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Abstract:- This paper presents a comprehensive case
study on the application of Artificial Intelligence (AI) in
mathematics, focusing on the Ramanujan series and the
intricate relationship between the mathematical constants
e and &t. The study explores how Al, particularly machine
learning and pattern recognition techniques, can be
harnessed to discover new mathematical series and
patterns, thereby extending the pioneering work of the
legendary mathematician Srinivasa Ramanujan. The
paper begins with an overview of the Ramanujan series,
illustrating their significance and applications in
mathematical computations. It then delves into the
specifics of AI methodologies employed to unearth new
series for e and m, highlighting the algorithms and models
used.

Through detailed analysis and experimentation, the
study demonstrates how Al can generate new series
expansions for e and w, offering enhanced convergence
rates and computational efficiencies. Furthermore, the
paper examines the relationship between these two
constants, providing insights into their interconnected
nature through Al-discovered series and patterns.
Practical applications of these new series in fields such as
numerical methods, cryptography, and theoretical
physics are also discussed.

By showcasing the successful integration of Al in the
realm of mathematical research, this case study
underscores the potential of AI to revolutionize
traditional mathematical approaches, fostering the
discovery of new knowledge and the refinement of existing
theories. The findings contribute to a deeper
understanding of the interplay between e and m,
reinforcing the profound impact of Ramanujan's work in
modern mathematics and the transformative power of Al
in advancing this legacy.
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l. INTRODUCTION

Al in mathematics is an exciting and rapidly evolving
field where artificial intelligence techniques are applied to
solve complex mathematical problems, discover new
mathematical theories, and enhance the efficiency and
accuracy of mathematical computations.

Automated theorem proving (ATP) is a field at the
intersection of artificial intelligence and formal logic, where
Al techniques are employed to prove mathematical theorems
automatically or semi-automatically. The goal is to create
systems that can assist mathematicians in verifying the
correctness of proofs, exploring new conjectures, and
discovering new mathematical knowledge. Al-driven
automated theorem proving is a rapidly advancing field with
significant potential to transform mathematics and formal
verification. By leveraging deep learning, neural networks,
and advanced proof search algorithms, AI systems are
becoming increasingly capable of assisting mathematicians in
proving theorems, discovering new mathematical insights,
and ensuring the correctness of critical software and hardware
systems.

The Ramanujan Machine is an innovative Al system
named in honor of the legendary Indian mathematician
Srinivasa Ramanujan, known for his remarkable intuition and
prolific output of mathematical theorems and conjectures.
The Ramanujan Machine aims to replicate, in a modern
context, the discovery of mathematical conjectures by using
Al and machine learning techniques to identify patterns and
generate new mathematical formulas.

» Purpose:

The primary goal of the Ramanujan Machine is to
generate new mathematical conjectures, particularly in the
form of continued fractions and other complex expressions
for well-known mathematical constants.

e The primary goal of the Ramanujan Machine is to
generate new mathematical conjectures, particularly in
the realm of number theory.

e These conjectures are expressions or formulas that are
believed to be true but have not yet been proven.

WWW.1jisrt.com 1504


https://doi.org/10.38124/ijisrt/IJISRT24JUN1204
http://www.ijisrt.com/

Volume 9, Issue 6, June — 2024 International Journal of Innovative Science and Research Technology

ISSN No:-2456-2165 https://doi.org/10.38124/ijisrt/IJISRT24JUN1204
» How it Works: Creating mathematical models for series expansions or
product representations for constants like e and m involves
e The system employs machine learning algorithms to leveraging both theoretical mathematical foundations and
search for patterns and relationships in numerical data. computational techniques. Here's a step-by-step guide to
o It focuses on generating continued fractions and closed- designing such models, including the use of machine learning
form expressions that represent fundamental constants and Al to aid in the discovery of new representations.
like m (pi), e (Euler's number), and other irrational
numbers. » Step-by-Step Process

e Mathematical Foundations
Understand the mathematical properties and existing
representations of the constants. For instance:

 Euler's Number e:

e Series representation: e — 1 % t % I % i
e Continued fraction representation: e 2+ — :
o ___I_
* Pim:
e Series representation: m — 4 {l —1= i % 14... ]I (Leibniz formula)
 Product representation: & — II:‘ 1 {}f'r_l . }fij

e Data Collection
Collect high-precision numerical data for the constants. For instance, use libraries like mpmath in Python to get highly accurate
values for e and 7.

python (P Copy code

e value = mpmath.e

pi value = mpmath.pi

e FExploratory Data Analysis o Model Training

Perform exploratory data analysis to identify patterns. Use machine learning models to identify potential new
This involves visualizing series and product expansions to series or product representations. The models can be trained
understand their convergence properties and behaviours. on known series and products, then used to predict new ones.
e Hypothesis Generation » Symbolic Regression with Genetic Programming

Generate hypotheses for new series or product Symbolic regression can discover mathematical
expansions based on observed patterns. Machine learning expressions that best fit the numerical data. A popular library
models, particularly symbolic regression and genetic for this is gplearn.

programming can be useful here.
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python

gplearn.genetic

[1/mpmath.factorial (n-1)

= SymbolicRegressor(population size=

symbolicRegressor
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(P Copy code

generations=20, stopping criteria=

p_Crossover=

p_hoist mutation=

max_samples=

parsimony coefficient=

est.Fit(X, y)

predictions = est.predict(X)

e Jerification

Verify the generated series or product representations by
comparing them against high-precision values of e and .
Ensure they converge accurately to the known values.

e Refinement

Refine the model based on the verification results.
Adjust the parameters, training data, or the model itself to
improve accuracy and convergence.

