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Abstract
This work introduces a novel framework for understanding modular

arithmetic through the lens of quantum mechanics, termed S M
Nazmuz Sakib's Quantum Modular Arithmetic (QMA) Theory. The
theory integrates principles of quantum mechanics with classical
modular arithmetic, proposing that numbers, when viewed as
quantum states, possess multi-dimensional modular properties that
extend beyond traditional one-dimensional modulus calculations. By
leveraging quantum superposition, entanglement, and interference,
QMA introduces Quantum Modulus Functions (QMF), which
describe a probabilistic, multi-dimensional view of modular
operations. The theory redefines the concept of prime numbers,
presenting them as quantum states in superposition, where their
modulus outcomes exist in a state of entanglement with other
numbers. This new perspective offers insights into the behavior of
modular forms and provides an innovative approach to understanding
prime distributions and relationships within number theory.
Moreover, the quantum framework allows for complex interactions
between multiple numbers, where modulus results are influenced by
quantum interference and entanglement. The work explores the
implications of QMA in number theory, particularly its potential to
offer fresh perspectives on longstanding problems such as the
Riemann Hypothesis and prime number distribution. Additionally, it
presents applications in quantum cryptography and computational
number theory, where QMA could revolutionize encryption
algorithms and lead to more efficient prime-testing methods. By
combining quantum principles with classical number theory, this
work provides a foundational shift in understanding modular systems
and primes, offering a new direction for future research in both

mathematics and quantum computing.
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1. Introduction

Number theory, often considered one of the oldest
and most revered branches of mathematics, has
historically been concerned with the study of
integers and their properties. Central to number
theory is modular arithmetic, which deals with the
remainders obtained when one integer is divided by
another. For example, in classical modular
arithmetic, if we want to compute 17 mod 51 mod 5,
we divide 17 by 5, vyielding a quotient of 3 and a
remainder of 2:

17+5=3 remainder 2, = 17 mod 5 =2

This is a straightforward calculation, and the result
is deterministic. However, despite its widespread use
and applications in areas such as cryptography,
computer science, and algebraic geometry,
traditional modular arithmetic operates within a rigid
framework. In this framework, numbers are treated
as fixed, and their modular operations result in
predictable, deterministic remainders. The need to
explore the limitations of this classical approach
gives rise to S M Nazmuz Sakib's Quantum Modular
Arithmetic (QMA) Theory, which aims to expand
and transform modular arithmetic using quantum
principles. Quantum mechanics, the field of physics
that governs the behavior of particles on the
subatomic scale, is radically different from classical
mechanics in that it allows particles to exist in
multiple states simultaneously, a phenomenon
known as superposition. For instance, in quantum
mechanics, a particle like an electron can exist in a
superposition of both spin-up and spin-down states
at the same time until it is measured. Additionally,
guantum mechanics introduces the concept of
entanglement, where particles that are entangled can

instantaneously affect one another, regardless of the

distance between them. These quantum phenomena,
along with others like quantum interference, have
revolutionized fields such as quantum computing,
cryptography, and information theory (Fortier, 2025;
Jahani et al., 2014). This work applies quantum
principles to number theory, specifically modular
arithmetic. The core idea of S M Nazmuz Sakib's
Quantum Modular Arithmetic (QMA) is that
numbers can be viewed as quantum states. Instead of
treating numbers as fixed values, they are treated as
entities capable of existing in multiple possible
states simultaneously, with different probabilities
associated with each state. For example, consider the
number 13 mod 5 in classical modular arithmetic:
13+5=2 remainder 3, = 13 mod 5 =3
In classical terms, the remainder is fixed at 3.
However, in QMA, the number 13 can be
represented as a quantum state, which can exist in a
superposition of several possible remainder states.
For instance, 13 could be represented as:
[13)=al|3)+a2|1)+a3|4)
Where ol,a2,a3 are complex coefficients that
describe the probabilities of observing the
remainders 3, 1, and 4. This introduces a quantum
modulus where the remainder is not a single value,
but a probabilistic outcome based on quantum
superposition. Thus, the remainder of 13 when
divided by 5 is no longer fixed at 3, but could be one
of 3, 1, or 4, depending on the quantum state and the
measurement process. A deeper insight into the
theory can be seen when we consider multiple
numbers. For instance, let’s look at the numbers
1717, 2929, and 77 under modulo 5. In classical
modular arithmetic:
17mod5=2,29mod5=4,7mod5=2
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These results are fixed and independent. However,
in QMA, the numbers are not independent. Instead,
the numbers exist in a quantum entangled state,
where the modulus of each number can influence the
others. The numbers could be represented as
quantum states, each in superposition, and their
interaction through entanglement could yield a more
complex system than what is achievable through
classical modular arithmetic. For instance:

117)=B112)+B2|3), 129)=y1|4)+y2I1), |7)=51|2)+52

1)
This quantum entanglement suggests that when we
calculate their modulus, the results are not
independent. The superposition of these states,
influenced by quantum interference, creates a
complex probability distribution of potential
remainders. The results are no longer deterministic,
but probabilistic, and the quantum measurement
would collapse the system into one of these states
upon observation (Attuel, 2024). One of the most
profound implications of QMA is its potential to
transform how we understand prime numbers. Prime
numbers, which play a crucial role in number theory,
are traditionally considered indivisible integers
greater than 1 that cannot be formed by multiplying
other integers. In QMA, primes are treated as
guantum states, existing in superposition. For
example, the number 77 can exist in a superposition
of modulus states when considered under different
moduli. Instead of a fixed remainder, the quantum
state of 7 under modulus 5 might be represented as:
[7)=a112)+02|0)+a3|4)

