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Using Dependence-graph-based Code Transformation to
Adjust Architecture Independent Optimizations to
Machine Resource Constraint

TATSUSHI INAGAKI, T AKIRA KOSEKIt and HIDEAKI KOMATSUt

In current compilers, architecture independent code optimizations, such as common subex-
pression elimination and copy propagation, and architecture dependent optimizations, such as
register allocation and code scheduling, are implemented as separate passes that have mutu-
ally independent heuristics. Actually, common subexpression and copy propagation also have
some tradeoff against the number of physical registers of the target architecture. However,
cooperative solution of these problems requires high computation cost. In this paper, we solve
this problem by inserting an additional pass between architecture independent code optimiza-
tions and architecture dependent optimizations to alleviate the constraint of the number of
physical registers and improve results of both optimizations. Operations in a basic block are
represented by DAG (directed acyclic graph). We apply one-pass quadruple generation algo-
rithm that considers the number of currently used registers. When register pressure is low,
operations on the critical path are continuously generated not to introduce unnecessary con-
straint for code scheduler. When register pressure is high, we prioritize operations that reduce
the number of temporary variables so that register allocator does not generate unnecessary
spill codes.
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loop:

tl := ali]

t2 := ali + 1]
t3 := ali + 2]
t4 := ali + 3]
ts := tl * t2
t6 := tl * t3
t7 := t2 * t4
t8 := t3 * t4
x1l := x1 + t5
X2 := x2 + t6
x3 := x3 + t7
x4 := x4 + t8
i:=1i4+1

if (i < n) goto loop
02 40000000000DO0O00O0O00OO0O0OOOOO
Fig.2 A sample program written in quadruple

expression.
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Fig.3 DAG expression of the sample program. A solid

arrow means data dependence between operators,
and a dashed arrow means ordering constraint be-

tween operators.
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Table 1 level from the top, level from the bottom, slackness, and increase of
reference count of the sample DAG.

vertex 0 1 2 3 4 5 6 7 8 9 10 11
it(v) 3 2 1 0 4 4 3 2 5 5 4
1b(v) 3 4 5 6 2 2 2 2 1 1 1 1
sl(v) 0 0 0 0 0 0 1 2 0 0
Aref(v) | 42 42 +2 +2 -1 -1 1 -1 -1 -1 -1 -1
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Table 2 Indices of jBY TEmark and best execution time of mpegaudio benchmark
(test mode, size = 100, in seconds) on POWERS3 processor (400 MHz),
when we change quadruple generation policy.

mpegaudio jBYTEmark performance improvement
best run | int index  fp index mpeg jb-int jb-fp

BASE 9.880 127.10 83.03 - - -

SLK-BTM 10.689 128.97 79.30 | —8.18% 1.47%  —4.50%

BTM-SLK 9.365 131.27 88.20 5.22% 3.28% 6.22%

MIN 9.444 130.93 82.87 4.41% 3.02%  —0.20%

NSCH 10.766 124.03 78.23 | —8.97% —2.41% —5.78%

03 400000000000000000Pentium IIIOOO0O0O00 600MHzO0O0O0ODO
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Table 3 Indices of jBYTEmark and best execution time of mpegaudio benchmark
(test mode, size = 100, in seconds) on Pentium III processor (600 MHz),
when we change quadruple generation policy.

mpegaudio jBYTEmark performance improvement
best run | int index  fp index mpeg jb-int jb-fp

BASE 11.456 145.33 91.90 - - -

REG-REF 11.447 144.00 92.77 0.08%  —0.92% 0.94%

REG 12.649 141.89 91.31 1.02% —2.37"% —0.64%

MAX 11.914 138.40 91.77 | —3.99% —4.77% —0.15%

NSCH 11.422 141.33 91.33 0.30% —2.75% —0.62%
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