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あらまし近年の半導体加工技術の著しい進歩および回路の大規模化に伴う静的消費電力増加を抑えることを目

的とし、乗算回路の小規模化を試みる。本報告では、乗算回路を構成する部分積生成部、部分積削減部、および

桁上げ吸収加算部における算術アルゴリズムと回路規模の削減効果の関係を評価する。
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AbstractAimingatreducingthepowerconsumptionoffUtureVLSIs,smanandfastarithmeticunitsare 

requiredSincemultipliersplayanessentialroleinrecentmicroprocessors,thisstudyfbcusesonmultipliers 
anddiscussestheeffbctsofbitslicingtechniqueonthelatencyandhardwarecostlnparticular,partial 
productgenerationbyBoothmethod,partialproductreductionbyarrayandreductiontree,andfinaladdition 
byacarry-independentadderareexamined・
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１.Introduction 

lnrecentyears，alargeincreaseinpower 
consumptionofVLSIshasbeenlinkedto 

heat-inducedproblemssuchashardwaredamage 
andperfbrmancedegradationofmicroprocessors[１１ 
Manyresearcheffbrtshavebeenputinto 
sophisticatedcoolingsystemsandpowersaving 
techmquessuchasmicro-nuidsandpowergating， 
buttheseprovideonlytemporarysoｌｕｔｉｏｎｓｉｎａｎａｇｅ 
ｗｈｅｎｔｈｅｄｅｍａｎｄｆｂｒeverfasterandsmaller 

processorsｉｓｇｒｏｗｉｎｇ［2]，［３１Moreover，itis 
predictedthatfbrCMOStechnologyoflessthan 
70nm，staticpowerconsumptionwillconstitute 

morethanhalfoftotalpowerconsumption［４１１ｎ 
ｏｒｄｅｒｔｏｃｕｔｂａｃｋｏｎｔｏｔａｌｐｏｗｅｒｃｏｎsumption 
effbctively〉ｉｔｂｅｃｏｍｅｓｉｍｐｏｒｔａｎｔｔｏｓｈｉｆｔｏｕｒｆｂCus
fromdynamicpowertostaticpower・Thisrisein
staticpowerconsumptioncanbeattributedtoan 

increaseinleakagecurrent,whichisproportionalto 
thenumberoftransistorsinacircuit・Therefbre，

ｔｈｅｒｅｉｓａｎｅｅｄｔｏｒｅｄｕｃｅｔｈｅｎｕｍｂｅｒｏftransistors 

Inviewofthis，ourresearchmvestigatesthe 
potentialofbitsncingandsmallsizecircuits[５１[6］ 
inreducingstaticpowerwhilekeepingperfbrmance， 
Inparticular,emphasisisplacedonthearithmetiｃ 
ｕｍｔａｓｉｔｉｓｔｈｅｂａｓｉｃｂｕｉｌｄｉｎｇｂｌｏｃkinprocessors 
Here,wefbcusonthemultipherbecauseitplaysan 
essentialpartinprocessorsandoccupiesalarge 
areaOurgoalｉｓｔｏｄｅｓｉｇｎａｆａｓｔａｎｄｌｏｗｐｏｗｅｒ 
ｍｕｌｔiplier・Ｔｈｅｒｅｓｔｏｆｔｈｉｓｐａｐｅｒｉｓｏｒｇａｎｉｚｅｄａｓ
ｆｂＵｏｗｓｌｎＳｅｃｔｉｏｎ２，wedescribedownsizing 
methodsfbrthemultiplier・Section3coversthe

designdetailsofourproposedmultipliers・In
Section4，weevaluateourdesignsanddiscussour 
findings・Andfinally>Section5concludesthispaper．

2.DownsizingMethodsfbrtheMultiplier 
Themultiplicationprocesscanbedividedinto3 
stages,ｎａｍｅlythepartialproductgeneration(PPG） 
stage，ｔｈｅｒｅductionstageandthefmaladdition 
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stage・Figlshowsthestructureofaconventional

multiplier・ＴｈｅＢｏｏｔｈｍｅｔｈｏｄｉｓｏｆｔｅｎｕｓｅｄｉｎｔｈｅ

ＰＰＧｓｔａｇｅｂｅｃａｕｓｅｏｆｉｔｓａｂｉｎｔｙｔｏｒｅducethe 
numberofpartialproductrowsgeneratedbefbrethe 
reductionstage[71AlthoughahigherradixBooth 
wouldresultinalessernumberofpartialproduct 
rowsbeinggenerated,ｔｈｉｓｃｏｍｅｓａｔｔｈｅｃｏｓｔｏｆｅｘｔｒａ 

