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ABSTRACT

This review paper explores the vital role played by the programming language Python in Artificial
Intelligence (Al) and Machine Learning (ML). It will discuss the origin of Al and ML, the first
programming language used for it, and its bottlenecks will be made known. There will also be an
exposition on the emergence of Python, its elements, and the comparison between Python and
LISP. The adoption and integration of Python into Al and ML will be considered, and the advanced
components of Python and their uses in Al and ML will also be discussed. The trajectory of Al and
ML with Python and the game-changing benefits of using Python in Al and ML will be assessed.
Suggestions will be given on what should be improved in Python to improve Al and ML.

Keywords: Al; ML; Python; Automation; Data analytics.

1.0. INTRODUCTION

1.1 The Inception of Artificial Intelligence (Al) and Machine Learning (ML).

Although artificial intelligence and machine learning appear to some as new concepts, they have
been in existence for over six (6) decades. Also, most people usually use the terms Al and ML
interchangeably, whereas they are different entities with integrative features. These technologies
have brought about tremendous changes in society and positively affected businesses and lives
(Toyosi et. al., 2024).

Avrtificial intelligence (Al) originated in the 1940s, inspired by Isaac Asimov's Three Laws of
Robotics and influenced by Alan Turing's pivotal contributions to code-breaking machines during
World War 1l. The term "Al" was formally introduced in 1956 during the Dartmouth Summer
Research Project on Al, which marked the beginning of dedicated Al research efforts aimed at
developing machines with the capacity to mimic and replicate human intelligence. (Haenlein &
Kaplan, 2019). Artificial Intelligence (Al) refers to the ability of computer systems to perform
tasks that typically necessitate human intelligence and input. Al systems are created to continually
acquire knowledge and advance their capabilities, rendering them an important asset across various
industries (Pranav & Sarma, 2023).
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Machine learning helps in the development of systems that use available data to learn and bring
about performance improvement on the tasks assigned. Machine learning is an integral concept of
artificial intelligence that designs models through its algorithm and utilizes training data to predict
or decide. ML can be used in diverse ways, which includes helping to simplify human tasks, so it
serves as a valuable tool in carrying out human endeavors. The name 'Machine learning' came into
existence in the year 1959, through the erudite scientist, named Arthur Samuel, who was a
trailblazer in the area of computer gaming and artificial intelligence and also a staff of IBM at that
time. Several machine-learning inventions came afterward that were trained repeatedly by humans.
(Pranav & Sarma, 2023).

1.2. The Relationship between Artificial Intelligence (Al) and Machine Learning (ML)

Al and ML are relative, even though they are not the same, and it would be easier to comprehend
their relationship when they are compared. Al encompasses a wider conceptual range, which gives
a system or machine the ability to think, detect, do, and make changes in a human-like manner.
ML serves as an aspect of Al that is applied to machinery, which enables them to utilize collected
data as a knowledgeable guide to learn independently. A typical way to show the relationship
between Al and ML is knowing that Al is a wide-reaching name that entails vast algorithmic
procedures, and ML is dependent on it to function optimally like every one of its aspects such as
robotics, expert systems, deep learning, and natural language processing, amongst others (Oracle,
2022).

Fig. 1: Machine Learning: A Subset of Artificial Intelligence (Ogunsanya & Taiwo, 2024)

1.3 The First Programming Language Used in Artificial Intelligence (Al) and Machine
Learning (ML)

List Processing (LISP) was developed in 1958 by John McCarthy as the first practical and
functional programming language for Artificial Intelligence. It is a program that relies on lambda's
idea and functional mathematical theories. LISP has been used to write a lot of useful Al
applications (Neumann, 2002).
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LISP serves as a useful Al research programming language, and many ideas for computer science,
such as the read-eval-print loop, tree data structures, conditionals, higher-order functions, the self-
hosting compiler, dynamic typing, and automatic storage management, were built on it. The major
data structure of LISP is the ‘Linked List," and it's the source of its code (Adetiba et al., 2021).

1.4 The Major Bottleneck of LISP

The bottleneck of List Processing (LISP) is that it was built on mathematical notation, which uses
lambda calculus, a concept that is not generally available in institutions of higher learning for its
operations. This factor made it less comprehensible or usable to elementary programmers, unlike
some other Object-oriented languages such as Python, amongst others; it's also not easy to master
for experienced programmers, which implies no user-friendliness (Adetiba et al., 2021).

2.0 BODY

2.1 The Discovery of the Python Programming Language.

The multifunctional programming language called Python was formulated at the Centrum
Wiskunde and Informatica (CWI), Netherlands, by Guido van Rossum in 1980 and was officially
launched with the version named Python 0.9.0. in 1991 (Rossum, 2009; Venners, 2003).

Python came into existence as a better substitute to the already existing ABC programming
language, and it also bridged the gap of the ABC programming language with its capability to
handle exceptions and its ability to interact with the Amoeba's operating system (Van Rossum,
2000). Improvement was made to the, previously launched Python programs with the introduction
of the Python 2.0 version in the year 2000, which comprises more interesting attributes such as the
reference counting tool, list comprehension, garbage collection, Unicode support, and cycle-
detecting (Kuchling & Zadka, 2000).

Several versions of the Python program have been created after version 2.0. However, python
version 3.9 has remained the oldest version that is supported security-wise because version 3.8 got
to its end-of-life era. Python version 3.13 is the most recent Python program released; also, the
only active versions of the Python program are versions 3.13 and 3.12 (Status of Python Versions,
2024).

Python, being a top-notch and all-around useful programming language, is generally acceptable
for its readability through its usage of indentations in its algorithm (Kuhlman, 2011). It is a
dynamic programming language in that it gives room for multi-programming patterns, which
comprise functional, structured, and object-oriented programming. The comprehensiveness and
extensiveness of its standard library are the reason why it's also referred to as a ‘batteries included’
language (Hulatt & Frietas, 2024; PEP 206 — Python Advanced Library, 2000).

2.2 The Basic Elements of Python and their Purpose
Python programming language has diverse basic elements that form the foundation upon which
every advanced algorithm progression is built, and they are explicitly unfolded in this section.

2.2.1 Variable: is the name used to assign value or store data in Python programming. Only letters,
digits, and underscore can be used as a variable name, it's case sensitive, and Python programming
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language keywords (such as else, if, for, print...) can't be used as variable names (Geeksforgeeks,
2025).

Table 1.
Variable.

