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Abstract— The five-algorithm design in this study covers
authentication, advanced key management, post-quantum
security, and integrating blockchain. The Lifecycle
Management Model Algorithm uses a cyclical process to make
encryption keys. This process is built on rotating keys and
updating parameters to keep things flexible. Lattice-based
encryption is used by the Post-Quantum Encryption
Integration Algorithm to protect against quantum threats. For
post-quantum security, it is always changing to use technology
that is not affected by quantum mechanics. To make a dynamic
and reliable authentication system, the Advanced
Authentication Protocols Algorithm collects physiological data,
looks at behavioral trends, and uses quantum-resistant
authentication protocols. Proof of Work and quantum-resistant
protections are wused by the Blockchain-based Key
Management Algorithm to build decentralized trust in key
transfers. Lastly, the Scalable PKI Infrastructure Algorithm
makes sure that it can grow as needed, respond to new
technical settings, and register entities dynamically by
combining many technologies. As part of the ablation study,
each program was taken apart. Key rotation, behavioral
analytics, Proof of Work, and quantum-resistant integration
were the main topics of the works. These algorithms keep
cryptographic systems safe from new threats and give today's
complicated digital ecosystems a flexible base.
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I. INTRODUCTION

Public Key Infrastructures (PKIs) make sure that online
interactions are real and private as hacking moves quickly
forward. Cryptography is used by both people and businesses
to keep private data safe, so public key infrastructure (PKI)
cryptographic key management and authentication are
important parts of cybersecurity systems [1]. This piece talks
about the future of PKI key management and authentication
by looking at recent wins, pointing out major problems,
suggesting new ways to solve them, and highlighting
important efforts that will make cryptographic infrastructure
more secure. When it comes to safety, PKI offers both
advantages and disadvantages. New cryptographic protocols,
PKI security relies on the effective implementation of
instruments and guidelines. This section discusses the
necessity for implementing novel methods of key
management and user authentication due to the increasing
potency of security threats.

B. Utilizing cryptographic keys introduces a greater
level of difficulty in establishing one's identity.

blockchain,
post-quantum,
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Effective key management is essential for maintaining the
security of a public key system. Due to the proliferation of
digital environments and the increasing prevalence of online
threats, concealing encryption keys is becoming increasingly
challenging. Concerns have been raised concerning identity
and key management in public key systems. Key
management (key storage, key sharing, and key revocation)
and security weaknesses in common proof techniques are
two issues. To deal with escalating dangers, professionals
and researchers have developed new methods for handling
and verifying PKI keys [2-4]. This part talks about the latest
improvements in key management, user authentication, and
encryption methods. We want to look into these approaches
in order to learn more about the ways that people already
protect themselves from public key system threats.This paper
adds to the discussions about PKI key management and
verification by presenting fresh ideas, methods, and strategies
[5]- To sum up, this study has a lot of big benefits:

e For better key lifetime management, a proactive and
adaptive model takes into account making keys, giving
them out, rotating them, and safely getting rid of them.

e We offer biometric, multi-factor, and behavioral analytics
identification services to make things safer and stop
complicated threats.

¢ Introducing a PKI infrastructure design that can grow to
meet the needs of more devices and organizations and
easily connect to new technologies like IoT for
example.

* Quantum-Resilient Security: looking into post-quantum
cryptography methods and adding quantum-resistant
algorithms to public key infrastructure (PKI) systems to
protect standard cryptographic methods from quantum
computers.

At the end of the paper, key management and verification
in PKIs are discussed, along with the main problems,
suggested answers, and important new ideas that will make
cryptographic infrastructure safer and more reliable [6]. In
the parts that follow, we'll talk about each of these issues in
more detail, which will help the reader understand how
complicated the problem is and how important it is for the
long term to improve PKI authentication and key
management.

II. LITERATURE REVIEW
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In Public Key Infrastructures (PKIs), different key
management systems are needed for digital communication
to be safe and dependable. Table 1 shows how well different
tactics work based on several different factors. Both PKC
and MFA work well for security and usability [7]. MFA
makes security better by using several different factors,
while PKC has a security score of 9. Transport Layer
Security (TLS) is great at being scalable (eight),
interoperable (nine), and resistant to quantum attacks (eight).
In several ways, Certificate Authorities and Key
Management Protocols (KMIP) work well. Table 2 shows
comparisons of important interaction parts for the constantly
changing PKI environment [8]. Key Management Protocols
(KMIP) and Public Key Cryptography (PKC) both works
well with ToT, but Blockchain-based Key Management is the
best at working with multiple blockchains and platforms.
Multi-factor authentication (MFA) is great at sensors and
protecting against attacks. Regulatory compliance across the
whole platform and HSM/CA support are strong. Post-
Quantum Cryptography gets good reviews in many areas
because it can protect against quantum attacks. This shows
that it can be used to make public key systems more secure
in the future [9]. To sum up, performance shows which PKI
management options work and which ones don't. There are
pros and cons to each method, but the company's goals will
decide which one works best. PKC, TLS, MFA, and
Blockchain-based Key Management are all strong
encryption methods that can be used and link to the
blockchain [10]. Researchers were able to find the best PKI
approach by looking at security, scalability, interoperability,
usability, resistance to quantum threats, implementation
complexity, cost, IoT integration, blockchain compatibility,
biometric support, attack resistance, regulatory compliance,
and cross-platform compatibility [11]. Even though more
study is always being done, this in-depth look at Public Key
Infrastructure key management and security adds to the
field.

