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Abstract: Faced with the demands of new computing paradigms, such as cloud computing, edge com-
puting, and quantum computing, for low latency, high isolation, heterogeneous adaptation, and tailor-
able software stacks, traditional monolithic kernels are increasingly revealing limitations in balancing
performance with flexibility due to their fixed abstractions, shared kernel paths, and generic driver
stacks. Exokernel operating systems, based on the principle of separation of resource protection and
management, offer a new pathway to break through this bottleneck. Firstly, the basic ideas, conceptual
boundaries, architectural components, and operational mechanisms of exokernels are outlined, compar-
ing them with monolithic and microkernels across 3 dimensions: security isolation, performance paths,
and ecosystem compatibility. Secondly, focusing on cloud computing and edge computing scenarios,
the adaptation value of exokernels in low-latency networking and specialized acceleration, as well as
the challenges of development complexity, are analyzed. Finally, to address the specific requirements
of quantum computing for nanosecond-level timing control and noise isolation, an architectural design
for a quantum computer-specific exokernel is proposed, demonstrating its evolutionary potential as a
next-generation specialized operating system and providing a theoretical reference for the scenario-
based implementation of exokernel technology and the research and development of domestic special -
ized operating systems.
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