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Abstract:- Quantum computing and cryptography are rapidly emerging as significant fields
due to their potential to transform computation and secure communication. However, many
existing learning platforms are fragmented, technically complex, and primarily designed for
advanced users, with the acknowledge of basic computing, statistics security, networking and
quantum physics mandatory to understand. To address this challenge, this research article
presents Quantum simulator, a web-based integrated educational and simulation platform
developed to simplify the learning of quantum computing and cryptographic security, navigates
the transition to a quantum security framework, offering a critical analysis of encryption
methods essential for the protection of critical infrastructure in the quantum era. The platform
integrates theoretical learning modules, explanations of quantum algorithms, a visual quantum
circuit simulator, automatic OpenQASM code generation, a BB84-based Quantum Key
Distribution (QKD) simulator, documentation support, analytics, a Help and Complaints
Section for user support, a chatbot for interactive query resolution, and a comparative module
for classical and quantum computing. The system follows a layered web architecture that
supports content delivery, simulation processing, and user interaction. Functional evaluation
of the major modules demonstrates the feasibility of integrating conceptual learning, circuit
design, cryptographic simulation, and learner assistance within one comprehensive platform.
The results indicate that the proposed approach can enhance accessibility, conceptual clarity,

practical engagement, and guided learning support for early-stage learners in quantum
technologies. This paper not only forecasts quantum threats but also offers a sophisticated,
actionable framework for strengthening infrastructure and algorithm model code fg
environments against the multifaceted challenges of the quantum era.
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1. Introduction

The rise of quantum computing represents a paradigm shift in the form of cyber security.
Quantum computing’s significant implications infiltrate every layer of our digital
infrastructure, casting a shadow of hesitation over the area of cybersecurity [1]. Quantum
computing has emerged as a powerful computational paradigm that exploits the principles of
superposition, entanglement, and quantum interference to solve certain classes of problems
more efficiently than classical computing [2]. At the same time, quantum cryptography has
gained considerable importance because it offers new approaches to secure communication,
particularly through quantum key distribution protocols such as BB84. As research and
industrial interest in quantum technologies continue to grow, there is an increasing need for
learning environments that make these concepts accessible to students and beginners [3].

Although a number of quantum platforms and software frameworks are available today, many
of them are aimed at researchers, developers, or experienced learners. Tools such as Qiskit,
Azure Quantum, and other circuit-based simulators provide significant technical capabilities,
but they often require prior familiarity with programming, quantum mechanics, and
mathematical foundations [4]. In addition, learning materials, algorithm visualizations, circuit
simulation, cryptographic demonstrations, learner support, and doubt clarification are often
distributed across separate tools and resources [5]. This fragmented approach creates a steep
learning curve for users who are beginning to explore the domain.

For learners and early-stage researchers, the absence of a unified and beginner-oriented
platform becomes a serious limitation. A user interested in learning quantum gates, quantum
cryptography, building a circuit, understanding quantum key distribution [6], comparing
classical and quantum approaches, resolving doubts instantly, and reporting platform-related
issues may need to rely on multiple disconnected systems. As a result, conceptual continuity is
lost, practical engagement becomes more difficult, and the learning experience becomes less
interactive.

1.1 Quantum Simulator

To address this gap, this paper proposes Quantum simulator, an integrated web-based platform
that combines theory, simulation, visualization, cryptographic learning, chatbot-based doubt

clarification, and user support into a single educational environment. The system is designed
to support beginners through structured modules that explain algorithms, allow visual quantum
circuit construction, generate corresponding Open QASM code, simulate BB84-based key
distribution, provide a chatbot for answering user questions, include a Help and Complain
Section for support and issue reporting, and present comparisons between classica
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quantum computing. The goal of the proposed system is not only to provide technical
functionality but also to improve accessibility, clarity, learner guidance, and interactive
learning in quantum education.

1.2 Quantum Cryptography
A. Motivation

Building upon the insights presented in the introduction, this research is motivated by the
imperative to address the profound cybersecurity challenges brought forth by the rapid
advancements in quantum computing, especially within encryption and security services.
Quantum computing, with its potential for exponentially greater computational power,
represents a tough threat to traditional cryptographic methods, which are foundational to the
security of data in terms of its integrity, confidentiality, and availability. our research not only
addresses an urgent need in the face of emerging quantum threats but also contributes vital
insights to the broader discourse on protecting our interconnected digital world. This research,
therefore, stands as a crucial step in preparing and learning gates and security algorithms.