ｈａｒｄｗaremthePPGstageForthereductionstage， 
thetreemethod[8]ishugelypopularbecauseofits 
highreductionspeedWhiletheWaUaceTreesuffbrs 

fromanirregularstructureandwiringcomplexity〉

theBinaryTree,whichuses4-2compressors,onthe 

otherhandoffbrsgoodregularityaswenasdesign 
flexibilitythatareconducivefbrbitslicing[8],[９１ 
Furthermore,thearraymethod[8Lanalternative 
tothetreemethod,ｎｏｗｄｅｪnandsacloserlookwith 

thennplementationofbitsncing． 
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Fig.３:ProposedMultiplierk 

lnthispaper,therelationofBoothOrderwithbit 

slicingdegree，ｈａｒｄｗａｒｅｃｏｓｔａｎｄｌａｔｅｎｃｙｆｂｒｔｗｏ 
ｒｅductionschemes：BmarymPeeandarrays，is 
examinedThearraysarefurtherdividedmto 

Simple,DoubleandQuadrupleArraystolookinto 

theeffbctsofbitshcingonlowandhighorderarrays 
Forthefinaladder,acarryindependentaddersuch 
astheRedundantBinaryAdder［10]whichhasa 
latencythatdoesnotvarｙｗｉｔｈｉｔｓｉｎｐｕｔｂｉｔｓｉｚｅｉｓ 
ｕｓｅｄ・InthefbUowingsections，ｔｈｅoptimum
conditionsfbrafastandlowpowermultipUerare 
investigated． 

ｎ－ｂｉｔＲｅｇ■tｅｒ n-bitRegist画
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3.ＤｅｓｉｇｎDetailBofPropoBedMultip1iers Fig.１:ConventionalMultiplien 

Fig2showstheprocessofbitsmcingusedinthe 
proposedmethod・Bysphttingann-bitdatainto

fbur(n/4)-bitsetsandprocessingthemmparallel， 
thelatencyisreducedcomparedtousingonelarge 

arithmeticumt・Processingthesetsinserieswith
onesmaUarithmeticumtinsteadanowsfbra 

significantreductioninhardware、Thisisachieved
byplacingaselectorbefbrethearithmeticumtto 
channeltheslicedbitsinorder・Ｉｔｉｓａｓｓｕｍｅｄｔｈａｔ

ｔｈｅｓｉｎｇｌｅｓｍａＵａｒithmeticunitprocessesataclock 
rａｔｅｔｈａｔｉｓ４ｔｉｍｅｓｆａｓｔｅｒｔｈａｎｔｈｅｐｒeviousones、

Applyingthistechmquetoamultipliｅｒｓｈｏｗｎｉｎ 
ＦｉｇｌｗｏｕｌｄｒｅｓｕｌｔｉｎＦｉｇ､3．Here，ｔｈｅＰＰＧｉｓ 
ｒｅｐｌａｃｅｄｂｙｔｈｅＢｏｏｔｈＥｎｃｏder・Byselectingafixed
lengthofbitseachcycle，ｔｈｅｓｉｚｅｏｆｂｏｔｈｔｈｅ 
ｒｅｄｕｃｔｉｏｎｕｍｔａｎdfinaladdercanbereduced 

accordiｎｇｌｙａｓｓｈｏｗｎｉｎＦｉｇ３・Thislengthofbitsis
pre-determinｅｄｂｙｔｈｅｓｉｚｅｏｆｔｈｅＦｍａｌＡｄｄｅｒｕｓｅＣＬ 
TheDistributormthelaterstagerejoinstheoutput 

bitsfromthefmaladdertoyieldtheoriginallength 
ofresult． 

3.1.StructureofReductionUnit 

Fig4showsthestructureoftheproposedreduction 

unitbasedonBinaryTYeefbran8-bitFinalAdder、

Theinputbitsizeofthereductionuｍｔｉｓｆｉｘｅｄｂｙ 
ｔｈｅｓｉｚｅｏｆｔｈｅｆｉｎａｌａｄｄｅｒｕｍｔ・Ｔｈｅｎumberofinput
bitsMzputcanbedeterminedfromthatofthefinal 

