frameworks show how Python can support both deterministic and probabilistic modeling

approaches.

Python-based mathematical models have been successfully implemented in various
fields like engineering, data analytics, and health care. Some examples of implementation of
Python in engineering include thermal studies, compensation of errors in machine tools, and
simulations for renewable energy resources [14], [15]. From the perspective of data analytics,
Python also includes the possibility to develop machine learning models for consumer behavior

prediction and analysis of huge datasets [13].

Python has been extensively used by scientists in the creation of mathematical models

for disease spread and interventions such as COVID-19, where Python helps health care experts
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and epidemiologists’ model to know how diseases may potentially spread and how

interventions may be effectively applied [3], [19].

There are many benefits for mathematical modeling using Python. Also, there are
certain limitations too. The major limitations of using Python for mathematical modeling is the
lower execution speed of Python in contrast to compiled languages like C++. This problem
may cause problems in carrying out calculations which require more computing power.
Another drawback is that more effort is required to carry out calculations with external libraries

written specially for this purpose [4].

3. Python for Mathematical Modeling

Python is a very effective tool for mathematical modeling and scientific computations
because of its flexibility, simplicity, and abundance of libraries. Unlike other languages where
it requires some special syntax and previous skills to write the program, Python is easy to learn
since it has a simple syntax that allows users to make use of the mathematical knowledge during
programming. Open-source language like Python does not require extra expenses to access
some special tasks because people can freely create, change and use them without having to

purchase a license [6], [9].

Major advantages of using Python in mathematical modeling is the existence of various
libraries for numerical computations, science, and visualization. In particular, there are libraries
like NumPy that offer effective array operations and mathematical calculations as the
foundation for mathematical modeling. In addition, features implemented in the SciPy library
consist of a set of scientific algorithms that can be utilized for optimization, integration,
interpolation, and solving differential equations. Finally, capabilities of the Matplotlib library
allow for generating high-quality plots for the visualization of simulation results. It is important

to note that there is also the panda’s library for handling structured data [6], [9], [17].

Python supports many mathematical modeling approaches that are implemented with
the use of the Python programming language. The methods involve the utilization of
probabilistic and deterministic modeling approaches. With deterministic models, the most
common application areas are to derive the solutions of ordinary and partial differential
equations, and numerical simulation and optimization approach. These models are applied in
many engineering applications in terms of thermal analysis, fluid dynamics and structural

modeling, where there is a need to model the system behavior accurately. With the probabilistic
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modeling approaches, statistical analysis is carried out with the use of Monte Carlo and MCMC

method by the implementation of PyMC framework [11], [7].

Another significant advantage of Python is its capabilities to integrate with recent
technologies like machine learning and artificial intelligence. By combining the mathematical
concepts with the currently used machine learning systems, Python enables the development
of so-called hybrid models. These models represent the synergy of mathematical knowledge
and data generated by insights. Hybrid models are more suitable for companies that require
predictive, optimizing and real-time decisions. By using machine-learning mathematical
models, companies can conduct research on consumer behavior, improve processes and make

forecasts about markets and customers [13].

The modularity of Python’s programming allows the development of scalable and
reusable models that are necessary for solving complex computational problems. Domain
specific libraries like PyBaMM illustrate how effective Python is for solving problems that are
domain specific, such as battery modelling and energy systems simulations. Such libraries offer

pre-built models and other sources that help with coding without sacrificing accuracy [5].

Although there are many advantages in using Python for mathematical modeling, there
are some drawbacks of Python as well. The major disadvantage is the low speed of calculation
in comparison to compiled programming languages like C++. Nevertheless, this drawback can
be overcome by implementing optimized libraries, just-in-time compiling, and other high-
performance computing approaches. In general, Python offers an excellent balance between
flexibility, functionality, and usability, thus becoming a powerful tool for mathematical
modeling in various fields [1], [4]. It can be concluded that Python is a highly flexible platform,

allowing for performing mathematical modeling as well as modern computational methods.

