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AbstractThispaperpresentsareconfigurablefUnctionalunit(RFU)fbranadaptivedynamicextensibleprocessor・The
processorcantuneitsextendedinstructionstothetargetapplications，afterchip-fabrication，whichbringsaboutmore 
flexibilityThecustominstructions(CIS)aregenerateddeploymgthehotbasicblocksduringthetrainingmode-Inthenonnal 
mode，ＣＩｓａｒｅｅｘｅｃｕｔｅｄｏｎｔｈｅＲＦＵ・AquantitativeapproachwasusedfbrdesigningtheRFU・TheRFUisamatrixof

fUnctionalunitswith8mputsand6outputsPerfbrmanceisenhanced叩toL5usmgtheproposedRFUfbr22applicationsof
MibenchThesizcofconfigurationmemoryhasbeenreducedby４０％throughmakingtheRFUpartiallyreconfigurable， 

findｍｇｓｕｂｓｅｔｓｏｆＣＩｓａｎｄｍｅｒｇｍｇｓｍａｌｌＣＩsmtooneconfigurationThisprocessorneedsnoextraopcodesfbrCIs,new 
compilensourcecodemodificationandrecompilation 

KeywordExtensibleProcessonHotSpots,OnlmeProfilmg,CustomInstruction,ReconfigurableAccelerator 

OurCIsarcgcncratcdbyexploitingｔｈｅＨＢＢｓ・ＡｎＨＢＢｉｓ
ａｂａｓｉｃｂｌｏｃｋｔｈａｔｉｓｃｘｅｃｕｔcdmorethanagiventhrcshold・

ＡｂａｓｉｃｂＩｏｃｋｉｓａｓｅｑｕｅｎｃｅｏｆｉｎｓｔｒｕctionsthattcrminates 
inacontrolinstruction WeproposcanRFU 

archiｔｅｃｔｕｒｃｔｏｓｕｐｐｏｒｔａｗｉｄｅｒａｎｇｅｏｆｇｃneratedCIs・Our

8-input，６－oｕｔｐｕｔＲＦＵｉｓａｃｏａｒsegrainacceleratorbased 
onamatrixoffUnctionalunits（FUs）Itistightlycoupled 

withthebascprocessor、Ｉｎｔｈｉｓｍｅｔｈｏｄ，ｔｈｅｒｅｉｓｎｏｎｅｅｄ
ｔｏａｄｄｅｘｔｒａｏｐｃｏｄｅｓｆＯｒＣＩｓ，devclopanewcompiler， 

changｅｔｈｅｓｏｕｒｃｅｃｏｄｃａｎｄｒｅｃｏｍｐｉｌｅｉｔ・
ＩｎＳｅｃｔｉｏｎ２，wchighlightsomerelatedwork・Ｔｈｅ

ｇｅｎｅｒａｌｏｖｃｒｖｉｅｗｏｆＡＭＢＥＲｉｓｄｅｓcribcdinSection3・
Section4discussesourquantitativcapproachfOr 

designinｇＲＦＵａｎｄｔｈｅｐｒｏｐｏｓｅｄａｒｃｈｉｔｅｃｔｕｒｅs・Section
５ｃｏｖｅｒｓｔｈｅｉｎｔｅｇｒａｔｉｏｎｏｆＲＦＵａｎｄｔｈebaseproccssor・
Section６ovewicwsthcconfigurationmemory・
PerformanceｃｖａｌｕａｔｉｏｎｒｃｓｕｌｔｓｃａｎｂｅｆＯｕｎｄｉｎＳection7 

andfinallythcpapcriSclosedbyconclusionsandfUture 
work． 

LImtroduction 

ASICs,gcncralpurposcprocessors（GPPs),ASIPs,and 
cxtensiblcproccssorsarevariousapproachcsfOr 

designingembeddedsystems・AlthoughASICshave

higherpcrfOrmａｎｃｅａｎｄｌｏｗｅｒｐｏｗｅｒｃｏｎｓｕｍｐｔｉｏｎ，ｔｈｅｙ 
ａｒｃｎｏｔｆｌｃｘｉｂｌｅａｎｄｈａｖｅａｎｃｘｐcnsivcandtimc 

consumingdcsig、process、ＦｏｒＧＰＰｓ，although

availabilityoftools，programmability，andabilityto 

rapidlydeploythcminembeddedsystemsaregood 
reasonsｆＯｒｔｈｅｉｒｃｏｍｍｏｎｕｓｅ，usuallythcydonotoffer 

theneccssaryperfbrmance・ＡＳＩＰｓａｒｅｍｏｒｃｆｌｃｘｉｂｌｃｔｈａｎ
ＡＳＩＣｓａｎｄｈａｖｃｍｏｒｃｐｏｔｅｎｔｉａｌｔｏｍｅｅｔｔｈｃｃｈallcnging 

high-perfOrmanccdemandsofcmbcddcdapplications， 
ｃｏｍｐａｒｅｄｔｏＧＰＰｓ・Ｈowever，thcsynthesisofASIPs

traditionallyinvolvedthcgcnerationofacompletelSA 

fbrthetargetedapplicatiｏｎｗｈｉｃｈｉｓｔｏｏｃｘｐｅｎｓｉｖｅａｎｄ 

ｈａｓｌｏｎgdesigntumaroundtime 

AnothcrmethodfOrprovidingenhancedperfOrmanceis 

application-specificinstructionsetextension・Inthis

method，ｔｈｅｃriticalportionsofanapplication，sdataflow 

graph（ＤＦＧ）canbeaccelcratedbymappingthemtｏ 
ｃｕｓｔｏｍｆｉｍｃｔｉｏｎａｌｕｎｉｔｓ・Instructionsctextcnsion

improvespcrfOrmanceandalsomaintainsadegrccof 

systemprogrammability，ｗｈｉｃｈｅｎａｂｌｃｓｔｈｅｍｔｏｂｅ 
ｕｔｉｌｉｚｅｄｗｉthmoreflcxibility・Ｔｈｅｍａｉｎｐｒｏｂｌｅｍｗｉｔｈｔｈｉｓ

ｍｅｔｈｏｄｉｓthattherearesigniflcantnon-recurring 

enginceringcostsassociatedwiththcirimplementation 

lnourapproach，anAdaptivcdynaMicextensiBlE 

processoR（ＡＭＢＥＲ）ｉｓｐｒｃｓｅｎｔｃｄｉｎｗｈｉｃｈｔｈｅＣＩｓａｒｅ 

ａｄａｐｔｃｄｔｏｔｈｅｔａｒｇｅｔａｐｐｌｉｃａｔｉｏｎｓａｎｄgeneratedafter 

chip-fabrication，fullytransparentlyandautomatically・
Thisapproachreducesthedesigntimeandcostdrastically． 

