Branch Classification: a New Mechanism for Improving Branch Predictor Performance

Po-Yung Chang Eric Hao Tse-Yu Yeh^� Yale Patt

Department of Electrical Engineering and Computer Science The University of Michigan Ann Arbor, Michigan 48109-2122

�Intel Corporation Santa Clara, CA 95051

Outline

ffl Branch Classification ffl Per-Class Predictor Analysis ffl Hybrid Branch Predictors ffl Conclusion

Branch Classification

Static Classes

Classes Descriptions SC1 0% ¡= pr(br) ¡= 5% Uni-Direction SC2 5% ¡ pr(br) ¡= 10% Branches SC5 90% ¡ pr(br) ¡= 95% SC6 95% ¡ pr(br) ¡= 100% Mixed-Direction SC3 10% ¡ pr(br) ¡= 50% Branches SC4 50% ¡ pr(br) ¡= 90%

Distribution of dynamic branches

Outline

ffl Branch Classification ffl Per-Class Predictor Analysis ffl Hybrid Branch Predictors ffl Conclusion

Structure of the GAs Branch Predictor

GAs Prediction Accuracy

Uni-Direction Branches (e.g. SC1)

Mixed-Direction Branches (e.g. SC3)

Hybrid Branch Prediction Schemes

ffl Static Predictor Selection ffl Dynamic Predictor Selection ffl Static Plus Dynamic Selection

Static Predictor Selection

ffl GAs plus Modified GAs (gshare) ffl Profile-guided Predictor (PG) plus gshare

GAs+gshare

GAs+gshare

Profile-guided Predictor plus Modified GAs (PG+gshare)

Uni-Direction branches =) Profile-guide Predictor Mixed-Direction branches =) gshare

Static Predictor Selection

Uni-Direction Branches (e.g. SC1)

Mixed-Direction Branches (e.g. SC3)

Hybrid Branch Prediction Schemes

ffl Static Predictor Selection ffl Dynamic Predictor Selection ffl Static Plus Dynamic Selection

Dynamic Predictor Selection

Hybrid Branch Predictors

Hybrid Branch Prediction Schemes

ffl Static Predictor Selection ffl Dynamic Predictor Selection ffl Static Plus Dynamic Selection

Static Plus Dynamic Selection

Uni-Direction branches =) Profile-guided Predictor Mixed-Direction branches =) PAs/gshare (PG + PAs/gshare)

Both Dynamic and Static Selection

Conclusion

ffl Analysis of Predictors

– Short Branch History for Uni-Dir Branches – Longer Branch History for Mixed-Dir Branches

ffl Design of Hybrid Predictors

– PG+PAs/gshare reduces miss rate up to 12.5% (GCC)