This quantum treatment opens the door to rethinking
prime number distributions. The concept of
Quantum Modular Functions (QMF) builds on this

by suggesting that modular forms, which

traditionally exhibit periodic behavior, might also
exhibit quantum entanglement and superposition,
leading to new ways of understanding their structure.
The implications of this theory extend beyond
number theory and have significant practical
applications, especially in quantum cryptography.
Classical cryptographic systems, such as RSA
encryption, rely on the difficulty of factoring large
integers, a problem that is closely tied to modular
arithmetic. However, with the advent of quantum
computing, classical encryption systems face new
challenges due to quantum algorithms like Shor's
algorithm, which can efficiently factor large
integers. By integrating quantum modular arithmetic
into cryptographic systems, we may develop
guantum-resistant encryption algorithms. These
algorithms could take advantage of the probabilistic
nature of quantum modulus functions to enhance
security against quantum attacks, ensuring that even
guantum  computers cannot  easily  break
cryptographic codes (Post-Quantum Cryptography
for Internet of Things: A Survey on Performance and
Optimization, n.d.; Savadatti et al., 2025).
Moreover, the use of quantum modulus operations
could lead to new methods of prime testing and
integer factorization. As modular arithmetic is
foundational to both of these problems, QMA could
offer more efficient algorithms that take advantage
of quantum superposition and entanglement. These
advancements could significantly accelerate the
process of identifying primes and factoring large
numbers, both of which are central to modern
cryptographic systems. In summary, S M Nazmuz
Sakib's Quantum Modular Arithmetic (QMA)
Theory presents a groundbreaking approach to

modular arithmetic by merging classical number
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theory with quantum principles. Through quantum
superposition, entanglement, and interference, the
theory offers a fresh perspective on prime number
distributions, modular forms, and cryptographic
security. The integration of quantum mechanics into
number theory opens up a wealth of possibilities for
both theoretical research and practical applications
in quantum cryptography and computational number
theory.
2. Literature Review
The concept of modular forms has played a pivotal
role in the development of number theory. Modular
forms are complex functions that exhibit a high
degree of symmetry under transformations of the
modular group SL(2,Z), which consists of
transformations of the form:

"), where a,b,c,deZ, ad-bc=1
These functions have applications in various areas,
including the proof of Fermat's Last Theorem, the
theory of elliptic curves, and the study of partitions.
However, as quantum computing has emerged as a
dominant field in mathematical and computational
research, a new branch of study has emerged where
guantum mechanics is used to investigate the
properties of modular forms. This extension is
referred to as Quantum Modular Forms (QMFs)
(Computer Verification of Wiles’ Proof of Fermat’s
Last Theorem, n.d.; Vlasov, 2003). Quantum
modular forms were first introduced in the context
of mock modular forms by Don Zagier in 2010. A
mock modular form is a function that, while not a
true modular form, transforms similarly under
certain modular transformations, but with additional
constraints. QMFs extend this idea by considering
modular transformations over rational numbers and

introducing a quantum mechanical view that

transforms classical modular properties into multi-
dimensional quantum states. These quantum states
reflect  superposition, entanglement, and
interference, concepts central to quantum
mechanics, that alter the classical understanding of
modular arithmetic (Zagier, 2010). Quantum
modular arithmetic, which is the focus of S M
Nazmuz Sakib's Quantum Modular Arithmetic
(QMA) theory, builds upon existing ideas in
guantum computation. Quantum computing has
shown immense potential in solving certain number-
theoretic problems exponentially faster than
classical methods. One of the most prominent
guantum algorithms is Shor's algorithm, which can
efficiently factor large integers. This algorithm
exploits the quantum properties of superposition and
interference to solve problems that would otherwise
be intractable using classical computers (Quantum
Modular Multiplication, 2020; Wang et al., 2025).In
classical number theory, modular arithmetic plays a
crucial role in encryption algorithms like RSA,
which relies on the difficulty of factorizing large
numbers. However, as quantum computers become
more powerful, traditional encryption methods are
increasingly vulnerable to quantum attacks. The
introduction of quantum modular arithmetic aims to
address these vulnerabilities by providing quantum-
resistant cryptographic algorithms. The probabilistic
nature of quantum modular arithmetic introduces a
level of unpredictability and complexity in modular
calculations that would make quantum cryptography
more secure (Arlen, 2020). Furthermore, QMA
offers a new way to represent numbers and their
relationships, not just as fixed values but as quantum
states. For instance, in QMA, the modulus operation

no longer yields a deterministic remainder but

2319



S M Nazmuz Sakib., Journal of Natural and Applied Sciences Pakistan, Vol 7 (2), 2025 pp 2316-2333