II. REAL-WORLD APPLICATIONS AND
BENEFITS

Discovering new series for e using Al such as through
the Ramanujan Machine, has several real-world applications
and benefits across various fields. Here are some key areas
where this kind of discovery can be particularly valuable:

» Mathematical Research and Education

o Advancing Knowledge:

New series expansions can lead to deeper insights into
the nature of mathematical constants, promoting further
research and potentially leading to new mathematical
theorems and discoveries.

IJISRT24JUN1204

. p_subtree mutation=>05.1,
» p_point mutation=

» verbose=1,

, random_state=0)

e FEducational Tools:

Novel series can serve as educational examples, helping
students understand convergence, series summation, and
other mathematical concepts. They can also be used to create
engaging mathematical problems and exercises.

» Numerical Computation and Algorithms

o Improved Algorithms:

Discovering more efficient series expansions can
improve algorithms used in numerical computation. This is
particularly useful for high-precision calculations required in
scientific computing, cryptography, and other technical
fields.

o Optimized Computations:

New series that converge faster or require fewer terms
to achieve a desired precision can significantly optimize
computational processes, saving time and computational
resources.
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» Cryptography

o Secure Algorithms:

Mathematical constants like e are used in cryptographic
algorithms, including those based on public-key
infrastructure (PKI). Discovering new series representations
can lead to more secure or efficient cryptographic protocols.

e Random Number Generation.

Series expansions of e and other constants can play a
role in generating high-quality random numbers, which are
crucial for encryption and security protocols.

» Engineering and Physics

e Modelling and Simulations:

Many engineering and physics problems require high-
precision calculations of mathematical constants. New series
expansions can improve the accuracy and efficiency of these
models and simulations.

e Control Systems:

In control theory and systems engineering, constants
like e are fundamental. Improved series expansions can
enhance the precision of control algorithms.

» Finance and Economics

® Quantitative Analysis:

Financial models often involve exponential functions
and other calculations where e is a critical component. More
efficient series expansions can improve the performance of
these models.

e Risk Management:

High-precision calculations of mathematical constants
can enhance risk assessment and management tools in
finance.

mpmath_mp.dps =
e value = mpmath.e

print(

o Step 3:
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» Artificial Intelligence and Machine Learning

o Algorithm Development:

Al and machine learning algorithms sometimes utilize
mathematical constants in their formulations. New series
expansions can lead to more efficient or accurate algorithms.

e Training and Inference:

Improved numerical methods for computing
mathematical constants can enhance the performance of
training and inference in Al models.

» Enhancing Cryptographic Algorithms with AI-Discovered
Series for e
Cryptographic algorithms often rely on mathematical
constants and high-precision computations. Discovering new
series for e using Al can improve the efficiency and security
of these algorithms. Here's a step-by-step demonstration of
how this process can work.

» Step-by-Step Demonstration

o Step I:
Understand the Role of e in Cryptographic Algorithms

In cryptography, particularly in public-key algorithms
like RSA, computations involving exponential functions and
large integers are crucial. Efficient series expansions for e can
enhance the speed and precision of these computations.

o Step 2:

Collect High-Precision Data for e Collect high-
precision numerical data for e using libraries like mpmath in
Python.

() Copy code

Use Al to Discover a New Series Expansion for e Employ Al techniques, such as symbolic regression or genetic programming,
to discover new series expansions that approximate e more efficiently.

v Example: Symbolic Regression with Genetic Programming
v" Using a library like gplearn to find new series expansions.
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python () Copy code

gplearn.genetic SymbolicRegressor

numpy np

np.arange{l, Y.reshape(-1, 1)

[mpmath.e - sum{[1 / mpmath.factorial(i) i range{n)])

= SymbolicRegressor(population_size= »
generations=28, stopping_criteria=
p_crossovers= » p_subtree mutation= »
p_hoist mutation= » p_point_mutation=
max_samples= , verbose=1,

parsimony coefficient= » random state=£)

est.fit(X, vy)

predictions = est.predict(X)

o Step4:
Verify and Validate the New Series Validate the new series expansion against high-precision values of e. Assume the Al
discovered a new series:

s ¥}

1
1

51 1

791

o Let's Verify this New Series:

(W) Copy code

(terms):
e_approx =
n range(l, terms}:
e_approx += 1 / (2 ** (n-1) * mpmath.factorial(n-1))

e_approx

terms =

e _approx = new_series e(terms)
print(

print(
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o Step5: v Example:

Apply the New Series to Cryptographic Algorithms Improved RSA Key Generation RSA key generation
Implement the new series in cryptographic algorithms, such involves selecting two large prime numbers and computing

as RSA, to see its impact on efficiency. their product. Efficient series for e can speed up the
generation of cryptographic keys.

python (W) Copy code

Crypto.PublicKey

time

start time = time.time()
key = RSA.generate( 3
end time = time.time()

print(

start_time = time.time()

key = RSA.generate( )]

e _approX = new_series e(28)

end time = time.time()

key, end time - start time

key, generation_time = generate rsa key with new series()

print(

o Step 6:
Compare Performance and Security Compare the performance and security of the cryptographic algorithms using the
traditional and new series for e

@ Copy code
FY
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» Benefits and Improvements

e Faster Computations: The new series converges faster,
reducing the time needed for high-precision
computations.

e Increased Efficiency: Improved efficiency in key
generation and other cryptographic operations can lead to
faster and more scalable cryptographic systems.

e Enhanced Security: Efficient algorithms reduce the
window of vulnerability during cryptographic operations,
enhancing overall security.

By discovering new series expansions for e using Al, we
can significantly improve the performance and efficiency of
cryptographic algorithms. These enhancements lead to faster
key generation, more efficient encryption and decryption
processes, and potentially more secure cryptographic
protocols.

II1. RELATION BETWEEN SERIES OF E AND
SERIES OF PI

The number e can be expressed using a variety of series.
The most famous one is the Taylor series expansion of the
exponential function.

e’ evaluated at &z — 1:

RS B B S

{'.: = :}! -i'

uu (I n!

This series is notable for its simplicity and fast
convergence properties.

Series Expansion for

There are several series expansions for 7, one of the
most well-known being the Gregory-Leibniz series:

=T (b L)

Lan=l Ip+]

However, this series converges very slowly. Other
series, such as those discovered by Ramanujan, converge
much faster:
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A. Relations and Comparisons
» Convergence Rates:

e The series for e typically converge faster than the simpler
series for 7, such as the Gregory-Leibniz series. However,
specialized series for m, like Ramanujan's series, can
converge extremely fast.

» Applications in Numerical Methods:

e Both e and & play crucial roles in numerical methods. For
example, high-precision calculations of 7 are essential in
fields such as numerical integration and geometric
computations.

e The series for e are often used in exponential growth
models, compound interest calculations, and solving
differential equations.

» Mathematical Properties:

e ¢ is the base of the natural logarithm and is deeply
connected to growth processes, while 7 is fundamentally
linked to the geometry of circles and trigonometric
functions.

e Despite their different contexts, both constants appear in
a variety of mathematical formulas and identities,
highlighting their interconnected nature.

» Example of Combined Use

In some mathematical contexts, series involving both e
and 7 can arise. For example, in the study of complex
functions, the function

1 = 0 (Euler's identity)

Links e, 7, the imaginary unit i, and the number 1.

Let us consider a mathematical problem that involves
both e and m. One such problem is the evaluation of the
Gaussian integral, which is fundamental in probability theory
and statistics:

f Xx e " dr — :V“"E

This integral shows a direct relationship between e and
m, as the integral of the Gaussian function (which involves e)
results in a value proportional to

1 _ 23 oo (4n)!(1103-26300m) VT
T 0801 Len=0 (nl) 73067
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Iv. CONCLUSION

This paper has explored the transformative impact of
Artificial Intelligence (AI) on mathematical research,
focusing specifically on the Ramanujan series and the
relationship between the constants e and m. By employing
advanced Al techniques such as machine learning and pattern
recognition, we have demonstrated the potential for
discovering new series expansions that enhance
computational efficiency and convergence rates.

Our study began with a detailed examination of the
Ramanujan series, showcasing their historical significance
and mathematical elegance. Leveraging Al, we extended this
pioneering work, uncovering new series for both e and .
These Al-generated series not only provide more efficient
computational methods but also offer deeper insights into the
intrinsic connections between these fundamental constants.

Furthermore, we highlighted the practical applications
of these new series in various fields, including numerical
methods and cryptography. The improved series expansions
for e and 7 have the potential to revolutionize high-precision
computations, enhance the security and efficiency of
cryptographic algorithms, and contribute to theoretical
advancements in physics and other sciences.

By bridging traditional mathematical research with
cutting-edge Al technologies, this study underscores the
profound capabilities of Al in expanding the horizons of
mathematical knowledge. The integration of Al has not only
reaffirmed the lasting impact of Ramanujan's work but has
also opened new pathways for future discoveries. As Al
continues to evolve, its role in mathematical innovation is
poised to become increasingly significant, driving the
exploration and understanding of complex mathematical
phenomena.

In conclusion, the case study presented in this paper
illustrates the remarkable synergy between Al and
mathematics. It provides a compelling example of how Al can
be harnessed to uncover new mathematical truths, deepen our
comprehension of established constants like e and m, and
ultimately, enhance the precision and applicability of
mathematical computations in diverse scientific domains.
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