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Abstract: TheIBM POWERseriesprocessors(firstavailablein 1990throughtheinitial RS/6000
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workstation)startedout asa RISC“braniac.” Hardwarecomplexity reductionwasan issueeven
then,but it wasaddressedmainly by inventinga simpler, load-storeinstructionsetpairedwith
smartoptimizingcompilertechnology. Themicroarchitecturedefinitionfor thefirst POWER and
PowerPCsuperscalars,however, continuedon the braniacpath,with relatively lower frequen-
cies(shortpipelines),increasingissuewidths,ever-greaterdegreesof speculationandoverlapped
processingof instructions.This “microarchitecture-compiler”centricdefinitionapproach,did not
scalewell in termsof deliveredperformancebeyondthemid-90’s,however, sinceaggressivecircuit
designmethodsandtoolswerenot investedinto in thecontext of ratherconservativefrequency tar-
gets.Also,sincetheISA hadto remainpracticallyunchanged,andcompiler-derivedimprovements
dwindled,therewasatendency to increasemicroarchitecturalcomplexity in orderto meetnetper-
formancetargets.In view of theincreasinggapbetweenprocessorandmemoryspeeds,however, it
becameclearthatremainingon thestrictbraniacpathwasnot goingto be“complexity-effective.”
As such,beyondthePOWER3microprocessoramorebalancedapproachwasadopted,with acon-
sciousshift towardthe“speeddemon”philosophyandamore“systemperformance”viewpoint in
definingthechip-level microarchitecture.(Concurrentlywith thePOWER3family designs,IBM
alsodevelopedtheRS64-series64-bitPowerPC
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microprocessorsthathavedemonstratedscala-
bility in performancethroughsimplermicroarchitectureswith hardwaremultithreadingto alleviate
thememorylatency approach).

In this talk, we provide an overview of the POWER4 systemmicroarchitecture:with an ex-
planationof how the net performancegoalsweremet with manageablecomplexity andwithout
scheduledelays. The POWER4 designwas initially introducedat processorfrequenciesof 1.1
GHz and1.3 GHz, surpassingall other64-bit microprocessorsin key performancebenchmarks.
We begin with a view of the initial designphilosophyin the context of thebackgroundstatedin
thepreviousparagraph.Later, afterwe describethemicroarchitecturewe re-examinetheissueof
complexity-effectivenessaswe comparethe POWER4 approachwith the prior POWER3-series
andRS64-seriesmicroprocessors.We will examinetheeffect of this designconstrainton future
processormicroarchitectures.


