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ABSTRACT

In the age of rapid technological
advancements, ensuring the security of
sensitive information has become a critical
challenge. This project introduces a
password manager built with Crystals-
Kyber, a cutting-edge quantum-resistant
cryptographic algorithm designed to secure
data against both classical and quantum
attacks. As traditional encryption methods
face potential vulnerabilities with the rise of
quantum computing, the adoption of post-
quantum cryptographic techniques ensures
the longevity and robustness of security
measures. The password manager focuses on
protecting user credentials through state-of-
the-art  encryption, emphasizing both
usability and reliability. The application
leverages a  highly secure backend
architecture, incorporating efficient
encryption workflows and  robust
authentication mechanisms to safeguard
stored passwords. To address common
vulnerabilities in password management, the
system implements end-to-end encryption
and secure communication protocols,
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ensuring that user data is protected from
unauthorized access during both storage and
transmission. With its intuitive interface, the
password manager provides a seamless
experience for users, enabling them to store,
retrieve, and manage credentials without
compromising on security. By employing
Crystals-Kyber, a NIST-recommended post-
quantum cryptographic algorithm, this
project highlights the importance of
preparing for emerging security threats
posed by quantum computing. The
algorithm's resistance to quantum-based
attacks ensures that the system remains
future-proof while maintaining compatibility
with existing digital ecosystems. This
implementation demonstrates the practical
feasibility = of  integrating  advanced
cryptography into real-world applications,
providing a secure and reliable solution for
managing sensitive credentials. This project
contributes to the growing demand for
innovative  cybersecurity  solutions by
delivering a secure, reliable, and user-
friendly password management system that
aligns with modern privacy standards.
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LLINTRODUCTION

In the evolving landscape of cybersecurity,
the advent of quantum computing poses
significant ~ challenges traditional
cryptographic systems. Classical encryption
methods, such as RSA and ECC, rely on
mathematical problems that
computers can potentially solve efficiently,
rendering these systems vulnerable to future
attacks. This paradigm shift
necessitates the development and adoption
of post-quantum cryptographic algorithms
capable of withstanding the computational
power of quantum machines. One such
promising candidate is the CRYSTALS-
Kyber algorithm, a lattice-based key
encapsulation mechanism (KEM) that has
been recognized for its

to

quantum

quantum

security and
efficiency.

CRYSTALS-Kyber is part of the NIST's
post-quantum cryptography standardization
project,  which aims to  establish
cryptographic standards resistant to quantum
attacks. The algorithm's foundation lies in
the hardness of the learning with errors
(LWE) problem over module lattices, a
problem believed to be resistant to quantum
algorithms. Its efficiency and security have
led to its adoption in various applications,
including secure key exchange protocols and
encryption systems.
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Password management systems are critical
components in safeguarding digital identities
and sensitive information. These systems
store and manage user credentials, often
employing encryption to protect data at rest

and during transmission. With the
impending threat posed by quantum
computing, it becomes imperative to

integrate quantum-resistant algorithms like
CRYSTALS-Kyber into password managers
to future-proof these essential tools against
potential vulnerabilities.

This paper explores the integration of the
CRYSTALS-Kyber algorithm into secure
password management systems. It delves
into the current state of quantum computing
threats, reviews existing password manager
configurations, proposes a methodology for
incorporating ~ CRYSTALS-Kyber, and
outlines an enhanced configuration aimed at
bolstering security in the post-quantum era.

II. LITERATURE SURVEY

The field of post-quantum cryptography has
garnered significant attention in recent
years, particularly in the context of securing
password management systems. The NIST
post-quantum cryptography standardization
project has been instrumental in evaluating
and recommending algorithms that can
withstand quantum attacks. Among the
finalists, CRYSTALS-Kyber has emerged as
a leading candidate for key exchange
mechanisms due to its robust security proofs
and efficient performance metrics.

Several studies have examined the
integration of post-quantum algorithms into
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existing cryptographic infrastructures. For
instance, Dashlane, a prominent password
management provider, has initiated efforts to
incorporate post-quantum cryptography into
their systems. They have developed a proof-

of-concept that integrates CRYSTALS-
Kyber into their password sharing
mechanisms, ensuring that credentials

shared between users are protected against
potential quantum threats .

Similarly, IBM's Key Protect service has
adopted a hybrid approach, combining
traditional elliptic curve Diffie-Hellman
(ECDH) with CRYSTALS-Kyber to offer
quantum-safe key exchange capabilities.
This hybrid model allows users to benefit
from the security of classical algorithms
while preparing for the eventual transition to
quantum-resistant methods .

The performance of CRYSTALS-Kyber has
been a subject of extensive analysis. A study
by Demir et al. (2025) provides a
comprehensive performance evaluation of
post-quantum  cryptographic  algorithms,
including CRYSTALS-Kyber. The research
benchmarks key operations such as key
generation, encapsulation, and
decapsulation, highlighting the algorithm's
efficiency and suitability for real-world
applications .

Despite the promising attributes of
CRYSTALS-Kyber, challenges remain in its
integration into existing systems. Issues such
as backward compatibility with legacy
systems, interoperability = with  other
cryptographic protocols, and the need for
hardware acceleration to meet performance
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requirements are critical considerations that
need to be addressed for widespread
adoption.