B. Contribution

This research article significantly contributes to the domain of cyber security in the era of
quantum computing, focusing on the development and understanding of quantum gates and
measures. The key contributions include: In-Depth Analysis across gates: Our exhaustive
examination provides a multi-layered analysis of the potential security threats emerging from
quantum computing.

These contributions collectively mark a significant advancement in securing infrastructures
against quantum computing threats. They provide vital insights and methodologies for
stakeholders, shaping the development of quantum-resistant security measures, guiding
infrastructure adaptation, and influencing policy decisions. Therefore, this paper plays a critical
role in enriching the security posture of networked systems in anticipation of quantum
computing advancements.

The main contribution of this work lies in the development of a unified educational framework
that connects conceptual understanding with practical interaction. By bringing together
multiple learning, simulation, assistance, and support components in one platform, Quantum
simulator aims to serve as a bridge between theoretical quantum knowledge and hands-on
exploration.

C. Organization

This paper is organized as follows: Section II provides a background of quantum computing
and cybersecurity, with a focus on quantum cryptographic methods. Section III provid
implementation details of the simulator with its limitation. It explains the complete wor
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of the simulator with the help of the diagram. Section IV discusses the system architecture in
detail description of each and every module of the quantum crypto simulator and cyber security.
Section V result and discussions about the implementation steps of implementing various cyber
security algorithm in details. Section VI with a summary and future research directions,
offering consolidated insights into the role of quantum computing in cybersecurity

2. Litetature Survey

The theoretical foundations of quantum computing were established through the pioneering
work of Feynman and Deutsch [1]. Feynman argued that classical systems are inherently
inefficient for simulating quantum phenomena and suggested that computation based on
quantum mechanical principles would be more suitable for such tasks. [7] Deutsch later
formalized the concept of a universal quantum computer, providing a theoretical basis for
quantum computation as a distinct computational model.

The section also highlights gaps in current research, particularly in addressing the gates and
complexity of quantum cyber threats to both present and future. This section comprehensively
reviews the advancements in quantum computing, the evolution of quantum cryptography, and
their collective impact on digital infrastructure and cybersecurity. The quantum crypto
simulator emphasizes the transition of quantum computing from theoretical concepts to
applications that directly challenge traditional cryptographic algorithms. [8] highlights the
critical need for a quantum resistant direction in cybersecurity, including the anticipation of
timelines for certifying quantum-resistant standards and preparation against potential quantum
attacks. [9] propose a comprehensive framework highlighting a systematic shift to post-
quantum cryptography, highlighting the need for robust testing, well-planned integration
timelines, and a thorough strategy for achieving quantum-safe enterprise systems in response
to the challenges posed by quantum computing. [10] provide a comprehensive survey of
Quantum Cryptography for Enhanced Network Security and future directions in this domain.
These represent an effort to navigate the evolving cybersecurity landscape in the quantum era.

2.1 Evolution of Quantum Computing and Cryptography

Recent advancements in quantum computing technology, by different vendors such as IBM
and google, prove an accelerated approach towards practical applications, under scoring the
urgency of post quantum cryptography development [11], [12], [13]. Quantum computing has
quickly moved from theoretical exploration to practical applications, with major implications
in the field of cryptography. The groundbreaking work by Shor [7] [14] revealed the
vulnerability of conventional cryptographic protocols, such as ECC and RSA, against quantum
computing attacks, specifically how quantum algorithms could exploit mathematical shortcuts
for breaking these systems. This breakthrough has provided the development of PQC, which is
focused on designing algorithms secure against both classical and quantum computing thre,
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The contributions by [15] in providing latest algorithmic paradigms have further enriched this
domain, including developments in algorithm quickness and adaptability.

