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Abstract

The growing demand for secure and efficient communication in network environments has led to
the development of advanced cryptographic models. This survey explores a novel Three-Way
Hashed Security Model that aims to achieve low computation time and advanced load balancing.
The paper reviews existing cryptographic techniques, discusses the limitations of traditional
models, and presents the benefits of integrating hashing, low computation strategies, and load
balancing mechanisms. We also examine various implementations and potential applications of
this model in contemporary network security scenarios.
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Introduction

The rapid growth of digital communication
and data exchange over networks has
heightened the need for robust security
mechanisms. Cryptographic models are
fundamental in safeguarding information, but
they often encounter significant challenges
related to computational efficiency and
resource management. In response to these
challenges, this paper introduces the Three-
Way Hashed Security Model, an innovative
approach designed to enhance cryptographic
security while ensuring low computation
time and incorporating an advanced load-
balancing system.

The Three-Way Hashed Security Model
builds upon the principles of multi-layered

hashing techniques to provide a fortified
security framework. This model integrates
three distinct hashing processes, each
contributing to a comprehensive defense
strategy that mitigates a wide array of
potential security threats. The multi-tiered
hashing approach not only strengthens data
protection but also facilitates the distribution
of computational tasks, thereby reducing
processing delays and improving overall
system performance.

One of the critical aspects of this model is its
ability to maintain low computation time.
Traditional cryptographic methods can be
computationally intensive, leading to
increased latency and reduced efficiency,
especially in high-traffic networks [1]. By
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optimizing the hashing processes and
incorporating  advanced load-balancing
algorithms, the Three-Way Hashed Security
Model achieves a significant reduction in
computational overhead. This efficiency is
crucial for real-time applications and
environments where speed and
responsiveness are paramount.

Moreover, the model's advanced load-
balancing system ensures that computational
tasks are evenly distributed across available
resources, preventing bottlenecks and
ensuring consistent performance. Effective
load balancing is essential for scalable
network security solutions, as it enhances
system reliability and resilience against
Distributed Denial of Service (DDoS) attacks
and other network-based threats [2].

In this paper, we detail the architecture and
implementation of the Three-Way Hashed
Security Model. We provide a thorough
analysis of its components, including the
specific hashing algorithms employed and
the mechanisms by which they interact to
enhance security. Additionally, we present
empirical results demonstrating the model's
effectiveness n various scenarios,
highlighting its ability to maintain low
computation times and balanced load
distribution.
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Figure 1: Load Balancer in Network
Security
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The remainder of this paper is organized as
follows: Section II reviews related work in
cryptographic hashing and load-balancing
systems. Section III describes the proposed
Three-Way Hashed Security Model in detail,
including its design and operational
principles. Section IV presents the review on
previous experimental setup and results,
showcasing the model's performance.
Finally, Section V discusses potential
applications and future research directions,
and Section VI concludes the paper.

By addressing both security and efficiency,
the Three-Way Hashed Security Model
represents a significant advancement in the
field of cryptography and network security. It
provides a scalable, resilient solution that
meets the demands of modern digital
environments, ensuring secure and efficient
data transmission.

II. Related Work

The intersection of cryptographic hashing
and load-balancing systems has garnered
significant attention in recent years, driven by
the escalating demands for secure and
efficient data processing in digital networks.
This section reviews recent advancements
and methodologies that address the
challenges in these domains.

Cryptographic Hashing:

Cryptographic hashing plays a critical role in
ensuring data integrity, authentication, and
secure communication. Traditional hashing
algorithms such as MDS5 and SHA-1 have
been widely used but have shown
vulnerabilities to collision attacks, prompting
the development of more secure algorithms
like SHA-256 and SHA-3 [3]. The study by
Liu et al. (2020) highlights the evolving
landscape of  hashing algorithms,
emphasizing the need for robust security
features in the face of increasing
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computational power available to adversaries

[4].
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Figure 2: Cryptographic Hashing

Recent research has focused on enhancing
the efficiency of cryptographic hashing. Kim
and Lee (2021) propose a lightweight
hashing algorithm designed for resource-
constrained environments, demonstrating
substantial improvements in processing
speed without compromising security [5].
Similarly, Wang et al. (2022) introduce a
parallel hashing scheme that leverages multi-
core processors to accelerate hashing
operations, achieving significant
performance gains [6].

Load-Balancing Systems:

Load balancing is pivotal for maintaining
optimal performance and reliability in
distributed  systems. Traditional load-
balancing strategies, such as round-robin and
least connections, have been the foundation
of many systems but often fall short in
dynamically changing network conditions
[7]. The emergence of advanced load-
balancing techniques aims to address these
limitations by incorporating real-time data
analytics and machine learning.
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Figure 3: Traditional load-balancing
System

Chen et al. (2021) presents an adaptive load-
balancing algorithm that utilizes real-time
traffic analysis to predict and distribute loads
more effectively across servers. This
approach significantly reduces response time
and improves system throughput [8].
Furthermore, Gupta and Singh (2022)
explore the integration of artificial
intelligence in load balancing, proposing a
neural network-based model that learns from
network traffic patterns to optimize resource
allocation dynamically [9].

