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ABSTRACT

㎞ageprocessinghasbeenwidelyusedinmedicalengineering,remotesensing,

televisionbroadcast,industrialmanufacturing.Theseapplicationsdemandnotonlystatic

imageprocessingbutalsodynamicimageprocessing,understandlngandanalysis.To

answerthesedemands,manyhigh-speedhigh-performancecomputersandLSIchipsspe-

cializedforimageprocessinghavebeendeveloped.

Ontheotherhand,accompanyingwithadvancementofthesemi-conductortechnol-

ogy,thepriceofLSIchipsisgettingdramaticcheap。Furthermore,afterbreakingthrough

thesoftwarecrisisin1960's,theprogrammingenvironmenthasbeenbeingimprovedin

thefollowingsides.(1)Variousofhigh-levellanguageshavebeendeveloped;(2)Many

syntaxorientededitorseasilytohandlehavebeenelaborated;(3)Programscanbereus-

ablebymakingthemintolibraryroutines;(4)Conversationaldebuggingtoolshavebeen

builton.

Undertheconditionoftheseabundantsoftwareandhardwareresources,thisdisser-

tationanalyzedthepresentsituationofimageprocessingandimageprocessingsystems.

Onthebasisofthisanalysis,itsuggestedanewcomputerarchitectureforimageprocess-

ingandanalysisfromlow-1eveltohigh-level.Basingonthissuggestion,aprototypema-

chinenamedasHIGIPSisdesignedanddeveloped.Moreover,fourkindsoflow-level

imageprocessingsuchasthecalculationofgray-levelhistogram,sharpening,smoothing,

andedgedetectionhavebeenperformed.TheusefulnessofthearchitectureofHIGIPSis

discussed,

Chapterlisaprologueofthisdissertation.Itgivestheconceptandthesituationof

parallelprocessing,thesignificanceofthisresearch,andtheconstructionofthisdisserta-

tion.

Chapter2classifiedimageprocessingandimageprocessingsystems,andanalyzed

theirsituations.Onthebasisofthisstudy,itsuggestedanewcomputerarchitecturefor

imageprocessingandunderstandingfromlow-1eveltohigh-1eveL

Imageprocessingisclassifiedinto(1)10w-levelprocessing,(2)intermediate-level

processing,and(3)high-levelprocessing.

㎞ageprocessingsystemsareclassifiedinto(1)fullyparallelprocessor,(2)locaI

parallelprocessor,(3)pipelineprocessor,and(4)multiprgcessor.Theadvantagesandthe

disadvantagesofthesefourkindsofsystemsareanalyzed,especiallyforthedisadvan.
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tagesofthepipelineprocessorandmultiprocessor,anewcomputerarchitecturefor

imageprocessingandanalysisfromlow-1eveltohigh-levelisconceived.Thisnewcom-

puterarchitectureisthecombinationthepipelinearchitectureandmultiprocessorarchi-

tecture,i.e.,thesysteminwholeemploysthepipelinearchitectureandeachstageofthis

pipelinesystememploysthemultiprocessorarchitecture.Themachinewiththisnewar-

chitectureisnamedasHIGIPS.HIGIPSistheabbreviationofHigh-speedGeneral-

purposeImageProcessingSystem.ItemploysN×Mprocessors,whereNisthenumber

ofpipelinestagesandMisthenumberofprocessorsinapipelinestage.

Chapter3relatedthedesignconceptoftheprototypeHIGIPSincomparisonwlth

thetraditionalsystems.ThedesignofthisprototypeHIGIPShasthefollowingfeatures.

(1)Commerciallyobtainablegenera1-purpose16-bitmicroprocessor(V50)isselectedas

itsPE(ProcessingElement);

(2)Combinationofglobalmemoryanddistributedlocalmemoryisusedtoimprovethe

memoryefficiency;

(3)MessageexchangesamongPEisperformedviatheglobalbus;

(4)Pipelineperformanceofthewholesystemisrealizedwiththeuseofthespecially
designeddualporttime-sharingmemorymodule;

(5)Popularizedgeneral・purposepersonalcomputer(NECPG9801)isadoptedasthe

systemcontroller;

(6)Parallelinterface(GP-B)isusedastheinterfacebetweenthesystemcontrollerand
HIGIPS.

Chapter4introducedthedevelopmentoftheprototypeHIGIPS.Thefollowitems

arecarefullyconsideredduringthedevelopment.

(1)Onlyoff-the-shelfcomponentsareused.Thisshortenedthedevelopingtime;

(2)Byusingamodulardesignconcept,onlytwodifferentboards,aCPUboard-KIT-

TAIandamemoryboard-K[「-TA2,areimplemented.Thismakestheconstruction

ofthewholesystemeasy;

(3)LogiccircuitsaresubstitutedbyPALdevices.Thisdecreasedtheareaofthetwo
differentboardsrelatedin(2).

Chapter5relatedtheimageprocessingschemeonHIGIPSanditsmonitorfacili.

ties.Theimageprocessingschemeisasfollows.

(1)TodeveloptheprocessingprogramonsystemcontrollerwithClanguage;

(2)TosegmenttheprocessingprogramintoNsections,whereNisthenumberofthe

pipelinestages;

(3)TodownloadtheexecutablefileofeachsectiontoeachstageofHIGIPS;

(4)Tostarttheassignedprocessingaccordingtothemessagefromthesystemcontroller.

-iii一



MonitorprogramofHIGIPShasthefollowingfacilities.

(ユ)Programdown-load;

(2)Programexecute;

(3)ProgramstoP;

(4)Messageexchange.

Chapter6showedtheimplementationoftheHIGIPSmonitor,andimageprocess・

ingexperimentresultsonit.HIGIPSmonitorisconstructedbythefollowinglibrary

functions.

(ユ)Memorywritelibraryfunction;

(2)Memoryreadlibraryfunction;

(3)UOwritelibraryfunction;

(4)1/0readlibraryfunction;

(5)Programdown-10adlibraryfunction;

(6)Programmovelibraryfunction;

(7)Programexecutelibraryfunction;

(8)Start-uptestlibraryfunction;

(9)Finishlibraryfunction.

Thecorrespondingcommandstoabovelibraryfunctionsonsystemcontrollerare

prepared.Theselibraryfunctionsandcommandsaredevelopedwithhigh-1evelprogram-

minglanguageC.IPL(InitializingProgramLoader)isdevelopedwithassemblelanguage

(55machineinstructions).

OnthisprototypeHIGIPS,fourkindsoflow-levelimageprocessingsuchasthe

calculationofgray-1evelhistogram,sharpening,smoothing,andedgedetectionareper-

formed.AroundN×Mtimesspeed-upisobtained.Therefore,theusefulnessofthearchi-

tectureofHIGIPSisconfirmed.

Chapter7relatedtheconclusionsandlistedthefutureworks.
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Cllapterl

INTRODUCTION

Astheuseofcomputersaffectsincreasinglytheworldeconomyinthebroadfields,

manyproblemstowhichpeopleapplycomputersgrowcontinuallylargerandmorecom-

plex.Demandsforfasterandlargercomputersystemsincreasesteadny.Fortunately,the

technologybaseforthelasttwentyyearshascontinuedtoimproveatasteadyrate-in-

creasingincapacityandspeedwhiledecreasingincostforperformance.However,the

demandsoutpacethetechnology.Thisralsesthequestion,canwemakeaquantumleap

inperformancewhiletherateoftechnologyimprovementsremainsrelativelyconstant?

Computerarchitectshavefollowedtwogeneralapproachesinresponsetothisques-

tion.Thefirstusesexotictechnologyinafairlyconventionalserialcomputerarchitecture.

Thisapproachsuffersfrommanufacturingandmaintenanceproblemsandhighcosts.

Thesecondapproachexploitstheparallelisminherentinmanyproblems.Theparallel

approachseemstoofferthebestlong・termstrategybecause,astheproblemgrows,more

andmoreopportunitiesarisetoexploittheparallelisminherentinthedataitself.

Wherecanwefindtheinherentparallelismandhowdoweexploitit?Mostcomputer

programsconsistofacontrolsequence(theinstructions)andacollectionofdataele-

ments.Largeprogramshavetensofthousandsinstructionsoperatingontensofthousands

oforevenmillionsofdataelements.Wecanfindopportunitiesforparallelisminboththe

controlsequenceandinthecollectionofdataelements.

㎞thecontrolsequence,wecanidentifythreadsofcontrolthatcouldoperateinde-

pendentlyondifferentprocessors.Thisapproach,knownascontrolpara〃elism,isusedfor

programmingmostmultiprocessorcomputers.Theprimaryproblemswiththisapproach

arethedifficultyofidentifyingandsynchronizingtheseindependentthreadsofcontro1.

Alternatively,wecantakeadvantageofthelargenumberofindependentdataele-

mentsbyassigningoneprocessortoeachdataelementandperformingalloperationson

thedatainparalleLThisapproach,knownasdatapara〃elism,worksbestforlarge

amountsofdata.Formanyapplications,itprovesthemostnaturalprogrammingap.

proach,1eadingtosignificantdecreaseinexecutiontimeaswellassimplifiedprogram.

ming.

EarlyexamplesofparallelprocessingmachinesareICL'sDistributedArrayProcessor

(DAP)[37】,Goodyear'sMassivelyParallelProcessor(MPP)【8,9],andothers.Eachol
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thesemachineshassomeelementsofthedesiredarchitecture,butlacksothers.Forex-

ample,theMPPhas128×128processingelementsarrangedinatwo-dimensionalgrid,

butinterprocessorcommunicationissupportedonlybetweenneighboringprocessors.

Thisdissertationfirstanalyzestheadvantagesanddisadvantagesoftheseconven-

tionalpara量lelprocessingmachines.Onthebasisofthisana且ysis,itthensuggestsallew

architecturetoperformthereal-timehigh-1evelimageprocessing,analysisandunder-

standing.Andthird,itintroducesthedesign,implementationandevaluationofaproto-

typemachinenamedasHIGIPS(abbreviationoftheHigh-speedGenera1-purposeImage

ProcessingSystem)whichtakesuseofthisnewarchitecture.

Acasestudyofthepresentimageprocessingsituationandananalysisofimage

processingmachinesisdoneinChapter2.Basingonthisanalysis,anewcomputerarchi-

tectureforimageprocessingisproposed.Chapter3discussesthedesignconceptswith

thisnewarchitecture.Chapter4explainstheimplementationoftheprototypeHIGIPS

machine.Chapter5relatestheprogrammingenvironmentofHIGIPSandtheconstruction

ofthemonitorprogram.Chapter6showstheevaluationoftheprototypeHIGIPSandthe

experimentresults.Chapter7relatesconclusionsviathisresearchandliststhefuture

works.
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Chapter2

ACASESTUDYANDANANALYSISOFTRADITIONAL

IMAGEPROCESSINGSYSTEMS

Nowadays,imageprocessinghasbeenwidelyappliedinmedicalengineering,remote

sensing,televisionbroadcast,andindustrialmanufacture.Theseapplicationsdemandnot

onlythestaticimageprocessingbutalsothedynamicimageprocessing,especiallythe

real-timeprocessing.Tomeetthisdemand,manyarchitecturesandparallelprocessing

machinesspecializedonimageprocessinghavebeenproposedandrealized[ユ,4,10,ユ6,

42,43】.Thefollowingrelatesthetaxonomyofimageprocessingandimageprocessing

machines.

2.1ClassificationofImageProcessing

"Seeing"isgovernedbyacomplexmechanismhavingthreeprimarycomponents:

environment(ormatter)tobeseen,radiantenergy,andobserver.Visioninvolvesacquisi-

tionofradiantenergy,formationandprocessingofimagery,andperceptionofthephysi-

calreality.Visionisinvestigatedbythreedifferentschoolsofthescientificcommunity.

1>eur()physiolo8istsattempttounderstandhowsensorandneuralmechanismsofbiological

systemsfunction.PerceptuatPsycholo8iststrytounderstandthepsychologicalissuesgov-

erningthetaskofperception,andComputerVisionScientistsinvestigatethecomputational

andalgorithmicissuesassociatedwithimageacquisition,processing,andunderstanding.

Themechanismgoverninglightcaptureinbiologicalandartificialsystemsisrela-

tivelysimpleandwellunderstood.Developmentofeyeglasses,microscopes,cameras,and

othersophisticatedopticalgadgetryareevidenceofourthoroughunderstandingoflight

captureandimageformation.Ontheotherhand,theproblemofhowtoperceiveobjects

inthethree-dimensional(3-D)environmentfromthecapturedtwo-dimensional(2-D)im-

agesisnotwellunderstoodinboth.

Ahierarchyofcomputationaltasksutilizedinatypicalcomputervisionispresented

inFig.2.1【96】.Ifaprocessingisbasedonarraysofnumericaldatathatareinregistra-

tionwithorcorresponddirectlytoimagedata,thenitislow-level.Aprocessingbasedon

symboiicdescriptionsofextractedimageevents,orview-specificsymbolicinstantiations

ofstoredmodelsandknowledgeareintermediatelevel.Aprocessingthatisview.or

scene-independentishigh-leve1[100].
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MRelationalStructureAnalysis

l。bjec膿 苗　。nand懸 縄
SSceneInterpretation

3-DFeatureDetection&Analysis,INTERMEDIATE

(IncludingDepthFromShading,Texture,Motion;LEVEL

St・ ・e・;Rang・A・ ・1y・i・)PROCESSING

ImageEnhancement,

NoiseRemoval,

OtherPreprocessingTasks,LOWLEVEL

2-DFeatureDetectionandAnalysis,PROCESSING

(lncludingEdgeDetection,ContourAnalysis,

RegionAnalysis)

昌

誉

嚢

/↑＼
Scene

1㌃8.2.1.HierαrchyofcomputationaltasksinvolvedinmachinevisiOll.

Low-1evelprocessingdealswithimageenhancement,noiseremoval,orsimiIarimage

processingfunctions.Italsoinvolvesextractionandanalysisofeitheredge-basedorre-

gion-basedfeatures.Edge-basedtechniquesexploitthepropertiesofdissimilaritiesbe-

tweenpixelswhereasregion-basedapproachesattempttocapturesimilaritiesorhomoge-

neityinregionproperties.Thisprocessingresultsinpartitioningoftheinputimageillto

itsmeaningfulparts.Thesepartsareknownasblobs,andtheyneedtocorrespondclosely

tovariousphysicalobjectsortheircomponentsapPearinginthescene.Theseblobsare

ana[yzedtoderiveusefulfeaturesfromspectralandspatialdomains.Someofthecom.

monlyusedfeaturesincludegraylevel(multispectra1/color),texture,sizeandshapemeas-

ures.
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Intermediatelevelprocessingmainlydealswiththeextractionandanalysisof3-D

featuresfromimagery.Insomeapplications,suchashighaltituderemotesensingor

documentanalysis,3-Dconsiderationsarenotrequired.

正ligh-levelprocessinginvolvesfinalsceneinterpretationcarriedoutbyobjectrecogni-

tionresultproceduresthatanalyzetheresultsofintermediatelevelprocessing,andcanbe

analyzedinamodel-basedparadigm。Inthislevel,imagefeaturesareback-projectedto

determinewhatobjectsurfacesmayhavegivenrisetothem.Thisapproachprovesa

computationallytractablesolutiontotheimageinterpretationproblem.Modelsassociated

withobjectsthatareexpectedtoapPearinthescenearepreviouslyrecordedintheknowl-

edge-baseofthesystem.Featuresderiverfromimagearematchedagainstselectedattrib-

utesofobjectmodelsutilizingavarietyofpatternrecognitionschemes.

2.2AGeneralSchematicStructureofImageProcessing

Imageprocessingschemesdependuponthepurpose.Ageneralschematicstructure

ofimageprocessingisshowninFig.2.2【49】.

2.2.1PictureProcessing

This"processingbox"(seeFig.2.2)isk)w-1evelprocessingandmainlybasesonsig-

nallevelprocessingandhasthefollowingcharacteristics.

(1)Mostlylocalparalleloperations;

(2)Homogenousprocessingofallpixels;

(3)Useofspecialnon-computerdevices(e.g.opticalprocessing);

(4)Useofpictorialinput/outputdevices;

(5)Themainproblemsincomputerprocessinginclude:

(a)handlingofhugeamountsofhomogenousdatawithinherentlytwo-
dimensionalstructure;

(b)effectivepackingofinformationinmemory;

(c)effectiveimplementationofparalleloperations.

2.2.2NumericalProcessing

This"processingbox"(seeFig.2.2)isintermediatelevelprocessingandcontairlsboth

signallevelprocessingandsymboliclevelprocessingandhasthefeaturesasfollows.
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PictureInputNonpictorialInputOutputs

Picturerocessedpictures

Prodessing(e.g.enhanced)

imageparts .quantitativefeatures
..Numerlca1(e.g.areaofablob)

器atlvep「ocessing毬1Σ92踏 購

St・u・tu・al離 奮 鵠 蕊窪袈
Processingisaboveobjecty,,)

Int・lliggnt麗e・ 饗31£ 竜。nfer-
structureProcesslngenceroomwherea

modificationmanspeaksabouta
meaningofascene")

linktoanintelligent

super-system(e.9.aman)

Fi8.2.2.A8eneralschematicima8eprocessingstrttcture.

(1)Arithmetic;

(2)Simplelogical(Boolean)operations;
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(3)Comparativelysmallquantitiesofdata,practicallywithoutstructure(nu-

mericalandlogicalvariables);

(4)Nospecificproblemswithoperationrepertoire;

(5)Coveredexcellentlybyordinarygenera1-purposehigh-levellanguages(e・9・

PASCAL,FORTRAN,C).

2.2.3StructuralProcessing

This"processingbox"(seeFig.2.2)isalsointermediatelevelprocessingincludes

bothsignallevelprocessingandsymboliclevelprocessingandischaracterizedasfollows.

(1)Highlyentangleddatastructures(lists);

(2)Ratherlargeamountsofdata,mostlyofstructuralcharacter(referencesor

linkstodataitems);

(3)Basicoperations:accesstostructureelements(linkfollowing);

(4)Problemofchoiceofbasiclistelementanditscomputerrepresentation;

(5)Sophisticatedmemorymanagementsystemneeded.

2。2.41ntelligentProcessing

This"processingbox"(seeFig.2.2)ishigh-levelprocessingandperformsonlythe

symbolicleve且processingandisfeaturedasfollows.

(1)Datainterpretationbasedonstoredknowledge;

(2)Knowledge-basedinferenceandreasoning;

(3)Variousartificialintelligencedevices;

(4)Basedmainlyonstructuralprocessing.

2.3TaxonomyofImageProcessingMachines

Overlasttwentyyears,thesemi-conductortechnologyhasbeendevelopingbyleaps

andbounds.Large-scaleintegratedcircuittechnologyisnowmakingapowerfu且impact

onthedesignofcomputers,especially,theflexibilityandcheapnessofcommercially

obtainablemicroprocessorshavebroughtthechanceofconfiguringacomputerforthe

specialjobinhandwithintherangeofquitemodestresearchbudgets.Thisledtothe

emergenceofmanyparallelmachinestosolveparticularproblems[1,4,7,10,13,19,28

29etc.】.Theclassificationofthesespecialpurposeparallelmachinesisverysignificant

forstudyingtheparallelprocessingandcomputerarchitectures.

Thebest㎞owntaxonomyforparallelcomputers,proposedbyFlynn[23,24】,is

basedonthemultiplicityoftheinstructionanddatastream,whichidentifiesfourclasses

ofcomputer:1)SingleInstructionstreamSingleDatastream(SISD)computerscorre-
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spondtoregularVonNeumanncomputersthatcanexecuteonlyoneinstructionatatime

andprocessonlyonedatumatatime;2)SingleInstructionstreamMultipleDatastream

(SIMD)computersarebasedonacentralprogramcontroller,thatdrivestheprogram
flow,andonasetofProcessingElements(PE),thatreceiveandexecutethesameinstruc-

tionbroadcastedbythecentralcontrollerbutelaboratestheirowndata.ThePE'sconsist

ofregularArithmeticLogicUnits(ALU)withacertainamountoflocalstorage(registers

andmemory);3)MultipleInstructionstreamSingledatastream(MISD)computersare

veryoftenassociatedtopipelinecomputers,whereasequenceofprocessorselaboratesa

streamofdatawhichflowthroughit.Eachprocessorperformssomeprocessingonits

inputdatastreamandproducesanoutputdatastreamforthenextprocessorinthese-

quence.MISDpipelinecomputersareusedtoprocessimagesinrasterscanmode.The

pixelsextractedatatimefromtheimagefeedthepipelineandgothroughdifferent

operationsateachstage;4)MultipleInstructionstreamMultipleDatastream(M」MD)

computersaremadeofseveralregularVonNeumanncomputers,eachofwhichexecutes

itsownprogram,operatingonprivatedata.Usuallyacommonmemoryisprovidedfor

communication,butothertechniquescanbeutilizeddependingonthenumberofproces-

sors,theexpectedaccesstotheshareddatabaseandtheinterconnectionnetworks.

Themultiplicityoftheinstructionanddatastreamleadstoveryroughclassification

ofparallelcomputers,whichturnsouttobeinadequatetocoverthelargeamountof

existingimplementations.ManyofsocalledSIMDarchitecturesdepartfromthestrict

Flynn'sdefinition,sothatthereisreallyacontinuumfrom"pureSIMD"to"pureMMD"

ratherthanasimpledichotomy.Thereby,SkillicornextendedFlynn'sclassificationof

architecturestobemorediscriminating,(inparticular,thegrowingvarietyofmultiproces-

sorscanbecategorizedandrelated)[841,Maresca,LavinandLiproposedthetaxonomy

byusingthreeparameters,theautonomy,thenetworktopologyandthedatawidth,forthe

refinement{61】.

Ontheotherhand,theparallelcomputerscanbealsocategorizedaccordingmachine

constructionanditsprocessingmorphology【42,45,46].Theyare:1)fullyparallelproc・

essor;2)localparallelprocessor;3)pipelineprocessor;and4)multiprocessor,asspecifi-

callypresentedinfollowing.

2.3.1FullyParallelProcessor

Thisusesthearrayedprocessorelements(PE's)tomatchtwo-dimensionalimagedata

asillustratedinFig.2.3.EachPEdealswithonlyonepixelsothatthiskindofsystem

operatesinparallelatpixeMeveLThesystemusuallyemploysthousandsofortensof

thousandsofhomogenousPE's.RepresentativesystemsareCLIP4,developedattheUni-

versityCollegeofLondon,withDuffasthechiefinvestigator【28】,DAP,developeda1
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lnternationalComputerLtd.ofStevenage,England,withReddawayastheprincipleinves。

tigator[371,MPP,developedatGoodyear,withBatcherastheprincipalinvestigator【8,91

AAP,developedatNipponTelegraphandTelephonePublicCorporation,Japan,with

Kondoastheprincipleinvestigator[481,CM-2,developedatThinkingMachinesCorp.,

withTuckerastheprincipalinvestigator[95,991.Table2showsthecomparisonofthese

fourfullyparallelmachines.

Table2.l

ComparisonofTypicalFullyPara且lelMachines

MachineNumberofPE'sPE's/chipMaximumExecutionSpeedLocalMemory

CLIP496×96846MIPS32bits

(Binarypointwiselogicor8-bitpointwiseadd)

DAP64×641610240MOPS4kilobits

(BooleanOperations)

MPP128×12886553MOPSlkilobits

(Addition)

AAP-2256×2566410000MIPSlmegabits

(Booleanoperations)

CM-2(128×128)×4166000MIPS64kilobits

(Documentsearch)

Thiskindofsystemperformsfullyparallelprocessingateachpixe1,andactsat

high-speed.ButitemploystoomanyPE's,andtheinterconnectionsbetweenPE'sare

fixedandlarge-scale.Moreover,theimagesizeprocessedatatimeislimitedbythe

numberofarrayedPE's.Andtheprogrammingbecomesdifficultwhenitexecutesproc-

essinginwhichparallelismdoesnotexist,suchasthecalculationsofgeometricareaand

histogram.

2.3.21.ocalParallelProcessor

Thisistheminicomputerbasedimageprocessingsysteminwhichthemostoften

usedtimeconsumingimageprocessingoperationisimplementedbyhardwarethatis

addedtoimagememory.Examplesofthiskindsystemare:TOSPIX[44】andPPP[43],

developedatToshibaCorporation,Japan,withKidodeastheprincipalinvestigator,D】[P

[32,33】,developedatDelftUniversityofTechnology,Delft,TheNetherlands,withGerrit-

senastheprincipalinvestigator,MFIP【88】,developedatOsakaUniversity,Japan,witl1
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Sugimotoastheprincipalinvestigator.

(a)(c)

(b)

Fig.2.3.7),picalstructures6ゾ プit〃ypara〃elmachines.(のCro∬coll'lectivity∫

(b)Hexagonalco'znecti吻 ∫(C♪Squareconnecti吻.
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Thiskindofsystemcanberealizedeasilyandeconomicallybydevelopingtheimage

memorymoduleandimageprocessingmoduleindependently,andcandealwithlarger

sizeimagedataincomparisonwiththefullyparallelprocessor.Whereastheprocessing

speedisinferiortotheprevious.

2.3.3PipelineProcessor

ThiskindofsystemmakesuseofPE'sconnectedintheshapeofpipelineandper-

formsimageprocessingsequentiallyasshowninFig.2.4.Typicalexamplesare:Cytocom-

puter【116】,developedatMichiganEnvironmentResearchCenter,withLoughheedasthe

chiefinvestigator,FLIP[31],developedatResearchInstituteforInformationProcessing

andPatternRecognition,WestGermany,withGemmarasthechiefinvestigator,GOP

【34],developedatLinkopingUniversity,Sweden,withGranlundasthechiefinvestigator,

RAP皿)[62】,developedatMinoltaCameraCo.,Ltd.,Japan,withMasakiasthechief

investigator,TIP[29,93,94】,developedatC&CSystemsResearchLaboratories,NEC,

Corporation,Japan,withTemmaasthechiefinvestigator,DATEN[47,75,76],devel-

opedatFujitsuLaboratoryLtd.,Japan,withSasakiasthechiefinvestigator.Becausethe

movingandprocessingofdataareperformedatthesamemode,theconstructionofthis

kindofsystemissimple.Butthesystemislessflexibleandcanonlyhandleafixed-type

P「ocesslng・

κ ∫

yi

123n-1n

α ∫

1ヴ8.2.4.Principleofpipelineproce∬in8.

2.3.4Multiprocessor

Thiskindofsystemutilizesmultipleprocessors.Samplesofthistypeare:PASM[79 ,

80,81,82」,developedatPurdueUniversity,USA,withSiegelasthechiefinvestigator ,

ZMOB[51],developedatUniversityofMaryland,USA,withKushnerasthechiefinvesti-

gator,MACSYM【47,116],developedatKyotoUniversity,Japan,withInagakiasthechief
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investigator,SIPS【36,1ユ6j,developedatSONYCorporation,Japan,withHasebeasthe

chiefinvestigator,EMMA[601,developedatElettronicaSanGiorgio,Italy,withManara

asthechiefinvestigator.Interconnectionsbetweenprocessorsarechangeableuponthe

processingdemand.Therefore,thesystemcanbeappliedeithertothepreprocessingand

high-levelprocessing.However,toperformthereal-timeprocessingandanalysis,AIarge

numberofprocessorsisneeded,'andthecontrolproceduresofprocessorsbecomescom-

Plicated.

2.4PurposeofTllisResearcll

Someofabovemachinescanhandleimageprocessingat(ornearlyto)thevideo-rate,

e.g.,SIPScanperformthefilteringatvideo-rate,mATENtakesonly120-nstoprocessa

pixel,EMMA-MAORScanreadthemicrofilmrollsatthespeedof2000,000photograms

perhour.Butallofthesearelimitedatthelow-1evelimageprocessing.Itishardforthese

machinestohandletherea1-timehigh-levelimageprocessingandunderstanding.Because

mostofthememploythearithmeticcircuitastheirPE,theprogrammingbecomesdiffi-

cultwhentoperformthehigh-levelprocessing.

Thepurposeofthisresearchistodevelopanewparallelmachinetodealwiththe

reai-timebothlow-levelandhigh-1evelimageprocessingandanalysisproblem.Thepro-

grammingIanguageofthisnewparallelmachineisthecommercia且1yobtainablehigh。level

languagewhichhashighprogrammability.