adder」V5utpuzby

(1) Ⅳ…＝Ⅳ｡…＋２×(log２〃－/）

Ｎｏｔｅthat，jVBu卵ufstandsfbrthenumberofoutput

bitsofthereductionunitwhichisequａｌｔｏｔｈｅ 
ｎｕｍｂｅｒｏｆｍｐｕｔｂｉｔｓｏｆｔｈｅｆｉnaladderumt，nfbr 

initialinputbitsize(inputbitsizebefbrebitslicmg)， 
andtfbrBoothOrder(１fbrnonBooth,tfbrBootht 
wheret＝２，３，４standsfbrradix2,４，８，respectively)． 
Ｆｉｇ４ｓｈｏｗｓｔｈｅｃａｓｅｗｈｅｒｅｔ＝１，，＝16,ａｎｄＭｕゅｕｔ

＝８.Substitutingthevaluesinto(1)yieldsMput＝l4 
whichstandsfbrtheinputbitsizeofeachpartial 
productsrowintothereductionunit・Theextra6

bitsisnecessaryfbrthepropagationofcarriesThe 
numberoｆａｒｒｏｗｓｂｅｆｂｒｅｅａｃｈｒｏｗｏｆ４－２ 

ｃｏｍｐｒessorsrepresentstheremaimngnumberof 
partialproductsrowsaftereachintermediate 

reduction・Eachrowof4-2compressorsreducesthe

numberofpartialproductsrowsbyhalfandthe 
inputbitsizeofeachpartialproductsrowby2． 

Pmcessingby 
BitSIicinganarithmetjcunit 

諄尊祷雲０ 

Ｖ 
Fig.２:ＤｏｗｎsizmgofCircuitScalebyBitSlicmg． 
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（t＝１，，＝１６)． Fig.６:ＳｉｍｐｌｅArray 
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●●●●●●●●●○○○○○○ＯＣＣ Fig5showsthereductionmechamsmsfbrbit-shced 

partialproductsusmgtheproposedBinaryTree 
methodThepartialproductsaredividedintoｋ(=4） 
segmentsdenotedbyinpu博1～4．ＡＵｓｅｇｍｅｎｔｓａｒｅ
ｅｑｕａｌｉｎｓｉｚｅａｎｄｏｖｅrlaponeanother､Thesizeof 

eachsegInentdenotestheprocessingblockthatis 
neededtoobtainoutpu博1~４of8-bitseachThe
outputbitsizeisdeterminedbyequation(2).The 
overlappingportion，２(log2n-1)-bitinthiscase，is 
necessarytomcludethecarryfbreaChoutput・The
processoccursfiPomrighttoleft． 
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(2) Ⅳ｡…‘ ＝２×〃／化 Fig.７:DoubleArrayb 

ThestructureoftheproposedSimplｅＡｒｒａｙｉｓ 
ｓｈｏｗｎｉｎＦｉｇ８Ｈｅｒｅ，aregularblockoffUlladders 

(markedbythedottedbox)isattachedtotheSimple 
ArrayinFi9.6Ｔｈｅｎｕｍｂｅｒｏｆｆｎｌｌａｄｄｅｒｓｉｎｅａｃｈ 

ｒｏｗwithintheregularblockcorrespondstothe 
outputbitsize、ＴｈｅＳｉｍｐｌｅＡｒｒａｙｏｆＦｉｇ６ｓｅｒｖｅｓｔｏ
ｐｒopagatethenecessarycarriestothe4-bitoutput・
Ａｓｓｕｃｈ,thesizeoftheproposedSimpleArraｙｗｉＵ 
ｇｒｏｗｂｙｍ+lfUUadders(wheremisnumberoffUll 

addersinthepreviousrow）witheverypartial 
productrow・WithDoubleArrayimplementation，
thenumberofrowsoffUlladdersneededtofbrmone 

proposedSimpleArraycanbehalvedUsmg 
QuadrupleArray)thiscanbehalvedfUrtherThe 

onlydrawbackliesinthelogarithmicgrowthof4-2 
compressorsattheendofthearrays(asshownin 
Fig9,１０)． 
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Fig.５:Bit-slicedPartialProductsReductionMechanism 

