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Introduction

Adelay-1inenumbersieveisaspecialpurposedigitalcomputingdevicedesignedforsolving

asetofcongruencesintowhichproblemsinvolvingDiophantineequationsofsecondorder，

quadraticresiduesandotherquadratictypeproblemscanbetransformed

Becauseoftheprohibitivelylonｇｔｉｍｅｒｅｑuiredforthesolutionofthistypeofproblem

ongeneralpurposecomputersithaslongbeendesiredtoconstructaspecialpurposecomputer

forsuchproblems・

Anulnberofstudieshavebeenmadeonelectronicnumbersievetheoryanddesignatthe

UniversityofCaliforniasincel947・TheyaredescribediｎMaster'stheses1)~'3)，andseveral

difTerentdesignshadbeentried，butaconlpletelysuccessfulonehaｄｎｏｔｙｅｔｂｅｅｎｍａｄｅ・

Thispaperdescribeslogicandcircuitsofdelay-1inenumbersievewhoseoperationspeed

exceedsthatoｆｔｈｅｓｉｅｖｅｓｉｍｕｌａｔｅｄｉｎｔｈｅＬＢ.Ⅲ、7090．Ｔｈａｔｉｓ，

6×107numbers/minute．

Ｔｈｅｓｐｅｅｄｏｆｓｉｅｖｅｓｉｍｕｌａｔｅｄｉｎｔｈｅｌ・ＢＭ、７０９０computerisapproximately

５×105numbers/minute,'4）

１．TheoryofNunlberSieves

SieDcP7o6Jems、

Sieveproblemsingeneralcanbeexpressedasfollows15)．

〃＝ｑｔｊ（ｍｏｄｍ,c）……….………………..（１）

where、｡＝、1,,2,,3,…，msarespositiveintegersrelativeｌｙｐｒｉｍｅｉｎｐａｉｒｓａｎｄｉ＝1,2,3,...,

s；ｊ＝1,2,3,…,たく、｡、Ｆｏｒｆｉｘｅｄｉ，thecuzjarethedistinctnon-negativeintegerslessthan

mi、TheproblemsaretofindallintegersNbetweengivenlimits,Ｓａｙ

Ａ≦１Ｖ＜Ｂ，

ｓｕｃｈｔｈａｔＺＶｉｓａｓｏｌｕｔｉｏｎｔｏｓｏｆｔｈｅｃongruences、

Ｉｔｍａｙｂｅｎｅｃｅｓｓａｒｙｔｏｇｉｖｅａｆｅｗｅｘａｍplesinordertoexplaintheprincipｌｅｏｆｔｈｅｓｉｅｖｅ．

Ｓ伽ｅｑ/・ＥｒｑｔＯｓ肌e"Cs・

ＯｎｅｏｆｍａｎｙｓｕｃｈｐｒｏｂｌｅｍｓｉｓｔｈｅｓｉｅｖeofEratosthenes、Ｔｈｅｐｒｏｂｌｅｍｈｅｒｅｉｓｔｏｆｉｎｄａｌｌ

ｔｈｅｐｒiｍｅｓｐｗｉｔｈｉｎｔｈｅｒａｎｇｅｏｆ

Ａ＝Ｂ１/2二ｐ＜Ｂ，

＊DepartmentofElectricalEngineering，DivisionofAgriculture，ＨｏｍｅEconomics＆

Engineering，UniversityoftheRyukyus．
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wheretf＝ｍｉ－１ｆｏｒａｌｌｄ

Ｌｅｔｕｓ，ｆｏｒexample，ｆｉｎｄｔｈｅｐｒｉｍｅｓｐｓｕｃｈｔｈａｔ

６二ｐ＜３６．

Congruencesfortheproblemare；

〃＝１（ｍｏｄ２）

〃＝1,2（ｍｏｄ３）……．…………………．…（２）

〃＝1,2,8,4（ｍｏｄ５）
…

Ｔｈｅｉｄｅａｉｓｔｏｅｌｉｎｌｉｎａｔｅａｌｌｔｈｅｎｕｍberswhicharedivisiblebyanyoftheseprimes、consider・

thefollowingtablewhereintegersaredisplayedinthefirstrowandmoduliofthecongruences

inthefirstcolumn・Anintersectionofanintegerandamoduluswillbefilledby“1,,ifthe

integerisnotdivisiblebythemodulusandotherwisefilledby“０，，．Ｆｉｇ．１－１istheresultant・
table．
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Fig.1-1．Tableforcongruences(2)．

Thenumberswhosecolumnsarefilleｄｗｉｔｈａｌｌｏｎｅｓａｒｅｐｒｉｍｅｓｐｒｏｖｉｄｅｄｔhattheyare

withintherangeof6二ｐ＜62＝36．（Ｍａｒｋｅｄｂｙ〃ｉｎｔｈｅｌａｓｔｒｏｗｃ)．
Ｉｔｓｈｏｕｌｄｂｅｎｏｔｅｄｔｈａｔｐａｔｔｅｒｎｏｆａｒawisrepetitivewiththeperiodofcorresponding

modulus．

Ｃ肌"CSCγe伽qmCIerp706Jem、

Anotherexampleistheso-caUedChineseremainderproblemwhichistofindaninteger

whoseremainderisｃｕｉｆｄｉｖｉｄｅｄｂｙＡａｎｄｂｉｆｄｉｖｉｄｅｄｂｙＢ，ａｎｄｃｉｆｄｉｖｉｄｅｄｂｙＣ.…etc.、

Intermsofcongruences,theproblemcanbeexpressedbyasingleremainderforalliin(1)．
ＡｎｄｔｈｅｒｅｗｉｌｌｂｅｏｎｌｙｏｎｅｓｏｌｕｔｉｏｎａｍｏｎｇｔｈｅｎｕｍｂｅｒｓＮ＝元,zmf、

Ｌｅｔｕｓ，ａｓａｎｅｘａｍｐｌｅ，ｃｏｎｓｉｄｅｒａｐｒｏｂｌｅｍｉｎｗｈｉｃｈｗｅａｒｅｔｏｆｉｎｄａｎｕｍｂｅｒｗｈｏｓｅｒｅ－
ｍａｉｎｄｅｒｉｓｌｉｆｄｉｖｉｄｅｄｂｙ２，２ｉｆｄｉｖｉｄｅｄｂｙ３ａｎｄ３ｉｆｄｉｖｉｄｅｄｂｙ５・Thecongruencesare；

〃＝１（ｍｏｄ２）

〃＝２（ｍｏｄ３）．…………….……………（３）

〃＝３（ｍｏｄ５）

Ｉｆｗｅｍａｋｅｔｈｅｓｉｍｉｌａｒｔａｂｌｅａｓｔｈｅｐｒecedingparagraphbythesamemetho｡，ｗｅｇｅｔｔｈｅ

ｔａｂｌｅｏｆＦｉｇ、１－２．



琉球大学農家政工学部学術報告第１１号（1964）170

、１０１２３４５６７８９１０１１１２１３１４１５１６１７１８１９

０
０
０

１
０
０

０
１
０

１
０
１

０
０
０

１
１
０

０
０
０

１
０
０

０
１
１

１
０
０

０
０
０

１
１
０

０
０
０

１
０
１

０
１
０

１
０
０

１
１
０

０
０
０

０
０
１

１
０
０

９
］
の
ｏ
戸
⑨
０

、，’２０２１２２２３２４２５２６２７２８２９３０３１３２３３３４３５３６３７３８３９

１
０
０

１
（
『
上
『
上
〃

０
０
０

１
０
０

０
１
０

０
１
０

０
０
０

１
０
０

０
０
１

１
１
０

０
０
０

１
０
０

０
１
０

１
０
１

０
０
０

１
１
０

１
０
０

１
０
０

９
】
の
、
戸
、
０

０
０
０

０
１
１

Fig.1-2．Tableforcongruences(3)．

Ｗｅｆｉｎｄｔｈａｔｗｅｈａｖｅｏｎｅｉｎｔｅｇｅｒｗｈｏｓｅｃｏｌｕｍｎｉｓｆｉｌｌｅｄｂｙａｌｌｏｎｅｓ，ｔｈａｔｉｔｉｓｕｎｉｑｕｅｗｉｔｈｉｎ

ｔｈｅｒａｎｇｅｏｆＯ二Ｎ二２×３×５＝３０ａｎｄthatitsatisfiesthecongruencesandthereforetheoriginal

problem・

Thesetwoexamplesareratherextreｍｅｃａｓｅｓｉｎｔｈａｔｔｈｅｒｅｍａｉｎｄｅｒｓａｒｅｏnlyoneless

thatthebasenumber,thatisｊ＝、,f-1,ｉｎthecaseofSieveofEratosthenes,ａｎｄｔｈｅｒｅｍａｉｎｄｅｒ

ｉｓｏｎｌｙｏｎｅｆｏｒａｎｉｉｎｔｈｅｃａｓｅｏｆｔｈｅＣｈｉｎｅｓｅｒｅｍａｉｎｄｅｒproblem・

Thereare，however，veryimportantsieveproblemswhoseremaindersareapproximately

mi/2．Theyaregenerallycalledquadraticsieveproblems・TheyincludetheDiophantine

equationsofseconddegree，residuesystemsandotherquadratictypeproblems・Ｉｔｉｓｆｏｒｔｈｉｓ

ｔｙｐｅｏｆｐｒｏｂｌｅｍｓｔｈａｔｔhenumbersievesaremostuseful．

Dioｐ〃"ｔｍｅＥ９〃ａｔto"８．

ADiophantineequationisanordinarypolynomialequationwithintegercoefYicientswith

thevariablesassumingonlyintegralvalues、

Ｌｅｔｕｓ，ａｓａｎｅｘａｍｐｌｅ，considerasimpleDiophantineequationofseconddegreeintwo
variables：

鰯2＋"2-113＝０．.…………………………（４）

istofindtheintegers〃ａｎｄ〃whichsatisfytheequation(4)．Theequation
transformed，ａｓｓｈｏｗｎｉｎＡｐｐｅｎｄｉｘｌ，intoasetofcongruences16)．Ｔｈｅｃｏｎ－