2.5APropositionofaNewComputerArchitecturefortlleRea1・

timeHigh・1evelImageProcessingandAnalysis

Inabove,theclassificationsofimageprocessingandimageprocessingmachinesare

discussed,andtheiradvantagesanddisadvantagesarerelated.Especially,forthoseweak

pointsofpipelinearchitecture'sandmultiprocessor's,αsystemwhosearchitectureisthe

combination〔)fthepipelineandm"ltiproce∬orarchite伽reswitlpreserve〃 ～θadvantagesof

bothan(iremedyeachothe〆 ∫disadvantages.HIGIPSjustutilizesthisproposition.Ittakes

thepipelinearchitectureinwhole,andthemultiprocessorforeachstage.Themulti-

processorusedhereissimplyasharedbusandsharedmemorytype,andemploysthe

general-purposemicroprocessorasitsPEwhichalsohasalocalmemory.Thespecific

designconceptsofHIG】PSwillbegiveninthenextchapter..

Wheneverthearchitectureofacomputerisradicallydifferentfromthatoftheco11.

ventionalVonNeumantype,theprogrammabilityofthisnewmachineisadelicateand

crucialfeatureforobtaininghighoveralIperformance.Moreover,theprogramminglan-

guageforsuchacomputershouldbothbeindependentfromit(portableandreadable)
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andefficientonit:twotrulyconflictingrequirements!Forthesereason,differentap

proacheshavebeensuggestedforhandlingthisproblem,generallystronglyinfluencedb,

thepreviousexperiencegainedinthisfieldbythoseputtingforwardtheirideas・Thereii

nogeneralconsensusastowhetheritisbettertoprograminahigh-levellanguage(sucl

as,forexampleFortran,PascalorC)andtocallfromanimageprocessinglibrarysub

routinesoptlmallydesignedforagivenmachine;ortouseaninterpreterlikeAPLi童

whichinteractivityandaccuratediagnosticsmaybeobtained;or,finally,todefineahigb

levellanguagehavingspecificcontrolstructuresforlocalcomputationsandglobalparal

Ielism,aswellasdatastructuresanddatatypes・particularlyusefulinthisfield.Inshorl

programmabilityisindeedakeyissueindesigningasystemthatcanbeusedforimag(

processinginanefficientyetflexibleway.

HIGIPSwillemploythepresentexistenthigh-levelprogramminglanguagessucha:

Fortran,Candsoon,whicharecertainlyindependentfromH工GIPS,andrunningo

personalcomputers.ThesoftwarestrategyofH工GIPSwillbediscussedinchapter6.
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Cllapter3

DESIGNCONCEPTSOFHIGIPSMACHINE

Onthebasisoftheanalysisofconventionalimageprocessingmachines,thischapte

discussthedesignofHIGIPS.Asknown,atthepresentday,theadvancedsemi-conducto

technologyandlarge-scaleintegratedcircuittechnologymakeitpossiblethataユmm2

chipcanincludehundredsoforthousandsofthousandstransistors.Thisbringstheap

pearanceof .extralarge-scaleintegratedcircuits,forexample,16megabitsDRAMIC's

32-or64-bitgenera1-purposemicroprocessorIC's,andreducesthecostsoftheseIC's.

Alongwiththevigorousdevelopmentofsemi-conductortechnologyandlarge-scald

integratedcircuittechnology,thesoftwaretechnologyalsomadearemarkableprogres∈

afterbreakingthroughthesoftwarecrisisin1960's.Theprogrammingenvironmentha

beenimprovinginthefollowingsides.

(1)Variousofhigh-levellanguages,forinstance,Fortran,C,Prolog,have

beendeveloped;

(2)Manysyntaxorientededitorseasilytohandlehavebeenelaborated;

(3)Theprogramscanbereusedbymakingthemintolibraryroutines;

(4)Conversationaldebuggingtoolshavebeenbuilton.

Underthissituationofthehardwareandsoftwaretechnology,i.e.,thehardwareani

softwareresourcesarequiteabundantandobtainableeconomically,thepeoplecan'thel ,

think:canwemakeahigh-performancemachinewithuseofthesehardwareandsoftwarl

resources?TheHIGIPSisitsanswerwhichisconceivedforparallelimageprocessing

understandingandanalysis.

3.1BlockDiagramofHIGIPS

TheHIGIPS'sarchitectureisthecombinationofthepipe且ineandmultiprocessorar

chitecture,i.e.,asawhole,itemploysapipelinearchitectureeachstageofitemploysth

multiprocessorarchitecture.AsillustratedinFig.3」,HIGIPSiscomposedofユ)Pictur

InputUnit(PIU);2)NPictureProcessingUnits(PPU);3)PictureOutputUnit;and4

SystemController,

3.1。1PictureInputUnit

ThisunitcomprisestheA/Dconvertermodule(ADM),memorymodule(MM),an

PIUcontroller(PIC).ADMdigitizestheanalogousvldeosignalfromthevideocamera
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VTRorotherdevices,andsendsthedigitizedimagedataintoMMundertheしontrolof

PIC.

一 』==》===グ ー

StagelStage2StageN

Fig.3.1.Blockdia8rαm(]fHIGIPS.

3.1.2PictureProcessingUnit

ThecomponentsofPPUaretheprocessormodu且e(PM)andMMthatisatime,

sharingdualportmemory,andplaystheroleoftheglobalmemory(GM)ofthestage

(SeeFig.3,2).PMiscomposedofthecommonROM(CROM)andル1processorsthathave

thelocalmemory(LM).Oneofthemfunctionsassub-controller(SUBC),theothersare

slaveprocessors(SMPU).SUBCisresponsiblefordown且oadingtheprocessingprogram

fromSCintoGM,transferringthedownloadedprogramintoeachLMofSMPU,starting

toruntheprogramsinLM's,monitoringtheactivitystatusofeachSMPU,sendingthe

endmessageofeachSMPUtoSC.AnditismanagedbySC.

MMisconstitutedbytwoblocksoflargecapableSRAM'sandbusswitches(BSand

BS'),andworksasthedualportmemory.ThePMiscomlectedtothememoryblockMi,1

alldMi+1,2bysettingBSo'～andBS'off,andviceversa,tomemoryblockMi,2andMi+1.1.
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3.1.3PictureOutputUllit

Thisunitconsistsoftheframebuffermemorymodu畳e(FBM),POUcontroller(POC),

memorymod田e(MM),andVTRordisplay.Thefina且processingresultisti'ansferred

fromMMtotheVTRordisplayviatheFBMunderthecontrolofPOC.Thebuffer

memoryofFBMmustbelargeenoughtooutputnotonlyblack-whitebutalsocolorvideo

signalS.

Fi'8.3.2.1)ictureprocessingttilit・

3.1.4SystemController

SCisapersonalcomputerorminicomputerthattakesthecontrolofthewholesys・

tem.Itsfunctionsaretodeveloptheprocessingprogramwithhigh-1evelIanguages(e.g.,

C,FORTRAN),todownloadtheexecutableprogramintoGMofeachstage,tomonitor

theactivitiesofeachstage,tosetBSandBS'011/off.
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3.2DesignofPM

AsshowninFig.3.2,thePMconsistsofmultiplePE's,Theefficiencyofthesystemis

basedontheperformanceofPE.Therefore,thedesignandthedevelopmentofPEisthe

keyissueofanewsystemaimingathigh-speedandhighperformance.

3。2.1ProcessingElement

TherearetwokindsofPE'sutilizedinthetraditionalsystemsspecializedforpara11el

lmagep「ocesslng・

(1)Thegenera1-purposemicroprocessor;

(2)Thearithmeticcircuitsuchasadder-subtracter,multiplier-divideretc..

ExamplesofthefirsttypearePASM(16MC68000MPU's)[79,80,81,82],ZMOP

(256Z80MPU's)[51],MACSYM(16Z8000MPU's)[47,116】,PX-1(32Z80MPU's)

【77】.SamplesofthesecondtypeareTIP-1[29,93,941,SPARC[46】,DP[32,33】,SIP∈

[36,116】.TypicalstructureofthistypeisillustratedinFig.3.3.

Local

data

Datamemory

input/output

RegisterBit-serial

banksprocessorToneighbours

Gate

ClrCUlts

→

From

neighbours

Fig.3.3.Tyρicalstructure()fPEbasedonthearithmeticunit.

AlthoughitisbecomingeasilytodesignandorderthecustomIC's,yetitishigh-cosl

andtime-consumingforordinaryusers.Andalso,thespecialdesignedPEisIessflexible

andishardforhigh-levelprocessing」ncomparisonwiththeseweakpointsofthesecond

typePE,thegeneral-purposemicroprocessorislow-costandisgoodathigh-levelprocess.

ing.Moreover,thesoftwareresourcesofNECPC98seriespersonalcomputersareabun・

dantandarewellbuilt.Therefore,thegenera1-purpose16-bitmicroprocessorNECV50

(μPD70216)ischosenasthePEofHIGPS,whichiscompatiblewiththepresentsoftware

resourcesofNECPC98seriespersonalcomputers..
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3.2.2AccessesofImageData

Thefollowingsarethemostoftenusedmethodstoaccesstheimagedata.

(1)Rasterscan;

(2)Commonmemory;

(3)Distributedmemories;

(4)Combinationofacommonmemoryanddistributedmemories.

TherasterscanprincipleisshowninFig.3.4.Itcanbeimplementedeasily,butth∈

accessingisfixed.ItsrepresentativesareF皿.P[311,DIP[32,33】.

,Datacontro1

/ノ
/

!

!

'

1

ノ

/

PE's/

//

InputimageDatacontrol-1Outputimage

1互8.3.4.Principleofrasterscantypeimα8eproce∬in8.

Fig.3.5isthecommonmemoryscheme.AllPE'scanaccesstheimagememoryran.

domlysothattheefficiencyofthememoryiswonderfullyincreased.Buttheinput/outpu

controlofimagedatabecomesquitedifficultaccompanyingwiththeincreaseofthenum・

berofPE's。TIP[29,93,94】,SPARC【46】,SIPS【36,116】aresystemsusingthisacces

scheme.
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ThesystemwithdistributedmemoriesisschematizedinFig.3。6.Thiskindofsystem

canperformlow-1evelimageprocessingathigh-speedbecauseeachPEdealswithonlyits
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ownimagedata.Butwhentoprocesslarge-scaleimage,thecommunicationsbetween

PE's,i.e.,themessageexchangesandimagedataexchanges,becomedifficultandcom-

plicated.TypicalexampleofthiskindofsystemisZMOB[51】.

Forthedisadvantagesofthesethreeimagedataaccessingschemes,PASM[79,80,

81,82】,MACSYM[47,1161andPX4[77】etc.usedthecombinationofthecommon

memoryschemeanddistributedmemoriesschemetoremedyeachother'sdisadvantages

andincreasethememoryefficiency.

FFFFFH

FFFFFH、

…論FC。 。。愚 撫撫
memo「y'灘

灘
離葦灘

80000H騨 懸

驚嚢
7FFFFH7FFFFH7FFFFH

藷 難騰 搬。。。騰 嶽

噸麟1蝋翻霧1輪 礪鑛
Fi8.3.7.ハ4emorymapqプ 〃1GIP5.

HIGIPSisalsoadoptedthiscombinationtoimprovethememoryefficiency.ThePE

ofHIGIPSisNECV50microprocessorandhas1-megabytememoryspace.Thisユ ーmega-

bytememoryspacecanbedividedintouppermemoryblock(UMB)andIowermemory

block(LMB).UBMisusedcommonmemoryforimagedataandLMBisusedaslocal

memoryforprivateimagedataandprocessingprogram.Bothmemoryblockscanbeup

to512kilobytes.Fig.3.7illustratesonestage'smemorymapofHIGIPS.Thetop16kilo-
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bytesaresuperimposedwithcommonROM(CROM)area。TheCROMkeepstheprogram

forstartinguptheHIGIPS.WhenHIGIPSgetsintothesteadystate,CROMisdiscon-

nectedautomatically.UMBisfullyusedforimagedata.

PElPElPEl

QQQ

Commonbus(timesharedbus)

QQQ

MemoryMemoryMemory

Fig.3.8.Scheme(ゾcommonbussystems.

3.2.3MessageExchange

Thefollowingsarethemethodsusedformessageexchangeintraditionalsystems.

(1)Commonbus;

(2)Ringbus;

(3)Crossbarswitchcircuit;

(4)Cubenetwork;

(5)Combinationofcommonbusandringbus;

(6)Combinationofcubenetworkandringbus.

ExamplesofcommonbustypesystemareFLIP[311,DP[32,33】,MACSYM【47,

1161.AsshowninFig.3.8,allPE'saccessimagememoriesviaacommonbusattime-

sharedmode.Thiskindofschemecanbeconstructedsimplyatlow-cost.Butthedata

pathsarefixed.
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Theprincipleoftheringbussystem'sdiagramisthesamewiththecommonbus

systemasillustratedinFig.3.9,exceptthatthebusformsaloop.Thisschemeiseasilyto
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beconstructedeconomically.Butthedatapathisfixedatonedirection,andthesystemis

lessflexible.AnexampleofthiskindofsystemisTIP【29,93,941.

Anexampleofthesystemsemployingthecrossbarswitchcircuittosetthedatapaths

isSPARC【46】(seeFig.3.10).Oneofthemodules,suchasanadder,amultiplier,a

memoryetc.canconnecttoanotherrandomlyandallmodulesruninparalleLButonce

thedatapathsareassigned,theyaresettleddefinitely.

Thedisadvantagesofthecommonbus,ringbusandcrossbarswitchcircuit,lead

peopletothink:canwemaketheconnectionsbetweenPE'sflexible?Thecubenetworkis

theanswer.Fig.3.11.(a)illustratestheschemeofthesystemusingthecubenetworkas

themechanismtodecidethedatapaths,andFig.3.11.(b)givesthebasicelementsofthe

cubenetwork.AnexampleofthiskindofsystemisPASM【79,80,81,82】.Usingthe

cubenetwork,thedatapathsbetweenPE'scanbechosenasdesired.Thiscertainlyin-

creasestheperformanceoftheentiresystem,andbringstheflexibilitiestoentiresystem,

However,whenthenumberofPE'sisenormous,thenetworkbecomeslarge-scaleand

complicated,andyetishardtobemanufactured.

PEPEPEPE

Cube

network

MemoryMemoryMemoryMemory

(a)

straightexchangeIowerbroadcastupperbroadcast

(b)

Fig.3.〃.ωSystemschemewiththecubenetwo'`kforse伽gthedαtapa〃i・sbe-

tweenPEandmemoryorPEandPE∫ ψ ♪Constructionelements()fcube

network.
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Toshortenthedevelopingtimeanddecreasethecost,HIGIPSemploysthemosteasy

one-commonbustype.Fig.3.12showstheschematicdrawingofPMofHIGIPS.EachPE

has512kilobytesprivatememorytoIoosetheoverheadofthecommonmemory.Thiscan

beexplainedasfollowsunderthesuppositionthatimagedatahavealreadymemorizedin

thecommonmemory.Firstly,eachPEloadstheassignedpartialimagedataintoltsown

localmemory,andthenperformsimageprocessingindependently,finally,sendsthere-

sultsbacktothecommonmemory.EachPEwillapplyfortheuseofthecommonbus

onlywhenitaccessesthecommonmemory.Thisgreatlydecreasestheaccessfrequency

tothecommonmemory.Hence,theoverheadofthecommonmemoryisreduced.Note

herethatthepriorityofPEtoaccessthecommonmemoryisarbitratedbythePE'sbus

arbiter.

Common

memo「y

Commonbus

PElpElQQQpEl

LocalLocalLocal

busbusbus

LMLMLM

Fig.3.12.PルIstructureofHIGIP5「.

3.3DesignofMM

TheMMisusedasthecommonmemory(globalmemory).Asmentionedbefore,the

HIGIPSperformsthepipelineprocessinginwhole,andmultiprocessorprocessingineach

stageofit.ThepipelineoperationofH[GIPSisrealizedbythisspeciallydesignedMM.

Usually,tomakeapipelinecomputer,thedualportmemoryareoptima1。However,at

presentday,thelargestcapacitydualportmemoryIC'sare2kilobytes.Toconstruct5ユ2

kilobytescommonmemory,256chipsofthiskindarenecessary.Itwilltakeahugespace.

Consequently,MMofHIGIPSwillnotbebuiltwiththesedualportmemoryICchips.
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BS'FFFFFHBSBS,FFFFFHBS

MIM1'

COOOOHCOOOOH

BSBFFFFHBFFFFHBS,
BS'BS

M2M2'

80000H80000H

PM

Fig.3.13.Blockdia8ramofMルf.

FFFFFHFFFFFH

MIMI'

COOOOHCOOOOH

BFFFFHBFFFFH

M2M2'

80000H80000H

PM

FFFFF(a)
FFFFFH

MIM1'

COOOOHCOOOOH

BFFFFBFFFFH

M2M2'

80000H80000H

PM

(b)

Fi8.3.14,Tvvophasesρ プルfルf'(α ♪ ・Phase.Aわysettin8・BSonandBS'off;●(∂ ♪ ・Phase

Bbysettin8・ θS()ffandBS'on.

MMofHIGIPSisconstructedwiththelargecapacitySRAMICchipsandsomeneces-

sarybufferandlatchICchips.Inthefollowing,thesebuffersandlatchesaregenera11y
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calledbusswitches(BSandBS')。EachMMconsistsoftwomemoryblocksM1(from

COOOOHtoFFFFFH)andM2(from80000HtoBFFFFH)andtwokindsofbusswitches

BSandBS'.MユandM2areboth256kilobytes,aspresentedinFig.3.13.

MMcanbeaccessedintwophases.InphaseA,BSissetonandBS'off.PE'sofPM

canaccessmemoryblockMIandM2'(seeFig.3.14.(a)).InphaseB,BSisset(～ffandBS'

on,andthePE'scanaccessthememoryblockM2andM1'(seeFig.3.14.(b)).Thepipe-

lineoperationofHIGIPSisobtainedbyarrangingmultipleMM'sinalineandsetting

theminphaseAorphaseBalternatively.

3.4PipelinePerformanceofHIGIPS

TheprocedureoftheimageprocessingonHIGIPSis,firstly,todeveloptheprocessing

programonSCwithhigh-1evelIanguagesandmaketheexecutablefile,secondly,todown-

loadthisexecutableprogramintolocalmemoryviaGMofeachstageoftheHIGIPS,and

finally,torunthedownloadedprogramfromlocalmemory.ButhowdoesHIGIPSworkat

thepipelinemode?Whenthepowerison,allprocessors(SUBCandSMPU's)inastage

willcopythemonitorprogramfromCROMtotheirownlocalmemory,andstartupfrom

thelocalmemory.Afterprocessors(SUBCandSMPU's)finishthecorrespondinginitiali-

zation,SUBCisreadytoreceivethecommandsfromSC,andSMPU'sarereadytore-

ceivecommandsfromSUBC.Atthismoment,thesystembecomessteady,andBSisset

onandBS'(拶ThewholeHIGIPScanberedrawnasshowninFig.3.15.(a)inthecase

thatthenumberofstagesis3.Thei-thimagedataframeisrecordedtoMI2.Notehere

thatwhenthe(i-1)-thimagedataframewasrecorded,BSwasoffandBS'wasoη.From

Fig.3.15.(a),itcanbeseenthatHIG】PShasbeendividedintofivedisconnectedparts.The

cameraisconnectedwithM12(i.e.,thei-thimagedataframewillbeplacedintothis

memoryblock).WhileM11,whichcontainsthe(i-1♪-thimagedata,isconnectedtothe

PMlandwillbeusedastheinputdatatothePM1.ThePMlwilloutputtheintermediate

resulttoM22.AndthePM2usestheM21(whichpreservestheoutputresultofPMユat

timeT卜Tp)asitsinputandtheintermediateoutputresultwillbeputinM32.PM3willuse

M3ユasitsinputandoutputthefinalresulttoM42.M41(whichincludesthethefinal

resultattimeT卜Tp)willbetheinputdataofPOU.

WhentimereachesTi+Tp,SCsetBSoffandBS'onandHIGIPScanberedrawnasin

Fig.3.15.(b).The(i+1♪ ・thimagedataframewillberecordedtoM11,andtheprocessis

notmuchdifferentfromthepreviouslyexplainedexceptthateachPMwilldealwiththe

newinputimagedatarecordedatTi,orthenewintermediateresultsentfromtheleft

neighbourPMatTi.Therefore,thepipelineperformanceofHIGIPSisrealizedbysetting

BSandBS'onoroffalternately.Noteherethatwhentheswitchisoff,thebuswillbe

diScOnneCtedtOgetridOftheprOblemOfthebuSCOntentiOn.Andwhere,Tp=η ～.αx{Ti。,Tl,
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丁2,丁3,丁 。。t},andTi。andT。 。taretheinputandoutputtimeofPIUandPOU,separately,and

τ1,丁2,andT3aretheprocessingtimeofPM1,PM2,andPM3,accordingly.Thesmallerthe

Tp,thehighertheperfOrmanceofHIGIPSiS.Whenτi。=丁1=T2=作 丁。。t,theHIGIPSwOrks

optimallyatperfectpipelinemode.

Table3.1givestheconnectionsbetweentheprocessingmodulesorinput/outputunits

andmemorybanksinPhaseAandB.

Table3.1

ConnectionsbetweenProcessingModulesorInput/outputUnitandMemoryBanks.

PhaseA

Memorybanks

Modules

MllM12M21M22M31M32M41M42

Piu10xxxxxx

PM10101xxxx

PM2xx1010xx

PM3xxxxO101

POUxxxxxx10

PhaseB

Memorybanks

Modules

MllM12M21M22M31M32M41M42

PIUOlxxxxxx

PM11010xxxx

PM2xxO101xx

PM3xxxx1010

POUxxxxxxOl

Note:"1"meansthatthecorrespondingmemorybanksandprocessingmodulesor

input/outputunitsareconnected;
"0"meansthatthecorrespondingmemorybanksandprocessingmodulesor

input!outputunitsaredisconnected.
o`x"meansthattheredoesnotexistconnectionsbetweenmemorybanksand

processingmodulesorinput!outputnuits.

-27一



SC灘,i懲 華

醗・灘 購鰻 羅

MllM21M31M41

PIUPMlPM2PM3POU

M12M22M32M42

(a)

コみ

SC繋i .

MllM21M31M41

PIUPMlPM2PM3POU

M12M22M32M42

(b)

Fig.3.15.Principleofpipe伽 θ ρθが伽 αηcθofHIGIPS・ ωConnectio'zsbetween

Pノσ,POσ,Pルf'∫and〃 ル1'∫ α'tぢ ωCo朋ectionsbetweenPノ θP,POこ1,

P〃'∫andMM'satTi+TP.

3.5DesignofPIU

Iftoperformtherea1-timeimageprocessing,understandingandanalysis,thedevelop-

mentofimageinputunitisveryimportant.Itmustbeabletoinputtheimagedataillto

theimagememoryatvideorate.TheblockdiagramofPIUisillustratedinFig.3.ユ6.
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Tosystemcontroller

Controller

ofPIU

BS'

Vid。 。 認 畠 。,,erMemo「yl
came「amodule

BS

Memory2

Fig.3.16.、Block(liag「 αm6ゾP1こ1'

Theanalogvideosignalisfromthevideocamera.Certainly,theoutputofvideotape

recorder(VTR)andTVsetcanalsobetheinputsignalsofPIUTheA∠Dconverter

module(ADM)digitizestheanalogsignalandsendsthedigitizedimagedataintomem-

orylormemory2underthecontrolofPIC(controllerofPIU).Memorylandmemory2

areofhomogenousconstructionwithMMdiscussedbefore.ThePICobeysthesystem

co貫ltro且1er.

Tosystemcontroller

Controller

ofPOU

BS'

Memo「y1野
Ana1・9

DAC'sR,G,B

BSdisla

Memory2

Fig.3.17.Blockdia8ramofPOU.

3.6DesignofPOU

Tooutputtheprocessingresultisanotherimportantfactorofthereal-timeimage

processing.Theoutputspeedoftheresultaffectsthetotalperformanceofthesystem.No
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matterhowhightheprocessingspeedis,thesystemcannotperformtherea1-t三meproc-

essingiftheoutputspeedcannotmatchtotheprocessingspeed.Fig.3.17givestheblock

diagramofPOU

Memorylandmemory2arehomogenousmemorybanksofMMasrelatedbefore.

FBMisadualportmemory.Imagedatacanbewrittenintoitfromoneport,andreadout

fromanotherandsenttodigital/analogconverters(DAC)underthecontrolofPOC(con-

trollerofPOU).TheoutputofDACisfedtotheanalogRGBdisplay.

3.7ClloiceofSC

AccompanyingwiththecheapnessofLSI's,thepersonalcomputersaregettingpopu-

larizationdaybyday.SincethemostpopularpersonalcomputerinJapanisNECPC98

seriesproducts,andthesoftwareresourcesofitareabundant,theNECPC98series

personalcomputerisselectedasthesystemcontrollerofHIGIPS.

SC

GP-Bbus

GP-BGP-BGP-1B

QQQ

SUBCISUBC2SUBCN

1㌃8.3.18.Controlschema∠){?tweenSCandSUBC'∫.

3.81nterfacebetweenHIGIPSandSC

Therearethreekindsofinterfacesmostoftenusedincomputersystem.Theyare:

(1)RS-232C;

(2)SCSI(SmallComputerSystemInterface);

(3)GP-B(GeneralPurposeInterfaceBus).

RS-232Cinterfaceisthemostsimpleandlow-costoneandcanbeimplementedmost

easily.Butthedataormessagescanbeonlytransferedoveritserially.

MultipledevicescanbeconnectedtotheSCSIbusandbecolltrolledatthesame

protoco1.Alargeamountofdatacanalsobetransferedoveritathigh-speed.Butatmost,
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only8devicescanbeconnectedtothisbus【120】.Thisrestrictstheefficiencyandper-

formanceofthesystematsomeextent.

Incontrastwiththedrawbacks.ofthesetwointerfaces,alargenumberofdevices(at

most15)【120】canbeattachedtotheGP-IBbuswithoutanysupplementalhardware.And

dataormessageexchangesbetweendevicescanbeperformedathigh-speedandflexibly.

Hence,HIGIPSemploystheGP-Binterface.TheGP-][Binterfaceschemeisshownin

Fig.3.ユ8.
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Chapter4

PROTOTYPEHIGIPS

Accordingtothedesignconceptsdiscussedinchapter3,aprototypeHIGIPSwas

designedandimplemented[104,105,109,110,115】.Fig.4.1showstheblockdiagramof

prototypeH【GIPS,andFig.4.2.A-Jgivesthetotalcircuitofit.

Personal

Computer====

z≠≠1嵐里 騒
AnalogRGB

Display

SUBCS班3CSIU]BC
KIT-TAIK!T-TAIKlT-TAl

PICSMPUSMPUSMPUpOC

ADM・ ・T-TAISMPUKIT-TAISMPU・ ・T-・AISMPU・ ・T-TAIFBM・ ・T-TA・
KIT-TAIK童T-TAIKIT-TAl

MMMMMMMM

KIT-TA2KIT-TA2KlT-TA2KIT-TA2

Fig.4.1.StructureofPrototypeHIGII)S・

Itusesthreestagesandeachstageemploys2PE'sbutitcanbeeasilyextendedto15

stagesand8PE'sineachstage.AllPE'sarebasedontheNECμPD70216(V50)16-bit

microprocessor.Onlyoff-the-shelfcomponentsareused.Thiseliminatestheneedfor

VLSIchipsandreducesdevelopmenttimeandconstructioncosts.Byusingamodular

designconcept,onlytwodifferentboardsaredesignedandimplemented:aCPUboard-

Krr-TAユ(seeFig.4.2.B-D)andamemoryboard-KIT-TA2(seeFig.4.2.A,E-G,J).
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4.1CPUBoard-KIT・TAl

TheKIT-TAIboardcontainstheμPD70216microprocessor,512kilobytesdynamic

memoriesasLM,paralle田Ointerfaces(GP-IBand8255),serialI/0interface(RS232C),

buscontroller,busarbiter,andlatchesandbuffers.