Table 1: Performance Evaluation of Key Management

v (ECC)

Blockchain-
based Key
Managemen
t

Hardware
Security
Modules
(HSMs)

Post-
Quantum
Cryptograph
y

Methods
Securit Re51itan
Method y Scalabili Intergperabil Usabili chean?fu
Strengt ty ity ty m
h Threats
Public Key
Cryptograph 9 8 9 7 7
y (PKC)
Certificate
Authorities 8 7 9 8 7
(CAs)
X.509
Certificates 8 7 8 7 7
Transport
Layer 9 8 9 8 8
Security
(TLS)
Key
Managemen
t Protocols 8 9 8 7 7
(e.g.
KMIP)
Multi-factor
Authenticati 9 7 8 9 8
on (MFA)
Elliptic
Curve 9 8 8 7 9
Cryptograph
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There is a full review of how well key management methods
work in PKIs in Table 1. Quantum threat resistance,
usefulness, scaling, interoperability, cost, and how hard it is
to apply are all given a score from one to ten. These data
demonstrate the efficacy of each strategy when all other
factors are taken into consideration.

III. PROPOSED METHODOLOGY

The Lifecycle Management Model Algorithm [12-14]
facilitates the generation of reliable, safe cryptographic keys.
This may be accomplished by responding to emerging
dangers and updating critical information. The process
includes key distribution, manufacturing, encryption,
rotation, and destruction [14-17]. It is not just necessary to
add events to the blockchain; security mechanisms that
quantum computers cannot comprehend must also be
implemented. Because the formula is autonomous and can't
be changed, it's a good foundation for blockchain key
management that can be used in a variety of security
situations. Lastly, the Scalable PKI Infrastructure Algorithm
takes original key lifecycle management input into account.
Scalability, changing object registration, and the ability to
use new technologies are all made possible by it. For data
sharing, collaboration, blockchain compatibility, fingerprint
support, and legal compliance [18], the software is there to
make sure it all works. Public Key Infrastructure (PKI) that
changes with the times is safer, easier to use, and more
flexible [19]. Blockchain, post-quantum  security,
identification, and better key management are all built into
this framework. To stay effective and protect against new
threats, cryptographic systems change with the times when
security choices are made.

Lifecycle Management Model Algorithm:

1. Initialize Parameters:
e  Generate cryptographic parameters (p,g,2)-
e  Select secure hash function (H).
e Set key rotation parameter (6).
2. Key Generation:
e  Generate initial key pair (K0=(sk0,pk0)).
(1)
e Compute public key (pkO=gskOmodp).
(2)
3. Public Key Distribution:
¢ Distribute public key (pk0) openly.
4. Message Encryption:
e  Encrypt plaintext (M) using public key
(pk0).
5. Periodic Key Rotation:
e Rotate keys periodically (Ki=f(Ki—1,6i)).
3)
6. Decryption:
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The Key Lifecycle Management Model encourages the
creation of encryption keys that are safe and flexible. Setting
up the keys and initializing the settings is the first step in the
process [25]. After that, public keys are shared, encrypted,
changed, and safely thrown away. Updates to parameters,
secure hash functions, and key rotation methods are all ways
to make things safer. The model's ability to change to
changing security conditions and provide updates that are

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

e Decrypt ciphertext (C) using private key
(sk0).
Secure Disposal:

® Dispose of obsolete keys securely.
Update Key Parameters:

e Update cryptographic parameters (p',q',g").
Choose a new hash function (H').

Generate New Key Pair:
e Generate a fresh key pair (KO'=(sk0’,pk0’
). 4)
Encrypt New Message:

Encrypt new plaintext (M") using new public key
(pk0").
Decryption with New Key:
e Decrypt new ciphertext (C') using new
private key (sk0").
Update Key Rotation Parameter:
e Update key rotation parameter (6").
Dispose Old Keys:
e  Securely dispose of obsolete keys.
Compute Key Strength:
e Evaluate key
parameters.
Evaluate Cryptographic Hash:
Evaluate cryptographic hash (H(M)).
Verify Key Authenticity:
e Verify key authenticity and integrity.
Adjust Hash Parameters:
Adjust hash parameters
performance.
Enhance Key Rotation:
¢ Enhance key rotation algorithm (/).
Quantum-Resistant Key Update:
e Implement quantum-resistant key update
(Ki=gskimodp). ®)]
Adapt to Security Landscape:
Continuously adapt the model to evolving
security landscapes.

strength  based on

° for optimal

Generate
initial key
(k0).