2.2 Gaps in Current Research and Our Focus

While there has been significant progress in PQC and understanding the broader implications
of quantum computing theoretically, there remains a critical gap in detailed analyses and
implementation of quantum induced cyber threats, particularly those affecting existing and
future gates. Previous research has mostly centered on theoretical general aspects of PQC and
quantum computing’s implications, often missing the finer details of these emerging challenges
and practical implementation of it. Our research aims to fill this gap, by providing simulator to
have hands of experience of various gates and algorithm related to cyber security and

cryptography.

Over time, quantum algorithms demonstrated the practical significance of this computational
paradigm. Shor’s algorithm showed that quantum computers could perform integer
factorization and discrete logarithm computations far more efficiently than known classical
methods, thereby threatening widely used public-key cryptographic systems such as RSA. [16]
further demonstrated that quantum search could provide quadratic speedup for unstructured
search problems. These developments established quantum computing as both a technological
opportunity and a security challenge. In the area of quantum cryptography, [17] introduced the
BB84 protocol, which became the first major quantum key distribution scheme.[18][19] BB84
demonstrated that the laws of quantum mechanics could be used to establish secure
communication and detect eavesdropping attempts. Subsequent work by [20][21] expanded the
theoretical and practical understanding of QKD security, implementation challenges, and
protocol robustness. This made QKD one of the most important practical applications of
quantum information science.

Several software platforms have significantly improved access to quantum programming and
simulation. [4] IBM’s Qiskit provided an open-source framework for constructing and
simulating quantum circuits, while tools such as Quirk and Azure Quantum introduced
graphical and cloud-based environments for experimentation [22][23]. These platforms are
valuable for research and development; however, they are often optimized for technically
skilled users rather than beginners. Most existing systems focus primarily on circuit
construction or execution and do not fully integrate educational guidance, cryptographic
demonstrations, and comparative conceptual learning in a single environment.

Educational research has consistently shown that interactive and experiment-driven learning
environments can improve conceptual understanding more effectively than passive content
delivery. In the context of quantum learning, this indicates the need for platforms that support
both explanation and exploration. Despite the availability of powerful individual tools, t
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remains a gap for a beginner-oriented, web-based system that combines algorithm learning,
circuit simulation, code generation, and QKD-based cryptographic understanding in a unified
framework.

Based on this gap, the present work proposes Quantum simulator as an integrated educational
and simulation platform. Unlike existing tools that address isolated aspects of quantum
learning, the proposed system aims to combine foundational concepts, practical circuit
interaction, [24] BB84-based simulation, and comparative learning support into one coherent
environment for students and early-stage learners.

3. Quantum Crypto Simulator

This work proposes Quantum simulator, a web-based learning and simulation platform
designed to provide an integrated environment for studying quantum computing and quantum
cryptography. The system is intended primarily for beginners, students, and early-stage
learners who require a simplified yet structured interface for understanding both conceptual
and practical aspects of quantum technologies.

The proposed platform addresses a key limitation of many existing resources: the separation of
educational content, simulation tools, cryptographic demonstrations, learner assistance, and
user support across multiple systems. Instead of forcing users to shift between different
learning environments, Quantum simulator combines multiple functionalities into a unified
framework. This allows users to progress from theoretical understanding to practical
interaction within the same platform.

The system includes several core modules. The dashboard serves as the central navigation point
for accessing all available sections. The algorithms module presents major quantum algorithms
along with their purpose, conceptual background, and circuit-level understanding. The learning
modules provide topic-wise explanations of fundamental and intermediate concepts such as
qubits, quantum gates, measurement, superposition, entanglement, and cryptographic
foundations.

A major component of the platform is the quantum simulator, which enables users to visually
construct quantum circuits using gate-based interaction. The platform also supports circuit-to-
code generation, through which the designed circuit is automatically converted into its
equivalent Open QASM representation. This strengthens the connection between graphical
learning and code-level understanding.

[25] Another key contribution of the system is the BB84-based Quantum Key Distribution
simulator, which demonstrates the process of basis selection, qubit transmission, measurement
comparison, and secure key establishment. By including this module, the platform extends
beyond algorithm learning and introduces users to practical quantum cryptographic princip
in an accessible form.

