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Abstract: Retailers across the globe now witness how cloud-native systems have dramatically transformed their operations,
tackling persistent obstacles in handling peak traffic and personalizing shopper experiences. The aging infrastructure that once
powered retail websites simply buckles during high-demand periods like Black Friday sales. In contrast, today's cloud-native
frameworks provide remarkable adaptability by automatically adjusting resources when customer traffic surges and incorporating
fallback mechanisms that keep storefronts running even when certain backend components falter. This shift represents more than a
technical upgrade—it fundamentally changes how digital retail environments respond to stress and opportunity alike.. Retailers
embracing these architectures gain remarkable capabilities in handling seasonal traffic spikes while deploying sophisticated
personalization tools that adapt to individual shopping behaviors. The real-time inventory visibility achieved through distributed
cloud systems transforms supply chain management, enabling responsive stocking decisions across multiple channels. Beyond
operational improvements, cloud-native adoption creates meaningful competitive advantages through organizational agility, allowing
faster deployment of new features and more responsive adaptation to market shifts. The architectural frameworks documented in
successful implementations demonstrate how fundamental technological restructuring supports the evolving requirements of
contemporary commerce, making cloud-native approaches essential for forward-thinking retail strategies.

Keywords: Cloud-native architecture, Retail scalability, Personalization systems, Distributed inventory management,

Organizational transformation.

INTRODUCTION

The shopping world looks nothing like it did
before the pandemic struck, as anyone visiting
local malls can see. Where customers once
browsed exclusively through physical aisles, they
now seamlessly jump between smartphone apps,
websites, and in-store experiences. Independent
boutiques have established social media
storefronts, grocery retailers have implemented
mobile-based curbside pickup, and department
stores track inventory across dozens of locations—
all reflecting how technology has similarly
transformed everything from doctor's offices to
factory floors across America. This fundamental
reshaping goes far deeper than merely adding
websites to existing businesses; it represents a
complete rethinking of how merchants engage
with increasingly tech-savvy shoppers who expect
convenience, personalization, and immediate
service regardless of how they choose to shop. The
legacy infrastructure that many retailers built
operations upon - characterized by fixed-capacity
servers operating in back-office environments -
simply buckles under today's dynamic retail
demands, particularly when shoppers flood
websites during flash sales or holiday rushes
(Kundavaram, V. N. K. 2024).

Cloud-native technologies have emerged not
merely as technical upgrades but as strategic
imperatives for retailers facing these challenges.

These systems offer remarkable adaptability,
seamless scaling, and built-in resilience previously
unattainable. Major retailers didn't slowly
experiment with cloud technologies—they dove
headfirst into implementation after seeing early
adopters gain market share. Companies that once
relied on seasonal hiring to handle holiday rushes
now deploy elastic cloud systems that
automatically expand when thousands of shoppers
simultaneously browse their online catalogs. These
same systems help store associates instantly check
if products are available at nearby locations and
enable personalized product recommendations
based on each customer's unique shopping history..
During high-volume shopping events like Black
Friday, these platforms process transaction
volumes that would have overwhelmed traditional
systems while maintaining reasonable response
times (Jain,P. & Ponnusamy, S. 2024).

Examining retail operations transformed by cloud-
native approaches reveals multidimensional
impacts throughout the business. Retailers gain
newfound abilities to handle seasonal demand
spikes, implement sophisticated recommendation
engines, and track inventory movements in real-
time across complex supply networks. The bottom-
line impacts prove equally significant - retailers
implementing cloud-native architectures
consistently report reduced infrastructure costs,
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accelerated feature deployment, and dramatically
shortened recovery times following system
disruptions. Analysis of successful
implementations reveals recurring architectural
patterns that fundamentally reshape retail
technology foundations to meet contemporary
commerce demands (Kundavaram, V. N. K. 2024).

Perhaps most tellingly, cloud-native adoption
creates genuine competitive differentiation beyond
mere  operational  improvements.  Retailers
embracing comprehensive  cloud strategies
consistently outperform legacy-bound competitors
in customer satisfaction metrics. These cloud-
savvy merchants demonstrate remarkable agility,
introducing innovative shopping experiences and
adapting quickly to shifting market conditions and
consumer behaviors. As retail continues its digital
evolution, understanding cloud-native principles,
implementation pathways, and organizational
impacts becomes essential for any retailer
determined to thrive amid relentless market change
(Jain,P. & Ponnusamy, S. 2024).