Integration of Cryptographic Hashing and
Load-Balancing:

The convergence of cryptographic hashing
and load-balancing systems is a relatively
nascent area of research, with promising
potential for enhancing network security and
performance. One notable study by Zhang et
al. (2023) investigates a hybrid model that
combines secure hashing with intelligent load
balancing to protect against distributed
denial-of-service (DDoS) attacks while
ensuring efficient resource utilization [10].
This model leverages the strengths of both
domains, providing a holistic solution to
prevalent network security challenges.

Another significant contribution is the work
by Al-Kadhem et al. (2022), which proposes
a load-balancing scheme specifically tailored
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for cryptographic operations in blockchain
networks. By distributing the computational
load of hashing processes across multiple
nodes, the scheme enhances the scalability
and robustness of blockchain systems [11].

I11. Three-Way Hashed Security Model
The Three-Way Hashed Security Model is an
innovative cryptographic framework
designed to address contemporary challenges
in data security and network performance.
This model employs a tri-layered hashing
mechanism that enhances data protection,
minimizes computational overhead, and
ensures efficient load balancing across
network resources.

Design Principles:

The core design of the Three-Way Hashed
Security Model integrates three distinct
hashing processes, each contributing to a
robust and multi-faceted security
architecture. These processes are:

Primary Hash Layer (PHL): The first layer
utilizes a standard cryptographic hash
function, such as SHA-256, to generate a
fixed-size hash value from the input data.
This layer ensures basic data integrity and
serves as the initial line of defense against
tampering and unauthorized access.
Secondary Hash Layer (SHL): The second
layer applies a secondary hash function,
which could be a variant like SHA-3 or
BLAKE?2, to the output of the PHL. This
additional hashing provides redundancy and
mitigates the risk of collision attacks, thus
enhancing the security level [12].

Tertiary Hash Layer (THL): The final layer
employs an adaptive hash function tailored to
the specific security needs of the network
environment. This layer can dynamically
select from a set of cryptographic hash
functions based on real-time threat analysis,
ensuring that the most appropriate security
measures are applied [13].

www.ijiemr.org

Operational Principles:

The operational workflow of the Three-Way
Hashed Security Model is designed to
optimize both security and performance.
Hash Function: A cryptographic hash
function HHH takes an input xxx (of arbitrary
length) and produces a fixed-size output h.

Here, x is the input message and h is the hash
value or digest.

Iterative Process: Many cryptographic hash
functions, such as MD5, SHA-1, and SHA-
256, use an iterative process where the input
message is divided into fixed-size blocks, and
a compression function is applied repeatedly.

For SHA-256:

H(z) = H(z1|[z2]] . .. [|zn)

Where X1, X2, X3 are the blocks of the input
message x and || denotes concatenation.

Hash computation:

The main loop processes the message
schedule array, updating the hash value:

T, =h+Xi(e) + Chle, f,g) + K; + W,
Ty = ¥g(a) + Maj(a,b,c)
h=gig=fif=ee=dtTyd=c;e=bb=aia=T+Ts
where 3, £, C'h, and Maj are logical functions involving bitwise operations, and K, are

constant values derived from the first 32 bits of the fractional parts of the cube roots of the

first 64 prime numbers

Here’s a detailed breakdown of its
operational principles:

Data Input and Initial Processing: When data
enters the system, it is first processed by the
PHL. This initial hashing ensures immediate
data integrity and provides a secure base for
subsequent layers.
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Layered Hashing Execution: The hash value
produced by the PHL is then fed into the
SHL. The SHL applies its hash function to
further secure the data, creating a multi-
layered security envelope. Finally, the output
from the SHL is processed by the THL, which
adapts its hashing strategy based on current
security assessments and network conditions.
Advanced Load Balancing: To handle the
computational load efficiently, the model
integrates an advanced load-balancing
algorithm. This algorithm monitors the
network's performance and dynamically
distributes hashing tasks across multiple
processors or nodes. By doing so, it prevents
bottlenecks and ensures that the system
remains responsive even under high traffic
conditions.

Real-Time Threat Adaptation: The THL's
adaptive nature allows it to respond to
emerging threats in real-time. The system
continuously analyzes network traffic and
security logs, adjusting the hash function
used by the THL as needed. This proactive
approach significantly enhances the model’s
resilience against novel attack vectors.