Volume 50 Issue 2 (April 2026)
https://powertechjournal.com



- Power System Technology

"Y' ISSN:1000-3673

2

Received: 16-02-2026 Revised: 05-03-2026 Accepted: 26-04-2026

In addition to these learning and simulation modules, the platform includes a chatbot section
that enables users to ask questions related to quantum computing, cryptography, and platform
usage, and receive instant responses [26][27]. This feature improves interactive learning by
providing immediate doubt clarification within the same environment. The system also
contains a Help and Complaints Section, which allows users to report issues, seek assistance,
and communicate difficulties encountered while using the platform. These features improve
usability, learner support, and user-centred interaction.

Furthermore, the platform includes documentation, analytics, and a quantum vs classical
comparison module. These features improve conceptual reinforcement, usability, and overall
learning continuity. Through this integrated design, Quantum simulator aims to provide a
beginner-friendly educational system that combines theoretical explanation, simulation,
cryptographic application, instant assistance, and support services in a single web-based
platform.

Dashboard

Central navigation hub

Algorithms Learning Modules Quantum vs Classical
Quantum algorithms Conceptual foundations Comparative analysis

Quantum Simulator BB84 QKD Simulato
Vi ircuit builder K distribution protoco

SM generation

entation Analytics Help & Complaints
e materials User engagement data Support system

Integrated Learning Experience

Theory — Simulation — Practice — Analysis

Fig 3.1: Operational Workflow of the Proposed Quantum simulator Platform
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4. Simulator Architecture

The architecture of Quantum simulator follows a layered web-based model designed to support
content delivery, simulation handling, user interaction, learner assistance, and support services
in an organized and scalable manner. The system is structured into three primary layers: the
user interaction layer, the application processing layer, and the content and data layer.

The user interaction layer forms the front-end interface through which learners access the
platform. It includes the dashboard, algorithms section, learning modules, simulator interface,
QKD module, chatbot section, analytics view, help and complaints section, and quantum vs
classical comparison module. This layer is responsible for providing an intuitive and beginner-
friendly experience, enabling users to navigate the platform and interact with its modules
without requiring advanced technical knowledge.

The application processing layer acts as the core logical component of the system. It manages
user requests, controls navigation across modules, processes circuit-building actions, generates
Open QASM code, handles BB84 simulation flow, manages chatbot query-response
interaction, and coordinates analytics and support functionalities. This layer ensures that user
interactions are translated into appropriate responses and computational outputs. It also plays
an important role in maintaining consistency between the educational content, learner
assistance mechanisms, and the practical simulation environment.

The content and data layer stores the learning resources, algorithm descriptions, simulator
configurations, chatbot knowledge content, documentation materials, analytics-related
information, and support-related data used by the system. This layer enables structured retrieval
of content and supports the functioning of both the educational and interactive components of
the platform. By separating storage from processing and interface logic, the architecture
promotes modularity and future scalability.

Overall, the layered architecture ensures that Quantum simulator remains organized,
maintainable, and extensible. It allows educational content, simulation logic, chatbot-based
learner support, issue-handling features, and user interaction to function together within a
unified framework while still supporting future expansion such as real quantum hardware
integration, additional algorithms, and more advanced cryptographic simulations.

Volume 50 Issue 2 (April 2026)
https://powertechjournal.com




- Power System Technology

"Y' ISSN:1000-3673

2

Received: 16-02-2026 Revised: 05-03-2026 Accepted: 26-04-2026

User Interaction Layer

Frontend Interface Components

Dashboard Algorithms Learning Modules Simulator Ul

QKD Module Analytics View Help Section Comparison Module

Application Processing Layer

Core Business Logic and Control

Request Manager Navigation Control Circuit Processor

User request handling Module routing Build and validate

Code Generator BB84 Simulator ‘ ‘ Analytics Coordinator

Content and Data Layer

Storage and Resource Management
Learning Resources Algorithm Descriptions ‘ Simulator Configurations

Documentation Materials ‘ Support Data ‘ User Analytics Store

Fig 4.1: System Architecture of the Proposed Quantum simulator Platform
5. Results And Discussions

The proposed Quantum simulator platform was successfully implemented as a web-based
environment for learning and interacting with quantum computing and quantum cryptography
concepts. The developed system integrates theoretical content, visual circuit construction,
OpenQASM code generation, BB84-based simulation, chatbot-assisted query support, help and
complaints functionality, and comparative learning support into a single interface. The
implementation demonstrates the feasibility of creating a unified educational platform that
connects conceptual understanding with practical experimentation and learner assistance.