CLOUD-NATIVE ARCHITECTURES
FOR TRAFFIC MANAGEMENT
Auto-Scaling Mechanisms

When shoppers flood retail websites during sales
events, traditional servers often crash under
pressure. Cloud-native systems solve this through
sophisticated auto-scaling — something completely
different from the fixed server farms retailers used
for decades. Instead of maintaining expensive
excess capacity year-round, these platforms
monitor dozens of performance indicators like
CPU usage, memory consumption, and request
gueue length, automatically adding or removing
computing resources as needed. Most retailers
implement horizontal scaling approaches that spin
up additional identical servers rather than trying to
make existing servers more powerful, resulting in
better fault tolerance when individual components
fail (Blessing,L. & Jomoke, T. 2022). This
approach mirrors how physical stores might open
additional checkout lanes during busy periods,
except the digital version happens automatically

within seconds rather than requiring manager
intervention.

Case Study: Black Friday Traffic Management
Black Friday represents the ultimate stress test for
retail infrastructure, as millions of consumers
simultaneously access online platforms that
normally handle a fraction of that volume. Several
major retailers completely revamped their
technology stacks after embarrassing crashes in
previous years. Their current implementations
automatically detect traffic surges and provision
additional computing power before customers
notice slowdowns. These systems work because
applications get broken into containers -
standardized packages of code and dependencies —
orchestrated by specialized platforms that monitor
health and performance (Zoldy, J. 2024). Behind
the scenes, the architecture separates critical
functions (like checkout processing) from less
important ones (like product reviews), ensuring
payment systems receive priority resources during
peak demand. In contrast, less essential features
might temporarily receive fewer resources.

Resilience Engineering for High-Traffic Events
Traffic spikes represent just one challenge — even
more dangerous are cascading failures where one
problem triggers others throughout interconnected
systems.  Forward-thinking  retailers  have
implemented sophisticated circuit breakers that
automatically isolate troubled components before
they drag down entire systems (Blessing,L. &
Jomoke, T. 2022). These safety mechanisms
temporarily route around problematic services,
similar to how electrical circuit breakers prevent
house fires. When backend inventory services slow
down, properly designed systems maintain core
shopping functionality while temporarily showing
slightly less accurate stock information. Some
retailers distribute identical copies of their entire
infrastructure across multiple geographic regions,
enabling instant failover if an entire data center
experiences problems (Zoldy, J. 2024). These
investments directly impact bottom lines since
even minutes of website downtime during Black
Friday can cost millions in lost sales and
permanently damage customer trust.

Table 1: Cloud-Native Traffic Management Capabilities in Retail (Blessing,L. & Jomoke, T. 2022; Zoldy, J.

Feature

Benefit

Auto-scaling mechanisms

Eliminates capacity planning and reduces infrastructure costs

Containerized applications

Enables priority-based resource allocation during peak periods

Circuit breakers

Prevents cascading failures across interconnected systems

Regional redundancy

Ensures business continuity during localized infrastructure failures
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| Horizontal scaling

| Improves fault tolerance compared to vertical scaling approaches |

PERSONALIZATION AT SCALE
THROUGH CLOUD-NATIVE
SYSTEMS

Machine Learning Infrastructure

The shopping experiences consumers now take for
granted — personalized product recommendations
that seemingly read minds — require immense
computational horsepower behind the scenes.
Cloud-native  platforms provide specialized
services for training complex machine learning
models, hosting them efficiently, and serving
predictions within milliseconds (Pasupuleti, V. S.
M. et al., 2025). Without this infrastructure,
retailers would need to purchase and maintain
specialized Al hardware costing millions while
sitting idle much of the year. Instead, leading
merchants leverage elastic resources that
automatically expand during holiday shopping
seasons when personalization drives significantly
higher conversion rates. The underlying systems
continuously analyze terabytes of customer
interaction data spanning everything from
browsing  patterns to  purchase history,
demographic profiles, and even time-of-day
shopping habits.