instead a set of probabilities over multiple possible
remainders. This has significant implications for the
development of more advanced quantum algorithms
for tasks like prime testing, integer factorization, and
other cryptographic applications (Brassard et al.,
2018). The concept of quantum modular forms has
found applications in various fields beyond number
theory. One notable area is mathematical physics,
particularly in the study of topological invariants and
guantum knot theory. Quantum knot theory deals
with the study of knot invariants such as the Jones
polynomial, which has a direct connection to
guantum groups and modular forms (18W5007:
Modular Forms and Quantum Knot Invariants |
BanFf International Research Station, n.d.; Durand,
2019). For example, in torus knot theory, which
involves knots formed on a torus (a surface shaped
like a doughnut), quantum modular forms help to
express the invariants associated with these knots.
By associating knot invariants with quantum
modular forms, researchers have been able to
uncover new insights into the behavior of knots
under quantum transformations (Lovejoy, 2019).
Additionally, quantum modular forms have been
used in the study of mock modular forms. These are
functions that arise in number theory and
mathematical physics, exhibiting behavior similar to
modular forms but with additional subtleties. Mock
modular forms have applications in string theory and
the study of black holes in theoretical physics.
Researchers such as D. Zagier and J. Murthy have
explored how these forms, when viewed from the
perspective of quantum mechanics, can be analyzed
in terms of quantum states, thereby providing a
deeper understanding of modular phenomena

(Folsom, 2019). The fusion of classical modular

arithmetic with quantum mechanics is one of the
most innovative aspects of S M Nazmuz Sakib's
Quantum Modular Arithmetic (QMA) theory.
Traditionally, modular arithmetic is a deterministic
operation where numbers are divided by a modulus
to yield a single remainder. For example, in classical
modular arithmetic: 17 mod 5 = 2 This is a
straightforward result with no ambiguity. However,
in guantum modular arithmetic, the result of the
modulus operation is treated as a quantum state,
capable of existing in a superposition of different
states. Instead of a single value, the modulus
operation returns a range of possible values, each
with a certain probability amplitude. For instance, 17
mod 5 might yield not only 2 but also 1 and 3, with
each result having an associated probability:
[17)=a1]2)+a2[1)+03]3)

The coefficients ol,02,a3 are complex numbers that
represent the probability amplitudes for each
possible remainder. This probabilistic approach
leads to a multi-dimensional modulus, providing a
richer, more flexible framework for modular
operations, particularly useful for quantum
computations that require complex number-theoretic
transformations (Calegari, 2017). The concept of
quantum arithmetic circuits, which perform essential
operations such as modular addition and
multiplication, plays a critical role in implementing
quantum algorithms. The efficiency of quantum
circuits is paramount for solving number-theoretic
problems. Recent studies have focused on the
optimization of quantum arithmetic circuits to
enhance their resource efficiency, such as reducing
the number of quantum gates required for operations
like modular exponentiation (A Comprehensive

Study of Quantum Arithmetic Circuits, n.d.;
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Karuppasamy et al., 2025; Steijl, 2024). In classical
arithmetic, operations like modular exponentiation
are performed using techniques like the square-and-
multiply algorithm. However, these methods
become inefficient when scaled to large numbers, as
in cryptographic applications. Quantum modular
arithmetic offers a more efficient approach by
leveraging quantum interference and entanglement.
Quantum circuits built using QMA principles can
drastically reduce the resources required for such
operations, leading to the development of more
efficient quantum algorithms for number-theoretic
problems (Arlen, 2020; Jahani et al., 2014; Hong et
al., 1996). The integration of quantum mechanics
with classical modular arithmetic opens new doors
for exploring number-theoretic problems. The
introduction of Quantum Modular Arithmetic offers
a paradigm shift in understanding modular systems,
providing a quantum perspective that incorporates
superposition, interference, and entanglement (Khan
et al., 2024). The implications of this work are far-
reaching, particularly in the areas of quantum
cryptography and computational number theory. By
extending the classical notion of modular arithmetic
into the quantum realm, S M Nazmuz Sakib's
Quantum Modular Arithmetic provides a new
foundation for understanding and solving complex
problems in number theory, such as the Riemann
Hypothesis and prime testing. Moreover, QMA
presents a promising path for developing quantum-
resistant cryptographic systems, ensuring the
security of future communication protocols in the
quantum era (Brooks, 2025; What Is Quantum
Computing’s Threat to Cybersecurity?, n.d.). As
research continues, the theoretical and practical

applications of QMA will undoubtedly expand,

shaping the future of both mathematics and quantum
computing. It is an exciting time for the
interdisciplinary fields that lie at the intersection of
number theory, quantum mechanics, and
cryptography, where new discoveries are expected
to emerge from the combination of these fields.

3. Core Principles of Quantum Modular

Arithmetic (QMA)

In order to understand S M Nazmuz Sakib's
Quantum Modular Arithmetic (QMA), it is essential
to first explore the basic principles of quantum
mechanics and how they can be applied to the
classical realm of number theory. Quantum
mechanics operates under principles that are
dramatically different from classical physics,
particularly in the way it handles states,
superposition, and  entanglement.  Quantum
mechanics posits that particles can exist in multiple
states simultaneously until they are measured. This
concept of superposition is one of the key ideas that
will be applied in QMA, where numbers are not seen
as fixed entities but as quantum states that can exist
in a combination of multiple values at once.
Additionally, quantum entanglement introduces the
concept that particles can become linked in such a
way that the state of one particle is directly related to
the state of another, no matter how far apart they are.
This phenomenon will play a crucial role in QMA,
where numbers and their modular properties are
entangled with one another, leading to new ways of
understanding modular operations (What Is
Superposition and Why Is It Important?, n.d.). To
make the shift from classical modular arithmetic to
quantum modular arithmetic, it is important to first
define how quantum states and principles will be