Theproblem

canbeeasily

・gruencesare；

〃＝1,2（ｍｏｄ３）

〃＝2,3（ｍｏｄ５）

〃＝0,1,2,5,6（ｍｏｄ７）．……．.．………...……（５）
紗＝0,3,4,7,8（ｍｏｄｌｌ）

ThecorrespondingtableisshowninＦｉｇ．1-3．Ｔｈｕｓｗｅｆｉｎｄｔｈｅｒｏｏｔｓｔｏｂｅ７ａｎｄ８，

Ｉｔｓｈｏｕｌｄｂｅｎｏｔｅｄｔｈａｔｗｅｄｉｄｎｏｔｎｅｅｄｔｏｕｓｅｔｈｅ（ｍｏｄｌｌ)-congruencetofindtheroots、

Ｗｉｔｈｏｕｔｌｒｓｒｏｗ，ｎｕｍｂｅｒｌ３ｉｓａｄｄｅｄｔｏｔｈｅｓｅｔｏｆｐｏｓｓｉblerootsforthegivenequationbut，
oncheCking,ｗｅｅａｓｉｌｙｆｉｎｄｔｈａｔｌ３ｉｓｎｏｔａｒｏｏｔｏｆtheequation．（Forthisparticularex-
ample，however，ｗｅｍａｙｎｏｔｃｈｏｏｓｅｔｏｕｓｅｍｏｄｕｌｕｓ７ｒａｔherthanmodulusllbecausemodnlns

llhas5remainderswhichislessthanll/２ｏｆｍａｘｉｍｕｍｎｕｍｂｅｒｏｆｒｅｍａｉｎderssothatwe

canexcludemorethan５０％ofnumbersunderthebasell，whereasmodulus7has5remainders

whichistoexcludeonlyabout3M.）Wecanhandleequationsinvolvingquitealargenumber
byusinglimitednumbersofmoduli・Ｔｈｅpossiblerootsthussd肱CJC〃tcanbecheckedwith
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Ｆｉｇ．1-3．Tableforcongruences(5)．

thegivenequationtogettherightones、Ｔｈｉｓｉｓｗｈｙｔｈｅｐｒｏｃｅｓｓｉｓｃａｌｌｅｄａｎｕmbersieve，

別stor〃ｑ/・ＭＬ”6eγＳｉｅｗｓ・

Themethodexplainedintheprecedingparagraphsiscalledgraphicalmethodproposed

byKraitchikinl922ａｎｄｗａｓｕｓｅｄｂｙｈｉｍｔｏｓｏｌｖｅｓｏｍｅｐｒｏｂlemsinNumberTheory17)．

Lehmerinventedinl925anelectro-mechanicaldeviceforthispurposewhichconsistedof

asetofmotor-drivenloopedchainswhoselengthscorrespondtotheprimenumbersforthe

moduli・Themotorwasstoppedbyrelayswitcheswhenasolutionwasobtained18)．Asimilar

deviceusingmotionpicturefilm19）ｗａｓｂｕｉｌｔｉｎｌ９３６、

Ｉｎｌ９３３，heconstructedanothersievecalledaphoto-electricnumbersievewhichconsisted

ofasetof30gearswhosenumbersofteethcorrespondtothemoduli，opticalsystem，aphoto-

electriccell，arelayswitch，ａｎｄａｍｏｔｏｒｔｏｄｒｉｖｅｔｈｅgears，Theoperationspeedofthis

sievewasamazinglyhighforthosedays，ｎａｍｅｌｙ

３．６×105number/minute・

Ｉｔｗａｓｏｎｌｙｗｈｅｎｔｈｅｆａｓｔｅｒａｎｄｌａｔｅｒmodelsofgeneralpurposecomputersbecameavailable

thatthisspeedwasapproachedbyothermachinesforthistypeofproblem・However，itis

stillnotpracticaltosolvethiskindofproblembythegeneralpurposecomputersbecauseof

theextreｍｅｌｙｌｏｎｇtimerequiredfortypicalproblems・

ＤＣＪα"-ＬｍｅＭ４ｍｂｃｒＳｉｅｗ・

Thesystemproposedinthispaperconsistsof31delay-lineregisterswhoselengthsare

proportionaltothefirst31primesstartingfrom2，３，５，…ｔｏｌｌ３ａｎｄｌ２７，andtwobinary

counterstocountsolutionsandalsodensityofsolution８．

ＴｈｅｓｙｓｔｅｍｉｓｔｏｈａｖｅｔｗｏｄｉｆＴｅｒｅｎｔｍｏdes；〃or〃modeandidZemode・Duringｔｈｅ〃oγル

mode，linesareconnectedinparaUelasinＦｉｇ．1-4；coincidencepulsefromallthelineｓｓｔｏｐｓ

loading

Ｆｉｇ．１－４．Ｗｂγ〃ｍode． Ｆｉｇ．1-5．ItZJemode．
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thismodeandswitchesthesystemintothejcJlemode・DuringthekIZe，Iinesareconnected

inseriesasinFi９．１－５ａｎｄｔｈｅｌｏａｄｉｎｇｔｈｅｐｒｏｂｌｅｍｍａｙｂｅｐｅrformedwhileintheiCZlemode・

Changingthemodefromi伽ｔｏ〃oγ〃isdonemanuallyandthechangefrom”ｏｒ〃ｔｏイル，

mayalsobedonemanually、

Thesystempresentsthefollowingproblems：

ａ）Designofreliablepulseregenerationcircuit．

ｂ）Designofaninputdevice,specifyingtheproblemtobesolved．

ｃ）DesignofoutputdevicewhichwiUco""tsolutions・

Thefollowingworkshavebeendoneinthisproject、

１）Ｎｅｗｉｎｐutlogicwasdesigned，andsomemodificationwasmadeoncontrolunitof

Gentner,slogic2o)，ｗｈｉｃｈａｒｅｇｉｖｅｎｉｎＣｈａｐｔｅｒｌｌｏｆｔｈｉｓthesis、Ａｌｓｏ，error-detectionschemes

areconsideredDetailsaregiveninChapterV１．

２）Pulseregenerativecircuitswerestudiedandactuallybuiltwiththehighestfeasible

pulserepetitionrateofonemegacyclefortheavailabledelay-lineD-55・Theeffortwasmade

toincreaseclockpulseratebecauseofthefollowingreasons．

ｉ）ItwouldshortentheoperationtimewhichisinverselyproportionaltotheC1ockpulse
ralB・

ｉｉ）Ｉｔｗｏｕｌｄｃｕｔｄｏｗｎｔｈｅｃｏｓｔｏｆｔｈｅｓｙｓｔembecauseofthelesscircuitryandfewer

delay-1ines・

iii）Reliabilityofthesystemwouldbeincreasedbecauseofthelessactivecircuitsand

componentswhichmaybeaffectedbytemperature，agingandotherfactors、

３）Ａｓｍａｌｌｓｙｓｔｅｍｗａｓｂｕｉｌｔｔｏｔｅｓｔｔｈｅｎewinputlogic、DetailsaregiveninChapterlV、

４）Acompletesystemwithinput，output，andcontrolunitswasbuilt（withlasttwo

longestlineS）totestthestabilityandreliability・Descriptionofthesystemisgivenin

ChapterV、

５）Performanceofthesystemwastestedandsometrialproblemsweresolve｡、Results

aregiveninChapterV．

ILLogicalDesign

hP0LtLogfc・

Duringtheid形ｍｏｄｅａｌｌｔｈｅｌｉｎｅｓａｒｅｃｏｎｎｅｃｔｅｄｉｎｓeriesformingalargesingleregister

andloadingisperformedinserialfashion・Ｓｉｎｃｅｔｈｅｂｉｔｓａｒｅｔｏｂｅｓｔｏｒｅｄｄｙｎａｍically，a

markerisnecessarytoindicatethｅｔｉｍｅｔｏｉｎｓｅｒｔａｂｉｔｓｏｔｈａｔｔｈｅｂｉｔｓwillbeinsertedse-

quentially，ｏｒｉｎｏｔｈerwords，ａｂｉｔｔｏｂｅｉｎｓｅｒｔｅｄａｔａｃｅｒｔａｉｎｔｉｍｅmustbeinsertedright

nexttothebitinsertedrightnexttothebitinsertedpreviously・

SupposethereisalineAwhoselengtｈｉｓＺＶｉｎｗｈｉｃｈｉＶｂｉｔｓａｒｅｔｏｂｅｓｔｏｒｅｄｉｎａｎｙｇｉｖｅｎ

ｐａｔｔｅｒｎａｎｄｌｅｔｕｓｈａｖｅanotherlineBwhoselengthisalsoNｉｎｗｈｉｃｈｏｎｌｙａｓｉｎｇｌｅｂｉｔis

stored（ｂｏｔｈｌｉｎｅｓａｒｅｔｉｍｅｓｂｙｔｈｅｓａｍｅＣ１ｏＣkpulse)．ＩｆｔｈｅｏｕｔｐｕｔｏｆｔｈｅｌｉｎｅＢｉｓｃＭｅＣＺ

ｗｉｔｈｔｈｅｉｎｐｕｔｓｏｕｒｃｅａｓｉｎＦｉ９．２－１，ｏｎｌｙｏｎｅｂｉｔｃａｎｂｅｉｎｓｅｒｔｅｄｉｎｌｉｎｅＡ，whichwillbein

synchronismwithabｉｔｉｎｌｉｎｅＢ，sinceifotherbitsareinsertedtheywilloverlapandreplace

theoneinsertedpreviously・

Inordertoinsertabitafteranotheｒｂｉｔ，ｉｔｉｓｃｌｅａｒｔｈａｔＮｏｆｔｈｅｌｉｎｅＢｍｕｓｔｂｅｃｏｍｅ

ＣＰ

Ｆｉｇ．２－１．
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Ⅳ＋１ｅｖｅｒｙｔｉｍｅａｂｉｔｉｓｌｏａｄｅｄ・ＴｈａｔｉｓｔｈｅｌｉｎｅＢｗｉｎｈａｖｅｔｗｏｓｔａｔｅｓ．

ＤｅｌａｙｔｉｍｅｏｆｔｈｅｌｉｎｅState Condition

１
２

Normal

Abitisbeingloaded．

Ⅳ

Ⅳ＋１

Fig.２－２ｓｈｏｗｓｔｈｅｌｏｇｉｃａｌｄｉａｇｒａｍｏｆｔｈｅｔｗｏdifrerentstates．

Ｃ
Ｓｔａｔｅ２

Ｓｔａｔｅｌ

Fig.２－２．

Ｌｅｔｕｓｈａｖｅａｓｉｎｇｌｅｆｌｉｐ－ｆｌｏｐｔｏｉndicatetwodifferentconditions，whichshallbedenoted

byFF-Dhereafter・ＦＦ－Ｄｗｉｌｌｂｅｓｅｔｗｈｅｎａｂｉｔｉｓｔｏｂｅｌｏａｄｅｄａｎｄｗｉｌｌｂｅｒｅｓｅｔｗｈｅｎａ

ｂｉｔｉｓｔｏｂｅｌｏａｄｅｄａｎｄｗｉｌｌｂｅｒｅｓｅｔｗｈｅｎａｂｉｔｈasbeenloadedTheconditionsrequiｒｅｄｆｏｒ

ｔｈｅｔｉｍｅｗｈｅｎａｂｉｔｉｓｔｏｂｅｌｏａdｅｄａｒｅａｓｆｏｌlows：

ａ）Ａｂｉｔｆｒｏｍｏｕｔｓｉｄｅｗｏｒｌｄｉｓｒｅａｄｙｔｏｂeloadedintotheline・Sinceinputdatamay

beenteredintothesystemasynchronously，abufferisnecessarytoholdinformationtemporarily．

