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ABSTRACT

The performance of current C compilers for DSP is almost
unacceptable. One of the most important reasons is the
lack of implementing software pipelining. This paper
presents a remedy called source-level loop optimization.
DSP programmers can use source-level loop optimization
first then input its result to the DSP compiler to obtain
better assembly code. The implementation of source-level
loop optimization is easier than that of software
pipelining. The preliminary result with the DSP compiler-
challenge C code shows that source-level loop
optimization is a portable and efficient approach. The
detailed method and working examples are presented.

1. INTRODUCTION

Instruction-level parallelism(ILP) [6] has been used
extensively in general purpose microprocessors. It is a set
of design techniques that speed up a program by executing
in parallel several operations [3]. Recently a VLIW-like
DSP, TMS320C6x, has been developed, its hardware can
offer ILP for two multiplications, six ALU operations and
several memory access operations. It also adopts some
software optimization technologies such as software
pipelining from general purpose optimizing compilers [2].
On the other hand, many of the popular DSPs’ hardware
provides some sort of ILP, so-called parallel instruction.
For example, the Motorola MC 56300 allows parallel
move operations. The scheduling and coalescing phase in
its compiler can take advantage of this parallelism and
produce the better code.

Since the sizes of DSP applications are getting bigger and
reducing the time-to-market a new DSP product becoming
more important, the more efficient high level language
compilers, such as C compilers, are urgently expected.
However, the implementation of some complicated
optimization techniques such as software pipelining in the
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backend of DSP compilers, has been a challenge due to
the small size of register files of almost all DSP
processors. The performance of current C compilers for
DSPs is almost unacceptable. The overhead of compiled
codes, in terms of clock cycles and code space, falls
typically in the range of 2 to 8 [4,5]. To solve this
problem, besides improving DSP compilers, it is
necessary to study the methods in which to write a better
C program so that the current DSP compilers can generate
more efficient codes. [1] provides some useful
suggestions. [4] shows an example of Vector Multiply that
Analog Devices uses software pipelining at the source
level, however it is just a tuning for an individual program
and there is no detailed method presented. In this paper
we present a so-called source level loop optimization
approach for DSP compilers to produce more efficient
codes. We also analyze the result of the preliminary
experiment on the DSP compiler-challenge code.

2. BASIC CONCEPT

Software pipelining is extensively used in optimizing
compilers for microprocessors as an efficient instruction
level loop optimization technique[6]. Figure 1 illustrates
its basic idea. Fig.1(1) and Fig.1(2) are a loop body and
its data dependence graph(DDG) respectively. The critical
path is the longest path through the DDG. The length of
critical path determines the minimum length of the result
of scheduling and coalescing. In this simple example it
equals three. For further optimization, we can unroll the
loop body and then pipeline the unrolled bodies as shown
in Fig.1(3) and Fig.1(4) respectively. Fig.1(5) is the new
DDG for the operations in the frame in Fig.1(4). There is
only data anti-dependency, shown by dotted lines. Using
this method all data dependencies are removed. Data anti-
dependencies can be eliminated when reading a register
earlier than writing to the same register or register
renaming technique is adopted. Therefore, the critical path
length is reduced to one and the body length of the
software pipelining result is also one as shown in Fig.1(6).