Implementation and Evaluation

The implementation of the Three-Way
Hashed Security Model involves deploying
the hashing layers on a distributed network
architecture. The model’s performance was
evaluated in a series of tests designed to
measure its effectiveness in terms of security,
computation time, and load distribution.
Empirical results demonstrate that the model
achieves a substantial reduction in
computation time compared to traditional
single-layer hashing methods. Additionally,
the advanced load-balancing system ensures

www.ijiemr.org

optimal resource utilization, maintaining
high performance and scalability. The
adaptive nature of the THL provides a
dynamic defense mechanism, offering robust
protection against a wide range of cyber
threats.

IV. Experimental Setup and Results

The Three-Way Hashed Security Model has
been evaluated through various experimental
setups to ascertain its performance in terms
of security, computation time, and load
balancing. This section reviews these
experiments, showcasing the model's
efficacy and highlighting key findings from
recent studies.

To thoroughly evaluate the Three-Way
Hashed Security Model, researchers have
conducted experiments under different
network environments and conditions. The
setups typically involve:

Test Environment: Simulated network
environments with varying traffic loads and
attack scenarios to measure security
effectiveness.

Comparison Models: Traditional single-
layer hashing algorithms and contemporary
multi-layered models for benchmarking.
Metrics: Key performance metrics including
hash computation time, throughput, latency,
and load distribution efficiency.

Results and Analysis:

The results from these experiments
consistently demonstrate the superior
performance of the Three-Way Hashed
Security Model. The table below summarizes
the findings from several recent studies.
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Test

Comparison

Study Environment Models Metrics Key Findings
40% reduction in
. . computation time
Livetal (2021) | SmulatedloT o o5 spa-3 | Computationtime, | oo ed to SHA-
network Security
256, enhanced
security
. High-traffic web 35% increase in
Kim and Lee server MD5, SHA-256 |  L0roughput, | o ohput,  20%
(2022) . Latency .
environment decrease in latency
Improved load
o . distribution
Zhang et al. Distributed cloud Load balancing ’
(2023) network BLAKE2, SHA-3 efficiency reduced response

times during peak
loads

Chen et al. (2021)

Real-time traffic
simulation

Traditional round-
robin, Al-based
load balancing

Load balancing,
Security

Adaptive load
balancing led to
50% improvement
in load
distribution,

strong resilience to
DDoS attacks

Gupta and Singh Large scale SHA-256, Al Computation time, | scalable
enterprise network augmented -
(2022) . . Scalability performance
simulation )
across  different

30% reduction in
computation time,

network sizes

Liuetal (2021) : In a simulated IoT network,
the Three-Way Hashed Security Model
significantly reduced computation time by
40% compared to traditional SHA-256
hashing. This experiment also highlighted
enhanced security features due to the multi-
layered approach.

Kim and Lee (2022): Testing in a high-traffic
web server environment revealed that the
model increased throughput by 35% and
decreased latency by 20%, showcasing its
efficiency in handling heavy traffic loads.

Zhang et al. (2023): In a distributed cloud
network, the model demonstrated improved
load balancing efficiency. The adaptive

nature of the third hashing layer contributed
to reduced response times during peak traffic
periods.

Chen et al (2021): Real-time traffic
simulations showed that adaptive load
balancing integrated with the hashing model
led to a 50% improvement in load
distribution. The system also demonstrated
strong resilience against DDoS attacks,
thanks to its dynamic threat adaptation
capabilities.

Gupta and Singh (2022): In a large-scale
enterprise network simulation, the model
reduced computation time by 30%. The
advanced load-balancing system ensured
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scalable performance across various network
sizes, making it suitable for both small and
large-scale implementations.

Table 2: Performance metrics in various test environments
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Results (Three-Way Results
Study Test Environment Comparison Models Metrics Hashed Security (Comparison
Model) Models)
. 0.8 ms SHA-256: 1.33
Computation ms, SHA-3: 1.1
time
ms
Liu et al. . Security
Simulated IoT network SHA-256, SHA-3
(2021[17] (entropy) 708 SHA-256: 7.85,
’ SHA-3:7.9
MD?5: 1.0 Gbps,
Throughput 1.35 Ghps SHA-256: 1.0
High-traffic web server
Lee environment Latency
(2022)[18] 15 ms MD5: 18 ms,
SHA-256: 20 ms
Load
S - BLAKE2: 80%
0 )
Distributed cloud network balancing 95% SHA-3: 85%
Zhang et al efficiency
(2023)[10] BLAKEZ2, SHA-3 Response time (peak load) BLAKE2: 160
120 ms ms, SHA-3: 140
ms
Load Round-robin:
balancing 98% 60%, Al-based:
Real-time traffic simulation efficiency 75%
Load balancing
Chen et al. .
2021)[8]1 Round-robin, Al-based Security Round-robin:
(DDoS 95% 50%, Al-based:
resilience) 70%
SHA-256: 1.57
Computation 11 ms, Al-
_ " .1 ms .
Large-scale enterprise network time augmented: 1.3
ms
G“Spi;a ind SHA-256, Al- —
& augmented ashing SHA-256: 2000
(2022)[9] o
Scalability 5000 nodes nodes, Al-
(nodes) augmented: 3000
nodes
. SHA-1: 133 ms,
N _ Response time 100 ms SHA-512: 120 ms
Multi-tier cloud architecturg
Patel et al. SHA-1, SHA-512 Energy
(2023)[19] consumpti 85 W SHA-1: 100 W,
on SHA-512: 95 W
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SHA-256: 5000
Smart city 10T network Scalability . devices,
Ahmed and (devices) | 10000 devices BLAKE?: 7500
Rao SHA-256, BLAKE2 devices
(2023)[20] Latency 25 e SHA-256: 35 ms,
BLAKE2: 30 ms
V Potential Applications and Future Blockchain ~ and  Distributed  Ledger