4.1.1SystemClockandResetCircuit

V50hasanon-chipclockgenerator.Therearetwowaystousethisresidentclock

generator:1)toconnectacrystalandcorrespondingcondenserstoXIandX2pinsof

V50chiptomaketheinsideclockgeneratoroscillate;2)toprovidetheclocktoXlpln

andinverseoutputofthatclocktoX2pin.HIGIPSemploysthesecondmethod.Asshown

inFig.4.2.A,16-MHzCLKisgeneratedbyaOSCchip,andtheinverseofCLKispro-

ducedbyaPALdevicePAL16L8A(V50 _LM2)asgiveninFig.4.2.B.V50actsat1/2CLK,

i.e.,8-MHz.Inaddition,sinceeachstageofHIGIPSisamultiprocessorandeachV50

worksonthemaximummode,anotherclockforthebusisneeded.ThisbusclockBCLK

isalsogeneratedbyaOSCchip.Thebusspeedis10-MHz.

Theresetcircuitconsistsoftwoparts:1)apower-onreset;2)aswitchreset.The

switchresetusestheprincipleofRS-flip-floptorepresstherippleformedatthemoment

whenpressingdowntheresetswitch.

4.1.2DynamicRAMCircuit

ThetimingcontrolofDRAMisdonebytheaddressmultiplexercomposedbyaPAL

devicePAL16L8A(V50 _LM2)andtwo74LS257chips(seeFig.4.2.B).AstheV50chip

alsoincludesarefreshcontrolunit,itiseasytodesignthetimingusingtheRAS-only-re-

freshmodeiftoutilizeDRAMchipwiththecapacitylessthanorequalto256kilobits.

ThegatedelaytimeofPAL16L8AisusedtogenerateDRAMchip'stimings.

Table4.1showstheCUPL2【117110gicequationsforthePALdevice.RASismade

fromMWRandMRD.CASHCASLandSLXaremadefromthedelayedRASand

addresslinesA17-A19.CASHandCASLaretheCASoftheoddaddressandeven

address,correspondingly.

Theaddresssignalsaremultiplexedbytwo74LS257chips.Theymultiplexonly8-bit

addresses,thereneedsonemoreaddressline(A8)foraccessing256kilobitsDRAM

chips.A8isalsomadebythisPALdevice.MWRisdirectlyusedasWRofDRAMchips.

RAS,CASHandCASLareserializedwitha22Ωdumpingresister,respectively.This

istoreducetheQofequivalentoscillatingcircuitformedbythewiringinductance(L)of
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theprintcircuitandthegatecapacita正 …ce(C)ofDRAMchips,andtorestraintheripple.

Eachsignallineispulledupbya2.2KΩattheendofit.Thisisalsotorepresstheripple

formedwhenthesignalalternates(fromHtoLorviceversa).

ZP-typeDRAMchips(MB81256-12ZP)areutilizedtoshortenthewiringlengthand

decreasethewiringinductance.DRAMaccesstimingsareshowninFig.4.3.Thetiming

parametersaregivenintable4.2.

+5V

OSCBCLK

10MHz

+5V

OSCCLK

16MHz

+5V

+5V

RESET

+5V

RESET

10KΩ

十22

1a,F

Fig.4.2.A.HIGIPScircuit'theoscillatorandresetcircuit.
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ASTB

INTP1μPD8282×3

{隅 欝 器vCCMB81256ZIP× ・

{器 鴇暑 藩 纂駐MB81256ZIP× ・
INTP6PAL16L8AAOSLX

INTP7(V・ ・
-LM・)ilill・L献 ・・A,C

欄16レ89LR・ ・膿 ε:恥
X2DO -D15/

Xl
AO-A19UBE

SONMI

llA19+5V+5V・5V

VCC

SOVCCSO蝿9

SIMRDCSIBUSY

S2AMWCS2BREQ

CLKOUTCLKDENCLKBPRN

BUSLOCKCENDTIRANYREQ

RESETAENALERESB

READYCRQLCK
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Fig.4.2.B.Hノ σ 〃)5circuit:CPθ 「andlocα1memoリ ノ.
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Fi8.4.2.D.HIGIPScircuit:thepara〃etinterface.
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PBIfromSUBCofstage3葡

PBIfromSUBCofstage4諏F互

PBlfromSUBCofstage5sAS⊃LR

器櫓躍 §呂暑き8穏鴇1:与i裂}・5v

PAL16L8A74LS74計

(V50_SW1)d玉VCC石

D-FF2

PRQ

1ゼ8.4.2.H.H/GIPScケcuit:automaticon/offcontrolqプ わusswitches.

+5V

+5V

PBOfromSUBCofstage1至 亘1PAL16L8A

ll§1§婁lll§§ii羅i覇 謡瓢10-SYN)
PBOfromSUBCofstage5SB5

PBOfromSUBCofstage6唾
PBOfromSUBCofstage7sB7

ToNMIofSUBCofstagel

ToNMIofSUBCofstage2

ToNMIofSUBCofstage3

ToNMIofSUBCofstage4

ToNMIofSUBCofstage5

ToNMIofSUBCofstage6

ToNMIofSUBCofstage7

Fi8.4.2.L、H/GIP5circuit'restartin8(ゾthew乃01(～ ∫y∫'θηL
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+5V+5V

74LS14874LS138

11騨 ら ∴慧lii難
GNDEIGNDG2AG2b

+5V+5V

2KΩ2KΩ

CBRQfromeveryslave
CPUandSUBCCPU

BUSYfromeveryslave
CPUandSUBCCPU

178.4.2.」.HIGII)Scircuit,thebusarbitrationandbuscontrol.
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Table4.l

LogicEquationsofPALDeviceforDRAMControlTiming

NameV50LM2;

PartnoIdon'tknow;

DateO7/25/88;

RevisionO1;

DesignerF.H.Yao;

CompanyK.1.T.:

AssemblyV50Board:

LocationLOC;

/窟 ★★嚢★★禽★★★糞寅禽★冑禽寅★貞費寅★★寅費官貞★★蝋 費寅資宜★宜宜★寅寅★★禽歯★★★★宜窟★雲寅★貢★歯★貞★禽費寅禽★★★★禽/

/寅Thisdevicegeneratesthe!RAS,!CASH,!CASL,SLXetc.signals★/

/★forlocalmemory,★/

/★ 貢★★★貞宜★寅☆★★★★禽貞貞貨★★六★☆★貢貞★★★寅★貢貢★★★實寅★★★★★★★★★寅貢貢貢★寅★★★貞★貢★★★★寅寅★★貢★宜貢/

/★Allowabletargetdevicetypes:PAL16L8寅/

/禽 ★★★★寅禽禽★貢責貞★★貢壷★★曹壷貢禽★★★禽★貢★寅貞★禽寅★禽倉★寅寅★★窟★費費★★★禽貢貢貢禽激★!

/貢 ★1nputs★ 寅/

Pin【1,2】=1[mwr,mrd】/寅Memorydatastrobesソ

Pin3=1ube/★Upperbyteenable☆/

Pin4=1ref/★DynamicRAMrefreshsignal★/

Pin5=aO/窟CPUaddressbus★/

Pin【6,.8]=【a17,.a19】/★CPUaddressbus☆/

Pin9=clk/索ClockfromOSC★/

/寅 ★Outputs寅 貢/

Pin13=!ras/禽RASforDRAM禽/

Pin18=!cash/禽CASforDRAMofoddaddress貞/

Pin17=!casl/禽CASforDRAMofevenaddress★/

Pin16=slx/貢Multiplexerstrobe寅/

Pin15=a8/貞Addressbus★/

Pin14=slxa

Pin12=x2clk/貢ClocktoX2pinofV50貞/

/責 ★Declarationsandintermediatevariabledefinitions禽 貞/

/歯 貢LogiCequatiOns★ ★/

1ras=!(!(!mwr)#1(1mrd))/★RASforrowaddress寅/

Slxa=!(!ras)

Slx=slxa

!cash=!(!(1ube)&lref&!a19&slx)

!Casl=!(!aO&!ref&!a19&S!x)

a8=!((!a17&slx)#(!a18&!slx))

x2clk=!clk

Note:1AmeanstheinverseofA.Andthisistruethroughthewholeofthispaper,

-43一



TTTTTTT.TTTT.T
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(8MHz)
memOrymemOry-一 一一 レ 嘲← 『 一一一memOry-一 一 →一ト readwrite爬fresh10-70
cyclecyclecycle

会{1稀"ad・sp・ ・9・am・ ・ …ad・sp・ ・9・am・ ・・…ad・sp・ ・9・am・1・ …

-E1・-7・

UBE

一ヒ
1・一・・t,

DK囎

i21B65-.・d・s'ad・sd・ …u・

、。K、TL・ ・・・ … 器 、nt・ 「ef「eshad「s
70max

ASTB

t謝
、DK,.t撮 臨,、

MRDlo-85tDKCT2tDKCT210.85

3-7030-70 →-
MWRtDKcT2tDKCT2

3凹70罪

REFRQt
RAC
120ma

tRAS
120min120minl20min

RAStRP90
ming・mi・

tRSH
60min

SLXA

SLX

t、CD
。tε 濫 。x

22mm
■●o● ●●●●●●o●Oo・ ・●●●●・O

CASHdouinemeansuBE="II"

tCAS60min60min

ロのロロ　　コ　　ロ　 ココロロロコ　　　コ　

CASLdotlinemean5入b="H"

t・AI耽tCAH2・ …t・ ・R・… 」 謝 、、

A・-A・===X===
tAsctWCS
OminOmintWCH20min彌

Fig.4.3.Timin8charts(ザDR/M4circuit・
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Table4.2

DynamicRAM(MB81256-12ZIP)TimingParameters

ltemssymbolsstandards(ns)

rowaddressset-uptimetAsROmin

rowaddressholdtimetRA}{12min

columnadressset-uptimetAscOmin

columnadressholdtimetCAII20min

1RAS,!CASdelaytimetRcD22min

!RASpulsewidth血Asl20min

!RASprechargetimetRp90min

!CASpulsewidthtcAs60min

!RASholdtimetRsH60min

!RASaccesstimetRAc120max

!CASaccesstimetcAc60max

writecycleset-uptimetwcsOmin

writecycleholdtimetwcH20min

datareadset-uptimeh)sOmin

datareadholdtimeh)H20min

4.1.3BusArbitrationandBusControl

TheV50CPUworksatmaximummode,sothebuscontrolsignalandbusarbitration

arenecessary.ThebusarbiterispPB8289Dchipwhichappliesandobtainsthepriorityof

usingthecommonbus.Thebuscontro11erisμPB8288Dthatprovidesallthecontrol

signalsforaccessingthecommonmemory・

Fig.4.2,Jgivestheparallelprioritycircuit.BREQ'sfromalltheslaveCPU'sand

SUBCofthesamestagearefedtotheencoder(74LSI48)whichgradestheinputsinto8

1evelsrepresentedby3-bitaddresses.These3-bitaddressesaresenttothedecoder

(74LS138).Theoutputsofthedecoder(YO-Y7)arefedtoBPRNofeachslaveCPUand

SUBCCPU,respectively.Onlyoneoutputofdecodercanbeactive"0",andthecorre-

spondingCPUconnectedwiththisoutputcanaccessthecommonmemory.Noteheretllat

theYOisfedtoBPRNofSUBCCPUtogiveitthehighestpriority,i・e・,SUBCCPUcan

havetheprioritytousethecommonbusanytime.
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4.1.4LocalBusLatchesandBuffers

EachCPUcanusethecommonbusviathelatches,transceiversandbuffers(see

Fig・4・2・B)・TheaddressbusAO-A19andUBEarelatchedbythelatchchips(μPB8282),

thedatabusisdrivenbythetransceiverchips(μPB8286),andthememorycontrolsignals

MRDC,AMWCandDTIRarefedtothecommonbusviaabuffer(74LS541).Thecontrol

signalsoftheselatch,transceiverandbufferchipsareprovidedbythebuscontroller,

concretely,ALEtoSTB;AENtoOE'softhelatchchipsandbufferchip;DT痕toTand

theinverseofDENtoOE'softhetransceiverchips.

4.1.51/0Devices

EachPEofV50hasthreekindsofinterfaces:1)RS-232C;2)GP-IB;3)programma-

bleperipheralinterface8255(seeFig.4.2D).AsV50CPUhastheresidentserialcontrol

unit(SCU)whichisasubsetofordinaryprogrammablecommunicationinterface8251,to

constructRS-232Cserialinterfaceneedsnothingexcepttoemployatransceiverchip

(五>LへX232)externallyforchangingthesignalleveL

RS-232Cinterfaceisusedonlyforhardwareandsoftwaredebugging.Afterthisde-

bugging,a1且thecontrolsareperformedviatheGP-IBinterfacewhichisconstructedbythe

GP-Bcontrollerchip(腿PD7210C)andbustransceiverchips(SN75160ANand

SN75162AN).OnlySUBCinastagehasGP-Binterface.

Parallelinterface8255(FPD8255A)isforprovidingthesignalsforautomaticrestart-

ingofprocessingprogramandautomaticon/offofbusswitches.Thiswillbeexplainedin

section4.2.

ThechipselectsignalsofGP-】[BcontrollerpPD7210Candprogrammableparallel

interfaceμPD8255AandREADYofV50CPUareformedbythePAL16L8A(V50 _PERI)

device.Table4.3givestheirlogicequations,Table4.4displaystheI/0accessingtiming

parameters,andFig.4.4showstheI/0accesstiming.
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Table4.3

LogicEquationsofPALDevicefor工/OChipSelectsandCPU-Ready

NameV50PER1;

PartnoIdon'tknow;

DateO7/26/88;

RevisionO1;

DesignerF.H.Yao;

CompanyK⊥T.;

AssemblyASSY;

Locationl__OC;

/歯 ★☆★★★★★寅禽★★貢貢貢★貢禽壷禽禽禽★★★歯禽禽★★貢★★貢禽★貞禽宜窟貢★★★★★貢★★禽★★宜★貢★★貢貢震★★霞禽寅★★★★寅寅/

/★ThisdevicegeneratesthecontrolsignalsforperiphalLSIlssuchas貢/

/寅1GPIBCS,!PIOCS,READYandsoon,★/

/・禽歯窟貨★偏寅★穴貢冑禽寅冑礪 責官寅宜寅貞貢宜★★官★★寅寅寅禽禽貢貢★貢禽宜★★★雲★★★★胸★官★寅★貢★官六★★★貞★宜貞貢★窟★★★/

/貢AlIowabletargetdevicetypes:PAL16L8貢/

/貢 雲禽貢★費寅寅貞★貞貞寅費禽★禽貞嘗★貢貢貞★貞貞禽寅貞冑★貢貢★貞寅虞寅寅禽窟貢★寅寅貞窟★★禽貞寅★★窟震★禽貢貢貢貞費★禽★嚢★★寅★/

/貞 ★lnputs貢 寅/

Pin1=1aen;/貢Addressenable☆/

Pin【2,.4,5,6】=【a4,.a6,a7,a19】:/窟CPUaddressbus★/

Pin7=tr2/寅GP-IBbustransceiverstrobe寅/

Pin8=a15/貢CPUaddressbus★/

Pin9=aO/冑CPUaddressbus★/

/宜 貞Outputs★ 窟/

Pin【19,181=1【9Pib _cs,piocs];/貢Chipselects★/

Pin17=1dc:/★GP-IBbustransceiverenable貢/

Pin16=ready;/貢CPUready☆/

/★ 貞Declarationsandintermediatevariabledefinitions☆ 寅/

/★ 寅Logicequations禽 寅/

!gpib _cs=!(!a15&a8&!a6&!a5&a4&!aO):

!pio _cs=!(璽a15&a8&!a6&1a5&!a4&!aO):

ldc=!tr2:

ready=!a19#(a19&!(!aen)):
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←
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178.4.4.(α ♪1/0readtimin8chart;(b♪1/0writetimin8chart.
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Table4.4

Characteristicsof∬OAccessingTimingChart

ItemsSymbolsConditionStandards(nS)

clockcycletcYK124minsoomin

"H"widthofclockt
KKHO.5tcyK--7

"L"widthofclocktk
KLO.5ic,.-7

setdatatimetsDK5min

dataholdtimetHKD30min

addressdelaytimebKA1・10min70max

addfeSSholdtimeinKAlomin

programstatusdelaytimetDKPlomin60max

programfloatdelaytimetFKplomin60max

addressset-uptimefSAsTtKKL-30

addressfloatdelaytimehSKAu.IKA60max

ASTBdelaytime1'ti)KsTH65max

ASTBdelaytimeh)KsTL70max

ASTBwidthtsTsTtKKL-10

addressholdtime(ASTB)t}lsTAtKKH「-30

controlldelaytimetbKcT130mingomax

contro12delaytimeIOKcn30mingomax

addressfloat-!RDdelaytimetDAFRLomin

!RDdelaytimetDKRLlomin85max

!RDdelaytimetDKRH25minloomax

addressdelaytimetDRHAtcYK-65

!RD``L"widthtRR2tcYK-50

!BUFNE-BUFRバVdelaytimetDBEcTreadcyclelkKL-20

dataoutputdelaytimet)KDlomin60max

datafloatdelaytimetFKDlomin60max

!WR"L"widthtww2tcyK.40

!WR-!BUFNEdelaytimetDwcTwritecyclet]KKL-20

ノ>otes=Controllmeans/BUFE/V,BUF〃 ～/W;

Control2means〃 レfWR,ノIOVVR,!1?〉 「TAL1(,ノ 」REFRA.

-49一



4.2DifferencesbetweenSUBCandSMPU

SUBCandSMPUcanbeimplementedbythesameKIT-TAIboard.Thedifferences

are:1)SMPUdoesnotuseGP-IBinterface;2)thereexistsomedifferentusagesofinter-

ruptlinesandtheoutputsofprogrammableparallelinterface8255.Table4.5illustrates

thedetails,wherePAOmeansthefirstlineofportAandPCkmeansthek-thIineofport

Cof8255interface.

Table4.5

DifferencebetweenSUB・CandSMPU's

P『畿吉盟ど餐垂Lp皿 〉'SSUBCSMI)U'S

皿町PIconnectedwithPAoofsMPulconnectwilhP(;k

INTERRuPT】[NTP2・ ・nnect・dwithPAo・fsMPu29・ ・und

CONTROL

uNITINTP3・ ・nnec・・dwi・hPA・ ・fsMPu39-d

INTP4connectedwilhPAoofsMPu4ground

INTP5・ ・nnect・dwiIhPAo・fsMPu59・ ・und

INTP6connectedwithPAoofsMPu6ground

㎜P7connec1edwithPAoofsMPu7ground

NMI器 脇 認 畠濫o議 沼1,0fg・ ・un・

PAO-PA7縞tl鵠 器 識dslatusofDIP縞 吐謙1醜 譜dstatusofDIP

PBOt・automalicrestartingcircuitnouse

PBlloautomaticrestartingcircuitnouse

PB2〃PB6nousenouse

PB7boardsIatusindicat。rboardstatusindicatQr

PRoGRAMMABLpCOtoNMI。fsMPulinsidestagen。use

PARALLEL

INTERFAcEpCIt・NMI・fsMPu2insidestagenouse

8255PC2t
oNMIofsMPu3insidestagenouse

PC3toNMIofsMPu4insidestagenouse

PC41・NMIQfsMPu5insidestagenouse

PC510NMIofsMPu6insidestagenouse

PC6toNMIofsMPu7insideslagenQuse

PC7nousenouse

GP-IB.

INTERFACElnusenouse

Note:kiscorrespondingtotheCPUnumbergetfromDIPswitchonboard.
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4.3PinAssignmentsofKIT・TAIBoard

ThesizeofK皿 一TAIboardis226mm×288mm.Thereisa100-pinedgeconnectoron

therightsideanda26-pinGP・BconnectorontheleftsidewhenlocatedtheKIT-TAl

boardasinFig,4.5.

ThetopviewsideofFig.4.5isforsettlingICchipsandtheinversesideisforsolder-

ing.ThepinsonthetopviewsideandinversesidearenumberedfromBRItoBR50,and

ARItoAR50,respectively.Themeaningsofthesepinsareexplainedintable4.6,

(←__一 一 一一一一一一一一一288

00
BR50-・

　　　　 　 ロ

GIG14慧 鶴 二 …

GP-IBinlerfaceconnecter

●124・46土P・15　
G3G26KIT-TAIboard:129認01

:

BR4-・
BR3-'
BR2r'
BR1-●

oO

Fig.4.5.Outwardappearance('fKITLTAIboard.
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Table4.6

PinAssignmentsandTheirFunctionsofK【T-TAIBoard

No・SYB .SNo.SYBL.DIR.UNCTONS

ARIBRl

AR2BR2

AR3GNDBR3GND

AR4BR4

AR50SddesuBR52SOddssbus

AR6BR6

AR7BR7

AR8ユ33ddusBR8530dessbu

ARgBRg

ARIOBR10

ARllA163SOAddressbusBRIIA83SOAddressbus

ARI2BR12

AR1313ddBR13

AR14BRユ4

ARI5BRI5

AR16BR16

ARユ7BRI7

AR18BR18

ARIgBR19

AR20BR20

AR21BR21

AR22BR22

AR23BR23

AR24BR24

AR25BR25

AR26BR26

AR27DOa重buBR27110Daabus

AR28DIalbuBR281/0

AR29D21/OData川sBR291/0Databus

AR30D31/ODalausBR301/0

AR31D4/0DatabusBR311/0Databus

AR32D5/ODaausBR321/O

AR33D61/0DatabusBR331XODatabus

AR34D71!ODatabusBR341/0

AR35AO3SOAddressbusBR3513SOUebteenable

AR36BR36

AR37BR37

AR38BR381

AR39BR391Buscloc

AR40S●v'eBR401P

AR41BR413SOowitenbe

AR42BR423SO

AR43BR433SOBuewitelead

AR44BR44

AR45BR4511!OWd`'ofa11!CBRE

AR46BR4611/OWired`o'Qa111bus

AR47BR47

AR48VCCBR48

AR49VCCBR49

AR50vcBR50

号

tobecontinued
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畢
　

contlnue

Databus

Databus

Databus

Dalabus

EndorIdentifl

DataValid

NotReadforDala

NotDataAcceted

In1erface

ServiceReues1

Altention

SHIELD

4.4MemoryModuleBoard-KIT・TA2

TheKIT-TA2boardincludestwo256-kilobytestaticRAMblockwithbusswitchesto

playtheroleofdualportmemories,and16-kilobyteEPROMwhichisusedforthesystem

startup,andisdisconnectedwhenthesystembecomessteady.

4.4.1CommonImageMemory

Thecommonmemoryissegmentedintotwomemoryblocks(seeFig.4.2E).Eachis

withthecapacityof256kilobytes.ThisvalueisthemaximumimagedatathatHIGIPS

candealwith.

Eachblockiscomposedofeight256。kilobytestaticRAMchips(HM62256P-12).

Moreover,apairofaddressbuslatches(74LS541×3)anddatabustransceivers

(μPB8286B×2),namedasbusswitches(BSandBS's,respectively),isattachedtoeach

block.Thistwopairsofbusswitchesmakesthecommonmemoryoperateasadualport

memory.Thedualportmemoryfunctionisobtainedbysettingthebusswitchesoη/qザ

alternate且y,i.e.,whenOESALOESAHandMAMBareactive(L)・OESBLOESBHand

MBMAarepassive(H),whichiscalledphaseAofthecommonmemory・andwhen

OESBL,OESBHandMBMAareactive(L),OESALOESAHandMAMBarepassive

(H),whichiscalledphaseB.Thecommonmemoryaccessingtimingchartsareshownin

Fig.4.6.

Thememorychipselectsignalsforthesetwomemoryblocksaregeneratedbythe

PALdevicesPAL16L8A(V50 _CMD1)andPAL16L8A(V50_CMD2)・Table4・7andtable

4.8presenttheirlogicequationscorrespondingly・

-53一



TTTTT

CLKOUT

(8MHz)
tDt11褐 _よKP

A191PS3-

A161PSOadrsprogramstalus

tDKP

UBE

SDK

AD15-tFKA

ADOadlsdatain

HSTA

ASTBtDKSTH
←

OESAHOESALtDKsTL

MAMB

or

OESBHOESBL

MBMA

DTIRtDKCTl

tDKRLtDKRI

MRDtRRtDRHA

でαノ
TTTT、T

CLKOUT

(8MHz)

tDtH周 __・KP

A19/PS3-

A161PSOadrsprogramstatus

tDKP

UBE

tSDK

AD15-tFKA

ADOadrsda量ain

HSTA

ASTBtDKSTH

OESAHOESALtDKSTL

MAMB

ortDKCT1

0ESBHOESBL

MBMA

tDWCT

DTIR

tDKCT2tDKCT

MWRtww

ψ ノ

1㌃8.4.6.(の 〃 θ〃10耽yreadtimin8chart;(b♪ ル1emoryw「ltetlM"18・

-54一



Table4.7

LogicEquationsofPALDeviceforCommonMemory(BankA)ChipSelects

NameV50CMD1;

Partnoldon'tknow;

DateO7/26/88;

RevisionO1:

DesignerF.H.Yao:

CompanyK.1.T.;

AssemblyASSY;

LocationI__(=)C;

/貢 貢貢官震★窟禽寅貞貞禽窟官費歯★貢禽壷寅禽費窟寅貞★窟寅★禽禽禽費寅冑貨★寅★禽★貞★貢★★冑寅禽★★禽禽☆★貢★六★霞貢★貢禽貢禽★禽費禽/

/貢Thisdevicegeneratesthechipselectsignalsforcommonmemory,重/

/禽貢★雲寅★貢★禽壷★★貞費☆貞費窟禽☆★★貢糞禽貞責禽貢貢貞窟★寅貞★貞★★★★★★★宜貢冑窟寅貢★窟六貢★貢/

/寅Allowabletargetdevicetypes:PAL16L8禽/

/貢 冑責★★貞禽★寅★窟禽貢貢寅貞禽窟窟貞窟★冑費責貞責★★★禽★窟貞禽禽嚢★貢★禽貢★貢頸【貨★★寅寅貢歯★貢貞★/

/寅 費1nputs☆ 禽/

Pin3=baO/史CPUaddresssbus★/

Pin4=!baube/貞Upperbusenable寅/

Pin【5..8】=[ba16,,19】/宜CPUaddressbus貞/

/宜 貞Outputs貢 雲/

Pin【19,,121=!【bacs1.,8】;/寅Commonmemorychipselects禽/

/窟 貢Declarationsandintermediatevariabledefinitions貢 貢/

/寅 貢Logicequations貞 禽/

1bacs1=!(ba19&!ba18&!ba17&!ba16&!baO);/★Lowbyteof8一 寅/

!bacs2=1(ba19&!ba18&1ba17&!ba16&!(!baube));/貢H.byteof8一 窟/

!bacs3=!(ba19&!ba18&!ba17&ba16&lbaO):/雲Lowbyteof9-★/

!bacs4=!(ba19&1ba18&1ba17&ba16&!(!baube)):/禽Highbyteof9雲/

!bacs5=1(ba19&!ba18&ba17&1ba16&!baO);/寅LowbyteofA-★/

!bacs6=!(ba19&!ba18&ba17&!ba16&1(!baube)):/費Highb.ofAノ ★/

lbacs7=!(ba19&!ba18&ba17&ba16&1baO):/貢LowbyteofB一 六/

1bacs8=里(ba19&1ba18&ba17&ba16&!(!baube)):/禽HighbyteofB-★/
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Table4。8

LogicEquationsofPALDeviceforCommonMemory(BankB)ChipSelects

NameV50CMD2:

Partnoldon'tknow;

DateO8/04/90:

RevisionO1;

DesignerF.H.YaO;

CompanyK.1.T.;

AssemblyASSY;

LocationLOC:

/禽 費★費★★禽★官寅貢雲貢蝋 嚢禽寅貢★禽★貢触 六★★★★★★蝋 ★雲☆★六★★★★歯貢貢★冑★★★★★貢★★費貢☆貢★★★★★貢☆寅冑貞★/

/貞Thisdevicegeneratesthechipselectsignalsforcommonmemory.★/

/★ 寅貞禽禽寅貢寅禽★★寅貞糞禽貞貞貞★禽寅寅貢貞貢★貢禽雲貞禽貞★貞宜貞☆鳶歯禽貢貢禽貢禽禽宜貨禽★禽★禽寅貞寅宜貞禽宜★★貢★★禽☆肉寅★★/

/★A腿owabletargetdevicetypes:PAL16L8貢/

/貢t**k寅 ★貞★☆霞蝋 費窟貢★★貨窟實禽★官禽禽禽★貢★寅貢禽貞冑重★★★★嘗嘗★貞★★★★★宜★★窟宜寅禽禽★★★☆★窟★六責寅★禽★ツ

/糞 貞lnputs禽 貞/

Pin3=abO/貢CPUaddresssbus禽/

Pin4=!abube/貞Upperbusenable禽/

Pin【5..8】=【ab16..19】/★CPUaddressbus貢/

/窟 窟Outputs★ 禽/

Pin[19,,12】=!【abcs1_8】;/★Commonmemorychipselects索/

/★ 禽Declarationsandintermediatevariabledefinitions★ 貞/

/貞 貞Logicequations禽 寅/

1abcs1=!(ab19&ab18&!ab17&!ab16&!abO);/★LowbyteofC一 禽/

1abcs2=!(ab19&ab18&!ab17&1ab16&1(!abube)):/★H.B.ofC一 貞/

!abcs3=!(ab19&ab18&lab17&ab16&1abO):/窟LowbyteofD一 雲/

!abcs4=!(ab19&ab18&!ab17&ab16&!(!abube));/貞H.B.ofD一 禽/

!abcs5=1(ab19&ab18&ab17&lab16&1abO):/貢LowbyteofE-★/

!abcs6=1(ab19&ab18&ab17&lab16&!(!abube))1/寅H・B・ofE一 禽/

!abcs7=!(ab19&ab18&ab17&ab16&!abO):/官LowbyteofF-★/

!abcs8=1(ab19&ab18&ab17&ab16&1(!abube)):/★H・B・ofF-★/

4.4.2CommonROM

ThiscommonROM(CROM)isforstarting-upthewholesystem.Themonitorpro-

gramisburnedin.Whenthepowerisonortheresetswitchispressed,allSMPU'sand

SUBCinsidethesamestage,firstly,accessthisCROM,andcopythemonitorprogram

fromCROMintoprivatelocalmemory(privatememory)andstartthemonitorprogram

fromtheirownlocalmemory.Assoonasthesystementersthesteadystates,CROMis

disconnectedfromthecommonbus.