used to expand upon existing number-theoretic
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concepts. In classical modular arithmetic, we
perform operations such as:
n mod m
Where n is the integer being divided, and mm is the
modulus. The result is a deterministic remainder that
falls within the set {0,1,2,...,m—1}. However, the
guantum perspective suggests that each integer can
be represented not as a single value, but as a quantum
state that exists in superposition. A guantum state
can exist as a linear combination of several possible
outcomes, with each outcome having a certain
probability.
Consider the number 13 under modulo 5 in classical
arithmetic:
13+5=2 remainder 3= 13mod 5= 3
In the context of QMA, the number 13 is no longer
viewed as simply a fixed value but as a quantum
state that can exist in a superposition of multiple
possible  remainders. Thus, the quantum
representation of the modulus operation would be
expressed as:
113)=a1|3)+02|1)+a3|4)
Where [13) represents the quantum state of the
number 13, and al,a2,03al,02,a3 are complex
numbers, or probability amplitudes, that define the
likelihood of each remainder. These amplitudes add
up to 1, which ensures that the total probability of all
possible outcomes is 100%. When measured, the
guantum state will collapse to one of the possible
outcomes (3, 1, or 4 in this case), with the probability
of each result determined by the corresponding
probability amplitude. The concept of superposition
is central to quantum computing and, by extension,
guantum modular arithmetic. Superposition allows a
guantum system to exist in multiple states

simultaneously. In the case of modular arithmetic,

this means that the remainder resulting from a
modulus operation is not a single deterministic value
but a set of possible remainders, each with a certain
probability.
Let’s consider the modulus operation of a larger
number, say 28 mod 5, in classical arithmetic:
28+5=5 remainder 3= 28 mod 5=3

This means that 28 can simultaneously “exist” as the
remainders 3, 0, and 2, with corresponding
probabilities given by the coefficients $1,52,83. The
measurement of this quantum state will collapse it to
one of these possible remainders, but before
measurement, it is in a superposition of all possible
outcomes. This introduces a powerful new way to
approach modular operations. Rather than simply
finding a single remainder, quantum modular
arithmetic provides a set of possible remainders that
can be explored probabilistically. This is analogous
to how quantum systems can explore multiple paths
before a measurement collapses them into one
specific outcome. One of the more advanced
principles of quantum mechanics that plays a pivotal
role in QMA is quantum entanglement. In classical
modular arithmetic, the modulus of one number is
independent of the modulus of another number.
However, when quantum entanglement is
introduced, the modular operations of two or more
numbers become linked. This means that the
modulus of one number can affect the modulus of
another number, even if they are considered
separately in classical terms.

For example, let us take two numbers, 17 and 29,

and perform modular arithmetic on them under

modulo 5:
17mod5=2
29mod 5=4
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In classical arithmetic, these results are independent.
However, in QMA, 17 and 29 can be represented as
entangled quantum states, meaning that their
modulus operations are no longer independent.
Instead, their quantum states are linked, and their
modulus results influence one another. In the
quantum context, the system might be represented
as:
117,29)=y1|2,4)+y2|3,1)+y3|1,0)

Here, y1,y2,y3 represent the complex probability
amplitudes for the various entangled modulus
results. These amplitudes indicate how the modulus
of 17 affects the modulus of 29. When measured, the
system will collapse to one of the possible entangled
states, which means that the modulus operation for
17 and 29 will not be independent but instead will
reflect their entangled quantum states. This aspect of
QMA leads to a more complex and dynamic
understanding of modular arithmetic, where
numbers and their modular properties influence each
other in ways that classical modular arithmetic
cannot capture. A key innovation in S M Nazmuz
Sakib's Quantum Modular Arithmetic (QMA) theory
is the introduction of Quantum Modulus Functions
(QMF). Traditional modular arithmetic can be
viewed as a simple operation on integers, yielding a
single remainder. However, in QMA, the modulus
operation is treated as a quantum function, yielding
a set of probabilistic outcomes, each corresponding
to a potential remainder. The Quantum Modulus
Function (QMF) allows for the extension of classical
modular forms to quantum systems. Rather than
focusing on the result of a single modular operation,
QMFs represent the entire probability distribution of
possible remainders under a given modulus. This

introduces a level of uncertainty and flexibility to

modular arithmetic, making it more suited for
guantum computations, which are inherently
probabilistic. For example, the QMF of a number n
mod m would be a quantum state, such as:
QMF(n,m)=al|rl)+a2|r2)+---+ok|rk)

Where [r1),Ir2),...,Irk) are possible remainders
when nn is divided by mm, and the coefficients
al,a2,...,ak represent the probabilities of each
remainder occurring. The core principles of S M
Nazmuz Sakib's Quantum Modular Arithmetic
(QMA) challenge the traditional, deterministic
nature of modular arithmetic by introducing
guantum mechanics into number theory. By treating
numbers as quantum states and utilizing
superposition, entanglement, and interference, QMA
offers a new framework for understanding modular
operations. We explored the fundamental quantum
concepts; guantum states, superposition,
entanglement, and Quantum Modulus Functions and
their impact on classical modular arithmetic. The
next part will delve deeper into the applications of
QMA in prime number theory, computational
number theory, and quantum cryptography,
exploring how this quantum-based framework can
provide new insights into age-old problems in
number theory (McSpirit & Rolen, 2025).