Table 1. Major Python libraries for mathematical modeling

Mathematical Modelin
Library Primary Function . L. 8 Reference
Applications
. . Linear algebra, matrix
Numerical computing and . .
NumPy e . operations, numerical [6], [9]
multidimensional arrays .
computation
Optimization, integration
, Scientific computin . L ’
SciPy ) puting differential equations, [6], [7]
algorithms . .
interpolation
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. Dat i d
Pandas Structured data processing e .a Preprocessm ga [9], [13]
statistical analysis
. T Scientifi hs, simulati
Matplotlib | Data visualization crentt .1c gr?lp s Stmuiation [6],[17]
result visualization
e . B ian inft d
PyMC Probabilistic programming ayes12%n » erenc‘e o . [11]
uncertainty quantification
PyBaMM Battery modeling Electrochemical'batter'y and (5]
framework energy system simulation
. Hybrid mathematical and
TensorFlow | Deep learning framework Y r1' ma erpa weatan [13]
machine learning models
. Scientifi ti d
PyTorch Deep learning framework c1er.1 1. ° compu‘ ihean [13]
predictive modeling

Table 1 highlights the major Python libraries used for mathematical modeling. The
combination of these libraries offers complete coverage of numerical computation,
optimization, statistics, probability modeling, scientific visualization, and specialized
simulations. The modular structure of these libraries facilitates the creation of scalable

computational pipelines by combining mathematical models and machine learning [5], [6], [7],

(91, [11], [13], [17].

4. Comparative Analysis

Analysis of the programming languages that are applied in mathematical modeling is
very important in determining the effectiveness of these models. The common programming
languages used in mathematical modeling include Python, MATLAB, and COMSOL. All these
programming languages have their own advantages and disadvantages based on the application

domain [1], [2].

Python is widely known for its flexibility and open-source nature; therefore, the
creation of mathematical models designed by one particular person without any license is
possible. Libraries, which exist in Python, make it possible to apply the programming language
to many areas, including the numerical and data modeling. Nevertheless, the slow processing
speed of Python in comparison to the compiled languages may be a drawback of it [1]. At the
same time, the MATLAB environment may be regarded as a programming language with pre-
installed toolboxes for numerical calculations, signal processing and control systems. Well-
developed algorithms provide fast development and the reliability of MATLAB in engineering
tasks. But MATLAB is the proprietary software due to expensive licensing costs [2].
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COMSOL Multiphysics is a simulation tool used in carrying out multiphysics
simulation tasks. COMSOL Multiphysics contains a graphical user interface that makes it easy
to make a model and include different physics such as thermodynamics, mechanics, and fluid
dynamics. However, it is very appropriate for large-scale industrial applications; nevertheless,
it is less flexible in terms of customizations when compared with Python. To provide a clearer
comparison, the table below shows some of the important features that differentiate Python

from MATLAB and COMSOL [1], [2], [6], [7], [8], [17], [18].

Table 2. Detailed comparison of programming tools for mathematical modeling

Criterion Python MATLAB COMSOL
. Array-based Matrix-based Finite element
Numerical . ..
. (NumPy), flexible optimized method (FEM)-
Computation Approach .. .
scripting environment based
. . . . GUI-dri
Model Development Code-driven, highly Semi-code with rven
. o . model
Style customizable built-in functions .
construction
. Built-in sol Ad d
Support for SciPy (ODE/PDE UL SOIVETS vaneee.
Differential Equations | solvers), extensible (ODEA5, PDE Multiphysics
’ toolbox) PDE solvers
Strong (ML, Al
Integration with Data- | libraries like Limited ML Minimal
Driven Models TensorFlow, integration support for ML
PyTorch)
T . o . Ad d 3D
Visualization Matplotlib, Seaborn Built-in plotting . Vanc.e
. . simulation
Capabilities (customizable) tools o
visualization
Highl
Requires external . lg. y
Performance Optimized optimized for
e tools (Numba, ) )
Optimization internally physics
Cython) . .
simulations
Toolb Physics-
Domain-Specific Extensive (PyBaMM, 00 oxes. ys'1cs
) (control, signal specific
Extensions PyMC, etc.) .
processing) modules
Parallel & High- i
arallel & Hig Supported via Parallel toolbox | Built-in HPC
Performance libraries (Dask, MPI, ] ) .
) available for simulations
Computing GPU)
. -
Industrial vs Research | Strong in research & | Strong in academia §n302ii1;
u
Suitabilit totypi & engi ' . .
uitability prototyping engineering simulations
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Table 2, Python is more flexible and integrated with data driven modeling techniques,
while MATLAB provides structured numerics, and COMSOL specializes in physics modeling
through finite elements. This brings to mind the importance of choosing the correct tools

depending on the objectives of the modeling process.

