
Res.Rep.Fac.Eng.Mie Univ.,Vol.16,pP.79-88(1991)

OriginalPaper

DenotationalSemantics
of a Language for

Asynchronously Communicating Processes

TakashiNASU*,MichioOYAMAGUCⅡI

andYbshikntsu OHTA

(DepartmentofInformationProcessing)

(ReceivedSeptember16,1991)

Abstract

WehavedesignedapIOgIammlnglangllageforparal1elprocesslngWhichhaYethefo1lowingfundamental

hcilities:paIanelexectLtion,aSynChronouslycommunicationwithchannels〉nOndeteIministicselection,dy-

namiFCreationofpIOCeSSeS,etC･AndwehavepresentedasimpleandhighlyabstIaCtdenotationalsemantics

血ItIlislanglIage.

1 Introduction

Recently,fortheneedofhighercomputationalpower,paral1elprocesslnghasbeenpaidmuchattenti｡nt｡.
Sohr,manyprOgramnglanguageSSuitableforparal1elprocesslnghasbeenproposedandthesemanticsof

paral1elprocesslnglanguagehasbeenstふdiedactively･Asthemethodofthesemanticdescription,thereare

Operationalmethods,aXiomaticmethods,denotationalmethods,etC･But)Paral1elprocesslnglanguageshave

notonlyinteractionofprocessesbutalsonondeteminism･So)thesemanticdescriptionisdi熟:ultincomparison

Withthoseforusualprogrammlnglmguages･Inparticular)aSBrockIAckermanandetal･pOintedout,inthe

SemanticdescriptionoftheparauelprocesslnglanguageSWhichhasthefunctionofthenondeteminism,One

needtorepresentthetemporalrelationofthecommunicationanywqy･But?describingthetemporalrelation

tooexplicitlymeanSreferingtothedetai1softheimplementation･So,thatisnotdesirabletoglVethehigh1y

abstractivesemantics.

Wehavedesignedaprogrammlnglanguageforparal1elprocesslngforthepurposeofgivingasimpleand

high1yabstractdenotationalsemanticsforapracticalparal1elprocessinglanguage.Thislanguagehasthefo1-
lowingfundamentalfacnities:Parallelexecution,aSynChronouslycom皿nicationwithchannels,nOndeteministic

Selection?dynamiccreationofprocesses,etC.

Inthisreport,Wefirstlydescribetheparal1elprocesslnglanguagewehaveproposed･Andthenwepresent

thesemanticsforthislanguageglVlngthesemanticfunctions.

2 TheLanguageSpecification

Thepurposeforou=eSearChisto･･describethesemanticsforapracticalparal1eIprocesslnglanguagesimplyand

abstractly･But,praCticalparal1elprocesslnglanguageSalreadyexisitedhavetoomanyfunctions,SOitisdifncult

toglVethemtheirsemanticssimply･Therefore,Wehavestudiedthesubsetoftheparal1elprocesslnglanguage

Whosefunctionsarerestrictedtotheessentialonesforthesemanticdescription･

Thislanguagehavethehcilitiesofasynchronouslycommunicationwithchannelsbetweenprocesses,prOCeSS

Cal1sinparallelandnondeteministicselection･Thislanguagehavebeenextendedaddingthehcilitiesofdynamic

processcreation,declarationoflocalvariables,etCtOthelanguageWhichwasgiventhesemanticsbyBroy[3].In
丘gurel)WeShowthesyntaxofthislmguageinBNFnotation.

Where,<var--id>isavariablenamedeclaredintheblockexceptachanneltype･<1npCh-id>and

<outch-id>isachannelvariablenameforinputamdoutput)reSpeCtively･And<process-id>isaprocess

Variablenameand<id>isaname･eisanemptyStatement.