DuringtheCROMisactive,thecommonimagememoryiskeptatpassivestate.This

canbeunderstoodfromFig.4.2.G.Whenthepowerison,百 〒is"H",anactive"L"pulse

(whichmustbewiderthan35ns)isfedto両 ミofD-flip-flop,and60utputissetto"L".

Thisenablestheaddresslatches(μPB8286D)ofCROM,andletsOECROMLand
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OECROMHgotothedatabustransceivers(pPB8286D).ThenpassiveE〒(10gic"H")

disablesthe3-stategateGlandG2・Theoutputsof3-stategateGlandG2arepulledup

at"H",thismeansthatallthecontrolsignalsforcommonimagememoryaresetat"H"

(passive),andhencethecommonimagememorywillnotbeaccessed.

ControlsignalsofcommonimagememoryaregeneratedbyPALdevicesPALI6L8A

(V50_BSD1)andPAL16L8A(V50_BSD2).Table4.9andtable4.10givetheirlogicequa-

tionsandFig.4.7illustratestheCROMaccessingtiming.

Table4.9

LogicEquationsofPALDeviceforGeneratingControlSignalsofBusLatches

andTransceiversofGlobal■mageMemoryandCROM

NameV50BSD1;

Partnoldon'tknow:

DateO7/26/88;

RevisionO1;

DesignerF.H、Yao;

CompanyK.LT.;

AssemblyASSY:

LocationLOC;

/貞 寅貞貞寅寅寅★★★禽★★禽窟寅★責禽貞貞寅窟賞☆禽★★★★禽貢費蝋 禽貢★★寅賞禽寅貢賞★★官貞禽貞宜禽★禽貢禽貢霞寅禽★寅★★寅貢★禽★冑/

/官Thisdevicegeneratesthethecontrolsignalsofbuslatchesand禽/

/禽transceiversofcommonimagememoryandcommonROM.貢/

/禽 ★雪★貞★貞貞★★貞貢★貢寅冑★貞★貞★禽窟貞貢★寅貨禽禽★蝉 禽★★費★★★★★曹★貞貞貞責責官嚢貞★貞費★★★貢★★★費★★☆★宜★★★/

/寅Allowabletargetdevicetypes:PAL16L8宜/

/禽 ★★★★★★貞貞貢★貞窟寅禽寅寅官糞宜貞冑禽貞窟寅冑禽冑★禽寅寅禽寅費貞禽★★貢★★寅★★禽雲冑寅貢雲☆宜費倉貢貞冑冑★★貞★寅★宜歯★寅★/

/★ 貢lnputs貢 官/

Pin【1,7,9】=【aO,a19,a18】/貢CPUaddresssbus禽/

Pin2=里ube/禽Upperbusenable窟/

Pin【3.4】=![mamb,mbma】/貢Memorybankenable禽/

Pin5=!et/寅Commonimageenable★/

/費 貞Outputs貢 貢/

Pin【19,18】=1[oesal,oesah】;/貢Abankdatabusenable貢/

Pin【17」6】=!【oesbl,oesbh】:/禽Bbankdatabusenableソ

Pin【13,12】=!【oecroml,oecromh】;/℃ROMdatabusenabl★/

/貢 ★Declarationsandintermediatevariabledefinitions寅 貢/

a=・!(!(!a19)&!(!ube));

b=!(!(!a19)&!aO);

/★ ★Logicequations禽 官/

loesal=1(!(lmamb)&!b&1(1a18));

!oesah=!(!(!mamb)&1a&!(1a18)):

!oesbl=!(1(!mbma)&!b&1a18):

!oesah=1(1(1mbma)&1a&!a18);

!oecroml=!(!b&1(1(1et)));

loecromh=!(!a&!(!(!et))):
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Table4.10

LogicEquationsforGeneratingContro且SignalsofBusLatchesandTransceivers

ofGlobalImageMemoryintheUpperNeighborStage

NameV50BSD1;

Partnoldon'tknow:

DateO7/26/88;

RevisionO1;

DesignerF.H.Yao;

CompanyK.1.T.;

AssemblyASSY;

Location,LOC:

/貞 六禽★★禽責★★★貞禽★寅禽★貞★★費★★★★★寅★窟★★★寅禽寅貞貢★★責★★貞★貢資★貢貢禽★★★★雲★★/

/貢Thisdevicegeneratesthethecontrolsignalsofbuslatchesand★/

/鳶transceiversofcommonimagememoryandcommonROM.ツ

/寅 ★★貞貞貞★★★★★★★貢寅費冑禽寅★★禽★★費貢貞★★窟重宜禽禽禽貞貞★寅貢貢費寅禽禽雲★貢★★★★貞寅★★/

/★AIIowabletargetdevicetypes:PAL16L8★/

/寅★貞六★貢★★★糞費寅貞★★貞寅貢寅☆貢禽★貞★貞寅貞★★費★寅貢★★禽貢禽★六★官★禽★寅★貢雪官★★六★歯/

/貞★lnputs★ ★/

Pin[1,7,9】=【aO,a19,a18】/禽CPUaddresssbus★/

Pin2=lube/★Upperbusenable貢/

Pin[3.4]=!【mamb,mbma】/寅Memorybankenable★/

Pin5=!et/雲Commonimageenable寅/

/貞 費Outputs歯 ★/

Pin【19,18】=!【oesaLoesah】;/貢Abankdatabusenable★/

Pin【17,16j=!【oesbl,oesbh】;/★Bbankdatabusenableツ

Pin【13」2】=!【oecroml,oecromh】:/★CROMdatabusenabl★/

/貞 費Declarationsandintermediatevariabledef回tions★ ★/

a=!(!(!a19)&!(1ube));

b=!(1(1a19)&!aO):

/★ 貢Logicequations寅 冑/

!oesaH(!(!mamb)&1b&1(la18));

!oesah=1(1(!mamb)&1a&!(!a18)):

loesbl=!(!(!mbma)&1b&!a18);

!oesah=!(1(!mbma)&!a&!a18);

!oecroml=!(!b&!(!(!et)));

!oecromh=!(!a&!(!(!et)));

4.5PinAssignmentsofKIT-TA2Board

KIT-TA2isthesamesizewithKIT-TAIboard.Thereisa100-pinedgeconnectoron

th・ ・ight・id・and・69-pi…nnect…nth・1・ft・id・f・ ・50-1i・ ・fl・tcab1・ ・Th・t・P・iew

sideandtheinversesidearenumberedBRItoBR50,andARItoAR50,fortheconnecter

・nth・ ・ight,BLlt・BL69,andALlt・ 乱69,f・ ・thec・nnect…nth・1・ft・wh・n1・ ・at・dit

、,i。the1。cati。n。fFig.4.8.Th・meani・g・ ・fth・ ・epi・ ・a・eexp1・i・ ・di・T・bl・4・11・
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Table4.11

PinAssignmentsandTheirFunctionsofKrr-TA2Board

No.SYBLS.No.SYBLS.

ARIGNDBRIGND

AR2GNDBR2GND

AR3GNDBR3GND

R4AgddressbsBR4Al3SOddesbロs

AR5A10AddressbusBR5A23SOAddressbus

AR6AllAddressbusBR6A33SOAddressbus

AR7Aユ2AddressbusBR7A43SOAddressbus

AR8A13ddressbuBR8A53SOAddressbus

ARgA14AddressbusBRgA63SOAddressbus

ARIOA15AddressbusBR10A73SOAddressbus

ARIlA16Add爬ssbusBRIlA83SOAddressbus

AR12A17AddressbusBR12Al83SOAddTessbus

ARI3AlgAddressbusBRI3SIA

AR14!ETBR14S2A

R151MAMBdrslatceaeBRI5S3A

ARI6!MBMAuerstaeBR16S4A

ARI7S3BBR17S5A

AR18BR18NMI

R9!BPRN7s●oriuBR19!BREQmousreuest

AR20!BPRN6Busrioritou1BR20!BREQICommonbusreuest

AR211BPRNsBusrioritoutBR21!BRECommonbusreuest

AR22!BPRN4BusrioritoutBR221BREQCommonbusreuest

AR231BPRN3BusrioriloutBR231BREQlCommonbusreuest

AR24!BPRN2Busriori重oulBR24!BREQICommonbusreuest

AR25!BPRNIBusrioritoutBR25!BREQCommonbusreuett

R261BPRNOBus'o'BR26!BREQICous爬uest

AR27DODa重abusBR27110Databus

AR28DIDatabusBR281!ODaIabus

AR2gD2DalabusBR291/0Databus

AR30D3DbusBR30DIII/0Dtbs

AR31D4DatabusBR31D121/ODatabus

AR32D5DatabusBR32D131/0Da〔abus

AR33D6DatabusBR33D141/0Da1abus

AR34D7DatabusBR34Dl51/0Databus

AR35AOAddressbusBR351UBE3SOUerbteenable

AR36BR36

AR37BR37

AR38BR38CLKICPUclock

AR3gBR3gBCLKIBusclock

AR40RESETActivehihresetBR40!RESETAclivelow爬set

AR41!MBMABuswitcheablBR411WR3SOemowi1eeable

AR42!MAMBBusswitchenab!eBR42!RD3SOMemorreadenable

AR43!OEAUHDatabustransceiveTBR43DTI/R3SOBufferwrite/read

AR44!OEAULenableofuerstaeBR44

AR45!OEBUHDa1abustransceiverBR451CBREI/0Wired`or'ofallICBRE

AR46!OEBULenableofuerstaeBR461BUSYI/OWired`or'ofa111bus

AR47SIBBR47S2B

AR48VCCBR48VCC

AR49VCCBR49VCC

AR50VCCBR50VCC

tobecontinued

号
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号
ひ

contlnue

No.SYBLS.DIR.oDIRFUNCTIONS

ALl

AL2L

AL3

AL4L4

AL5

AL6L6Addresbus

AL7

AL8B8sbus

ALg

AL10'B'Oddressbus

ALll

AL12BLI2ddressbus

ALI3

AL14Bdrsbs

AL15

AL16Bl6ddesbus

AL17

AL18BLIddrsbus

AL19BLIddressbus

AL20「L20ddessbus

AL212

AL22BL22ddessbus

AL23L23dssb

AL242ab

AL25Ds

AL26

AL27B27重au

AL28

AL29BL29bus

AL30-39BL30-39

AL40L40Dabus

AL41

AL42L42Databus

AL43

AL44Laaus

AL45

AL46u

AL47

AL48B48Das

AL49

AL500en

AL51

AL52BL52

AL53

AL545,wi吐eenable

AL55

AL565●vsbe

AL5757冒dsslachesenable

AL585drsl竃lsable

AL59L51aa3an3ce●veenabte

AL60B6tassce'veenable

AL61BL61latabusrnsceiverenable

AL62BL621Databstransceiverenable

AL63-69BL63-69
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4.6AutomaticSynchronizationamongStages

ThePE'sinsideastageofH工GIPSoperateasynchronously .Buttogetthepipeline

performance・stagesofHIGIPSmustbesynchronous,i.e.,thebusswitchesofeverystage

mustbeseto'i/offatthesametime.ThisisperformedbythecircuitinFig.4.2 .H。

　 へ

/つ 一_＼SUBC・f・t・g・1・t・PB1・ ・・・…n・ ・…h・ …p・ …n・ ・

///1つ 二=こ 器慧::1離:::鵬:::器:::::::離::翻:::翼::

//
//!∫!一;ニ ー こ魏::;:ll:1::1誹:鷺::1:::蹴::1:;::::1:

詑 〆磁 話 二'-L'1こ撒1:1:1:翻 撒::綴;1臨::::1:
の コ 　 　 　 　 　 　 　 　 　 　

PB1's::::::::::::●o● ●.● ● ・o● ●o

　 　 　 　 　 　 　 　 　 の り 　

A"A● 潮●射 ●昇'"● ●

!MBMへllノ////

!MAMB
ノ/

藩 灘 …凝 ……　ii…i　……………1熱〆/haseA
SUBCoftage2etstPBItoLaoonatfnihesitprocengonceagan1/

SUBCoftageletstPBItoLasoonatfnihesitprocengonceagan/

Fig.4.9,Principle(～ プautomaticsynchronizationbetweensta8es.

InthephaseA,SUBCofeachstagesetitsPBIto"L",andpRisactive"L"and

CLRactive"H",sotheoutputsMAMBandMBMAofD-flip-flopare"L"and"H",

respectively.Assoonastheprocessingofastageisfinished,theSUBCofitwillsetits

PBIto"H".WhenallSUBC'sofH【GIPSsettheirPB1'sto"H",theD-FF-1alternates,

andMAMBbecomes"H"andMBMAboecomes"L",andthebusswitchesareturned

intothephaseB.Similarly,whenallSUBC'ssettheirPB1'sto"L",thebusswitchesare

turnedbacktothephaseA.(seeFig.4.9).CLRandpRaregeneratedbyaPALdevice

PAL16L8A(V50
_SWユ).Table4.12givesitslogicequations・
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Table4.12

LogicEquationsforGeneratingControlSignalsof

AutomaticStageSynchronizationCircuit

NameV50SW1:

Partnoldon'tknow;

DateO8/20/90;

RevisionO1;

DesignerF.H.Yao;

CompanyK.1.T.;

AssemblyASSY;

Location,LOC;

/禽★メ「貢★★貢★★★★窟費責貢貢寅禽禽禽禽責責★貢★貞費貞貞雲★壷窟★窟官貞禽★寅★★★寅禽寅貢★寅★禽★★★★窟★★★★貞★★★★★★寅★寅/

/★Thisdevicegeneratescontrolsignalsfor!MAMB,!MBMAand1ET,貢/

/★ 寅★★窟貢貢宜貢☆官禽糞禽窟触 ★貢禽禽禽★貞禽禽貢禽禽惚窟責禽禽寅★貢宜冑★★★★★★貢★冑★禽禽禽★窟★☆☆★貢貢冑冑寅★費★★貢貢貢貢/

/貞A110wabletargetdevicetypes:PAL16L8費/

/★ ★寅貞蝋 ★貞★貞寅窟倉窟寅資貞貞★貞★貞★倉蝋 貢★貞寅禽★★壷★窟宜★★貢★★★禽曹貢費寅★★貢貞寅★費霊★☆★費費貢窟★貢★★貢☆禽★/

/★ ★Inputs寅 貞/

Pin【1..71=!【sa1..sa7】;/寅PAOfromSUBCofeachstageソ

/寅 ★Outputs貢 禽/

Pin12=!pr:/★!PRofD-flip-flpo貢/

Pin13=!clr;/貢1CLRofD-flip-floP★/

/★ 禽Declarationsandintermediatevariab且edefinitions禽 ★/

/禽 費Logicequations窟 糞/

!pr=!(!(!sa1)&1(!sa2)&!(!sa3)&!(!sa4)&!(!sa5)&!(!sa6)&1(1sa7)):

!clr=1(!sa1&!sa2&!sa3&!sa4&!sa5&!sa6&!sa7);

4.7AutomaticRestartingoftheWholeSystem

Onceastagefinishesitsprocessing,itgetsintohaltingstate.Whena1且stagescom-

pletetheirprocessing,thebusswitchesareturnedintoanotherphase,andallstagesstart

thesameprocessingprogrambutdealwithdifferentimagedata(i.e.,PM'sareconnected

todifferentmemorybanks).TorestartHIGIPS,anactive"H"signalhastobefedto

NMI・pinofSUBCCPUineachstage.Thecircuittogeneratethis量nterruptsignalis

showninFig.4.2.1.

SUBCofastagesetsitsPBOto``L"attheendofprocessing,andenterthehalting

state,WheneverySUBCofHIGIPSsetsitsPBOto"L",NMIbecomesactive"H".The

NMIsignalissenttoSUBCofeverystage.ThisrestartsPMofeverystage・Theprinciple

ofitisshowninFig.4.10.NMIisgeneratedbyaPALdevicePAL16L8A(V50_INT)・and

table4.13givesitslogicequations・
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!SUBCo【 飢age1・et・it・PBOt・Lwh・n・h・ …g・ 正i・i・h・・i・p・ 。ce・5i・g

'!SUBCof3tage2・et・it・PBO・ ・Lwh・n・h・ …g・Ii・i・h・ ・i・p・ ・ce・ ・i・g

,,,SUBCo【stage35etsitsPBOtoLwhenこhe5しage【inishesitprocessing

冒1'/'SU惣 鷺 ・・淫t～it:・瓢 蹴le蹴1::臨1鼎::ess、 。g
、 、11,','SUB望 ・f・t・g・6・et・it・PBOt・Lwh・nth・ 飢・g・ 〔i・i・h・・i【P・ ・ce・ ・i・g

・ ・ 、、 、1!〆'SUBC・ ・飢 ・g・7・e・ ・i・・PB…Lwh・n・h・ …g・ 舳h・ ・i・p・ ・c…i・g

● ● ・ ・ ● ● ● ● ●oO ・
・ ● ●oO● ○ ● ● ・ ● ・

PBO'siiiiiiiiiiii
'● ●●●●●●●'● ●●.'.'●'.「 ト●「卜'v'¥

」●写 ●、

、 ＼ ＼ ＼ ＼ ＼ ＼

NMへ 、 、 ＼ ＼ ＼ ＼

磯無轟薫(/
S【凪C・f・t・g・6・et・it・PBO・ ・Hwhenit・e・t・ ・…h・p・ ・cessi・g・/

SUBCof3tage7setsit3PBOtoHwhenitrestartstheprocessing.

Fig.4.10.Princi」ple(ゾautomaticrestartingci「cuit.

Table4,13

LogicEquationsforControlSignalsofAutomaticRestartingoftheWholeSystem

NameV501NT; 　
Partnoldon'tknow;

DateO8/20/90;

RevisionO1:

DesignerF.H,Yao;

CompanyK.1.T.;

AssemblyASSY;

LocationLOC;

/★ ★禽★貞貢★倉★貞★★★禽★★寅貞★貞★★禽贈 禽貞貢冑蝋 窟★貞貢★★寅寅貢★窟窟★★寅★★★★★貞貞★貨★★貢★★貢貢★貢★貢貢宜貢★☆/

/貞Thisdevicegeneratescontrolsignalsfor!MAMB,!MBMAand!ET.費/

/★ ★責窟★★★貢寅禽★貢六窟寅貞禽★★貢★★禽貞貨貞★貞寅★貞★貢★★★★☆★★★★白★貢★歯費禽★★★六★★費貞★★★★★禽貢貢★貞★質★★/

/★AIIowabletargetdevicetypes:PAL16L8★/

/寅 ★★★虎貞★★貢★★貞貞費禽冑★禽責★禽★寅禽禽貞★寅★貢寅★贈 ★★★★虫窟禽貢★★禽★★★責禽★宜★費費費★★★★★★★★★窟★費★★★/

/宜 寅lnputs禽 ★/

Pin【1..71=1【sb1_sb7];/寅PBOfromSUBCofeachstage★/

/★ 寅Outputs貞 ★/

Pin12=!rs;/禽1lnputofRS-flip-flpo★/

/貞 貢Declarationsandintermediatevariabledefinitions震 貞/

/★ ★Logicequations★ ツ

lrs=1(!(!sb1)&!(!sb2)&1(!sb3)&!(!sb4)&1(!sb5)&!(!sb6)&!(1sb7));

-64一



4.8PictureInputUnit

ThePIUiscomposedofoneK[T-TAIboardasPICequippedwiththeparallelI/0

interface,oneKrr・TA2boardasMM,andtheHyPERVISIONboardasADM[ユ09,123]

whichisassignedtoUOportwithaddressof8DOH-8D7H.TheHyPERVISIONboard

digitizesthestandardNrSCorY/CseparateNTSCsignalandplacesitintoMM.

NoteherethattheHyPERVISIONboardistheextendedboarddevelopedforthe

personalcomputer(whichisthePC98seriesproductofNEC)byDigitalArtsLtd..

(ト ー一一一一一一一 一一一「一一一一一一一一 圃一一一一一一169 .4+0.4

0

B1-「 」一=
B2-一==三

B3-≒==≡
B4-一==…

HyPERVISIONboardi'241禦 霊1
●148 .7+O.4

●

●

B47-≒==≡

B48-・

B49-「 」一=

B50-'

O

Fig.4.11.Outwardappearanceof」FlyPERVISIOI>board・

SinceKIT-TAIboardisdesignedformaximalmodesystem,itcannotbeusedasthe

controllerofPIUdirectly.Itneedssomeslightchanges,i.e.,addressbus,databusand

controlbusmustbefromthelocalbusofPE(seeFig.4.12).Furthermore,becauseHy・

PERVISIONboardwasdevelopedforNECPC98seriespersonalcomputerandthepin

assig・m・nt・a・ediff・ ・entwithK[r-TAlb・a・d,・ni・t・ ・faceb・tweenth・mi・needed・

T・bl・4.14give・th・pinassig・m・nt・ ・fHyPERVISIONb・a・dwh・nl・cat・dit・ ・in

Fig.4」1,numb・ ・edf・ ・mBlt・B50・ndAlt・A50f・ ・th・t・P・i・w・ideandinverse・id・,

・e・pectively.Fig.4.12・h・w・thec・n・t・ucti・n・fth・i・t・ ・faceb・a・db・tweenPICand

HyPERVISIONboard.ThePRJhasthefollowingfeatures:
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AO-A7,A9-A]1

DO-D15

・f「omB+5モ

S245×2CP証 　

DOVCC

li

ULSO81i
+5vD7 ⊇IR

LS138G

CVCCD8toHyPER

鼓B?oVI・ ∬01>
Dllboard

GlY7D12

G2AD13

G2BGNDD14

Dl5

DIR

GGND

+5V+12V

芝1。。μ,… 隅 眠:[las・ μ・
-VIN

-12V

+VIN-VOUT

l…ue
_隅 町 。UTIi・ ・1・・F

Fig.4.12.Interfacecircuitbeti〃eenPノ ℃andADル1.

(1)8-bitdigitizinglevelsforblack-whitevisualsignaland8-bitdigitizinglevel

forR,G,andBcomponentsofcolorvisualsignalwithsamplingfrequency

of4×fsc(14,32-】 〉旺{z);

(2)640H×400Vresolutionwhichisthesamewiththatofthedisplaydeviceof

NECPC98seriespersonalcomputers;

(3)beingabletohandleboththestandardNTSCvisualsignalandpseudo

visualsigna1,e.g.,theoutputofVTR;
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(4)correspondingtoboththecompositevideosignalandY/Cseparatevideo

signaL

Table4.14

PinAssignmentsandTheirFunctionsofHyPERVISIONBoard

No.SYBLS.IR.

AIGND

A2

A3

A4AO

A5Al

A6A2

A7A3

A8A4

AgA5

A10A6

AIlGND

AI2A7

A13

A14Ag

A15A10

A16All

A17

A18

A19

A20

A21GND

A22

A23

A24

A25

A26

A27

A28

A29

A30

A31GND

A32

A33110R

A34!10W'

A35

A36

A37

A38

A39

A40

A41GND

A42CPUENB"

A43

A44UBE

A45

A46

A47

A48

/Vote'別ankmeansnotouchw雌thesepins.
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4.9PictureOutputUnit

ThePOUcomprisesoneKIT-TAIboardsetwiththeparalle田Ointerface(GP一 田)as

POC,oneKIT-TA2boardasMM,theHyPERFRAMEboardasFBM,andtheanalogRGB

displaytooutputresult・

FBMiscomposedof768kilobytesdualportimagememory(256kilobytesforR,G,

andBdata,respectively).ItisassignedtotheI/0portwithaddressofOODOH-00EEH,

Theimagedatacanbewritten/readto/fromtheframebuffermemory・

169.4+0.4

0
B1__¶

B2-一 一

B3-一 一=

B4-一==…

●124.46±p。15

　

HyPERFRAMEboard:1灘 ご、
:

B47-・

B48-・

B49-一'

B50-一 一 」 二

〇

Fig.4.13.0卿 ・rdappe・ ・anceofHyPERFRAMEb・ α・d・

N。t,h。,eth。tth・HyPERFRAMEb・a・di・theext・nd・db・a・ddevel・P・df・ ・th・

pers。nal。 。mp・t・ ・(whi・hi・th・PC98・e・i・ ・p・ ・d・・t・fNEC)byDigit・1A・t・Ltd・ ・Its

・utw。,d。pPea・anceissh・w・i・Fig.4.13,andt・bl・4・15gi…it・pinassig・m・ntsand

th,i,meani。g、(withth・1・cati・n・ ・i・Fig・4・13,・ndnumb・ ・i・gth・t・P・i・w・ideand

inversesidefromBItoB50,andAItoA50,respectively).

KIT.TAlh、,al,。t。bechang・d・lightlyt・tak・th…1・ ・fPOC・A・d・1・ ・,・i・t・ ・face

b,tweenPOCandFBMisneeded(seeFig.4.14).Th・POUhasth・f・ll・wi・gfeatu「es:

(1)768.kil。byt,im・g・m・m・ ・y(256-ki1・by・ ・f・ ・each・fR・G・ndB・ignal)・

(2)640H×400V・e・ ・1・ti・nwhi・hi・ ・h・ ・am・wi・h・h…fdi・pl・ydeviceof

NECPC98personalcomputer;

-68一



(3)256×256×256(24-bit)kindsofcolor;

(4)Changeablequantumbits:8。bit(fullcolor),4-bit(4096kindsofcolor),

2-bit(64kindsofcolor),and1・bit(8kindsofcolor);

(5)1,2,4,and8time(s)zoomatx-ory-direction,independently;

(6)Smoothscrollatx-ory・direction,independently.

