The Effects of Predication on Branch PredictionGary TysonUniversity of California - Davis

Micro 27December 1, 19942of 17MotivationvPredication and Branch Prediction are useful in reducing the performance penalty caused by branchesvNo measurements on their interactionvPrevious research shows promise—Control Flow Prediction Pnevmatikatos, Franklin and Sohi

Micro 27December 1, 19943of 17Outline of the TalkvPredicationvBranch PredictionvBranch CharacteristicsvEffects of PredictionvConclusions

Micro 27December 1, 19944of 17PredicationvTranslates Control Dependencies into Data DependenciesvAllows for a Predicate to Specify Instruction Completion

Micro 27December 1, 19945of 17Existing Predication ModelsvConditional Move AlphavSkip/Nullification HPvGuarded Execution WisconsinvPredicate Field Cydra 5

Micro 27December 1, 19946of 17Compiler Transformation to Predication FormvBoosting with PredicatesvAggressive Transformations—Hyperblock Scheduling

Micro 27December 1, 19947of 17Branch Prediction StrategiesvStatic Prediction —Branch Always and Branch BackwardsvDynamic Prediction—One and Two Bit Saturation Counters—Correlation Based Prediction

Micro 27December 1, 19948of 17

0246810-48-36-24-120

Branch Not TakenBr

n0246810-48-36-24-120

ranch Not TakenBra

Micro 27December 1, 19949of 17Branch Prediction AccuracyAvg

808284868890

98100Alpha 1-bit

2-bitPowerPC 6042

daptive

< 00-12

> 12

Micro 27December 1, 199410of 17Prediction Accuracy After PredicationAvg

808284868890

98100Alpha 1-bit

2-bitPowerPC 6042

daptive

< 0>12

Micro 27December 1, 199411of 17Effects on Prediction Accuracy

Alpha 1-bitPenti

tPowerPC 6042- aptive

05101520253035

<0>12 Avg

Micro 27December 1, 199412of 17Branch PenaltyvBranch Penalty Calculation+# Branch Executions x Branch Cost+# Mispredicted Branches x Misprediction Penalty vAdditional Cost+# Predicted Taken Branches x Fetch Penalty

Micro 27December 1, 199413of 17

50556065707580859095100

12Branch Always

Alpha Backwards

Alpha 1-bit

Pentium 2-bit

PowerPC 604

2-level Adaptive

HPEffects on Branch Penalty

Micro 27December 1, 199414of 17Predication CostvPredication Cost Calculation=# of Instructions Predicated x# of Times Instructions were branched overvAdditional Costs¨Predicate Instructions¨Boosting (Update) Instructions¨Scheduling Considerations

Micro 27December 1, 199415of 17Effects on Execution Cost

5060708090100110024

Branch Always

Alpha Backwards

Alpha 1-bit

Pentium 2-bit

PowerPC 604

2-level Adaptive HP

Micro 27December 1, 199416of 17

020406080100120016

096112128

Integer

Floating Poin

Effects on Basic Block Size

Micro 27December 1, 199417of 17ConclusionsvPredication can remove a significant number of poorly predicted branchesvRemoving those branches can improve the accuracy of current table based predictors on the remaining branchesvBranch miss rate is improved by up to 30% even for the newer, high accuracy schemesvBranch Penalty is reduce by up to 50%