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An Implementation Method of Software Pipelining

IKuO NAKATAf®

Software pipelining is an optimization that can improve the loop-executing performance
by taking advantage of the instruction-level parallelism. However, the conventional software
pipelining method has several problems. It can only be applied to counter controled loops.
In some cases the loop control instruction should be modified. It can not be applied if the
number of iterations is smaller than the number of stages of pipelining. In this paper we
propose a method that solves these problems. Our method first schedules the loop control
instruction and its dependent instructions, and then schedules the remaining instructions for
pipelining. We implemented this method by using the COINS compiler infrastructure and
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showed the improvement of the loop-executing performance of several programs.
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float prod(float al[l, int n){
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int i; float s 0;
for (i = 0; i < n; i++)
s += alil*al[il;
return s;
}
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LL1:
1d [%i0+%i2] ,%f1 ;1) %f1 = a[i]
fmuls %f1,%f1,%f2 ;(2) %f2 = al[il*al[il
fadds %f0,%f2,%f0 ;(3) %f0 = s += %£f2
add %i2,4,%12 ;(4) %i2 = (i++)*4
cmp  %i2,%il ;(8) if (hi2 < n*4)
bl .L1 ;(6) goto .L1
nop
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1 .L1: sub %il,4,%i1 ; %il = (n-1)*4
2 1d [%i0+%i2] ,%f1 ;(1) stage O
3 fmuls %f1,%f1,%f2 ; (2) stage 1
4 add  %i2,4,%i2 ; (4) stage 1
5 1d [%i0+%i2]1,%f1 ;(1) stage O
6 .L2: fadds %f0,%f2,%f0 ; (3) stage 2
7 fmuls %f1,%f1,%f2 ;(2) stage 1
8 add  %i2,4,%i2 ; (4) stage 1
9 1d [%i0+%i2],%f1 ;(1) stage O
10 cmp  %i2,%il ; ()

11 bl .L2 ;(8)

12 nop

13 fadds %f0,%f2,%f0 ; (3) stage 2
14 fmuls %f1,%f1,%f2 ; (2) stage 1
15 add  %i2,4,%i2 ; (4) stage 1
16 fadds %f0,%f2,%f0 ; (3) stage 2
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for (i = 0; c[i] > 0; i++)

s += al[il*al[il;
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Table 1 Latency of instructions.
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2 1d [%i0+%i2],%f1 ; stage O
3 add %i2,4,%i2 ; stage O
4 cmp %i2,%it ; stage O
5 bl .L? ; stage O
6 nop ; stage O
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0 fmuls %f1,%f1,%f2 ; stage 1
2 1d [%i0+%i2],%f1 ; stage O
3 add %i2,4,%i2 ; stage O
4 cmp %i2,%it ; stage O
5 bl .L? ; stage O
6 nop ; stage O

000 fadds 00000000000O000OO
000000 fmls 0000000000000 4
000000000000000000000000
000000000000000 fmls 000000
O00fmuls 000000 fadds 00000000
00000fmls 0000000000000000
0000 1000000000000000 rotating
register file 0000000000024 0Q
00000000000000000000000
000000000000000000000000
00000000000000 fmuls 000000
0000000000000000 fadds 0000
000 fmuls 0000O00000000O000O00
00000000 stage000 fmuls 0000000
10000 2000000000

000000000000000000000000
000000000000000000000000
0oooooo

0 fadds %£0,%£f2,%f0 ; Stage 2
fmuls %f1,%f1,%f2 ; stage 1
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3 14 [%10+%i2],%f1 ; stage 0

4 add %i2,4,%i2 ; stage 0

5 cmp %i2,%i1 ; stage O
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6 bl .L? ; stage O
7 nop ; stage O
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0 .L1: 1d [%i0+%i2] ,%f1 ; stage O
1 add %i2,4,%i2 ; stage 0
2 cmp  %i2,%il ; stage O
3 bge .L5 ; stage O
4 nop ; stage O
5 .L2: fmuls %f1,%f1,%f2 ; stage 1
6 1d [%i0+%i2] ,%f1 ; stage O
7 add %i2,4,%i2 ; stage O
8 cmp  %i2,%it ; stage O
9 bge L4 ; stage O
10 nop ; stage O
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13 1d [%i0+%i2] ,%f1 ; stage 0
14 add %i2,4,%i2 ; stage 0
15 cmp  %i2,%il ; stage O
16 bl .L3 ; stage O
17 nop ; stage O
18 .L4: fadds %f0,%f2,%f0 ; stage 2
19 .L5: fmuls %f1,%f1,%f2 ; stage 1
20 fadds %f0,%f2,%f0 ; stage 2
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02 000000000000
Table 2 Execution time of example programs.

no-opt ssa | ssa+pipe | gcc-O2 | gee-0O3
prod 17.83 | 13.31 8.74 13.26 13.25
gooo 4.26 1.95 1.24 1.94 1.94
oooo 1 34.46 | 27.23 22.16 25.25 25.13
Ooooo 2| 35.21 | 17.58 12.98 15.01 15.01
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for (i = 0; i < n; i++) {

sx += x[i]; sy += yl[il;

}
sx /= n; sy /= n;
for (i =0; i < n; i++) {
dx = x[i] - sx; dy = y[i]l - sy;
sxx += dx * dx; syy += dy * dy;

sxy += dx * dy;

}
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Fig.1 Ratio of execution times.
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