SIN | Variable | Operators | Value/Data | Syntax/ Example

1. X = 5 X=5
2. Her Size | = 21.5 Her_Size =215
3. Cycle = Four Cycle = “Four”

2.2.2 Operators: special characters and symbols used to manipulate data and carry out diverse tasks
in Python are called Operators. There are various types of operators in Python, including arithmetic,
assignment, comparison, logical, bitwise, and membership operators (Singh, 2024).

e Arithmetic operators: are used to carry out operations according to the mathematical order,
such as addition, subtraction, multiplication, division, exponentiation, modulus, and floor
division (Geeksforgeeks, 2025).

Table 2.
Arithmetic Operators.
S/IN | Arithmetic Symbol Syntax/
Operators Example
1. | Addition + X=2
Y=1
X+Y
2. | Subtraction - X-Y
3. | Division / XY
4. | Multiplication * X*Y
5. | Exponentiation ** X**Y
6. | Modulus % X%Y
7. | Floor Division 1 X1y
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e Assignment Operators: are used for attaching or assigning values to variables, there are
diverse types of assignment operators as listed below.

Table 3.
Assignment Operators (Singh, 2024).

SIN Assignment Symbol Syntax/ Example | Definition
Operators

1. Simple Assignment | = X=2 For assigning a value to the
Operators variable.

2. Addition += X+=2 For adding a value to the
Assignment variable and assigning the
Operators result to the variable.

3. Subtraction -= X-=2 For subtracting a value
Assignment from the wvariable and
Operators assigning the result to the

variable.

4. Division Assignment | /= X /=2 For dividing the variable by
Operators a value and assigning the

result to the variable.

5. Multiplication *= X*=2 For multiplying a variable
Assignment by a value and assigning
Operators the result to the variable.

6. Exponentiation **= X **=2 For raising the variable to
Assignment the power of a value and
Operators assigning the result to the

variable.

7. Floor Division | Python X /=2 For dividing the variable by
Assignment a value and returning the
Operators largest integer either less or

equal to the result.

8. Modulus %= X %=2 For finding the remainder
Assignment when the variable is
Operators divided by a value and

assigning the result to the
variable.
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e Comparison Operators: are used to compare values and they always result in either True
or False based on the conditions. The types of comparison operators are listed in the figure

below.
Table 4.
Comparison Operators (Geeksforgeeks, 2025).
S/IN [ Comparison | Symbol | Syntax/ | Definition
Operators Example
1. Greater Than | > X=2 True: if the left operand is greater than the right.
Y=1
X>Y
2. Less Than < X<Y True: if the left operand is lesser than the right.
3. Equal To == X == True: if both operands are equal.
4. Not Equal To | != Xl=Y True: if both operands are not equal.
5. Greater Than | >= X>=Y | True: if the left operand is greater than or equal
or Equal To to the right.
6. Less Than or | <= X<=Y | True: if the left operand is lesser than or equal to
Equal To the right.

e Logical Operators: are used to merge conditional statements in terms of True or False.
The logical operators are AND, OR, and NOT (Geeksforgeeks, 2025).

Table 5.

Logical Operators (Geeksforgeeks, 2025).

S/IN | Logical Operators | Syntax | Definition

1. AND Xand Y | If both operands are True, the output is True

2. OR XorY | Ifone of the operands is True, the output is True.
3. NOT not Y If the operand is False, the output is True.

e Bitwise Operators: are used to perform operations with integers bit by bit and they operate
on binary numbers (Geeksforgeeks, 2025).
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Table 6.
Bitwise Operators (Singh, 2024).
S/N | Bitwise Symbol | Syntax/ Description
Operators Example

1. Bitwise AND & X&Y It carries out a bitwise AND
operation on the binary
representations of two integers.

2. Bitwise OR X|Y It carries out a bitwise OR operation
on the binary representation of two
integers.

3. Bitwise NOT ~ ~X It carries out a bitwise NOT operation
on the binary representation of an
integer.

4. Bitwise XOR A X Y It performs a bitwise XOR operation
on the binary representation of two
integers.

5. Bitwise Right | >> X>> It moves the bits of the left operand to

Shift the right by the number of positions
indicated by the right operand.

6. Bitwise Left Shift | << X<< It shifts the bits of the left operand to
the left by the exact number of
positions specified by the right
operand, ensuring precise data
manipulation.

e Membership Operators: are used to assess whether a specific value or variable is present
within a given sequence.
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Table 7.
Membership Operators (Geeksforgeeks, 2025).
S/N | Membership | Syntax/ Example Description
Operators
1. IN Ages =[92, 93,94, 95] | Itis used to check if a character, substring, or
print (93 in Ages) element exists in a sequence. It results in
‘True’ if the specified element is found;
Result: True otherwise, it is ‘False.’
2. NOT IN Ages =[92, 93, 94, 95] | Itis used to check if a character, substring, or
print (93 not in Ages) element doesn't exist in a sequence. It results
in ‘True’ when the variable is absent from the
Result: False specified sequence, while it results in ‘False,’
if the variable is found.

2.2.3 Data Types: In programming, data types are ways data are classified and they define the
kind of value they represent and the operations that can be performed upon them (NTU Library,

2024).

e Numerical Data Types: Python provides some built-in data types to handle different kinds
of numerical values which are important for mathematical computations as needed in

Al/ML.
Table 8.
Numerical Data Types
S/N | Data Syntax/ Example | Description
Types
1. Integers | x=5 This is used to represent whole numbers, positive or
(int) negative, without fractions or decimals (NTU Library,
2024)
2. Floating- |y=3.14 This is used for real numbers with decimal points and
Point used for precision calculations (Ali, 2015).
Numbers(
float)
3. Complex |z=2+3] This is used for numbers with real and imaginary parts -
Numbers they are useful in scientific computing and engineering
(complex) fields (Ali, 2015).

e Sequence Data Types: These are used to handle ordered collections of items. Examples

are below:
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Table 9.
Sequence Data Types
S/N | Data Types | Syntax/ Description
Example
1. Strings (str) | s ="Hello" They are used for sequences of characters; they are
immutable, i.e., modifying them will create a new
string object (Pozo Ramos, 2025).
2. List (list) =11, "a", 3.5] These are ordered, mutable collections that can hold
heterogeneous elements (Abhirami, 2024).
3. Tuples t=(1,"b", 2.5) These are ordered, immutable collections; they
(tuple) support heterogeneous elements (Severance, 2016).
4. Dictionaries [d = {"key": | They are used for key-value pairs, mutable, and
(dict) "value"} maintain insertion order from Python 3.7+ (Patnaik,
2023).
5. Sets (set) s={1,2, 3} They are an unordered collection of unique,
immutable-type elements; mutable as a whole (NTU
Library, 2024).

e Boolean Data Type: This is

programming

used to represent logical values for truth conditions in

Table 10.
Boolean Data Type
Data Type Syntax/ Example | Description
Booleans flag = True They typically are True or False and are used in
(bool) controlling program flow with conditionals and logical
operators (Ali, 2015).