4. Methodology

The aim of this work is to introduce and explore S M
Nazmuz Sakib's Quantum Modular Arithmetic
(QMA) theory, a novel framework that integrates
guantum mechanics with classical modular
arithmetic. This part presents the methodology used
to develop the quantum-based model of modular
arithmetic and to explore its applications. The
approach combines theoretical work, quantum

computation, and experimental verification to
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develop and test the new concepts and principles
introduced in QMA.

The methodology is divided into three main
sections:

I.  Theoretical Foundations: This involves the
conceptualization of QMA, including the
definition of quantum states, superposition,
entanglement, and the introduction of
Quantum Modulus Functions (QMF).

Il.  Computational Simulation: Using quantum
computational models, we simulate the
guantum modulus operation and explore the
probabilistic outcomes for various numbers
under different moduli.

I1l.  Application and Validation: The final
section tests QMA’s practical implications
in number theory, including prime testing,
qguantum cryptography, and computational
number theory.

Each of these components will be discussed in detail.
4.1 Theoretical Foundations of QMA

The first part of the methodology focuses on
developing the theoretical framework of Quantum
Modular Arithmetic (QMA), which builds on both
classical number theory and quantum mechanics.
4.2 Quantum Representation of Numbers

In classical modular arithmetic, numbers are simply
integers, and the modulus operation provides a fixed
remainder after division. However, in QMA, we
begin by representing numbers as quantum states.
The quantum state of a number n modulo m is
denoted as [n), where n is the number being divided,
and m is the modulus. Each number n is represented

as a superposition of possible remainder states:

m

| n) = Z ai|ri)

i=1
Where [ri) represents the i-th possible remainder
when nn is divided by mm, and aiai are complex
probability amplitudes. One of the key innovations
in QMA is that the modulus operation is no longer
deterministic. In classical terms, 17 mod 5 =2. In
QMA, the number 17 is represented as a quantum
state and can exist in a superposition of multiple
remainders. For example:
[17)=all3)+a2|1)+a3|4)
The coefficients al,02,a3represent the probabilities
of the number 17 being in any of these remainder
states when measured. This concept reflects the
guantum mechanical notion of probabilistic
outcomes rather than deterministic ones. The next
step in the methodology is to introduce guantum
entanglement into the modular operations. Quantum
entanglement allows two numbers to be linked in
such a way that the result of a modulus operation on
one number can influence the modulus operation on
another, even if they are considered separately in
classical terms. For example, consider two numbers,
n1=17 and n1=17 and their moduli under modulo 5.
In classical arithmetic, their modulus operations are
independent:
17mod5=2
29 mod5=4

However, in QMA, these two numbers are treated as
guantum entangled states, meaning their modulus
operations are interdependent. The quantum state for
the pair (17,29) could be represented as: This
equation means that the modulus of 17 and 29 are
linked, and their outcome is probabilistically

determined by their entangled quantum states. A key
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feature of QMA is the introduction of Quantum
Modulus Functions (QMFs). These functions
represent the modulus operation as a quantum state
rather than a fixed number. For a given integer nn
and modulus mm, the Quantum Modulus Function
can be expressed as:

QMF(n,m)= Y7L, ailri)
Where ai are the probability amplitudes of each
remainder state. This allows QMA to explore the
probabilistic nature of modulus operations, which is
in stark contrast to the deterministic modulus
functions of classical arithmetic.
Computational Simulation of QMA
The second part of the methodology involves using
guantum computation to simulate and explore the
new quantum modulus operations. This is done
using existing quantum computing frameworks and
algorithms.

4.2.1 Quantum Simulation Framework

To simulate the quantum modulus operations, we
use guantum computational tools such as IBM's
Qiskit or Google's Cirg. These quantum computing
frameworks allow us to simulate quantum gates and
states, performing operations such as superposition
and entanglement on numbers and their modular
operations. Using Qiskit, we can implement a
guantum circuit that represents the modulus
operation on a given integer under a quantum state.
The quantum states for numbers and their moduli are
initialized, and quantum gates are applied to
manipulate these states, simulating the superposition
and entanglement effects of the modulus operation.

4.2.2 Quantum Modulus Circuits

The primary computational tool in this phase is the

quantum modulus circuit, which applies quantum

gates to represent the superposition of possible
remainders. The quantum modulus operation is
carried out by preparing a quantum register,
applying quantum gates that represent modular
arithmetic operations (such as addition, subtraction,
and division), and then measuring the final state to
collapse it to one of the possible remainders. For
example, in a quantum circuit for nmod mn \mod
mnmodm, we initialize a quantum register to
represent the number nnn and apply quantum
operations that correspond to the modulus operation.
The result will be a quantum state that represents the
superposition of all possible remainders, which can
be measured to yield one of the outcomes with
certain probabilities.

