The Role of Adaptivity in Two-Level Adaptive Branch PredictionStuart Sechrest, Chih-Chieh Lee, and Trevor MudgeUniversity of MichiganSIGMICRO-28--1 December 1995

Branch Prediction: Divide and Conquer2

PAg: Per-address, Adaptive, Global3

Hysteresis: 1-bit, 2-bit, and 3-bit predictors for SPECint924

History Length

Misprediction Rate0.00%4.00%8.00%12.00%16.00%1234567891011122 3 . 3 3 %

PAg (1)

PAg(2)

PAg(3)2 3 . 3 0 %1 6 . 1 0 %

SPECint92 and IBS-Ultrix5

t a b l e . 1BenchmarksDynamic ConditionalBranches (Percent of TotalInstructions)Static ConditionalBranches# of Static BranchesConstituting 90% of TotalDynamic ConditionalBranchescompress11,739,532 (14.0%)2 3 6 1 3

eqntott342,595,193 (24.6%)4 9 4 5espresso76,466,489 (14.7%)1,7841 1 0 gcc21,579,307 (15.2%)9,5312,020xlisp147,425,333 (11.3%)4 8 9 4 8 sc150,381,340 (16.9%)1,2691 5 7 groff11,874,183 (11.3%)6,3254 6 1 gs16,275,133 (13.8%)12,7681,142mpeg_play9,549,954 (9.6%)5,5925 3 2 nroff22,542,119 (17.3%)5,2432 2 9 real_gcc14,281,721 (13.3%)17,3543,196sdet4,965,098 (11.8%)5,3095 3 2 verilog6,195,248 (13.2%)4,6318 4 5 video_play5,579,331 (10.6%)4,6037 2 4

Page 1

Branch Bias6

0%20%40%60%80%100%IBS-UltrixSPECint92

0%0-10%

10-90%

90-100%

100%

PSg: Per-address, Static, Global7

Fixed Prediction Tables8¥What Comes Next?¥_?_111111111¥_?_010101010¥_?_001001001¥_?_000100010¥_?_000010000¥What about these?¥_?_010101000¥_?_101110011

Fixed Tables¥PSg(algorithm)¥Simple. Based on cyclic patterns and majority votes¥Not based on measurements¥PSg(compromise)¥Fixed table derived from training data. ¥Not tuned to individual benchmarks.¥Chooses "average" behavior for each pattern.9

0000 . . .

Misprediction Rate: PAg vs. PSg10

051015202530354045500 5 10 15 20 25 30 35 40 45 50

051015202530354045500 5 10 15 20 25 30 35 40 45 50PAgPSgPSgPAg

111100001111 . . .0000 . . .

4 bits of history10 bits of history

Contribution to Errors: PAg vs. PSg11

0510152025300 5 10 15 20 25 30

0510152025300 5 10 15 20 25 30PAgPSg

PSgPAg

4 bits of history10 bits of history1111 . . .0000 . . .

11110000

Results for PAg and PSg for IBS-Ultrix12

History Length

Misprediction Rate0.00%4.00%8.00%12.00%16.00%123456789101112

PAg (1)

PAg(2)

PAg(3)

PSg(algo)

PSg(comp)

Conclusions13¥SPECint92 benchmarks can mislead¥Per-address schemes produce two frequent high-bias substreams¥PSg schemes offer competitive results¥PAg/PAs can beat PSg when aliasing is low