2.2.4 Functions: They allow programmers to put an entire collection of statements into a block
and this block can now be executed as many times as we want by calling its name (Simplilearn,
2025). It is implemented using the def keyword then the function name, a pair of parenthesis, and
a colon (e.g., def sum(x, y):). The block of code that would contain the body of the function will
be indented below the def line (Parlante, 2020).
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Table 11.
Function Types
S/IN | Function Syntax/ Description
Types Example
1. User-defined def my_func(): These are written by programmers using the ‘def’
functions keyword to perform specific tasks according to a
project’s requirements (Singh, 2024).
2. Lambda lambda x: x + 1 | These are small, anonymous functions defined with
functions the ‘lambda’ keyword, they are limited to a single
expression and are often used with map(), filter(),
and sorted() (Rao, 2024; Singh, 2024).
3. Recursive def recur(): | These are functions that call themselves to solve
functions return recur() problems using repeated subproblem breakdown,
they always include a base case to terminate
recursion (Rao, 2024; Singh, 2024).

2.2.5 Control Flow Statements: are fundamental constructs in programming that dictate the order
in which instructions are executed. They enable dynamic decision-making and repetitive task
automation, enhancing the flexibility and efficiency of code (StudySmarter, 2024). The two main
types of control flow discussed in this section are the conditionals and loops.

e Conditional Statements: allow programs to execute different code blocks based on
specified conditions defined by the programmer (Chen et al., 2025). Key constructs are
explained in the table below.
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Table 12
Conditional Statements
S/N | Conditiona | Description Syntax/ Example
| Statement
Types
1. If This is the | temperature = float(input("Enter the temperature in °C: "))
Statements | simplest form | 1f temperature < 15:
of branching, | print(“it’s cold!”)
where  code
executes only | #The output of this would depend on the value of
if a certain | temperature inputted by the user if less than 15.
condition s
true (Chen et
al., 2025).
2. If-else and | This  extends | score = float(input("Enter your score"))
elif: the decision- | if score >=90:
making to | print(“Your grade is A")
multiple if score >=65:
outcomes print(""Your grade is B")
(Sebesta, else:
2018). print("Your grade is C")
3. Ternary This is  a| if weather=="sunny": print ("Go to the beach™) else:
Operators: | concise  one- | print("Stay home")
line
conditional
statement
(Chen et al.,
2025). Itis like
a short "if-else”
statement
squeezed into
one line.

e Loop Statements: Repeat a block of code until a condition is met, reducing redundancy
(StudySmarter, 2024). Loops are indispensable for tasks like data processing (e.g., iterating
through datasets), simulations, and automating repetitive operations (e.g., batch file
processing). Common types of loops are explained in Table 13.
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Table 13
Types of Loop Statements
S/N | Types of Loop Statements | Description Syntax/ Example
1. For Loops It  iterates  over | foriinrange(5):
sequences (e.g., lists, print(i)
strings) (Gaddis, | # Outputs: 12345
2024).
2. While Loops This executes as long | # printing the word “Looping”
as a condition remains | until count’s value is equals or
true. greater than 3

count=0

while count < 3:
print (“Looping”)
count +=1

2.2.6 Modules: In Python, a module is a file containing reusable code, functions, classes, and
variables that can be imported into other programs. Python comes with a standard library of built-
in modules, but developers can also create custom modules or install third-party ones to extend
functionality (Lutz, 2013).

e Types of Modules
Python modules can be categorized into three main types as shown in Table 14 below.
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Table 14
Types of Modules
S/N | Types of Modules | Description Syntax/ Example
1. Built-in Modules | These modules are pre-installed [ Examples
with  Python and provide | are: math (mathematical
essential ~ functionality  (R. | functions), random (random
Sharma, 2025) number generation), and sys
(system-specific parameters and
functions).
2. User-Defined A user-defined module is a | Here is an example of a simple
Modules Python file created by a|module named my_module.py,
programmer containing | which will later be imported and
functions, classes, or variables | used in another script
(N. Kumar, 2018)
#my_module.py
def greet(name):
return  f’Hello, {name}!”
#using the my_module.py in
another script:
import my_module
print(my_module.greet(“Alice”
)
3. Third-Party These are external modules | Examples include:  NumPy
Modules developed by the Python | (numerical computing), pandas
community and can be installed | (data manipulation), matplotlib
using ‘pip’ in the code editor’s | (data visualization), and
terminal  (Python's package | requests  (handling HTTP
manager) (Luna, 2019). requests)

e Importing Modules in Python
Modules can be imported in different ways depending on the requirements. Table 15 shows different
ways of importing modules in Python.
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Table 15
Ways of importing modules in Python

S/N | Ways of | Description Syntax/ Example
Importing Module
1. [ Basic Import This involves importing the Python | import math
built-in modules, such as the ‘math’ | print (math.sqrt(100))
module

# Output: 10.0

2. Import  with an | Occurs mostly when importing third- [ import numpy as np
Alias party libraries such as numpy print(np.array([1, 2, 3]))
3. Importing Specific [ When importing a specific function | from math import sqrt
Functions from a library using the from ... import | print(sqrt(36))
... syntax.
# Output: 6.0

2.3. Python vs List Processing
Table 16.
Python vs LISP

S/N Python List Processing (LISP)

1 Python is renowned for its syntax, which | LISP is mostly made up of lists and has a
is easy to understand, legible, and closely = more uniform and abstract syntax.

resembles natural language.
LISP codes and data are written as s-
It separates code blocks with indentation, | expressions (symbolic expressions) with a
which makes the code clear and easy to | prefix notation, which may not be clear and

follow (Protasiewicz, 2024). easy for beginners. (McJones, 2017)
Sample code: Sample code:
def add(a, b): (defun add (a b)

returna+b (+abh))

2 Python supports object-oriented, | LISP supports procedural and object-oriented
functional, and procedural programming, | paradigms (for example, Common Lisp
making it suitable for various application | Object System -CLOS), making it efficient in
use cases (Blackwell, 2024). meta-programming and symbolic
computation. (McJones, 2017).

3 It is widely used in web development, LISP iswidely used in symbolic applications,
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S/N Python

List Processing (LISP)

scripting, machine learning, data science,
and automation (N. Sharma, 2023).

