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| ABSTRACT

The increasing use of data-driven technologies has created significant opportunities for intelligent computing, predictive
analytics, and automated decision-making. However, conventional machine learning approaches often require centralized data
collection, which can introduce privacy risks, security vulnerabilities, and regulatory challenges. Federated learning has
emerged as an alternative approach that enables multiple devices or organizations to collaboratively train machine learning
models without routinely transferring their raw training data to a central server. Instead, participating clients perform local
training and communicate model updates to a coordinating server or aggregation mechanism. This approach can reduce direct
data sharing and support collaborative learning across distributed environments. This paper presents a review of federated
learning, focusing on its fundamental architecture, training process, aggregation techniques, applications, and technical
limitations. It examines the role of federated learning in healthcare, financial services, mobile computing, industrial systems,
and smart environments. The paper also discusses challenges involving communication overhead, statistical heterogeneity,
device limitations, malicious participants, privacy leakage, and model convergence. Furthermore, it explores complementary
techniques, including differential privacy, secure aggregation, and homomorphic encryption, that can strengthen the protection
of information during collaborative training. Finally, future research directions are identified in adaptive aggregation,
communication-efficient optimization, cross-silo collaboration, edge intelligence, and trustworthy model evaluation. The
review concludes that federated learning offers a promising framework for distributed machine learning, but its privacy and
performance benefits depend on the system architecture, threat model, data distribution, and security mechanisms employed.
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Introduction:-

The development of artificial intelligence and machine learning has transformed the way organizations process information and
solve computational problems. Modern applications use machine learning to recognize images, analyze financial transactions,
recommend digital content, detect equipment failures, and support medical decision-making. The effectiveness of these
systems often depends on access to large and diverse datasets.Traditional machine learning generally involves collecting
training data in a centralized repository. The collected information is processed and used to train a model that can subsequently
make predictions on new observations. Although this approach is effective in many settings, it may create difficulties when the
data contains sensitive personal, financial, medical, or organizational information.

Centralized data collection can increase the consequences of unauthorized access, data breaches, and inappropriate information
sharing. Organizations may also face legal or contractual restrictions that prevent them from transferring raw data to external
systems. In addition, data may be distributed across mobile devices, hospitals, banks, industrial facilities, and geographically
separated computing environments.Federated learning (FL) offers an alternative approach by allowing multiple participants to
train a shared machine learning model while keeping their raw training data within their local environments. Instead of
transferring entire datasets to a central location, participants train models locally and transmit selected model updates for
aggregation.
Copyright: © 2026 the Author(s). This article is an open access article distributed under the terms and conditions of the Creative Commons
Attribution (CC-BY) 4.0 license (https://creativecommons.org/licenses/by/4.0/). Published by Jana Publication and Research LLP.
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The concept of federated learning was introduced prominently in research by McMahan et al. [1], who proposed a
communication-efficient method for training deep networks using decentralized data. Since then, federated learning has
become an important research direction in distributed and privacy-aware artificial intelligence.Despite its potential benefits,
federated learning is not automatically private or secure. Model updates can reveal information about local training data, and
malicious participants may attempt to manipulate the collaborative training process. Differences in local datasets, network
connectivity, computational resources, and client participation can also affect model performance.This paper examines the
technical foundations and practical applications of federated learning. It considers the benefits and limitations of decentralized
model training and discusses methods for developing more secure, efficient, and reliable collaborative learning systems.

Research Objectives:-

The principal objectives of this paper are:-

1. To explain the architecture and operating principles of federated learning.

To examine major federated learning strategies and aggregation techniques.

To investigate its applications in healthcare, finance, mobile computing, and industrial systems.
To analyze privacy, security, communication, and optimization challenges.

To identify future research opportunities for improving federated learning systems.

Nk v

Research Questions:-

This paper addresses the following research questions:-

e How does federated learning differ from conventional centralized machine learning?

e  Which aggregation techniques support collaborative model training?

e  What benefits and limitations arise when training models across distributed datasets?

e How can privacy and security mechanisms strengthen federated learning?

e  Which research directions may improve the scalability and reliability of future systems?