ｂ）ThereisanoutputfromthelineBwhichindicatespossibletimeforbitinsertion

c）Thereisaclockpulse

ThereforｅｔｈｅｓｅｔｆｕｎｃｔｉｏｎｆｏｒＦＦ－Ｄｉｓ

Ｄｓ＝ＺＣＰ･Ｉ,，

ｗｈｅｒｅＺｉｓｔｈｅｏｕｔｐｕｔｏｆｌｉｎｅＢａｎｄＩｉｉsthesignaltoindicatethatthereisabitreadyto
beinserted・

Fig.２－３isthelogicaldiagrambutscrutinizingthediagram，ｏｎｅｃａｎｆｉｎｄｏｕｔｔｈａｔａｕｎｉｔ

ｄｅｌａｙｉｓｎecessaryintherecircuｌａｔｉｎｇｐａｔｈｏｆｔｈｅｌｉｎｅＢａｓｉｎＦｉ９．２－４ｔｏｍａｔｃｈｕｐｗｉｔｈａ

ｕｎｉｔｄｅｌａｙａｓｓｕｍｅｄｔｏｂｅｉｎｃｏｒｐｏｒａｔｅｄｉｎｔｈｅａｃｔｉｏｎｏｆｔｈｅＦＦ－Ｄａｎdalsoreductionofdelay-

、
」

11

Ｆｉｇ．２－３．

11

Ｆｉｇ．２－４．
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ｔｉｍｅｏｆｔｈｅｌｉｎｅＢｔｏＮ－１ｉｓｎｅｃｅｓｓａｒｙｔｏｍａｋｅｔｈｅｎｏｒｍａｌｐａｔｈｔｏｂｅＺＶ・OtherwiseFF-D

outputcannotcontrｏｌｔｈｅｐａｔｈｏｆａｂｉｔｉｎｔｈｅｌｉｎｅＢ．

Ｄγ，ｔｈｅｒｅｓｅｔｆｕｎｃｔｉｏｎｏｆＦＦ－Ｄ，ｈａｓｎｏｔｂｅｅｎｓｐｅｃｉｆｉｅｄｓｏｆａｒｂｕｔｔｈｅｂｅｓｔｔｉｍｅｔｏｒｅｓｅｔ

ｉｓｔｈｅｖｅｒｙｎｅｘｔｃｌｏｃｋｐｕｌｓｅｆｒｏｍｔｈｅｏｎｅｗｈｉｃｈｓｅｔｔｈｅＦＦ－Ｄ，ｔｈｕｓｔｏｈａｖｅｔｈｅｓｈｏｒｔｅｓｔ

ｗaitingtimeforinsertionofnewbitsintothelineA

Thereforeヅ

Ｄ,－，．０Ｐ・

ＴｈｅｉｎｐｕｔｇａｔｅｔｏｔｈｅｌｉｎｅＡｗｏｕｌｄｂｅ

Ａ＝ＬＣＰ，

whereListheinputdatasignifyingｌｏｒＯＬｓｈｏｕｌｄｓｐｅｃｉｆｙｗｈｅｔｈｅｒｉｔｉｓａｏｎｅｏｒａｚｅｒｏ

ｗｈｉｃｈｉｓｔｏｂｅｌｏａｄｅｄｗｈｅreasIiwouldonlytellwhethertherｅｉｓａｂｉｔｏｒｎｏｔｗａｉｔｉｎｇｔｏｂｅ

ｌｏａｄｅｄ・Thus,wewillhavetwoflipflops,ｏｎｅｆｏｒａｂｉｔｉｄｅｎｔｉｔｙａｎｄｔｈｅｏｔｈｅｒｆordiscriminating

presenceorabseｎｃｅｏｆａｂｉｔ・ＦｏｒｍｅｒｆｌｉｐｆｌｏｐＦＦ－ＡｉｓｓｉｍｐｌｙｓｅｔｂｙｌａｎｄｒｅｓｅｔｂｙＯｏｆｔｈｅ

ｉｎｐｕｔｄａｔａａｎｄｌａｔｔｅｒｆｌｉｐｆｌｏｐＦＦ－ＢｉｓｓｅｔｅｉｔｈｅｒｌｏｒＯinput，andresetwhentheloadingof

theinformationiscompletedThus，

Ｂ

Ｕｖ”》
’
’
’
’
一
一
｜
’

８
γ
８
７

Ａ
Ａ
Ｂ
Ｂ

ｗｈｅｒｅＵｉｓｉｎｐｕｔｌ，ａｎｄＶｉｎｐｕｔＯ・

ＴｈｅｃｏｍｐｌｅｔｅｉｎｐｕｔｌｏｇｉｃｉｓａｓｉｎＦｉ9．２－５．

Ｆｉｇ．2-5．InputLogic．

Dcuct化ｑＵＣｏ"s伽γqtjo〃ｑ/､UMtDeJcuZ/８．

１，practice，Unitdelaysintheprecedinglogicarebestmadewithflipflopsratherthan

withsectionsofadelay-line・Usingsectionsofadelay-linewouldrequireadditionalamplifiers

whichconsumepowerbecauseoftheterminatingresistorsofthelines、Distortionofthe

pulsesduetodispersionandreHectionsofthelinewouldmakecircuitdesignmoredifHcu]t

thanitwouldbewithflipflops、

UnitdelaysinthelogicofprevioussectionmaybesimplyreplacedwithflipHopsbut

somethoughtonthecirｃｕｉｔｗｏｕｌｄｅｎａｂｌｅｕｓｔｏｍａｋｅｉｔｗｉｔｈａsingleflipHopwhichwouldbe

normalｌｙａｕｎｉｔｄelayandbecomeatwo-unitdelaywhenloadingistakingplace．



と－－－…

ＫYAN：LogicandCircuitsofaDelay-LineNumberSieve 175

Ｚ

，

｜
，

Ｆｉｇ．2-6Ａ．

Ｐ
Ｉ

Ｃ
Ｚ
、

Ｐ
Ｉ

Ｃ
Ｚ
、

■

’

