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Introduction

This dissertation describes the results of research performed within the MOVE
Project at Delft University of Technology. The MOVE Project aims at design-
ing application specific processors (ASPs) based on a new novel computer archi-
tecture paradigm called transport triggered architectures (TTAs). ASPs are pro-
cessors designed especially for one particular application in order to improve
their cost/performance. They are often embedded in all kinds of electronic sys-
tems. To reduce design costs, an ASP is usually designed according to a tem-
plate architecture. Such a template should be flexible, scalable, and cost effi-
cient. TTAs fulfill these requirements. TTAs are similar to very long instruction
word (VLIW) processors in that they provide statically scheduled instruction
level parallelism (ILP) in order to improve performance in a scalable and cost
efficient way. The difference is that they are not programmed by instructions
specifying multiple operations but by instructions specifying data transports.
This improves flexibility, scalability, and cost efficiency, but also complicates
the already complex compilation process. The main theme of this dissertation
is to demonstrate that efficient compilation for TTAs is very well possible. This
is done by developing a compiler for TTAs.

This chapter describes ASPs briefly in section 1.1, and TTAs in section 1.2. Sec-
tion 1.3 gives our motivation for this research, section 1.4 enumerates the major
contributions, and section 1.5 gives an overview of the remaining chapters of
this thesis.



2 CHAPTER 1. INTRODUCTION

1.1 Application Specific Processors

One of the first decisions a designer of a processor based electronic system has
to make is choosing between a standard off-the-shelf processor and an ASP,
specially designed for the application in question. A standard processor is in-
tended for a large class of applications and usually contains hardware that is
not effectively used by the given application; and in addition, it misses hard-
ware that could be very useful. For example, a standard processor might con-
tain an expensive multiplier which is a waste of chip area and power consump-
tion when the application seldom performs multiplications (e.g., less than 0.1%
of all executed operations). As an example of hardware functionality that
might be missing, consider an application that manipulates bit-oriented data.
For such an application instructions such as ‘find first bit set’ and ‘count num-
ber of bits set” are very welcome since they are easy to implement in hardware
and may result in a significant speedup.

If the decision turns out in favor of an ASP the next question becomes: how
should it be designed and implemented? A full custom design offers optimal
flexibility, performance, chip area, and power consumption at the price of a
long and expensive design process. This is only acceptable for high volume
production. A method to reduce design costs is to build ASPs according to a
template. For example, all ASPs have a four stage pipeline, have 32-bit wide
words, and are big endian. An ASP is designed by instantiating the architec-
tural parameters of the template. Examples of architectural parameters are the
number of general purpose registers, cache sizes, the operation set, the amount
of instruction level parallelism, and operation latencies. By designing ASPs ac-
cording to a template, we reduce design costs by giving up some design free-
dom. This is similar to programming in a high level language instead of in as-
sembly language or designing hardware in a hardware description language
instead of designing at gate or layout level. Obviously, the usefulness of a tem-
plated ASP design system depends largely on the flexibility of the template
and the efficiency of the tools for generating the processor and the code for the
processor.

In our opinion a system for templated ASP design should consist of at least the
following three components: (1) a processor generator, (2) a code generator,
and (3) a design space explorer (see figure 1.1).

The processor generator

The processor generator is responsible for generating VLSI layout for the ASP
according to the architectural parameter set. There are several ways to do this.
One can use a silicon compiler that generates a layout based on a parameter-
ized processor description. The parameters of the processor description are di-
rectly related to the architectural parameters. Another method is to use param-