Background and Related Work:-

Traditional Machine Learning:-

Traditional centralized machine learning generally requires training data to be collected in a shared computing
environment.The training process involves data preprocessing, feature extraction, model optimization, and performance
evaluation.Centralized learning can simplify model management because the training data and computational resources are
available within a common infrastructure.It can also support consistent preprocessing and coordinated experimentation.Howev

er, centralized collection can be impractical when datasets are too large to transfer efficiently or when organizations are not
permitted to share their information. Transferring data may also create additional storage, security, and governance
requirements.Distributed machine learning addresses some computational limitations by dividing workloads across multiple
machines. Federated learning extends this concept by emphasizing collaborative model training when the underlying datasets
remain distributed across participating clients.

Concept of Federated Learning:-

Federated learning is a machine learning framework in which multiple clients contribute to the training of a shared model
without routinely sending their raw training examples to a central coordinator.A typical system includes a coordinating server,
multiple clients, a global model, and an aggregation mechanism. Clients may represent mobile phones, hospitals, financial
institutions, computers, or industrial devices.The server distributes the current model to selected participants. Each participant
trains the model using locally available data and sends a model update to the server. The server aggregates the received updates
and generates a new global model. This process can be repeated until a stopping criterion is reached or the system achieves an
acceptable level of performance.The central idea is that learning can occur across distributed datasets without requiring all raw
examples to be stored in one location. Nevertheless, additional safeguards may be necessary because model updates can
themselves contain information related to the underlying data.

Related Research:-

McMahan et al. [1] introduced Federated Averaging, commonly known as FedAvg, as a method for training deep neural
networks through decentralized data and iterative model aggregation. Their work demonstrated how local training can reduce
the need for extensive communication between clients and a central server.Kairouz et al. [2] provided a broad overview of
federated learning, discussing its foundations, applications, technical challenges, and open research problems. Their work
highlighted the importance of understanding privacy, communication efficiency, statistical heterogeneity, and system
reliability.Bonawitz et al. [3] investigated practical secure aggregation protocols that allow a server to aggregate client updates
without directly observing every individual update in plaintext. Such techniques are relevant to deployments where model-
update confidentiality is an important requirement.Li et al. [4] examined the challenges and opportunities associated with
federated learning, including statistical differences between client datasets, communication constraints, and optimization
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difficulties. These studies establish federated learning as an important framework for distributed machine learning. They also
demonstrate that successful deployment requires more than decentralizing data storage: the system must address model
convergence, privacy, participant reliability, and communication constraints.

Research Methodology:-

This paper adopts a narrative literature-review methodology to examine the concepts, architectures, applications, and
limitations of federated learning. It draws on established research publications concerning decentralized optimization,
communication-efficient training, privacy protection, and secure aggregation.The discussion is organized into thematic areas:
foundational concepts, system architecture, learning algorithms, practical applications, security challenges, and future research
opportunities.Representative studies are used to explain the development of federated learning and the technical problems that
influence its deployment. The analysis is conceptual and does not claim to provide a systematic review of every publication in
the field.No new experiments were conducted, and no original performance measurements are reported. Consequently,
statements about the potential advantages of federated learning should be interpreted in the context of the relevant system
assumptions rather than as universal guarantees.The methodology provides a foundation for comparing the main design choices
and identifying areas where further experimental validation is needed.

Architecture and Working Principles of Federated Learning:-

System Architecture:-

A typical federated learning system consists of several interconnected components:-

Central coordinator: The coordinator manages the global model, selects participating clients, distributes model parameters,
and aggregates received updates.

Participating clients: Clients hold local datasets and perform model training within their respective computing environments.
Local training mechanism: Each participant uses its local data to update the model parameters according to the selected
learning algorithm.

Aggregation mechanism: The server combines eligible client updates to produce a revised global model.

Evaluation mechanism: The system measures model performance using appropriate validation procedures and determines
whether further training is required. These components may be implemented in different ways depending on the application. A
mobile federated learning system may involve thousands of intermittently connected devices, while a cross-silo system may
involve a smaller number of organizations with more reliable infrastructure.

Federated Training Process:-

The training process typically follows a repeated sequence of operations:-

1. The coordinator initializes a global model.

A group of eligible clients is selected for participation.

The current model is transmitted to the selected clients.

Each client trains the model using its local dataset.

Clients send model updates or parameter changes to the coordinator.

The coordinator aggregates the eligible updates.

The updated global model is evaluated and distributed in subsequent rounds.

ThlS iterative procedure enables the model to learn from multiple distributed datasets. Its effectiveness depends on client
participation, the quality of local data, the optimization method, and the reliability of communication.

