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Fine-grain Parallelizing Compiler for SIMD Processor
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TAKEFUMI M1vosHI! and NOBUHIKO SUGINOT?

This paper proposes the method to exploit parallelism and optimize memory
allocation for SIMD processors. Recently SIMD processors are preferred for
multimedia applications. Usually, programs which have much inherent data
parallelism exploit SIMD processors, however it is necessary to write program
by assembly languages and/or extended functions of high level languages. Since
this is difficult and time-consuming work, the compiler which can exploit in-
herent parallelism in sequential program for SIMD is required. The proposed
method derives sets of instructions which have inherent parallelisms from given
programs and packs them as SIMD instructions streams to execute them in
terms of parallel manners. In order to derive efficient sets, the method evaluates

trade-offs between their effectiveness and overheads, quantitatively. Especially,
it is important to consider overheads by shuffling instruction which locates data
to applicable position in a register. And memory allocation and alignment is
also considered in order to reduce the cost of loading the data. The proposed
method is implemented as compiler for SPU of Cell B.E. And for several exam-
ple programs, the generated codes are evaluated in terms of execution cycles
and these results prove the effectiveness of the proposed method.
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i (op0 (a) Sequential (b)with SIMD
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Fig.1 An example of inefficient program for SIMD operation.
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Fig.2 A diagram of the proposed method.
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Fig.3 Comparison of height of computation trees.

int test(int vO, int v1, int v2, int v3,
int v4, int v5, int v6 int v7)
{
return vO0+v1+v2+v3+v4+v5+v6+vT;

}

04 0O00O0O0O0O0O0OCODOOO

Fig.4 An example of a simple sequential program.
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Fig.5 A fine-grain code block for Fig. 4.
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Fig.6 A SIMD available code block set for Fig. 4.
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Fig.7 An initial register slot allocation for Fig. 4.
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Fig.8 Data transfer graph.
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Fig.9 A derived register slot allocation from Fig.7 by the proposed algorithm.
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Fig.10 A code block set after restructuring.
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int testO(int vO, int v1, int v2, int v3,

int v68, int v69, int v70, int v71)
{
return vO + vl + v2 + v3 + ...

}

+ v68 + v69 + v70 + v71;

011 OO00O0OO00O0OO0oooo
Fig.11 A simple sequential program.

4 N

void test1(int a0, int bO, int cO0, int dO,
int al, int bl, int cl, int di,
int a2, int b2, int c2, int 42,
int a3, int b3, int c3, int d3)
{
volatile int e0, el, e2, e3;
e0 = a0+b0+c0+d0; el = al+bl+cl+dl;
e2 = a2+b2+c2+d2; e3 = a3+b3+c3+d3;
}

012 000000000000
Fig.12 A simple parallel program.

01 011000012000000
Table 1 Results of application to Fig. 11 and Fig. 12.
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Fig.13 Comparison results of generated code execution cycles.
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