One of the major outcomes of the platform is the successful integration of multiple learning
components that are often found separately in existing tools. Through the dashboard, users can
access algorithms, learning modules, simulator features, QKD simulation, documentation,
analytics, chatbot assistance, and support services in a continuous workflow. This integrate
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structure improves usability and reduces the fragmentation that typically affects beginner-level
learning in quantum technologies.

The simulator module functions as an important bridge between theory and implementation.
Users can visually construct simple quantum circuits and observe their corresponding
OpenQASM code. This confirms the platform’s ability to translate graphical interaction into
code-level representation, thereby supporting both conceptual and technical learning.
Similarly, the BB84-based QKD simulator demonstrates the secure key exchange process in
an understandable and interactive manner, making quantum cryptography more accessible to
learners.

The chatbot feature further improves the learning experience by enabling users to ask questions
and obtain immediate responses related to quantum concepts, cryptographic topics, and
platform usage. In addition, the Help and Complaints Section strengthens user-centered support
by allowing issue reporting and assistance requests. Together, these modules improve guided
learning, practical usability, and learner confidence.

The implemented results indicate that the system is effective as an introductory educational
platform. Its design supports gradual learning, visual exploration, practical interpretation of
concepts, interactive doubt clarification, and structured user support. While the present work
focuses primarily on functional integration and educational accessibility, the platform
establishes a strong foundation for future extensions involving deeper performance evaluation,
larger user studies, and hardware-based execution support.

The following subsections describe the major implemented features of the platform and discuss
their educational relevance.

5.1 Graphical User Interface

The graphical user interface of Quantum simulator was designed with a focus on simplicity,
clarity, and structured navigation. Since the primary target users are beginners and
undergraduate learners, the interface avoids excessive complexity and instead emphasizes
smooth access to major platform modules. The dashboard acts as the central entry point,
allowing users to move easily between learning content, simulations, comparisons, and support
sections.

The interface also supports visual interaction with circuit-based components and educational
materials. This is important because quantum concepts are often difficult to understand through

text alone. By combining structured layout with interactive visual design, the GUI improves
accessibility and contributes to a more engaging learning experience.
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Welcome,

End-to-End Encryption Securi

Fig 5.1: Dashboard Interface of Quantum simulator
5.2 Feature 1 — Algorithms Section

The Algorithms section presents major quantum algorithms in a structured and understandable
form. Instead of treating algorithms as isolated code examples, the module explains their
purpose, conceptual basis, and circuit-level significance. This approach helps learners
understand not only how an algorithm is represented, but also why it is important in the broader
context of quantum computing.

This section strengthens theoretical understanding and acts as a foundation for later practical
interaction in the simulator. As a result, it supports a progressive learning flow from concept
to implementation.

Explanation

Circuit Diagram

Use Case

Fig 5.2: Algorithms Section of Quantum simulator
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5.3 Feature 2 — Learning Modules

The Learning Modules section provides topic-wise educational content covering foundational
and intermediate areas of quantum computing and cryptography. Concepts such as qubits,
gates, measurement, superposition, entanglement, and basic cryptographic principles are
introduced in a gradual and organized manner. This is especially valuable for beginners who
require step-by-step exposure rather than direct entry into advanced tools. By organizing
content into structured modules, the platform promotes conceptual continuity and reduces the
cognitive burden associated with fragmented external learning resources.

a Quantum
M

Learning Nodules

Your Learning Progress

A beginner's guide to quantum computing | Shc

™= TED

o0 ¢
’ ’s\

’ L

-~ ‘ o) HHEEE

0
» Watch on €3 YouTube AN / Watch on (3 YouTube

Introduction to Quantum Computing Understanding Qubits

Fig 5.3: Learning Modules Interface
5.4 Feature 3 — Quantum Simulator

The Quantum Simulator is one of the core components of the platform. It enables users to
construct circuits visually through gate selection and placement, thereby making circuit design
more accessible for non-expert learners. Instead of requiring direct programming from the
beginning, the simulator allows users to understand circuit composition through interaction.
This feature is educationally important because it transforms abstract gate operations into
visible structures. It also serves as a practical bridge between learning modules and code
representation.
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Fig 5.4: Quantum Simulator with Circuit-to-Code Output
5.5 Feature 4 — Basic Circuit Representation

The platform successfully supports circuit-to-code conversion through automatic OpenQASM
generation. When users construct a basic circuit, such as placing a Hadamard gate followed by
measurement, the system produces the equivalent OpenQASM code representation. This
confirms that the simulator is not limited to visual demonstration alone, but also supports a
more technical understanding of circuit implementation. This feature is particularly useful for
learners transitioning from visual exploration to formal quantum programming frameworks.

