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Abstract

The feature size of transistors keeps shrinking with the development of
technology, which enables ubiquitous sensing and computing. However,
with the break down of Dennard scaling caused by the difficulties for further
lowering supply voltage, the power density increases significantly. The
consequence is that, for a given power budget, the energy efficiency must be
improved for hardware resources to maximize the performance. Application-
specific integrated circuits (ASICs) obtain high energy efficiency at the cost
of low flexibility for various applications, while general-purpose processors
(GPPs) gain generality at the expense of efficiency.

To provide both high energy efficiency and flexibility, this dissertation
explores the ultra-low-power design of application-specific instruction-set
processors (ASIP) for ubiquitous sensing and computing. Two application
scenarios, i.e. high-throughput compute-intensive processing for multimedia
and low-throughput low-cost processing for Internet of Things (IoT) are
implemented in the proposed ASIPs.

Multimedia stream processing for human-computer interaction is always
featured with high data throughput. To design processors for networked
multimedia streams, customizing application-specific accelerators controlled
by the embedded processor is exploited. By abstracting the common features
from multiple coding algorithms, video decoding accelerators are implemented
for networked multi-standard multimedia stream processing. Fabricated in
0.13 $\mu$m CMOS technology, the processor running at 216 MHz is capable
of decoding real-time high-definition video streams with power consumption of
414 mW.

When even higher throughput is required, such as in multi-view video
coding applications, multiple customized processors will be connected with
an on-chip network. Design problems are further studied for selecting the
capability of single processors, the number of processors, the capacity of
communication network, as well as the task assignment schemes.

In the IoT scenario, low processing throughput but high energy efficiency
and adaptability are demanded for a wide spectrum of devices. In this case, a
tile processor including a multi-mode router and dual cores is proposed and
implemented. The multi-mode router supports both circuit and wormhole
switching to facilitate inter-silicon extension for providing on-demand
performance. The control-centric dual-core architecture uses control words
to directly manipulate all hardware resources. Such a mechanism avoids
introducing complex control logics, and the hardware utilization is increased.
Programmable control words enable reconfigurability of the processor for
supporting general-purpose ISAs, application-specific instructions and
dedicated implementations. The idea of reducing global data transfer also
increases the energy efficiency. Finally, a single tile processor together with
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network of bare dies and network of packaged chips has been demonstrated as
the result. The processor implemented in 65 nm low leakage CMOS technology
and achieves the energy efficiency of 101.4 GOPS/W for each core.
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