Microservices for Recommendation Engines

Breaking down monolithic recommendation
engines into specialized, independently operating
services  represents  another  transformative
approach. Different components handle distinct
aspects of personalization — some analyzing
browsing history, others recognizing purchase
patterns, and still others evaluating demographic
segments (Krishna, S. S. et al., 2025). This
architectural approach proves especially valuable

during varied traffic patterns. When shoppers
browse promotional pages, the browsing history
analyzers need additional resources, while during
checkout surges, the purchase pattern recognizers
require extra computing power. By separating
these functions, retailers avoid overprovisioning
entire  recommendation  platforms, instead
allocating resources precisely where needed. This
targeted scaling maintains performance while
minimizing costs, similar to how physical stores
might staff departments differently during back-to-
school versus holiday shopping seasons.

Data Processing Pipelines

Behind effective personalization lie sophisticated
data pipelines that combine immediate customer
signals with historical patterns (Pasupuleti, V. S.
M. et al., 2025). When shoppers search for
products, add items to carts, or browse specific
categories, stream processing components instantly
update their preference profiles, enabling real-time
recommendation adjustments within the same
shopping  session.  Simultaneously,  batch
processing systems analyze months of historical
data to identify deeper patterns — seasonal
preferences, brand affinities, price sensitivities —
that might not be apparent from today's browsing
alone. The combination creates comprehensive
customer understanding that adapts to both
immediate needs and established preferences.
These data processing frameworks themselves
leverage cloud-native capabilities, automatically
scaling during traffic surges to maintain
personalization quality even when visitor counts
multiply exponentially during flash sales or
holiday shopping periods.

Table 2: Cloud-Native Personalization Components (Pasupuleti, V. S. M. et al., 2025; Krishna, S. S. et al.,

Component

Benefit

ML Infrastructure

Elastic scaling without specialized hardware investment

Microservice Architecture

Targeted resource allocation by the personalization function

Real-time Processing

Contextual recommendations within the same shopping session

Batch Processing

Deeper pattern recognition across historical data

Scalable Data Pipelines

Consistent performance during traffic fluctuations

REAL-TIME
MANAGEMENT
DISTRIBUTED SYSTEMS
Event-Driven Inventory Architecture
Cloud-native inventory management systems
utilize event-driven architectures to propagate

INVENTORY
THROUGH

inventory changes across distributed retail
environments. When inventory transactions
occur—whether through point-of-sale systems,
online purchases, returns, or stock transfers—these
events are published to messaging systems that
ensure all relevant systems receive timely updates,
maintaining a consistent view of inventory across
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channels (Pophali, A. 2025). This architectural
approach represents a significant advancement
over traditional request-response models by
decoupling inventory producers from consumers,
allowing each component to operate independently
while maintaining system-wide coordination. The
event-driven  paradigm enables retailers to
implement sophisticated inventory management
strategies that respond to real-time business
conditions, such as dynamic allocation based on
channel performance or automated replenishment
triggered by inventory thresholds. Modern retail
environments leverage message broker
technologies to distribute inventory events across
multiple consuming systems, including order
management, e-commerce platforms, and analytics
services.

Multi-Region Synchronization

For retailers operating across multiple geographic
regions, cloud-native systems provide
sophisticated mechanisms  for inventory
synchronization. These systems balance the need
for global inventory visibility with the latency
constraints of distributed  systems, often
implementing eventual consistency models that
prioritize availability while ensuring that inventory
data converges to an accurate state across all
locations (Reddy, S. 2025). Multi-region inventory
management presents unique challenges related to
network latency, data sovereignty requirements,
and the need to maintain business continuity
during regional outages. Cloud-native architectures
address these challenges through distributed
database technologies with built-in replication
capabilities, allowing inventory data to flow across
regions while maintaining appropriate consistency

guarantees. Advanced implementations apply
differential consistency models that provide
stronger guarantees for critical inventory
operations  while allowing more relaxed
consistency for read-heavy workloads such as
product browsing or reporting.

Integration with Supply Chain Systems
Cloud-native inventory systems extend beyond
retail locations to integrate with broader supply
chain management platforms. This integration
enables retailers to maintain visibility not only of
current inventory but also of incoming shipments,
manufacturing progress, and supplier capacity,
creating a comprehensive view of inventory
throughout the supply network (Pophali, A. 2025).
The integration typically occurs through
standardized APIs and event streams that create a
bidirectional flow of information between retail
and supply chain systems. This extended visibility
transforms inventory management from a store-
centric operation to an end-to-end process
spanning the entire product lifecycle. The API-
driven approach allows retailers to incorporate
inventory signals from diverse sources, including
third-party logistics providers, manufacturers, and
marketplace partners (Reddy, S. 2025). By
establishing this comprehensive visibility, retailers
can implement proactive inventory strategies that
anticipate  supply  chain  disruptions and
dynamically adjust stocking levels based on
upstream conditions. The cloud-native
implementation provides the necessary scalability
to process the high volume of events generated
across the supply network while maintaining the
flexibility to adapt to evolving supply chain
processes.