AO-A7,A9-All

DO-D15

fromB+5モ
S245x2'PW

DOVCC

li

燃 黒
LS138G

CVCCD8toHyPER
BDgFRAル 伍
A9{lb

oard
GIY3D12
G2AD13
G2BGNDBIIfr・mHンPER

toBPIR」FRA/V4E

I-_
IORDY

+12V
+5v

む1、.F棚 留 験騨 螺1幽 岬
一VIN

-12V

+VIN-VOUT

l…ue脇 隅 　 二V。UTli・ ・μ・-VIN

178.4.14.InterfacebetweenPOCandFBルf..
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Table4.15

PinAssignmentsandTheirFunctionsofHyPERFRAMEBoard

No.SYBLS.DIR.FUNCT10NS

Al

A2

A3

A4A

A5AIs

A6A2

A7A3

A8A4

AgA5

A10A6

AllGNDs

A12A7

A13

A14Ag

A15AlOss

A16AIl〕

Al7

A18

A19

A20

A21GND

A22

A23

A24

A25

26

A27

A28

2

A30

A31GND

A32

A33!10R

A34!10W●

A35

A36

A37

A38

A39

A40

A41GND

42"

A43

A44UBE

4

A46

A47

A48

A49VCC

A50VCC

ノ>ote:別ankmeansηOtouchW肋thesepins.
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4.100utwardApPearanceofPrototypeI{IGIPS

AprototypeHIGIPSwllichhasthreeprocesslngstagesalldeachstageofithasthree

processors(butitcanbeeasilyextendedtoeight)isdeveloped,andiscompletelywork-

lng・

photo4.1,4.2and4.3showtllePICboard,PICIADMinterfaceboardandADM

boardrespecUvely.Photo4。4,and45showtheKIT-TAIandKIT-TA2boardaccordillgly・

photo4。6,4.7and4.8showthePOCboard,POC/FBMinterfaceboardandFBMboard,

separately.Andphoto4.9showsthewholeprototypeHIGIPSsystem.

礪 懸`繍 醗1暴;:1諺
ダ ァフ

慣 .1.ラ ≡…≡髪
1

,・ ・.'i髪 糞 一 琴髪 髭一多 ヨ
ー 麟

、;髪 箋 彰・肇矯ヂ
1・r… ヲ・・イ'1;∵.

'・i・1窪 ・ ξ・' .・.

耀 　 .・lll…:ll露窟.・1・

幽.攣 魍 警1、

1)ノ10tO4.1.PICわoard.
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● 「 ぞ,e`"「 ρ 一tJ「 、 「

。i・1簸 舅ニー鑑 轟 ご 遷 謬 ミ ー一

・ 顯 媛 蒙 歳 ・'霧

雇懸 鍵il
● ● ◆ ●,●P.,.●oじ,,

● ⊂.,

・ ・oφ05● ●.9,、

`'「'Fザ
・..

Photo4.2.PICIADル1inte'プ と～ceboard・

懸轟
盤 瀞 ≡■■

Photo4.3.ADルtboard・
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　　 　　 アコ　 　　　　　 　　　ロ　　 　 へ　 　　　　 　　　

纏籔議議鷹細と;闘懸 黎傭i.窯lll

.欝 灘91E鰺1『i,瓢ll}i

灘鋼醗雛
P1～oご04.4.κ1τ 一7ン)わoαrd.

-HH.ら6

鮭
鮭

蝿_

P1～o'04.5.KIT-7ンt2∂oo1τ ノ.
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1)ゐoto4.6.POC∂oor(ゴ.

ワ リノ 　ロドぴ　 ロ　 　

畿螺
ノ　 の
lse・

,,.,購

P1～oご04.7.1)OCIFβMintetプ ～～ceboarゴ.

_74一



蕪 翫1翼灘 鰻號腿覧 二

叢鑑難懸'鞭藪1

」P乃oto4.8.Fβ ル1わoαrd.

「T'一 一TTT一"

、1悪翻llミ
コ ド コ ハ ム ロコ

　 ニ

畦趨.懸 晶鰹湖
隣渇 幾 一議 謬ミ

P1～α04.9。W1～ole」prototype〃1GIP5syste'η.
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Chapter5

HIGIPSSOFTWARESTRATEGIES

5.1ABriefBackgroundReviewofRelatedWork

Alargenumberoflanguageshavebeencodedtohandleparallelarrayprocessors .

Thesehavetendedtobeattheassemblylanguagelevel
,ortobesubroutinecallsin

FORTRANButtheyincludeanumberoflanguagesthatarequitesimpleandstraightfor-

wardtouse,andoffertheusergreatpower(toalargeextentbecausetheparallelarrays
,

withtheirverylargenumbersofprocessors,aresopowerfu1).Mostoftheselanguages

executeentirelyonaparticularmachinewithparallelhardware(oronasimulationof

parallelhardware),andaredirectedtowardimageprocessing.

GudmundssonandKruse(LinkopingUniversity,Sweden)【35】havedevelopedavery

niceALGOL・likelanguageinwhichprogramscanbecodedthatcallboththePICAP

parallelprocessorandtheserialhostcomputer.Itcontainstwomajorparallelconstructs,

for(i)logical,and(ii)numericaloperations,withtheformat:

(type)123

456=result

789

Thatis,theprogrammerisaskedtospecifya3×3arrayofninevalues(thesemaybe

booleanvalues,orintegersspecifyingweightsorinequalities),plusanoperationanda

result.Thiscloselyreflectsthenearest-neighborstructureofthePICAP-1array(andof

mostotheroftoday'shardwarearrays.

Uhr(UniversityofWisconsin,USA)[97】hasdevelopedahigher-levellanguage(also

calledPascalPL)fortheCLPparallelarraythatmakesuseof"compounds"and"impli-

cations"similarto,andprecursorsof,someoftheconstructsinthePASCAL-basedPas-

calPL.

Levialdiandhisassociates(ConsiglioNazionaledelleRicerche,IstitutodiCiber-

netica,Iatly)[55]havedevelopedPIXAL,whichconsistsofparallelextensionsembeded

inALGOL・60(whichtheyareusingchieflybecausePASCALisnotavaHab且eontheir

computer).PIXALusesa"frame"constructthatallowstheprogrammertospecifyaset

ofrelativelocations(notonlynearest-neighbors)tobelockedateverywhere(thatis,

relativetoeachce11inthearray),anda"mask"constructwithwhichtheprogrammercan

-76一



specifyasetofweightstobeapPliedtotherelativelocationsspecifiedillthecoordillate

structure。

Douglass(UniversityofVirginia,USA)【18】hasproposedextensionstoPASCALto

handleparallelarrays,buildingonearlierproposedextensionsbyPrattandIsontohandle

networks.Theseincludea"fork"operationtosetupnewprocessorthatareexecuting

differentsetsofinstructionsinparalle1,anda``split"operation,toinvokewholesets

(e.g.,arrays)ofprocessorstoexecutethesamesetofinstructions,buteachondifferent

data(e・9・,differentlocalregionsofavisualimage).Theprogrammercanspecify"win-

dows"(setsof(relative)coordinatelocations).

Almostalloftheselanguagesuseanoperationonasetofrelativelocationsastheir

keyconstruct.Thelanguagesdesignedforaspecifichardwarearraywillbui藍dinthe

interconnectionpatternofthatarray(usually,asinthecaseofPICAP-1,the3×3sub-ar-

rayofthenearestneighbors).PIXAL's"mask"andDouglass'"window"generalizethisto

anysetofarbitrarilydistantneighbors.(Butwhensuchalanguageisactuallyexecutedon

ahardware-parallelarray,thisgivesexcessivelylongsequencesofnearest-neighborshift-

ingoperations.)Uhraddedconstructsfortheconvenientcompoundingandimplyingof

informationoverseveraldifferentarrays.Douglassmakesuggestionsforconstructsto

handlemuchmoregeneralnetworks,aswellasSIMDarrays.

Toshortenthedevelopingtime,HIGIPSattemptstoutilizethemostpopularChigh-

1evellanguagetodevelopingtheprocessingprogram.Thiswillbediscussedinthenext

sect10n.

5.21mageProcessingonHIGIPS

HIG][PSisdesignedanddevelopedforhigh-levelimageprocessingandanalysis.To

performthehigh。levellmageprocessing(whichisusuaHycomplicatedandhandlesnot

onlyimagedatabutalsoahugeamountsofsymbols,inferencesequations),thelow-level

language(e.9.,assemblerlanguage)isnotsuitable・Therefore・weplantousetheexisting

Clanguage(whichistheoff-the-shelfsoftwareforNECPC98seriespersonalcomputer

underMS-DOSoperatingsystem).TheproceduresofimageprocessingonH[GIPSare:1)

todeveloptheprocessingprogramonSCwithCIanguageandmaketheexecutablefile;

2)todownloadthisexecutablefiletoHIGPS;and3)tosenda"RUN"messagefromSC

tostarttheimageprocessing・

5.2.11mageProcessingFlowGrapll

F・ ・anyim・g・p・ ・cessi・g,wecang・tthec・rre・p・ndi・gim・g・p・ ・cessi・gf1・wg・aph・

A・ ・xamp1・ ・fth・fl・wg・aphi・giveni・Fig・5・1・A・ ・d・i・th・f1・wg・aph「ep「esentsa
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basicprocessingunitsuchasenhancement,filtering,thinning,edgedetection,andtem・

Platematching・Eachprocessingunitiscalledatask・Abranchintheflowgraphrepre-

sentstherelationshipbetweentheprocessingunits,e.9.,theresultofaprocessingunitis

theinputofanotherprocessingunit・

begin

PIP2P3P4P5P6

P7P8PgP10Pll

P12P13P14P15

P16P17Pl8Plg

P20P212P23

P24P25P26P278

P29P30P31P32

P35P33P34

end

Fi8。5。1.Ft・wg・aphム1・ ゾ ・・ 伽 ・gina・yhigh-lev・lp・oce∬"'8・
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5.2.2Segmentationoftlle'ImageProcessingFlowGrapll

Atpresent,theprototypeHIGIPSconsistsofaPIU,threePPU's,andaPOU.And

eachPPUiscomposedofasub-controllerandtwoslaveprocessors,butthenumberof

salveprocessorscanbeeasilyextendedtoeight.Sofromnowon,wedescribethesoft-

wareschemeunderthesuppositionthattheHIGIPShasthreeprocessingstagesandeach

stageincludeeightslaveprocessors・

ToexecutetheaboveflowgraphonHIGIPS,itisnecessarytosegmentitintothree

partsandassignthemtotheprocessingstage1,2,and3,sequentially.Therearetwo

criteriaforsegmentation[107,1081.Let(x,y)representtherelationshipbetweenthe

processingunitxandprocessingunity,e.g.,(P8,P14)meansthattheprocessingunitP8

mustbeexecutedbeforePl4.AndIetLIbetheoriginalflowgraphasshowninFig.5.1,

andL2betheflowgraphaftersegmented(seeFig.5.2).

[Criterion1ノ(x,y)∈1■ ⇒(x,y)∈L2

Thatis,if(x,y)existsinL1,itmustalsoexistinL2,buttheycanbeassignedto

thedifferentpart(orstage),e.9.,(Pl4,P22)and(P11,P35)stillexisteventhough

P22isassignedtostage2andP35isassignedtostage3・

ICriterion2/MakeT=max{T1,丁2,T3}beminimum.

WhereT1,T2,andT3aretheprocessingtimeofstagel,2,and3,respectively.If

T1=丁2=丁3,thesegmentationisoptimaL

Inthiscase,thetaskassignmentsareasfollows.

Stage1:

Qls,Qle:tothesub-controllerofstage1;

P1-Pl5:toslaveprocessorsinstagel・

Stage2:

Q2s,Q2e:tothesub-controllerofstage2;

Pl6-M8:toslaveprocessorsinstage2.

Stage3:

Q3s,Q3e:tothesub-controllerofstage3;

P29-P35:totheslaveprocessorsinstage3・
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begin

Qls

PIP2P3P4P5P6

P7P8P9101ユ

121314・15

Qle

Q2s

16171819

0123

45678

Q2e

Q3s

9303132

333435

Q3e

end

Fig.5.2.Segmentedプlow8raphL2qズ ・乙1・

5.2.3StageScheduling

A・ea・1ym・n・i・n・d,ea・h…g・ ・fHIGrSi・am・1・ip・ ・cess…Th・SMPU'sope「ale

acc。,di。gt。th・messag・ ・f・・mSUBC.W・t・k・ ・h・ …g・1・ ・theex・mpletoexplaln
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howthismultiprocessorworks・Thesub-flowgraphforstagelisredrawninFig .5.3,anda

taskrelationtableisobtainedfromit(seeTable5.1).TheSUBCschedulesaccordingthis

table・TheprocessingflowchartofSUBCisshowninFig5.4.Tomaketheprogramfor

SUBC,thefollowingvariablesandsubroutines(orfunctions)aredefined.

(1)task_state[15ノ'memorizethetaskstatusassignedtothisstage;

1:waitingtobeexecuted;

2:abletobeexecuted;

3:beingexecuted;

0:finished.

(2)proce∬or...stαte/8ノ'memorizetheprocessorstatusinthisstage;

1:notusing;

0:inuse.

(3)order_tablel16//15ノ 」memorizethetaskrelationshipinTable5.1;

(4)clear_task_stateO:setalltaskstowaitingstate;

(5)8et_∫ta8e_startO'receivesthestagestartmessagefromsc;

0:unabletostart;

1:abletostart.

(6)8et_'zext_taskO:obtainthetasknumberabletobeexecuted;

1argethanl:thetasknumberabletobeexecuted;

0:therearetasksbeinginthewaitingstatebutunabletobeexecuted;

一・1:alltasksarefinished .

(7)8et_available」 ワroce∬orO:gettheslaveprocessornumberabletobeused;

(8)start_task(ハ11,ハ12♪'ordertheslaveprocessor1>1toexecutethetask〈 」2,

i.e,,tosettask _∫tate[2>1・-1/to3,and」proce∬or_statell>2-1/toO・

(9)put_sta8e_completionOsendthe"sTAGEEND"messagetosc・

Usingthesevariablesandsubroutinesgivenabove,theprogramforSUBCcanbe

writtenasfollows.
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begin

Qls

PIP2P3P4P5P6

P8PgPlOPIl

Pl2P71314Pl5

Qle

Fig・5・3・Sub-flowgraphforstage1.

Table5.1

TaskRelationTableofSub-FlowGraphAssignedtoStage1

→1

↓

J

八lote'　 1,,meansthereゴ ∫ αdirectrelationbetweentasks,

ondblankmeansthereisηodケectrθ1(ztionbetweentasks.
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chartask -_state[15ノ,processor..一 〈10,0rder _table/16//15ノ ノ

intprocessor _state/8ノ,next__task_2>o∫

mainO

{

clear _task_stateO;

clear」oroce∬or _stαteO∫

while(8e' _∫'α8θ_∫tartO==の{

}

while((next _tαsk_No=get_next..taskO)〉=の{

ゲ(next_task_No>の{

while((ρroce∬or _ハlo=get._available_processorO♪==の{

}

start _task(next_task_No,proce∬or_ノ>0ク ∫

}

}

}

Tomaketheprogramfortheslaveprocessor,foHowingvariablesandsubroutinesare

prepared.

(1)task_No'tasknumberthatwillbeexecuted;

"0"meansnotasktobeexecuted
.

(2)8et_task_〈loO:getthetasknumberthatwmbeexecutedfromsuB;

(3)pttt_task_cα η、pletionO'send"END"messageandprocessornumberto

SUBC;

(4)PIO-P150processingsubroutines.Eachisaprocessingunitforsub-flow

graphinFig.5.3.

Withthesevariableandsubroutines,theprogramforslaveprocessorscanbewritten

asfollows.

mαinO

{

chartask八 り∫

while((task _N・=get_task_NoO==o♪{

}

switch(casetask _No♪{

cα∫θ1'PIO;break∫

case2'P20∫ ∂rθα左∫

-83一



cα∫θ3'P30'わreαk;

cα∫ε14'P140∫break;

cα∫θ15:P150;break∫

break;

}

put_task_completion(Proce∬or_No,'α ∫り>O)∫

task1>o=O∫

P10

{

}

P150

{

}

}
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Start

LoadtheprogramfromSC

"RUN"message

fromSC?

AssignthetaskstoSMPU's

Alltasks

aref五nished?

Send"END"meaasgetoSC

1互8.5.4.Proce∬in8プZowchart('fSこ1BCineachsta8e.

5.3CommunicationsbetweenSUBCandSMPUinaStage

Asdescribedabove,SMPU'sinastagefirstlygetthetasknumberfromSUBCand

executethecorrespondingprocessingbymeansofsubroutine(orfunction)call,andthen

sendthetaskstate,tasknumberandprocessornumberbacktoSUBC.Thismessage

exchangesbetweenSUBCandSMPU'saredoneviathemailboxsetatcommonmemory

(seeFig.5.5).

MaiIboxesaredividedintotwogroups:1)transmitmaiIbox(fromSUBCtoSMPU's,

e.9.,#O→#i,i=1,2,...,7);and2)receivemailbox(fromSMPU'stoSUBC,e・9・ ・#iS#O,

i=1,2,...,7).WheneverSUBChasmessagestoSMPU,itwillfirstwritethemessageinto

thecorrespondingtransmitmailbox,andthensendaninterruptsignaltocorresponding
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SMPU・TheSMPUwillgetthismessageandactaccordingtothismessagewheneveritis

interrupted.ThisisthesameforSMPU's.

InterruptIines

7

7

SUBCSMPUSMPUSMPUSMPUSMPUSMPUSMPU

#O#1#2#3#4#5#6#7

BSBS'

#O→#1#1→#0#O→#1#1→#O

#O→#2#2→#O#0→#2#2→#O

#O→#3#3→#O#O→ 〃3#3→#O

#0→#4#4→#O#O→#4#4→ 〃0

#O→#5#5→#O#O→#5#5→#O

#O→#6#6→#O#O→#6#6→#O

#0→#7#7→#O#O→#7#7→ 〃O

COmmOnmemO「yCOmmOnmemO「y

Fig.55.ハ4ailboxes'η810∠)α1memoリ ノ.

5.4MonitorProgram

Toperformtheprocessingasabove,twomonitorprogramsareneeded:1)themoni-

torbetweenSCandSUBC;2)themonitorbetweenSUBCandSMPU.

5.4.1MonitorFacilitiesbetweenSCandSUBC

ThemessageexchangesbetweenSCandSUBCaredoneviatheparallelbus(GP-B

bus).Thismonitorfacilitiesareobtainedbythefollowingcommandsandlibraryfunc-

tions[108】.

CommandsinSCside:

(1)Programdownload

Sendtheprocessingfile(EXEfile)toSUBandSMPUofeachstage.
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(2)Run

O・d・ ・eachst・g・t・ ・t・・tth・p・ ・9・amd・w・1・ad・d・tth・1・ ・alm・m・ ・y
.

(3)Stoptheexecution

Stoptheprogramevenitisbeingexecuted .

LibraryfunctionsinSCside:

(1)Messageexchange

ExchangethemessageswithSUBCineachstagetogetthestagestatus
.

(2)Polling

Monitorthestagestatus.

(3)Changeoverbusswitches

When"END"messageisreturnedbackfromeverystage
,changebus

switchestoanotherphase,andstartprocessingonthenewdata .

LibraryfunctionsinSUBCside:

(1)Programload

LoadtheprocessingprogramfromSC,theprogramforSUBCintothe

IocalmemoryofSUBC,theprogramforSMPU'sintothecommon

memoryandthentransferintothelocalmemoriesofSMPU's.

(2)Executetheprogram

ExecutethetasksreceivedfromSC.

(3)StOP

StoPProcessingaccordingtostopmessagefromSC.

(4)Exchangemessages

ExchangethemessagebetweenSCandSUBC,SUBCandSMPU's.

5.4.2MonitorFacilitiesbetweenSUBCandSMPU

ThemessageexchangesbetweenSUBCandSMPU'saredoneviathecommonmem-

ory.Let'susethesegmentedflowgraphL2insection5.2toexplainhowthismonitor

works.

S田Cside:

SUBCofstageOwillstartthetaskQlsafterfinishingtheinitiallzationof

alISMPU'sinthisstage.Whenreceivingthe"RUN"message,itassigns

thetaskPItoSMPU1,P2toSMPU2,...,P7toSMPU7andstartsthe

scheduling.SodoSUBC'sinstage2and3.AssoonasitentersQle,it

sends"END"messagetoSCandapplyfortheshiftingofimagedata.
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SUBCofeachstageschedulesitstasksassignedbySCandmanagesits

SMPU'sasfollows.

(1)AsshowninFig.5.6,theschedulerofuserprogrampreservestheworking

areasTSK _S(abbreviationfortask_status),PCR _N(processor_No.)and

TSK _N(task_NO.).Theschedulerkeepscheckingtheseworkingareas.

(2)WhenitisinterruptedbyaSMPU(whichfinishedthetaskandenteredthe

waitingstate),itleavestheschedulerandjumpstotheinterruptprocessing

routine.Theinterruptprocessingroutinegetsthetasknumber,e.g.,1,

(thatwasexecuted),itsstatus,andtheslaveprocessornumber.

(3)Theinterruptprocessingroutinewritesthemintotheworkingareas

TSK ..N,TSK_SandPCR_N,andreturntoscheduler.

(4)Theschedulerexamineswhetherthenewtask,e.g.,ノ,canbeexecutedor

notaccordingtheseinformation.Ifitisabletobeexecuted,toassigntask

/toprocessork,itcallsmonitor,andpasses/andktomonitor.

(5)Themonitorprogramwritesthetasknumber/andprocessorktothe

mailbox,andsendainterruptsignaltotheslaveprocessork,andreturn

backtoscheduleroftheuserprogram.

SMPUside:

SMPUreceivesthetasksorexchangesmessagesasfollows[107】.

(1)TheuserprogramofeachSMPUpreservestheworkingareaTSK_N(see

Fig.5.6),andthescheduleroftheuserprogramkeepscheckingthiswork-

1nga「ea・

(2)Assoonasaninterruptsignalenters,itleavestheschedulerandjumpsto

theinterruptprocessingroutine,Theinterruptprocessingroutinegetsthe

tasknumberfromthemailbox,andwriteintotheworkingareaTSK_N,

andthenreturntothescheduler.

(3)Thescheduleroftheuserprogramgetsthetasknumberfromtheworking

areaTSKNandcallsubroutinePj(taskj)toperformtheprocessing・Ifit

isfinishednormally,setTSK _Sto"0",and"1"intheothercase.

(4)TosendthetaskstatusandprocessornumbertoSUBC,theScheduler

callsthemonitorandpassesthemtothemonitorprogram.

(5)Themonitorwritesthetasknumberandprocessornumberintothecorre-

spondingmailbox,andsendaninterruptsignaltoSUBC,andthenreturn

backtotheschedu藍er.
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FFFFFH醐 鵠T

COOOOH

BFFFFH

M、ilb。xGMBFF80H

_一 」
7FFFFH7FFFFH7FFFFH

一 臨 、 臨 mT

PCRN

TSKsLM

_篇C薦 滞 里漏 慌ず ⊥
SUBCSMPU1 ......SMPU7

Fi8.5.6.Procε ∫∫'η8control'η αsta8e.

Innextchapter,theimplementationofthismonitorwillbediscussed.Andonthis

monitor,imageprocessingexperimentswillbeperformed.Theexperimentalresultswill

beshown.
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、Chapter6

EXPERIMENTSAND

EVALUATIONOFPROTOTYPEHIGIPS

Atpresent,theprototypeHIGIPSisworkingonthemini-monitorprogramwhichis

partialconstructionofthemonitordiscussedinsgction5.4.Onthismini-monitor,image

processingexperimentsaredone,andtheperformanceofprototypeHIGIPSareevalu・

ated.SpecificationsoftheprototypeHIGIPSaredisplayedintable6.1andsomehard-

warecharacteristicsofprototypeHIGIPSaresummarizedintable6.2.Certainly,ahigher

performancecanbeobtainedifthenumberofprocessorsinastageisincreased.

Table6.1

PrototypeHIGIPSSpecifications

ItemsStandards

㎞agedataStaticimageordynamicimagescenes

ProcessorGenera1-purposeprocessorμPD70216(V50)

forPIC,POC,SUBC'sandSMPU's

CPUclock8-MHz

Busclock10-MHz

PossibledevicestoconnectTVcamera,VTRandanalogdisplay

Table6.2

SomeHardwareCharacteristicsofPrototypeHIGIPS

CharacteristicsIndividualProcessorPrototypeHIGIPS(N=3,〃 』2)

Instruction/s(maximum)4.0×1063.6×107

Multipliesordivides/s2.0×105-2.5×1051.8×106-2.25×106

Pipelinebusrate(bytes/s)8.42×1058.42×105

ProgramIoadrate(bytes/s)1.0×1061.Ox106
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6.1GP・IBInterfaceLibraryFuctions

Thesystemcontroller(SC)oftheprototypeHIGIPScontrolsSUBC'sineverystage

viatheGP-Bparallelbus.AnditcontrolsallSMPU'sindirectlyviaSUBC.Thekernelof

themonitorprogramistheconstructionoftheseGP-Binterfacelibraryfunctions.

Thereby,beforeexplainingtheconstructionofthemonitorprogramsonSCandSUBC

(andSMPU's),let'sfirstlyexplainhowtoconstructtheGP-Binterfacelibraryfunctions.

Allthesefunctionsarelistedintable6.3.

Table6.3

GP-BInterfaceLibraryFunctions

No.NameofFunctionsDescriptions

lgPib _intInitializeFPD7210

29Pib _ifcSendIFCsignal

3伽100Timerwithunitofμ100

49Pib _renSetRENsignal

59Pib _clrrenClearRENsignal

6gpib _delimDefinitionofdelimeter

79Pib _rdstReadaddressstatusregister

88pib _cmdSendcommands

99Pib _writeOutputdatablock

lOgpib _wrtOutputonebytedatum

llgpib _rea(iInputdata

l29Pib _SPollSerialpollexecution

13gpib _spstReadserialpollregister

149Pib _srgServicerequest

15gpib _ppolAssignmentofparallelpollresponselines

169Pib _idyParalleIpollexecutlon

179Pib .PPrAssig・m・nt・fp・ ・all・1P・ll・esp・nsem・d・

188助 」pP2Assig・m・nt・fp・ ・all・lp・ll・e・p・n・elineatpP2

Thesefunctionscanbeshortlydescribedasfollows:
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(1)InitializationofFPD7210

0perations:ToinitializeμPD7210andsettheinitialvaluefortheexternal

variablesthoseareusedinGP-IB.

FunctionName:8pめ ゴ η'

Format:voidgpib _intO;

(2)SystemInitialization

Operations:Afterinitialization,匙PD7210enterstheslavemodestatebutit

doesnothavethefunctionsofcontroller .Tomakeitactasa

controller,itisnecessarytoset正 ℃lineonforatleastmorethan

100一 μS.ThisfunctionsetsIFClineonforaboutn×100一 μS .

FunctionName:9Pib _ifc

Format:intgpib _ifc(n);

傭 η;

ReturnValue:Ifitisamaster,正 ℃issentoutandOisreturned.Otherwise,

doingnothingexceptlisreturn.

(3)100・ μSTimer

Operation:Fortheparametern,itreturnaftern×100一 μSispast.

FunctionName:tmlOO

Format:void伽100ω;

傭 η;

(4)ControlofRENSignal

(a)SetRENSignalON

Operation:ItisonlynecessaryformasterGP-IBdevicetosetRENON/OFF.

SettingRENα>willmakeotherGP-IBdevicesenterremote

state.

FunctionName:9Pib _ren

Format:intgpib _renO;

ReturnValue:ForthemasterGP-]Bdevice,RBNissetONandOisreturned.

FortheslaveGP-]Bdevices,1isreturnedanddoingnothing.

(b)SetRENOFIF

Operation:SettingmasterGP-IBdeviceRENOFFwillmakeotherGP-B

deviceenterthelocalstate.

FunctionName:9Pib _clrren

Format:intgpib _clrrenO;

ReturnValue:ForthemasterGP-IBdevice,RENissetOFFandOisreturned・

FortheslaveGP-IBdevices,1isreturnedanddoingnothing.
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(5)DelimiterDefinition

OP・ ・ati・n・T・d・fi・ ・th・d・limit・ ・c・d・wh・nd・i・gd・t・bl・ckt・an・ferri・g
.

Fourkindsdelimitersareshownbytheintegernasfollows:

n=0:CR+LFcode;

η=1:CRcode;

η=2:LFcode

n=3:withoutdelimiter.

