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Abstract—The rapid proliferation of artificial intelligence (AI)-
enabled applications and Internet of Things (IoT) devices is
driving a fundamental shift from centralized cloud computing
toward edge-cloud collaborative computing (ECCC). By consider-
ing the heterogeneous nature of the IoT environment, e.g., various
communication and storage requirements, computing capacity
across end devices, edge infrastructure, and cloud platforms,
ECCC provides a promising foundation for supporting emerging
intelligent applications with stringent requirements on latency,
efficiency, scalability, and privacy. While, as the development of
modern Al techniques, the increasing complexity of deep neural
networks and large AI models introduces significant challenges
in deploying and optimizing distributed intelligence over hetero-
geneous and resource-constrained edge-cloud environments.

Accordingly, in this tutorial, we will provide a compre-
hensive introduction to the foundations, enabling technologies,
and emerging research directions of edge-cloud collaborative
computing for supporting distributed intelligence and model op-
timization. We will first introduce the fundamental architectures
of ECCC and discuss how task, data, and model parallelism
can be exploited to distribute AI workloads across the edge-
cloud continuum. We will then examine key model optimization
techniques, including model compression, model adaptation, and
resource-aware model optimization, with particular emphasis on
the trade-offs among model accuracy, computational complexity,
communication overhead, and resource constraints. We will
further explore Al-driven resource management, including intel-
ligent task offloading, dynamic computation and communication
resource allocation, and energy-efficient optimization. We will
discuss how Al techniques, particularly reinforcement learning,
can enable adaptive decision-making under dynamic network
conditions, heterogeneous computing capabilities, and varying
workloads. Meanwhile, we will also discuss the privacy and
security issues associated with distributed intelligence. We will
introduce some representative approaches for privacy-preserving
learning, model protection, and secure communications.

In addition, to bridge theoretical methodologies with real-
world systems, we will further discuss representative ECCC
applications, including autonomous driving, smart healthcare,
industrial automation, etc., and examine performance evalua-
tion methodologies and practical design considerations. Finally,
we will highlight open challenges and emerging opportunities,
including the deployment of large language models (LLMs) and
Al agents across the edge-cloud continuum, embodied Al, 6G-
integrated computing and networking, neuromorphic computing,
and quantum edge computing.

Through this tutorial, attendees will gain a systematic un-
derstanding of how AI models, computing resources, and com-
munication networks can be jointly designed and optimized to
enable scalable, efficient, and intelligent edge-cloud systems, as
well as insights into promising directions for future research in
distributed intelligence.
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