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Introduction z z z z



z



Cache power reduction = Dynamic || Static Dynamic: • Reduce switching activity – i.e. way pred. Static: • Discard Di d useless l li lines – i.e. i cache h d decay Our observation: • Using decay a large # of the lines dead • Searching them is meaningless Our proposal: • Use static power tech. to assist dynamic ones HiPEAC 2007, Ghent Jan 2007
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Outline z



Way Reduction Techniques



z



What is Wrong with Way-Prediction



z



Presenting Way-Selection



z



Filtering Useful Cache-Ways



z



Decaying Bloom Filters



z



Analog Implementations



z



Evaluation



z



Conclusions
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Reducing the Ways Accessed z



Way-prediction techniques reduce power by predicting ways to be accessed • What happens on miss-predictions??



z



Way-selection avoids this problem • Way-Selection != prediction • Way-Selection == access only useful lines



z



Insight: Using decay most of the ways do not have to be searched
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Way-Prediction a.k.a. Multi-MRU z



The best way-prediction is MMRU tag



Way Presence Vector



index



Requested



off



Hash(tag+index)



0 01 0 Way prediction (e.g. way 2)



• Variable hit latency • No support for prediction of misses HiPEAC 2007, Ghent Jan 2007



address



Cache Ways 0 1 2 3
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Way-Selection Using Bloom Filters z



Instead of predicting we can use BFs to select possible outcomes



Bloom Filter



Requested



tag



index



Bloom Hashing



0 110 Way selection (e.g. way 1,2)
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address



Normal Cache 0 1 2 3
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Cache Decay z



Cache Decay: wait a “decay interval” after the last access and gate the cache line



z



Decay interval defines behavior: • “decay” the cache lines soon Î induce misses i ((performance f lloss)) • “decay” the cache lines late Î does not filter out enough lines



z



Decay filters out useless lines for 2% performance loss
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Decaying Bloom Filters Decaying Bloom Filter



Requested



tag



Bloom Hashing dead entry



index



off



address



Decaying Cache 0 1 2 3



live lines



0 110 live entry Decaying BFs (e.g. way 2)



z



SDBFs: selects only among live ones! HiPEAC 2007, Ghent Jan 2007



dead lines
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Design Choices Digital and Analog flavours available z Totally equivalent behaviour • Digital: z



— hard to update — larger la ge — easier to design



• Analog: — — — —



harder to design prone to errors automagic updates smaller HiPEAC 2007, Ghent Jan 2007
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Analog Implementations z



Design based on 4T DRAM cells



Bitline



Bitline Wordline
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Analog Implementations z



Design based on 4T DRAM cells • Need specific “decay” behaviour Vdd



Bitline



Bitline Wordline
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Analog Implementations z



Design based on 4T DRAM cells • Need specific “decay” behaviour • Need to prevent refresh-on-reads — 4T cells are refreshed on access Refresh Bit Access Bit 5T



5T



Low Leak Inverter
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Analog Implementations z



Design based on 4T DRAM cells • Need specific “decay” behaviour • Need to prevent refresh-on-reads — 4T cells are refreshed on access



• Need longer retention time Refresh Bit Access Bit 5T



5T



Low Leak Inverter



Ground T HiPEAC 2007, Ghent Jan 2007



ECE Dept., University of Patras



Methodology Simulation tools: Wattch, Hotleakage, Cacti z Used Spec2000 benchmarks z Compare with MMRU z We modeled: • 4-issue 4 i processor ((~Power P 4) 4), 4 4-way cache h • Do not count leakage savings • Simulation of Decay Induced Misses • One cycle extra penalty for the MMRU slow hits • No penalization of the MMRU missscheduling z
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Evaluation: The Key – Ways Accessed Number of ways accessed on hits (normalized to base case) 30% 26% SDBF



MMRU



Number of ways accessed on misses(normalized to base case) SDBF



MMRU 10%
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Evaluation: Exec. Time Relative ED Execution time (normalized to base case) MMRU



SDBF



1.18%(MMRU)



-0.2%(SDBF)



Power Savings SDBF



MMRU
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61% (SDBF)



59%(MMRU)
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Evaluation: Scaling with Associativity Scaling of Power Savings



Relative Energy Delay (lower is better for SDBF)



SDBF



MMRU



ways



z



ways



High associativities favour SDBFs • Up to 8% better in Power • Up to 31% better in EDP HiPEAC 2007, Ghent Jan 2007
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Conclusions z



We proposed way-selection coupled with decaying cache



z



Decaying the BFs in orchestration with the cache helps way-selection



z



We proposed W d digital di it l and d analog l implementations



z



Prediction of misses is the key over MMRU



z



Up to 8% in power and 31% in EDP
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