FunctionName:8ρ め ゴ θ伽

Format:voidgpib
_delim(η ♪;

∫η∫η;

(6)ReadingofAddressStatusRegister

Operation:Toreadtheaddressstatusregister。Eachbitofithasthefollow-

1ngmeanlngS・

mjmn:Itbecomestolwhenreceivingminoraddress;

ta:ItbecomestolwhenGP-IBdeviceactsasalistener;

1α:ItbecomestolWhenGP-Bdeviceactsasatalker;

tpas,lpas:Theyaretheflagsofaddressmode3:

spms:Itbecomestolwhenserialpollisenabled;

iatn:ItbecomestolwhenATNlineishigh;

cic:ItbecomestolwhenGP-Bdeviceissetto

thecontroller.

FunctionName:8ρ め _rdst

Format:void8ρ め _rdstO;

ReturnValue:Valueoftheaddressstatusregister.

(7)SendingoutCommands

Operation:Tosendoutncommandspreservedincharacterarraybuf.

FunctionName:9Pib _cmd

Format:voidgpib _cmd(n,buf.);

加'η;

unsignedchar'buf,

ReturnValue:ForthemasterGP-IBdevice,Oisreturnedaftercommandsare

sentout.ForslaveGP-Bdevices,1isreturnedanddoingnoth。

ing.

(8)OutputData

Operation:Tosendoutη 一bytedatapreservedincharacterarrayわ 吻『After

n-bytedataaresentout,thedelimiter(ifdefined,i.e.,0,1,and
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2)isalsosentout.∬eoiis1,EOIlineisalsoOハ1attheendof

datasending.

FunctionName:8ρ め _wr"θ

Format:voidgpib _write(η,buf,θ の;

εη'η,θ α;

unsignedchar琢buf,

ReturnValue:Oisreturnedwhendatasendingisfinishedcorrectly.Otherwise ,

lisreturned.

(9)OutputOneByteDatum

Operation:
.Tosendout1-bytedatumc.

FunctionName:9Pib _wπ

Format:void8ρ め _wr`(c♪;

c肋rc;

ReturnValue:Oisreturnedwhen1-bytedatumsendingisfinishedcorrectly.

Otherwise,1isreturned.

(10)InputData

Operation:ToreaddatafromGP-Binterfaceandpreserveintocharacter

arrayわ 吻『Thiswillcontinueuntiln-bytedataarereceived,or

delimiterorEOImessagearereceived.

FunctionName:9Pib _read

Format:枷gpib _read(η,buf.);

ごη'η;

unsignedchar琢 蝋

ReturnValue:Numberofdatabytespreservedinbuf.

(ll)ExecutionofSerialPoll

Operation:When∫rq'-bitofinterruptstatusregisterlbecomes1,theserial

pollisstartedfortheGP-IBdeviceswhoseaddressnumberare

preservedinわuf.Wheneverthedevicethatrequestsserviceis

detected,theaddressofthisdeviceispreservedin(∫ev,and

devicestatusispreservedinSps.OnlythemasterGP-IBdevice

canexecutetheserialpol1.

FunctionName:9Pib _Spo〃

Format:ご η'gpib』)o〃(n,buf,dev,sps);

傭 η,*dev,'sps;

unsignedchar*buf,

ReturnValue:Oisreturnedwhenserialpollisexecuted;
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1isreturnedifGP-IBdeviceworksinslavemodeandcannotdo

serialpoll.

2isret・ ・n・dwh・n・ ・g'-biti・0・ndwith・ ・td・i・g・e・i・1P・11
.

(12)ReadingofSerialPollStatus

Ope「ati・n・T・ ・eadth・ ・e・i・lp・ll・t・tusregi・t・ ・.Thi・i・f・ ・ve・ifyi。g

whetherthecontrollerdevicereceivestheslavedevicestatusor

notwhentheslavedevicerequestsservice .Thatis,tocheck

pend-it・ifitis1,thecontrollerdidnotreceivethedevicestatus;

ifitisO,thecontrolleralreadyreceivedthedevicestatus .

FunctionName:9Pib
_spst

Format:intgpib
_脚0;

ReturnValue:Valueofserialpollstatusregister .

(13)ServiceRequest

Operation:ThesIavedevicerequeststheservicetocontroller .Preservethe

devicestatusinη,setr∫v-bitofserialpollmoderegisterto1
,and

movecontentofηtospstatus.Ifeoiisl,EOIlineissetO1>when

sendingdevicestatus.

FunctionName:9Pib
_∬g

Format=枷gpib」Z)st(eoi,η ♪;

lntθOZ,η;

ReturnValue:Oisreturnedwhentheslavedevicerequeststheserviceand

done.1isreturnedandnothingisdonewhenthedeviceisinthe

mastermode.

(14)AssignmentsofParallelPollResponseLines

Operation:Forthedeviceswhichhavepplsubsetofparallelpollfunctions,

thecontrollerassignstheparallelresponselinetothem.Preserve

lnldevicenumberandtheirresponselinenumberin∂ ガand

わ曜.Ifηisnegative,PPUcommandissentoutbeforetheas-

signmentsofresponselines,andthisreleasesthepresentassign-

mentsofparallelpollresponselines.Datapreservedinわ 曜is

calledPPEorPPDcommand.

FunctionName:9Pib
.-PPol

Format:枷8ρ め
_〃01(n,buf,わ 曜 ♪;

加 ∫η;

unsignedchar*buf,"bufd;
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ReturnValue:Whenthedeviceworksinthemastermode,theassignmentsof

parallelpo11responselinesaredone,andOisreturned.Ifthe

deviceworksinslavemode,Oisreturnedandnothingisdone.

(15)ExecutionofParallelPol1

0peration:Toexecutetheparallelpollandobtainitsresult.

FunctionName:9Pib _idy

Format:枷gpib _idyO;

ReturnValue:ParallelpollresultO-255forthemasterdevice,-1forslavede-

vice.

(16)ResponsetoParallelPol1

0peration:Toassigntheparallelresponsemodeaccordingthevalueofη.

η=0:Donotresponsetheparallelpo11;

n=1:ResponsetheparallelpoU;

n=2:Responseparallelpollwheneverthereisaservicerequest

FunctionName:9Pib _PPr

Format:intgpib」ppr(n♪;

'η'η;

ReturnValue:Whentheresponseforparallelpollisdone,Oisreturned.1is

returnedforthemasterdevice.

(17)AssignmentsofParallelPollResponseLinesforDevicewithPP2Function

Operation:Toassigntheparallelpollresponselinesforthedevicewhich

haspp2subsetofparallelpollfunction.Theassignmentsofpar-

allelpollresponselinesandresponsemodearedoneaccording

toU,∫,P-

u=0:Responseparallelpollbythevalueof∫with」 ρ+11ine;

u=1:Donotresponseparallelpoll・

FunctionName:9Pib _PP2

Format:intgpib _PP2(u,∫,P♪;

雁 配,∫,ρ;

ReturnValue:Whentheresponseforparallelpomsdone,Oisreturned.1is

returnedforthemasterdevice.

WiththesebasicGP.Binterfacefunctions,datalnput/outputviaGP-1Bcanbereal-

izedeasily.
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6.2TerminalProgramonSC

TerminalprogramonSCisconstructedwithuseofabovebasiclibraryfunction

Here・let'sintroducesomeexamplecombinationsofthem
,andexplaintheconstructi(

ofthisterminalprogram.

6・2・1DataInput/0utputLibraryFunctionsviaGP・IBInterface

(1)Initialization

Operation:ToinitializeμPD7210andGP-Bsystem .Thisinitializationisto

set正 ℃01>foraperiodoftime,andthensetRENON .Thisis

simplytorungPib _int,8ρ め_喰,and8ρ め_rθ η,sequentially.This

mustbedonebeforeusingGP-IB.Anditcanbedefinedasa

newfunctioninthefollowing.

FunctionName:80pen

Format:傭800enO;

ReturnValue:Oisreturnedformasterdevice,andlisreturnedforslavede-

vices.

Program:80penO

{

μ わ_'η'α

gpiわ 一一ifcO;

return(帥1う _rθ πω ∫

}

(2)DataOutput

Operation:Tosendoutη 一bytedatapreservedinbuftothedevicenumbered

aslsna.Thisissimplycombinationof8ρib _cmdandgpib_write.

FunctionName:8write

Format:謝8write(lsna,n,buf,eoi)∫

intlsnα ∫/巾Linteneraddressnumber*/

枷n;/巾Datalength*/

unsi8nedc乃 αr'bttf;/*Databuffer*/

厩eoi;/*EOIparameteビ/

ReturnValue:Oisreturnedifitisfinishedcorrectly,otherwise,1isreturned.

Program:8write(lsna,η,buf,θoご ♪

intlsna,η,eoi;

unsignedchαrbufll;

{
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charcmd/37;

cmd/Oノ=Ox3f

c加dμ ノ=mytka;

cm(i[2ノ=Ox20+lsna∫

8助_cmd(3,c1η の ∫

return(帥 め _wr'`θ(η,buf,eoiル

}

Afunctiontosendoutcharacterstringdatacanbedefinedasfollows:

FunctionName:gswrite

Format:傭8∫wr"θ(lsna,buf,θo'♪ ∫

intlsna;/串Linteneraddressnumber*/

unsi8nedchαr'buf/*Databuffer*/

傭eoi;/*EOIparameter*/

ReturnValue:Oisreturnediffinishedcorrectly,otherwise,1isreturned.

Program:8swrite(lsna,buf,θ の

int1∫ ηα,eoi;

unsignedcharbuf[み

{

return(8w吻(lsna,strlen(buD,buf,θo'ル

}

(3)DataInput

Operation:ToreadルbytedatafromGP-Bdevicenumberedastkαand

preserveinbuf.Thisissimplycombinationofgpib_cmdand

gpib/ead.

FunctionName:8read

Format:厩8reαd(tka,n,∂ 砿)∫

inttka∫/索Talkerdevicenumber*/

intn∫/*DatalengthreadfromGP-Binterface*/

unsi8ne(tchar"bufl・/申Databuffer*/

ReturnValue:DatalengthreadfromGP-Binterface.

Program:8reαd(tka,n,buO

〃π ∫丸α,η ∫

unsignedcharbtOfl7∫

{

c伽c帽 β ノノ

cmdlOノ=Ox3f;

cη～dl∠1ノ=Ox40+tka;
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αη(i/2ノ=mylsnα;

gpib..cmd(3,cmd)∫

r伽rη(gpib
_read(n,わ ゆ ♪ノ

}

Afunctiontoreceivecharacterstringdatacanbedefinedasfollows:

Operation:ToreaddatafromGP-][Bdevicenumberedastka
,andpreserve

inbuf.

FunctionName:8sreαd

Format:傭8sread(tkα,buf
.)∫

inttka∫/*Talkerdevicenumber*/

unsi8nedc肋r*buf;/*Databuffer*/

ReturnValue:DatalengthreadfromGP-IBinterface.

Program:8sread(tkα,btの

∫ηπ んα∫

unsignedchαrbuflみ

{

ごη'な

i=8rea(i(tka,1024,わ 吻り∫

ゲ(delim==0♪i='-2∫

ζプ(delim==111delim==2♪iニ ご一1∫

buf(i7=O∫

return(i)∫

}

6.2.2TerminalProgramCommands

Therearegkindsofcommandsareconstructedfortheterminalprogram.Theyare

describedinthefollowing.

(1)MemoryWriteCommand

ThiscommandistowritedatafromSCintothelocalmemoryofSUBCorglobal

memory(commonmemory)ineverystage.ItsformatisshowninFig.6.1.Notehere,

fromnowonweusehexadecimaltorepresentnumbersinsteadofdecimaL

The1-stbyteiscalledcommandbyte.Theupper4-blt(b7-b4)ofcommandbyteisto

representthecommandtype(numberedfromOtof),thelower3-bit(b2-bO)istorepre-

senttheslaveprocessors(numberedfromlto7),andb30fitisalwayssettoltoavoid

thecommandbytetoOO.Forthememorywritecommand,thecommandbyteisO8(hexa-

decimal).
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The2-ndto5-thbytesarethesegmentand()ffset .Eachtakestwobytes.Becausethe

processorsofHIGIPSarepPD70216whichhas1・megabytememoryspace,20-bitaddress

linesarenecessary.These20-bitaddresslinesaredividedintose8mentandoffset .The

terminalprogramonSCmakesthisse8mentandqが ぎetfromainput20-bitaddress .For

example,whentheinputaddressis3f4ea,theterminalprogramwillseparateitinto3000

andf4eαasse8mentandoffsetrespectively.

The6-thand7-thbytesarethedatalengthtowrite .Andfrom8-thbyteto263-thare

usedasdatabuffer.Thesizeofdatabuffercanbemaximally256bytes.Followingthe

databufferislbyteusedaschecksum.Thechecksumiscalculatedfromthe2。ndbyte

totheendofdatabuffer.

Co躍andS・gm・n…ff・e・be…hD…B・ff・ ・C鑑

1・B2-B-←2-B-十 →2・B一 トー 一一一 一Max256-B-一 一 一 ト1-B-l

b7b6b5b4b3b2blbOCommandNumber:08

曜 ↓甲
00001000

Fig.6.1.MemOiywritecommandノ 「ormat.

(2)MemoryReadCommand

ThiscommandistoreadthelocalmemoryofSUBCortheglobalmemoryinevery

stageofHIGIPS.ItsformatisshowninFig.6.2.Thecommandnumberis18.

Nothingisdifferentwiththatofmemorywritecommandexceptthatcommandnum-

berandchecksumbytearechanged.

WhenSUBCinastageofHIGIPSreceivesthiscommand,itpreparesthedataand

answersSCwithmemory-read-responsecommandwhoseformatispresentedinFig.6.3.
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C・羅andS・gm・n…ff・e・L・n・ ・hC講

1-B2-B十2-B十2-B一 トi-BH

b7b6b5b4b3b2blbOCommandNumber:18

町下 劉 ・
00011000

1㌃8.6.2.ルlemoryreadcommandプ'ormat.

C・mmandS・g… ・ ・ff・e・be・g・hD…B・ff・ ・C鑑

Byte

1-B2-B一 ト2-B一 ト2-B-十 一 一 一Max256-B-一 一 トi-B→

b7b6b5b4b3b2blboCommandNumber:18

騨陣
00011000

Fig.6.3.ルlemoζy-read-responsecommandプ'ormat・

(3)110WriteCommand

ThiscommandistooutputdatatoLIOdeviceofSUBCineverystageofHIGIPS.Its

formatisgiveninFig。6.4.Thecommandnumberis28・

Because∬OdeviceofμPD70216isassignedto64-kilobyteaddressspace,16-bitad-

dresslinesareenough.Soonly2-ndand3印rdbytesareusedtoindicatetheI/0device

address.4-thand5-thbytearesettoOOOO.Andsinceonly1-bytedatumcanbeoutputto

▽Odeviceatatime,thedatalengthissettoOOO1.1-bytedatumfollowsthedatalength・

Thefinalisthechecksumbyte.
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C・mmand1ノ ・N・U・ebe・ 、・hD・1・mC鰍

ByteAddless

1'B叶2Bマ2ζ ト1'B+1-B-「l

b7b6b5b4b3b2blbOOOOOOOOl

CommandNumber:28

騨下 望
00101000

Fig.6.4.〃Ovvritecommand・

(4)110ReadCommand

ThiscommandistoinputdatafromUOdeviceofSUBCineverystageofHIGIS.Its

f。,m。ti,di・pl・y・dinFig。6.5.Thec・mm・ndnumb・ ・i・38・N・thi・gi・diff・ ・entwithVO

writecommandexceptthatitdoesnotincludeone-bytedatum.

WhenSUBCreceivesthiscommand,itreadsthecorrespondingI/0devicetoobtain

。n,.byt・d…m.1・an・wersSUBCwithUO-read-re・p・n・ec・mm・nd(SeeFig・6・6)・

Check
CommandI/ONoUseLengthSum

ByteAddress

1"B叶2'ぐ ζ トLB→

b7b6b5b4b3b2blbOOOOOOOOl

CommandNumber:38

罵下 禦
00111000

1な8.6.5.110readcommand
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Co農and

.a69,,,N・U・eL・n・ ・hD・1・mC鼎

1'B叶 体Bぐ2㌣ ト'"B+"B-l

b7b6b5b4b3b2blbOOOOOOOOl

CommandNumber:38

曜陣
00111000

Fig.6.6.〃O-read-responsecommand.

(5)ProgramDown-LoadCommand

ThiscommandistoloadtheprocessingprogramfromSCtotheglobalmemoryin

everystageofHIGIPS.TheprocessingprogramisintheformofHEXcodewhichis

madefromEXEfileonSCwithHextool,andcanbeexecuteddirectlyinHIGIPS.Fig.6.7

showstheformatofthiscommand.Thecommandnumberis48.

Todown-10adaHEXcodefiletoHIG][PSisjusttherepeatofthiscommand.Butat

eachrepeat,theoffsetmustbeincreasedwithavalueoftherecordlength.Th董siscontin-

ueduntilallrecordsofHEXcodefilearedown。loaded.

C・mmandS。gm。nt・ff,e・L。ng・hD…B・ ∬・・C鑑

Byle

1-B2-B一 ト2-B十2-B一 トー ヨec・ ・dLe・gth-一 一 ト ユーB-→

b7b6b5b4b3b2blbOC
ommandNumber:48

躍陣
01001000

Fig.6.7.Pro8ramdown-loadcommand・

(6)ProgramMovingCommand

ThiscommandistoordertheprocessorsineverystageofHIGIPStomovetheproc-

essingProgramfromtheglobalmemoryintotheirlocalmemory・Itsformatlsglvenm
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Fig・6・8・The2-ndand3-rdbytesarethesourcesegment,and4-thand5-thbytesarethe

sourceoffset.The6-thand7-thbytesaredatabytes(here,itisOOO6) .The8-tlland9-th

bytesarethedestinationse8menちand10-thand11-thbytearethedestinationoffset .The

12-thand13-tharetheprogramlength.Thecommandnumberis58 .

Ifthedown-loadprogramisforSUBC
,theslaveprocessorbits(b2-bO)mustbeO.

Andifthedown-10adprogramisforSMPU's,theslaveprocessorbitsmustnotbeO .It

canbeanyvaluefromlto7。

C・mmandS・u・ceS・u・ceL・ ・gthDestinati・nD・ ・tinati・nP・ ・9・amCheck

ByteSegmentOffsetSegmentOffsetLeng1hSum

1-B2-B一 ト2-B一 ト2-B一 ト2-B-十 一2-B一 ト2・B-十 一1-B-Ol

＼
b7b6b5b4b3b2blbOOOO6

隅 下 野 　㎜d　 58
01011XXX

Fi8.6.8.Pro8rammovin8command.

(7)ProgramExecutionCommand

Thisisthecommand(SeeFig.6.9)torunthedown-10adprogram(whichismoved

intothelocalmemory),locatedfromsegment:()ffset.ThiscommandisonlyforSUBCto

starttoruntheprograminitslocalmemory.ThemessageforSMPU'stostarttoruntheir

programswillbesentoutfromtheprogramforSUBCafterSUBCstartstheexecution.

Co齪andS・gm・n… ・・e・C鑑

1-B2-B一 ト・2-B-十 一i-B-l

b7b6b5b4b3b2blboCommandNumber:68

饗 ↓甲
01101000

Fig.6.9.1)ro8ramexecutioncommand.
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(8)Start・upTestingCommand

Thisistocheckwhetherthecorrespondingstagegetsreadyornot(refertoFig .6.10).

Ifitgetsready,SCwillreceiveamessage"isready!".Therefore
,ifthiscommandissent

toplUorPOU,acombinedmessage"PIUisready!"or"POUisready!"willbesllown

onthedisplayofSC.

Thisspecialcommandcomprisesonlyonbyte.AnditisonlyforSUBCineverystage

ofHIGIPS,sothecommandbyteisOO.

Command

Byte

1.B

b7b6b5b4b3b2blbOC
ommandNumber:00

蟹 ↓甲
00000000

1互8.6.10.Stαrt-up舵stin8command.

(9)FinishCommand

Thiscommandistoforceallprocessorsinastagegoingbacktothemonitorpro-

gram.AsshowninFig.6.11,itisone-bytecommand.Thecommandnumberisf8.

Command
Byle

1-B

b7b6b5b4b3b2blbOCommandNumber:f8

躍陣
11111000

Fig.6.11.Finishcom〃iand・
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6・3Mini・MonitorProgramollHIGIPS

Themonit・ 「di・cussedi・ ・ec・i・n5 ・4i・p…i・11y・ ・n…u…dandi,gi。,n、n、meaS

mini.monitor.Fig.6.12showsitsmemorymap
.

FFFFFHFFFFFH
Mailboxfor

FE8。。H・ 摺 鴇m・(囎 鵠,
FE7FFHprogram)

FCOOOH
GlobalImageDa1a

COOOOH

BFFFFHuserprogram
Mailbox

BE800HM・n・ … 苗・・9・amGM

BE7FFH

GIobalImageData

80000H

7FFFFH

LocalImageDataLocalImageDa1aLQcallmageData

50000H

UserProgramUserProgramUserProgram

40000HDa重aA「eaDataATeaDataA「ea

UserProgramUserProgramUserProgram

30000HcodeA「eacodeA「eaQQQcodeA「ea

LMN
oUseNoUseNoUse

20400H

MonitorProgramMonitorProgramMonitorProgram

ユ0400HDataA爬aDataA「eaDataA「ea

MonitorProgramMonitorProgramMonitorProgram

CodeAreaCodeAreaCodeA爬aOO400H

OOOOOHInte「 「uPtTableIntem】PtTableInte「 「uPtTable

SUBCSMPUlSMPUM

1㌃8・6・12.ルfemorymapofmini-monitorprogram.
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Allprocessors(SUBCandSMPU's)inthesamestageareusingthesamemini-moni-

torprogram.Themostsignificantbit(b7)ofportAoftheparallelprogrammableinter-

face(8255)isusedtoidentifywhethertheprocessorisSUBCorSMPU.Whenthepower

ison,allprocessorsinthesamestagegotoaccessCROM,andmovethemini-monitor

intotheirlocalmemory,andstart-upfromthelocalmemory.Ifaprocessorsensesthatit

issetasaSMPU,itwillgetintoalooptoreceivethemessagefromSUBC。Likewise,ifa

processorsensesthatitissetasaSUBC,itwillgetintoalooptoreceivecommandfrom

SC.Themini-monitorprogramhasthefollowinglibraryfunctions(subroutines).

(1)MemoryWriteLibraryFunctioll

ThislibraryfunctioniscorrespondingtothememorywritecommandofSC.When

themini-monitorprogramofSUBCreceivesthememorywritecommand,itw川callthis

functionandinputthedatafromGP-Binterface,andplacethemintothestageglobal

memoryorthelocalmemoryofSUBC(refertoFig.6.1).

(2)MemoryReadLibraryFunction

ThislibraryfunctioncorrespondstothememoryreadcommandofSC.WhenSC

sendsthememoryreadcommand(refertoFig,6.2)toaSUBC,themini-monitorprogram

ofSUBCwillcallthisfunction.Thisfunctionpreparesthedata,andsendsthembackto

SC(refertoFig.6.3).

(3)1!OWriteLibraryFunction

ItisforreplyingtheI/0writecommandofSC.Whenthemini-monitorprogramof

SUBCreceivesUOwritecommand,itwillcallthisfunction.Thisfunctionoutputsthe

receivedone-bytedatumtotheI/0device(8255)ofSUBC(refertoFig.6.4).

(4)1/OReadL,ibraryFunction

ThisistoanswertheI/0readcommandofSC.Whenthemini-monitorprogramof

SUBCreceivestheI/0readcommand(seeFig.6.5),itwillcallthisfunction.Thisfunction

inputsone-bytedatumfromUOdevice(8255)andsendsittoSC(refertoFig.6.6).

(5)ProgramDown・LoadLibraryFunction

Thisfunctioniscorrespondingtotheprogramdown-loadcommandofSC.Themini-

m・nit・ ・p・ ・9・am・fSUBCwiH・allthi・fun・ti・nwh・nit・eceive・th・p・ ・9・amd・wn-1・ ・d

commandfromSC.Thisfunctionreceivestheprocessingprogramandplacesinthestage

globalmemory(refertoFig.6.7).

(6)ProgramMovingLibraryFunction

Thi、fun、ti。ni,c。rre・p・ndi・gt・th・p・ ・9・amm・vi・g・ ・mm・nd・fSC・Th・mi・i-

m・nit・ ・p・ ・9・amwillcallthi・fun・ti・nwh・nitg・t・th・p・ ・9・amm・vi・g・ ・mmandf・ ・m
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SC.IftheslaveCPUnumberbits(b2-bO)ofcommandbyteisequaltoO(referto

Fig。6.8),thereceivedprocessingProgramisforSUBCanditwillbetransferredintothe

localmemory(privatememory)ofSUBC.IftheslaveCPUnumberisnotequaltoO,then

thereceivedprocessingProgramisforSMPU's.Inthiscase,SUBCsendsaninterrupt

signaltoeverySMPU,themini-monitorprogramofSMPUwilltransferthereceived

processingprograminglobalmemoryintothelocalmemoryofSMPU.AllSMPU'sina

stagewillrunthesameprocessingProgram・

(7)ProgramExecutionLibraryFunction

ThisfunctioncorrespondstotheprogramexecutioncommandofSC.Themini-moni-

torprogramofSUBCwil且calltheprogramexecutionlibraryfunctionwhenitreceivesthe

programexecutioncommandfromSC.ThislibraryfunctionistoorderSUBCtostartto

run.TheprocessingprogramofSUBCwillsendasignal(aninterruptsignal)tolet

SMPU'sstarttoruntheprogram(refertoFig.6.9).

(8)Start。UpTestingLibraryFunction

Thislibraryfunctioniscorrespondingtothestart-uptestingcommandofSC.The

mini-monitorprogramofSUBCwillcallthisfunctionwhenitreceivesthestart-uptesting

commandfromSC.IfSUBCisreadytoreceivethecommandfromSC,itwillsenda

message"isready!"toSC(refertoFig.6.10).

(9)Finish]LibraryFunction

Thi・lib・a・yfun・ti・ni・c・rre・p・ndi・gt・th・fi・i・h・ ・mm・nd・fSC・Th・mi・i-m・nit・ ・

P・・9・amwillcallthi・fun・ti・nwh・nit・eceive・th・fi・i・h・ ・mmandf・ ・mSC・Thisfunc-

tionwillforcealltheprocessorsinastagetogobacktothemlnI-monltorprogrameven

theyarerunningtheuserprocesslngP「09「am・

Sofar,werelatedtheconstructionofmini-monitorprogramfortheprototype

H【GIPS.Fromthenextsection,wewilldiscusstheimageprocessingoperationsonthis

prototypeHIGIPS.
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6・4EvaluationofPrototypeHIGIPS(PerformanceAnalysis)

EachstageoftheprototypeHIGIPSisacommonbustypemultiprocessor .Oneweak

pointofthiskindofsystemisthatthebottle-neckphenomenonhappenswhentheproces-

sorsaccesstheglobalmemory.ButinHIGIPS,thisiswellavoidedbythesoftwaretech-

nique.Themethodemployedhereis:(1)theprocessorsinastageonlytransfertheimage

datablocksthattheywillprocess,intotheirlocalmemories;(2)theyonlyaccesstheIocal

memorywhenperformingtheassignedtask;(3)theyplacetheprocessedimagedatato

theglobalmemoryofthenextstage.Withthism6thod,theaccessingtotheglobalmem-

oryisnecessaryonlywhentheprocessorstransfertheimagedatafromtheglobalmem-

oryintotheirrocalmemoriesandwhentheyoutputtheintermediateresultstotheglobal

memoryofthenextstage,Thisgreatlyreducedtheaccessingfrequencytotheglobal

memory.Iftotalaccessingtimeoftheglobalmemoryismuchmoresmallerthanprocess-

ingtimeofthetasksassigned,wecansaythatthebottle-neckphenomenondoesnotexist.