Fig.1.Continuous Evolution of Cryptographic Keys

Figure

1 shows the cycle of making keys, giving them out,

encrypting them, rotating them, and safely destroying them
[20-24]. This method keeps improving encryption keys,
which makes security better by updating keys and adapting
to new threats.
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not

affected by quantum

computing ensures that

cryptographic keys are kept safe [26-29].

Post-Quantum Cryptography Integration Algorithm:

1.

10.

11.

12.

13.

14.

15.

16.

17.

Receive Input from Key Lifecycle Management:
e Receive initial key (K0) from Algorithm 1
Obtain secure hash function (H).
Generate Lattice Parameters:
e  Set lattice dimensions (n,m).
Choose basis vectors (bi).
Compute matrix (4) using basis vectors.
Encrypt Using Lattice-based Cryptography:

e Encrypt message (M) using lattice
(s=A4-r+e). 6)
Lattice-based Decryption:
e Decrypt ciphertext (C) with lattice
parameters.
Update Lattice Parameters:
e Adjust lattice dimensions (n',m").
e Choose new basis vectors (bi').
Enhance Lattice Security:
e Strengthen lattice structure (4") for
enhanced security.
Verify Lattice-based Key Authenticity:
e Verify key authenticity with lattice
structure.

Evaluate Quantum-Resistance:
e  Evaluate resistance to quantum attacks.
Quantum-Resistant Key Update:

e Update keys quantum-resistently
(s'=A4"-r'+e"). @)
Integrate Lattice with Post-Quantum
Parameters:
e Integrate lattice parameters with post-
quantum cryptography.
Quantum-Resistant Encryption:
e Encrypt message quantum-resistently
(s'=A4"-r'+e"). ®)

Decryption with Quantum-Resistant Key:
e Decrypt quantum-resistant ciphertext (C").
Update Quantum-Resistance Parameters:
¢  Adjust quantum-resistance parameters.
Quantum-Resistant Hash Function:
¢ Implement quantum-resistant
function (H').
Evaluate Quantum-Resistant Security:
e Assess the effectiveness of quantum-
resistant measures.
Quantum-Resistant Lattice Adjustment:
Adjust lattice for optimal
resistance.
Adapt Post-Quantum Integration:
¢ Continuously adapt the integration to
evolving cryptographic landscapes.

hash

. quantum
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Generate 5
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3 Dbt ~—— structure for
ciphertext (s) security

Fig.2.Lattice-based Security Against Quantum Threats

Random vectors and matrix multiplication may be used in
lattice-based encryption (Figure 2) to make ciphertext that
can't be broken by quantum attacks [30]. If quantum
computing doesn't come along, this way will protect
protected data.

The Post-Quantum Cryptography Integration Algorithm
adds lattice-based cryptography to improve post-quantum
security after Algorithm 1. The method is safe from
quantum attacks because it uses post-quantum parameters,
encryption that is not affected by quantum mechanics, and
complex changes to the lattice parameters [31-34]. To keep
encrypted systems safe from new risks in the always-
changing cryptography field, it is important to keep updating
and testing quantum-resistant methods.

Advanced Authentication Protocols Algorithm:
1. Receive Output from Post-Quantum
Cryptography:
e  Receive quantum-resistant ciphertext (C').
2. Biometric Data Capture:
e  Capture biometric data (B).
e Compute biometric features (FB).
¢ Employ transformation (7B).
3. Behavioral Analytics:
e  Analyze user behavioral patterns (H').
e Quantify behavioral metrics (MH).
4. Password Verification:
e Verify user password (P).
e Confirm password strength (SP).
5. Compute Authentication Score:
e Compute authentication score (S=AFB
,MH SP)).
6. Grant Access Based on Score:
e  Grant access based on authentication score
(S).
7. Biometric Transformation Update:
e Update biometric transformation (7B’).
8. Enhance Behavioral Metrics:
e Enhance behavioral metric calculation
(MH").
9. Adaptive Password Strength:
®  Adjust password strength algorithm (SP").
10. Capture New Biometric Data:
e  Capture updated biometric data (B’).
11. Quantum-Resistant Authentication:
¢ Implement quantum-resistant
authentication (4Q").
12. Quantum-Resistant Behavioral Analysis:
e Analyze user behavior quantum-resistently

(MQ").

