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1．Introduction  

ArithmeticcircuitE；areOfmajorimp8lLtanCein  

today’scomputingand5ignalprocesslngSySte皿5L  

ⅣumerOllSalgorithmshr arithmet・icl：ircuit＄have  

been developed andimplemented sin亡e the early  

daysofdigitalcomputersTaJldneweroTleS乱re与til－  

1beingproposed．Most ofthearitlmeticcircuits  

are de昌ignedby adesi訂1erWho hadtrainedin a  

Pad一七icularw且ytOllnderstandthebasicarithmetic  

dgoritllmS・EYenthesta旭－Of－the一軒tlogics）Ⅶthe－  

SistooIscanprovideonlylimitedca．pabilitytocreu  

atestr11Cturaldetai1E；Ofarit，lmeticcirc11its．Corre－   

5pOndingly．receTlt high－leveLsynthesis teclmiques  

tendto employmodllLelibra，ries containinghaBic  

arithmeticfunctionalunits．whichare u5ual1y de－  

SigTLedinadvanceasessentialreso11rCe6．   

Thiヨp孔perprOpO即発alleWaPPrOadltOdesigll－  

lngarithmeticcireuit5u5mganeVOlutioJlaryOpti－  

mizationteclmiqlleCalledEvol11tionaryGraphGen－  

eration（EGG）（seel）－3〕forearLierdiscuBSion8On  

this topic）．Thekeyidea占Oftheproposed EGG  

5yStem are tOemPIoYgenera16raph＄truCtlJreSaS  

individualsandinもroducenewevollltilコnaryOperaL  

七iDnStDmanipulatethehldivid11algraphstrllCture5  

directLywi七houtencodingthemintootherindirect  

representations，SuChasbitstrings（usedinGA4））  

aAdtrees（u5edinGP5））．Thi＄mal’e6pOSSiblethe  

geIlerationofthetargetstruCtureemCiently・   

TJlispaperdiscussesthesynthesisoffastconsもant－  

COefRcicntm11Ltipliers as a typicalexample ofan  

axithmeticdesignproblem，SincethehighTSPeedmul－  

tiplier6withfiⅩedcoefBcienもSareimportantinmany  

practicalDSPapplicati。nS6）ヰ F。rdesig。ing  

fa5tCOmStant－COe爪cientmultipliers，WeaSSumethe   



useofspecialnllmbeTrePreSentationcal1edSi9ned－  

Ⅳei9ht（SW）numbersystem叶TheSWnlm－  

ber5y旦temmal（e＄PDS5ibJethe亡OnStruCtionl〕fcom－  

PaCtCOulter－tree arChitecture払rfa5tmultiplicaユ  

tion鮎1dmultiply－addoperation．Atpresent．the  

COmbinationofCSD（CBLnOnicSigned－Diglt〕encod－  

ingteclmiqueLO）withtheSWcounterrtree乱rChi－  

tectureseemstoprovidethebe＄tpOS＄ibiea，pprOadl  

to thepracticalhaJdwad－eimI）lementatio710ffast  

COn昌tant－COe臥：i釘止mulもiplie用・In thi写PaPer，We  

5howthattheEGGsyヨtemCannatural1y亡reatethe  

Optim且Iconst弧t一柑e瓜deIltmロ1tipLie巧，Who5ep町  

hrmancesarecomparable〔orsometimessuperior）  

tothoseofthemultipliersdesignedbyusingCSD  

訂1dSWariもhmeticalgorithms・   

2．EGGsystem丘）rarithmet．ic  

Circui七日ynth闇is   

2．1 Ba占i亡亡OnCeptOrEGG  

TheEvolutionaryGrapllGeneration（EGG）tech－  

nlqlleCanberegardeda5auniquevariationofevo－  

1ution叩COmputationte血niquesll）・Ingemeral，  

モVOlution叩metllOd与mimicthepro亡e与SOfmatlト  

r且1evoltltion，thedrivingprocessforemergent：eOf  

COmPlexstructureswe11－adaptedtothegiven餌Vi－  

ronment．Thebetteranindividualperform占11nder  

the亡OnditriDn＄thegreat，eristhecllant：eforthein－  

divi仁山dtolivefor乱longerwhileandgenerateo圧－  

Sprin昔．A6a．reSult．t，heindividllalsaretran5formed  

tothesuitableformsonthedesi苫ner’5definedcon－  

StTalnt，LrntheEGGsyst，em，agraPhrepreBenting  

SPeCi最ccircuitstructureismodeledasanindividu－  