III. EXISTING
CONFIGURATION
Current password management systems
predominantly rely on classical

cryptographic algorithms like RSA and ECC
for securing user credentials. These systems
employ asymmetric encryption for key
exchange and symmetric encryption for data
encryption. The process typically involves
generating a public-private  key pair,
exchanging public keys between users, and
using these keys to encrypt and decrypt data.

However, with the advent of quantum
computing, these classical algorithms face
potential Quantum
algorithms, such as Shor's algorithm, can
efficiently solve the integer factorization and
discrete logarithm problems, which underpin
the security of RSA and ECC, respectively.
This capability threatens the foundational

vulnerabilities.

security of current password management
systems.

To mitigate these risks, some systems have
begun exploring hybrid cryptographic
approaches. For example, Dashlane has
implemented a hybrid mode that combines
traditional RSA with CRYSTALS-Kyber.
This approach ensures that even if quantum
computers can break classical encryption
methods, the system retains security through
the quantum-resistant CRYSTALS-Kyber
algorithm .
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Despite these advancements, the integration
of post-quantum algorithms into existing
systems presents several challenges. These
include the need for significant changes to
the infrastructure, ensuring
compatibility with existing protocols, and
addressing performance

underlying

overheads
associated with more complex cryptographic
operations.

IV.METHODOLOGY

Integrating the CRYSTALS-Kyber
algorithm into a secure password manager

involves several key steps:

Assess the suitability of CRYSTALS-Kyber
for the specific of the
password manager, considering factors such
as level, performance,

requirements
security and
compatibility with existing systems.

Modify the password manager's architecture
to incorporate CRYSTALS-Kyber. This may
involve updating the key exchange
protocols, encryption modules, and user
authentication mechanisms to support the
new algorithm.

Develop and integrate the necessary
software ~ components to  implement
CRYSTALS-Kyber. This includes coding
the key generation, and
decapsulation functions, as well as ensuring
proper handling of keys and ciphertexts.

encapsulation,

Conduct the correct functionality of the
integrated system. This includes unit tests,
integration  tests, and
benchmarks to validate the implementation.

performance
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Deploy the updated password manager to
users and monitor its performance and
security. Collect feedback to identify any
issues and make necessary adjustments.

Provide users with information about the
new cryptographic features and any changes
to the user experience. Offer support to
address any questions or concerns.

This methodology aims to ensure a seamless
and secure integration of CRYSTALS-
Kyber into the password management
system, enhancing its resilience against
future quantum threats.

V. PROPOSED
CONFIGURATION

The proposed configuration for a secure
password manager utilizing CRYSTALS-
Kyber incorporates several enhancements to
address the challenges identified in existing
systems:

Replace traditional key exchange protocols
with CRYSTALS-Kyber to establish secure
communication

quantum attacks.

channels resistant to

Implement a hybrid model that combines
classical  encryption  methods  with
CRYSTALS-Kyber.  This  dual-layered
approach provides security against both
classical and quantum threats.

Utilize hardware acceleration techniques,
such as AVX2 instructions, to enhance the
performance of CRYSTALS-Kyber
operations, ensuring that the system meets
real-time requirements.
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Design the system to maintain compatibility Fig. 6.1 Starting Server
with legacy systems, allowing for a gradual
transition to post-quantum cryptography
without disrupting existing operations.
Ensure that the integration of CRYSTALS-
Kyber does not negatively impact the user
experience. The system should remain

=3 &3

intuitive and responsive, with all cryptographic

operations abstracted away from the end user. =3
Automated key generation, encryption, and

decryption processes should operate seamlessly

in the background to maintain user trust and Fig. 6.2 Login Page
usability.

Implement secure local and cloud-based
storage of encrypted passwords using
symmetric encryption keys exchanged via
CRYSTALS-Kyber. Synchronization
between devices should be encrypted end-to-
end using session keys derived from the
Kyber key encapsulation mechanism.

Add comprehensive logging of access and

Fig. 6.3 Regi P
cryptographic events to help with post- ig. 6.3 Register Page

incident investigations and forensic analysis.
Logs should themselves be encrypted and e o
protected using secure access control Pi—
mechanisms.
VI. RESULTS

e e S

PS D:\Web development\Password Manager\Password-Manager\Backend>

> nocemon server 35 Fig. 6.4 Dashboard

[nodemon]

js,mjs,cjs, jso
[nodemon] startin e js*

Server running on 5601

Database Connected
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remain secure in this emerging landscape.
CRYSTALS-Kyber, with its  robust
foundation in lattice-based cryptography and
selection as a NIST standard, offers a
promising path forward for quantum-
resilient key exchange.

This work proposed a comprehensive
architecture for integrating CRYSTALS-
Fig. 6.5 Adding Password Kyber into password management systems,
leveraging its strengths while mitigating
potential ~ drawbacks  through  hybrid

cryptography, hardware acceleration, and
user-centric design. The outlined
methodology provides a structured approach
for development and deployment, ensuring
that such systems can maintain operational
integrity ~ without compromising  user

experience or security.

Fig. 6.6 Password Added Although challenges remain—particularly
regarding  legacy = compatibility  and
performance—ongoing developments in
post-quantum cryptography and increasing
awareness of quantum threats make this
integration not just feasible, but essential.
With  CRYSTALS-Kyber, the  next
generation of password managers can offer a
durable defense against the evolving threats

PasswordManager.managers

of the digital world.
Fig. 6.7 Stored Encrypted Passwords REFERENCES
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