2．ＲｅｌａｔｅｄＷｏｒｋ 

ＰＲＩＳＣ[1]，Chimacra[ZLOneChip[3LXiRisc[4］ａｎｄ 

ＭＯＬＥＮ［5］aresomeinstancesoftightlycouplｅｄ 

ｍｔｅｇｒａｔｉｏｎｏｆａＧＰＰｗｉｔｈｆｉｎｅ－ｇｒａinprogrammable 
hardwareandADRES［6］isasamplesystemwith 

coarse-grainhardware・Fine-grainacceleratorsallowfbr

ｖｅｒｙｆｌｅｘｉｂｌｅｃｏｍｐｕｔａｔｉｏｎｓ，ｂｕｔthcreareseveral 
drawbackstousinｇｔｈｅｍＴｈｅｙｈａｖｅｌｏｎｇｌａｔｅｎｃｙａｎｄ 

ｒｅｃonfigurationtimeFurthermore，ｔｈｅｙｎｅｅｄａｌａｒｇｃ 
ａｍｏｕｎｔｏｆｍｅｍｏｒｙｆｂrstoringconfigurationbits・Ｔｏ

ｏｖｅｒｃｏｍｅｔｈｅｃｏｍｐｕｔａｔｉｏｎａｌｉｎｃｆｆｉｃiencyand 

rcconfigurationlatency，ｍｏｓｔｏｆｔｈｅｍｄｅａｌｗｉｔｈｖｅｒｙｌａｒｇｅ 
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subgraphs、ＴｈｉｓｗｏｒｋｄｉｆｆｅｒｓｉｎｔｈａｔｗｅｆＯｃｕｓｏｎ

accelcrationatfinergranularity・

ＦｏｒlooselycoupledsystemslikeGarp[7］and 

MorphoSys［８１thcreisanoverhcadfOrtransferringdata 

betwcenthcbascprocessorandthecoprocessor・For

tightlycoupleddesigns，。atatransferringtakeslesstime

buｔａｄｄｉｎｇＲＦＵｓｕｓｕａｌｌｙｄｃｍａｎｄｓｆＯｒｍｏreregistcrfile 

read/writeports･Ｃｈｉｍａｅｒａａｄｄｓａｓｈａｄｏｗｒｅｇｉｓｔｅｒｔｏ 

ｓｏｌｖｅｔｈｉｓｉｓｓｕｅｌｎｏｕｒｃａｓｅ，ｗｅｓｈａｒｅｔｈｅｉｎｐｕｔ/output 
resourcesbctweenthem・

AllofthesedcsignsrcquircancwprogrammingmodeL 

anewcompilcr，ncwopcodcsfOrnewinstructions，ｓｏｕｒｃｅ 

ｃｏｄｅｍｏdificationorrccompilationlnourapproach，we 

donotcncountcrthescissucs・Theuserjustrunsthe

applicationsonthebaseprocessor，ａｎｄthen，ｇｅｎｅｒａｔｉｏｎ 

ｏｆｃｕｓｔｏｍｉｎｓｔｍｃｔｉｏｎｓａndhandlingtheirexecutionare 

donetransparcntlyandautomatically・

Adaptivcdynamicoptimizationsystｅｍｓｓｕｃｈａs 

Turboscalar［，]，rcPlay［l0LPARROT［11]，andWarp 

Proccssors［12］sclectfrequentlyexecutedrcgionｓｏｆｔｈｅ 

ｃｏｄｃｔｈｒｏｕｇｈｄｙｎａｍｉｃｐｒｏｆｉｌing，optimizethcsclccted 

regionsandcache/rcwritethcoptimizedvcrsionfOrfUture 
occurrences・Theexccutionoftheoptimizcdversiｏｎｉｓ

ｃａｒｒｉｅｄｏｎｂｙｃｘｔｒataskssharingthemainprocessor 

a､｡/ｏｒｂｙｅｘｔｒａｈａｒｄｗａｒｅＴｏｏｖｃｒｃｏｍｃｔｈｅoverheadof 

dynamicoptimization，ｗｅｈａｖｅｄｅｆｉｎｃｄｔｗｏｍｏｄｅｓｆＯｒｏｕｒ 

ｐｒｏccssor、

ＴｈｅｓｉｍｉｌａｒｄｃｓｉｇｎｔｏｏｕｒｓｈａｓｂｃｅｎｐroposedbyClark 

U3l・However,weuscdifferentmethodsfbrprofilingand

generating，mappingandhandlingcxeｃｕｔｉｏｎｏｆＣＩｓ・Ｏｕｒ
ＲＦＵｉｓｎｏｔｉｎｔｅｇｒａｔｅｄｌｉｋｃｏｔｈｅｒfimctionalunits・Itsharcs
theavailablcread/writeports，Ｂｙａｐｐｌｙｉｎｇｓｏｍｅ 

ｍｏｄｉｆｌｃａｔｉｏｎｓｉｎｔheroutingresourcesandlocationsof 

inpUts，ｏｕｒＲＦＵｃａｎｈａｎｄｌｅｍｏｒｅＣＩｓ・Ｉｎａｄｄｉｔｉｏｎｗｃｔｒｉｅｄ
ｔｏｇｏｆＯｒｍｏｒｅｄｃtailssuchasstructureandsizefbrｔｈｅ 
ｃｏｎｆｉｇｕｒａｔｉｏｎｍｅｍｏｒｙｏｆｏｕｒＲＦＵ． 

configurationmcmoryAccordingtothesizeofdatain 

thcproccssors，ａｍａｔｒｉｘｏｆＦＵｓｓｅｅｍｓｅｆｆｉｃｉｅｎｔａｎｄ 

ｒeasonablcenoughfOracceleratingｄａｔａｆｌｏｗｓｕｂｇｒａｐｈｓａｓ 

ＣＩｓ･ＥａｃｈＣＩｕｐｄａｔｅｓｔｈｅＰＣａｆｔｅｒｉｔｓｅｘｅｃutionfinishes， 

consideringoriginalscquencccxccution，ｓｏｔｈａｔｔｈｅ 

ｐｒｏｃｅｓｓｏｒｃａｎｃｏｎｔｉｎｕｅｆｉ｢omthecorrectaddress・

These9zJe"cermainlydetcrminesthemicrocode 

executionsequencebyseIectingbetwcenthcRFUandthe 

processorfimctionalunit．Ｉｔｈａｓａｔａｂｌｅｉｎｗｈｉｃｈｔｈｃｓｔａｒｔ 

ａｄｄｒｅｓｓｅｓｏｆＣＩｓｉｎｔｈｅｏｂｊｅｃｔｃｏｄｅａｒｅｓｐｅｃｉｆｉｅｄＴｈｅ 

ｔａｂＩｃｏｆｔｈｅｓｅｑｕｅｎｃｅｒｉｓinitializcdaccordingtothc 

locatｉｏｎｓｏｆｔｈｅＣＩｓｉｎｔｈｅｏｂｊｅｃｔｃｏｄｅｉｎｔrainingmodc 

ThesequencermonitorｓｔｈｅＰＣａｎｄｃｏｍｐａｒｅｓｉｔｔｏｉｔｓ 
ｔａｂｌｃｅ､tries・ＷｈｅｎｉｔｄｃｔｃｃｔｓｔｈａｔａＣＩｉｓｇｏｉｎｇｔｏｂe