DRSS

Federated Averaging:-

Federated Averaging is one of the most widely studied aggregation methods in federated learning [1].In a simplified
implementation, each participating client trains a copy of the global model locally. The coordinator then computes a weighted
average of the client models, with weights commonly based on the number of local training examples.

The aggregation process can be expressed as:-

[

w_{tH1}=\sum_{k=1}7{K}

\frac{n_k} {\sum_{j=1}M{K}n_jiw_{t+1}7{(k)}
]

where:-

(w_{t+1}) represents the updated global model.

(K) represents the number of participating clients.

(n_k) is the number of training examples held by client (k).
(w_{t+1}"{(k)}) represents the locally trained model of client (k).
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The equation illustrates how locally trained models can contribute to a shared global model. In practical implementations,
model compatibility, client eligibility, update validation, and optimization settings must be handled carefully.FedAvg can
reduce communication requirements by allowing multiple local training steps between communication rounds. However, it
may converge slowly or behave inconsistently when client datasets differ substantially.

Data Distribution Across Clients:-

The distribution of data across participants is an important characteristic of federated learning.In an independent and identically
distributed setting, local datasets are assumed to follow similar statistical distributions. Under this assumption, local training
updates may be relatively consistent.In non-independent and identically distributed settings, often called non-IID settings,
participants may possess datasets with different class frequencies, feature distributions, or behavioral patterns.For example, one
hospital may treat a different patient population from another hospital, while mobile devices may reflect different user
behaviors and language preferences.Non-IID data can cause local models to move in different directions during training. This
may reduce convergence speed or affect the performance of the final global model.Research on federated optimization
therefore investigates methods that account for local data differences, improve client coordination, and reduce the negative
effects of statistical heterogeneity.

Major Federated Learning Approaches:-

Horizontal Federated Learning:-

Horizontal federated learning is appropriate when participating organizations have similar feature structures but different sets
of individuals or observations.For example, multiple hospitals may record similar categories of medical information for
different patient populations. The organizations can potentially collaborate on training a model without exchanging their raw
patient records.The participants share compatible feature representations, making coordinated model training more
straightforward. However, differences in local data distributions, data quality, and institutional practices can still influence
model performance. Effective collaboration also requires suitable legal agreements and security controls.

Vertical Federated Learning:-

Vertical federated learning applies when participants hold different features about overlapping individuals or entities.For
instance, a financial institution and an online service may possess different information relating to some of the same customers.
Each organization may hold features that are useful for a shared predictive task.Because the participants have different feature
sets, they must coordinate the learning process without simply transferring their complete datasets to one another.Vertical
federated learning often requires entity alignment and specialized privacy-preserving computation. The complexity of these
operations can increase communication requirements and implementation costs.Appropriate safeguards are needed to reduce
the risk that information about participating entities is disclosed during training.

Federated Transfer Learning:-

Federated transfer learning is relevant when participating organizations differ in both feature spaces and data populations.

In such circumstances, conventional federated learning may not be directly applicable because participants do not share
identical feature structures or fully overlapping observations.Transfer learning techniques can help adapt knowledge between
related tasks or domains. When combined with federated learning, these methods may support collaboration despite differences
between local datasets.However, this approach can involve substantial computational and methodological complexity. Its
effectiveness depends on the relationship between the participating domains and the suitability of the transfer strategy.

Centralized and Decentralized Aggregation:-

Federated learning can use a central coordinator to aggregate model updates. This arrangement simplifies management but
introduces a potential point of failure and may require participants to trust the coordinating server.Alternative designs
investigate decentralized collaboration, where participants exchange information through peer-to-peer or distributed
coordination mechanisms.Decentralized approaches can reduce dependence on a single server, but they may introduce
additional challenges involving communication topology, synchronization, participant discovery, and fault tolerance.The
appropriate architecture depends on the scale of the system, the reliability of the network, and the trust relationships among
participants.

