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Limits of Thread-Level Parallelism in Non-Numerical Programs:
Relation with Inter-Thread Memory Disambiguation Techniques

AKIO NAKAJIMA,* RYOTARO KOBAYASHI,t# HIDEKI ANDO?
and TOSHIO SHIMADA

Multithreaded execution is important as a technique that can greatly improve performance
beyond the bounds of superscalar processor performance. However, recent studies show that
great improvements have not been achieved in non-numerical programs. This paper explores
how much of sophistication is required to inter-thread memory disambiguation techniques to
fully exploit thread-level parallelism in non-numerical programs. We have found the following
results using SPECint95 benchmark programs.

Optimistic prediction, where no inter-thread memory violation will occur, severely limits
exploitable TLP because memory dependence violations frequently occur in fact. If we as-
sume sophistication, where a single most frequent memory dependence for each load can be
predictable, exploitable TLP mostly doubles over the optimistic prediction, but it is still
limited to 64% of the upper bound. If we assume two or four most frequent memory depen-
dences for each load can be predictable, half or most benchmark programs achieve TLP of
the upper bound, respectively. Consequently, we have found multiple but less than four most
frequent dependences for each load must be adaptively predictable to fully exploit TLP in
non-numerical programs.
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