Quantum Circuit

HXVZSS‘IITﬂ'ﬂﬂaaa

unnamed-Circuit

OPENQASM 2.0; Circuit Breakdown
include "gelibil.inc";

qreg q[2];
creg c[2];
Gate-by-Gate Explanation
h q[el;

cx q[cl,q[t];

measure q[0] -> c[0];
measure q[1] -> c[1];

H Hadamard

Fig 5.5: Basic Quantum Circuit and Generated OpenQASM Code
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5.6 Feature 5 — QKD Simulator

The QKD Simulator demonstrates the working principles of the BB84 quantum key
distribution protocol. Users can observe how basis selection, qubit transmission, measurement,
and basis comparison contribute to secure key generation. This gives the platform a significant
practical dimension, as it introduces not only computation but also cryptographic security.The
educational value of this module lies in its ability to convert an otherwise highly theoretical
communication protocol into an understandable and interactive learning experience.

um Key Lifecycle

Fig 5.6: BB84-Based QKD Simulation Output

5.7 Feature 6 — Documentation Section

The Documentation section serves as a structured knowledge base for the platform. It provides
users with explanations related to the project, architecture, operational flow, and theoretical
foundations. This section supports learners who require more detailed clarification beyond
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interface-level features. From an academic perspective, this module improves transparency and
strengthens the platform’s role as both a learning environment and a reference system.

Getting Started

Fig 5.7: Documentation Section of Quantum simulator
5.8 Feature 7 — Analytics Section

The Analytics section presents simplified insights into user engagement and platform
interaction. Although the current implementation is introductory in scope, this module
demonstrates how learner activity and feature usage can be observed and interpreted. Such
monitoring can become useful in future educational studies, especially when evaluating which
modules are most effective for concept retention and user engagement. This feature therefore
adds a foundation for future data-driven improvement of the platform.

Simulation

Grover’s Algorithm — Circuit Results
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* QKD Simulation — Results

Fig 5.8: Analytics Section of Quantum simulator

5.9 Feature 8 — Help and Complaints Section

The Help and Complaints Section improve the user-oriented nature of the platform by
providing a structured mechanism for communication, issue reporting, feedback submission,
and clarification requests. Since beginner learners often encounter conceptual and technical
difficulties, such a support feature contributes to overall platform usability and responsiveness.
This section also strengthens the practical completeness of the platform by showing that the
system is designed not only for content delivery, but also for guided learner support and issue
resolution.

Help &

Submit a Complaint
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Fig 5.9: Help and Complaints Section of Quantum simulator

5.10 Feature 9 — Quantum VS Classical Section

The Quantum vs Classical section presents a comparative understanding of classical and
quantum computing. It explains key differences in information representation, processing
principles, computational power, and cryptographic relevance. This module is especially useful

for beginners because it helps them understand why quantum computing is fundamentally
different from the classical paradigm. By placing both approaches side by side, the platform
improves conceptual clarity and reinforces the significance of quantum computing in modern

security and computational research.