Table 3: Cloud-Native Inventory Management Components (Pophali, A. 2025; Reddy, S. 2025)

Feature

Benefit

Event-Driven Architecture

Real-time inventory updates across all sales channels

Multi-Region Synchronization

Global inventory visibility with appropriate consistency models

Supply Chain Integration

End-to-end visibility from manufacturing to final sale

Standardized APIs

Incorporation of data from diverse third-party sources

Message Broker Technologies

Decoupled systems that maintain coordinated operations

IMPLEMENTATION
AND STRATEGIES
Migration Patterns from Legacy Systems

The transition from traditional retail systems to
cloud-native architectures presents significant
challenges, particularly for established retailers
with substantial legacy infrastructure. Successful
retailers have adopted phased migration strategies,
beginning with less critical systems while

CHALLENGES

gradually refactoring core transaction processing
capabilities. This approach minimizes disruption
while allowing organizations to develop cloud-
native expertise incrementally (Indukuri, A. V.
2025). Legacy retail systems often represent
decades of accumulated business logic embedded
in  monolithic  applications  that  resist
modernization efforts. The strangler pattern has
emerged as an effective migration approach,
allowing organizations to incrementally replace
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legacy functionality with cloud-native services
while maintaining operational continuity. This
pattern involves implementing API facades that
intercept requests to legacy systems and gradually
redirecting traffic to new  cloud-native
implementations. Effective migrations typically
establish clear architectural principles that guide
modernization decisions, ensuring that new
implementations align with cloud-native best
practices  while  addressing the  specific
requirements of retail operations.

Security and Compliance Considerations

Retail operations are subject to numerous
regulatory requirements, including Payment Card
Industry (PCI) standards and consumer privacy
regulations. Cloud-native retail implementations
must incorporate security controls throughout the
application lifecycle, leveraging infrastructure-as-
code approaches to ensure consistent security
configurations and automated compliance
verification. The distributed nature of cloud-native
architectures significantly expands the potential
attack surface compared to traditional monolithic
systems, necessitating comprehensive security
frameworks that address the unique challenges of
containerized environments. These frameworks
typically encompass infrastructure  security,
application  security, data protection, and
operational security domains, with controls
implemented across the development and
deployment lifecycle. Leading implementations
leverage automated security scanning within
continuous integration pipelines to identify
vulnerabilities before deployment, complemented
by runtime protection mechanisms that monitor for
suspicious behavior within production

environments. Cloud security posture management
practices ensure that cloud configurations remain
compliant with security policies, detecting and
remediating  drift that might introduce
vulnerabilities.

Organizational Transformation

The adoption of cloud-native technologies
frequently requires significant organizational
changes, with retailers establishing DevOps
practices, site reliability engineering teams, and
product-oriented development structures. These
organizational transformations are often as
challenging as the technical implementations
themselves, requiring executive sponsorship and
cultural changes to fully realize the benefits of
cloud-native approaches (Indukuri, A. V. 2025).
Traditional retail IT organizations typically operate
with functional silos that impede the cross-
functional collaboration essential for cloud-native
success. Effective transformations establish cross-
functional teams organized around business
capabilities rather than technical specialties, with
each team responsible for the full lifecycle of their
services. This product-oriented structure enables
faster innovation by reducing coordination
overhead and aligning technical decisions with
business objectives. Cloud centers of excellence
often serve as transformation accelerators,
establishing architectural standards, developing
reusable patterns, and providing expertise to
product teams. Skills development represents a
critical aspect of organizational transformation,
with  successful  implementations including
structured learning paths that develop cloud-native
expertise across development, operations, and
security disciplines.

