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Abstract

In contrast to classical Field-Programmable Gate Arrays (FPGAs), partial and
run-time reconfigurable (RTR) FPGAs can selectively reconfigure partitions of
its hardware almost immediately while it is still powered and operative. In this
way, RTR FPGAs combine the flexibility of software with the high efficiency
of hardware. However, their potential cannot be fully exploited due to the
increased complexity of the design process, and the intricacy to generate partial
reconfigurations. FPGAs are often seen as a single auxiliary area to accelerate
algorithms for specific problems. However, when several RTR partitions are
implemented and combined with a processor system, new opportunities and
challenges appear due to the creation of a heterogeneous RTR embedded
system-on-chip (SoC).

The aim of this thesis is to investigate how the flexibility, reusability, and
productivity in the design process of partial and RTR embedded SoCs can be
improved to enable research and development of novel applications in areas
such as hardware acceleration, dynamic fault-tolerance, self-healing, self-
awareness, and self-adaptation. To address this question, this thesis proposes
a solution based on modular reconfigurable IP-cores and design-and-reuse
principles to reduce the design complexity and maximize the productivity of
such FPGA-based SoCs. The research presented in this thesis found inspiration
in several related topics and sciences such as reconfigurable computing,
dependability and fault-tolerance, complex adaptive systems, bio-inspired
hardware, organic and autonomic computing, psychology, and machine
learning.

The outcome of this thesis demonstrates that the proposed solution
addressed the research question and enabled investigation in initially
unexpected fields. The particular contributions of this thesis are: (1) the
RecoBlock SoC concept and platform with its flexible and reusable array
of RTR IP-cores, (2) a simplified method to transform complex algorithms
modeled in Matlab into relocatable partial reconfigurations adapted to an
improved RecoBlock IP-core architecture, (3) the self-healing RTR fault-
tolerant (FT) schemes, especially the Upset-Fault-Observer (UFO) that reuse
available RTR IP-cores to self-assemble hardware redundancy during runtime,
(4) the concept of Cognitive Reconfigurable Hardware (CRH) that defines a
development path to achieve self-adaptation and cognitive development, (5) an
adaptive self-aware and fault-tolerant RTR SoC that learns to adapt the RTR
FT schemes to performance goals under uncertainty using rule-based decision
making, (6) a method based on online and model-free reinforcement learning
that uses a Q-algorithm to self-optimize the activation of dynamic FT schemes
in performance-aware RecoBlock SoCs.

The vision of this thesis proposes a new class of self-adaptive and cognitive
hardware systems consisting of arrays of modular RTR IP-cores. Such a system
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becomes self-aware of its internal performance and learns to self-optimize the
decisions that trigger the adequate self-organization of these RTR cores, i.e.,
to create dynamic hardware redundancy and self-healing, particularly while
working in uncertain environments.
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