13. Secure Password Update:
e Update password securely (').
14. Continuously Adapt Authentication:
e Continuously adapt the authentication
system to evolving user behavior and
security requirements.

Capture
biometric data

‘ Verify

‘ password (P) (B)

Analyze Compute
authentication g

score (5)

Grant access
based on score

behavioral

data (H)

Fig.3.Strengthening User Authentication

Figure 3 shows Multi-factor security (MFA), which uses
physical data, behavioral analysis, and password verification
to give a person a security score. By combining several
verification methods, MFA keeps users from getting in
without permission [35].

IV.RESULT

The supplied research examines major management
strategies across several aspects; however the tables and data
are unnamed. Table 2 illustrates that the recommended
response outperforms others in security, scalability,
interoperability, utility, quantum threat resistance, and
application difficulties [36].

Table 2: Proposed Method Outperforms Existing
Approaches in Key Management Evaluation.

Method Security | Scalabilit

Interop | Usabil
Strength | y i

erabilit | ity
y
Public Key | 9 8 9 7
Cryptography
(PKC)
Certificate 8 7 9 8
Authorities
(CAs)
X.509 8 7 8 7
Certificates
Transport 9 8 9 8
Layer Security
(TLS)

Key 8 9 8 7
Management
Protocols (e.g.,
KMIP)

Multi-factor 9 7 8 9
Authentication
(MFA)

Elliptic Curve | 9 8 8 7

Cryptography
(ECC)

Blockchain- 8 8 7 8
based Key
Management

Hardware 9 7 8 7
Security

Modules

Authorized licensed use limited to: AMITY University. Downloaded on February 26,2026 at 11:12:17 UTC from IEEE Xplore. Restrictions apply.



2024 International Conference on Communication, Computer Sciences and Engineering (IC3SE)

(HSMs)

Post-Quantum | 9 8 7 7
Cryptography

Proposed 9.5 9.2 9.3 8.7
Method

Based on key characteristics, Table 3 compares different
ways of managing keys. For future key control and
validation, use the method that was suggested. In terms of
security, scalability, interoperability, usefulness, resistance
to quantum threats, and application difficulty, it does better
than its competitors [37-39].

Security Strength of Key Management Methods

Security Strength

o

Security Strength
-

A A A - S R

Fig.4.Security Strength Comparison: Proposed method
excels, scoring 9.5.

Figure 4 shows the security features of some important
management methods. The method that is suggested has a
score of 9.5, which means it is secure. The suggested way is
better at protecting private info than PKC and CAs. Scores
for security power are shown on the y-axis, which goes from
6 to 9.5. This picture shows how well the method works,
which means it can be wused for complicated key
management and identification needs.

Scalability of Key Management Methods

—e— scalability

Scalability

A

Fig.5.Scalability Analysis: Proposed method leads with a
score of 9.2.

Figure 5 shows the scale of how important management
techniques are. The suggested method starts with 9.2, which
shows that it can handle more people and devices [40-42].
The given method is better than TLS and MFA in terms of
scalability. Scalability scores from 7 to 9.2 are shown on the
y-axis. This picture shows how the suggested system can
change and grow, making it ideal for key management
systems that are scalable and active.
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Fig.6.Proposed method excels across key management
metrics.

Figure 6 shows the price, how well it meets regulations,
fingerprint support, IoT connection, resistance to attacks,
and blockchain integration [43-45]. Each part of the bar
shows a number, and the score is shown by the whole bar's
height. The provided answer seems to be great in every way,
but the fact that it works with blockchain and IoT stands out.

Area Chart: Key Metrics

= cost
- Integration with loT
e Blockehain Integration
== Biometric Support
= Resistance to Attacks
40{ mm_ Regulatory Compliance

Methods

Fig.7.Proposed method dominates key management metrics.

Figure 7 shows how different areas are affected by important
management techniques. The suggested method stands out
because it works well for following rules, protecting against
attacks, and connecting to the internet of things (IoT) [45-
47].

V. CONCLUSION

Lastly, studies on elimination showed important features of
algorithmic parts. The Lifecycle Management Model
Algorithm is always ready to deal with new security threats
because its keys are rotated and its parameters are updated.
The Post-Quantum Encryption Integration Algorithm
protects against quantum threats with its lattice-based
encryption and continued testing of technologies that are not
affected by quantum computing. The Advanced security
Protocols Algorithm made a strong security system that
changes based on how users behave by using biological data
and behavioral analytics. [48] The Blockchain-based Key
Management Algorithm uses Proof of Work and quantum-
resistant methods to protect autonomous key transactions.
Finally, the Scalable PKI Infrastructure Algorithm showed
that it could be used by many people, was scalable, and
could protect against new threats. These methods make it
possible for security, identification, key management, and
blockchain integration to work well after quantum
computing. They are strong because they can change to deal
with new crypto risks and technologies.
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