The analysis indicates that Python is very suitable for dynamic modeling purposes and
research where flexibility and customization capabilities are needed. MATLAB should be used
for engineering purposes since it comes with different built-in toolboxes and easy usability
features while COMSOL is better for Multiphysics modeling with a high degree of accuracy.
As a result, there is a need to balance between different parameters like speed, cost, and

flexibility.

Selecting an appropriate programming tool will depend on the particularities of the
modeling process. The Python language can boast high flexibility and extendibility. therefore,
it may serve well in research-related and data-focused problems. At the same time, MATLAB
features a well-organized programming environment with pre-installed toolboxes and is good
for engineering projects, while COMSOL is the right tool for multiphysics modeling tasks that

demand high accuracy.

5. Applications of Python in Modeling

The versatile nature of Python and the vast number of libraries in existence, Python has
found extensive use in modeling physical phenomena mathematically. In the field of
engineering, there is extensive use of Python to create mathematical models of physical
phenomena like thermal conduction, fluid dynamics, and structure analysis. There are various
Python packages available that help in carrying out numerical calculations and solving ordinary
differential equations that constitute the foundation of most mathematical models of physical
phenomena. This can be seen in the application of thermal error compensation during
machining using mathematical models created in Python and research in renewable energy

systems [14], [15].

In health care and epidemiology, Python programming language has found its use in
modeling diseases transmission Along with intervention strategies. In mathematical modeling
that incorporates the features of Python programming language, it has been possible to predict
outbreak scenarios of pandemic disease like the one witnessed in COVID-19 by making use of

different models and simulations. Deterministic and stochastic approaches are among the two
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that can be used in modeling processes in the Python language due to the uncertainty that might

be involved with the collected data.

Table 3. Application areas of Python in mathematical modeling

Domain Application Python Tools Used | Reference
) ) Thermal analysis, fluid .

Engineering simulation NumPy, SciPy [14], [7]

Healthcare Disease spread modeling SciPy, PyMC [3], 16], [19]
(COVID-19) ¥ Hy b
Prodict ”

Data Science red1c.t ive modeling, Pandas, ensorFlow [13]
analytics
Battery and renewable

Energy Systems modeling PyBaMM [5], [15]

Scientific Physics simulations SciPy, Matplotlib 71, [17]

Research Y Y y, Map ’

The Table 3 lists the different fields of Python usage in mathematical modeling based
on the reviewed literature. The research clearly show that Python can be used for numerical
simulation, probabilistic modeling, machine learning, and specialized computational
approaches in the fields of engineering, medicine, energy, and science [3], [5], [7], [13]-[17],
[19].

Python can also be used in the field of data science and model construction using
machine learning, in this case the mathematical models can be used alongside data analysis.
Using tools like TensorFlow, PyTorch, and Pandas, we can create models that will predict
various situations, such as customers' behavior, financial forecasts, and process improvement,
among others. One of the advantages of using Python in model creation is the use of both

statistics and machine learning to make deductions from complex datasets [13].

The Python programming language is widely used in the fields of computational
physics and scientific research. The language is extensively used for simulations and numeric
experiments and also for testing theoretical models. With the help of the language framework,
it becomes simple for scientists to conduct simulations and replicate their findings. Besides,
the language has also found use in niche applications like simulations in batteries and energy

systems using the PyBaMM library.
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Overall, the flexibility of Python makes it easy for it to be applied in many industries
such as engineering, healthcare, and research related to science and data. The ability of Python
to enable both traditional modeling and data-based innovations is the reason why it is important

in addressing complex challenges.