al，andapopulationofindivid11algraph与i5eVOIved  

byevolutionaryoperations・   

TheEGGsystememp】oyscircuit9raPhstorep－  

resentcircuit＄truCture＄・AcireuitgraphGisde－  

Fig．1 EGGsystem且0≠㌧  

航medby  

葺こ（〃（G），か（G）），  （1）   

WhereN（G）iB thesetofnodesaIldD〔G）is the  

Set Ofdirected edge＄・Nodes are oftwo cla占SeS＝  

functionalI10de6andinpl王t／outp11tnOdes．Every  

nodehasitsownn‡皿e，thefuTICtioIltype且ndin－  

put／output terminalsェ We assumethat everydi－  

rectededgemu5tCOnneCtOneO11tputterminal（of  

anode）aJldoJleinputterminal（ofanotherIlOde），  

andthateachterminaLllaS8needgeconnectionat  

most．AcircuitgraphiBSaidtobe eompLeteif包11  

the termiIlals have am edge connection．In order  

toguaraJlteeValidcircuitstruCtureS，al1thecircuit  

graphB uSedhtheEGG＄yStemareCOmPletecirT  

C11itgTaphB．   

Fig・15how5theoverallproced11reOftheEGG  

SyStem．Aftertheevol11tionaryrun，eVery Circuit  

grap王1inthepop11］ationisevaluatedbyasymbolr  

i亡mOdeleheckingte血Iique3）．Then，thecircuit  

許aPhBhavinghigh色rSCOre＄aJe＄electedtDperfor－  

mvariatio門叩er．ations，CalledcrDSSOVerandmuiar  

Lion，tOgenerateO鮎pring＄fromtheparents・The  

crロ出口靴rOperation，illustratedhFig．2（a），re－  

COmbine6tWOparentgraPhsintc・tWO皿eWgTaphs．  

－2－   



Terminal Node  

仙I  

Fig，2 Ex訂npl髄Of帥Olution紅yOperatioIl写＝（a）  

CrO写紺Ver，（b）mlltation．  

園＝Applic畠tionclass O Aggregation  

⊂コ：Frameworkclass  

Fig・3 Cla朋diagramorEGGsystem・  

WheIlapairofparentgraph5GpL andGp2i55eL  

lec七ed丘・OmtIl」∋pOpula土ioIl，tllecm細伽erOp打且tion  

determinesapalrOfsubgraphsGpllandGp2（tobe  

exchangedbetweentheparemts，andgenerateso庁－  

Springsbyreplacingthesut唱rap】1Ofoneparentby  

thatoftheotherparent．1nthisproceBS，thesystem  

sele出血Sub騨叩hCpIJrandomly丘omthemo山一  

ercircuitgraphGpl，andselectsacompaiiblesub－  

graphGpヨJ丘oTnthefathercircuitgraphGp21Where  

“compatible”meamsもhatthecutBet点forthesesllb－  

graph呂COntainthe＄amen11皿berofedge＄brboth  

negativeandpo畠itivedirections・ThiBenSureSthe  

COmpletene呂SOfthegeneratedo鮎prir唱S．TheTTm－  

ねtiDnDperation，Dn the otherhnd，Partiauy rer  

COn5truCtSthegiveTl亡ircuitgraph．Thisoperation  

Selectsthe畠ubgra，PhraJldomlyandreplacesitwith  

BLrandomlygenerated6ubgrapllthatiB仁OmPatible  

Withtl嶋Orlgi血討subgrapha古址owninFig・2（b）・   

2．2 EGGsyst，emimplementation  

The E仁G5ySteIれWa5d帥eloped ont士Ie ba5i5  

0fロbjecト併ienもedprogrammingapproachinorder  

torealize the high1y鮎Ⅹible町Stem that can bc  

appliedtova山olユSd励re山appli仁atLonssyste皿at－  

ically．1：npractice，We主mplementtheEGGsystem  

baBedDnaClassrelationship diagraTnaSShownin  

Fig．3．Note tha七ifobjects of one亡】舶S亡山  

ta血objec亡S Of another，then七山e且rst class ha5  

aJl‘くaggrega．tion”reJationshipwiththesecond．The  

EGGsystemconsistsofframework（orinvariahle）  

Cla5岩e6andapplication（orvariable）classe6・The  

Egg class controIs the overal1workT丘ow and haB  

an aggregation relationship with the Population 

CLass，Which contains the basicindividllalm（）del  

de丘ned by tlle Grap血Class．The Graphalso ag－  

gregatestheⅣode，SubgTaPhandFitne88C）as6eS，  