－－－－－－－－－１－－－十一一一一一一一一一一一・一一

ＦＦ－Ｆ ＦＦ－Ｆ

ＢｉｎｐｕＢｉｎｐｕｔ

Ｆ－■
１

FY９．２－６Ｂ、 Ｆｉｇ．２－６０．

Ｆｉｇ．2-6ＡｓｈｏｗｓｔｈｅｌｏｇｉｃｗｉｔｈａｆｌｉｐｆｌｏｐａｎｄＦｉｇ．2-6ＢａｎｄＦｉｇ．2-6Cshowasequence

,ofoperationduringnormaltime，ａｎｄduringloadingtimerespectively・ＴｈｅｄｕｒａｔｉｏｎｏｆＦＺＦ

ｏｕｔｐｕｔｗｏｕｌｄｂｅｏｎｅｂｉｔｔｉｍｅｄｕｒｉｎｇｎｏｒｍａｌｔｉｍｅｓｉｎｃｅｓｉｇｎａｌＤｗｉｌｌｂｅｐｒｅｓｅｎｔａｔｔｈｅｔｉｍｅ

ｗｈｅｎthenextclockpulseresetstheflipflop、ThereforetheinputpulsetothelinｅＢｗｉｌｌ

ｂｅｄｅｌａｙｅｄｂｙｏｎｅｂｉｔｔｉｍｅ・Duringｔｈｅｔｉｍｅｗｈｅｎａｂｉｔｉｓｂｅｉｎｇｌｏａｄｅｄ，however，duration

ofFF-FoutputwillbecomeｔｗｏｂｉｔｔｉｍｅｓｂｅｃａｕｓｅＤｗｉｌｌｂｅａｂｓｅｎｔａｔｔｈｅｎｅｘｔｃｌｏｃｋｐｕｌｓｅ

ｔｉｍｅ（ＦＦ－ＤｉｓｓｅｔｂｙＺ）andwillbecomepresentatfollowinｇｃｌｏｃｋｐｕｌｓｅｔｉｍｅ（FF-Dis

resetbythistime)．ＩｆＤｗｅｒｅｎｏｔａｐｐｌｉｅｄｔｏｔｈｅｉｎｐｕｔｇａｔｅｏｆｔｈｅｌｉｎｅＢ，twobitsina

rowwouldhavebeeninsertedintheline・However,ｔｈｅｆｉｒｓｔｂｉｔｗｈｉｃｈｉｓｄｅｌａｙｅｄｂｙｏｎｅｂｉｔ

ｔｉｍｅｉｓｉｎｈｉｂｉｔｅｄｂｙＤａｌｌｏｗｉｎｇｔｈｅｓｅｃｏｎｄｂｉｔｗｈｉｃｈｉｓｄｅｌａｙｅｄｂｙ２ｂｉｔｔｉｍｅｓｔｏｂｅｅｎｔｅｒｅｄ

ｉｎｔｏｔｈｅｌｉｎｅｔｈusdelaying2unitsduringthetimeaｂｉｔｉｓｂｅｉｎｇloaded．

ＢｅｑｔＣｍＣ"te7・

ＮｕｍｂｅｒＺＶｉｎｔｈｅｌｉｎｅｓＡａｎｄＢｍａｙｂｅｅｘtendedaslargeasnecessarybutitismuch

betterfromtheeconomicalstandpointaswellasfromthecircuitreliabilitystandpointto

havetwoｏｒｍｏｒｅｌｉｎｅｓｉｎｐｌａｃｅｏｆｌｉｎｅＢｗｉｔｈｌengthsofA，Ｂ，０，…，」ⅢａｎｄｇｅｔｔｈｅＺ

ｏｕｔｐｕｔａｓｔｈｅｃoincidenceofalltheseline８．Ａ，Ｂ，０，…，ＪＩｍｕｓｔｂｅｓｕｃｈｔｈａｔ

Ａ×Ｂ×Ｏ×…×Ｍ＝Ⅳ（totallengthofmainline）

ａｎｄｔｈａｔＡ，Ｂ，０，．．．，Marerelativelyprimeinpairs・

Ｔｗｏｌｉｎｅｓｗｉｔｈ３３ｂｉｔｓａｎｄ６１ｂｉｔｓｈａｖｅｂｅｅｎｃｈｏｓｅｎｆｏｒｏｕｒ３１１ｉｎｅｓｍａｋｉｎｇｔｈｅｔｏｔａｌｏｆ

２０１３ｂｉｔｓａｓａｎｏｐｔｉｍｕｍchoice．

ＣＯ"ｔ７０ＪＵＭｔｑＭＯＤｅｒ－ＡＺＪＳＺ/sfcmLogic・

ＴｈｅｃｏｎｔｒｏｌｕｎｉｔｉｓａｌｍｏｓｔｔｈｅｓａｍｅａstheonewhichwasdesignedbyGentner2o）cxcept

foraminormodificationontheresetfunctionforFF-Gwhichcontrolsthemodeofoperation・

Themodificationwasmadesuchthatiftherearetwocoincidences（solutions）onsuccessive

clockpulsesandFF-Gisresetbythefirstcoincidence，ｉｔｓｈｏｕｌｄｂＦｒｅｓｅｔｒｉｇｈｔｂａｃｋｗｈｅｎｓet

forthenextsolution，ｃｏｕｎｔｉｎｇｏｎｅｂｉｔｏｎｔｈｅＥｅｓ"ＺｔＣｏ""tc7・Thusitwouldnotmisssolu-

tionswhicharegreateronlybyunitythanothersolutionsasGentner'ｓdid、

Asingle-bitinsertionintothebeatcounterismadeａｔｔｈｅｖｅｒｙｂｅｇｉｎｎｉｎｇｏｆｔｈｅｉｃＩＪｅｍode

byGthroughadifferentiatorKwhosetimeconstantisconsiderablyｌｅｓｓｔｈａｎａｕｎｉｔｃｌｏｃｋ



』
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time・ＴｈｉｓｉｓｔｏｓｅｔｔｈｅＦＦ－Ｆ１ａｎｄＦＦ－Ｆ２ｗｈｅｎｅｖｅｒＦＦ－ＧｉｓｒｅｓｅｔｔｏｉｍＺｅｍode・Ｔｈｉｓｂｉｔ

ｍｕｓｔｂｅｅｒａｓｅｄｄｕｒｉｎｇｔｈｅ”orルｍｏｄｅｓｏｔｈａｔｔｈｅｒｅｉｓｏｎｌｙｏｎｅｂｉｔｅａｃhpresentintheZtwo閏

Iinesofthebeatcounterdurmgthe伽emode・Gappliedtotheinputgatesofthetwo】lines量
areforerasingthebitsduringthe〃0γルmode．

ＣＰ

Ｈ Ｈ：Manualsignalto

changPmodes・

ＥＳ＝ＨＥ

Ｅ１－Ｅ．Ｇ・Ｚ・ＣＰ＋Ｅ・Ｇ・ＣＰ

Ｚ：Ｏｕｔｐｕｔｏｆｔｈｅｂｅａｔ

Ｅ

Ｚ

Ｃｏｕｎｔｅｒ．

Ｇ

Ｇｓ＝Ｇ・Ｚ．Ｅ･ＣＰ

ＧＩ･＝Ｓ＋Ｅ･Ｇ･ＣＰ

Ｓ：ＣｏｉｎｃｉｄｅｎｃｅＰｕｌｓｅ

ａｓａｓｏｌｕｔｉｏｎ．

ResultCounter．

ＲｅｓｕｌｔCounter：ＧＣＰ

Ｆｉｇ．2-8Ａ・Sequenceofoperationfrom帆ｃｔｏ勿吋ルｍｏｄｅａｎｄｔｈｅｎｂａｃｋｔｏｉｍｅ

ｍｏｄｅｂｙｃoincidenceoutputScountingtheanｓｗｅｒｂｙＥｅｓ〃ＺｔＣＭ伽０７．

ＣＰ

Ｈ ＭａｎｕａｌＳｉｇｎａＬ

Ｅ ＥｉｓｓｅｔｂｙＨａｎｄｒｅｓｅｔｂｙｎｅｘｔ

ｃｌｏｃｋｐｕｌｓｅ

ＧｉｓｒｅｓｅｔｂｙＥａｎｄＣＰ．Ｇ

｡／。 ＯｎｅｂｉｔｉｎｓｅｒｔｉｏｎｔｏｔｈｅｂｅａＬ

ｃｏｕｎｔｅｒ‐

FＦＦｉｓｓｅｔｂｙｄ（てi)／ｄｔａＭｒｅｓｅｔ

ｂｙｎｅｘｔＣＰｆｏｒｎｏｒｍａｌｔｉｍｅ・

Ｂｅａｔｃｏｕｎｔｅｒｓｔａｒｔｓｃｏｕｎｔｉｎｇ．

ＦＦ

Ｚinput

Ｆｉｇ．2-8Ｂ・Sequenceofonebitinsertiontothebeatcounter

atthebeginningoficIlemode．
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Ｆｉｇ．２－８Ａｓｈowsthesequenceofoperationfrom伽ｃｍｏｄｅｔｏ”０７ルｍｏｄｅａｎｄｔｈｅｎｂａＣｋ
ＩＬＥｔＭ伽modebycoincidenceoutputScountingtheanswerbytheEes"JtCowoteT．

Ｆｉｇ．２－８Bshowsthesequenceofonebitinsertiontothebeatcounteratthebeginningof
ZcJJemode．

Ｆｉｇ．２－９showsthecompleteover-allsystemlogicofthenumbersieve．

、
Ｕ

Ｃ
Ｏ
Ｉ
Ｎ
Ｃ

ＦＦ－Ａ

Ｖ
Ｗ

ｍ２ Ｄ
Ｅ
Ｎ
Ｔ

ＦＦ－ＤＦＦ－Ｂ

聯ＣＰ
ＣＰ Ｇ

⑪'3１ lｉｎｅｓｉｎａｌｌ3１

Ｇ
Ａ
Ｔ
ＥＵ：Tapeinput“１，，

Ｖ：Tapeinput“０，，

Ｗ：Ｔａｐｅｓｐｒｏｃｋｅｔｈｏｌｅ

Ｒ：ＭａｎｕａｌｒｅｓｅｔｏｆＲｅｓｕｌｔＣｏｕｎｔ．

Ｒ':ManualresetofSoLCounter．

ｍ,:Delay､ｌｉｎｅｆｏｒｍｏｄ２

ｍ２:Delay-lineformoda

m31:Delay-lineformodl27・

mxn＝ｍｌ＋ｍ２＋…ｍ３１

Ｄ＝Totaldelay．

ｍ３１３１

ＣＰＣ Ｒ

ＲＥＳＵＬＴ

ＣＯＵＮＴ．
ＣＰｋ

■

。
－

．１

｜
ｃ

Ｐ

ＦＦ－ＧｍＤ

ＣＰ ＣＰ

ＦＦ－Ｆ１

Ｒ′Ｚ ＣＰ、

ＳＯＬ

ＣＯＵＮＴＥ
ＣＰＣＰ

Ｄ
ｕＣＰ－

Ｃ
ＦＦ－ＥＦＦ－Ｅ

､，

ＣＰ

ＣＰ

ＦＦ－Ｆ２

Ｈ、

Ｆｉｇ．2-9．Completeover-allsystemlogic．
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llLDelay-lineRegister

Ecuperj叩e"ｔ８ｏ〃DeZcuy-J伽ｅＤＬ－５５、

Beforethecircuitdesignwasattempted，severalexperimentsonthedelay-linestobeused

inthesystemｗｅｒｅｐｅｒｆｏｒｍｅｄｉｎｏｒｄｅｒｔｏｆｉｎｄｔｈｅｏptimumpulserepetitionrateandpulse

widthforthesystem，

Forthepulserepresentation，ｔｈｅ“Returntozero'’（RZ）methodwaschosenbecauseof

thesimplicityofitssensingcircuit・

Thecharacteristicsofthedelay-linewerecalculatedandmeasuredbyRea，whicharegiven

inAppendixllofthisthesis．

Ｆｉｇ．３－１ｓｈｏｗｓｔｈｅｌａｙoutoftheexperimentsandFig８．３－２Ａ,Ｂ,Ｃ,…,Ｇｓｈｏｗｔｈｅｗａｖｅ－

Ｆｉｇ．３－１．

t「＝２０，ｓ
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t｢二ｔf＝20,ｓ

／ ＬＯＵ

Ｆｉｇ．3-2Ｂ、

①
ＤＵＡＬ

ＴＲＡＣＥ

ＳＣＯＰＥ

＊ＰＵＬＳＥ

ＧＥＮＥＲＡＴＯＲ

ＤＥＬＡＹ－ＬＩＮＥ

ＤＬ－５５
Ｚｏ 二 皀z，



ＫYAN：LogicandCircuitsofaDelay-LineNumberSieve 179

／Ｌ[－－＿＿）ＵＴ卜

Ｆｉｇ．３－２０．

／、０

Ｆｉｇ．３－２，．

］

０

Fig.3-2Ⅱ．



180 琉球大学農家政工学部学術報告第１１号（1964）

1Ｎ

0.6
］

卜ＯＵ

[」
Ｆｉｇ．3-2Ｆ．

染
〕１

Ｆｉｇ３－２Ｇ．

Pulse

Amplitude
Ｉ

「’'三
ＩＩ

Ｌ」..■■----~￣
■■■■
吟し’０ ／

〆
ｌ

Ｊ
ｌ
Ｉ

「 |J
Ｌｌ|］「

Ｆ
１
。 ｢］

|
｜」

|￣

’｜
’＿’

PulseWidth

Fig，３－３．

､0

.５

０

■

￣

０５ 1.0１．５ノuｓ

￣ヨ
￣

'

’

／

〆

／、



ＫYAN：LogicandCircuitsofaDelay-LineNumberSieve 181

formsofoutputfromal26-sectiondelay-1ine（onebox）withinputsofvariouswidths、Ｆｉｇ．
3-2Cisthewaveformwiththenarrowestinputpulsewidthforthemaximumoutputamplitude、
Asthepulsewidthisfurthernarrowed，ｔｈｅoutputamplitudeisreducedFigs、３－２，，andE
showtheconsequentwaveformｓａｓｔｈｅｐｕｌｓｅｗｉｄｔｈｉｓｎａｒｒｏｗｅｄ・Ｆｉｇ．３－３ｓｈｏｗｓｔherelation
betweenpulsewidthandtheoutputamplitude・

ＦｒｏｍＦｉｇ．３－３，ｉｔｉｓｃｌｅａｒｔｈａｔｐｕｌｓｅｗｉdthsintheneighborhoodof０．５microsecondare
istillcapableofdeliveringmorethanl/２ｏｆｔｈｅｉｎｐｕｔａｍｐｌｉｔｕｄｅｔｏｔｈｅｏｕｔｐｕｔｏｆｔｈｅｌｉｎｅ・
Thus，wecanuseaonemegacyclepulserepetitionrate，increasingoperationaltimebythe
factorof3anddecreasingcomponentsbyapproximatelyl/３comparedwithpreviousdesigns21)．

