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Abstract

Recent developments in process technology have made
it possible to produce chips consisting of a large number
of processing elements. For factors such as scalability,
performance, power-efficiency, the interconnection struc-
ture supporting such a chip needs to be an on-chip net-
work architecture rather than a conventional bus-based sys-
tem. Recent research has studied such network-on-chip
(NoC) based systems from the performance and through-
put, power/energy, reliability, predictability, synchroniza-
tion, and concurrency perspectives. However, most of these
studies are hardware based and it is not clear what type
of compiler support would be best suited for these NoC
based systems. Focusing on a mesh based NoC architecture
that connects multiple processor cores, this paper explores
the effectiveness of voltage/frequency scaling for processors
and communication links with and without software pipelin-
ing, a compiler optimization for increasing parallelism. To
our knowledge, this is the first paper that explores the influ-
ence of software pipelining in the context of the embedded
NoC architectures.

1 Introduction

Increasing complexity of multi-core designs makes it
difficult to provide point-to-point communication links for
each pair of communicating blocks in a chip. As a result,
a segmented network fabric, namely, the network-on-chip
(NoC), is emerging as a promising solution to chip-level
communication in embedded systems. Previous research
[4, 19] has identified power consumption as one of the crit-
ical issues to be addressed in the context of the NoC based
embedded designs. Among the studies published so far
are on-chip network power modeling [5, 14], energy reduc-
tion techniques through communication link shut-down and
voltage/frequency scaling of links [19, 18, 1], and energy-
efficient task mapping and message routing [7, 2]. While
there have been numerous system architecture designs and
communication protocols proposed for the embedded NoC
based systems, it is still not clear what type of software sup-
port should be provided for such systems. In particular,
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in our opinion, the necessary compiler support for NoCs
should be discussed and the suitability of existing compiler
optimizations to the NoC based systems should be thor-
oughly evaluated.

This paper is a step towards understanding the needs of
embedded NoCs as far as the required compiler support is
concerned. Focusing on a mesh based NoC architecture
that connects multiple processor cores together, this paper
explores the effectiveness of voltage/frequency scaling for
processors and communication links with and without soft-
ware pipelining, a popular compiler optimization used for
increasing parallelism [9, 16]. Specifically, we first show
the amount of leakage/dynamic energy savings that could
be achieved through voltage/frequency scaling when only
instruction level parallelism (ILP) is exploited. After that,
we focus on software pipelining, propose an approach, and
identify its impact on leakage energy savings. Finally, we
apply CPU/link voltage/frequency scaling to the software-
pipelined codes and present the potential leakage and dy-
namic power savings. To our knowledge, this is the first
paper that explores the influence of software pipelining in
the context of the embedded NoC architectures.

We structure the rest of this paper as follows. Section 2
discusses the related research efforts. Section 3 describes
the NoC architecture used in this paper. We go into the
details of our approach in Section 4. The paper is concluded
in Section 5.

2 Related Work

With the increasing number of integrated IP blocks
in embedded designs, Network-on-Chip (NoC) architec-
tures [3] have become a more promising solution compared
to traditional bus based systems. Many NoCs architectures
and related tools, e.g., [20, 17, 8], have already been pro-
posed and developed.

There have been a large amount of efforts towards the op-
timization of NoC based systems, targeting the performance
and/or power consumption. A methodology for designing
and modeling power-aware, high performance NoCs have
been proposed in [4]. Several task mapping/scheduling
related works have studied the application parallelization
on NoCs. Hu and Marculescu [7] propose an algorithm
for mapping IP blocks onto an NoC in an energy- and
performance-aware fashion. Asica et al [2] present a heuris-
tic for task mapping on a mesh-based NoC built upon a
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