Ontheotherhand,imageprocessingcanbeclassifiedintopreprocessing,intermedi-

ateprocessing,andmainprocessing,accordingtotheprocessingprocedure.The

preprocessingisbasedonsignal-level,anditmustdealwithallthepixelsinanimage

frame.Therefore,theaccessingtotheglobalmemoryismostoften.Withrespecttothis,

themainprocessingisbasedonthesymbol-leve1,anditdealswithonlytheinterestpixels

(e.g.,thefeaturepoints).So,theaccessingoftheglobalmemoryisnotasoftenasinthe

preprocessing.Theintermediateprocessingperformssignal-basedprocessingorsymbol・

basedprocessingincorrespondencewiththepurposeofprocessing.

Toperformanimageprocessingtaskbya1>-stageHIGIPS,itisnecessarytosegment

thistaskinto1>sectionsandassigneachsectiontoastageofHIGIPSsequentiallyfrom

stageltostage1>.Eachstageperformsthesameoperationtotheimagedataframeor

theintermediateresultpassedfromthepreviousstage,accordingtothecommandfrom

SC.AnimageframeisprocessedwhileitflowsontheHIGIPS,andthefinalresultis

outputfromstage1>.

Inpreprocessing,dataamounttodealwithisbig,anddatatransferringtimefromthe

globa且memorytothelocalmemoryislongerthanotherkindsofprocessing.Thebus

competitionoftheglobalmemoryaccessingwilldecreasethewholepipelineperform,

ance.Hence,datatransferringtimeinthefirststage(whichusuallyperformsthe

Preprocessingandaccessestheglobalmemorymostoften)isanalyzedhere.Ifthebottle-

neckdoesnothapPeninthisstage,italsodoesnothapPeninotherstages・
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6.4.1DataTransferringTime

ToprocessoneframeofinlagedatawithMprocessors,itisnecessarytosegmelltthe

imagedataintoル1blocks・Foraframeofimagedatawiththesizeofκ × ムbytes,the

segmentationmethodistodivideitilltoMblocksverticaHyassilowninFig.6.13.Each

blocksizeisκ × ∠ノル1bytes・Eachprocessortransfernotonlythecorrespondingimage

blockbutalsotheδ 一lineoverlapPedimagedataillup-anddown-sideintoitslocalmem-

OrytOavOidtheimagedataexChange.LetnmrepreSenttheimagesizeneceSSaryfor

processormtotransferintoitslocalmemory,the11,

r]1m=κ ×(ゐ/ル1+δ ×(∈1+∈2 、)♪(η ～=1,2,...,ル1♪(6.1)

Where∈1=∈2=Owhen〃=1.And∈1and∈2arerespectivelyOandlwhen作1,andtheyarel

andOaccordinglywhenノ η=A4.∈1and∈2arealllinothercases.

1-K-一 一 一 一 一 司

Blockユ

⊥2δ
ヒノコミ ロヒロ 　ヒコミヒヒロロ　ロヒヒロヒロロロロロ　 コヒロ ロ ヒ　ロ ゐ 　 　 ロ コ　コ　　ロ ヒけ け コけ け け ロ け け ロロ ロ　ロノ ロ　コリv〒T

BIOck2LIM

」L
ヨロ マア コ ロ ヨニ ド アコ ヨほ ド むロ　ヒコ 　アマリ ココ ニぼじ　　しロ ロロ コ　コび ロ 　ニエ　 ロ 　　　 ロコロ ドド 　 ロ ロニロて ド ニい て ぼジ ノ コ ニ コ　 　　 　コ コ ニ コ アコ 　　 ニ

ヨ 　ユしじ　ミ　じしに 　な 　にリユ　ユドロヨヨ テこじ ミア コに コ ド 　て 　じ ヨ にヨ ココ 　ロ ド マ ド ヒ ロ 　ドロコ しドコ し　ロ　じ 　しロ 　　ロロ ぞ ジ ド ア　ド　 　　 ロロコ ロ ニロじ　 　ド 　 ド ロ マ ド 　　

1羅囎 雛1雛:i審i轟iiilii榊無暴羅1無liili,:i無鶉織1藁:韓1ゼL
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Q
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Fig.6.13.ノ 「ma8e∫ θ8〃lentatioノ ～ 〃πoル1blocks・

Datatransferfromtheglobalmemorytothelocalmemoryisdonebythefollowillg

lnstructlon.

MOVSW

Thisisthewordblockdatatransferinstructionoftheprocessor(μPD70216)・Before

・unni・gthi・in・t・u・ti・n,iti・necessa・yt・P・tthe・ α ・・c…8η ・・'・'・ ・d・ α ・・ce・ffs・ti・t・tlle

・egm・nt・egi・t・ ・DS・nd・ ・u・cei・d・x・egi・t・ ・SI,de・ 加 ・ti・・ ∫・81η・'π ・ndゴ ・stii・・ti・1雌 ・'
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i・toext「asegm・nt・egi・t・ ・ESandd・ ・tinati・ni・d・x・egi・t・ ・DI
,andthed・t・1・ngth

(byt・ ・)i・t・thegen・ ・a1-P・ ・p・・e・egi・t・ ・CX・ ・e・pectively.T・t・an・f・ ・n。byt・ ・im・g・d、t、

needsI'lm/2repeatsofthisinstruction・L£tTGAcrepresenttimefortransferringoneword

fromtheglobalmemoryintotheIocalmemory
,then,

TGAC-11×T…(6
.2)

1・fact・wh・nap・ ・cess・ ・t・i・・t・accessth・gl・b・1m・m・ ・y
,itm・ ・tg・tth・p・i・ ・ityt・u・e

thebus.LetTBENrepresenttimefromtheoutputofbusrequestsigna1(ofbuscontroller)

tothatthebusisenabled,themaximumofT.ENis747-nS[125】 .

LetTGbetotaltimeforaprocessortotransferoneimagedatablockfromtheglobal

memoryintoitslocalmemory,andsupposeitrequeststhebusateverytime(totransfer

oneword),thenthemaximumofTGcanbegivenasfollows.

T.=1/2×nm×(τ ヒ}AC+TBEN+T～ ♪

=1/2× κ×(」【ノル1+δ ×(∈1+∈2♪♪×(H×125+747+T■)

=〃2×(2122+T.
.)×K×(L/ル1+δ ×(∈1+∈2))nS(6.3)

WhereTwiswaittimefortheprocessortoobtainthebus.Fromthisequation,itisclear

thatglobalmemoryaccessingtimeisrelatedtotheimagesizeKand」 し,overlappedimage

datasizeδ,andthenumberofprocessors(inastage).Whentheimagesizeisgiven,T.is

thefunctionofδ,ルfandTw.δdependsuponwhatkindsofprocessingtoperform,T.is

waittimetoobtainthebus.Themoretheprocessors,thebiggertheTwis.Globalmemory

accessingtimewithouttakingTwintotheconsiderationisgiveninthefollowing.

TGs=112×2122×K×(、 乙〃レ1+δ×(∈1+∈2♪♪nS(6.4)

TherelationshipbetweenTGsandthenumberoftheprocessorsisshowninFig.6」4

whentheimagesizeis320×200bytesand∈1=∈2=1(exceptwhen〃=1,∈1=∈2=O).Fromthis

figure,itisclearthatglobalmemoryaccessingtimeofeachprocessordecreasesaccord-

ingwiththeincrementofthenumberoftheprocessorsbecausetheimagesizeiscon-

stant.ButiftakingTwalsointotheconsideration,globalmemoryaccessingtimewillbea

littlebigger.
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TGsUnit:mS(K=320,L=200,∈1={う=1)

63

53.・

43

33藤

じニ

23臨 、 δ・4』'凌1=
i=δ==3
鹸熱
k.δ=2
副:鑑裁
・:.、,.δ=1

13'・ 麟 趣 .一",、 δ=0

融 鰹 蕪 鞍 議 鍵

蕊 謹 鵡 艶像 鱗
、議 、撮さ

313579111315

Fig.6.14.RelationshipわetweenglobalmemOtyαccθ ∬'η8timeα η(itheη 配ηめθr6ゾthe

proceSSOI「5「,

6.4.21mageProcessingTime

Ifanimageprocessingtaskisgiven,processingtimeperpixelisknown.LetTprepre-

sentit.ToperformthisprocessingbyMprocessors,eachprocessorwilldealwiththe

imagedatablockwhosesizeisgivenbyequation(6」).Sinceallprocessorsrunparalle1,

necessarytimeforthistaskisexecutiontimeofoneprocessor.Letτrrepresentthistime,

andsupPosethistaskdoesnotneedtoprocesstheoverlapPedimagedata・then,

T・=(nm一 δ×(∈1+∈2♪ ×幻 ×T・

=1(×L/ル1×T,nS(6.5)

Whereiftheimagesizeandimageprocessingtaskaredecided,κ ・L,and乃areconstants,

andT,isthefunctionof〃.Fig.6.15showstherelationshipbetweenthemlnthecasethat

theimagesizeis320×200bytes.
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TrUnit:100(肝nS(K=320,L=200)

63

53

43

33

23

13

3
13579斜1315M

Fig.6.15.Relati・nshipbetweenimagep・ ・cθ∬ingtimeandthenumber・fpr・ce∬ ・・∫・

6.4.3GlobalMemoryAccessingRate

Theglobalmemoryaccessingrateisdefinedastheratioofglobalmemoryaccessing

timeandtotalprocessingtime.LetRGrepresentit,then,

RG=globalmemoryaccessingtime÷totalprocessmgtlme

=Tb/(T■+Tr♪

。11(1.(2×T,×L/M)/((2122・T・)×(〃 〃 ・δ×(∈1+・・♪刀(6・6)

Thi,i,u,ed。,ac,it。,i。nt・ ・ep・e・entth・d・g・ee・fb・ttle-neckinanim・g・p・ ・cessi・g

task.

6.51mageProcessingExperiments

Onthebasisoftheaboveanalysis,imagedatatransferrlngand且magep「ocesslng

・u・h、,(1)・h・e,h・1di・gva1…electi・n(theca1・ul・ ・i・n・fth・g・ay-levelhi・t・9「amand
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differentia置histogramofanassignedimageblock),(2)sharpening
,(3)smoothing,and

(4)edgedetection(accordingtoLap且acianfilter,Sobeloperator,Prewittoperator,and

Kirschoperatorrespectively)aredoneinonestageofHIGIPSwith1-
,2-,...,7-processor,

respectively.Globalmemoryaccessingtimeandprocessingtimeineachcaseareexam-

ined.TheprogramminglanguageisMS-C.

6.5.1MeasurementofImageDataTransferringTime

Toexaminebuscompetitiontimeinastage,experimentsfortransferringanimage

blockfromtheglobalmemorytothelocalmemoryaredone.Eachexperimentisrepeted

10times,andtthemaximal,minlmalandaveragevaluesareshowninthefollowing.

Table6.5

1mageDataTransferringSpeed(Size:320×20bytes,Unit:Byte/mS)

SUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

Ave,543.4-一 一 一 一 一

M=1Max,543.5-一 一 一 一 一

Min.543.3-一 一 一 一 一

Ave,544.7546,4-一 一 一 一

M=2Max,545,1546,4-一 一 一 一

Min,543,5546.4-一 一 一 一

Ave.544,6414,7414,8-一 一 一 一

M=3Max,544.9415,6415.6-一 一 一

Min,544.2413.2413.1-一 一 一

Ave,543,8390,5388,2379,3-一 一

M=4Max,544,8392,6391.7385.6-一 一

Min,542.6388.4385.3376.8-一 一

Ave,544,3387,5386,0372,7235.3--

M=5Max,544.8388,9387,3377,9237,1--

Min,544.0386.1382.1369.8233.6--

Ave,543,8386.1386,1366,3210,5204.4-

M=6Max,543.9386,5386,4367,9212.1204.9-

Min,543.7385.9385.9357.4209.9203.7-

Ave,540,5384,0384.0367,0203,8194.7189.4

M=7Max,541,6386,0386,1382,6209,1203.8202・9

Min,539.2383.1383,1364.1198.9190.7186.2

-114一



(1)320×20-byteImageDataTransferring

T・an・ferri・ganim・g・b1・ ・kwithth・ ・ize・f320×20-byt・i・p・ ・f・・m・dwith1 -
,2,,_,

7-P「ocesso「onp「ototypeHIGIPS・respectively・Globalmemoryaccessingtimeisre .

corded,theaverage,maximum,andminimumaresummarizedintable6 .4,thecorre-

spondingtransferringspeedsarecalculatedandgivenintable6 .5.

Table6.4

㎞ageDataTransferringTime(Size:320×20bytes
,Unit:μS)

SUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

Ave,11777-一 一 一 一 一

M=1Max.11780-一 一 一 一 一

Min.11776-一 一 一 一 一

σ1______

Ave,1175011714-一 一 一 一

M=2Max,1177611714-一 一 一 一

Min.1174211712-一 一 一 一

σ91_____

Ave,117531743415429-一 一 一

M=3Max,117601548815494-一 一 一

Min,117461539815398-一 一 一

σ53230-一 一 一

Ave,11770163881648816872-一 一

M=4Max,11794164781661216984-一 一

Min,11748163001633816598-一 一

σ1470101112-一 一

Ave,1175816515165801717327196--

M=5Max,1176416574167481730827392--

Min,1174816458165241693626988-一

σ63986132134--

Ave,117681657416575174733039731310-

M=6Max,117721658416584179063048431424-

Min.117661656016564173983017831240一

σ286145ユ1560-

Ave,11840166681666817440314043286733795

M=7Max,11870167041670417580321823356434380

Min,11816165781657816726306113140831542

σ174848244652546767
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(2)320×30-byteImageDataTransferring

Transferringanimageblockwiththesizeof320×30-byteisperformedwith1 -
,2-,...,

7-P「ocesso「onp「ototypeHIGIPS・respectively ・Gtobalmemoryaccessingtimeisre-

corded,theaverage,maximum,andminimumaresummarizedintable6 .6,thecorre-

spondingtransferringspeedsarecalculatedandgivenintable6 .7.

Table6.7

1mageDataTransferringSpeed(Size:320×30bytes
,Unit:Byte/mS)

SUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

Ave,544.8-一 一 一 一 一

M=1Max.545.1-「 一 一 一 一 一

Min.544.3-一 一 一 一 一

Ave.545,7547,3-一 一 一 一

M=2Max.546,0547,4-一 一 一 一

Min,545.3547.3-一 一 一 一

Ave,546.0415.1414.9-一 一 一

M=3Max,546.3415,9415,8-一 一 一

Min,545.8414.0413.7-一 一 一

Ave,545,6389.9387,1379,7-一 一

M=4Max.545,7393,0390,3381,7-一 一

Min,545.5388.2385,3376,9-一 一

Ave.544.8387.0383.8372.5238.3--

M=5Max.545,4387.3386.8374,5240.1--

Min,543.4386.6381.8369,8237.0--

Ave,544,5386.0385,8369,3209.7204,2-

M=6Max,544,9386.6386,5383,7213.0205,0-

Min,544.1383.7383.7367.4203.9203,6-

Ave,540,8382,2382,2363,6201.1192.3186,9

M=7Max.541.7383,7383,7365,1205.3194,2187,8

Min.539.9378.0378.0359.7197.8189,8185.8
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Table6.6

1mageDataTransferringTime(Size:320×30bytes
,Unit:pS)

SUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

Ave,17622-一 一 一 一 一

M=1Max.17636-_____

Min.17612-一 一 一 一 一

σ8______

Ave.1759317540-一 一 一 一

M=2Max.1760417542-一 一 一 一

Min,1758217538-'一 一 一 一

σ71_____

Ave,175842312823137-一 一 一

M=3Max,175882319023208-一 一 一

Min.175742308223088-一 一 一

σ44851-一 一 一

Ave,17596246242479825284-一 一

M=4Max,17600247302491825472-一 一

Min,17592244302459425152-一 一'

σ3109134143-一 一

Ave,1762024804250122576840289--

M=5Max,1766824830251462596240506--

Min,1760424784248162563439978-一

σ2314156156232--

Ave.176322487324884259934578647005-

M=6Max.176442502225022261324708647146-

Min,176182483024836250224507846830一

σ87470324724136-

Ave,17751251202512026400477374991551356

M=7Max.17780253942539626688485245057251680

Min.17722250202502226292467724942251122

σ15127128138697481196
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(3)320×40-byteImageDataTransferring

Transferringanimageblockwiththesizeof320×40-byteisperformedwith1 -
,2-,_,

7-processo「onprototypeHIG][PS,respectively ・Globalmemoryaccessingtimeisre.

corded,theaverage,maximum,andminimumaresummarizedintable6 .8,thecorre-

spondingtransferringspeedsarecalculatedandgivenintable6.9.

Table6.9

1mageDataTransferringSpeed(Size:320×40bytes
,Unit:Byte/mS)

SUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

Ave.545,4-一 一 一 一 一

M=1Max.545.6-一 一 一 一_

Min.545.3-一 一 一 一 一

Ave,546.5547,8-一 一 一 一

M=2Max,546.6547.9-一 一 一 一

Min,546.4547.8-一 一 一 一

Ave.546.7414、2414.0-一 一 一

M=3Max.546,7415.7415,7-一 一 一

Min.546.7413.7413.4-一 一 一

Ave,545,2393,6389.6377,0-一 一

M=4Max,546,1396,4392.8380.1-一 一

Min,543.7389.2383.6375.5-一 一

Ave,546.3384,3385,1380.7234,2--

M=5Max,554.6384,9387,0386,8237.4--

Min,544.3383.9383.9369.8230.6--

Ave.544.7386.7386.5369.7210.1204、7-

M=6Max,545.1387.1387.1375,7215,1205,4-

Min.543.7386.1384.0367.8207.1202.9-

Ave.542.7383.7383,8365.3200.5193.6187.5

M=7Max,543,0383,9383,9365.5206.2194,6188.1

Min,541.4382.0383.7365.0199.1190.2186.0

-118一



Table6.8

1mageDataTransferringTime(Size:320×40bytes
,Unit:μS)

SUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

Ave,23469-一 一 一 一 一

M=1Max,23474______

Min.23462-一____

σ4______

Ave,2342223365-一 一 一 一

M=2Max.2342823368-一 一 一 一

Min,2341623362-一 一 一 一

σ32_____

Ave,234133090030921-一 一 一

M=3Max,234143094430966-一 一 一

Min.234123079430794-一 一 一

σ15464-一 一 一

Ave,23480325213285233949-一 一

M=4Max,23544328843336634092-一 一

Min,23440322923258833674-一 一

σ41202277ユ65-一 一

Ave.2342933309332343361854646--

M=5Max,2351833344333423461455500--

Min,2308033252330723309053916-一

σ11933104531710--

Ave,235013310233120346246093462520-

M=6Max.235443315033332348006180063070-

Min.234823307033070340745950862332一

σ232674276706283-

Ave,23584333623334735041638266611968259

M=7Max,23642335103336035064642766728068826

Min,23572333403334235016620866578868056

σ2150713794551268
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(4)320×50-byteImageDataTransferring

Transferringanimageblockwiththesizeof320×50-byteisperformedwith1-
,2。,...,

7-processoronprototypeHIGIPS,respectively・Globalmemoryaccessingtimeisre-

corded,theaverage,maximum,andminimumaresummarizedintable6 .ユ0,thecorre-

spondingtransferringratesarecalculatedandgivenintable6.ll.

Table6.11

㎞ageDataTransferringRate(Size:320×50bytes
,Unit:Byte/mS)

SUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

AVe.546.1-一 一 一 一 一

M=1Max.546.2-一 一 一 一 一

Min.546.0-一 一 一 一 一

Ave.531.6532,7-一 一 一 一

M=2Max,531,9532.9-一 一 一 一

Min,531.3532、3-一 一 一 一

Ave,525.4412,7421.3-一 一 一

M=3Max,526,0414,9466,3-一 一 一

Min,524.5411.9411.1-一 一 一

Ave,524.4390.0384.8357,7-一 一

M=4Max,524,8392,5387,2360,5-一 一

Min,523.7386.7381.7355.4-一 一

Ave,523.8385,4382,9352,5230.5--

M=5Max,524,3387.4383,7389.0234.7--

Min,523.6384.0382.1337,6227.9--

Ave,523.8385,0383.0340,2209,4201.4-

M=6Max.524.1385.6383,6340,9211.5202,8-

Min,523.3384.7382.6339.1206.9200.1-

Ave,520.3384,0382,1337.3200,9192,1182,2

M=7Max,521.3384,4382,3338.2205.0194.0183,0

Min,516.3383.1381.8336.2198.4188,8181.2
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Table6.10

㎞ageDataTrahsferringTime(Size:320×50bytes
,Unit=pS)

SUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

Ave,29299-一____

M=1Max.29306-_____

Min.29292-_____

σ4______

Ave,3009730036- .一 一 一 一

M=2Max.3011230058-一 一 一 一

Min,3008230024-一 一 一 一

σ1012-一 一 一 一

Ave.304553876637976-一 一 一

M=3Max.305083884638924-一 一 一

Min,304203856834316-一 一 一

σ351001713-一 一 一

Ave.30511410264463244732-一 一

M=4Max,30552413744191645020-一 一

Min,30490407604132244380-一 一

σ20230243236-一 一

Ave.3054441521448044539669403--

M=5Max.3055841662418764739870208--

Min,3051641300416984112868182-一

σ16163851601981--

Ave.305474155641771470367640179428-

M=6Ma×.305744159641818471907733279948-

Min.305304149841712469347565478890一

σ15404583695429-

Ave.30749416664187947438796348329487827

M=7Max.30992417684191247592806308476288276

Min,30694416204184847316780548249287454

σ8444241111105912311
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(5)320×100-byte㎞ageDataTransferring

Transferringanimageblockwiththesizeof320×100-byteisperformedwith1.
,2.,

… ・7-processoronprototypeHIGIPS,respectively・Globalmemoryaccessingtimeisre.

corded,theaverage,maximum,andminimumaresummarizedintable6 .12,thecorre-

spondingtransferringspeedsarecalculatedandgivenintable6.13 .

Table6.13

1mageDataTransferringRate(Size:320×100bytes
,Unit:Byte/mS)

SUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

Ave,546.7-一 一 一 一 一

M=1Max,546.8-一 一 一 一 一

Min,546.6-一 一 一 一 一

Ave,472.9474.0-一 一 一 一

M=2Max,473.5474,9-一 一 一 一

Min.470.8471.3-一 一 一 一

Ave.447.7399,1394.0-一 一 一

M=3Max,448.8401.1398.1-一 一 一

Min,444.7398.2393.2-一 一 一

Ave.446,5388,4377.1286,2-一 一

M=4Max.448,4390,1378,9287,8-一 一

Min,445.8386.6376.1285.1-一 一

Ave.445.6387.5376.8264.6218.3--

M=5Max,445.9387,8377,0265.9219,4--

Min,445.0386.9376.2262.7217.6--

Ave.445,7386.8378.5258,1202,1196.0-

M=6Max.446,1387.7385,9260.5203,9197.1-

Min,445.2385.9376.0254.3201.5195.6-

Ave.444,8384,9375.0256.3151.4109.8108,6

M=7Max.446,0385,7375.7257,4151.4110.3108.7

Min.442,9384.1373.3252.0151.4109.6108.5
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Table6.12

1mageDataTransferringTime(Size:320×100bytes
,Unit:μS)

SUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

Ave.58533-一 一 一 一 一

M=1Max,58542-_____

Min.58524-一____

σ5______

Ave,6766667512-一 一 一 一

M=2Max,6796467894-一 一 一 一

Min,6758667388-一 一 一 一

σ144131-一 一 一 一

Ave,714808018281228-一 一 一

M=3Max.719628035481392-一 一 一

Min,712967978880382-一 一 一

σ250284284-一 一 一

Ave,716758238184851111823-一 一

M=4Max,717808277085084112230-一 一

Min,713628202284458111200-一 一

σ118260223342-一 一

Ave.718158258584936120936146600--

M=5Max.719128271685060121800147088--

Min.717628252084872120348145882-一

σ607565506443--

Ave.717908273084541124004158311163237-

M=6Max,718848292085096125826158820163640-

Min,717288253082918122828156944162392一

σ611578211027691434-

Ave,719428312985340124877211394291356294573

M=7Max.722468331885716126970211400291938295038

Min.717568297285180124336211392290206294386

0工371031609893697182
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(6)320×200-byteImageDataTransferring

Transferringanimageblockwiththesizeof320×200-byteisperformedwithユ ー
,2-,

… ・7・processoronprototypeHIGIPS,respectively・Globalmemoryaccessingtimeisre-

corded,theaverage,maximum,andminimumaresummarizedintable6 .ユ4,thecorre-

spondingtransferringspeedsarecalculatedandgivenintable6.15.

Table6.15

㎞ageDataTransferringRate(Size:320×200bytes
,Unit:Byte/mS)

SUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

Ave,546,9-一 一 一 一 一

M=1Max,547.1-一 一 一 一 一

Min.545.8-一 一 『 一 一

Ave,448,0448.4-一 一 一 一

M=2Max.448,8449.4-一 一 一 一

Min,445.6445.7-一 一 一 一

Ave.418,0395,4392,0-一 一 一

M=3Max,448,8399.5393.4-一 一 一

Min,445.6394.6388.8-一 一 一

Ave,414.0386.1375.9259.4-一 一

M=4Max,415.4387,6384,9261.1-一 一

Min.412.1382.5372.6257.1-一 一

Ave.411.9384,6370,2234,2209,8--

M=5Max,412,0385,3371.1237.6210,7--

Min.411.8384.5369.9233.2205.9--

Ave.412,7385,6372,4227.0195,9193,1-

M=6Max,413,2386,8384,1229,8198,5194.8-

Min,412.3385.1370.7220、7186.0192.2-

Ave,410.4384.9378.3220.1147.4109,495.3

M=7Max,419,5385.1386,3235,8159,3113,196.O

Min.385,0384.7370.5210.5138.8105,994.8
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Table6.14

1mageDataTransferringTime(Size:320×200bytes
,Unit:FS)

SUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

Ave,117024-一___ _

M=1Max,117268-______ _

Min.ユ16974-一 一 一 一 一

σ82-____ _

Ave,142864142733-一 一 一 一

M=2Max,143642143610-一 一 一 一

Min,142594142410-一 一 一 一

σ381434-一 一 一 一

Ave。153104161845163270-一 一 一

M=3Max.154944162182164630-一 一 一

Min.152338160190162676-一 一 一

σ987592592-一 一 一

Ave,154572165741170268246752-一 一

M=4Max.155300167314171766248920-一 一

Min,154066165108166264245080-一 一

σ37879416851453-一 一

Ave,155393166409172867273227304966--

M=5Max,155412166452173000274434310762--

Min,155354166090172454269376303740-一

σ18工07141155332011--

Ave,155065165968171853281881326639331476-

M=6Max.155228166208172654289982344158332944-

Min,154870165470166638278520322482328536一

σ1302181744354560441321-

Ave,155954166292169196290834303207322934409471

M=7Max,166232166366172732303974330054342348413114

Min.152558166196165672271438270802303686404778

σ35217634901339326288187523730
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Accordingtotable6・7,6・9,6,11,6」3,6・15,thedatatransferringspeedofevery

processorineachcaseiscomparedandshowninFig.6.16toFig.6.22.ForSUBC,the

datatransferringspeeddoesnotchangewhentheimagedatasizeislessthan

320×40bytes(seeFig・6・16)・ForSMPUlandSMPU2,thedatatransferringspeedis

around400byte/mSand385byte/mSrespectively,anddoesnotchangedramatically

whenthenumberofprocessorsisincreasedoralargersizeimageblockistransferred

(seeFig.6.17andFig.6.18).ThetransferringspeedofSMPU3isaround370byte/mS

whentheimagesizelslessthan320×50bytes(seeFig.6.19).ForSMPU4,SMPU5,and

SMPU6,thedatatransferringspeedwilldecreasegreatlywhenthenumberofprocessoris

increased(seeFig.6.20,Fig.6.21,andFig.6.22).
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Unit:Byte/mS
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Unit:Byte/mS
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250

230

21012
345678M

1ヴ8.6.19.Chan8es{～favera8e伽 α8θdatatransferrin8speedof∫ 〃Pひ3.

Unit:Byte/mS

240 コ㌧戟
230㌔

義』空
ミ=転

220+

.ttt鉱
■ImageSize:320×30-byte㌔ ,' .

