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Recently, system-on-a-chip (SoC), which contains all the necessary electronic
circuits and parts for a system on a single integrated circuit, is widely used in
various ICT devices and becomes the important ICT core technologies. SoC design
has already been switching from large-lot production of narrow-ranging products to
small-lot production of wider-ranging products. Therefore, SoC designers should
reduce non-recurring engineering (NRE) costs rather than recurring manufacturing
costs. Increasing design abstraction level is one of the most effective strategies for
improvements in design productivity. High-level synthesis (HLS) is the LSI design
automation technique which obtains circuits from a behavior level description whose
design abstraction level is much higher than currently used level, such as register
transfer level (RTL) and logic level. HLS tools and the algorithms are evaluated by
the performance of the output SoC. In recent SoC design, energy-efficiency has
become one of the most important factors due to the growth of battery-powered
portable devices. For obtaining low-energy SoC design, (1) HLS should deal with
energy-efficient LSI design techniques and (2) module floorplanning in SoC should
be considered during HLS.

There are several energy-efficient LSI design techniques such as multiple supply
voltages (MSV), dynamic multiple supply voltages (DMSV), and multiple clock
domains (MCD). Since any design decision made at earlier stages has higher impacts
on the final result, these energy-efficient techniques should be applied during HLS.
Several energy-aware high-level synthesis algorithms have been proposed which deal
with MSV, DMSV, and MCD. However, the conventional methods cannot reduce
energy effectively because they do not consider module floorplanning. First, they
cannot estimate circuit delay accurately. As device feature size decreases, an
interconnection delay, which is a delay necessary for the communication between
modules inside an LSI chip, becomes the dominant factor of circuit total delay. Since
the existing works only consider a gate delay which is a delay necessary for the
transistors to charge or discharge, energy consumption of circuits cannot reduce as
expected or the circuits may be inoperable. Second, they cannot estimate energy
consumption sufficiently. For example, the energy consumption of clock signal
cannot be estimated when the module placement inside an LSI chip is unknown. In
order to solve the problems and reduce further energy consumption, we should
integrate module floorplanning into HLS algorithms.

Interconnection delay is another important issue in HLS because interconnection
delay accounts for a large percentage of circuit delay as device feature size decreases.
There are several HLS algorithms which consider interconnection delay effects. They
are not based on a traditional centralized-register architecture, but they are based on
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distributed-register architecture (DR architecture) families. In DR architectures, chip
area is divided into sufficiently small partitions such that the interconnection delay
inside each partition can be assumed to be zero. The interconnection delay between
the partitions is estimated by placement information which can be obtained by
floorplanning the partitions during HLS. Furthermore, more various kinds of energy
consumption, such as clock signal energy and interconnection energy, can be
estimated if we use DR architectures. However, the objective of conventional DR
architectures and synthesis algorithms is the optimization of circuit latency and they
do not consider energy efficiency. Conventional methods are not suitable to adopt
energy-efficient LSI design techniques such as MSV, DMSV, and MCD.

In this dissertation, I propose new floorplan-driven SoC architectures to which
energy-efficient LSI design techniques, such as MSV, DMSV, and MCD, are easily
applicable. Furthermore, the associated HLS algorithms are proposed for energy
reduction based on the proposed the architectures. The proposed algorithms can
reflect floorplanning information in HLS by using iterative synthesis flows. By using
a floorplanning result, interconnection delay and energy consumption can be
estimated, and then optimized supply voltages and/or clock periods can be assigned
for energy reduction. Experimental results show that the proposed methods achieve
22.4% energy-saving by applying MSV, 43.9% energy-saving by applying DMSV, and
57.0% energy-saving by applying MCD and MSV compared with the existing
methods.

Chapter 1 [Introduction] describes the background on the proposed research and
the outline of this dissertation.

Chapter 2 [Related Works] briefly discusses the related works. First, I preview
the low-power and low-energy LSI design techniques and energy-efficient HLS
algorithms which consider the techniques such as MSV, power gating (PG), DMSV,
and MCD. Next, I preview the DR architecture families and the HLS algorithms for
the architectures which can consider floorplanning during HLS.

Chapter 3 [A Multiple Supply Voltages Aware High-level Synthesis Algorithm for
HDR Architecture] proposes the huddle-based distributed-register architecture (HDR
architecture) and an HLS algorithm associated with HDR architecture. HDR
architecture divides chip area into several partitions called huddles. Huddles enable
us to estimate interconnection delay effects easily and assign supply voltages
effectively. The proposed HLS algorithm can automatically apply MSV to SoC by
assigning voltages to huddles and outputs energy-efficient SoC designs. Experimental
results show that the proposed method achieves 22.4% energy-saving compared with
the conventional methods.
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Chapter 4 [MH*: Multiple Supply Voltages Aware High-speed and High-efficiency
High-level Synthesis Algorithm for HDR architecture] proposes the improved HLS
algorithm for HDR architecture called MH*. The algorithm proposed in Chapter 3 has
the two severe problems: (A) the huddle-area and interconnection-delay oscillation
during iterations and (B) the insufficient huddle construction methods. In this
chapter, I propose three new techniques, virtual area estimation, virtual area
adaptation, and floorplanning-directed huddling to resolve the problems (A) and (B)
and then I propose a mnew multiple-supply-voltages aware high-speed and
high-efficiency high-level synthesis algorithm for HDR architecture. Experimental
results show that the proposed algorithm achieves 29.1% run-time-saving compared
with the algorithm in Chapter 3, and successfully obtains a solution which cannot
converge when the algorithm in Chapter 3 is used. This is because MH* improves the
convergence of the solution by the proposed area estimation and the huddle
configuration method.

Chapter 5 [SAAV: Dynamic Multiple Supply Voltages Aware High-level Synthesis
Algorithm for AVHDR Architecture] proposes the adaptive voltage huddle-based
distributed-register architecture (AVHDR architecture) and an HLS algorithm
associated with AVHDR architecture. First, I propose new distributed-register
architecture called AVHDR architecture which can apply DMSV. Next, I propose the
new HLS algorithm for AVHDR architecture called SAAV. In the AVHDR architecture
and SAAV, low supply voltages can be assigned to non-critical operations and
leakage power can be cut off through PG. Experimental results show that the
proposed method achieves 43.9% energy-saving compared with the conventional
methods.

Chapter 6 [SAMCID: Multiple Clock Domains Aware High-level Synthesis
Algorithm for HDR-mcd Architecture] proposes the HDR-mcd architecture and an
HLS algorithm associated with HDR-mcd architecture. First, I propose new
distributed-register architecture called HDR-mcd architecture which can apply MCD.
Next, I propose the new HLS algorithm for HDR-mcd architecture called SAMCID.
Experimental results show that the proposed method which only considers MCD
achieves 32.5% energy-saving compared with the conventional methods. Furthermore,
the proposed method which can apply MCD and MSV simultaneously achieves 57.0%
energy-saving compared with the conventional methods.

Chapter 7 [Conclusion] summarizes the research and indicates future works.
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