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Main areas of achievement:

(1) Foundations and basic modelling techniques for event base processing, analysis, synthesis and
tools:

The development of Conditional Partial Order Graphs (CPOGs) [1, 8] is a significant advancement in
the formal modelling of microcontrol circuits for specification and synthesis purposes. It is especially
beneficial for a class of systems with many behavioural scenarios defined on the same set of
primitive events or actions, which includes event processors. As a result of this work several
synthesis, verification, optimisation and mapping tools have been developed to facilitate
specification and synthesis of microcontrollers using the proposed methodology. The tools have
been successfully incorporated into the Workcraft framework for visualisation and simulation
support.

Another work in this area is the investigations into policies exemplified by the synthesis of nets with
step firing policies [4].

(2) Low Power Event Processor Modelling, Analysis and Design, including accumulate and fire,
power-latency tradeoffs

A central topic of this project is low power event processors. In this area, extensive investigations
were carried out at all levels of abstraction. These include architectural explorations and analyses
using Petri net and Matlab discrete models, detailed studies on the central accumulate and fire
method, detailed designs of accumulate and fire components and further explorations on extending
the use of the accumulate and fire concept Network on Chip fault monitoring. One important work
covers the modelling and analysis of power and latency in systems where tasks are managed
through accumulate and fire, exposing power and latency tradeoffs [3, 7]. Accumulate and fire as an
event response technique was demonstrated to be an effective and efficient method to manage
power, latency, and other important properties such as faults [2].

(3) Multi-client Multi-resource Arbitration and Design of C

Another aspect of event processing is how to deal with multiple nondeterministic incoming events; a
simple and elegant solution to this front-line problem is through multi-input arbitration. A
substantial body of work on multi-input, multi-resource arbitration was carried out within this
project with a number of arbiter solutions obtained [17, 10]. More importantly, methods of
designing multi-input arbiters were established to enable maximum concurrency between
handshake pairs of clients and resources (previous known asynchronous solutions lacked
concurrency between such handshakes), and using fully scalable techniques such as the assembly of
matrices of standard tiles [13, 15]. This also led to the concept of virtual delay insensitive design and
opened up a potential research direction into asynchronous future generation FPGAs [12].

(4) NoCs and applications to neural processing



With the accumulate and fire method in (2) above providing an effective way of monitoring faults in
NoCs, further explorations into fault processing and deadlock detection and control were carried out.
Asynchronous communications in NoCs were investigated [5]. Architectures for NoC fault processing
and deadlock management were proposed and further research is being actively pursued in this
direction [28, 30].

Our work on NoCs was further extended by the development of a connection-centric network
architecture for mapping spiking neural networks to NoC’s. This is a significant step in the attempt to
solving the connectivity problem in the realistic representation of biological neural networks with
potential interest to neuroscientists [9, 18]. A chip was successfully designed in this work and
fabricated through Europractice resources.

Research output:

Publications generated by this project include journal and conference papers, PhD theses, and a
book chapter (full list below).

There are also a fabricated chip [Nerual-NOC in http://async.org.uk/chip-gallery.html] and modelling

and synthesis tools incorporated into Workcraft [http://workcraft.org/wiki/doku.php].

Other useful contributions:

The project’s supported PhD student, Stanislavs Golubcovs, had a work placement with NEC in the
US. During this work, he obtained valuable training as a systems designer and helped foster a close
collaborative relationship between NU and NEC. Some knowledge produced in this project was used
in consultancy for Elastic Clocks (Spanish/US start-up on commercialising the methods and CAD for
desynchronising RTL designs), advising for the start-up iGXL and in a KTA project “ECG Healthcare
System on Chip (ECHO)”, whose aim is to develop an ultra-low power platform for health-service
applications.

Follow-on:

Much of the work in this project is extremely relevant to and helped form the group’s work in the
Holistic project on energy harvesting, which is a collaboration among four institutions including NU
supported by EPSRC funding [EP/G066728/01]. Other directions of work opened up by the work in
this project include the power-elastic system design methodology, soft-arbiters, and asynchronous
FPGA’s based on the concept of virtual delay insensitive blocks.
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