Ｆｉｇ．3-2Ｆ,GareadditionalexperimentsusingtheBerkeleyDoublePulseGeneratorto
determinetheoptimumpulsewidthforonemegacyclepulserepetitionrate・

Itwasfoundthatdiscretepulseswithnooverlappingareobtainedwith０．３５microsecond

pulsewidth，Furtherdecreasingthepulsewidthｏｎlyresultedindecreasingamplitudeof
outputsharplywithoutaHectingthedispersiongivingnoimprovementinpulseresolution・

AnotherimportantfactorondetermingthefrequencyandthepulsewidthistheSignaL
to-Noiseratio・Ｔｈｅｎｏｉｓｅｗｈｉｃｈｓｅｅｍｓｔｏｂｅｃａｕｓｅｄｂｙthestraycapacitancebetweeninput
andoutputandalsobyreHectionswasobserved，itsamplitudebeingapproximately５％ofthe
inputandpulsewidthbeingapproximately20nanosecondwheninputrisetimeisapproximately
２０nanosecond・ChoosingthepulsewidthofO､３５microsecondgivesaSignal-to-Noiｓｅｒａｔｉｏｏｆ
5.5/0.5＝11,whichisreasonablygoodforreliableoperation

msig〃ｑ/Ｐ"ZseEege"ｅ７ｑ伽ｃｃ加州８．

PreviousworkbyReaandGentnerusedablockingoscillatorasaregenerativeamplifier・
Ｔｈｅｒｅａｒｅａｆｅｗｄｒａｗｂａｃｋｓｉｎｔｈｅｉｒｃｉrcuits・

ａ）Levelshiftproblem、

AstheamplifieriscapacitivelyCoupled，ｔｈｅｄ－ｃｃｏｍｐｏｎｅｎｔｉｓｌｏｓｔａｎｄｅｖｅｎｗｉｔｈａｄ－ｃ
restorercircuitsascommonlyusedintelevision，thereisaconsiderableshiftduetotherandom

patternofthebits，whichcausedifYicultyinapplyingｔｈｅｐｒｏｐｅｒｂｉａｓｔｏｔｈｅｆｉｒｓｔｓｔａｇｅａｍpli-
fier、Asamatteroffact，Gentner,sdelay-lineregisterencounteredwitherroneousbitgenera-
tionwhenｔｗｏｏｒｍｏｒｅｌｉｎｅｓｗｅｒｅｃｏｎｎｅｃｔｅｄｉｎseries．

ｂ）Pulserepetitionrate、

Pulserepetitionrateistooslow，Theircircuitisdesignedforapproximately330kilocycle
whereastheexperimentsonthedelay-linesindicateaonemegacyclepulserepetitionrateis

quitefeasibleasnotedabove、However，blockingoscillatorsatthishighfrequencyarenot

practicalbecauseofdutycyclelimitationsandthedesigndifYicultyduetoringingphenomena
atsuchfrequencies・

Ｆｒｏｍtheexperimentsondelay-lines，ｉｔｉｓｋｎｏｗｎｔｈａｔｔｈｅｎｏｉｓｅｆｒｏｍｔｈｅｄｅlay-Iinehas

averyshortpulsｅｗｉｄｔｈｗｉｔｈａｂｏｕｔ５％amplitudeoftheinput・Ｔｈｉｓｎｏｉｓｅｍａｙｂｅｒｅｍｏｖｅｄ

ｎｏｔｏｎｌｙｂｙthresholdtechniquesbutalsobyusingstorage-delaytimeinherentwithsaturated
transigtors・

Therefore,theamplifierofthefirststageshouldbenormally‘`ＯＮ,，inslightlysaturated

conditionsothatthenoisepulsesofshortdurationmaybefiltereｄｏｕｔｂｙｔｈｅａｍｐｌｉｆｉｅｒ・In
fact，laterexperimentsshowedthatthismethodisquiteefTectiveinremovingthenoisedue
totheleakagecapacitanceofthedelay-1ine・

Ｓｉｎｃｅｆｉｒｓｔｓｔａｇｅａｍｐｌｉｆｉｅｒｉｓｔｏｂｅnormally“ＯＮ，，，itshouldbeappliedwithpositive
pUｌｓｅｓｔｏｉｔｓｂａｓｅｉｆＰＮＰｔｒａｎｓｉｓｔｏｒｓａｒｅｔｏｂｅｕｓｅｄ，andthenthefollowingpulseshaperhas
totriggeredbynegativepulses・

Couplingbetweentworegenerativeamplihersisdonebydirectcouplin9．Thiswaschosen
becauseofthefollowingreasons・

LItwouldreducethelevelshiftproblemduetothecapacitivecouplinｇｗｈｉＣｈｗａｓｔｈｅ
ｍａｉｎｄｉｆＩｉｃｕｌｔｙｏｆａｍplifiersofpreviousdesign、

２．Itwouldreducetheintercouplingbetweenthestagessincedirectcouplingrequiresa
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verylowamplitudeofoutput、Ｖｏｌｔａｇｅｓｗｉｎｇａｔｔｈｅｉｎｐｕｔｏｆｔｈｅｄｅｌay-1ineisonlyl/２volt-

３．Itsoperatingspeedcanbeveryhigh，becauseofthesmallvoltagechangesandhigh

frequencytransistorusedinthismethod、

４．Ｔｈｅｒｅｗｉｌｌｂｅｖｅｒｙｌｉｔｔｌｅｌｏｓｓｏｆｐｏｗerinchanginganddischargingstraycapacitances，

becauseoftheverylowvoltageswin9．

Fig.３－４ｓｈｏｗsthecircuitdiagramofthepulseregeneratingamplifier・Oalculationofthe

parametersisshownintheAppendixlll・

Itwasfoundthatthepulseregeneratingamplifierwillself-oscillatｅｉｆｉｔｉｓｃｏｎｎｅｃｔｅｄ

ｄｉｒｅｃｔｌｙｔｏｔｈｅｄelay-lineprobablyduetotherenectionsfromthedelay-linealthoughitis

terminatedwithRo・Thisself-oscillationisstoppedsimplybyinsertingadampingresistorRd

asinFi９．３－４，insteadofinsertinganamplifierforisolation．

＋２Ｖ－８Ｖ
］【］

ゼミ;=iご“
Ｒ７Ｒ６

Ｒ２Ｄ１Ｒ１ Ｒｄ

:=圧

ｇ
ａ

二＝
Ｔ１ＤＬ Ｔ２Ｔ２

Ｄ２ ＲｏＲｏ

Ｒ４ＳＲ５Ｒ５ Ｃ２Ｃ２ｎ－－－

ＣＰ

ＲＬＲ３,Ｒ10-68k,１/4Ｗ,10％．

R2,Ｒ9-2.2k,１/4Ｗ,１０％

R4,Ｒ5-2.2k,１/10Ｗ,１０％

R6-33k,１/10Ｗ’１０％

R7-1.2k,１/4Ｗ,５％

Rd-270,1/4Ｗ,５％

Ro,ＲＯＬ180,1/4Ｗ,５％

ＣＬＣ３－１００ｐｆ,２５Ｖ，１０％

C2-l50pf25v,5%

TT2T3-2N741

DLD2D3-lN117

DL-DL55

Ｒ８Ｒ８

Ｒ９
Ｒ１０ Ｃ３

Ｔ３

Fig.3-4．Pulseregeneratingcircuit．

E"per伽e"ｔｓｑ/･DCJα"‐伽eRest8toγ８．

Thefirstexperimentwaswithasinglelinestoring21bits・Itstoredarandompattern

withoutchangingthecontentsfor8hours・Levelshiftwascheckedbyoscilloscope，which

showedconsiderableimprovementovertheRea-Gentner'sresults・Voltagerequiredis8ｖ±20％

forthesupplyvoltageand2v±2ＭｆｏｒｔｈｅｂｉａｓｖｏｌｔａｇｅａｎｄｔｈｅｃｌｏＣｋｐｕｌｓｅｃａｎｂｅｆｒｏｍｌｖ

ｔｏｌＯｖｗｉｔｈｏｕｔａｎｙappreciabledifference・C1oCkpulsefrequencywasadjustedｔｏ２１/20.5

megacycle（ｔｈｅｍeasureddelayinonedelayboxwas20.5microseconds）ｓｏthatasingleline

contains21bits・Frequencytoleranceis±1.5％・Themaximumstoragecapabilitywasfound

tobebetterthan26bitsperliｎｅｂｕｔｉｔｉｓｔｏｂｅｕｓｅｄｗｉｔｈ２１ｂｉｔｓｐｅｒlineforreliableoperation、

Ｔｈｅｓｅcondexperimentwaswith61inesinserieswith6regenerativeamplifierswhich

formedal26-bitdelay-lineregistorwith21/20.5megacyclepulserepetitionrateasinFig-
3-5・Italsostoredarandompatternforseveralhourswithoutchange．



ＫYAN：LogicandCircuitsofaDelay-LinｅＮｕｍｂｅｒＳｉｅｖｅ 183

Ｆｉｇ．3-5.126-bitdelay-1ineregistor．

ItwasalsolearnedthatsomeadjustmenthastobemadeoneachbiasresistorR1inorder

tohaveoptimumresults・Thisisduetothesomewhatdifferentcharacteristicsoftheindividual

delay-1inesandalsoofthetransistorsoftheamplifier・

ItisnecessarytohaveaccurateresistorsR7，ＲｄａｎｄＲｏａｎｄｃａpacitorC2inorderto

haveuniformｏｕｔｐｕｔｓｏａｓｔｏｈａｖｅａｆｉｘｅｄｒｅｓｉｓｔｏｒＲ１ａｓｗｅｌｌａｓｔｏｓｅｌｅｃｔｄｅｌａｙ－ｌｉｎｅｓｏfuni-

formcharacteristics、AlthoughadjustingR1isnotadifYiculttask，itisbettertoeliminate

theseadjustmentsifpossible・

Itwasobservedinbothexperimentsthatthenolsewascompletelyeliminated・

Ｆｉｇ．３－６showsthepiCtureofpulses；lowertraceisunshapedpulseatthecollectorofT1,，

uppertraceisshapedpulsesatthecollectorofT2．

horiz・O5micro-second／section
verti・ＬＯｖｏｌｔ／section

■■

Ｆｉｇ．３－６．

1Ｖ．CircuitDesignoflnputLogic

ＢｅｑｔＣｏＭｎｔｅ７・

Ｆｉｇ．４－１showsthecircuitdiagramofonelineofthebeatcountermentionedinearlier

chapter・Flipnopsweredesignedinconventionalway22）exceptthatadelayofabout０．１５

microsecondsintransistorT4wasprovidedsothatthelogicalsequencｅｓｈｏｗｎｉｎＦｉｇ，2-6Ｂ

ａｎｄＣｗｉｌｌｔａｋｅｐｌａｃｅｄｅfinitely．Ｔ４，sbaseresistorR11andcapacitorC4areforthispurpose．

〃pMtFZiph/U0ps、

Ｆｉｇ．４－３isthelogicaldiagramforloadingaｓｉｎｇｌｅｌｉｎｅｏｆ２２ｂｉｔｓ、F1ipflopsBandD’