Python is versatile for numerous
applications because of its robust libraries
such as NumPy, Pandas, and TensorFlow.

Generally  faster  for numerical

computations.

(GeeksforGeeks, 2024) Claimed Python is
an interpreted language, which generally
makes it slower than compiled languages.

However, it is often fast enough for many
applications, and performance can be
improved with extensions like Cython or
by using libraries written in C.

Its simplicity and libraries contribute to
rapid development (N. Sharma, 2023).

It’s commonly used for prototyping and
agile development due to its ease of use.

Python's simple syntax and readability
make it a great choice for programming
beginners (Khaled, 2023).

Python supports metaprogramming to
some extent through features like
decorators, metaclasses, and introspection.

However, it’s more limited compared to
LISP (Gupta, 2023).

Uses automatic memory management with
reference counting and garbage collection
(Tas, 2024).

particularly in artificial intelligence research
and natural language processing (Stephen
M., 2022).

It is also utilized in fields that need a great
deal of customization, such as embedded
systems, and in educational settings to teach
programming fundamentals.

Can be slower for numerical computations
but often faster for symbolic manipulation

LISP implementations (like Common Lisp)
can be compiled into machine code, leading
to potentially higher performance than
interpreted languages (lhaka & Lang, 2008).

LISP’s macros also allow developers to optim:
code in ways that are difficult in other languag

LISP enables rapid prototyping and
incremental development. However, its
steeper learning curve may slow down initial
development for people not familiar with the
language (Turner, 2012).

It is more challenging to learn, due to its
distinctive syntax and abstract concepts like
macros and  functional programming
(Stephen M., 2022).

LISP excels at metaprogramming, allowing
programmers to manipulate code as data
(homoiconicity) (Kumar, 2024).

Its macro system is particularly powerful,
enabling the creation of domain-specific
languages (DSLs) and custom syntactic
constructs.

Uses garbage collection to manage memory,
but the exact mechanism may vary across
different LISP dialects. (Shipley & Jodis,
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List Processing (LISP)

Developers
manually manage memory.

generally don’t need to

2003).

Notebooks (A. Gupta, 2020).

9 Supported by a wide range of IDEs and
tools like PyCharm, VS Code, and Jupyter

LISP often requires more specialized tools,
with Emacs and SLIME being a common
combination. However, modern IDE support
for LISP is not as extensive as for Python.
(Borretti & Nathan, 2024).

10

Scikit-learn) (N. Sharma, 2023).

Large and active community, extensive
libraries (NumPy, Pandas, TensorFlow,

Smaller community, but still has useful
libraries (CL-NUMERIC, ACL2) (Stephen
M., 2022).

2.4 Algorithm Comparison between Python and LISP

This section compares Python and LISP in implementing common algorithms: factorial
calculation, Fibonacci sequence, summing a list, and reversing a list.

2.4.1. Factorial calculation: Both Python and Lisp use recursion for factorial. Python checks if n
== 0 and returns 1; otherwise, it multiplies n by factorial(n-1). Lisp does the same with if and
returns (* n (factorial (- n 1))). They are identical, but LISP uses verbose syntax and confusing

parenthesis. This comparison is shown in Table 17. and Figure 2.

Table 17.
Algorithm comparison for factorial calculation.

Python

LISP

def factorial(n):
ifn==0:
return 1
else:
return n * factorial(n - 1)
print(factorial(5))

(defun factorial (n)
(if(=n0)
1
(* n (factorial (- n 1)))))
;; Example usage
(print (factorial 5)) ;; Output: 120
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def factorial(n): (defun factorial (n)

(if (= n o)

return L
else: (* n (factorial (- n 1)))))

E ==

return n * factorial(n - 1)
;3 Example usage
print(factorial(5)) (print (factorial 5)) ;; Output: 120

Fig. 2: Python vs LISP implementation for factorial calculation

2.4.2. Fibonacci Sequence: Python handles this with recursion, checking if n <= 1 and returning
n, otherwise recursively calling Fibonacci (n-1) + Fibonacci (n-2). Lisp does the same but in a
functional style, using defun and prefix notation, returning n for n <= 1 or recursively calling
Fibonacci (- n 1) and Fibonacci (- n 2). The comparison is displayed in Table 18. and Figure 3.

Table 18.
Algorithm comparison for Fibonacci sequence.
Python LISP
def fibonacci(n): (defun fibonacci (n)
ifn<=1: (if(<=n1l)
return n n
else: (+ (fibonacci (- n 1)) (fibonacci (- n 2)))))
return fibonacci(n - 1) + fibonacci(n - 2) | ;; Example usage
print(fibonacci(6)) (print (fibonacci 6))
# Output: 8 ;; Output: 8

def fibonacci(n): (defun fibonacci (n)
if = (if (¢=n 1)
return n n
else: (+ (fibonacci (- n 1)) (fibonacci (- n 2)))))

return fibonacci(n-
;3 Example usage
(print (fibonacci 6)) ;; Output: 8

Fig. 3: Python vs LISP implementation for Fibonacci sequence

2.4.3. A sum of a List: In Python, the sum of the list can be calculated in one line using the built-
in sum() function. On the other hand, Lisp handles this operation through recursion, checking if
the list is empty and then using the first element (head) and the rest of the list (tail) to sum the
elements recursively. This comparison can be seen in Table 19. and Figure 4.
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Table 19.
Algorithm comparison for the sum of a list.
Python LISP
def sum_list(lst): (defun sum_list (Ist)
return sum(lst) (if (null Ist)
print(sum_list([1, 2, 3, 4, 5])) 0
# Output: 15 (+ (car Ist) (sum_list (cdr Ist)))))
;; Example usage
(print (sum_list'(1 2 34 5))) ;; Output: 15

(defun sum_list (1st)
(if (null Ist)
0

def sum_list(1st):

return sum(1st)

(+ (car Ist) (sum list (cdr 1st)))))

print(sun_List([1, 2, 3, 4, 5]))

(print (sum list '(12345))) ;; Output: 15

Fig. 4: Python vs LISP implementation for the sum of a list

2.4.4. Reverse a List: Python uses slicing ([::-1]) to reverse the list in one line, while LISP uses
recursion, where it appends the first element (car) to the reversed remainder of the list (cdr). Python
achieves this with a simple built-in feature, while Lisp manually constructs the reversed list
recursively. This comparison is shown in Table 20. and Figure 5.
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Table 20.
Algorithm comparison for reversing a list.
Python LISP
def reverse_list(lst): (defun reverse_list (lst)
return Ist[::-1] (if (null Ist)
print(reverse_list([1, 2, 3, 4, 5])) nil
# Output: [5, 4, 3, 2, 1] (append (reverse_list (cdr Ist)) (list (car
Ist)))))
;; Example usage
(print (reverse_list (12 34 5)))
;; Output: (54321)

(defun reverse list (lst)
(if (null Ist)
il
(append (reverse list (cdr Ist)) (list (car Lst)))))

def reverse list(Ist):

return Ist[::-1]

print (reverse list([1, 2, 3, 4, 9]))

(print (reverse list ‘(123 45))) ;; Output: (543 21)

Fig. 5: Python vs LISP implementation for reversing a list.

