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The Bimode-Plus Branch Predictor

KENJI KISE, it TAKAHIRO KATAGIRI,* HIROKI HONDA'
and TOSHITSUGU Y UBA'

Accurate branch prediction has come to play an important role for modern microprocessors.
In order to improve its prediction accuracy, many branch predictors have been investigated
in the past few decades. In this paper, Bimode-Plus branch predictor is proposed as an en-
hanced version of Bimode branch predictor. Our experimental results using benchmarks from
SpecFP, SpecINT, multi-media and server area show that Bimode-Plus branch predictor gives
better prediction accuracy than Bimode branch predictor. With a cycle-accurate processor
simulator modeling a wide issue out-of-order processor and SPEC CINT2000 benchmark, we
show that Bimode-Plus branch predictor improves IPC by 8.5% for 197.parser and 3.2% on

May 2005

average.
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Fig.1 Gshare branch predictor.
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Table 1 Characteristics of benchmark programs and the rate of extremely biased branches.

gooooo ooooo ooooooo oooooo All-taken 000 All-untaken 000
DIST-FP-1 32 million 6.89% 444 0.15% 65.74%
DIST-FP-2 31 million 5.73% 452 0.06% 4.18%
DIST-FP-3 31 million 4.98% 810 0.72% 1.47%
DIST-FP-4 30 million 2.94% 556 6.60% 5.50%
DIST-FP-5 32 million 7.52% 243 4.82% 14.99%
DIST-INT-1 34 million 12.13% 424 1.33% 28.63%
DIST-INT-2 33 million 8.64% 1,585 1.83% 19.37%
DIST-INT-3 33 million 11.21% 989 3.30% 17.95%
DIST-INT-4 31 million 6.48% 681 1.76% 40.99%
DIST-INT-5 33 million 11.27% 441 0.40% 3.12%
DIST-MM-1 32 million 6.91% 460 1.14% 17.53%
DIST-MM-2 33 million 11.30% 2,522 6.53% 6.14%
DIST-MM-3 34 million 8.75% 1,091 35.82% 30.96%
DIST-MM-4 34 million 14.10% 2,256 2.16% 2.59%
DIST-MM-5 32 million 7.79% 4,535 13.25% 15.98%
DIST-SERV-1 35 million 10.43% 10,910 13.57% 50.89%
DIST-SERV-2 34 million 10.12% 10,560 14.16% 51.72%
DIST-SERV-3 34 million 10.94% 16,604 9.66% 44.36%
DIST-SERV-4 35 million 11.92% 16,889 17.41% 49.39%
DIST-SERV-5 35 million 11.95% 13,017 17.24% 51.25%
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Fig.4 Filter mechanism.
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Table 2 Two flags to distinguish extremely biased
branches.
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Table 3 Characteristics of SPEC CINT2000 and the rate of extremely biased branches.

oooooo ooooo ooooooon 000000 | All-taken 000 | All-untaken 000
164.gzip 596 million 10.19% 858 0.03% 2.11%
176.gcc 551 million 12.35% 17,593 10.54% 18.88%
181.mcf 188 million 11.25% 841 1.30% 2.57%
186.crafty 800 million 8.80% 2,506 4.34% 6.68%
197.parser 611 million 13.41% 2,473 5.03% 15.55%
252.eon 94 million 6.54% 1,522 6.79% 28.84%
254.gap 800 million 9.92% 3,334 27.08% 17.61%
255.vortex 147 million 10.11% 6,179 19.51% 53.78%
256.bzip2 800 million 9.31% 806 20.96% 2.03%
300.twolf 91 million 8.12% 2,724 9.20% 27.24%
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Table 4 Prediction accuracy measured on a out-of-order processor simulator.

gooooooo BASE BASE BASE WIDE WIDE WIDE

ooooo Gshare Bimode Bimode-Plus Gshare Bimode Bimode-Plus

164.gzip 4.52 3.92 3.83 7.82 5.16 4.64

176.gcc 11.22 8.21 7.60 17.79 10.96 9.36

181.mcf 11.76 5.10 4.46 11.14 5.01 4.86

186.crafty 5.87 5.38 5.49 9.22 6.75 6.51

197.parser 9.82 8.50 7.67 20.26 11.42 9.40

252.eon 3.97 2.52 1.91 9.13 3.25 1.71

254.gap 3.94 2.64 2.60 6.81 3.62 3.06

255.vortex 7.93 2.17 1.26 9.89 3.07 1.66

256.bzip2 9.11 8.44 8.61 11.91 9.18 9.26

300.twolf 8.23 7.34 6.42 11.26 9.04 6.73

Average 7.63 5.42 4.99 11.52 6.75 5.72
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