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Abstract

The advance of semiconductor technology, which has led to more than
one billion transistors on a single chip, has enabled designers to integrate
dozens of IP (intellectual property) blocks together with large amounts of
embedded memory. These advances, along with the fact that traditional
communication architectures do not scale well have led to significant
changes in the architecture and design of integrated circuits. One solution
to these problems is to implement such a complex system using an on-chip
interconnection network or network-on-chip (NoC). The multiple concurrent
connections of such networks mean that they have extremely high bandwidth.
Regularity can lead to design modularity providing a standard interface for
easier component reuse and improved interoperability.

The present thesis addresses the performance analysis and design space
exploration of NoCs using analytical and simulation-based performance
analysis approaches. At first, we developed a simulator aimed to performance
analysis of interconnection networks. The simulator is then used to evaluate
the performance of networks topologies and routing algorithms since their
choice heavily affect the performance of NoCs. Then, we surveyed popular
mathematical formalisms – queueing theory, network calculus, schedulability
analysis, and dataflow analysis – and how they have been applied to the
analysis of on-chip communication performance in NoCs. We also addressed
research problems related to modelling and design space exploration of NoCs.

In the next step, analytical router models were developed that analyse NoC
performance. In addition to providing aggregate performance metrics such
as latency and throughput, our approach also provides feedback about the
network characteristics at a fine-level of granularity. Our approach explicates
the impact that various design parameters have on the performance, thereby
providing invaluable insight into NoC design. This makes it possible to use the
proposed models as a powerful design and optimisation tool.

We then used the proposed analytical models to address the design space
exploration and optimisation problem. System-level frameworks to address
the application mapping and to design routing algorithms for NoCs were
presented. We first formulated an optimisation problem of minimizing
average packet latency in the network, and then solved this problem using
the simulated annealing heuristic. The proposed framework can also address
other design space exploration problems such as topology selection and buffer
dimensioning.
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