2.5 The Adoption and Integration of Python with Al and ML.
Python became the most preferred programming language in Artificial Intelligence and Machine
Learning due to its simplicity, versatility, and extensive ecosystem of libraries and frameworks.

IIARD — International Institute of Academic Research and Development Page 284



http://www.iiardjournals.org/

International Journal of Engineering and Modern Technology (IJEMT) E-ISSN 2504-8848
P-ISSN 2695-2149 Vol 11. No. 4 2025 www.iiardjournals.org online version

Programming Language

Python
R

sQL

C+t
MATLAB
Java
Other
Mone
Scala
Javascript
SAS

WBA

Go

0.202%
0.138%

Language

Fig. 6: Survey on the most preferred programming language by 14,000 developers (Quintagroup,
2019).

Its adoption in Al and ML has revolutionized the field, enabling rapid development, prototyping,
and deployment of intelligent systems (McRorey, 2025). This section is focused on the factors that
drove Python's adoption in Al and ML and how its integration process.

2.5.1 Factors that Drove Python's Adoption in Al system

The adoption of Python into AI/ML was driven by factors like syntax, which is intuitive and
closely related to natural language; it made Python more accessible to both beginners and
experienced developers. Its code's simplicity and readability brought about the reduced time
required to draft and debug code, which has helped a lot in the development of Al and ML projects
(Prabu et al, 2024). Also, the availability of extensive library frameworks, such as TensorFlow,
PyTorch, Scikit-learn, Keras, and Pandas, among others, in Python programming has significantly
contributed to its preference for Al and ML over other programming languages. The
aforementioned factors have been useful in streamlining complex tasks in terms of data
preprocessing, model training, and evaluation; they have also enabled Al and ML developers to
solve problems quickly by leveraging the existing information that is available to them
(McKinney, 2017).

Notably, Al and ML models built using Python can operate across multiple operating systems with
minimal adjustments, making it highly adaptable for deployment in diverse environments. Python
also integrates effortlessly with other programming languages and technologies, such as C/C++
for enhancing performance and JavaScript for web-based applications. This interoperability
significantly boosts its effectiveness in Al and ML workflows, ensuring flexibility and efficiency
(Ghimire, 2020).

Beyond its technical strengths, Python benefits from a large and active community that drives its
ongoing development. This community contributes not only to extensive documentation but also
to tutorials, forums, and resources that help developers learn and resolve issues. Such support
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fosters innovation and collaboration, further solidifying Python’s position as a leading tool in Al
and ML (Blackwell, 2024).

2.5.2 From Data to Deployment

Python offers an integrated ecosystem that seamlessly connects every stage of development.
Libraries like Pandas and NumPy simplify data preprocessing, enabling efficient data
manipulation, cleaning, and analysis-essential steps for preparing datasets. These tools work hand-
in-hand with frameworks like TensorFlow and PyTorch, which provide high-level APIs for
building and training models, from traditional ML algorithms to advanced deep learning
architectures. This smooth transition from data preparation to model development highlights
Python's ability to unify diverse tasks into a single, cohesive workflow (Prabu et al, 2024).
Beyond Python's integration in the development of Al and ML, its integration extends to
visualization and deployment with the use of Libraries like Matplotlib and Seaborn which allows
developers to create insightful visualizations, making it easier to interpret results and communicate
findings. For deployment, tools like Flask and Django enable models to be integrated into web
services, while libraries like Dask and Ray ensure scalability for handling large datasets and
complex computations. This end-to-end integration from data preprocessing to deployment, makes
Python an indispensable tool for Al and ML workflows, ensuring efficiency and coherence across
all stages (Ghimire, 2020).

3.0 THE ADVANCED COMPONENTS OF PYTHON AND THEIR USES IN Al AND ML.
Python has several game-changing features that make it an essential tool for Al and ML. These
features include:

e Context Managers: These provide a structured and reliable way to manage resources and
ensures that setup and teardown operations are executed automatically even when exceptions come
up. These are implemented using the with statement which calls the __enter__ method when
entering the block and the __exit__ method when exiting. In AI/ML, it is used to manage file
resources like datasets, model weights and training logs (Khare, 2024).

class SimpleContextManager:
def __enter__(self):
print("Entering context")
return self

def __exit__(self, exc_type, exc_wval, exc_tb):

print("Exiting context")

with SimpleContextManager() as manager:
print("Inside the 'with' block")

print("Outside the 'with

Fig. 7: Code snippet to illustrate context managers in Python

e Metaclasses: These are used for controlling the creation and behaviour of classes and are
often referred to as “Classes of classes”. They are used to define how class objects are
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instantiated which allows dynamic modification of class attributes and methods. Some of
these classes can be created by inheriting from default metaclass, type, and overriding
methods like __new__ and __init__ to customize the class creation. In AI/ML, they are
used for automatic registration of models and components which allows subclasses created
to be automatically registered in a central repository (Rafalski, 2024).

ass Metal(type):
e _new__{(cls, name, bases,

dct[ "attr"] = Added by
return superd{).__new_ _ ( ’ 3 . bases, dct)

print{MyClass.attr)
Fig. 8: Code snippet to illustrate metaclasses in python

e Abstract Base Classes (ABCs): ABCs are provided by the abc module in Python and they
serve as blueprints for creating interfaces and ensuring that concrete subclasses use specific
sets of methods. They are defined by inheriting from abc.ABC and using the
@abstractmethod decorator to declare methods that must be implemented by any non-
abstract subclass. In defining interfaces between different components of a system like
models, data loaders, etc. ABCs are useful in such AI/ML applications (Jain, 2024).