Comparison of Federated Learning Approaches:-

|Approach ||Main characteristic ||P0tential advantage ||Main challenge |

Horizontal federated||. . . . Collaboration across separate||Statistical differences
. Similar features, different observations .

learning datasets between clients

|Vertica1 federatedHDifferent features, overlapping entities ||Combines complementaryHEntity alignment and privacy|
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learning | | | |information | |protection

Federated transfer|| .. . Supports collaboration across||Higher methodological
. Different features and populations . .

learning related domains complexity

Centrahz.ed Server combines client updates Easier coordination Dependence on the  central

aggregation server

Decentralized Participants coordinate without a Synchronization and network

. . Reduced central dependence .
aggregation single central aggregator complexity

Applications of Federated Learning:-

Healthcare and Medical Research:-

Healthcare organizations generate large amounts of sensitive information, including medical images, laboratory observations,
clinical records, and treatment histories. Combining such data can support research and the development of predictive models,
but transferring raw patient information may create privacy and governance challenges.Federated learning can allow
participating hospitals or research institutions to train a shared model while retaining their datasets locally.For example, several
hospitals could collaborate on developing a model to analyze medical images. Each institution would train the model on its
own data, and the participating institutions would contribute updates to a common model.This approach may expand the
diversity of training data available to a shared model without requiring every participant to create a centralized repository of
patient records.However, federated learning does not automatically ensure compliance with healthcare privacy requirements.
Model updates can leak information, local datasets may differ significantly, and institutions must establish appropriate
governance and security procedures.

Financial Services and Fraud Detection:-

Financial institutions use machine learning to analyze transactions, identify suspicious behavior, assess operational risks, and
support fraud prevention.Relevant data is often distributed across banks, payment systems, and financial service providers.
Institutions may be reluctant or unable to share detailed customer information because of confidentiality requirements and
competitive considerations.Federated learning may support collaborative model development by allowing participants to train a
shared model using local transaction records.A collaborative model could learn from different patterns of potentially fraudulent
activity across participating institutions. Nevertheless, the approach must account for differences in transaction systems,
customer behavior, and fraud prevalence.Security mechanisms are also necessary to reduce risks from malicious participants,
manipulated updates, and unauthorized inference of confidential information.

Mobile Devices and Personalized Services:-

Mobile devices generate data that can support predictive text, keyboard personalization, activity recognition, and other
intelligent features.Federated learning can enable a model to improve using information stored locally on participating devices.
Instead of collecting all raw user interactions on a central server, the system can coordinate model updates from selected
devices.This approach may help limit direct exposure of sensitive user data and support personalization across a large device
population.However, mobile environments introduce practical constraints. Devices may have limited battery power, variable
network connectivity, different hardware capabilities, and irregular availability. Training systems must therefore select suitable
clients, manage communication efficiently, and avoid imposing excessive computational burdens on users' devices.

Industrial Internet of Things:-

Industrial systems use connected sensors and devices to monitor equipment, analyze production processes, and detect
operational problems.Different factories may generate valuable data about machine performance, temperature, vibration,
energy consumption, and equipment failures. Sharing this information directly may expose confidential operational
details.Federated learning can support collaborative predictive maintenance by allowing industrial sites to train models locally
and contribute updates to a shared predictive system.Such collaboration may help identify patterns that are not visible within a
single facility. Nevertheless, differences in equipment, sensor calibration, operating conditions, and maintenance procedures
can affect model quality.Reliable deployment requires robust data preprocessing, suitable aggregation methods, and careful
validation under different industrial conditions.

Smart Cities and Transportation:-

Smart city applications use distributed data sources to improve transportation planning, energy management, environmental
monitoring, and urban services.Traffic sensors, connected vehicles, and infrastructure monitoring systems may generate large
volumes of information. Federated learning can provide a mechanism for collaborative model development without requiring
all raw observations to be centralized.For example, transportation systems in different locations could contribute to a shared
traffic prediction model while retaining their local traffic records.The resulting system must account for regional differences,
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changing traffic patterns, intermittent connectivity, and variations in sensor quality. Additional safeguards are necessary when
data or model updates could reveal sensitive movement patterns.

Privacy and Security Challenges:-

Privacy Leakage Through Model Updates:-

A common misconception is that keeping raw data local makes federated learning completely private.In reality, gradients and
other model updates can reveal information about local training examples under certain conditions. Researchers have
demonstrated that information can sometimes be reconstructed or inferred from model gradients [5].The severity of this risk
depends on the model architecture,update representation,attacker capabilities,and available auxiliary information.Consequently,
federated learning should be considered a data-localization strategy rather than a complete privacy guarantee. Additional
protection may be required when the data is highly sensitive.

