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In the ideal goal of distributed system technologies, users obtain optimized
computing environments dynamically-composed of distributed hardware resources over
networks on demand and seamlessly. A remote device technology is one of the essential
keys for this goal, which enables a system to be reconfigurable and adaptable about its
device usages for various conditions and purposes. A lot of remote device technologies
have been studied for long years. However, there still lacks a fully general and
interoperable device access mechanism over IP networks, though considered necessary
to tackle the increasing diversity of devices and computers. Most remote device
technologies in operating systems involve operating-system-specific abstractions in
their mechanisms.

This dissertation proposes a network extension of USB, a multipurpose peripheral
interface, via host controller virtualization in operating systems. It decouples device
requests and messaging from bus controls, and therefore enables remote access requests
and semantics to become the same as physically-attached local devices; these
mechanisms are independent of operating systems and specific to their peripheral bus
models. It conduces to transparent access to various types of remote devices in the same
manner as local devices, with interoperability among different operating systems.

However, since its peripheral interface is not intended to be extended over networks,
this research addresses inevitable semantics differences and problems raised from its
peripheral bus model. It clarifies feasibility and restrictions of the network extension, as

well as suggestions to the bus models and implementations.



A network extension of the USB model is deeply discussed through the development
and evaluations of USB/IP (USB request over IP). Its design criteria are presented to
address performance issues as well as semantics alteration criteria about time
constraints, request scheduling, bandwidth, synchronization, and request cancellation.
Its I/O performance model is established through its implementation and evaluation,
which achieves feasible I/O performance for all USB devices under a LAN environment.
A device sharing system is also developed as one of the applications of the proposed
mechanism, through which its impact against the device management of operating

systems is discussed.
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