' N
Migration Patterns

= Phased migration strategy

= Strangler pattern approach

= APl facades

= Gradual refactoring

= Architectural principles

Security & Compliance Organizational Change

= Infrastructure-as-code

= Expanded attack surface
= CI/CD security scanning
= Runtime protection

= Configuration management

s N

= DevOps practices

= Cross-functional teams
= Product orientation

= Centers of excellence

= Skills development

Fig 1: Cloud-Native Implementation Challenges for Retail (Indukuri, A. V. 2025;10]
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CONCLUSION

The retail industry's embrace of cloud-native
technologies represents more than a technical
upgrade—it  fundamentally  reshapes  how
merchants serve their customers. Gone are the
days when websites crashed during holiday sales,
replaced by elastic systems that automatically
expand capacity when thousands of shoppers
arrive simultaneously. Department stores that once
struggled to recognize returning customers now
deliver remarkably personalized experiences,
recommending products that feel almost prescient
in their relevance. Store associates checking
inventory no longer apologize for systems showing
incorrect counts, as distributed architectures ensure
accurate stock visibility whether items sit in
Manhattan stockrooms or California warehouses.
Looking forward, stores that fully harness these
technologies will pull ahead as shoppers
increasingly expect to browse on their phones
while commuting, pick up purchases curbside
during lunch breaks, and receive text messages
when favorite items go on sale. This widening gap
between digital leaders and laggards becomes
more apparent every holiday season when some
retailers handle record traffic flawlessly. At the
same time, others post apologetic "site down for
maintenance” messages during peak shopping
hours. Even century-old department stores with
computer systems older than many of their
employees now recognize they must modernize or
slowly fade into irrelevance, watching their once-
loyal customers drift toward competitors offering
more  convenient,  personalized  shopping
experiences. The choice becomes increasingly
stark: invest in modernization despite the
complexity and cost, or gradually lose relevance in
a retail landscape where technical capability
directly drives business success.

REFERENCES

1. Kundavaram, V. N. K. "Cloud Computing
Adoption In Retail: A Comprehensive
Analysis Of Operational Efficiency And
Customer Experience
Enhancement.” International ~ Journal  Of
Research In Computer Applications And
Information Technology (ljrcait) 7.2 (2024):
1151-1164.

2. Jain,P. & Ponnusamy, S, "A Comparative
Analysis of Cloud-Native, Cloud-Enabled, and
Cloud-Agnostic  Digital ~ Transformation,"
Journal of Emerging Technologies and
Innovative Research 11.6 (2024) 463-469

[https://www.researchgate.net/publication/381
301192 A Comparative Analysis of Cloud-
Native Cloud-Enabled and_Cloud-
Agnostic_Digital _Transformation

3. Blessing,L. & Jomoke, T., "Resilience

Patterns:  Self-Healing and Auto-Scaling
Architectures for Cloud Environment,"
ResearchGate, (2022).
https://www.researchgate.net/publication/3903
99253 Resilience Patterns Self-
Healing_and_Auto-

Scaling_Architectures for Cloud Environme
nt

4, Zoldy, J. "eCommerce Optimization Series:

Scaling & Performance,” lIronPlane, (2024).
https://www.ironplane.com/ironplane-
ecommerce-blog/ecommerce-optimization-
series-scaling-performance

5. Pasupuleti, V. S. M. Gupta, R., &

Rachamalla, D. "Intelligent Cloud-Native
Architectures for Secure, Scalable, and Al-
Driven Digital Transformation in Retail and
Insurance Domains." Journal of Computer
Science 2 (2025): 100009.

6. Krishna, S. S., Athamakuri, K. and

Thiruveedula, J. "Microservices Architecture
in E-commerce: A Comparative Analysis of
Performance, Scalability, and Maintainability,"
International Journal for Research
Publication and Seminars 16.2: (2025) 110-
124 .https://www.researchgate.net/publication/
390451709 Microservices_Architecture in E-
commerce_A_Comparative Analysis_of Perf
ormance_Scalability and Maintainability

7. Pophali, A. "Leveraging Event-Driven

Architectures for Enhanced Real-Time
Inventory Management in E-Commerce
Systems,” European Journal of Computer
Science and Information
Technology,13.30,122-128,(2025).
https://eajournals.org/ejcsit/wp-
content/uploads/sites/21/2025/05/Leveraging-
Event-Driven-Architectures.pdf

8. Reddy, S. "Enhancing Retail Supply Chain

with  API-Driven  Cloud Integration,”
International Journal of Research in
Computer Applications and Information
Technology 8.1:2989-3005, (2025).
https://www.researchgate.net/publication/3891
78429 Enhancing_Retail Supply Chain_with
API-Driven_Cloud_Integration