6. Discussion

This research study demonstrates that Python is a very flexible and adaptive platform
for performing mathematical modeling in various domains. It can develop custom models and,
thus, is applicable for research purposes when the iterative process of improvement is required.
The use of structured platforms such as MATLAB and COMSOL is simple but they impose
restrictions on their usage in complex and developing cases of modeling. There is one more
important aspect revealed in the analysis, namely, the possibility to implement the usage of
Python in the context of data-driven approach. In contrast to other software tools, MATLAB
allows implementing relatively poor integration with modern algorithms of machine learning
and artificial intelligence; therefore, hybrid models combining mathematical modeling and data
analysis can be developed. This factor plays a very significant role in the context of modern

applications using large amounts of data as well as real-time data processing.

On a computational perspective, a trade-off exists between flexibility and performance.
As a programming language which interprets code, there will be cases where the performance
of Python during simulation will be inferior to those obtained from specialized software such
as MATLAB and COMSOL. However, this problem may be addressed through code
optimization, parallel computing, and use of high-performance computing systems. This means
that Python can still be employed in complex simulations using appropriate code optimization

strategies.

In summary, the results indicate that while selecting tools for mathematical modeling,
it should consider the particularities of each problem. Python programming language is
necessary in problems where flexibility, cross-discipline approach, and ability to analyze data
is needed, whereas MATLAB should be used in numerical analysis cases, while COMSOL is
cited as the best option in multiphysics contexts. Therefore, there is no universal tool and the

key point here is to find a balance between various parameters.

Recent Research Reviews Journal, June 2026, Volume 5, Issue 1 241



A Study of Python Programming in Mathematical Modeling and Computation

7. Challenges and Limitations

Although it is a very flexible language with broad applications, there are certain issues
associated with the use of Python for computational and mathematical modeling purposes. The
main disadvantage is the relatively low speed of execution compared to C++, among others.
Therefore, it is rather hard for Python to handle with complex computations and massive
amounts of data, especially because of performance requirements. However, there are ways to
address the aforementioned concern but it requires some extra optimization [1]. Packages such
as NumPy, SciPy, and PyMC have lots of features but the use of many packages can increase
the level of complexity and possible incompatibilities. The difference from other computing
environments like MATLAB or COMSOL is that they provide the user with an integrated
environment where everything is already installed, while in the case of Python this is not the

case [2].

Initial Python integration requires some additional effort in learning for people without
prior experience in programming concepts, especially advanced modeling techniques, parallel
computing, and optimization. Despite Python being one of the easiest languages to learn among
all others, developing good mathematical models requires knowledge of programming and
mathematics. This requirement can be seen as a challenge for those coming from non-technical
background. Furthermore, while Python has the capability to perform parallel and high-
performance computations, to maximize performance, more efforts are required. The use of
third-party packages in distribution processing and hardware acceleration creates some
difficulties. Nevertheless, specialized simulation tools such as COMSOL make solving hard

multiphysics problems significantly easier with minimal knowledge of programming.

8. Conclusion and Future Scope

This research study revealed a detailed analysis of Python in relation to mathematical
modeling in different contexts. According to the result of this review, Python is considered as
a versatile tool for creating mathematical models due to the various libraries that are used, such
as NumPy, SciPy, and Matplotlib. However, it is important to mention that Python differs from
the other software solutions of MATLAB and COMSOL in terms of research-related
mathematical modeling. Apart from the applicative evaluation of the software in relation to
Python, the software proves to be effective in many disciplines, such as engineering, healthcare,

data sciences, and scientific analysis. It is important to note the ability of the software to provide

ISSN: 2583-7079 242



Vivekanandam B., Dinesh Rajassekharan

a solid basis for the deterministic and probabilistic modeling process. Although there are

certain challenges related to the efficiency of the software solution, Python can be viewed as a

promising option for modern computation modeling. In the future, the use of Python in

emerging technologies such as artificial intelligence and digital twin technology, among others,

will enhance its effectiveness.
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