∝Program乃consistsofasequenceofprocessdeclarationsandablockrepresentingtheinitialprocess･Where,

<processdeclaration>;…isasequenceofprocessdeclarations.比Processdeclaration"consistsofaformal

★MitstLbishiElectricCorpor8tion
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<program>::=prOgram<id><parm>;

<processdeclaratiom>;･･･;<block>

<processdeclaration>::=PrOCeSS<id><parm>;<block>endprocess

<paIm>::=()1(<parmiist>)

<paエmiist>::=<id>,…:<type>

f<id>,…:<type>;<parmlist>

<statement>::=亡Ibegin<statement>;･･･end
l<var-id>:=<expression>

岬<e甲eSSき0エ>tben<statement>
lif<express10n>then<statement>else<statement>
lwhile<expression>do<statement>

[repeat<statement>until<expression>
f<lnpCh-id>?<var-id>
L<o11tClトid>!<expression>
ldlan<inpch-id>←<outch-id>:<statement>
l<process-id><parm>
J<statement>//<statement>//…
l<statement>ロ<$ねtement>口…

Fig11rel:Overviewofthesyntax

Parameterdeclarationandablockand∝block乃consistsofalocalvariabledeclarationandasequenceofstatements

enclosingwithbeginandend.

ThislanguageinvoIvesordinarycompoundstatementsIaSSlgnmentStatementS,COnditionalstatementsand

repetitivestatements･Besides,itinvdveschannelconnectstatements,prOCeSSCal1statements,paral1elexecute

StatementSandchannelinput/o11tp11tStatemeIltSfortheconstruCtionofprocessnetworkandthecoInⅡ1unicatioIl
betweenprocesses･Moreover,thereisanondeterministicselectstateme叫e.g.theexecutionofthestatement

Sl口S;isdoneasfollows:firstSlOrちisselectednondeterministiclyandthentheselectedstatementisexecuted.
Whichstatementisselecteddependontheschedulingpolicyofanimplementation･

Processcal1statementcreatesprocessinstancesdynamical1yandthosecreatedprocessesareexec11ted.Tb

allowtocreatemultipleinstancesforsameprocess†Weintroduceprocessvariables･Therefore,itisnecessaryto

declaretheassociationaprocessvariablewithaprocessnameinthedeclarationpart･Forexample,Wedeclare

me7VeaSaprOCeSS▼ariableofMERGE2,OutlasOtJTLISTandplusas PLUSlin･theinitialprocessofthe

Sampleprogram(Fig.2).
Whenaprocesscreatesotherprocesses†theexecutionoftheprocessiswaiteduntilal1createdprocessare

terminated･Inthispoint,aprOCeSSCal1statementlikesaprocedurecallofausualprogrammmglanguageS･But,

theformercanCreatermllti由eprocessslmultaneouslyandexecutethemconcurrentlycombiningwithaparallel

exccutestatement･Inthesampleprogram)uSlngprOCeSSVariablesdeclared)aprOCeSSCallisdoneconcurrently･

Then,threeprocessesarecreatedandexecutedconcurrently.

hthislanguage)argumentSarePaSSedbyaddressestoaprocess･Therefore,eXpreSSionscannOtbespecified

舶胱tⅦdpaJameter$.

Wehave払1lowingrestrictionwithvariables:thereisnosharedvariableusedineachstatementsofaparal1el

exec11teStatementIChulnelmriablesusedatachannelconnectstatementmustbedeclaredlocal1yinthatprocess,

andsoon.

2.1 Proeesses

Aprocessisaprocesslngunitwhichcanexecutecomputationindependently.Itisdefinedbyaprocessdeclaration

andanewinstanCeiscreatedbyexecutingaprocesscal1statement.Thecreatedprocessexec11teSthestatement
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program拠edBack();

processMERGE2(c,ei‥inpcb;ZO:0雨c叫;
VarX:in七ege工;

beginc?Ⅹ口ei?Ⅹ;ZO!Ⅹ;

C?Ⅹ□ei?Ⅹ;ZO!Ⅹend
endprocess;

processOtlTLIST(zi:inpch;d,WO:OutCh);
Ⅴ乱rX,y:integer;bfbeginzi?Ⅹ;Zi?y;d!Ⅹ;WO!Ⅹend
endprocess;

PrOCeSSPLtlSl(wi:inpch;eO:OutCh);
Ⅴ乱rX:integer;beginwi?Ⅹ;eO!(Ⅹ+1)end
emdprocess;

(*maiT=initialprocess*)
VarC,el,Wl,Zl:1npCh;d,eO,WO,ZO:O11tCh;

merge:MERGE2;O11tl:OtJTLIST;plus:PLtlSl;

begindlanei←eO:ChBLnwi←WO:Chanzi←ZO:

merge(c,ei,ZO)//outl(zi,d,WO)//plus(wi,eO)
end.