wheret‡leⅣodeCOntah写theTermin且1cla5S．These   

SeYen Cla5Se日払rms theframew亡IrkcI㌍S鮎tOgetll－  

erwiththe王DHaLnage＝・Cla5SWhichcDlltrOIstheID  

numberofnodes．  

TheロperatorandEvallla1＝ionclaBSe邑areapplicat主on－  

SpeCi鮎cla5SeS，The□perat：orClassholdsmiscella  

neousoperation6hrhandlingcircuitgrapllS．Tlli畠  

－3－   



3．Synthes王s offhst constant－  

COefncient multIipliers   

3．1 MotivationandmetIlOdofexper－  

iment  

Thissectionaddressestheprob】emofsynthesiz，  

ingthearchitectureformultip）icationintheform：  

y＝R∬，Where Ris anintegercoefEcient，BLnd：亡  

andyaretrheintegerinput andoutp11t．Therea－  

SOnShrchoosingtheconstantrcoe鮎ientmultipli－  

eraβatargetfunctionareash1low＄：（i）thereare  

maLrLyPOS6ible choicesforthemultipJierstructure  

bra，5peCificcロefBcientR，a・ld（ii）tlleCOmp］exity  

OfthemllltiplierstruCture＄ignificantlyvarie＄with  

the亡Oe任icient val11e＿毘．  

OrleOfthem舶timportantteclmiqlleSinconstanもー  

COefBcientmultiplierdesigniBtOenCOdethetarget  

COe臨cient R bythe CanonicSigned－Digit（CSD）  

nulnberrepresentationl叶TheCSDnumberrep－  

resentationis de丘nedas aEipeCific binary Signed－  

Digiも〔Sl〕）mlmberrepre5ent乱tionthatcontalnStlle  

ieaBt number of noJ川erO digitB・Thi雪en亡Oding  

teclmiquemakespo且Sibletoreducethenumberof  

partialproducts，Whichiseq11altol．henumberof  

non－2：erOdi由ts．TheCSDencodingcombinedwitll  

thefastpartialproductaccum111atioTLteChniqueusT  

lngPara11elcol⊥ntertreeSiswidelyusedinpracもical  

DSPapplication∃，SudlaShigh－frequencyFIR61ter  

甜血tectures6），7）   

AsforcornI）aCt COuntertreedesignforpaJtial  

PrOductacc11mulation，thea11thor6’grouplla＄re－  

CentlyproposedtheSigned－Weight（SW）arithmetie  

9），Theu＄e。fSWaritlmeti亡in＄tead。f。。nVen＿  

tionaltwcI’5亡Omplement arithmeti亡make旦POSSi－  

blethe¢OnSLr11Ctionofcompactcountertreeswith－  

Out一遇in旨1rreguhr arithmeti亡C・perations，StlCha占  

Sign exten5ion amd two’s complementation，This   

ClassalsoperformsthefunctionalverifitntionofinT  

divid11al乱丁王1eOtherBLPplieationcJassEval11atiDZl  

giv鮎“飢me鮨”Ⅴ乱1uestoeveryindivi血由．Bymod一  

拍ringthe5e叩pLication classes，theEGG system  

Can be eaBily applied to a widevarietyofdesign  

prDblems．   

2．3 ArithmeticextensionofEGG8yS－  

tem  

TheEGG町Stem deBCribed＿in the aboveBub－  

SeCtioncanbeapI）liedt，Oageneralclassofgraph  

町ntheBi6prOblem6．1nthefollowlng，WedeBCribe  

anext・enSionofthe EGG system soa占tOmadllp－  

uhteaJil，hmeticcircuit与e価．ciently・Thisextended  

versicrnofEGGiscal1ed“ArithmeticEGG”，Which  

employsahigherlevelofabsl．ractionforarithmetic  

algoriもhmsinordertoreducethe石keof6earCh6－  

pace，Arithmet，icLEtコGinterpret5a皿individtlal亡ir－  

Cuitgraphasadata一触wgraphreprcsentingspecif－  

icarithmeticcomplJtationprocess．Adirectededge  

in thedata－flowgraph representsもhe dependence  

OfoperandB・Al50っtWOattribute写area離igIledto  

eachedgモ：（ilthモtypeOfnumbersy5temuBedfor  

Operandencoding ELnd（ii）the activatedoperand  

digits・InArithmetic－EGG，WeaBSllmetheu昌eOf  

positionaln11mber8y或em5fDrOPer且ndrepreE；enta－   