Differential Privacy:-

Differential privacy provides a mathematical framework for limiting how much the output of a computation can reveal about
an individual data record.In federated learning, differential privacy can be implemented by clipping updates and adding
carefully calibrated random noise. Depending on the design, the privacy guarantee may apply at the individual-example level
or at the client level.The approach can reduce the influence of individual records on model outputs and provide a measurable
privacy guarantee under specified assumptions.However, differential privacy introduces a trade-off between privacy and model
utility. Stronger privacy protection may reduce predictive performance, particularly when training data is limited or highly
heterogeneous.Privacy budgets must also be managed across repeated training rounds because the cumulative privacy cost can
increase as additional information is released.

Secure Aggregation:-

Secure aggregation allows a coordinator to calculate an aggregate of client updates without directly inspecting each
participant's individual update in plaintext [3].This technique can reduce the amount of information visible to the coordinating
server. It is particularly useful when the system needs to combine contributions from many participants without granting the
server unrestricted access to individual updates.Secure aggregation does not, by itself, prevent every form of privacy leakage.
The final aggregate may still reveal information under certain conditions, especially when participation is small or the system
repeatedly releases closely related aggregates.The security of the protocol also depends on cryptographic assumptions,
participant behavior, and correct implementation.

Malicious Participants and Poisoning Attacks:-

Federated learning systems may include participants whose local data or model updates are unreliable or deliberately
manipulated. A malicious participant may submit updates intended to reduce overall model performance or introduce an
attacker-selected behavior. Such attacks are commonly discussed under the categories of data poisoning and model poisoning.
Because the coordinator may not directly inspect the underlying local datasets, identifying malicious contributions can be
difficult.Robust aggregation, participant authentication, anomaly detection, update validation, and secure execution
environments may help reduce these risks.However, legitimate participants can also produce unusual updates because their
datasets differ from those of other clients. Therefore, defensive systems must distinguish potentially malicious behavior from
normal statistical variation.

Data Heterogeneity and Model Convergence:-

Federated learning participants rarely possess perfectly identical datasets. Differences may occur in the number of training
examples, feature distributions, class proportions, data quality, and local computing resources.These differences can create
inconsistent optimization directions and reduce the efficiency of global model training.Some participants may also have much
larger datasets than others, creating questions about how updates should be weighted during aggregation.Researchers have
proposed alternative optimization and aggregation techniques to address these issues. Nevertheless, the most suitable approach
depends on the distribution of local data and the objective of the learning task.

Communication and Resource Constraints:-

Communication between clients and servers can become a major cost in federated learning, particularly when models contain
millions of parameters or training requires many rounds.Mobile devices and edge systems may have limited bandwidth, battery
power,and processing capacity.Unstable connections can also prevent some clients from participating consistently. Communicat
ion-efficient methods may use model compression, quantization, sparse updates, fewer communication rounds, or client
selection strategies.These approaches can reduce network costs, but excessive compression or reduced participation may affect
model quality. Practical systems should evaluate communication efficiency and predictive performance together.
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Proposed Framework for Secure Federated Learning:-

A practical framework for secure federated learning can be organized into six components:-

1. Local data management: Each participant stores and processes its own training data. Data preprocessing, quality checks,
access controls, and retention policies are implemented locally.

2. Global model initialization: The coordinator establishes a common model architecture and distributes its initial parameters
to eligible participants.

3. Local model training: Participants train the model on their local datasets. Training procedures should be configured
according to the available computing resources and local data characteristics.

4. Privacy-preserving communication: Model updates are transmitted using secure communication protocols. Depending on
the threat model, differential privacy or secure aggregation may be applied.

5. Robust model aggregation: The coordinator combines the submitted updates using an appropriate aggregation method.
Participant authentication, update validation, and safeguards against poisoning may be incorporated.

6. Model evaluation and monitoring: The updated model is evaluated against suitable validation data and performance
requirements. Monitoring should assess model quality, communication costs, privacy parameters, and potential security
anomalies.This framework emphasizes that federated learning requires coordinated protection across the entire training
lifecycle. Protecting local datasets alone is insufficient if communication channels, model updates, or aggregation processes
remain vulnerable.The framework is conceptual and has not been experimentally validated as part of this paper. Its
performance and security would need to be assessed through controlled experiments and realistic deployment scenarios.