（UsingBinaryTYee） 

ThebasicstructureoftheSimpleArrayisshownin 
Fi9.6.Theinputorderofthepartialproductbitsare 
alsoshownontheleft・Ｆｉｇ７ｓｈｏｗｓｔｈｅｃａｓｅｆｂｒｔｈｅ
ＤｏｕｂｌｅＡｒray8TheDoubleArraycomprisestwo 
ＳｉｍｐｌｅＡｒｒａｙｓａｎｄａｒｏｗｏｆ４－２ｃｏｍｐｒｅｓｓｏｒｓａｔｔｈｅ 
ｅｎｄｔｏｒｅｄｕｃｅ２ｐａｉｒｓｏｆｓumsandcarriestoone 

singlepair、Themledcirclesrepresentpartial
productbitsmevenrowswhiletheunfilledcircles 

representthoseinoddrowsSmilarly）the 
QuadrupleArraycomprises4SimｐｌｅＡｒｒａｙｓａｎｄ 
ｔｗｏｒｏｗｓｏｆ４－２ｃｏｍｐｒｅssorstoreduce4pairsofsum 
andcarｒｙｂｉｔｓｔｏｏｎｅｓｉｎｇｌｅｐａｉｒ． 

ｎｌｚＩ３１４Ｃ１ｃＺｃ３ 

○○○○○○○○○○○○○○○○○○○○○ 

Fig.８:ProposedSimpleArray(4-bitoutput)． 
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partialproductsaresegmentedinto4equalparts 
denotedbyinpu群1～4．Thesegmentsoverlapone
another・Theprocessingblocknecessarytoobtam
8-bitoutpu腓1~４(usingequation(2))isdenotedby
eachsegment・Notethatthe4-2conlpressorsare
missingfiPomthisfigure・Thecarrygenerationpart
observesastaircase-1ikestructureduetothenature 

oftheArrays、Ｔｈｅｉｍｔｉａｌｉｎｐｕｔｂｉｔｓｉｚｅｆｂｒｔｈｉｓ
ｓｔructureis（n/2)－２bitswhilethatoftheregular 
blockiｓ（Ｍ』…＋１）ｂits､Theprocessoccursfrom
righttoleft． 

ｎｌｚＩ３１４１５ｃ１ｃｚｃ３ 
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Fig.９:ProposedDoubleArray(4-bitoutput)． ●
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Fig.１１:Bit-slicedPartialProductsReductionMechanism 

（UsingDoubleArrayl 

3.2.StructureofFmalAdderUnit 

Fig.１０:ProposedQuadrupleArray(4-bitoutput)． Fig.１２showsan8-bitRedundantBinaryAdderThe 
characteristicoftheRedundantBinaryAdderhesin 
itslatencywｈｉｃｈｉｓｆｉｘｅｄａｔｏｎｅＥＸＯＲ＋ｏｎｅＡＮＤ 

ｇａｔｅｓｆｂｒａｎｙｉｎｐｕｔｂｉｔｓｉｚｅ・Ｔｈｉｓａｄｄｓｕｐｔｏｌｅｓｓ
ｔｈａｎｔｈｅｌａｔｅｎｃｙｏｆｏｎｅｆｉｍａｄｄｅｒｗｈｉｃｈｉｓｔｗｏ 

ＥＸＯＲｇａｔｅｓ・Adirectconsequenceofthefixed
latencyisthatwithlargermputs，theRedundant 
BinaryAdderexpandsｉｎｗｉｄｔｈｂｕｔｎｏｔｉｎｌｏｇｉｃａｌ 
ｄｅｐｔｈＴｈｅoutputfiPomtheRedundantBinary 
AdderisinRedundantBinaryfbrmat，butcanbe 
easilyconvertedbacktonormalbinarylnthenext 
part,theRedundantBinaryAdderisomittedfiPom 
hardwareevaluationbecausｅｉｔｓａreaisconsidered 

insignificantcomparedtothoseoftheReduction 
unitsusedinthisstudyb 

Fig9andFiglOshowthestructuresoftheproposed 
DoubleandQuadrupleArrays,respectivelykWhile 
theproposedSimpleArraycanprocessupto5 
partialproductrows，theproposedDoubleArray 
doesuptolOandtheproposedQuadrupleArray20 
NotethattheregularblocksoffUnaddersattached 

tothebasicSinlpleArraysexpandinlengthalong 
withthe4-2compressors(11~Ｉ５ｉｎＦｉｇ９ａｎｄｌｌ~I7 
inFiglO)Thisobservationleadstoequation(3)fbr 
theproposedSimple,DoubleandQuadrupleArrays・
UnhkefbrtheBinarynFee，MTpurfbrthearrays 
refbrstotheinputbitsizeofthefirstpartialproduct 
rowonly、