tion．  

AnodeinArithmeticEGG’s datafhwgraph，  

Ontheotherhand，rePre畠entSaSPeCificarithmetic  

OPeration．Thus，thenodeitselfhasnocircuitde－  

tails at6rst．It can be tr乱n8鮎rmed■into aset or   

bit－Jevelcirc11itelement50IllywheTltheattributes  

ofalltheinputoperand6aredetermined．There－  

fDre⊃the且CtualinterpretationofanodedependsDn  

theov訂au5tnl仁山reoftI把data触wgrapll．瓦鋸丸  

nodehasaruleforgenerating the corresponding  

bit」1evelciTCuitinterpretation．  

u4  



Tablel Functionalnodes  

Ⅳame   Symbol   mnction   OIJtp11tSign   

ユーi叩ut2－Output亡叩一正eeadditioTl   

3－inp11t2－OutputCarry－freeaddition   

SW3－2亡OuTlter  3－2  witl12－W町bra血亡heg  Variable  

3－inp11t2－Ou七putcarryLfreeaddition   

wit王13－W乱ybr乱nChe旦   

q肌㌣prOp2唱ateaddition  
FinalBtageadder  F5A  InvaJiable   

WithabiaBCaJleelin苫Stage  

1－bit血ifヒer   1－S   1－bitarithmeLicshift   Inva∫ial⊃Ie   

2－bitsllifter   2－S   2－bitarithmetic6王1ift   Invariable   

4＿bitshifLer   ヰ＿S   4¶bitarithmeticshift   Invむ・iable   

Operandinput   lN   InplltSignal   Ⅴ五riable   

PrOpertyWaBCOn丘Ⅰ皿edintheFidd－Programma・ble  

DigitalFi】ter（FPDF）architecture9）．Asare－  

Sult，the亡OtnbinationoftheCSD encodingtech－  

nlqlJeWithSWct）tlntertree＄SeemStOPrOvidethe  

be6tPOSSible approadltOthe practicalhardwaユ†e  

impIementationoffa占t COnStantrCOe鯨：ient multiT  

Pliers al，Pre弛nも．TIlllS，Wehavedecided tocomr  

ParetllemtJltipliersgeneratedhytheArithmetic－  

EGGwith them111tipliers de5igTled byhand em－  

ployingt】1eknowLedgeoftheabovetechniqu月雲（CS－  

DplusSWarithmetic）．Theresultshowsthatthe  

Arithmetic－EGG can generatre eBicient multiplier  

6truCtureSWI10Seperforma皿Ceandcomplexityare  

COmpaLrablewiththosedesi騨Iedbyexperiencedde－   

SlgnerS■  

Td〕lelshowsthe6ixfunctionalnodes usedi血   

OureXperiment・WeemploySW3q2colユnterSwith  

programm乱ble output pohrity，The115e Of SW  

arithmeticmal：eBPO6Sibletocontrolthe占鹿10fin－  

dividua］dataline5Withoutu51ngCOmPlic軋tedtwoIs  

COmPlementaTithmeticoperation与，Thcoverhcad  

OfSW arithme七i亡iB th且t ameXt・rabi且S｛過nCeling  

5ta酢i5reqlliredattheolltPutOfthecountertree．  

Weal別〕allowtheuseofmuLtiple－Way（br  

Table2 MainparameterYal11eS  

PopulationBi巧e   500   

Max．¶几un．OF酢merations  500   

Max．num．oFnodes   50   

Cr凸SSOVerra．te   0．7   

M11tationl・乱te   0．2   

OpelLandwordlength   16   

OutPutShreverySW3－2coullternOdeinorderto  

redllCet王1eCOmPlexityofSWcounter七reeby6har」  

inghardwareresources．   

The generated structures are eval11ated by a  

combination of two difEerent evalua．tionfunction－   

S，hn仁tional軸andpeげorr7ulnCe．ThenlnCtional－  

itymea且ureFevaL11ateSthevalidityofもhelogical  

fuIICtioncomparedwithtlletar盲etfLIACtion▲ The  

PerhrmaTL亡emeaSureP．ontIleOtherhand，isaB－  

Sumed to be thepr〔）duct ofcircuit delay D and  

numl）erOfinter－mOdu］eintercoJlneCtiomE；A．First，  

wedescribetllefunct主0IlalitYmeaSureFindetai］．  

LetRbetheta柑etCOe氏cientgivenbytllefollow－  

－5－   



Table3 DA prod．uctofmultiplier＄：（a）the multipLierBgenerated byArithmeもicEGCi，（t））the（コSD  

