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Lecture 14:  Lecture 14:  
Dealing with BranchesDealing with Branches
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Program NotesProgram Notes
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Distribution (Approximate Grades)Distribution (Approximate Grades)
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FLASHBACK: Pipeline HazardsFLASHBACK: Pipeline Hazards
Control HazardsControl Hazards
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Pipeline Stall - only 1 cycle/stage delay…
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More about Branch Prediction/Delayed Branching Later…

50% Fill Rate

�

FLASHBACK: What About Control Hazards?FLASHBACK: What About Control Hazards?
(Predict Not(Predict Not--Taken Machine)Taken Machine)

Architectural
State Change?

We are OK, as long as we squash.      Can we reduce delay?
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Cold RealitiesCold Realities
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Cold RealitiesCold Realities
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The Importance of High Prediction RatesThe Importance of High Prediction Rates
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The Importance of High Prediction RatesThe Importance of High Prediction Rates
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How do we get better prediction rates?How do we get better prediction rates?
Better PredictionBetter Prediction
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Let’s Look Here Next For No Apparent Reason
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CompilerCompiler--Static PredictionStatic Prediction
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CompilerCompiler--Static PredictionStatic Prediction
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How do we get better prediction rates?How do we get better prediction rates?
Better PredictionBetter Prediction
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Advantages of these quadrants?
Disadvantages?
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Dynamic Branch PredictionDynamic Branch Prediction
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How Do We Capture This?
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HardwareHardware--Dynamic Branch PredictionDynamic Branch Prediction
AutomataAutomata

Consider history of 111111 or 00000
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Hardware Hardware -- Dynamic Branch PredictionDynamic Branch Prediction
Automata Automata -- More States More States àà BetterBetter
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AutomataAutomata
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Branch CorrelationBranch Correlation
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Branch Prediction with History TablesBranch Prediction with History Tables

Warm-up
[GPS]A[gps] naming
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Branch Prediction ComparisonsBranch Prediction Comparisons
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Limits of Hardware Dynamic Branch PredictionLimits of Hardware Dynamic Branch Prediction
Information Theoretic ViewpointInformation Theoretic Viewpoint
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HPCA Conference in 1994
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Compiler DynamicCompiler Dynamic
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Hybrid/Tournament PredictorsHybrid/Tournament Predictors

��

21264 Branch Prediction Logic21264 Branch Prediction Logic
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Branch prediction accuracy

Profile-based
2-bit counter
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Accuracy of Branch PredictionAccuracy of Branch Prediction
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Accuracy v. Size (SPEC89)Accuracy v. Size (SPEC89)
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FLASHBACK: Reduce Branch DelayFLASHBACK: Reduce Branch Delay
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FLASHBACK: Reduce Branch DelayFLASHBACK: Reduce Branch Delay
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The Branch Target BufferThe Branch Target Buffer
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Another way to deal with branchesAnother way to deal with branches
Eliminate them!!!Eliminate them!!!
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