Figure2:ASampleProgram

intheprocessbodyanddisappearedoIltheterminationoftheexecution･Aprocesscanhavelocalvariables

butnosharedmemories･ThecoⅢ皿unicationswithotherprocessesareperformedbymessagepasslngthrough

Channels･Aprocesshaveexecuteorwait$tatuS･WhenaprocessrequestachBLnnelbutamessagehasnotyet

beenarrived,theprocessbecomewaitstatus･ILatelylWhenthemessagewi11bearrived,theprocessstatuswi11

bechangedfromwaitstatustoexecutestatus?thentheprocesswulberesumed･Theprocessnetworkcanbe

Createddynamical1y†andthecreatedprocesscancreatethenetworkforchndprocesses,tOO.Whenthenetwork

forchildprocessesi$Created,theparentprocessbecomeswaitstatusandwhenal1childprocesseswi11teminate,

theparentprocesswillret11rneXeCuteStatuS.

AparentprocesscanPaSSaChanⅡelconnectedwithotherprocessasaparametertoachndprocess.Achild

PrOCeSSCanCOm皿nicatetotheexternalworldusingthischannel･

2.2 Chamnels

Thecommunicationbetweenprocessesistheone-W叩aSynChronouscommunicationusingchannels(commmicati｡n
lines)･Wesupposethatachannelhasaninfinitebu触･TheconununicationlinebetweenprocessescaneStAblish

Whenonespecifiestheconnectionbetweenaninputchannelvariableofoneprocess(A)andanoutputchannel

VariableofanOtherprocess(ろ)･Thereafterthroughthiscommunicationlineamessagesendingfromfちt｡旦
becomespos$ible･Besides,Sincethenunberofinputoroutputchannelswhichaprocesscanuseisnotlimited,

OneCanCOnStruCtaCOmPlexnetwbrkfreely･But,OneCamnOtCOnneCttWOOrmOreinput(oroutput)ch弧nel
Variablestoanoutput(orinput)channelvariables.
Themessagesendingthroughacommunicationlinearrivesatareceiverwithinafinitetime.Thatis,the

timewhenareceivergetsamessagedependonanimplementation･Themessagesequencesen=血ougha

COmmumicationlineisreceivedintheorderthatthemessageha5beensent.

Forexample,1etPandQbeprocesses,Canddbeaninputandoutputvariables,reSpeCtively.Whenthe
followingstatementisexecuted,

Cん肌C←d:タ(c)//q(d)
PrOCeSSeSPandQarecreatedsimultaneOuSlyandthenexecutedconcurrently.Besides,Withthechannel

COnneCtion,anOutPuttOthechanneldispa5SedtothechannelcandthenacoII皿micationbetweenprocesses

is done.
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β∈Lem▼=【id→Loc】

J∈Stat｡=ト｡Catiom→Value】

g∈Genv=[id→Proc_f皿C】

Proclunc=Um≧OLocationm→(LenvxState)→P(LenvxState)]

アrg∈[progran→Genv→(LenvxState)→7,(Lenvxstate)]

pp∈【pr｡C｡∬-decl→Genv→Ge叫

β1印lock→Genv→(LenvxState)→ア(LenvxState)]

β∈[var-decl→(LenvxState)→(LenvxState)]

C,Cc∈[statement→Genv→(LenvxState)→7,(LenvxState)]

g∈[Expre$Sion→Lenv→State→Val叫

Figure3:SemanticRegions

3 TheFbrmalSemanticsDescription

Inoursemanticdescription,Whenaprocessbecomeswaitstatusinachannelcommunication†theplaceis

memoriedandthenwhenamessageisarrivedatthechannel,theoperationamertheplaceisexecuted.This

lookslikeanoperationalmethod,butitisnecessarytomemorytheminimalinformationssuchastheplace

Wherethewaitoccurs･n)describetheseinformationinthemethodofadenotationalsemantics,Wedefine

thestatuswhetheranlnputwaitisoccuredandthememoryoftheplacewhereawaitoccursinthesemantic

redons･Beside,Weintroducesomeauxiliaryfunctions(predicates)tohandletheseinformations.Weshowthese
informationsandauxiliaryfunctionsintheappendix.