multipliers一  

上）A  β月  上）A  

Index  Coe抗cient  
（a）  （b）  

Index  Coe任icient  
〔a）  （b）  

Indeコく  CoefBde皿t  
（a）  （b〕   

■2077  810  822   18   10075  1600  1824  35   17012  1324  1324   

2   13492  2040  2250  19   2（さ09  1280  1296  36   52  358  370   

3   －20呂44  1与48  1600  20   －17127  1564  1596  37   －29824  771  792   

4   27155  23．35  2375   21   5755  1556  1612   38   30321  1616  1616   

占   －17¢］4  1556  1古7二≧  22   －1ア49  152邑  1528  3g   1⊆崎78  22gO  22別〕   

6   －1353  1276  1276  23   6674  1336  1336  40   －3：∃424  1320  1320   

7   10304  406  408   24   －24与70  882  912   41   15ユ15  1580  1620   

8   －143三略  456  458  25   －26881  1368  1376  42   3024畠  1336  1336   

9   18639  1604  1604  26   4134  107三≧  1092  43   11452  1512  1576   

10   ェ27400  1312  1320  27   14577  1372  1372  44   －15697  1572  158呂   

－4444  1256  1276  28   －1257  1260  1276  45   26204  2080  227与   

12  －28⊆I61  1三i60  13g2  29   3ヰ61  1332  1332  46   －2邑097  1384  13各4   

13   2895g  1360  1392   30   －8390  1288  1312  47   22732  224古  22呂古   

14   3548  81ウ  81g   31   1499き  15（iO  1与96  4昌   2fiGO5  166邑  16t；g   

15   ⊥9566  1524  157ヨ  32   －18597  15g6  162呂  49   －24213  22gO  2375   

16   －28565  16G4  1664   33   9959  1560  1612  50   －27804  1576  1584   

17   4833  1き1¢  131¢  34   －14888  1358  135¢  

（0≦た≦lml）isde丘nedby  ingCSDrepre6entation：   

ll刷l一王   

兄＝rO20巾121＋rヨ2コ＋＝・こ∑rゴ2里）  
j＝O  

wllerel囲IdenotestlleleTlgthoftheCSDrepreヨen－  

tatiomoftheco亜cien七月抑drj∈ト1，D，1）・A＄  

describedin3），the5y＄temCheck5thefunc七ionofa  

Circuitgrapllbysymbolicverificationandobtains  

theestimatedcoe氏c主entR，Whichmaybewritten  

inthe CSD notation as   

ll点‖【1   

烏＝毎20＋f121＋ヂ慧2ヨ＋・‥＝∑ヂj叫3）  
j＝O   

Thesimil訂itybetween月and月訂eeV山uatedby  

山git－C8imcidencesforalltlledigitpositionsorthe  

glVentWO＄trings．U6ingthedifEerenceofthestring  

lengths・n（＝l岡I－1固肛thecorrelation M七Of  

the two coe抗cientstrings at theshift amount k  

l匝＝－1   

品芸  
町ゴーrゴーた）花≧0  

〃上 ＝  
1 

町た－rメ）叫  

Where6（∬）isdefinedas   

（ 
嘲＝ 

．  

h the above calc111ation，We aSS11me the values of  

theundefheddigitpositionstobeOforbothcoef－  

ficientstrings．UsingthiscDrrelationFun亡tion，the  

fu］1CtionalitymeaBureFiBd踵nedas  

∫＝ 
。 

（4〕  

W王1ereCl＝2inthisexperiment．   

OntheotherhandコtheperformanCemeaBureP  

isde航ned a3  

′－－、  〔与〕   

6  



whereDi5thentlmberofcounterstages，andAi5  

t，hetotalnumberofint，er－mOd＿u］einterconnections   

inthetranslatedbit－levelcircuit，，WeuseF＋Pa占  

a七山識‖加ne66鮎nctio叫Where仙eratio見通エ／凡t。∬  

isadjustedabollt5／10ObYtuningtheconstantCち・   

3．2 ExE）erimentalresultE；  

Table2Eihow＄m如OrPar払meterSOfArithmetic－  

EGGtLSedinthisexperimeTl七．Table3showBthere－  

sultofasetofevolutionaryruns，inwhichArithmeti亡T  

EGGgenerates5OmultipLierswho呂eCOefncieJlt5are  

ranging丘・OmT32424to30321．TDtal50coef昆cients  

