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Loop Optimization Method for Recurrences on
a Processor with Instruction Level Parallelism

YOSHIKAZU TANAKAt and HIDEO MAEJIMATtt

Recurrences often result in a performance bottleneck on a processor with instruction level
parallelism because of a chain of flow dependent operations. We compare the two recurrence
height reduction techniques that are higher order back-substitution and equal order back-
substitution, considering the architecuture resources such as the number of registers. The
results show that the latter technique is superior because of optimum performance and in-
sensitivity to loop unrolling factor. Next, we present a heuristic that determines the loop
unrolling factor considering the register pressure to apply this technique automatically by
optimizing compiler. We can get the performance more than the 95% of optimum results in
the recurrence loops in the livermore kernel.
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Fig.1 An example of recurrence program.

LD t50, b( i)
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Fig.2 Higher order back-substitution.
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Fig.3 Equal order back-substitution.
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Tablel Performance of livermore kernels.
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3 2 1 0.6%*
11 1 (0.33flop/cycle) (0.5 flop/cycle! (1.0 flop/cycle) (1.67 flop/cycle)
(1.5 f7) (3 1%) (5 %)
18 12 6 6
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