9. Indukuri, A. V. "Cloud-native transformation:

Architectural principles and organizational

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 320
(CC BY-NC-ND 4.0) International License

Publisher: SARC Publisher


https://www.researchgate.net/publication/381301192_A_Comparative_Analysis_of_Cloud-Native_Cloud-Enabled_and_Cloud-Agnostic_Digital_Transformation
https://www.researchgate.net/publication/381301192_A_Comparative_Analysis_of_Cloud-Native_Cloud-Enabled_and_Cloud-Agnostic_Digital_Transformation
https://www.researchgate.net/publication/381301192_A_Comparative_Analysis_of_Cloud-Native_Cloud-Enabled_and_Cloud-Agnostic_Digital_Transformation
https://www.researchgate.net/publication/381301192_A_Comparative_Analysis_of_Cloud-Native_Cloud-Enabled_and_Cloud-Agnostic_Digital_Transformation
https://www.researchgate.net/publication/390399253_Resilience_Patterns_Self-Healing_and_Auto-Scaling_Architectures_for_Cloud_Environment
https://www.researchgate.net/publication/390399253_Resilience_Patterns_Self-Healing_and_Auto-Scaling_Architectures_for_Cloud_Environment
https://www.researchgate.net/publication/390399253_Resilience_Patterns_Self-Healing_and_Auto-Scaling_Architectures_for_Cloud_Environment
https://www.researchgate.net/publication/390399253_Resilience_Patterns_Self-Healing_and_Auto-Scaling_Architectures_for_Cloud_Environment
https://www.researchgate.net/publication/390399253_Resilience_Patterns_Self-Healing_and_Auto-Scaling_Architectures_for_Cloud_Environment
https://www.ironplane.com/ironplane-ecommerce-blog/ecommerce-optimization-series-scaling-performance
https://www.ironplane.com/ironplane-ecommerce-blog/ecommerce-optimization-series-scaling-performance
https://www.ironplane.com/ironplane-ecommerce-blog/ecommerce-optimization-series-scaling-performance
https://www.researchgate.net/publication/390451709_Microservices_Architecture_in_E-commerce_A_Comparative_Analysis_of_Performance_Scalability_and_Maintainability
https://www.researchgate.net/publication/390451709_Microservices_Architecture_in_E-commerce_A_Comparative_Analysis_of_Performance_Scalability_and_Maintainability
https://www.researchgate.net/publication/390451709_Microservices_Architecture_in_E-commerce_A_Comparative_Analysis_of_Performance_Scalability_and_Maintainability
https://www.researchgate.net/publication/390451709_Microservices_Architecture_in_E-commerce_A_Comparative_Analysis_of_Performance_Scalability_and_Maintainability
https://eajournals.org/ejcsit/wp-content/uploads/sites/21/2025/05/Leveraging-Event-Driven-Architectures.pdf
https://eajournals.org/ejcsit/wp-content/uploads/sites/21/2025/05/Leveraging-Event-Driven-Architectures.pdf
https://eajournals.org/ejcsit/wp-content/uploads/sites/21/2025/05/Leveraging-Event-Driven-Architectures.pdf
https://www.researchgate.net/publication/389178429_Enhancing_Retail_Supply_Chain_with_API-Driven_Cloud_Integration
https://www.researchgate.net/publication/389178429_Enhancing_Retail_Supply_Chain_with_API-Driven_Cloud_Integration
https://www.researchgate.net/publication/389178429_Enhancing_Retail_Supply_Chain_with_API-Driven_Cloud_Integration

Pakalapati, M. P. Sarc. Jr. Eng. Com. Sci. vol-4, issue-7 (2025) pp-315-321

strategies for infrastructure modernization." (2025).

Source of support: Nil; Conflict of interest: Nil.
Cite this article as:
Pakalapati, M. P. “Scaling Retail Operations with Cloud-Native Systems: A Comprehensive Analysis”

Sarcouncil Journal of Engineering and Computer Sciences 4.7 (2025): pp 315-321.

Copyright © 2022 The Author(s): This work is licensed under a Creative Commons Attribution- NonCommercial-NoDerivatives 4.0 321
(CC BY-NC-ND 4.0) International License

Publisher: SARC Publisher