executed，itswitchesfmmprocessorfimctionａｌｕｎｉｔｔｏｔｈｅ 

ＲＦＵ，waitsfbrspccifiedclockcyclesanｄｌｅｔｓｔｈｅＲＦＵ 

ｆｉｎｉｓｈｔｈｃｅｘｃｃｕｔｉｏｎｏｆｔｈｅＣＩａｎｄｔｈｅnagainswitchesto 

theprocessorfiｍｃｔｉｏｎａｌｕｎｉｔ・

ＡＭＢＥＲｈａｓｔｗｏｏｐｃｒａｔｉｏｎａｌｍｏｄｅｓ：trainingmodeand 

normalmode（Fig.１)．Inthctrainingmode，applications 

arerunonthebascprocessorandprofiledThen，thestart 

addressesofHBBsaredetectedUsingtheseaddresses， 

ＨＢＢｓａｒｅｒｅａｄｆｒｏｍｔｈｅｏｂｊｅｃｔｃｏｄｃ・CIgcnerationhas

bccnlimitedtoonｅＨＢＢ・DuringCIgcncration，ｓｏｍｅ

ｃｈａｎｇｅｓｍａｙｂｅａｐｐｌｉｅｄｔｏｔｈｅｏｈjectcodeandtherefｂｒａ 

ｓｏｍｅｐａｒｔｓｏｆｔｈｅｏｂｊＣｃｔｃｏｄｅｍａｙbercwritten 

GeneratingconfigurationdatafOrRFUandinitializing 

sequenccrtableisdoneinthismode・Whenthcsc

processesarcdonc，thcproccssorswitchestothenormaｌ 
ｍｏｄｃ． 

Ｐ。ｒ

gHili垂）
Ab蠅趨口厩

● 

3．ＧｅｎｅｒａｌＯｖｅｒｖｉｅｗｏｆＡＭＢＥＲＡｒｃｈｉｔｅｃture 

ByqdcZp〃vewemeanthatthcproccssorcantuneits
cxtcndcdinstructionstothctargetappIications・Morcover，

weclaimitiM〕ﾉ"ｑｍｊｃ,becauseinstructionsctcxtension

ｉｓｄｏｎｅｂａｓｅｄｏｎｔｈｃｐｒｏｆｎｉｎｇｏｆｄｙｎａmiccodc・AMBER

hasbeendcsignedanddcvelopcｄｂｙｉｎtegratingthrce 

maincomponentstothc6aseprocessor,namelyprq/iiに７，

RFUandse9me"cer・Thebascproccssorisa4-issue
in-orderRISCprocessorthatsupportsMIPSinstruction 
Set・

Profilingofrunningapplicationsisdonebythcprqガノer
throughmonitoringtheprogramCounter（ＰＣ)．Inevery 

clockcycle，thcprofilcrcomparcsthccurrentvａｌｕｅａｎｄ 
ｔｈｃｐｒｅｖｉｏｕｓｖａｌｕｃｏｆｔｈｅＰＣ・IfthedifTerenceofthese
twovalueｓｉｓｎｏｔｅｑｕａｌｔｏｔｈｅｉｎｓｔｒｕｃｔｉｏｎｌｅｎgth，atakcn 

branchorjumphasoccurred・Theprofilcrhasatablcwith
acounterfbreachentry（startaddressofbasicblocks）to 

keeptheexecutionfiPequencyofbasicblocks・Ｉｎｔｈｅｃａｓｅ
ｏｆａｔａｋｅｎｂｒａｎｃｈｏｒａｊｕｍｐ,theprofilertableischecked 

Ifthetargctaddress（currentPC）ｉｓｉｎｔｈｅｔａｂｌｅ，the 
correspondingcountcrisincrementcd；ｏｔｈｅｒｗｉｓｅｉｔｉｓ 
ａｄｄｅｄａｓａｎｅｗｅｎｔｒｙａｎｄｉｔｓｃｏｕｎｔｅｒｉｓｉｎｉｔｉａｌｉｚｅｄｔｏｏｎｅ、

Usingtheprofilcrtable，ｓｔａｒｔａｄｄｒｅｓｓｅｓｏｆＨＢＢｓｃａｎｂｅ 
ｏｂｔａｉｎｃｄ・

ＲＦＵｉｓａｍａｔｒｉｘｏｆｆｉｍｃｔｉｏｎａｌｕｎｉｔｓ（FUs）ｐｌｕｓａ 

Fig.１．ＡＭＢＥＲｏｐｅｒａｔｉｏｎａｌｍｏｄｅｓ 

Ｔｒａｉｎｉｎｇｍｏｄｅｃａｎｂｅｄｏｎｅｏｎｌｉｎｅｏｒｏｆｆｌｉｎｅ・Ｉｎｔｈｅ
ｃａｓｅｏｆｏｎｌｉｎｅｔｒａｉｎｉｎｇ，profilerneedssomehardwarc・In

thiscase，allprocesses（detectingHBBs，gencratingCIs， 

etc）areperfOrmcdonthebaseprocessor・Forofflinc

training，asimulator（c､9．Simplescalar［16]）isnceded 

Allprocessesareexecuteｄｏｎｔｈｅｈｏｓｔｍａｃｈｉｎｅ・
Ｉｎｔｈｅｎｏｒｍａｌｍｏｄｅ，ｕｓｉｎｇｔｈｅＲＦＵ，itsconfiguration 

data，sequenceranditstable，ｔｈｅＣＩｓａｒｅｅｘｅｃｕｔｃｄｏｎｔｈｅ 
ＲＦＵ・ＦｏｒｍｏｒｅｄｅｔａｉｌｓｏｎＡＭＢＥＲ,refertoU］
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ｏｆｅａｃｈＦＵｗａｓｓｕｐｐｏｓｅｄｔｏｂｅｕｓｅｄｂｙｔｈｃｎｅｉｇｈｂｏｒｓｉｎ 

ｔｈｅｓａｍｅｒｏｗａｎｄｂｙａｌｌｏｔｈｅｒＦＵｓｉｎｔｈｃｌｏｗｅｒｌｅｖｅｌ 
ｒｏｗｓ･ 

ＯｕｒCIgcnerationalgorithmdocsnotneedtobe 

complicatedfOrtworeasons・First，ｔｈｅｌｃｎｇｔｈｏｆＨＢＢｓｉｓ

ｕｓｕａｌｌｙｂｅｔｗｅｅｎｌＯｔｏ４０ｉｎｓｔｒｕｃｔｉｏｎｓ，ａｎｄｓｏｔｈｅｙａｒｅｎｏｔ 

ｔｏｏｂｉｇｔｏｎｅｅｄａｃｏmplicatedalgorithmSecondly，ｉｎｔｈｃ 

ｏｎｌｉｎｅｔｒａｉｎｉｎｇｍｏｄｅ，ｔｈｅＣＩｇｃｎｅｒａｔｏｒｉｓｇｏｉｎｇｔｏｂｅ 

ｃｘｅｃｕtedonthebaseprocessor・

ＯｕｒＣＩｇｅｎｅｒａｔｏｒｒｅｃｅｉｖｃｓｔｈｅＤＦＧｏｆｅａｃｈＨＢＢａｓａｎ 

ｉｎｐｕｔａｎｄｔｈｅｎｌｏｏｋｓｆＯｒｔｈｅＩｏｎｇｅｓｔｓｅｑｕｅｎｃｃｏｆ 
ｉｎｓｔｒｕｃｔｉｏｎｓｔｈａｔｃａｎｂｅｅｘｅｃｕｔｅｄｏｎｔｈｅＲＦＵ・ＡｆＩｅｒ