weredesignedasinFigo4-2Aanｄｗｅｒｅｂｕｉｌｔｉｎａｃａｒｄ（VectorBoard3"×4")．Picturesin

Fig、4-5ＡａｎｄＢｓｈｏｗｔｈｅｃｉｒｃｕｉｔｃａｒｄｓｆｏｒＦｉ９．４－１circuitａｎｄＦｉｇ．４－２circuitandFig、４－２

circuitrespectively、

ＴｉｍｅｄｅｌａｙｆｏｒＤａｎｄＤｗａｓａｃｈｉｅｖｅｄｂｙＣ７,Ｒ14,ａｎｄＣ７'，Ｒ14'asinthepreviouscircuit・

F1ipHopAwasbuiltinaseparatecarｄｗｉｔｈｔｗｏＡＮＤｇａｔｅｓｆｏｒｔｈｅｂｅａｔｃｏｕｎterandfor

thecoincidenceofthetwolines（l13Dandl27D）tobeusedforthefollowingexperimentsin

theChapter5・Allflipflopsweredesignedtohave0.1microsecondrisetimeorbetter．

〃"ｐｅ７ｉｍｅ"ｔｏ〃〃P"ｔＵ"it・

Ｆｉｇ．４－３showsthelogicaldiagramofinputunitforasingle22-bitline、Ｓ１ａｎｄＳ２ａｒｅ

ｔｈｅｍａｎｕａｌｓｗｉｔｃｈｔｏｓｅｔａｎｄｒｅｓｅｔｔｈｅｆｌｉｐＨｏｐＡｆｏｒｌａｎｄＯ，Ｓ３ｉｓｔｈｅｍａｎｕａｌｓｗｉｔｃｈｔｏ

１
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Fig.4-1．Circuitdiagramofthebeatcounter．
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Fig.4-2．Circuitdiagramofflip-flopBandD．
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ＳＰＧＬＳＰＧ２－Ｓｉｎｇｌｅｐｕｌｓｅｇｅｎｅｒａｔｏｒ・

ＮＣ.－Ｎｏｃｏｎｎｅｃｔｉｍｉｌ１ｔｈｉｓｅｘｐｅｒｉｍｅｎｔ、

Ｆｉｇ．4-3．Logicdiagramofinputunitforasingle22D1ine．

Ｆｉｇ．4-4．Storedbitpatternin22Dline．

（1011011101111011111000）

generateasinglepulsefromapulsegenerator，

ＴｈｅｐｉｃｔｕｒｅｉｎＦｉｇ、４－４ｓｈｏｗｓｏｎｅｏｆｔｈｅｓｔｏｒｅｄｂｉｔｐａｔｔｅｒｎｓinthe22-bitline、

ＩｔｗａｓｆｏｕｎｄｎｅｃｅｓｓａｒｙｔｏｈａｖｅａｔｉｍｅｄｅｌａｙｏｆＯ」microsecondsforDandD，forproper

bitinsertion・Withoutdelayandwiththespeed-upcapacitoｒｓａｃｒｏｓｓｔｈｅｌ２ｋｒｅｓｉｓｔｏｒＲ１４ａｎｄ

Ｒ14'，ｉｔｗａｓｆｏｕｎｄｔｈａｔｅｒａｓｉｎｇｔｈｅｂｉｔｓｂｙDdidnotoccurandtheinsertionprocessinserted

twobitsatatimeinstｅａｄｏｆｊｕｓｔｏｎｅｂｉｔ・

ＴｈｅｐｉｃｔｕｒｅｉｎＦｉｇ、４－６Ａｓｈｏｗｓｔｈｅｗａｖｅｆｏｒｍｓａｔｔｈｅｖａｒｉｏｕｓｐｏｉｎｔｓｏｆｔｈｅｂｅａｔｃｏｕｎｔｅｒ

ｗｈｉｃｈａｒｅｓｈｏｗｎｉｎＦｉ９．４－６ＢＴｈｅｐｉｃｔｕｒｅｉｓａｃｔｕａｌｌｙｓａｍｅａｓＦｉ９．２－６Ｂ、
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Ａ－－

horizontal；１micro-second／ｓect、
verticalmotcalibrated

Ｂ－

Ｃ－－

Fig.4-6Ａ・Waveformsofthebeatcounter．

、 Ａ
Ｘ

、
ノ
ー
Ｉ ２１，

Ｃ

Ｘ
Ｂ

)/dｔ

「
ヨ

Ｆｉｇ．４－６BThepointsatwhichabovepicturesweretaken．

Ｖ･ConstructionofOver-AIlSystem

LogiCcuノDoterco""cctio"８．

Over-allsystemfｏｒｔｈｉｓｅｘｐｅｒｉｍｅｎｔｉｓｓｈｏｗｎｉｎＦｉ9.5-1．Ｉｔｕｓｅｓｔｈｅｌａｓｔｔｗｏｌｉｎｅｓ，１１３－

bitandl27-bit・WhenconnectedinseriesduringtheiClJemode，itbecomesa240-bitdelay-

lineregistor・Therefore，ｔｈｅｂｅａｔｃｏｕｎｔｅｒｍａｙｈａｖｅｔｗｏｌｉｎｅｓｏfl5-bitandl6-bitmaking

l5×１６＝240．ＴｈｅｉｎｐｕｔｄａｔａｗａｓｆｅｄｂｙｔｗｏｍａｎｕａｌｓｗｉｔｃｈｅｓｆｏｒｌａｎｄＯ，andasinglepuIse

generatorforthepresence-of-bitsignaLTheseaｒｅｔｏｂｅｒｅｐｌａｃｅｄｂｙａｔａｐｅｒｅａｄｅｒａｎｄits

aUXiliaryCirCUitS28)．

Ｐｈ"ｓｉｃｃｕＺＬｑ"０Ｍt・

Ｆｉｇ．５－２showsthephysicallayoutofthesystem・Itwasdesignedsothatthewiring
becomesminimum．

LocLdmg、

Loadingwasperformedbyhand・Thebeatcounterwasobservedworkingcorrectlyalthough

atthebeginningoftheoperation，thefollowingprocedurehadtobeusｅｄ：

１）Whenpoweristurnedon,ｉｔｍａｙｈａｐｐｅｎｔｈａｔｔｈｅｂｅａｔｃｏｕｎｔｅｒｃｏｎｔａｉｎｓｎｏｂｉｔａｎｄ

ＦＦ－ＧｉｓｏｎｔｈｅｉcZJcmode・Ｉｎｔｈｉｓｃａｓｅ，ａｂｉｔｈａｓｔｏｂｅｉｎｓｅｒｔｅｄｂｙｓｏｍｅｍｅａｎｓintothebeat

counterbecausewithoutZoutput，１oadingcannotbedone，Ｔｏｉｎｓｅｒｔａｂｉｔｂｙｓｗｉｔｃｈｉｎｇｔｈｅ

ｓｙｓｔｅｍｆｒｏｍｔｈｅ〃ｏｒルｍｏｄｅｔｏｔｈｅｉｃＩｌｅｍｏｄｅｉｓｉｍpossibleinthiscasebecauseFF-Giｓｉｎｉｔｉ－

ａｌｌｙｉｎｔｈｅｉｄＪｃｍｏｄｅａｎｄｔｈｅｒｅｉｓｎｏＺｏｕｔｐｕｔｔｏｓｗｉｔｃｈｔｈｅｆｌｉｐＨｏｐｉｎｔｏｔｈｅ〃ｏｒルmode、

２）Anothercaseisthatwhenthebeatcounterhappenstocontaininitiallyｍｏｒｅｔｈａｎ

ｏｎｅｂｉｔ，Ｉｎｔｈｉｓｃａｓｅ，ａｌｌｉｔｈａｓｔｏｂｅｄｏｎｅｉｓｔｏｓｗｉｔｃｈｔｈｅｆlipflopintothe〃ｏｒ〃ｍｏｄｅｏｎｃｅ

ａｎｄｓｗｉｔｃｈｂａＣｋｔｏｔｈｅｉｃＩ肥modeagain、

３）ThelastcaseisthatwhenFF-Gisinitiallyonthe〃０７ルmode・Ｉｎｔｈｉｓｃａｓｅ,ｎｏｂｉｔ

ｗｉｌｌｂｅｐｒｅｓｅｎｔｉｎｔｈｅｂｅａｔｃｏｕnterbecauseoftheGapplicationtoｔｈｅｉｎｐｕｔｇａｔｅｓｏｆｔｈｅｔｗｏ

ｌｉｎｅｓＯｆｔｈebeatcounter、However，ｂｙｓｗｉｔｃｈｉｎｇｔｈｅＦＦ－ＧｔｏｔｈｅｊｃｌＺｃｍode，ｗｈｉｃｈｃａｎｂｅ

厚
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Ｒ
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ＦＦ－Ｆ１

Ｚ
ＣＰ、

ＣＰＣＰ、
｜
Ｃ

ＰＣ

ＦＦ－ＥＦＦ－Ｅ1５，

ＣＰ

ＣＰ

ＦＦ－Ｆ２

Ｈ、

Ｒ－Ｒｅｓｅｔｉｎｐｕｔ

ＳＰＧ－Ｓｉｎｇｌｅｐｕｌｓｅｇｅnerator

CP-ClockPulses

Ｆｉｇ．５－１ Logicalblockdiagramforthefinalexperiment

Ｂａｋｅｌｉｔｅｓｕｐｐｏｒｔｉｎｇｐａｎｎｅ

Ｆｒｏｎｔ Ｂａｃｋ－
１

。 ｡
14, 1５， 18, 18, 18,20, 18,

“
◎ Ｄｅｌａｙ－ｌｉｎｅ

Ｂｏｘ

Ｃｉｒｃｕｉｔ

Ｃａｒｄ

｡。

獄
Ｄｅｌａｙ－ｌｉｎｅ

Ｂｏｘ

◎
叩

21, 21,

トー－７%"－－升16〃

Ｆｉｇ．５－２ Physicallay-outofthesystem
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donewithout，asinglebitwillbeinsertedintothebeatcounter・

