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Abstract

The majority of our lives is supported by an information system in recent times. The
reliability and safety of the information system have become a important social concern.
Dependability means that the condition of an object is safe and reliable, and we can rely on
it with confidence. In order to realize a safe and reliable life, improving the dependability
of information systems is desired. A Very Large Scale Integration (VLSI) is essential to the
realization of the information system. The VLSI is used as the core of all devices. Terefore,
the reliability and safety of VLSI are essential to the safe and secure information systems,
and thus the safe and secure life for us. A distributed real-time system represented by the
humanoid robot is going to be important in the future.

Against this background, in this paper, we research and develop a dependable system-
on-a-chip (SoC) to achieve dependable distributed real-time systems. Distributed real-time
systems including humanoid robots require a software and hardware co-design that satis-
fies the computation and communication time constraints with dependability, suggesting
the need for a multifaceted approach. We research and develop a necessary technology
to achieve dependable distributed real-time systems from the aspect of a dependability of
computation, communication, and power-supply based on a Responsive Multithreaded Pro-
cessor (RMTP) developed as a SoC for distributed real-time systems.

We developed an Instructions Per Cycle (IPC) control mechanism for a fine-grained ex-
ecution time control of tasks and a trace buffer for a traceability, to achieve a dependability
of computation. We developed a prioritized on-chip router Virtual channel allocation inte-
grated with crossbar allocation (VIX) to achieve a dependability of on-chip communication.
We developed a real-time communication mechanism by optimal coding combination based
on channel characteristics expanding a coding system of a real-time communication stan-
dard Responsive Link to achieve a dependability of off-chip communication. We develop a
low power mechanism and self-monitoring mechanism for dependable fine-grained module
level dynamic voltage and frequency scaling, and battery backed-up mechanism to protect
critical hardware modules from power failure to achieve a dependability of power-supply.

In this paper, we design and implement a dependable SoC named Dependable Respon-
sive Multithreaded Processor (D-RMTP) using such a multifaceted approach to achieve
dependable distributed real-time systems. The D-RMTP SoC integrates the RMT PU for
real-time computation and the Responsive Link for real-time communication. The D-RMTP
SoC, memory modules, and thermal and voltage sensors are integrated into the D-RMTP
System-in-a-Package (SiP).

The evaluation results verified all the functions introduced in the D-RMTP and demon-
strated that our multifaceted approach including precise priority control for all the levels of
the computation and communication could realize practical distributed real-time systems,
especially for humanoid robots. This study will contribute to achieve dependable distributed
real-time systems using proposed multi-faceted approach.