ｃｈｅｃｋｉｎｇｔｈｃｆｌｏｗｄｃｐｅｎｄｅｎｃｅandanti-dcpcndencc，morc 
instructionsareaddedtotheheadandtailofthedctected 

instructionsequenccbymovingexeczJm6ﾉＢｉ"s〃"Cｎｏ"sin
thcobjectcode，ExecmQ6ﾉＢｉ"srlwc"olzsarethosc 

instructionsthatcaｎｂｅｃｘｅｃｕｔｅｄｂｙｔｈｅＲＦＵ、Ｉｔｉｓａｌｓｏ
ｃｈｅｃｋｅｄｗｈｅｔｈｅｒｏｒｎｏｔｔｈｅａｒｅａｓｗｈｅｒｅｔｈｅｉｎｓｔｒｕｃｔｉｏｎｓ 

ａｒｅｇｏiｎｇｔｏｂｃｍｏｖｅｄ，arethetargctofbranch 
instructioｎｓＦｏｒｔｈｏｓｅｐａｒｔｓｏｆｔｈｅｏｂｊｅｃｔｃｏｄｅwherc 

instructionsaremoved，theobjectcodeisrcwrittcn，ｉｆ 

ｔｈｅｓｅｃｏｎｄｉｔｉｏｎｓａｒｅｍｅｔ、ＩｎｔｈｉｓｐｈａｓｅｗｅｔｒｙｔｏｍａｋｃＣＩ

ａｓｌａｒｇｅａｓｐｏｓｓｉｂｌｅ，ＳｏｍｃｔｉｍｅｓＨＢＢｓａｒｅｓｏｌａｒｇｃｔｈａｔ 

ｍｏｒｃｔｈａｎｏｎｅＣＩｍａｙｂｃｃｘｔｒａｃｔｅｄＴｈｉｓｐｒocessis 

rcpcatｃｄｕｎｔｉｌａｌｌｎｏｄｃｓａｒｅｃｏｖｃｒｅｄｏｒｎｏＣＩｌｏｎｇｅｒｔｈａｎ 

ｆｉｖｅｃａｎｂｅｇｅｎｅｒａｔｅｄＯｕｒＣＩｇｅｎｅｒａｔｏｒｉｇｎｏｒｅｓＣＩｓｗｉｔｈ 
ＩｅｓｓｔｈａｎｆＷｃｉｎｓｔｒｕｃｔｉｏｎｓ 

ＭａｐｐｉｎｇｉｓｔheappropriatepositioningofDFGnodes 
onFUs、ＡｓｓｉｇｎｉｎｇｉｎｓｔｒｕｃｔｉｏｎｓｏｆＣＩｏｒＤＦＧｎｏｄｅｓｔｏ

ＦＵｓｉｓｄｏｎｃｂａｓｅｄｏｎｔｈｃｐｒｉｏrityofnodcs・Thenodes

assignedlowervaＩｕｅｏｆＡＳＡＰ（AsSoonAsPossible）［2］ 
ｈａｖｅｔｏｂｃｃｘｅｃｕｔｃｄｅａｒｌｉｅｎＡＳＡＰｒｃｐrcscntsthe 

cxccutionorderofnodesaccordingtotheirdcpcndcncies・

ＡｆｔｃｒｃａｌｃｕｌａｔｉｎｇＡＳＡＰｏｆｅａｃｈｎｏｄｅ，ａｐｒｃｌｉｍｉｎａｒｙ 
ｍａｐｐｉｎｇｏｆｎｏｄｅｓｉｓｄｏｎｅ，ｓｔａｒｔｉｎｇｗｉｔｈｌｏｗｅｒｌｅｖｅｌｎｏｄｃｓ 

ｔｏｈigherlevclnodes・Ｕｓｉｎｇｔｈｉｓｓｉｍｐｌｃａｌｇｏｒｉｔｈｍｄｏｃｓ

ｎｏｔｇｕaranteetheminimumconnectionIengthbctween 
nodes・

Ｔｏｏｖｃｒｃｏｍｃｔｈｉｓｉｓｓｕｅ，afterthcinitialmapping，ｎｏｄｃｓ 
ａｒｃｍｏｖｅｄｔｏｏｔｈｃｒＦＵｓｔｏａｃｈｉｅvcshorterconnections・

Ｗｅｒｃｓｔｒｉｃｔｔｈｅｍｏｖｉｎｇｓｃｏｐｃｏｆｎｏｄｅstoitsconnections 

boundingbox、Slack［2］andpositionofparcntsand

dcsccntｓｏｆｃａｃｈｎｏｄｅｄｅｔｃｒｍｉｎｅｔｈｅｂｏｕｎｄａｒｙｏｆｍｏｖｉｎｇ 
ｔｏｏｔｈｃｒＦＵｓ、Ｓｌａｃｋｏｆｅａｃｈｎｏｄｅｒｃｐｒｅｓｅｎｔｓｉｔｓｃｒiticality・
Ｔｈｃｎｏｄｅｓｗｉｔｈｚｃｒｏｓｌａｃｋｖａｌｕｅａｒｅｏｎａｃｒｉｔｉｃａｌｐａｔｈａｎｄ 
ｃａｎｎｏｔｂｅｍｏｖｃｄｔｏｏｔｈｅｒＦＵｓ・Ａｎｏｄｅｗｉｔｈｓｌａｃｋｖａｌｕｅ

ｃｑｕａｌｔｏｌｃａｎｏｎｌｙｍｏｖｃｔｏｏｎｃｒｏｗａｂｏｖｅｏｒｂｃｌｏｗ・Ｔｈｉｓ
ｎｏｄｅｈａｓｔｏｂｃｌｏｃａｔｅｄｕｎｄｅｒｏｒａｔｔｈｅｓａｍｃｒｏｗｏｆｉｔｓ 

ｐａｒｅｎｔｓａｎｄａｂｏｖｃｏｒａｔｔｈｃｓａｍｃｒｏｗｏｆｉｔｓｄescents、Ｂｙ
ｍｏｖｉｎｇｎｏｄｅｓｔｏｕｎｏｃｃｕｐｉｃｄｌｏｃａｔｉｏｎｓａｔｔｈｅｓｃｏｐｃｏｆｉｔｓ 
ｂｏｕｎｄｉｎｇｂｏｘ，appropriateｌｏｃａｔｉｏｎｓｉｎｔｅｒｍｓｏｆｍｉｎｉｍｕｍ 
ｃｏｎｎｃｃｔｉｏｎｓｃｒｉｔｅｒｉｏｎｃａｎｂｅｆｂｕｎｄ． 