Quantum vs Classical Security

Compare traditional encryption with quantum-secure communication
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Fig 5.10: Quantum vs Classical Comparison Section
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5.11 Feature 10 — Chatbot Section

The Chatbot Section provides an interactive support mechanism through which users can ask
questions related to quantum computing, cryptography, algorithms, and platform usage. It
enables users to receive instant responses within the platform, thereby improving learner
engagement and doubt clarification. Instead of depending entirely on external resources, users
can directly interact with the chatbot to strengthen their understanding and resolve questions in
real time. This feature enhances the platform’s educational value by making learning more
dynamic, guided, and user-friendly.
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Fig 5.11: Chatbot Section of Quantum simulator
5.12 Quantum versus classic cryptography

The comparison between the quantum threat to classic cryptography by various experts is as
shown below in the figure

Quantum Threat in terms of High, Low and Medium by Years
Expert Opinions e High eLow eMedium
70

60
50

4

=]

3

o

2

Quantum Threat High, Low ,Medium
=]

1

Q

Fig : 5.12 Quantum Threat to Classic Cryptography opinions by cumulative expert
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Figure 5.12 summarizes this evolution, incorporating insights from multiple quantum experts
regarding the quantum threat timeline [28]. The “quantum threat” defined as the possibility of
breaking RSA-2048 within 24 hours using a quantum machine. These assessments can be
extended to evaluate the likelihood of breaking other cryptographic algorithms based on their
quantum security level, as presented in Figure 5.12.

Expected Impact Quantum Threat for classic cryptography

Classic Cryptography

=]
[}

100 150

Quantum Strength (bits)

Fig: 5.13 Quantum Threat impact for classic cryptography
Quantum Impact Assessment:

we estimate the impact of quantum threats on various classic cryptographic algorithms. To
conduct a classic algorithmic level risk assessment. The impact is determined based on the
quantum security strength of each classic algorithm, as illustrated in Figure 5.13. An impact is
considered high if the algorithm’s quantum strength is less than 64 bits, low if it is greater than
or equal to 128 bits, and medium if it falls between these values. The final risk assessment
combines both the likelihood and impact.

6. Conclusion

The Quantum simulator, an integrated learning and simulation platform for quantum
computing and cryptographic security. The system was developed to address the fragmentation
and technical difficulty often associated with existing quantum learning resources. By
combining educational modules, algorithm explanations, visual circuit simulation,
OpenQASM generation, BB84-based QKD simulation, documentation, analytics, and
comparative learning support within a single environment, the proposed platform provides a
more accessible and structured experience for beginners. The implementation results
demonstrate that it is feasible to unify theoretical understanding and practical interaction in one
platform. Quantum crypto simulator supports learners in moving from conceptual knowledge
to hands-on experimentation without requiring them to rely on multiple disconnected tools.
this way, the platform contributes to beginner-oriented quantum education by imp
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accessibility, engagement, and conceptual continuity. Overall, the proposed work highlights
the value of integrated and interactive educational environments in emerging technological
domains. Quantum simulator can serve as a useful foundation for future educational platforms
that aim to make advanced topics in quantum computing and cryptography more approachable
for wider learner communities.

This research article has highlighted PQ cryptography represents a comprehensive,
collaborative effort to protect our digital domains against upcoming quantum, the multifaceted
challenges needed to safeguard against emerging quantum threats. The transition to PQ
cryptography extends beyond merely adopting larger keys and ciphertexts; it dictates a
fundamental reshaping of our security architectures. Addressing these vulnerabilities requires
more than algorithmic updates; it demands a holistic and proactive security renovation. This
collective effort should not only focus on developing and standardizing resilient PQ algorithms
but also on reevaluating our overall security postures.

7. Future Scope

The scope of Quantum Crypto simulator lies in expanding it into a comprehensive and practical
ecosystem for quantum computing and cybersecurity research. The platform can be enhanced
by integrating with real quantum hardware such as IBM Quantum to enable execution of
experiments on actual quantum processors, improving accuracy and real-world relevance. It
can further incorporate advanced quantum algorithms, along with the implementation of post-
quantum cryptographic techniques to explore quantum-resistant security solutions. It should
continue to drive algorithmic innovation, ensuring these new solutions are both secure and
practically deployable. As quantum computing continues to advance, it is imperative that our
suspicious not only keep pace but also anticipate and protect future vulnerabilities.
Additionally, integrating Artificial Intelligence can provide personalized learning experiences
and adaptive guidance, while a cloud-based architecture can ensure scalability and
collaborative access. The inclusion of immersive technologies such as AR/VR can improve
visualization of complex quantum concepts, and real-time cybersecurity simulations can help
analyze quantum threats and defense mechanisms, ultimately transforming Quantum simulator
into a powerful tool for education, research, and next-generation secure computing.
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