Ffrom alc 1Tmpor t© AaBC abstractmeethod

ss MyABC{ ABC ) -
@Eabstractmethod
deT my_method{ selLFf ) :

pass

ConcreteClass{({ MyABC ) =
def my_method{ selLf ) :
primntd " ImpLementa

b = ConcreteClLass({ )
b ._omy_  method{ )

Fig. 9: Code snippet to illustrate abstract base classes in python

e Multiple Inheritance and MRO (Method Resolution Order): Python has a feature
which allows a class to inherit from more than one parent class - this is called Multiple
Inheritance. Thica can be useful for creating specialized model classes that inherit
functionalities from a base class and also uses specific features from mixin classes. When
a class inherits from multiple parents, Method Resolution Order (MRO) is a mechanism
that determines the order in which methods and attributes are searched for in the class
hierarchy. MRO follows a depth-first, left-to-right approach. Developers can inspect the
MRO of a class by using __mro___ attribute or the mro() method (Rohith, 2023).
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method( self ):
print{“Method from A™)

method{ self ):
print{*"Method from 3" )

c.method( )}
print{C.__mro___

Fig. 10: Code snippet to illustrateMultiple Inheritance and MRO in python

e Coroutines and Async Programming: Python has a library called asyncio which is
responsible for handling coroutines and asynchronous programming and it uses the
async/await syntax. This functionality provides tls for mproviing the efficiency of 1/0
bound operations in Al/ML. Often times, when creating AI/ML pipelines, data loading and
preprocessing, these operations involve significant 1/0. Asynchronous programming
allows the program to perform other tasks while waiting for I/O operations to complete and
this is great for improving performance (Gangopadhyay, 2025).

1Tmport asyncio

async det my_corowultvn
print{ "Coroutine
awallt asyncio.sle
print{ "Coroutine

maimf ):
my_coroutyvine( )

asyncio._.run{maiml ) )

Fig. 11: Code snippet to illustrate Coroutines and Async Programming in python

e Dynamic Code Execution (exec and eval): Python has functions called exec() and eval()
which gives the ability to execute Python code dynamically from strings. In AI/ML, this is
useful for rapid prototyping because it allows researchers to quickly test new ideas oor run
experiments with dynamical code snippets. Table 21 below shows a comparison of exec()
and eval() (Jenifar, 2023).
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Table 21.

Dynamic Code Execution (exec and eval)
Feature exec() eval()
Purpose Execute a block of statements Evaluate a single expressiion
Return Returns None Returns the result of the expression
value

Code type | For blocks of code including | For expressions
statements

In AI/ML | Dynamic model construction based on | Dynamical evaluation of expressions (e.g
configurations loss functions)

N0
2

exec] "=z =

print{=)

result = ewall
print{result)

Fig. 12: Code snippet to illustrate exec() and eval() in python

e Concurrency with Threading and Multiprocessing: These modules (threading and
multiprocessing) provide mechanisms for achieving concurrency and parallelism in
AI/ML. Threading is when concurrent execution of tasks are allowed within a single
process while multiprocessing is when true parallelism is enabled by using multiple CPU
cores and bypassing the Global Interpreter Lock (GIL). These functions make it easy to
handle CPU-intensive tasks like model training and many libraries like scikit-learn provide
support for multiprocessing (Premanand, 2024).

threading
multiprocessing

thread_ functiond{ ):
print{ "Thread running™)

process_ functiomnd )=

thread = threading. Thread({ target=thread__functiomn)
thread.startd( )
thread. Jjoin{ )

process = multiprocessing.Process|{ target=process_ function)
process . start{ )
process . joind( )

Fig. 13: Code snippet to illustrate threading and multiprocessing in python
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e Decorators: These are special functions that can modify the characteristics of other
functions (Luciano, 2022). Figure 14. shows an example of a decorator function.

Nnc ) =
wrrapper () =
prinmnt{""Before Functionmn™ )
Func D
print{ " "Aafter function™)

returnNn wrappert
@decorator
(=F=1 ; saw hellod( D) =

prinmnt{ " "Hellol ")

hellod)

Fig. 14. An example of a decorator function

e Generators: These are tools that simplify code and enhance performance, particularly in
handling complex data problems (Sunil, 2019). Generators yield items one at a time for
memory conservation. As seen in Figure 15, we use the ‘yield” keyword to achieve this
task.

countdown(nmn) =
while mM > —
vield mn

) —_ =

Fig. 15: Generator using ‘yield’

4.0 DISCUSSION

4.1 The Trajectory of Al and ML with the Python Programming Language

Python came into dominance in the fields of Artificial Intelligence and Machine Learning of its
user-friendliness, itchfree syntax, and the extensivity of it's libraries and frameworks, which made
it the most preferred programming language for both academic researchers and professional Al
developers (Sharma, 2023). The in-depth study conducted by (Pranav & Sarma, 2023) stated that
as Al and ML continue to advance, it would leverage Python’s features to achieve its expansion;
it would shape the emerging trends and play a crucial role in defining the future trajectory of these
domains. Figure 16 provides a historical perspective on the evolution of ML and Al, outlining its
progression through three generations: “The Backend”, “The Human Side”, and “Pattern
Recognition” while also offering insights into anticipated future developments.
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Fig. 16: Brief History of Machine Learning and A.l (Pranav & Sarma, 2023)

Figures 17. and 18. show a brief timeline of the most important events in the history of machine
learning and artificial intelligence respectively.
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Fig. 18: Timeline of Artificial Intelligence Timeline (Bhargavi, 2022)
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4.1.1 Growth in Deep Learning Applications: One of the most notable developments in Al/ML
is the ongoing growth of deep learning. Python, with its libraries such as TensorFlow, PyTorch,
and Keras, has become closely associated with deep learning development. As noted by (Sharma
et al. 2024), these libraries offer tools for developing and training neural networks and support
advanced architectures like transformers, GANs (Generative Adversarial Networks), and
reinforcement learning models. Their seamless integration with Python has increased both research
and application in fields like natural language processing (NLP), computer vision, and autonomous
systems. Figure 19. highlights some Python-based deep learning applications.

Python Deep Learning Applicatrions

Instant visual Self—Driving Read lip Deep
Translation Ehathot Cars movements Dreaming
f
Predicting the Medical C\—0]01”172171g the l)‘h.otc? . TR
- future Care Timages Descriptions

Vidvan

Fig. 19: Python Deep Learning Applications (Vidvan, 2020)

4.1.2 Evolution of Automated Machine Learning (AutoML) and Model Optimization:
AutoML is an emerging trend aimed at automating the end-to-end process of applying ML to real-
world problems (Salehin et al., 2024). Python is central to this trend, with tools like AutoSKlearn
and TPOT offering frameworks that simplify model selection, hyperparameter tuning, and feature
engineering. As AutoML evolves with Auto-Keras, Python's role is expanding to include more
sophisticated model optimization techniques, such as neural architecture search (NAS), which
automatically discovers optimal neural network architectures (Jin et. al., 2019).