4.ＲＦＵArchitecture:AQuantitativeApproach 
lnthissection，ｗｅｅｘｐｌａｉｎｏｕｒｔｏｏｌｆｌｏｗ・Also，CI

gcncrationmcthodandmappingalgorithmarcdescribcd 

andfinally，theproposedarchitecturesfbrRFUare 
presented． 

4.1.ToolChainfOrQuantitatMApproach 
WefOllowedaquantitativeapproacｈｂｙａｐｐｌｙｉｎｇ 

ｔｈｅｔｏｏｌｃｈａｉｎｏｆＦｉｇ、ＺｆｂｒｄｅｓｉｇｎｉｎｇＲＦＵ，using22
applicationsofMibench［15］Simplescalarwas 
utilizedasoursimulator・Thesimulatorwas

modifiedtogenerateatraceoftakenbranchesand 
jumpsasaninputfOrtheprofilerfOrdetectingstart 
addressesofHBBs［l1ForeachHBBstartaddress， 
itscorrespondingbasicblockisreａｄｆｍｍｔｈｅｏｂｊｅｃｔ 
ｃｏｄｅ．ReadingtheHBBsterminateswhen 
encounteringacontrolinstructions・ＴｈｅｎＤＦＧｉｓ
ｇｅｎｅｒａｔｅｄｆｂｒｅａｃｈＨＢＢａｎｄｐａｓｓｅｄｔｏｔｈｅＣＩ 
ｇｅｎｅｒａｔｏｒｔｏｏＬＴｈｅmappingtoolreceivesthe 
optimizeｄＣＩｓａｎｄｍａｐｓｔｈｅｍｏｎＲＦＵ・Ｔｈｅｒｅｓｕｌｔｓｏｆ
ｍａｐｐｉｎｇｔｏｏｌｇｕｉｄｅｕｓtoRFUarchitecture． 

Ｂａ里ｅＰ｢ocesso「 PmIiIer 

、ｅ膣CｂｎｇＳｔａｒＩ
ＡｄｄｒｏｆＨＢＢｓ 

ＲｅａｄｍｇＨＢＢｓ 

ｆｍｍＯｂｌＣｐｄｅ 

Fig.２．ＴｏｏＩＣｈａｉｎ 

OurCIgenerator，ｍａｐｐｉｎｇｔｏｏｌａｎｄＲＦＵｗｅｒｅ 

ｄｅｖｅｌｏｐｃｄｉｎｔｗｏｐｈａｓｃｓ、Ｉｎｔｈｅｆｉｒｓｔｐｈａｓｅ，ｗｅａｓｓｕｍｅｄ
ｓｏｍｃｐｒｉｍａｒｙｃｏｎｓｔｒａｉｎｔｓｆＯｒｂｏｔｈＣＩｓａｎｄＲＦＵ，CIswcre 

gcneratcdandmappcdonRFUconsidcringthesc 
constraints，WeconcludcdapropcrarchitectureｆＯｒＲＦＵ， 

byanalyzingthefecdbacksresultcｄｆｉ｢ｏｍｍａｐｐｉｎｇ・Aftcr
finalizingtheRFU，anintegratedtemporalpartitioning 
andmappingfiPameworkwasdevelopedfbrgcneratingCIs・
Ｔｈｅｄｅｔａｉｌｓｏｆｔｈｅｆｒａｍｃｗｏｒｋａｒｅｏｕｔofthcscopeofthis 
paper・

PrimaryconstraintsfbrgeneratinｇＣＩｓａｒｃ：ａ） 
supportingonlyfixcd-pointinstructionscxcluding 
mHﾉ､Ｐｂ'，ｄｊＷｄｅａｎｄノｏａｄａｎｄｂ）includingａｔｍｏｓｔｏｎｅ
ｓｍｒｅａｎｄａｔｍｏｓｔｏｎｅｃｏ"〃oノinstructions・ＭｕＩｔｉｐｌｙａｎｄ
ｄｉｖｉｄｅｗｅｒｅｅｘｃｌｕｄｅｄｄｕｅｔｏｔｈｅｉｒｌｏｗｅｘｅｃｕｔｉｏｎ 

ｆｒｅｑｕｅｎｃｙandlargearearequiredfOrhardwarc 
implementationandノｏａｄｓｗｅｒｃｉｇｎｏｒｅｄｂｃｃａｕｓｅｏｆｔｈｃ
ｃａｃｈｅｍｉｓｓｅｓａｎｄｌｏｎｇｍｅｍｏｒｙａｃｃｅｓｓｔｉｍｅ，whichmakes 

theexecutionlatencyunprcdictablc・
ＡｓｔｈｅｐｒｉｍａｒｙｃｏｎｓｔｒａｍｓｆＯｒｔｈｅＲＦＵ，ａｍａｔｒｉｘｏｆＦＵｓ 

ｗｈｉｃｈｃａｎｓｕｐｐｏｒｔｏｎＩｙｆｉｘｃｄ－ｐｏｉｎｔｉｎｓｔｒｕｃｔｉｏｎｓｏｆｔｈｃ 
baseｐｒｏｃｅｓｓｏｒｗａｓａｓｓｕｍｅｄｗｉｔｈｏｕｔａｎｙＩimitationson 

thenumberofinputs，outputs（I/O）ａｎｄＦＵｓＴｈｅｏｕｔｐｕｔ 

4.2．ＰｒｏｐｏｓｅｄＡｒｃｈｉｔｅｃｔｕｒｅｓｆＯｒＲＦＵ 
Ｉｎｔｈｉｓｐａｐｃｒ，、ｑｐｐｍｇｒａｒｅｉｓｄｅｆｉｎｅｄａｓｔｈｃｐｅｒｃｅｎｔａｇｅ

ｏｆｇｅｎｅｒａｔｅｄＣＩｓｔｈａｔｃａｎｂｅｍａｐｐｅｄｏｎｔｈｅＲＦＵｆＯｒ２２ 
ａｐｐｌｉｃａｔｉｏｎｓｏｆＭｉｂｅｎｃｈＷｃｈａｖｅｃｏｎｓｉｄｅｒｅｄｔｈｅ 

ｃｘｅｃｕｔｉｏｎｆｒｅｑｕｅｎｃｙｏｆＣＩｓｆｂｒｍｅａｓｕｒｉｎｇｔｈｅｍａｐｐｉｎｇ 
ｒａｔｅａｓｗｅｌＬＡｌｌ２２ａｐｐｌｉcationswcreexecutedtill 

complctiｏｎ・Becauseexecutiontimcvariesfbrcach

application，fbrafaircomparison，ａｗｅｉｇｈｔｗａｓａｓｓｕｍｅｄ 
ｆｂｒｅａｃｈｓｏｔｈａｔｔｈｅｐｒｏｄｕｃｔｉｏｎｏｆｅｘｅｃｕｔｉｏｎｔｉｍｃａｎ。
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ｗｅｉｇｈｔｉｓｅｑｕａｌｆＯｒａｌｌ、

ＴｏｄｃｔｅｒｍｉｎｅｔｈｅｐｒｏｐｅｒｎｕｍｂｅｒｓｆＯｒRFUinputsand 

outputs，ｗｅｍａｐｐｅｄｏｕｒｇｅｎｅｒａｔｅｄＣＩｓｏｎｔｈｅＲＦＵ 
Ｍthoutconsidcringanyconstraints，ＴｈｅｃｕｒｖｅｓｉｎＦｉｇ、３

showthcmappingratcfOrdiffercntnumbcrsofinputsand 
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Toimprovcthcmappingratc，wcexaminedmany 

differcntconfigurationsandstructurcs、Accordｉｎｇｔｏｔｈｃ

ｍａｐｐｉｎｇｒａｔｅｒｃｓｕｌｔｓ，ｗｅｒｅａｃｈｅｄｔｏｔｈｅｆＯｌｌｏｗｉｎg 
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Fig.３．MappingratefOrdiffercntnumbersｏｆI/O 

Accordingtothcresults，cightandsixaregood 
candidatcsfOrthenumberofinputsandoutputs， 

respcctivcly・Thegraphbecomesalmostflataftcrthese
numbers.ＴｏｆｍｄｔｈｅａｐｐｒｏｐｒｉａｔｅｎｕｍｂｅｒｆｂｒＦＵｓ，we 

simiIarIymcasurcdthemappingratefbrvariousnumbers 
ofFUs，ＴｈｃｍｅａｓｕｒｃｍｅｎｔｗａｓｄｏｎｃｆＯｒｔｗｏｃａSCS，Ｏｎｃｃｉｔ 

ｗａｓｄｏｎｅｆＯｒＣＩｓｔｈａｔｍｅｃｔｏｕｒI/Oconstraintsobtained 

fromlastexperiments，ａｎｄｉｎｔｈｃｓｃｃｏｎｄｃａｓｃ，wcdidnot 
assumeanyIimitation・ＴｈｃｔｗｏｇｒａｐｈｓｉｎＦｉｇ４ｓｈｏｗｔｈａｔ
ｌ６ｉｓagoodcandidate・Thecurvemarkedbytrianglcs，
whichshowsthcmappingratewithoutconsideringany 
constraints，illｕｓｔｒａｔｅｓｔｈａｔｍｏｓｔｏｆｔｈｅｒｅｍａｉｎｉｎｇＣＩｓａｒｃ 

ｓｏＩａｒｇｅｔｈａｔｅｖｅｎ３５ＦＵｓａｒｅｎotenoughfOrcxccuting 
thcmThecurvedottedbysquarcsymbols，ｄｃｐｉｃｔｓｔｈａｔｂｙ 
ｌ６ＦＵｓ99.84％ｏｆＣＩｓｔｈａｔｍｅｅｔｔｈｅｌ/Oconstraintscanbe 

handIcdbyRFU・

Wecontinuedsimilarproceduretospccifythewidth 

anddcpthofRFUExperimcntalrcsultsspccifythat6and 
５areappropriatefbrwidthanddepth，rcspectiveIyBy 
addingthewidthanddepthconstraintstoprevious 
constraints，themappingratewillreducefrom９４．７４％ｔｏ 
93.51％、

However，ｗｃｈａｖｅｌ６ＦＵｓｔｈａｔｓｈｏｕｌｄｂｅｌａｉｄｉｎａ６ｘ５ 

ｍａｔｒｉｘ、Measuringthemappingratefbrdifferentｎｕｍｂｃｒｓ
ｏｆＦＵｓｉｎｅａｃｈｒｏｗｓｈｏｗｓｔhat６，４，３，２ａｎｄｌｆＯｒｆｉｒｓｔｔｏ 

ｆｉｆｔｈｒｏｗｓ，respcctively，arepropercandidates・Byadding
thesenewconstraints，ｔｈｅｍａｐｐｉｎｇｒａｔｅｒｅａｃｈｅｓｔｏ９２．２８％・
However，inthisarchitecturc，ｗｅｈａｖｅａｓｓｕｍｃｄｔｈａｔｔｈｅ 

ｉｎｐｕｔｓｏｆｔｈｅＲＦＵｃａｎｂｃａｃｃｅｓｓｅｄｂｙａｎｙＦＵｄｉｒｅｃｔlyand 
thercarcdirectconnectionsfromthcoutpuｔｏｆｅａｃｈｒｏｗ 

ｔｏｔｈｅｉｎｐｕｔｏｆｏｔｈｅｒｌｏｗｃｒｒｏｗｓ・Moreｏｖｅｒ，eachFUcan
haveinputs(outputs）ｈｏｍ(to)ｔｈｃｌｅｆｔａｎｄｒｉｇｈｔＦＵｓ 
ＴｏｍａｋｅｔｈｃａｒｃhitecturcmorereaIistic，ｗｅａｓｓｕｍｅｄ 

ｔｈａｔａｌｌｉｎｐｕｔｓａｒｅａｐｐＩｉｅｄｏｎｌｙｔｏｔｈｅｆＨｒｓｔｒｏｗ、Wcalso
limitedthenumbcrofconnections、Ｔｈｃｏｕｔｐｕｔｓｏｆｅａｃｈ

ｒｏｗｃａｎｂｃｕｓｃｄｏｎIｙｂｙａｌＩＦＵｓｉｎｔｈｃｓｕｂｓｃｑｕｅｎｔｒｏｗ・
A11conncctionstoandfiFomncighboringFUswcrc 

dcleted・Inthisarchitccture，fbrtransferringinputdatato

rowsｂｃｌｏｗｔｈｅｆｉｒｓｔｒｏｗ,ortransferringthcoutputofone 

roｗｔｏｔｈｅｉｎｐｕｔｏｆＦＵｓｉｎａｎｏｎ－ｓｕｂｓｅｑｕｃｎｔｒｏｗ，ｍｏｖｅ 
ｉｎｓｔｒｕｃｔｉｏｎｓｓｈｏｕｌｄｂｃｉｎscrtedontheintcrmediａｔｅＦＵｓ、

Withthcsclimitations，themappingratedecreascsto 
７７．５３％． 
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Fig.５．OptimizedRFUarchitecture 

Inthisarchitccture，tofacilitatedataaccessingfOrFUs 

andrcducetheinscrtedmoveinstructions（whichoccupy 

FUs)，fOurotherlongerconnectionswercaddcdtothc 
baseconnections、Bascconncctionsconnecttheoutpuｔｏｆ