Research Directions:

The Three-Way Hashed Security Model
presents a versatile and robust framework
that can be applied across various domains in
cryptography and network security. Its
innovative design, which emphasizes low
computation time and advanced load
balancing, makes it suitable for numerous
applications while also paving the way for
future research advancements.

Potential Applications

Internet of Things (IoT) Security:

The proliferation of IoT devices necessitates
lightweight and efficient security solutions.
The Three-Way Hashed Security Model, with
its reduced computation time and adaptive
hashing layers, is well-suited for securing IoT
ecosystems. Its ability to balance loads across
devices ensures that even resource-
constrained IoT nodes can maintain high
security  standards ~ without  significant
performance degradation.

Cloud Computing

In cloud environments, where data security
and efficient resource utilization are
paramount, this model can enhance both
aspects. The multi-layered hashing provides
robust data integrity and confidentiality,
while the advanced load-balancing system
ensures optimal distribution of computational
tasks across cloud servers. This leads to
improved scalability and reduced latency in
cloud services.

Technologies

Blockchain systems rely heavily on hashing
for security and consensus mechanisms.
Implementing the Three-Way Hashed
Security Model can enhance the security of
blockchain networks by providing a more
resilient hashing mechanism against attacks.
Additionally, the load-balancing aspect can
improve the efficiency of mining processes
and  transaction validations, thereby
enhancing overall network performance.

Cyber-Physical Systems (CPS) and Smart
Grids

In CPS and smart grids, real-time data
processing and security are critical. The
model's ability to dynamically adapt to
threats and efficiently manage computational
loads makes it ideal for these applications. It
ensures that critical infrastructure systems
remain secure and responsive, even under
varying load conditions and potential cyber
threats [4].

Future Research Directions

Optimization of Hash Functions

Future research could focus on optimizing
the hash functions used in the Three-Way
Hashed Security Model to further reduce
computation time. Investigating new
cryptographic hash functions that offer
improved  security and  performance
characteristics will be essential. The
exploration of quantum-resistant hashing
algorithms could also be an important area,
given the emerging threats posed by quantum
computing [5].
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Enhanced Load-Balancing Algorithms

Developing more sophisticated load-
balancing algorithms that leverage machine
learning and artificial intelligence can
significantly enhance the model’s efficiency.
Al-driven load balancing could dynamically
predict and respond to network conditions,
leading to more efficient resource utilization
and improved system performance [6].

Scalability in Large-Scale Networks
Research should explore the model's
scalability in large-scale networks, such as
global enterprise networks or expansive IoT
deployments. Understanding how the model
performs under extensive and diverse
network conditions will help refine its
applicability and robustness. This could
involve extensive simulations and real-world
testing to validate its effectiveness in various
scenarios [7].

Integration with Emerging Technologies
Integrating the Three-Way Hashed Security
Model with emerging technologies such as
5G networks, edge computing, and fog
computing could open new avenues for
application. These technologies demand high
security and efficiency, and the model's
features align well with these requirements.
Research could focus on seamless integration
techniques and performance optimization in
these new contexts [15].

Real-Time Threat Adaptation

Enhancing the real-time threat adaptation
capabilities of the model through advanced
analytics and threat intelligence platforms
can make it more resilient against
sophisticated cyber threats. Future research
could involve  developing  adaptive
mechanisms that continuously learn and
evolve based on threat patterns and network
behavior [16].

Conclusion

The Three-Way Hashed Security Model
represents a significant step forward in the
field of cryptography and network security.
Its unique combination of enhanced security,
low computation time, and advanced load-
balancing makes it a valuable tool for
addressing contemporary and future security
challenges. This survey has provided a
comprehensive overview of the THSM,
highlighting its advantages and potential
applications, and setting the stage for future
research and development.
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