A1thoughtheseproceduresoncedonｅｈａｖｅｎｏｔｔｏｂｅｒｅｐｅａｔｅｄ，itisrathertediousthing

todo・Theseproblemsmaybeovercomewithanadditionalmanualswitchwouldsｅｔｔｈｅ

ＦＦ－Ｇｏｎｔｈｅｗｏｒｋｍｏｄｅａｔｔｈｅｂｅｇinningoftheoperation，thusgreatlysimplifyingthesl過rt-

ingprocedures：Ｐｒｅｓｓｔｈｅｓｗｉｔｃｈｔｏｓｅｔｔｈｅｓｙｓｔｅｍｉｎｔｏｔｈｅｗｏｒ〃ｍｏｄｅｉｆｉｔｉｓｎｏｔｓｏｉｎｉｔｉａｌｌｙ，

andthenpressthe〃orﾙｰ〃ＺｅｍｏｄｅｓｗｉｔｃｈｔｏｓｅｔｉｔｏｎｔｈｅｉｄＺｅｍode、Ｆｉｇ．5-3Ashowsthis

manualswitch・AutomaticsettingｍａｙｂｅｄｏｎｅｂｙｔｈｅｍｅｔｈｏｄｓｈｏｗｎｉｎＦｉ9.5-3Ｂ・Ｔｈｅ

ＧｒＧ「

Manual

switch

（Ａ）（Ｂ）

Ｆｉｇ．5-3．

ｍｅｔｈｏｄｉｓｔｏｇｉｖｅｔｈｅｓｅｔｓｉｇｎａｌｆｒｏｍtransistorizedpowersupplyvoltagethroughadiffer-
entiatoroflongertimeconstantthantherisetimeofthesupplyvoltage・

ＳｏＪｕｍｇ８ｏｍｃｐｒｏｂ陀加８．

Theseveraltestprogramswereloadedandtheirresultsaregiveninthissection，
Probleml．

Linel27；0000000.…allzeros…．O00001

Linell3；0000000…．allzeros…．000001

ＡｓＨｓｗｉｔｃｈｗａｓｐｒｅｓｓｅｄｆｏｒｔｈｅ〃ｏｒルmode，modeindicatorlightblinkedandtheresult

countershowedl4351whichｉｓｔｈｅｍｕｌｔｉｐｌｅｏｆｌｌ３ａｎｄｌ２７・SwitchHwaspressedlOOtimes

withoutresettingthecounter・Thecountershowedl435100、

Theproblemistheequivalenceof

"＝０（ｍｏｄｌｌ３）

"＝0（ｍｏｄｌ２７)．

Problem2．

"＝0,126（ｍｏｄｌ２７）

"＝0,112（ｍｏｄｌｌ３）

Answers：

２１１
０

’’’’一’
６
４
０
１
６

１
３
５
５
１

０
３
３
３
０

Ｊ
７
，
９
９

１
３
４
４
１

１
１
１

(ｍｏｄｌｌ３）

(ｍｏｄｌ２７）

Check：
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13,334＝０（ｍｏｄｌｌ３）

＝126（ｍｏｄｌ２７）

14,350＝112（ｍｏｄｌｌ３）

＝０（modl27）

14,351＝０（ｍｏｄｌｌ３）

＝０（ｍｏｄｌ２７）

A11existingsolutionsweredetectedandsolutionswhichdifferjustbyonewerealsode-

tectedsatisfyingthestringentrequirementonthelogicstatedinChapter2．
Problem3．

"＝0,70（ｍｏｄｌｌ３）

"＝0,70（ｍｏｄｌ２７）

Answers： ７０

６３５

１３，７８６

１４，３５１

check：A11checkedtobecorrect．

Problem4．

"＝1,21（ｍｏｄｌｌ３）

"＝15,40（ｍｏｄｌ２７）

Answers：４，９９３

８，２７０

１０，９６２

１４，２３９

Check：A11cheCkedtobecorrect．

Problem5．

砂＝０，１０８ （ｍｏｄｌｌ３）

"＝0,28,119（ｍｏｄｌ２７）

Answers：４，８５９

５，０８０

６，２１５

１１，２９５

１４，１２５

１４，３５１

Check：AUtheanswerscheckedtobe

correct，andthereisnocorrect，

andthereisnoothersolution

withiｎｔｈｅｌｉｍｉｔｏｆ
Ｓ

Ｏ≦1V二nmi＝1４，３５１．
１
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VLErrorDetectionSchemes

Ｃ１〃“ルＤ〃ｒｍｇｔ〃ｅｌｂＩＪｅｊＭＭｅ・

CheckforerrorsduringtheidJemodeimmediatelyafterloadingmaybeperformedby

loadingthesameprograｍｔｗｉｃｅ・Ｉｔｉｓｃｌｅａｒｔｈａｔｔｈｅｂｉｔｓｓｔｏｒｅｄｂｙｔｈefirstloadingwill

coincidewiththebitsbeinginsertedthesecondtimeifthelOadingwereperformedcorrectly

bothtime８．Therefore，detectioncanbemadebybit-by-ｂｉｔｃｏｍｐａｒｉｓｉｏｎｔｏｓｅｅｉｆｔｈｅｂｉｔａｔ

ｔｈｅｐｏｉｎｔｋｉｎｔｈｅｌｉｎｅａｓｉｎＦｉｇ、６－１ｉｓｓａｍｅａｓｔｈｅｂｉｔａｔｔｈｅｐｏｉｎｔＬｗｈｉｃｈisjustbeing

inserted、Ifitdoesnotcoincide，ｉｔｍｅａｎｓｌｏａｄｉｎｇｈａｓｎｏｔｂｅｅｎｄｏｎｅｐｅrfectlywhichmaybe

theconsequencｅｏｆｔｈｅｍａｌｆｕｎｃｔｉｏｎｏｆａｎｙｏｎｅｏｆｔｈｅｌＯ６ａｍｐｌｉｆｉｅｒｉｎｔｈｅｍａｉｎｌｉｎｅ，ormal-

functionofloadingsystem．

ｅ、

|］

ＣＰ

Coincidencegate．

Ｆｉｇ．６－１．

ＡＤ

／、

ﾐﾗﾉ
／、
ﾐノ

⑥

Ｆｉｇ．６－２．

Ｆｉｇ．６－２ｓhowsthelogicdiagramofthesystem、ＩｔｓｈｏｕｌｄｂｅｎｏｔｅｄｔｈａｔＬｉｎＦｉｇ、６－２
ｉｓＡ･ＤｎｏｔＡ･ＤＣＰａｓｉｎＦｉｇ，6-1．Therefore，itisnecessarytohaveacoincidentｇａｔｅｔｏ

ｇｅｔｔｈｅｓｉｇｎａｌｆｒｏｍＡａｎｄＤｔｏｆｅｅｄｔｏＬｉｎＦｉ9.6-2．RistoresetflipflopFF-Mmanually
atthebeginningofthesecondloading・ThelightNwilｌｂｅｃｏｍｅＯＮｗｈｅｎａｎｅｒｒｏｒｉｓｄｅｔｅｃｔｅｄ

,C〃“んＤ〃γ伽9ｔ〃CWOγル」MMC・

ProbablythesimplestcheCkduringｔｈｅｏｏｏ７ルmodeistocheckbyoscilloscope、Eachline
maybecheCkedforcorrectｂｉｔｐａｔｔｅｒｎｓａｔａｎｙｔｉｍｅｄｕｒｉｎｇｔｈｅ〃ｏｒルmodebyoscilloscope
withhighimpedanceprobe，ＩＳＯlatingamplifiermaybeneededbetweentheprobeandthe
lines・Ｔｈｅｓｅlectionofthelinestobecheckedmaybedonesimplybyamechanicalselection

switchsuchasrotaryswitch，TheimportantproblemofprovidingasynChronizingsignal

appropriatｅｔｏｅａｃｈｌｉｎｅｉｓｂｅｉｎｇｓｔｕｄｉｅｄｂｙＢｒｅntMiller．
.｛十

Ｖ11．Conclusion

FromtheexperimentsonOhapter5，ｉｔｉｓｓａｆｅｔｏｓａｙｔｈｅｓｙｓｔｅｍｃａｎｂｅｅｘｔendedinto
fulllines（311ines）withouttoomuchdifficulty・However,followingcautionsmustbetaken
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inassemblingthecompletesystem・

ａ）Groundlinesshouldbemadewithlargerwiresandonepointconnectionshouldbe

maintainedwhereverpossible．

ｂ）Shieldingthelinefromtheamplifiertothedelay-linemaynotbenecessarybecause

ofthelowvO1tageswingandlowimpedanceofthedelay-line，ｂｕｔｓhouldavoidtheinter-

couplingbetweenthelinesbyproperlayout．

ｃ）PhysicallayoutshouldbemadealsofortheconvenientmaintenanceandOperation．

。）IsolationlowpassfiltershouldbeｍａｄｅbetweenAC1ineandthesystemtofilterthe

highfrequencynoisegeneratedbynear-byinstrumentswhenthｅｙａｒｅｔｕｒｎｅｄｏｎｏｒｏｆＴ．

ＡＰＰＥＮＤＩＸＩ

ＴＲＡＮＳＦＯＲＭＡＴＩＯＮＯＦＡＤＩＯＰＨＡＮＴＩＮＥＥＱＵＡＴＩＯＮ
ＩＮＴＯＣＯＮＧＲＵＥＮＣＥＳ

ＡＧｉｗ〃EqwUtio処

切2＋〃2＝ｎ３

ＭｂｔｈｏｃＬ

Ｗｅｍａｙｃｈｏｏｓｅ７ａｓａｎ“excludingnumber，，、Weconstructthefollowingtable．

〃＝０１２３４５６

鰯2＝０１４９１６２５３６

＝０１４２２４１（ｍｏｄ７）
ＺＶ＝113＝１ （ｍｏｄ７）

Ⅳ－＄2＝１０－３－１－１－３０

＝１０４６６４０（ｍｏｄ７）
〃〃〃勿勿

1V＿〃２tobeperfectsquarenumber〃２，itsresiduesmustberestrictedtonumbersO，１，２

and４．Therefore，acceptableresiduesof7arel，０，４，４，０ｏｕｔｏｆｌ，０，４，６，６，４，０．Their

correspondingnumber8forouａｒｅ０，１，２，５ａｎｄ６．
Therefore，congruenceis；

＄＝0,1,2,5,6（ｍｏｄ７)．

Similarly，wecangetfollowingcongruences；

鰯＝0,1（ｍｏｄ２）

〃＝1,2（ｍｏｄ３）

〃＝0,3,4,7,8（ｍｏｄｌｌ）．

（ｍｏｄ２)-congruenceisuselessbecauseitdoesnotexcludeanynumberatalLThisｉｓｗｈｙ
ｉｔｗａｓｎｏｔｕｓｅｄｉｎＣｈａｐｔｅｒｌ．