ｅａｃｈｒｏｗｔｏｔｈｃｉｎｐｕｔｓｏｆｓｕｂｓｃｑｕentrows，Thesefbur 
longcrconncctionsconnｅｃｔｓｒｏｗｌｔｏｒｏｗｓ３’４ａｎｄ５ａｎｄ 
ｒｏｗ２ｔｏｒｏｗ４Ｗｅａｌｓｏｄｉｓｔｒｉｂutedthcinputportsamong 

rows、７，２，２，２，ｌａｒｅｔｈｅｎｕｍｂｅｒｏｆｉｎｐutsfbrthefirstto

fifthrows，respcctivcIythatcanfaciIitatcaccesstoinputs 
directlyfbraUrows・ＴｈｅｎｕｍｂｃｒｏｆｉｎｐｕｔｓｆｂｒｔｈｅＲＦＵｉｓ
８ａｎｄｔｈｅｓｅｌ４ｉｎｐｕｔｓａｒｅｇｅｎｅｒａｔｅｄｂｙreplicatingthe 
main8inputs、ＩｎｔｈｅｔｈｉｒｄａｎｄｆＯｕｒｔｈｒｏｗｓ，three
uni-dircctionalconnectionｓｔｏｔｈｅｎｅｉｇｈｂｏｒｉｎｇＦＵｓ，werc 

addcdtosupportCIswithcriticaIpathlongcrthana 

ExperimcntssｈｏｗｔｈａｔｃａｃｈＦＵｏｆＲＦＵｄｏｅｓｎｏｔｎｅｅｄ 
ｔosupportalltheopcrations、Wedefinedthreetypcsof
opcrations：logicaIopcrations（typeｌ)，add/sub/compare 
(type２）andshiftoperations(typc3).Distributionandthe 
numberofoperａｔｉｏｎｏｆｅａｃｈｔｙｐｅｆｂｒｅａｃｈｒｏｗａｒｅｇｉｖｃｎ 
ｉｎＴａｂｌｅｌ・ConsideringalltheconstraintsfOrthesecond
proposedarchitccture，ｔｈｅｍａｐｐｉｎｇｒａｔｅｉｎｃｒｅａｓｅｓｔｏ 
９０．４８％ｗｈｉｃｈｉｓａｌｍｏｓｔ１３％betterthanthatfbrthefirst 

architecturcEachconfigurationneedｓ３０８ｂｉｔｓｆｂｒ 

ｃｏｎｔｒｏｌｓｉｇｎａｌｓａｎｄ２０４ｂｉｔｓｆＯｒｉｍｍｅｄｉａｔcvalues． 
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configurationdatawasdividedintofburparts；１５５bits 
fbrtheselcctingoperationsoｆＦＵｓｐｌｕｓｓｅｌｅｃｔｏｒｓｏｆ 

ｍｕｘｅｓ(connections)(P,),９２bitsfOrselcctinginputs(P2)， 

６１bitsfbroutputs(P3）and204bitsfbrimmediatevalues 
(P4)．TwoCIshavesimilarinputs，outputsorimmcdiatcs 

iftheirPz，Ｐ３ａｎｄＰ４ａｒｅｅｘａｃｔｌｙｔｈｅｓａｍｅ，ｒｅｓｐｅｃｔｉｖｅｌｙ 

ＢｙｇｃｎｅｒａｔｉｎｇｏｎｅｃｏｎfigurationbitsfOrsimilarPl，Ｐｚ，Ｐ３ 

ａｎｄＰ４,thesizeofconfiguTationmemoryisdecreased 
Experimentsshowthattｈｅｐｅｒｃｅｎｔａｇｅｏｆｕｎｕｓｅｄｓｐａｃｃ 

ｏｆＲＦＵｆＯｒ２２ａｐｐＩｉｃａｔｉｏｎｓｉｓａｌｍｏｓｔ６３％without 

considcringthesimilarityofCIs・Accordingtothis

obscrvation，ｗｃｔｒｉｅｄｔｏｒｃｄｕｃｅｕｎｕｓｅｄｓｐａｃｃｏｆＲＦＵｂｙ 

ｍｅｒｇｉｎｇｓｍａｌｌＣＩｓｏｆｅａｃｈａｐｐｌｉｃation・

Fig7includcsthcfirst7attemptcdapplicationswith 

thclargcstnumbｃｒｏｆＣＩｓ・Foreachapplication，ｔｈｅ

ｌｅｆｔｍｏｓｔｂａｒｉｎＦｉｇ、７ｓｈｏｗｓｔｈｃｎｕｍｂｃｒｏｆｉｎｉｔｉａｌ

ｇｅｎｃｒａｔｃｄＣＩｓａｎｄｔｈｃｓｃｃｏｎｄｔｏｆｉｆｔｈｓｐｅｃｉｆｙｔｈｅｎｕｍber 

ofrequiredP1，Ｐ２，Ｐ３ａｎｄＰ４，rcspectively，afterdetccting 

similaritiesandmcrgingCIs・Ｂｙｔｈｉｓｍｅｔｈｏｄ，ｔｈｅｓｉｚｅｏｆ

ｃｏｎＨgurationmemorywasdecreascdfrom７．４ＫＢｔｏ４．４ 

ＫＢｗｈｉｃｈｍｃａｎｓ４０％improvemcnt． 

TableLNumberofrequiredfUnctionｓｉｎｅａｃｈｒｏｗ 

ｙｐｅｌ ｙｐｅ２ ｙｐＥ３ ＲｏｗＮｏ． 

5．ＩｎｔｅｇｒａｔｉｎｇＲＦＵｗｉｔｈｔｈｅＢａｓｅＰｒｏｃｅｓｓｏｒ 
Ｆｉｇ６ｄｅｐｉｃｔｓｈｏｗｔｈｅＲＦＵｉｓｃｏｎｎectedtothcbase 

processor・ＴｈｅI/OportsoftheprocessorfUnctionalunits
havebecnsharcdbytheRFU・Usingthistcchnique，ｔｈｅｒｃ

ｉｓｎｏｎｅｅｄｔｏａｄｄｍｏｒｃｒｅａｄ/writeportstothcrcgister 
filc． 
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Inaconventionalproccssor，thcsignalsfbrreading 

