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Among 17 goals (https://sdgs.un.org/goals), under the following SDGs, the work

incorporated in the thesis will be addressed:

SDG 9 - Industry, Innovation, and Infrastructure

The past two decades have witnessed a digital revolution, with over 55 billion
people now connected to the internet. The Internet of Things devices, sensors, and
actuators have reached 21.5 billion in 2025, and it is projected to rise to 41.1 billion by
2030. This interconnected world provides a way to collectively build a system to make
the world a better place. Our research on federated learning across the edge-to-cloud
continuum directly contributes to SDG 9 by enabling resilient, inclusive, and sustainable
digital infrastructure. This thesis proposes a practical solution for the interconnected
world that enables development of a versatile system applicable across a wide range
of real-world applications. By decentralizing model training and bringing intelligence
closer to data sources, it reduces dependence on centralized cloud systems that lowers
latency, and enhances data privacy. This promotes innovation in resource-constrained
environments, especially in sectors like smart manufacturing, predictive maintenance,
and real-time healthcare monitoring. This work is focused on developing a scalable
infrastructure that leverages IoT devices to drive innovation and enable the creation of
novel products and services. Finally, all the contributions are open-sourced, which will
enable future researchers to innovate and build next-generation Al infrastructure that

empowers industries.



SDG 11 - Sustainable Cities and Communities

In uwrban environments, huge amounts of data are generated daily from sensors,
traffic systems, healthcare devices, and energy grids. However, sending all this data
to centralized cloud servers is costly, slow, and raises privacy concerns. The thesis
directly addresses these issues by proposing the FIDEL framework. By training Al
models locally at the edge (close to where data is generated), our approach allows
cities to make faster, privacy-preserving, and energy-efficient decisions. For example,
real-time traffic prediction, air quality monitoring, and smart energy management can
all benefit from this setup. The work also improves and addresses key challenges of
stragglers in the network, which is inevitable. Additionally, the use of explainability
ensures that these AI systems are not black boxes. Hence, city officials and citizens
can understand why a modei made a decision that builds trust and transparency. This
directly contributes to creating inclusive, safe, resilient, and sustainable urban spaces,

as envisioned in SDG 11.
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