（３） /Viiw，＝Ⅳ｡…＋Ｐ＋ｃ＋（〃／２("十・)）－２

whereｐ＝0,1,2fbrSimple,Double,QuadrupleArray〉
respectively;ｃ＝p-1fbrp≧1,ｃ＝Ofbrp＝Ｏ;ａ＝Ofbr 
non-Bootha=Z-1fbrBooth広Asanexamplefbr
thereductionunitbasedonarrays,Figllshowsthe 

reductionmechanismsfbrbit-slicedpartialproducts 
usingtheproposedDoubleArraymethod・Ｔｈｅ

Fig.１２:８－bitRedundantBinaryAdder． 

－４８－ 



3.3.EstimationofHardwareCoBt 

Forcompariso1thehardwarecostsfbrtheproposed 
reductionunitsareestiｍａｔｅｄｍｔｅｒｍｓｏｆｎｕｍｂｅｒｏｆ 

４－２ｃｏｍｐｒｅssorsorfUlladdersusedHere，ｊＶ２ＫａＭ回d

standfbrnumberof4-2compressorsandfillladders， 
respectively． 
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TheBinaryTree： 

ﾉＶ４…」.萱IIh/2(峠!))×蝿`-2×(j-1)） （４） 
ノーl

TheSinlpleArray： 

蝸鋺=(伽/2…)－２川+3-Ｍ…))+釧董1(ﾉｰ3)（５）
ノー４

ＴｈｅDouble`Array： 

ノVmpou＝2×ﾉVトンLSI),,＋2×(ﾉＶ６”",＋1） （６） 

TheQuadrupleArray： 

ノVbLQ必｡`＝4×ﾉV､`…＋[4×(ﾉＶ６…＋3)＋2×(ﾉV6…＋1)］（７）

０２３４５ 

SIiceDegree 

Fig､14:HardwarecostvsS1iceDegree(QuadrupleArray)． 

ThegraphsofHardwarecostagainstShceDegree 
fbrdiffbrenｔＢｏｏｔｈＯｒｄｅｒｓａｒｅｓｈｏｗｎｉｎＦｉ９．１３，１４ 
fbrBinaryTYeeandQuadrupleArray)respectively、
Itcanbeobservedthathardwaresavingsimprove 
withhigherS1iceDegreesThisimprovementis 
moresignifｉｃａｎｔａｔｎｏｎ－ＢｏｏｔｈａｎｄｌｏｗｅｒＢｏｏｔｈ 

ＯrdersForBinaryTreeandhigh-orderarrays， 
hardwarereductionbyupto50％isattainablewith 
ShceDegree2comparedtonobitslicing､WithS1ice 
Degree4,hardwaresavlngsreachupto75％． 
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Thesecondtermontherighthandsideofequations 
(6),(7)representsthehardwarerequiredbythe4-2 
compressorsattheendoftheDoubleandQuadruple 
Arrays，respectivelylnthefbUowmgsection，ｔｈｅ 
ｈａｒｄｗａｒｅｃｏｓｔｓａｓｗｅＵａｓｔｈｅｌａｔｅnciesofthe 

proposeddesignsareevaluatedanddiscussed． 

、
、

ｇ、長

０１２３４５ 

ＳＩｉｃｅＤｅ⑳ee 

Figl5:Hardwarecostvs・S1iceDegree(NonBooth）

4.EvaluationBandDiscusBiong 

lnthissection,thehardwarecostsandlatenciesof 
ourdesignsareevaluatedintermsofBoothOrder 

andSliceDegree・S1iceDegreerefbrstothenumber
oftimesbywhichasetofpartialproductsisequany 
dividedfbrreductionｗｉｔｈａｓｍａｌｌｅｒｕｍｔ・Equation
(8)expressesShceDegreeintermsofとwhereAr＝２０，
２１，２２，２３． 
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(8) SﾉﾉCeDeg7aee＝log2ｋ 尋、ミミ：

Inthisstudy)thedesignconditionsaresetasfbllowS 

lnitialmputbitsize＝32-bit;Finaloutputbitsize＝ 
64-bit;Non-BoothandBooth2,３，４;SlicedegreeO~４， 
wherebyaSlicedegreeofOrefbrstoｎｏｂｉｔｓｈｃｍｇａｔ 
ａｎ’IblrgetdesignsaretheBinary’Iree，Simple 
ArrayDoubleArrayandQuadrupleArrayb 