4.1.3 Integration with Big Data and Cloud Computing: The convergence of AlI/ML with big
data and cloud computing is another emerging trend where Python is at the forefront. Python's
integration with big data frameworks like Apache Spark (via PySpark) and its compatibility with
cloud services such as AWS, Google Cloud, and Azure, allow for scalable AI/ML solutions
(Rahman & Rana, 2021). This integration is crucial for handling the massive datasets that modern
AI/ML models require. Moreover, the rise of cloud-based Al services, many of which provide
Python APIs, is making it easier to deploy and manage Al/ML models at scale.

4.1.4 Democratization of Al and ML.: Python is playing a pivotal rolein making artificial
intelligence (Al) and machine learning (ML) more accessible to a wider audience. With user-
friendly libraries such as Scikit-learn and the growing availability of educational resources and
online platforms, the entry barriers for understanding and applying ML have significantly
decreased. This accessibility is encouraging innovation across various domains such as healthcare
(for personalized treatment), education (for adaptive learning platforms), and marketing (for
targeted customer segmentation) by enabling individuals without deep technical backgrounds to
develop Al-powered solutions. Recent studies by Turley (2024) highlights the expanding role of
low-code and no-code platforms, many of which are often powered by NJ Python in the backend.
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4.1.5 Advancements in Explainability and Interpretability: The high complexity of Al and
machine learning models makes the demand for explainability and interpretability more important
for the wider adoption of Al applications in regulated sectors such as healthcare and finance.
Python is leading advancements in this explainability with libraries like SHapley Additive
exPlanations (SHAP) and Local Interpretable Model-agnostic Explanations (LIME) (Linardatos et
al., 2020). These libraries enable researchers and professionals to comprehend model predictions
better and also, enhance the transparency and trustworthiness of Al systems.

4.1.6 Reinforcement Learning and Autonomous Systems: Reinforcement learning (RL) is a
type of machine learning process that focuses on decision-making by autonomous agents. An
autonomous agent is an independent system that can perceive its surroundings, make decisions
based on that perception, and take action to achieve its goals without constant human intervention
(Murel & Kavlakoglu, 2024). RL is a significant focus in machine learning research and is
increasingly applied in fields such as robotics, autonomous systems, and gaming. Python is the
primary language for conducting RL experiments and implementations, largely due to its
compatibility with RL libraries such as OpenAl Gym, Stable Baselines, and RLIib, which are
driving progress in the field (Sutton et al., 2018). Figure 38. features CARLA, an open-source
driving simulator with a Python API used in autonomous driving research.
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Fig. 20: Python API CARLA (Pérez-Gil et al., 2022)

4.1.7 Al Ethics and Responsible Al Development: The ethical considerations surrounding
AI/ML technologies are receiving more attention, and Python plays a key role in advancing
responsible Al frameworks. Libraries such as Fairlearn and Al Fairness 360 (AIF360) offer
resources to evaluate and reduce bias in Al models (Bellamy et al., 2019). Tools like AIF360,
FairLearn, and SHAP (SHapley Additive exPlanations) are becoming more commonly
incorporated into AI/ML workflows, highlighting the growing movement toward ethical Al
practices. These tools are increasingly embedded within enterprise and cloud-based platforms such
as IBM Watson OpenScale and Microsoft Azure Machine Learning (which integrates FairLearn
and SHAP for model fairness and explainability).

4.2 The Imperative Benefits of Using Python for Al and ML.
The imperative benefits of Python programming language in Artificial Intelligence and Machine
Learning are numerous and are discussed below:
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4.2.1 Stability, Flexibility, and Simplicity: Python has proven to be the ideal language for Al and
ML applications due to its stability, flexibility, and simplicity because it allows developers to write
reliable, readable code and prototype quickly (Worsley, 2024). The focus of Python programming
language on problem-solving and its open-source license, which makes its use free and
distributivity, made it an important tool in Al and ML (Mihajlovic et. al., 2020).

4.2.2 Community Dependability: Python has a very dynamic community that provides strong
support that is useful in the development of Al and ML. Its open-source language feature makes
numerous resources available to Al and ML developers across all levels of proficiencies. Diverse
Python problem-solving forums that are available to help Al and ML developers have consistently
proven to be valuable in rendering help and providing solutions to any type of Python problem
(Ryabtsev, 2024).

4.2.3 Extendable Libraries: Python has a very vast ecosystem of libraries such as Scikit-learn,
TensorFlow, Keras, Numpy, Pytorch, and Cython which are powerful tools for building and
deploying machine learning models, making Python indispensable for cutting-edge technology
development. Scikit-Learn is useful in processing data, and writing classical programs and also
serves as a vital tool in feature engineering, TensorFlow is a crucial tool used in large Al
applications, model deployment, and deep learning, and Keras helps achieve rapid prototyping in
a high-level neural network, NumPy is best applied in matrix operation and numerical
computations into PyTorch is a vital tool in the development and achievement flexible AI/ML
models, and Cython is used for the optimization of python to ensure improved performance (Singh,
2025).

4.2.4 Increased Multifunctionality: Python provides the choice of using object-oriented
programming or scripting which enables AI/ML developers to modify processes without the need
to compile the source code again. It provides a flexible work environment for Al Engineers and
enables them to use their preferred programming style, which results in quick problem resolution.
Python helps to eliminate extreme coding burdens from Al and ML developers through its
multifunctionality (Dergano, 2023).

4.2.5 Popularity and Dominance: the trajectory of Python in Al and ML has shown that Python
programming language has become widely recognized and adopted worldwide, which makes
available more population of AlI/ML developers and gives room for the ease of recruiting new
team members and for the expansion of Al and ML inventions through the availability of sufficient
workforce (Ryabtsev, 2024).

4.2.6 Strong Visualization and Data Analysis Tools: Python offers different data visualization
and analysis libraries, which help researchers interpret complex datasets efficiently. Tools like
Matplotlib, Seaborn, and Pyecharts simplify the development of visualizations, improving how
data is understood and conveyed to stakeholders (Cao et al., 2021). Additionally, Python supports
essential data analysis tasks such as cleaning, wrangling, and modeling, which aid in exploratory
data analysis (EDA) and discovering meaningful insights (Singh et al., 2022). These characteristics
are an important step in developing powerful and reliable Al/ML models.
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4.2.7 Support for Parallel and Distributed Computing: Python also has great ability in the
parallel and distributed computing space which is important for handling large-scale computations.
This capability is crucial in developing deep learning models and large-scale AI/ML applications.
Python has tools such as MPI(mpi4py) - Message Passing Interface - a standardized, portable
message-passing system designed to work on a wide variety of parallel computers, PETSc
(petscdpy) - Portable Extensible Toolkit for Scientific Computation - a collection of algorithms
for the solution of problems in the area of engineering and scientific applications especially
relating to partial differential equations for high-performance parallel computers (Dalcin et al.,
2011).

4.2.8 Integrability with other languages: Oftentimes, while building AI/ML solutions, we
sometimes need to leverage the speed of low-level languages while maintaining simplicity and this
is why Python is a great language for this task. Python was designed to allow easy integration and
portability with other languages such as C, C++, Fortran, etc. This functionality allows developers
to optimize components that are performance-critical in their applications. We have libraries
dedicated to this, an example of such is Cython which compiles Python code to C for improved
execution speed and interfaces that allow embedding Python within C/C++ programs (Behnel et
al., 2011). This is a flexibility that combines Python’s ease of usage with the efficiency of lower-
level languages like C/C++.

4.2.9 Impact on the advent of Large Language Models (LLMs): Python has been fundamental
to the development and training of complex neural networks, thanks to powerful frameworks like
TensorFlow and PyTorch. These tools provide great support for building large Transformer models
like BERT (Bidirectional Encoder Representations from Transformers). Many leading LLMs, such
as BERT and GPT, were created using TensorFlow or PyTorch, these are possible due to Python’s
simple syntax, which makes it easier to experiment with model architectures and training processes
(Marija & Drazen, 2022). Furthermore, Python has greatly contributed to making LLMs more
accessible, especially through projects like the Hugging Face Transformers library, which brought
a a lot of Transformer models together under a single, easy-to-use API (Wolf et al., 2020).

4.2.10 Automation: Python is commonly adopted as a tool to automate repetitive tasks due to its
simplicity and clarity, this means that even complex procedures can be written with simplicity and
iterated to solve complex problems with little effort. Python codes can be written into scripts used
to glue together steps in a workflow, for example, fetching data, processing it with an Al model,
and triggering some actions even without human intervention. With this advantage, humans can
focus on higher-level work while repetitive tasks are done automatically and this leads to higher
productivity and effectiveness (Karabulut & Akyuz, 2023).

4.2.11 Ease of Learning and Readability: Python's syntax is structured to be clear and easy to
understand, which makes it more accessible for beginners and promotes seamless collaboration
across diverse teams (Lutz, 2013). Its readability simplifies the learning process and is especially
beneficial in Al and ML projects or research, where well-organized and maintainable code is
crucial for ensuring reproducibility and scalability.

4.2.12 Support for Emerging Technologies: Python has established itself as one of the go-to
language options for emerging fields like quantum computing, edge Al, and federated learning
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because of its versatility and rich ecosystem of libraries. Tools such as Qiskit (Abraham et al.,
2019) and Cirg (Google Quantum Al Team, 2020) support quantum computing research, while
TensorFlow Federated (Ingerman & Ostrowski, 2019) facilitates federated learning experiments.
Its flexibility and seamless integration with advanced frameworks make Python an ideal
programming language choice for researchers exploring cutting-edge applications in Al and ML.

4.2.13 Rapid Prototyping and Experimentation: The dynamic typing and interpreted nature of
Python enable researchers to quickly develop prototypes and test ideas, which plays a crucial role
in the iterative Al and ML development process (Pérez et al., 2011). This feature facilitates rapid
experimentation and hypothesis validation, significantly reducing the time required to gain insights
into research projects. Additionally, tools like Jupyter Notebooks enhance this workflow by
offering an interactive platform for iterative development and real-time feedback (Kluyver et al.,
2016).

4.2.14 Ethical Al Development and Collaboration: Python’s open-source ecosystem and
community-driven approach enhance transparency and collaboration, which are essential for
tackling ethical challenges in artificial intelligence and machine learning, including bias, fairness,
and accountability (Weerts et al., 2023). Frameworks such as Fairlearn (Bird et al., 2020) and Al
Fairness 360 (Bellamy et al., 2018), built on Python, empower researchers to detect and mitigate
biases in Al models. This supports the increasing focus on responsible Al research and the
establishment of ethical guidelines in the field.

4.2.15 Accessibility for Non-Programmers: Python's clear and intuitive syntax makes it a
preferred option for researchers and professionals with limited programming experience. Its user-
friendly structure and comprehensive documentation simplify the learning process, allowing
individuals from various fields to engage in Al and ML research (Lutz, 2013). This accessibility
promotes interdisciplinary collaboration and expands opportunities for innovation in the field.

5.0 CONCLUSION

The fields of Al and ML have reached impressive levels of dominance and preference across
various industries, primarily due to their reliance on the advanced features of the Python
programming language. Key aspects such as context managers, metaclasses, abstract base classes,
multiple inheritance, method resolution order (MRO), coroutines, asynchronous programming,
dynamic code execution (using exec and eval), as well as concurrency through threading and
multiprocessing, and the use of generators with decorators have all contributed to this success.
Over time, Al and ML have experienced a dynamic trajectory, marked by growth in deep learning
applications, optimization of automated machine learning and its models, integration with big data
and cloud computing, and the democratization of technology, with absolute kudos to Python.

In conclusion, the invaluable features and advantages of the Python programming language—
including stability, flexibility, simplicity, community support, an extensive library ecosystem,
enhanced multifunctionality and interoperability, widespread popularity, robust visualization, and
data analysis tools, support for parallel and distributed computing, capability for integration with
other languages, and its significant impact on the emergence of large language models (LLMs)—
make it an essential programming language in the realm of Al and ML. Additionally, its support
for automation, ease of learning and readability, advocacy for ethical Al development and
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collaboration, and accessibility for non-programmers further solidify its critical role in this
domain.

6.0 RECOMMENDATIONS

Python's dynamic prototyping which can lead to runtime errors that might not exist in more
statically typed languages, and potentially undermine security and software reliability in Al
applications should be addressed. Python's simplicity which might limit the depth of optimization
and performance tuning compared to languages traditionally that could be used in Al and ML
should be addressed.

Future research should assess the challenges of Python in Al and ML, such as performance
limitations for computationally intensive tasks and dependency management in large projects.
Improved support should be provided for parallel computing and enhanced integration with
emerging technologies like quantum computing, which will further strengthen its role in Al and
ML.

Future studies should focus on developing advanced tools for automated testing, building secure
machine learning pipelines, and supporting privacy-focused methods like federated learning with
tools such as PySyft.
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