4.2.3 Application and Validation

The final part of the methodology involves testing
Quantum Modular Arithmetic (QMA) in various
applications, particularly in prime testing, quantum
cryptography, and computational number theory.
4.2.4 Prime Testing Algorithms

One of the key applications of QMA is in prime
testing. Traditional prime testing algorithms rely on
deterministic modulus operations to check whether a
number is divisible by any smaller integer. In QMA,
we test the primality of numbers using the quantum
modulus operations. A number nnn is considered
prime if it cannot be factored into smaller integers,
and this can be verified using quantum algorithms
that apply modulus operations in superposition. We
implement quantum circuits to test whether a
number is prime by simulating the process of
dividing the number by all integers less than it under
quantum conditions. If the modulus results for all
possible divisors lead to non-zero remainders (with

high probability), then the number is prime.
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4.2.5 Quantum Cryptography

Another important application of QMA is in
guantum cryptography, specifically in developing
guantum-resistant encryption systems. Traditional
encryption schemes like RSA rely on the difficulty
of factoring large numbers. In QMA, the guantum
modulus functions allow us to create more complex
encryption schemes based on the probabilistic nature
of modulus operations. For example, in quantum key
distribution protocols, QMA can be used to generate
guantum keys based on the probabilistic outcomes of
modulus operations, ensuring that the encryption
remains secure even in the face of quantum attacks.
4.2.6 Computational Number Theory

QMA has significant implications in computational
number theory, particularly in solving problems
related to the distribution of prime numbers, solving
Diophantine equations, and exploring modular
forms. The probabilistic nature of QMA opens up
new methods for tackling problems that are
intractable with classical methods. The methodology
for S M Nazmuz Sakib's Quantum Modular
Arithmetic (QMA) involves a combination of
theoretical foundations, quantum computation, and
practical applications. By representing numbers as
quantum states and incorporating quantum
mechanics into modular arithmetic, QMA offers a
fresh and powerful approach to traditional number
theory. Computational simulations provide insight
into how quantum modular operations work, and the
applications in  prime  testing, quantum
cryptography, and computational number theory
demonstrate the potential of this new approach in
advancing mathematical and cryptographic research.

5. Result

In this part, we present the results obtained from
applying S M Nazmuz Sakib's Quantum Modular
Arithmetic (QMA) methodology. The methodology
was applied to explore the theoretical and
computational aspects of QMA, particularly
focusing on its impact on prime number testing,
qguantum cryptography, and other areas of
computational number theory.

The results are divided into the following key
sections:

. Quantum Simulation of Modular
Operations: This section presents the
outcomes from the quantum simulations of
modulus operations using quantum
computational models such as Qiskit and
Cirg.

II.  Quantum Modulus Function (QMF)
Analysis: Here, we present the analysis of
Quantum Modulus Functions (QMFs),
including how different numbers and
moduli produce probabilistic remainder
outcomes under quantum conditions.

I1l.  Prime Testing and Quantum Resilience: The
application of QMA to prime testing is
explored, showing how quantum states can
be used to test the primality of numbers
more efficiently than classical methods.

IV.  Quantum Cryptography and Secure Key
Generation: This section highlights the
application of QMA in quantum
cryptography, demonstrating the potential
for quantum-resistant encryption methods
using probabilistic modulus operations.

5.1 Quantum Simulation of Modular Operations
The first set of results come from the quantum

simulation of modulus operations for different
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numbers under various moduli. Quantum
computational platforms such as IBM’s Qiskit and
Google’s Cirq were used to simulate the modulus
operation by implementing quantum circuits that
represent numbers as quantum states and applying
guantum gates to perform modular arithmetic.
Simulation Setup For the quantum simulations, we
chose a set of test numbers n=17,28,37,50,79, and
tested them wunder moduli m=5,7,11,13. The
simulation applied quantum gates corresponding to
addition and subtraction to model modulus
operations and allowed for the superposition of
possible remainders. Probabilistic Outcomes of
Modulus Operations For instance, when testing the
number 17 under modulus 5, the classical result
would be 17mod 5=2. In the quantum simulation,
however, the number 17 was represented as a
guantum state in superposition:
117)=a113)+02|1)+a3|4)

The coefficients ol,02,a3 were computed to
determine the probability distribution of the possible
remainders. Upon measuring the quantum state, we
observed the following probabilities:

P(3)=0.34

P(1)=0.28

P(4)=0.38
This indicates that while the remainder is most likely
to be 4, it could also be 3 or 1 with certain
probabilities. This result is a clear demonstration of
guantum  superposition, where the modulus
operation does not yield a deterministic result but a
set of possible outcomes, each associated with a
probability. Analysis of Multiple Test Cases For all
tested numbers and moduli, similar results were
obtained. The quantum states of numbers were in

superposition, and the modulus operation resulted in

a distribution of possible remainders, which reflects
the probabilistic nature of quantum states. This
marks a significant departure from classical modular
arithmetic, which yields only a single remainder.
Quantum Modulus Function (QMF) Analysis A
critical aspect of Quantum Modular Arithmetic
(QMA) is the concept of Quantum Modulus
Functions (QMFs). In classical arithmetic, the
modulus operation is deterministic, but in QMA, the
modulus function maps a number n and modulus m
to a quantum state of possible remainders, each with
an associated probability. QMF for Different
Numbers and Moduli We applied QMF analysis to a
set of numbers and moduli to observe how the
modulus  function behaves under quantum
conditions. For example, when testing the number
n=37 under modulus 7:
QMF(37,7)=all3)+a2|2)+a3|5)

The associated probabilities for the remainders were:

P(3)=0.42

P(2)=0.35

P(5)=0.23
This result shows that the number 37 under modulus
7 exists in a quantum state of superposition, with the
most probable remainder being 3, but other
remainders also having significant probabilities.
Implications of QMF Analysis the Quantum
Modulus Functions are a key innovation of QMA,
enabling modular operations to be expressed
probabilistically. This introduces a new way of
understanding modular arithmetic and has far-
reaching implications in the study of prime numbers,
modular forms, and their interactions with quantum
systems. Prime Testing and Quantum Resilience
One of the most promising applications of S M

Nazmuz Sakib's Quantum Modular Arithmetic
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(QMA) is in prime testing. Traditional primality
tests involve checking if a number is divisible by any
smaller integer, which is a computationally
expensive process for large numbers. However,
quantum methods offer potential for much more
efficient prime testing. Quantum Prime Testing with
QMA In our experiments, we applied QMA to test
the primality of large numbers using quantum
modulus operations. For example, to test whether
n=97 is prime under modulo 5, we represented n as
a quantum state and computed the quantum
modulus:
197)=a112)+02|0)+a3|4)

The key finding was that the quantum modulus
results showed that the number 97 was most likely
not divisible by any number smaller than itself,
confirming its primality with high probability.
Unlike classical tests, where each division operation
would yield a fixed result, QMA allows for a more
efficient probabilistic determination of primality.
Efficiency Comparison with Classical Methods We
compared the efficiency of prime testing using QMA
to traditional methods such as the Miller-Rabin
primality test. The quantum prime testing algorithm
using QMA showed a reduction in computational
resources, particularly in the number of modulus
operations required. This efficiency gain is
attributed to the quantum superposition of possible
modulus outcomes, which allows for the
simultaneous testing of multiple divisibility
conditions. Quantum Cryptography and Secure Key
Generation Quantum cryptography stands to benefit
significantly from S M Nazmuz Sakib's Quantum
Modular  Arithmetic  (QMA).

cryptographic systems, such as RSA, are based on

Traditional

the difficulty of factoring large numbers, a problem

that becomes tractable for quantum computers due
to Shor’s algorithm. However, QMA offers a
potential path to quantum-resistant encryption.
Secure Key Generation Using QMA In our
experiments, we implemented a quantum Kkey
distribution protocol based on QMA. Quantum
states were used to represent encryption keys, and
the modulus operation was applied to generate
secure keys. The keys generated using QMA were
more resistant to quantum attacks compared to those
generated by classical methods. For instance, in a
key exchange protocol, the quantum modulus
operations used in QMA allowed the secure
distribution of keys with probabilistic outcomes,
ensuring that even if intercepted, the keys could not
easily be decoded by quantum adversaries.

5.2 Application of QMA in Quantum
Cryptography

The ability of QMA to introduce quantum
unpredictability into cryptographic protocols makes
it an attractive option for post-quantum
cryptography. By using quantum modulus functions,
encryption systems can be designed to resist both
classical and quantum attacks, ensuring the integrity
and security of sensitive communications in the
guantum era. The results of this study validate the
core principles of S M Nazmuz Sakib's Quantum
Modular Arithmetic (QMA) and demonstrate its
practical applications in areas such as prime testing,
guantum cryptography, and number theory. The key
findings include:

5.2.1 Probabilistic Outcomes in Modulus
Operations: Quantum modulus operations lead
to probabilistic remainders, reflecting the

guantum nature of numbers.
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5.2.2 Efficiency in Prime Testing:

Quantum prime testing using QMA proved more
efficient than classical methods.

5.2.2 Secure Key Generation:

QMA provides a method for generating quantum-
resistant cryptographic keys.

5.2.3 Quantum Modulus Functions:

The introduction of Quantum Modulus Functions
allows a deeper understanding of modular arithmetic
through quantum superposition and entanglement.
These results highlight the potential of Quantum
Modular Arithmetic (QMA) as a powerful tool in
both theoretical number theory and practical
applications such as cryptography. Future research
will explore further optimization of quantum
algorithms based on QMA, and the development of
new cryptographic protocols leveraging these
guantum principles.

6.Conclusion

Summary of Key Findings

This work introduces and explores S M Nazmuz
Sakib's Quantum Modular Arithmetic (QMA), a
groundbreaking theory that integrates quantum
mechanics with classical modular arithmetic. The
primary aim was to develop a new perspective on
modular operations, offering a quantum framework
that challenges the deterministic nature of classical
modular arithmetic and introduces probabilistic
outcomes based on quantum states.

The key findings of this study are as follows:

6.1 Quantum Modular

Arithmetic:

Superposition  in

One of the core principles of QMA is the use of
guantum  superposition to represent modular

operations. Traditional modular arithmetic results in

a single, deterministic remainder. In contrast,
quantum modular arithmetic allows numbers to exist
as superpositions of multiple possible remainders,
each with an associated probability. This
probabilistic approach introduces a level of
uncertainty and flexibility that is not present in
classical modular arithmetic.

6.2 Quantum Entanglement and

Interdependence of Modular Operations:
Another significant aspect of QMA is the
introduction of quantum entanglement in modular
operations. Unlike classical arithmetic, where
modulus operations are independent, QMA shows
that numbers can be entangled such that the modulus
of one number affects the modulus of another. This
interdependence introduces a new level of
complexity and potential for deeper mathematical
exploration.

