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A Multiprocessor Architecture SKY
that Exploits Thread-Level Parallelism
in Non-Numerical Applications

RyoTARO KOBAYASHI, YUKIHIRO OCGAWA, 8 MITSUAKI [WATA,t.00
HIiDEKI ANDOt and TOSHIO SHIMADAT

Current microprocessors have improved performance by exploiting more amount of
instruction-level parallelism (ILP) from a program through superscalar architectures. This
approach, however, is reaching its limit because of the limited ILP available to superscalar
processors and the growth of their hardware complexity. Another approach that solves those
problems is to exploit thread-level parallelism (TLP) in addition to ILP. This paper proposes
a multiprocessor architecture, called SKY, which executes multiple threads in parallel with
a register-value communication and synchronization mechanism. The objective of SKY is
to achieve high performance in non-numerical applications. For this purpose, it is required
to exploit fine-grain TLP with low overhead. To meet this requirement, SKY introduces an
instruction-window-based communication and synchronization mechanism. This mechanism
allows subsequent instructions to waiting instructions for receiving registers to be executed
unlike previously proposed register-based mechanisms. This capability enables fully exploiting
both TLP and ILP. The evaluation results show that SKY with two eight-issue superscalar
processors achieves a speedup of up to 46.1% or an average of 21.8% over a 16-issue superscalar
processor.
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Fig.1 SKY architecture.
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Fig.2 Example of communication and synchronization.
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Table 1 Benchmark programs.
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Table 5 Static distribution of SKY special instructions.

Ry Fe—y fork finish send At
BHODEE L%

compress95 1.01% 1.01% 7.02% 1.50% 10.53%

gee 0.72% 0.72% 5.64% 1.02% 8.10%

g0 0.66% 0.66% 5.53% 1.25% 8.11%

ijpeg 0.29% 0.29% 2.34% 0.36% 3.27%

li 0.31% 0.31% 1.78% 0.38% 2.78%

m88ksim 0.02% 0.02% 0.12% 0.01% 0.15%

perl 0.32% 0.32% 2.36% 0.34% 3.35%

vortex 0.27% 0.27% 1.35% 0.24% 2.12%
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Table 6 Dynamic instruction count per thread.
RNy FI—2 TN I—F fork finish — send &t
HD%IE LireeS

compress95 193.3 1.0 1.0 11.2 1.3 207.8
gee 256.0 1.0 1.0 7.7 4.1 269.8
g0 263.6 1.0 1.0 9.4 3.0 278.0
ijpeg 1218.1 1.0 1.0 12.2 2.7 1235.0
li 128.2 1.0 1.0 7.8 1.0 139.0
m88ksim 2347 1.0 1.0 11.9 0.9 249.5
perl 292.9 1.0 1.0 8.8 1.7 305.4
vortex 250.6 1.0 1.0 3.8 12 257.6
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