Future Research Directions:-

Communication-Efficient Algorithms:-

Future research should investigate methods that reduce the number and size of model updates without substantially reducing
predictive quality.Potential directions include adaptive client selection, model compression, quantized updates, and
communication-aware optimization.Researchers should evaluate these methods under realistic bandwidth constraints and
varying participant availability.

Adaptive Aggregation Strategies:-

A single aggregation method may not perform equally well across all federated environments.Future systems could adjust
aggregation weights according to data quality, model reliability, local dataset characteristics, and observed optimization
behavior.Such strategies must be designed carefully to avoid unfairly excluding participants with unusual but valuable data
distributions.

Privacy-Preserving Model Training:-

Combining federated learning with differential privacy, secure aggregation, and suitable cryptographic techniques remains an
important research direction.Further work should examine how these protections interact and how they affect computational
requirements, model utility, and privacy guarantees.Researchers should also develop clearer procedures for specifying attacker
capabilities and evaluating privacy leakage.

Federated Learning at the Edge:-

Edge computing places computational resources closer to the devices and systems that generate data. Combining edge
computing with federated learning may reduce dependence on centralized infrastructure and support applications requiring
low-latency processing.However, edge environments may contain heterogeneous devices, intermittent connectivity, and limited
computational resources.Future research should investigate adaptive training schedules, resource-aware participant selection,
and efficient local optimization techniques.

Trustworthy and Robust Federated Systems:-

Robust federated learning must account for unreliable participants, poisoned updates, communication failures, and changing
data distributions.Future research should explore secure participant identification, anomaly detection, robust aggregation, and
reliable recovery mechanisms.Evaluation should include realistic adversarial conditions and distinguish malicious behavior
from legitimate differences between local datasets.

Standardized Evaluation and Benchmarking:-

Federated learning studies often use different datasets, model architectures, client distributions, and evaluation procedures. This
makes direct comparisons difficult.Standardized benchmarks should report predictive quality, communication costs,
computational requirements,convergence behavior,privacy guarantees,and robustness against malicious participants.Evaluation
should also include non-IID data settings and changing participant availability to better reflect real-world conditions.
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Discussion:-

Federated learning provides a framework for collaborative model development when data is distributed across multiple
organizations or devices. By allowing local training and aggregating model updates, it can reduce the need to transfer raw
training datasets to a central repository.Its potential applications extend across healthcare, financial services, mobile
computing, industrial monitoring, and smart city infrastructure. In these settings, federated learning may enable organizations
to benefit from broader data diversity while retaining greater local control over their information.Nevertheless, federated
learning introduces its own technical and operational challenges. Privacy leakage through model updates, statistical
heterogeneity, malicious participants, communication costs, and convergence difficulties can limit its effectiveness.

It is therefore important to distinguish data localization from comprehensive privacy protection. Keeping data on local devices
can reduce direct exposure, but additional mechanisms may be required to protect updates and model outputs.Likewise, the
absence of a centralized dataset does not guarantee that the resulting model will be accurate or fair. Differences between
participating populations may influence performance, and evaluation procedures must account for these differences.A
successful deployment should consequently be designed around a clearly specified threat model and application objective.
Organizations should determine which information must remain confidential, which participants are trusted, how model
updates will be protected, and how model quality will be assessed.The reviewed literature supports the view that federated
learning is a promising approach to distributed machine learning, but its practical value depends on the careful integration of
optimization, privacy, security, and governance mechanisms.

Conclusion:-

Federated learning has emerged as an important approach to collaborative machine learning in environments where data is
distributed and direct data sharing may be undesirable or restricted. By enabling local training and coordinated model
aggregation, it offers an alternative to conventional centralized data processing.This paper reviewed the architecture of
federated learning, the Federated Averaging algorithm, major learning configurations, and applications across healthcare,
finance, mobile computing, industrial systems, and smart cities.The discussion also examined important challenges involving
privacy leakage, differential privacy, secure aggregation, poisoning attacks, non-1ID data, and communication overhead. These
challenges demonstrate that federated learning should not be regarded as an automatic solution to privacy and security
problems.Future research should focus on more efficient optimization methods, adaptive aggregation, stronger privacy
protections, resource-aware edge learning, robust defenses, and standardized evaluation procedures.In conclusion, federated
learning offers a promising foundation for distributed and privacy-aware artificial intelligence. Its long-term success will
depend on combining effective learning algorithms with well-designed security mechanisms, rigorous evaluation, and
responsible data governance.
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