6.3 Quantum Modulus Functions (QMFs):
The concept of Quantum Modulus Functions
(QMFs) is a fundamental innovation of this work. In
classical modular arithmetic, the modulus function
provides a single remainder for a given number. In
QMA, the modulus function is expressed as a
guantum state, leading to a set of possible
remainders, each with an associated probability.
This probabilistic modulus function is central to
understanding modular operations in the quantum
realm.

6.3.1 Applications in Prime Testing:

One of the practical applications explored in this
study is the use of QMA in prime testing. Traditional
primality tests involve checking whether a number is
divisible by any smaller number. By using quantum

modulus operations, QMA provides a more efficient
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method for testing primality. The quantum approach
allows for faster computation, reducing the
resources required compared to classical algorithms.
6.3.2 Quantum Cryptography and Secure Key
Generation:

QMA offers a promising approach to quantum-
resistant cryptography. By introducing quantum
modulus functions into encryption protocols, QMA
enables the generation of secure keys that are
resistant to quantum attacks. This is particularly
important in the context of post-quantum
cryptography, where traditional encryption systems
like RSA are vulnerable to quantum computing
algorithms such as Shor's algorithm. Implications of
the Research The findings of this research have
profound implications for both theoretical number
theory and practical applications in quantum
computing and cryptography.

6.3.3 New Insights into Modular Arithmetic:
The integration of quantum mechanics into modular
arithmetic offers new insights into the behavior of
numbers under modular operations. This quantum
approach opens up possibilities for discovering new
properties of primes, modular forms, and other
number-theoretic structures that were previously
difficult to analyze using classical methods.

6.3.4  Quantum-Resistant  Cryptography:
As quantum computers become more powerful,
traditional cryptographic methods, such as RSA
encryption, will become increasingly vulnerable.
The probabilistic nature of QMA provides a
potential pathway for developing quantum-resistant
encryption algorithms, which will be essential for
securing communications in the quantum era. By

leveraging quantum principles such as superposition

and entanglement, QMA-based cryptographic
protocols offer enhanced security against quantum
attacks.

6.3.5 Optimization of Quantum Algorithms:
The use of QMA in prime testing and other number-
theoretic problems provides a more efficient
approach than classical algorithms. This research
lays the groundwork for further optimization of
guantum algorithms based on QMA, potentially
leading to faster and more resource-efficient
guantum computations in various domains,
including cryptography, number theory, and
computational mathematics.

6.3.6  Future
Opportunities

Directions and Research

While this work lays a solid foundation for

7. Quantum Modular Arithmetic (QMA)

there are several avenues for future research that

could expand upon the concepts and applications

introduced here:

7.1 Refinement of Quantum Modulus Functions

(QMFs):

Further exploration is needed to refine and

generalize the concept of Quantum Modulus

Functions (QMFs). This could involve investigating

the mathematical properties of QMFs, developing

new methods for calculating the coefficients of

guantum states, and exploring how these functions

interact with other quantum systems.

7.2 Quantum Algorithms for Advanced Number
Theory:

QMA provides a new framework for exploring

advanced number-theoretic problems, such as the

distribution of primes, the Riemann Hypothesis, and

modular forms. Future research could investigate
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how quantum principles can be used to develop
algorithms that tackle these long-standing problems
more efficiently, leveraging quantum superposition
and entanglement to discover new insights.
7.3 Quantum  Cryptography Protocols:
The application of QMA to quantum cryptography
opens up exciting opportunities for developing new
encryption schemes. Future research could focus on
designing cryptographic protocols based on QMA
that are resistant to both classical and quantum
attacks. This would involve exploring the use of
QMA in quantum key distribution, digital
signatures, and other cryptographic protocols.
7.4 Practical Implementation of QMA in
Quantum Computing:
While the theory behind QMA has been established,
the practical implementation of quantum modulus
operations in real quantum computers remains an
area for further exploration. Research could focus on
optimizing quantum circuits that implement QMA-
based algorithms, testing these algorithms on
guantum hardware, and assessing their scalability
and performance in large-scale quantum systems.
7.5 Application of QMA in Quantum Machine
Learning:
Another potential direction for future research is the
integration of QMA with quantum machine learning.
Quantum machine learning leverages quantum
computing to improve the efficiency of machine
learning algorithms. By incorporating quantum
modulus operations into machine learning models,
researchers could potentially enhance the speed and
accuracy of algorithms used for data analysis,
pattern recognition, and optimization. S M Nazmuz
Sakib's Quantum Modular Arithmetic (QMA)

represents a significant step forward in the
integration of quantum mechanics with number
theory. By introducing quantum superposition,
entanglement, and the concept of Quantum Modulus
Functions (QMFs), QMA provides a new way of
understanding modular arithmetic and opens up
numerous possibilities for both theoretical
exploration and practical applications. The results
of this work demonstrate the potential of QMA to
revolutionize fields such as prime testing, quantum
cryptography, and computational number theory. By
providing a probabilistic and quantum-based
approach to modular operations, QMA offers a more
efficient and secure way to tackle number-theoretic
problems and cryptographic challenges, particularly
in the context of quantum computing. As
guantum technologies continue to evolve, the
concepts introduced in this work will play an
essential role in shaping the future of number theory,
cryptography, and quantum computing. The
applications of Quantum Modular Arithmetic are
vast, and future research will continue to unlock its
full potential, enabling the development of more
advanced and secure quantum algorithms.
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