0２３４５ 

ＳＩｉｃｅＤｅ厩ee

Figl6:Hardwarecostvs・SliceDegree(Booth3)．

Fig.１５，１６comparethehardwarecostofBinaryｎｅｅ 
ｔｏａｒｒａｙｓａｔｎｏｎ－ＢｏｏｔｈａｎｄＢｏoth3respectively 
Fromtheresults，weseethathigh-orderarrays 
requirelesserhardwarethanBinaryneeat 
non-Booth，andthisphenomenonisalsoobserved 
withlow-orderArraysatBooth3・ＡｔＢｏｏｔｈ３，
hardwarecostbyQuadrupleArrayexceedsother 
schemesfbraUSnceDegrees・Thisisbecausethe
proportionofhardwaredominatedbythe4-2 
compressorsbecomescriticaLThenumberofthese 

4-2compressorsmcreaseslogarithmicanywith 
higherorderarraysascanbeobservedinequations 
(6),(7).Notwithstanding,itcanbededucedthata 
largermultiphcationwmsustainthetrendas 
shoｗｎｉｎＦｉｇｌ５． 
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Fig､13:Hardwarecostvs・SliceDegree(BinaryTree)．
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５.CondugiOnB 

AcompariBonofregularreductionschemes,namely 
theBmaryTree，Simple，Double，andQuadruple 
Arrayｓｉｓｄｏｎｅｂｙｅｘａｍｉｍｎｇｔｈｅｅｆｆｂｃｔｓｏｆｂitslicing 
andBoothOrderonhardwarecostandlatencybltis 
fbundthatｈａｒｄｗａｒｅｃｏｓｔｃａｎｂｅｒｅｄｕｃｅｄｂｙｕｐｔｏ 
75％withintensivebitsncing,ａｎｄｔｈｅＡｒｒaysshow 
morepotentialinreaUzingafastandcompact 
arithmeticumtthantheBinaryTYeeFutureworks 
mcludeSPICEsimulationsfbradvancedCMOS 

technologies． 
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Fig.17:Latencyvs・BoothOrder(independentofS1iceDegree)．

Fig.１７showsthegraphofLatencyagainstBooth 
OrderfbraUschemes・Itisobservedthatthelatency
ofeacharraytypematcheswiththatoftheBmary 
TreeatacertainBoothOrder・ＡｔＢｏｏｔｈ２,the
latencyofBinaryTreematcheswiththatof 

QuadrupleArray;ａｔＢｏｏｔｈ３,withDoubleArray； 
ａｎｄａｔＢｏｏｔｈ４,ｗｉｔｈＳimpleArraybBasedonthis,ｉｔ 
ｃａｎｂｅｓａｉｄｔｈａｔａｓＢｏｏｔｈＯｒｄｅｒｉｎｃreases，the 
perfbrmanceofhigherorderarraysdropsrelativeto 
thatoftheBinarymPee、Ｔｈｉｓｉｓｄｕｅｔｏｔｈｅｌａｔｅｎｃｙ
ｍｃｕｒｒｅｄｂｙtheabove-mentioned4-2compressors､A 
consequenceofthistradeoffbetweenthelatencyof 
thearrays(whichdecreaseswithhigherorder)ａｎｄ 
thelatencyofthe4-2compressors(whichincreases 
withhigherorder）isthatthereductionspeedof 
arrayｓｗｍｎｅｖｅｒｅｘｃｅｅｄｔｈａｔｏｆｔｈｅＢｍａｒｙＴＹeefbr 
anyShceDegree・Nevertheless,wherethelatencyof
botharrayandBmaryTreematches，hardｗａｒｅ 
ｓａｖｍｇｓｂｙｔｈｅａｒｒａｙｓａｒｅａｌｗaysbetterthanthose 
oftheBinaryTTee・ThisisshowninnlblelForthe

samelatency)hardwaresavlngsarelargestat１８２％ 
withBooth3fbrtheDoubleArrayandBinaryTree 
pair(usingequations(9),（10)).Hardwaresavlngs 
arein‐dependentofS1iceDegreeexceptatS1ice 
DegreeOBasedonthefindings,itcanbeconcluded 

fromthisstudythatthearrayswithbitslicing 
techmqueappnedaremoresuitabletoreahzea 

compactandfastmultiplierthanwiththeBinary 
ThPee・However，ｉｔｓｈｏｕｌｄｂｅａｄｄｅｄｔｈａｔａｆＵｒther

studyintothehardwarerequirementsfbrtheBooth 
methodisnecessarytodeterminetheoptimum 
BoothOrderandS1iceDegree． 
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