:1:;躍::ll:::幾1二ll::＼ ・ト ㍉
+ImageSize:320×100-byte'1銑.

190▲Im・g・Si・e:320×200-byte蕊

180'z::
、

170 '恩

160転

150

140
12345678M

Fig.6.20.Ch・ ・8…f・ ・…8・ 伽 ・8・d・t・t・an・ferri・g・peed・fSMPひ4・
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Unit:Byte/mS
205

195'「:':一'・ …...『

185L

175■ImageSize:320×30-byte

165;}離:::器:1;::　

155+ImageSize:320×100-byte

145▲lm・g・Si・e・32・ ×…-b… 曳

135::

125

115』'

寡
105
12345678M

1ゼ8.6.21.Chan8esofavera8eima8edatatransferrin8speedofSルIPC/5.

Unit:Byte/mS

●

184 ◆

174

164

■ImageSize:320×30-byte

154●ImageSize:320×40-byte

◆ImageSize:320×50-byte

144+ImageSize:320×100-byte

134▲Im・g・Si・e・320×200.byte

124

114

十

104

94
12345678M

Fig.6.22。Chan8esofavera8eima8edatatransferrin8・speedofSルtPU6・
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6・5・2MeasurementofImageProcessingTime

FourkindsofimageprocessingexperimentsaredoneontheprototypeHIGIPS
,and

th・i・p・ ・cessi・gtim・isrec・ ・d・d・F・ ・mth・ ・e・ec・ ・d・dd・t・
,91・b・1m・m・ ・yaccessi・g

rateandthespeedupineachcaseiscalculated.Theflowingshowsthedetails .

TheseprocessingoperationsareperformedonthefirststageoftheprototypeHIGIPS
.

Eachisp・ ・f・・medinsevencases・1・ ・ase1,〃 ・qual・t・1
,andth・p・ ・cessi・g・t・g・

includesonlyoneCPU.Incase2,ルfequalsto2,andtheprocessingstageincludestwo

CPU's.Likewise,Incase7,〃equalsto7,andtheprocessingstageincludesevenCPU's .

Incaseone,320×200-byteinputimageisstoredintoMllofthisprocessingstage .Incase

2to7,theinputimageisdividedaccordingtoequation(6.ユ).Allprocessorsaccesstheir

correspondingregion,performtheassignedprocessing,andoutputtheresultstoM22

(refertoFig.3」5).ALLprocessorsrunat8-MHzandthecommonbusclockis10-MHz.

Table6.16

TG,TT,andRGofCalculationofGray-levelHistogram(Unit:mS)

lmageSizeSUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

M=1TG117-一 一 一 一 一

320×200TT2048-一 一 一 一 一

bytesRG5.40%一 一 一 一 一 一

M=2TG6868-一 一 一 一

320×101T丁10241024-一 一 一 一

bytesRG6.23%6.23%一 一 一 一 一

M=3TG455454-一 一 一

320×68TT697697697-一 一 一

bytesRG6.06%7.19%7.19%一 一 一 一

M=4TG32424347-一 一

320×52TT528528528528-一 一

bytesRG5.71%7.37%7.53%8.17%一 一 一

M=5TG2535353558--

320×42TT422422422422422--

bytesRG5.59%7.66%7.66%7・66%12・1%一 一

M=6TG212929305154-

320×35TT348348348348348348-

bytesRG5.69%7.69%7.69%7・94%12・8%13・4%-

M=7TG18252526475051

320×30TT296296296296296296296

bytesRG5.73%7.79%7.79%8.07%13・7%14・5%14・7%
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(工)ThresholdSelection

Th・e・h・1di・gvaluecanb・ ・bt・i・・dacc・ ・di・gt・9・ay -levelhi・t・9・am。,diff,,enti、1

histogram.Theyaredescribedasfollows .

A・CalculationofGray-levelHistogram

lfthereexisttwopeaks(correspondingtoobjectandbackground)ingray -1evelhisto.

gram,thegray-1eve且valuecorrespondingtotheravinebetweenpeakscanbeselectedas

th・e・h・1di・g'val…Thi・ca1・u1・ti・ni・p・ ・f・・m・dby1・
,2-,_,7-P・ ・cess・rre・pecti・ ・1y.

P・・cessi・gtim・ ・d・tat・an・ferri・gtim・f・ ・thec・rre・p・ndi・gb1・ck
,andth・g1・b・1m,m-

oryaccesslngratelneachcasearesummarizedintable6 .16,

Table6.17

TG,Tr,andRGofCalculationofDifferentialHistogram(Unit:mS)

1mageSizeSUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

M=1TG117-一 一 一 一 一

320×200TT19904-一 一 一 一 一

bytesRGO.58%一 一 一 一 一 一

M=2TG6868-一 一 一 一

320×101TT99529952-一 一 一 一

bytesRGO,68%0,68%一 一 一 一 一

M=3TG455454-一 一 一

320×68TT699169916991-一 一 一

bytesRGO.64%0.77%0.77%一 一 一 一

M=4TG32424347-一 一

320×52TT4976497649764976-一 一

bytesRGO.64%0.84%0,86%0.94%一 一 一

M=5TG2535353558--

320×42TT39813981398139813981--

bytesRGO.63%0.87%0.87%0.87%1,44%一 一

M=6TG212929305154-

320×35TT349534953495349534953495-

bytesRGO.60%0.82%0.82%0.85%1.44%1.52%-

M=7TG18252526475051

320×30TT2966296629662966296629662966

bytesRGO.60%0.84%0.84%0.87%1.56%1,66%1・69%
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B,CalculationofDifferentia且Histogram

Iftheimageistoocomplicatedorincludestoomuchnoise
,theredoesnotexista

・avineclea「1yi・g・ay-levelhi・t・9・am・1・thi・ca・e
,diff・ ・enti・lhi・t・9・ami・apPli,dt。

・electth・e・h・1di・gval…Th・g・ay-1・v・lva1・ ・i・whi・hth・diff・ ・enti・lhi・t・9・amh、,th,

m・xim・mcanb・ ・elect・d・ ・th・e・h・1di・gva1…Thi・calcul・ti・ni・p・ ・f・・m・dby1 -
,2-,

… ・7-P「ocesso「 「e・pectively・P・ ・cessi・gtim・
,d・t・t・an・f・ ・ri・gtim・f・ ・thec・rre・p・ndi・g

block,andtheglobalmemoryaccessingrateineachcasearesummarizedintable6
.17.

Table6.18

TG,T.,andRGofSharpeningOperation(Unit:mS)

1mageSizeSUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

M=1TG117-一 一 一 一 一

320×200TT4288-一____

bytesRG2.66%一 一 一 一 一 一

M=2TG6868-一 一 一 一

320×101TT21442144-一 一 一 一

bytesRG3.07%3.07%一 一 一 一 一

M=3TG455454-一 一 一

320×68TT141514151415-一 一 一

bytesRG3.08%3.68%3.68%一 一 一 一

M=4TG32424347-一 一

320×52TT1072107210721072-一 一

bytesRG2.90%3.77%3.86%4.20%一 一 一

M=5TG2535353558--

320×42TT858858858858858--

bytesRG2.83%3.92%3.92%3.92%6.33%一 一

'M =6TG212929305154-

320×35TT708708708708708708-

bytesRG2.88%3.93%3.93%4.07%6.72%7.09%-

M=7TG18252526475051

320×30TT600600600600600600600

bytesRG2,91%4、00%4,00%4.00%7.26%7.69%7.83%

(2)Sharpening

㎞agesharpeningisdonebythefollowingequation.

fs,ω=5×/ω 一lf(i+1,」)+f(i-1,D+f(i,ノ+1)+f(i,ノ ー1♪ノ

wheref,p('のistheoutputimageaftersharpening.Thisoperationisperformedby1-・2-・
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… ・7幽P「ocesso「 「espectively・P・ ・cessi・gtim・ ・d・t・t・an・ferri・gtim・f・ ・thec・rre・p・ndi。g

bl・ ・k・andth・gl・b・lm・m・ ・yaccessi・g・at・ineachca・ea・e・umm。,izedi。t。b1,6
。18.

Table6.19

TG,TT,andRGofSmoothingOperation(Unit:mS)

lmageSizeSUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

M=1TG117-___

320×200TT23424___ _

bytesRGO.50%一__ __ _

M=2TG6868-一 一 一 一

320×101TT1171211712-一 一 一 一

bytesRGO.58%0、58%一 一 一 一 一

M=3TG455454-一 一 一

320×68TT771277127712-一 一 一

bytesRGO,58%0.69%0.69%一 一 一 一

M=4TG32424347-一 一

320×52TT5856585658565856-一 一

bytesRGO.54%0.71%0.73%0,80%一 一 一

M=5TG2535353558--

320×42TT46854685468546854685--

bytesRGO.53%0.74%0.74%0.74%1.22%一 一

M=6TG212929305154-

320×35TT386538653865386538653865-

bytesRGO.54%0,74%0,74%0.77%1,30%1.38%-

M=7TG18252526475051

320x30TT3279327932793279327932793279

bytesRGO.55%0.76%0.76%0.79%1.41%1,50%1.53%

(3)Smoothing

㎞agesmoothingisperformedbymedianfiltering.Thatis,ifusinga3×3mask,the

outputvalueisthemiddleonewhenarrangingtheseninedatafromtosmalltobig.Itis

performedby1・,2-,...,7-processorrespectively.Processingtime,datatransferringtime

forthecorrespondingblock,andtheglobalmemoryaccessingrateineachcasearesum・

marizedintable6.19.
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(4)EdgeDetection

EdgedetectioncanbeperformedbyLaplacianfilter,Sobeloperator
,Prewittopera。

tor,orKirschoperator.

A.LaplacianF孟ltering

Laplacianfilteringisshownbythefollowingequation .

fL(i,i)rノ てi+1,1)'」 てi-1,」,)+」てi"ノ+1)+」てi,ノー1♪-4× ノて4ノ)

wherefL(i,DistheoutputimageafterLaplacianfiltering.Laplacianfilteringisperformed

byユ ー,2-,_,7-processorrespectively.Processingtime,datatransferringtimeforthe

correspondingblock,andtheglobalmemoryaccessingrateineachcasearesummarized

intable6.20.

Table6.20

TG,TT,andRGofLaplacianFiltering(Unit:mS)

lmageSizeSUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

M=1TG117-一 一 一 一 一

320×200TT4557-一 一 一 一 一

bytesRG2.50%一 一 一 一 一 一

M=2TG6868-一 一 一 一

320×101TT22782278-一 一 一 一

bytesRG2,90%2.90%一 一 一 一 一

M=3TG455454-一 一 一

320×68TT150415041504-一 一 一

bytesRG2.91%3.47%3.48%一 一 一 一

M=4TG32424347-一 一

320×52TT1139113911391139-一 一

bytesRG2、73%3.56%3.64%3.96%一 一 一

M=5TG2535353558--

320×42TT911911911911911--

bytesRG2.67%3.70%3.70%3.70%5.99%一 一

M=6TG212929305154-

320×35TT752752752752752752-

bytesRG2.72%3.71%3.71%3.84%6・35%6・70%-

M=7TG18252526475051

320×30TT638638638638638638638

bytesRG2.74%3.77%3,77%3.92%6・86%7・27%7・40%
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B.SobelOperator

S・b・1・P・ ・at・・issh・w・byth・f・ll・wi・g・quati。n,
.

fs(',の=1△ ・cf(i.J)1+1△yf(`,刀I

whe「e△ 卿 蝋 一1」-1)・2×f(i-1の 雅1」 ・1♪-f(i・1
,j一η 一2×f(i・1の 一姻 」.1♪ 、

△卿 の …拓1」-1♪ ・2× 駕 一1♪+f(i・1
,j-1♪-f(∫-1,ノ ・1♪-2× 駕 ・1♪-f(i.1,j.η

・nd踏 ωi・th・ ・utp・tim・geaft・ ・S・b・1・P・ ・at・・p・ ・cessi・g
.S・b・1・P・ ・at・・p,。cessi。g

i・p・ ・f・・m・dby1-・2-・ ・…7-P・ ・cess・rre・pectively
.P・ ・cessi・gtim・,d・t・t・an・ferri・g

tim・f・ ・thec・rre・p・ndi・gbl・ ・k
,andth・g蓋 ・b・IM・m・ ・yaccessi・g・at・ineachca・ea・e

summarizedintable6.21.

Table6.21

TG,T.,andRGofSobelOperator(Unit:mS)

lmageSizeSUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

M=1TG117-一 一 一 一 一

320×200TT9958-一 一 一 一 一

bytesRG1.16%一 一 一 一 一 一

M=2TG6868-一 一 一 一

320×101TT49794979-一 一 一 一

bytesRG1.35%1.35%一 一 一 一 一

M=3TG455454-一 一 一

320×68TT328632863286-一 一 一

bytesRG1.35%1.62%1.62%一 一 一 一

M=4TG32424347-一 一

320×52TT2490249024902490-一 一

bytesRG1.23%1.66%1.70%1.85%一 一 一

M=5TG2535353558--

320×42TT19921992199219921992--

bytesRG1.24%1,23%1・23%1・23%2・83%一 一

M=6TG212929305154-

320×35TT164316431643164316431643-

bytesRG1.26%1.73%1・73%1・79%3・01%3・18%-

M=7TG18252526475051

320×30TT1394139413941394139413941394

bytesRG1.27%1.76%1・76%1・83%3・26%3・46%3・53%
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C.PrewittOperator

Prewittoperatorisshownbythefollowingequations
.

fp('の=1△xf(i.」)1+1△yf(iJ)1

whe「e△ 卿 のrπ'-1」-1♪'f(i-1
・カ ザ('-1」 ・1♪一一f(i・IJ-1♪-f(i・1,」)-f(i・1,ノ ・η ∫

ムゾ('の ⇒ て'-1」-1)+f(i・J'一 一・1♪+f(i+1」-1)-f(i-1
,ノ+1♪-f(i,ノ+1♪-f(i+1」+1♪

・nd声 ωi・th・ ・utp・tim・geaft・ ・P・ewitt・P・ ・at・・p・・cessi・g
.P・ewitt・P・ ・at・・p,。cess。

i・gi・pe「f・ 「m・dby1-・2-・ … ・7-P・ ・cess・rre・pecti・ ・1y .P・ ・cessi・gtim・,d・t・t・an・ferri・g

timeforthecorrespondingblock,andtheglobalmemoryaccessingrateineachcaseare

summarizedintable6.22.

Table6.22

TG,TT,andRGofPrewittOperator(Unit:mS)

lmageSizeSUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

M=1TG117-一 一 一 一 一

320×200TT9933-一____

bytesRG1.16%一 一 一 一 一 一

M=2TG6868-一 一 一 一

320×101TT49664966-一 一 一 一

bytesRG1.35%1。35%一 一 一 一 一

M=3TG455454-一 一 一

320×68TT327932793279-一 一 一

bytesRG1.35%1.62%1.62%一 一 一 一

M=4TG32424347-一 一

320×52TT2483248324832483-一 一

bytesRG1.27%1.66%1.70%1、86%一 一 一

M=5TG2535353558--

320×42TT19871987198719871987--

bytesRG1.19%1.73%1.73%1。73%2,84%一 一

M=6TG212929305154-

320×35TT163916391639163916391639-

bytesRG1.27%1.74%1.74%1.80%3.02%3.19%-

M=7TG18252526475051

320×30TT1391139113911391139113911391

bytesRG1.28%1・77%1・77%1・83%3・27%3・47%3・54%
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D.KirschOperator

KirschoperatorisshownbythefolIowingequations .

fK(ゴの=max{ルto,M1,ノ レf2,ルf3,ル14,ル15,ル16,ル17}

whe「eMO・ … ・M7・ ・ew・ighti・gm・t・icessh・w・i・Fig ・6.22,andみ ωi・th・ ・utp・tim・g・

・ft・・Kirsch・P・ ・at・・p・ ・cessi・g・Kirsch・P・ ・at・・p・ ・cessi・gi・p・ ・f・・m・dby1 .,2、 _,

7-P「ocesso「 「e・pectively・P・ ・cessi・gtim・
,d・t・t・an・ferri・gtim・f・ ・thec・rre・p・ndi・g

block・andtheglobalmemoryaccessingrateineachcasearesummarizedintable6
.23.

Table6.23

TG,T,,andRGofKirschOperator(Unit:mS)

lmageSizeSUBCSMPUISMPU2SMPU3SMPU4SMPU5SMPU6

M=1TG117-一 一 一 一 一

320×200TT20928-一 一 一 一 一

bytesRGO.56%一 一 一 一 一 一

M=2TG6868-一 一 一 一

320x101TT1046410464-一 一 一 一

bytesRGO.65%0.65%一 一 一 一 一

M=3TG455454-一 一 一

320×68TT690669066906-一 一 一

bytesRGO.65%0,78%0.78%一 一 一 一

M=4TG32424347-一 一

320×52TT5232523252325232-一 一

bytesRGO.61%0.80%0,82%0.89%一 一 一

M=5TG2535353558--

320×42TT41864186418641864186--

bytesRGO.59%0.83%0.83%0.83%1.37%一 一

M=6TG212929305154-

320×35TT345334533453345334533453-

bytesRGO.60%0.83%0,83%0.86%1.46%1,54%-

M=7TG18252526475051

320×30TT2930293029302930293029302930

bytesRGO.61%0.85%0,85%0,88%1.58%1.68%1.71%
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MOMIM2M3M4M5M6M7

55555-35-3-3-3-3-3-3-3-3-3-3-3-3-35-355

-30-350-350-350-3-30-3-305-305-305

-3-3-3-3-3-35-3-355-3555-355-3-35-3-3-3

1弓8.6.23.Kirschoperator.

Fromtable6,16totable6.23,TG,TT,andRGoftheslowestprocessor(whichdecides

processingtimeinthatstage)foreveryprocessingineachcasearesummarizedintable

6.24.Fromthisitisclearthattheglobalmem6ryaccessingdoesnotexceed10%(except

theverysimpleprocessingsuchasthecalcVlationofthegray-levelhistogram).Therefore,

theredoesnotexistbottle-neckinthemostoftenglobalmemoryaccessingstage。Fig.6.24

showsthedecrementofprocessingtimeof4kindsofprocessingoperationswiththe

incrementoftheprocessors,andFig.6.25showsthechangesoftheglobalmemoryac-

cessingrateofthem・

Thedegreeofspeedupineachcasecanbedefinedasfollows:

totaltimeincaseof1-processor÷totaltimeincaseofル1-processor

・(T。+T。)inca・e・f1-P・ ・cess・ ・ ÷(T・+T・)inca・e・fM-P・ ・cess・ ・(M・2・3・ ・…7)

Th・d・g・ee・f・peed・pf・ ・eve・yp・ ・cessi・gineachca・eissumm・ ・izedi・tabl・6・25・

F。 ・anyp…essi・g,…undM-tim・ ・peed・pi・ ・bt・i・ ・d・Withth・ ・ed・t…g・aphi・

d,aw・i・Fig.6.26t・ ・h・wth・d・g・ee・f・peed・pwh・nth・numb…fp「 ・cesso「 且s

increased.

Inabovewediscussedthebuscompetitionintheworstcase,i.e.,atthebeginning,ウ の ロ

eachp・ ・cess・ ・t・an・fersth・im・g・b1・ ・kassig・ ・dt・itf・ ・mth・gl・b・1memo「ylntolts

l。calm,m。,y.D・ ・i・gP・ ・cessi・g,itwill・ ・taccessth・g1・b・1m・m・ ・yanym・ 「euntilit

place・th・i・t・ ・m・di・t・ ・e・ult(・ ・fi・ ・1・e・ult)backt・th・g1・b・1memo「y・Butltlsposs且'

b1。f。,eachp,。cess・ …t・an・f・ ・a・m・11・ize・fim・g・b1・ ・k(・ ・9…eve・alli…)toits

l。、alm,m。,y・ ・ve・yb・ginni・g,・ndth・n・tartth・p・ ・cessi・g・Th・1・ftd・t・willbet「ans『

ferred。tany・im・wh・nnecessa・y・Thi・apP・ ・achwilldec・ea・eth・globalmemo「yac'

cessingrate・

A。di。f。 、t,th,p・ ・cessi・gt・ ・ki・u・u・11y・ ・mpli・a・ ・d・han・h・ ・nesre1・tedhe「e・in

,h、,、a、e,・h,g1・b・lm・m・ ・yaccessi・g・a・ ・willb・muchm・ ・e・mal1豆 「・The〔efo「e・the「e

d。,,n。t。xi,tb。tt1,,neckph・n・m・n・nwh・n・pPlyi・gHIGIPSt・th・fleld・flmagep「oc'

essingandanalysis・
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Table6.24

MaximalTG,TT,andRGofEveryProcessing(Unit:mS)

ProcessingOperationsMax,M=1M=2M=3M=4M=5M=6M=7

SelectionGray-LevelTG117685447585451

0fThres.HistogramTT20481024697528422348296

ValueTp=256TcLK,δ=ORG5.40%6.23%7 ,19%8,17%12,1%13.4%14.6%

DifferentialTG117685447585451

HistogramTT19904995269914976398134952966

TP=2488TcLK,δ=ORGO.58%0.68%0 ,77%0.94%1,44%1,52%1.69%

SharpeningTG117685447585451

Tp=536TcLKTT4288214414151072858708600

δ=1RG2.66%3.07%3.68%4.20%6.33%7.097.83%

SmoothingTG117685447585451

Tp=2928TcLKTT234241171277295856468538653279

δ=1RGO.50%0。58%0.69%0.80%1.22%1.38%1.53%

LaplacianTG117685447585451

FilterTT4557227815041139911752638

Tp=570TcLK,δ=1RG2.50%2.90%3.48%3.96%5.99%6.70%7.40%

EdgeSobelTG117685447585451

Extrac-OperatorTT9558497932862490199216431394

tionTp=1195TcしK,δ=1RG1,16%1,35%1.62%1,85%2.83%3.18%3,53%

PrewittTG117685447585451

0peratorTT9933496632792483198716391391

Tp=1242TcLK,δ=1RG1.16%1.35%1.62%1.85%2.84%3.19%3.54%

KirschTG117685447585451

0peratorTT209281046469065232418634532930

Tp=2616TcLK,δ=1RGO.56%α65%0.78%0。89%1.37%1.54%1,71%
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Table6.25

DegreeofSpeedUpinEachCase

ProcessingTypeM=2M=3M=4M=5M=6M=7

Gray-1evelHistogram1.982.883.774.515.396 .23

DifferentialHistogram2.002.843.994.965.646.64

Sharpening1.993.003.944.815.786.77

Smoothing2.003.003;994.966.007.00

LaplacianFiltering1.993.003.944.825.806.78

SobelOperator1.922.903.814.725.706.70

PrewittOperator2,003,003,974,915.946.97

KirschOperator2.003.003.994,966.007.00

DegreeofSpeedUp
8

●Smoothing

7◇Sharpening

■Laplacianfilter
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Chapter7

CONCLUSIONSANDDISCUSSIONS

7.1Conclusions

ThearchitectureofHIGIPSisthecombinationofpipelineprocessorarchitectureand

multiprocessorarchitecture,i.e.,thewholeHIGIPSworksatpipelinemode
,andeach

stageofHIGIPSworksatmultiprocessormode.Thiskindofarchitectureissuitablefor

thereal-timeimageprocessingandanalysisbecauseallPE'sineachstagecanworkin

parallelatpixellevelandallstagescanworkinparallelatimageframelevel.HIGPScan

workasaSIMDmachinebydownloadingthesameprogramtoallPE'sofeverystageand

asaMIMDmachinebydownloadingdifferentprogramstothedifferentstages.

Thecommonbusspeedis842kilobytespersecond.Itcantransfer6imageframes

withthesizeof200×640bytes,i3imageframeswiththesizeof200×320bytes,26

imageframeswiththesizeof200×160byteswhichisneartothevideo-rate(30frame/s).

SoHIGIPScanhandletherea1-timeimageprocessing.Butiftohandlethehighresolution

images,thetransferrate(framespersecond)willdecrease.

HIGIPScanalsohandlethefullcolorimagedata.Butitsdatasizeis3timesofthat

ofblack-whiteimagedata.

ThetraditionalsystemAAP[48](with256×256PE's)takes25secondstoperformthe

calculationofhistogramfortheinputimagewiththesizeof6800×4800bytes.SIPS[36,

1161(with87PE's)performstheedgedetectionat30framespersecondfortheinput

imagewiththesizeof768×5ユ2bytes.AndIDATEN【47,75,76](withmaximuml6PE's)

canperformstheedgedetection,movingobjectextractionat30framespersecondfrom

theinputimagewithsizeof512×512bytes.

HOWever,prOCeSSingtimeCanberedUCedfrOmTi。+T。 。,+ΣTitOmaximumOfTi,Ti.,and

τ。。t(1=1,2,_,N)byusingHIGIPSincomparisonwiththeindividualprocessor.WhereTi.

isimageinputtimeofPIU,T。 。tisfinalresultoutputtimeofPOU,andTiisprocessingtime

ofPPUi(i=1,2,...,遅).EachstageofprototypeHIGIPSemploysthecommonbustype

multiprocessor.Thebottle-neckprobleminthiskindofsystemcanbeavoidedbythe

softwaretechniques.

ThePEofHIGrPSisthegenera1。purposemicroprocessor(pPD70126)whichhassoft・

warecompatiblilitywiththatofNECPC-9801seriespersonalcomputer.HIGIPSdoesnot
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needanynewp・ ・9・ammi・g・nvi・ ・nm・nt・Th・m・nit・ ・p・ ・9・am・f田GIPSw・ ・deve1・P・d

withCI・nguag・(MS-C・ ・xcept・ ・t・・t・p・ ・uti・・i・w・itt・nbyassembl・ ・1anguag・)
.At

P・e・ent・th・high-1evell・nguag・C・fNECPC-9801pers・n・1・ ・mp・t・ ・i・c・mpl・t・1y・p-

plicab1・t・it・Thi・p・ ・vid・ ・th・u・e・with・g・eatfl・xibilityt・d・v・1・pth・p・ ・all・1P・・-

grammingforimageprocessingandanalysis.

Fromtheexperimentalresults,itisclearthatHIGPSisahigh-speedandhigh -

performancemachineforimageprocessingandanalysis。

7.2Discussions

HIGIPSisdesignedanddevelopedforbothlow-levelandhigh-levelimageprocessing

andunderstanding.Itsarchitectureisthecombinationofthemultiprocessorandpipeline

architecturetoobtainhighperformance.Butthisdoesnotmeanthatthemorethestages

oftheHIGIPS,andthemoretheprocessorsinonestage,thehighertheperformanceof

H工GIPSis.Ifthenumberofstagesislargeenough,pipelinetraveltimebecomesan

importantfactorunabletobeneglected,andifthenumberofprocessorsinonestageis

largeenough,theimagesegmentationbecomescomplicatedandthedatamovingfrom

GMintoLMofeachPEinastagewilltakemuchmoretimethanimageprocessing.

Thereby,thereshouldexistaoptimalcombinationofthenumberofstagesandthatofthe

processorsineachstageinordertoachievethebestperformanceofthesystem.

Thecommonbustransferratemaylimittheprocessingspeedofthewholesystemat

someextent.Iftodesireahigherbustransferspeedthan842kilobytespersecond,anew

high-speedcommonbusmechanismmustbedeveloped,Thisisaveryimportantparame-

tertothenewversionofHIGPS.

TheHIGIPSisaparallelmachinespecializedforimageprocessingandanalysis。But

itisaflexiblegenera1-purposeparallelmachineinthisfieldbydownloadingthedifferent

programscorrespondingtoapplications.TheHIGIPScanbeusedforstudyinganddeve1-

opingthenewparallelalgorithmsofthehigh-1evelimageprocessingandrecognition,and

thenewnon-Neumantypecomputerarchitecture.

BecausethepipelineperformanceofHIG正DSisbasedonitsmemorymodulecon-

struction,itcanbedividedintomultiplepipelines,e。g.,bi-directionalpipehne,thismakes

theHIGIPSperformtheimageprocessingflexib且y,andalsomakesitbeabletobeapplied

tootherfields,e.g.,theresearchofneuralnetwork,neurophysiology,artificialintelli-

gence・

AIIofthesearelefttobedoneinthefuture.
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