aresele亡tedrandDmlyaBtargetValue皇OutOf16－bit  

coe熟：ient5（－32767～32767）．InTable3，We血ow  

theDAproduct（then11mb伽・OfcotlnterBtageS X  

the number ofinter－mOduleinterconnections）of  

themultip）ier5旨eneratedbyArithmeticTEGG〔a）  

aJldthatofthecorrespondingCSDml11tipLiers11S－  

ingtheoptimalWa11acetreearchitecture（b）・Ftom  

this tabLe，We亡an COn如Ⅷthatal1the generated  

写Olut，ionsexhibitalmostsamelevelofpe血rmanCe  

comparedwiththeopt血1alCSDmultipliers・We  

c乱nSeeSOmeimprovemen旭imエIAcomplexi打払r  

evoIvedmultiplierscoTTIparedwiththr色臨rencede－  

Si苫nS■   

Fig．4（a）is the best801ution gener且ted by  

Arithmetic－EGGbrthe七argetcoe抗cientR＝10075・  

Fig．4〔b），On the otller h如・d，Show5the con－  

ven七ion乱1CSDml】1tiplierusingⅥ屯1la僅treeaJ血ト  

tedure柏n由血富Of theleast stages ofSW3－2  

co11nterS．Noもethatthesolution（a）obtainedby  

Aritlmetic－EGGemploysaJtSW3■2collnterWith  

twoTWayCarryL5aVebranche6atthe丘rststage，and  

七hishardwarer掛〕urCl∋issharedbythesuccessive  

St喝e畠．ComparedwiththestructureofFig・4（b），  

thisfeaturesi辞Iificantlyred11CeSthecomplexityof  

the亡OrreSPOndingbitrlevelcircuitcon6．gu工ationBaS  

Fig．4 DataT鮎w gTaph5for七he m111tiplierof  

R＝10075＝（a）the best50llJtioIlgenerated by  

Arithmetic－EGG，（b）the CSD multiplier using  

Ⅵhlla亡母tre母乳r（血iも即Lure．  

ShowninFig．5．Recently．且Ome PaperShavep－  

re＄ented the method of reducing the complexity  

Oftlle COnStant－COe然cientmultipliersbyin旨erti皿苫  

suchbran。hesatadders呂）．12）．NDteherethat  

theEGGsy卓temC且Tlderivetheoptimalstruct11re  

withotlt11SlngtheknowledgeoftheBeteChniques・   

AniInpOrt且ntissuetobeaddressedforpractical  

applicationofEGGsyBtemisit＄COmput軋tioJltime・  

ⅠIlthe experiment ofTal〕le3，the time foreach  

evoiutio11aryrunisabout3・6hoIJr50nSunUltra  

60workstation（CPU：さ60M‡血，Memoけ：1．15G－  

B）．Inordertoトred11Cethetime払rexperimeIltSOf  

EGG－basedcircuitsynthesis，WehaverecentlyiⅢu  

tro血cedinexpensiveCOTS（CommercialOfFLThe－  

Shelf）clustercomp11tiJlgte亡lmiq11e．Fig・6show呂  

the5－nOdeLirllHPCcLusterdesignedforEGGsys－  

tem．Eac】lnOdeofthe clusteri＄LinllX PCwith   

7OOMHz PentiumIrIandlGB memory．TheirL－  

ter亡OnTleCtion networkis alOOBase－TX Ethernet．  

ByempIoyingthecoallSeLgrainedmode113），focusr  

ingsimplyonthelatestmodi丘caLionsintroducedin  

theoriginalEGGsy5teJn．Wehaveimplementedthe  

－7一   



TransistorCount：  

3042   

NumberoflnterconnectiDnS：  

400   

NumberofCDunterStages：  

4  

FullA亡日計  HaげAd由r   
王宣Fニ  ゴ亘ヒ  
r  ■n′  

†  
8鹿馳℃di咽61a卵  

（a）  

TransisIorCount：  

3374  

Numberoflnterconnections：  

456   

NumberofCounterSlages：  

4  

Fu】lA址旭√  Ha什Add即   
王堅［  啓  

■n  

Fig．5 Multiplierconfiguration5COrreSpOndingtothegraph畠OfFigL4＝（島）thebestsolutiongenerated  

byArithmetic－EGG，（b）theCSDmultiplieru5ingWallacetreearcllitecture・  

ー8－   



hterface（MPI）．The detailofthe paral］elEGG  

SyBtemWillbereportedinfuturepapers・  
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