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A Speed-up Technique for Parallel Early Computation
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HirosHI MATSUOT and YAsuHIKO NAKASHIMA 2

We have proposed an auto-memoization processor based on computation
reuse, and merged it with speculative multithreading based on value predic-
tion into a parallel early computation. In the past model, the parallel early
computation detects each iterations of loops as reusable blocks. This paper
proposes a new parallel early computation model, which integrates plural iter-
ations into a reusable block automatically and dynamically without modifing
executable binaries. We also proposes a model for automatically detecting how
many iterations should be integrated into one reusable block. Our model re-
duces the overhead of computation reuse, and further exploits reuse tables. The
result of the experiment with SPEC CPU95 FP suite benchmarks shows that
proposing method improve the maximum speedup from 40.5% to 57.6%, and

the average speedup from 15.0% to 26.0%.
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Fig.3 Execution mechanism of a parallel early computation.
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01 00O0ogogo
Table 1 Simulation parameters.

MemoBuf

MemoTbl CAM

Comparison (register and CAM)
Comparison (Cache and CAM)

Write back (MemoThbl to Reg./Cache)

64 kBytes
128 kBytes
9 cycles/32 Bytes
10 cycles/32 Bytes
1 cycle/32 Bytes

D1 cache 32 KBytes
line size 32 Bytes
ways 4 ways
latency 2 cycles
miss penalty 10 cycles

D2 cache 2 MBytes
line size 32 Bytes
ways 4 ways
latency 10 cycles
miss penalty 100 cycles

Register windows 4 sets

miss penalty 20 cycles/set

02 000000000SPEC CPU9 FPO
Table 2 Reduced execution cycles (SPEC CPU95 FP).

Mean Max
(P) DOOOD 15.0% 40.5% (107.mgrid)
(P,) 000000 200  19.3%  41.5% (101.tomcatv)
(P,) DDDDODODO 400 15.9% 42.7% (102.swim)
(D) booOoo 26.0% 57.6% (101.tomcatv)
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(M) No Computation Reuse

(P) Parallel Early Computation (n = 1)
12 (P2) Unwinding Model (n = 2) -
: — (P4) Unwinding Model (n = 4) Ec write
(D) Dynamic Unwinding Model
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Fig.6 Ratio of cycles (SPEC CPU95 FP).
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Table 3 Number of purges.

ooooo (P) COOOOO (D) COOC
101.tomcatv 7515980 6945025 7.6%
102.swim 814208 455615 44.0%
103.su2cor 20712071 10169396 50.9%
146.waveb 1798492 1661194 7.6%

04 0O0000101.tomcatvd
Table 4 Reuse rate (101.tomcatv).

ooooo (P) ooooo (D)
addr. cycles search rate search rate
(func) 1358 964 66048 99.9% 66048 99.9%
19458 279 999  99.6% 999  99.6%
22fad 105 499 74.6% 499 74.2%
1f908 1371 501 99.2% 501 99.2%
(loop)  labb0 437 32384999 74.2% 16192468 72.8%
1b074 70 126999 28.9% 8133 55.6%
1b130 274 32257999 — 8128017 65.5%
1b318 186 32257999 — 4064077 64.1%
1b420 112 32384999 — 2040133 56.2%
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05 000O00102.swimO
Table 5 Reuse rate (102.swim).

ooooo (P) ooooo (D)
addr. cycles search rate search rate
(func) 11274 404 161070 17.6% 263660 25.7%
114dc 409 161070 18.4% 263660 27.6%
109f4 41 294006  1.8% 434699  0.0%
10af0 24 264215 1.9% 386916  0.0%
(loop) 1b33c 310 2616319 33.7% 655379 73.1%
1b6ec 330 2616319 33.4% 655379 T71.2%
1b020 118 262631 — 16519 65.1%
1b200 68 262655 — 8467 51.4%
103dc 14 32738 — 1284 68.2%
1bcb0 256 4087 — 386 29.5%
1bd84 256 4087 — 391 20.7%
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