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INTRODUCTION

Federated learning-based content caching strategy for edge com-
puting represents a transformative approach to optimizing data
storage and retrieval in distributed computing environments. As
edge computing becomes increasingly prevalent, driven by the
need for low-latency processing and real-time data analysis, the
integration of federated learning into content caching strategies
offers a promising solution to address the challenges of data man-
agement and system efficiency. Edge computing involves pro-
cessing data closer to the source of data generation, such as loT
devices or local servers, rather than relying solely on centralized
cloud resources. This approach reduces latency and bandwidth
usage, providing faster responses and more efficient handling of
data. However, edge computing environments often face challeng-
es related to limited storage capacity and the need for efficient
data retrieval. Content caching is a key technique used to address
these issues by storing frequently accessed data closer to the user,
thereby improving access speed and reducing the need for repet-
itive data transfers.

DESCRIPTION

Federated learning, a decentralized machine learning approach,
enhances this process by enabling multiple edge devices to col-
laboratively train a shared model without exchanging raw data.
Instead of sending data to a central server, each edge device trains
a local model based on its own data and shares only the model
updates with the central server. This approach preserves data pri-
vacy and reduces communication overhead. Integrating federated
learning with content caching strategies creates a powerful com-
bination that improves both caching efficiency and predictive ca-
pabilities. In a federated learning-based content caching strategy,
edge devices collaborate to develop and refine predictive models
that anticipate content requests. These models are trained using
local data from each device, allowing them to learn patterns and
preferences specific to their individual environments. By aggregat-

ing model updates from various devices, the central server gen-
erates a global model that reflects the collective knowledge of all
participating edge devices. This global model can then be used to
optimize content caching decisions across the network. The key
advantage of incorporating federated learning into content cach-
ing is the ability to make more informed caching decisions based
on predictive insights. Traditional caching strategies often rely on
static rules or simple heuristics, which may not account for the
dynamic nature of user behavior and content demand. Federated
learning models, on the other hand, adapt to changing patterns
and preferences over time, leading to more accurate predictions
of which content should be cached at the edge. For example, in a
smart city scenario, federated learning can enable edge devices to
predict which traffic or weather data will be most relevant to users
in different areas. By caching this data locally, edge devices can
provide faster responses and reduce the load on centralized serv-
ers. Similarly, in a video streaming application, federated learning
can predict which videos are likely to be requested by users in a
given region and cache those videos to improve streaming quality
and reduce buffering. The federated learning-based content cach-
ing strategy also addresses privacy concerns by keeping sensitive
data localized. Since only model updates, rather than raw data,
are shared with the central server, users’ personal information re-
mains secure.

CONCLUSION

In summary, a federated learning-based content caching strategy
for edge computing offers a sophisticated approach to optimiz-
ing data management in distributed environments. By leveraging
the collaborative power of federated learning, edge devices can
make more informed caching decisions, improve content retrieval
speeds, and enhance user experiences. This integration also ad-
dresses privacy concerns and reduces communication overhead,
making it a valuable solution for the evolving landscape of edge
computing.
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