ＡＰＰＥＮＤＩＸＩＩ

ＤＥＬＡＹ－ＬＩＮＥＣＨＡＲＡＣＴＥＲＩＳＴＩＣＳ

Ｍ伽灯tUct呪γers・

ａ・BrubakerElectronics-partnumberＤＬ５５・

hCapehart-Farnsworth-partnumbeｒ801882.
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Ｐ/iysiCuノDjme7zsio〃

Ｔ
ｌ
ｌ
ｌ
邸
’
１
１
１
１

。 ０

flb庶葱１戸'－２"－１

,ＳｃｈｅｍｕｔｊｃＤｍ９ｒｕｍ

ＢＲＯＷＮ ＲＥＤ ＯＲＡＮＧＥ ＹＥＬＬＯＷ

680Ｑ 1.5ｋ2.0ｋ 1.2ｋ

Ｌ１
ＷＨＩＴＥｏ

ＢＬＡＣＫｃ

１８ｓect．Ｃ１

１８ｅｃｔ．１２･･･……１８

JＭ
ＷＨＩＴＥ－ＧＲＡＹ

ＧＲＥＥＮ

１Ⅲ。
ＢＬＵＥ

Ｏ

ＰＵＲＰＬＥ
Ｏ

l50Q 470Ｑ

`ＧＲＡＹＯ
ｌ８Ｓｅｃｔ．ｌ８Ｓｅｃｔ． ｌ８Ｓｅｃｔ．

ｌ８Ｓｅｃｔ．

ｌ２６Ｔｓｅｃｔｉｏｎｓｉｎａｌｌｉｎｏｎｅｂｏｘ．

_PtLra伽etcγ８．

０１：CapacitanceofaTsection・

Measuredvalue：９８０picofarads．

Ｌ1：InductanceofaTsection、

Measuredvalue：１５microhenrys・

CalculatedOandL

C＝C1/ｍ＝770picofarads．

Ⅲ=鵲圭=2Ｍ……
ｍ＝1.27,thevaluewhichyieldstheflattestpossibledelayversus

fo：cut-offfrequency．

ｆ･=豆うそ十万石-Ｍm噸…
Ｚｏ：oharacteristicimpedance、

Ｚ｡=↑/吾(…f･)='81…
Zomeasured：１８５ｏｈｍｓ．

ｔs：DelaytimeforaTsection．

frequencycurve．



琉球大学農家政エ学部学術報告第１１号（1964）194

ｔｓ＝１．２０ＬＯ＝０．１６７microseconds・

td：Delayofl26sections，ｏｒｏｎｅＤＬ５５１ｉｎｅ．

ｔd＝126ts＝21.1microseconds・

tdmeasured：２０．５microseconds・

tr：Ｒｉｓｅｔｉｍｅ（10％-90％)．

ｔ＝0.86microseconds（measured)．

ＡＰＰＥＮＤＩＸＩＩＩ

ＲＥＧＥＮＥＲＡＴＩＯＮＣＩＲＣＵＩＴ

Ｔｈｅｄｉａｇｒａｍｏｎｐａｇｅ５１ｓｈｏｗｓｔｈｅｒｅｇｅnerationcircuitdesignedforthissieve･

Ｔ２ｉｓｋｅｐｔｎｏｒｍａｌｌｙｏｆｆｂｙＲ６ａｎｄＲ５,ａｎｄＴ３ｎｏｒｍａｌｌｙｏｎｂｙＲ８、Duringthis雪normal

condition，Ｃ２ｉｓｃｈａｒｇｅｄｔｏＥｃａｓｉｎＦｉｇ、8-2Ｂ、

AsanegativetriggerisappliedtotｈｅｂａｓｅｏｆＴ２，Ｔ２ｔｕｒｎｓｏｎｇｒｏｕｎdingthecapacitor

O2asinFi9.8-2DswitchingthebaseofT3topositivepotentiaLT3thenturnsXoffand罰s

keptoffuntilcapacitorC2dischargesthroughR8downtothepotentialwhichissufliciently

negativetoｔｕｒｎＴ３ｏｎ，

DurationtokeepT3offwhichisinturntokeepT2onisentirelydeterminｅｄｂｙ:C2：aｎｄ
Ｒ８

ＢａｓｅｐｏｔｅｎｔｉａｌｏｆＴ３ｉｓｃａｌｃulatedasfollowa

Eb3=-EC+(ＥＣ+VCC)(l-Exp(~景言?〒))………………(6)~茎剛=-画.+(EC+v･･)（
－Ｖｂｃ

（ )）o２Ｒ８

］
Ｐ

+Ｖｂｂ
Ｏ

Ｒ７
Ｒｄ

Ｒ６

｛
Ｃ

Ｃ
Ｄ
皿ＤＬ－５５

⑤T，
Ｒｏ

可/￣
Negative

TriggeｒｌラＲ５

－Ｖcｃ

峰
Ｒ８

Ｆｉｇ．８－１．
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－Ｖcｃ
－Ｖcｃ

⑭、

。Ｅ０

０

－Ｖcｃ Ｃ

Ｒ９

藷 Ｒ９ Ｊｉｓｃｈａｒ正

。~可「 ＯＦＦ

(Ｃ） (Ｄ）

Fig.８－２．

Where

昨芸;≦鶚圭鵲
Therefore，Ｃ２ａｎｄＲ８ｍａｙｂｅｄｅｔｅｒｍｉｎｅｄｆｒｏｍｔｈｅｆollowingequation．

['＝

Ｊ７く
●●●●●●●●●■■●●●●●■●●●●●●●

「
Ｉ
Ｉ
Ｊ

１
Ｃ２Ｒ８＝Toﾊ、

Eb3o＋ＥＣ

Ⅱc＋Ｖcｃ

TakingEb3o＝0v,iandexperimentallydeterminedTo＝0.35microseconds，wegetfrom
equation(7)，

C2R8-MMn('昨器……………………(8)
Ｎｏｗ，determiningR8，thecolleｃｔｏｒｃｕｒｒｅｎｔｌｃｏｆＴ３ｗａｓｃｈｏｓｅｎｔｏｂｅ３．６milliamperes

forproperswitchingtimeHenceR9become８２．２ｋ．

Ｆｏｒｔｈｉｓｖａｌｕｅｏｆｌｃ，ＩｂｉｓｆｏｕｎｄｔｏｂｅＯ､２５milliamperesfromthedatasheetofMotorola

transistor2N741・Twicethisvalue，０．４４ｍＡｉｓｐｒｏｖｉｄｅｄｂｙＲ８ｗｈｉｃｈｉｓｌ８ｋ・
Therefore,fromtheequation(8)，wecalculatethevalueofC2．

C2=鵠孟…f…）
＝148picofarads．

ｌ５０ｐｆｗａｓｕｓｅｄｆｏｒＣ２ｉｎｔｈｅｃｉｒｃｕｉｔｓ・

Ｒ７ｗａｓｉｎｉｔｉａｌｌｙｃｈｏｓｅｎｔｏｂｅ１．２ｋｔｏｐｒｏｖｉｄｅａｂｏｕｔ６,７milliamperescollectorcurrenti-of

T2,whiChissuflicienttoswitchinl/１０microsecondElforthe50pfwiringcapacitance・Ｔｈｅ

ｃｕｒｒｅｎｔｔｏｂｅｕｓｅｄｉｎＣｈａｒｇｉｎｇ５０pfwiringcapacitanceis
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C４Ｖ５０×10-12×８
＝０．８ｍＡ．

４ｔ０．５×1０－６

６ｔｉｍｅｓｔｈｉｓｖａｌｕｅｗａｓｔａｋｅｎｆｏｒｔｈｅｃｏllectorcurrentofT2，

DampingresistorRdwasexperimentallydeterminedtostoposcillationmentionedinChapter
3・Ｉｔｉｓａｂｏｕｔ２７０ｏｈｍｓ・

Ｒ１０ｉｓｔｏｐｒｏｖｉｄｅｂａｓｅｃｕｒｒｅｎｔｌｂ２ｏｆＴ２ｗｈｉｃｈｉｓｓｕｆＹｉｃｉｅｎｔｔｏｓｗｉｔＣｈＴ２ｉｎｌ/１０micro-

secondsandR3inFig、３－４isalsodeterminedforproperswitching，Ｒ１０ａｎｄＲ３ｗｈｉｃｈａｒｅ

６．８ｋｗｉｌｌｐｒｏｖｉｄｅａｂｏｕｔｌＯｔｉｍｅｓａｓｌａｒｇebasecurrentnecessarytogiverequiredcollector
current．

Speed-upcapacitanceC3wasdeterminedempricallytobe50picofarads．
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ＴＡＢＬＥＯＦＳＹＭＢＯＬＳ

Ａ

Ａ＋Ｂ ﾐＯＲ″ＧＡＴＥ

Ｂ

、
ノ
ー

Ａ

Ａ・Ｂ ﾐＡＮＤ”ＧＡＴＥ

Ｂ

：
Ａｓ Ａ

ＦＬＩＰＦＬＯＰ

Ａｒ Ａ

A`－□－－ヘ,！ ＵＮＩＴＤＥＬＡＹ
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UniversityofCaliforniajBerkeley，1948.

3）Del１，Ｈ､Ｒ､，‘`TheElectricalDesignofE1ectronicNumberSieve,'，unpublishedMaster's

Thesis，UniversityofCalifl949．
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特殊ディジタル計算機“遅延線路数ふるい，，

の論理および回路設計（摘要）

喜屋武盛基

いわゆる万能ディジタル計算機（generalpurposedigitalcomputer）は文字通り万能でありあら

ゆる種類の演算から言語の翻訳などに至るまで適当なプログラミングにより行なうことができる。し

かしこの型の計算機はある種の計算にはまったく不向きで，その驚くべき早さの演算能力をもってし

ても相当長い時間を必要とすることが知られている。整数論の二次不定方程式やその他の平方剰余の

問題を解くのに使はれる連立合同式の解法がその－つである。
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この種の計算を万能計算機に行なわせるには経済的に不可能なことなので，この計算だけを行なわ

せる特殊目的のデジタル計算機の開発が数年前から試みられている。

この論文では``数ふるい，，と称する連立合同式を解くことのみを目的とする電子計算機の論理設計

と回路試作について論じている。

この計算機の記憶装置（メモリ）としてはＬＯ遅延線路を主体として20.5蝿の長さの遅延線路に

２１ピットのパルスをたくわえまた１ピットの記憶にはフリップフロップを用いて行なった。演算を

コントロールする主要部分である計数回路には遅延線路を用いた特殊な設計のビート計数回路を用い

て信頼度を高めることができた。このため高価な電子管式計数器の使用をはぶくことができた。

試作機の全記憶容量は240ビットである。この容量の範囲で可能な種々の連立合同式の計算を行な：

わせて正しい結果を得ることができた。

最後に誤動作自動検出装置について論じ，その論理設計も行なった。