registcrsaregencratcdbythedecodcstage・Ｉｎｔｈｉｓｄｃｓｉｇｎ，

twosignalscontrolrcadingthercgisterfilc，ｏｎｃｃｏｍｃｓ 

ｆｒｏｍｄｃｃｏｄｅｓｔａｇｅａｎｄｔｈｅｏthcrfi｢omconfigurationbits・

Ｆｉｇ．６ｓｈｏｗｓｆｂｕｒｏｕｔｐｕｔｓｆｂｒＲＦＵｗｈｅｒｅａｓｗｃｈａｄ 

ｍｃｎｔｉｏｎｃｄｔｈａｔＲＦＵｈａｄ６ｏｕtputs・ＴｏｓｕｐｐｏｒｔＲＦＵｗｉｔｈ

ｓｉｘｏｕｔｐｕｔｓｗｉｔｈoutaddingwriteporttotheregistcrfilc， 

ｗｅａｄｄｅｄｔｗｏｒｅｇｉｓｔｅｒｓｔｏｔｈｅＲＦＵ・Whenthecustom

instructionhasmorethanfOuroutputs，extrawritevalues 

areregistcred、Ｆｏｕｒｏｆｔｈｅｍａｒｅｗｒｉｔｔｅｎｉｎｏｎｅｃｙｃｌｃａｎｄ

ｔｈｅｒｅｍａｉｎｉｎｇｏｎｃｓｉｎｔｈｅｎｅｘｔcycle、ThercfOre，ｆｏｒCIs

withmorethanfOuroutputs，theexecutiontakcsonemore 

cyclc． 

Fig.７．ＮｕｍｂｅｒｏｆＰ１，Ｐ２，Ｐ３ａｎｄＰ４ｃｏｍｐａｒｅｄｔｏｉｎｉｔｉａｌ 

ＣＩｓ 

7．ＰｅｒｆＯｒｍ２ｍｃｅＥｖａｌｕａｔｉｏｎ 

ＳｉｍｐｌｃｓｃａｌａｒｗａｓｕｓｃｄａｓｏｕｒｓｉｍｕｌａｔｏｒｆｒａｍｅｗorkAs 

fbrthebaseprocessor，ｗｅａｓｓｕｍｃｄａ４－ｉｓｓｕｃｉｎ－ｏｒｄｅｒ 

ＲＩＳＣｐroccssorsupportingMIPSinstructiｏｎｓｅｔｗｉｔｈ 

３２ＫＢＬ１ｄａｔａｃａｃｈｅ（lcyclehit)，３２KBL1instruction 

cache（lcyclehit)，１ＭＢｕｎｉｆｉｅｄＬ２ｃａｃｈｅ（６cyclehit)， 

６４ＲＵＵｓｉｚｃａｎｄ６４ｆｅｔｃｈｑｕｅｕｃｓｉｚｅ・Weassumeda

variabledelayfbrourRFUwhichdcpcndsonthclength 

ofthccriticalｐａｔｈａｆｔｃｒｍａｐｐｉｎｇａＣＩｏｎｔｈｃＲＦＵ、Ｗｃ

ｄｃｖｃｌｏｐｅｄｔｈｅＶＨＤＬｃｏｄｃｏｆＲＦＵａｎｄsynthesizcdthe 

codewithSynopsysｔｏｏlsusingHitachiO18ILtechnology、
ＴｈｅａｒｃａｏｆＲＦＵｉｓＬ１５３４ｍｍ２・Ｔａｂｌｅ２ｓｈｏｗｓｔｈｃｄｅｌａｙ
ｏｆＲＦＵｆｂｒＣＩｗｉｔｈｄｉｆｆＣｒｃｎｔｌｃｎｇｔｈ 

Ｆｉｇｕｒｅ８ｓｈｏｗｓｔｈｅｏｂｔａｉｎｅｄｓｐeedupfbrfburbase 

processorswithdifferentclockfiPcquencies（200,300,400 

ａｎｄ５００ＭＨＺ)．Forprogramslikeノａｍｅａｎｄｐａｔｒｊｃｊａｉｎ

ｗｈｉｃｈ５３％ａｎｄ２２％ｏｆｄｙｎａｍｉｃｉｎstructionsarcfloating 

pointand２６％ａｎｄ２２％ａｒｅｌｏａｄ，respectively，ｔｈｅｒｅｗａｓ 

ｎｏｔｍｕｃｈｏｐｐｏｒｔｕｎｉｔｙｆＯｒｇeneratingcffectiveCIs・Other

applicationslikc9so〃ａｎｄαqIpcmhavcsmallHBBsso

thateithertheywererQjectedorsmallperfｂｒｍａｎｃｅ 

ｉｍｐｒｏｖｅｍｅｎｔｃｏｕｌｄｂｅｏｂｔａｉｎｅｄｕｓｉｎｇｔｈｅｍ・ＩｎｓｚＪｓα〃ａｎｄ

ｇｓｍ，multiplicationcovered１３％ａｎｄ７％ｏｆｄｙｎａｍｉｃ 

ｉｎｓｔｒｕｃｔｉｏｎｓＦｏｒａｐｐｌｉｃａｔｉｏｎｓｗｉｔｈｈｉｇｈｃｒｓｐｃｅｄｕｐｓｕｃｈａｓ 

ｓﾉｉｑ，slrj"gsearcﾉi，ｒ""｡αeノａｎｄｇｓｍ，CIscovercdhigh

percentagcｏｆｄｙｎａｍｉｃｉｎｓｔｒｕｃｔｉｏｎｓｎａｍｃｌｙａｒｃ４１％，５１％， 

6．ConfigurationMemory 
Twotechniquｅｓｗｅｒｃｕｓｅｄｔｏｒｅｄｕｃｃｔｈｅｓｉｚｅｏｆ 

ｃｏｎflgurationmemory：similaritydetcctionandmerging 

oｆＣＩｓＴｗｏＣＩｓｃａｎｂｅｓｉｍｉｌａｒａｃｃｏｒｄｉｎｇｔｏｔｈｅｉｒ：ｎｏｄｃｓ 

(FUs）plusconnections，inputs，outputsandimmediates、

Inmostcascs，thcconfigurationbitsrclatedtoFＵｓａｎｄ 

ｃｏｎｎｅｃｔｉｏｎｓｆＯｒＣＩｓａｒｃｔｈｃｓａｍｃｂｕｔｔｈｅｉｎputs，outputs 
orimmcdiatcsarcdifferent，Ｍｏｒｅover，detectionofFUs 

andconnectionssiｍｉｌａｒｉｔｙｉｓｄｏｎｅｉｎａｄｉｆｆｂｒｅｎｔmanner・

ＴｗｏＦＵｓａｎｄｃｏｎｎｅｃｔｉｏｎｓｓｉｍｉｌａｒｉｔｙｔｙｐｃｓｗｅｒｅｄｅｆｉｎｅｄ： 

ＣＯ腕pﾉeleandszJ6selsjmjﾉａｒｊｎｅｓ，ＴｗｏＣＩｓａｒｃｃｏｍｐｌｃｔｃｌｙ

ｓｉｍｉｌａｒｉｆｔｈeirfimctionalityofnodes（FUs）ａｎｄ 

ｃｏｎｎｅｃｔｉｏｎｓａｒｅｔｈｅｓａｍｅａｎｄｔｈｅyhavesubsetsimilarity 

ifoncoftheCIsisComplctelysimilartoasubsetof 

anotherCIconsideringthenodesandconnections 
similarities・

Tosupportsimilaritydetection，Ｓ１２ｂｉｔｓｏｆＣＩ 
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ＣＩＬｅｎｇｔｈ RFUDelay（ns） 

１ 1．３８ 

２ 2．２８ 

３ 3.12 

４ 4．８９ 

５ 6．４７ 

６ 7．５７ 

７ 8．６５ 

８ 9．６６ 