ThesemanticregionsusedinsemanticdescriptionisshownatFig･3･Ⅱere,''Globalenvironment(Genv)"

mapSaPrOCeSSnametoitsfunction･"Localenvironment(Lenv),,mapsavariablenametoitslocati｡nand
"state(State)"mapsalocationtoitsvalue･Asemanticfunctionproc｣血cmapsargumentlocationsanda

Pairoflocalenvironmentandstatustoapowersetァ(LenvxState)･Werepresentthemultipleresultofa

nondetemiisticselectionasapowerset･Ⅱere,thepowersetissimi1artothe''Power-domain,,[4,5].Theset
OfstatesglVenbysemanticfunctionofaprocessiscorespondingtoal1computationalconfigurationscollectedin

theparal1elprocesslngmOdel.

Thesemanticfunctionof"statement,,isafunctionwhichtakesastatement,alocalenvironmentandapalr

Ofalocalenvironmentandastateasargumentsandreturnitspowerset･WhenaprocessdeclarationisglVen,

thesemanticfunctionoftheprocessdeclarationembedsapairofitsprocessnameanditssemanticfunctioninto

aglobalem壷onment.

Thesemanticsofnon-teminatingprogramisglVena"bottom"functioninthestandpointofthedenotational

Semantics･Inthisreport,WeCOnSiderananotherfunctionasthebottomfunction)Whichoutputsthevalues

Oftheoutputclmnelasitisatleast,likethewayofBroy-Lengauer[3]･Because,forexample,ifweconsider
aprogramWhichoutputsinfinitesequenceof"1"toaoutputchannel,WeWanttOglVeaSemanticswhichthe

programcontinueoutputing((1)),nOtnOSemanticsfortherea50nOfnon-temination.

hthefo1lowlng,WepresentthesemanticfunctionsbycasesofprogramconstruCtS.

3･1Semacticfunctionofaprogram7,7V

ThesemacticfunctionofaprogramP7yi$definedasfo1lows:First,Changlngglobalenvironmentbythesequence

Ofprocessdeclarations,andthenuslngthisglobalenvironmentthesemanticfunctionoftheblockoftheinitial
processisappliedtoglVenlocalenvironmentandstatus.

ア呵【progr弧△1;…;△m;0･】g(併)=明矧pp【△1;…;△m】州β,J)
Where,△l;･･･;△mareprocessdeclarations,Oisablock19∈Genv?P∈Lenv,J∈State
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3･2 SemanticfunctionofaprocessDp

ThesemanticfunctionofaprocessDpembedstheassociationofthefunctionswhichgivesmeamngtOeaCh

processesand~prOCeSSnameSintoglobalenvironmentusingthesequeTeOfprocessdeclarationswhichdefines
PrOCeSSeSintheprogram･ThemeamngofeachprocessesisthemeanlngOftheblockofeachprocesswhena

locationglVena5anBLCtualargumentisassociatedtoaformalparameter･Becauseitisallowedthateachprocess

Cal1seachother,WegivethemeanlnguSlngthefiⅡpOint.

p如△1;…;△m】タ=g[71/Pl,…,≠/Pm]

WもeIe△i=prOCOSSPi(αi);Oiendproces81≦壱≦m
(71,…,7m)=J叫入(71,…,≠)‥(Å(鮎Jl):入拘‥叫0心(β1[仇/α1レ1)),

〆=ghl/Pl,…,≠/Pm]
(人(恥,αm)‥入‰:明Om】タ･(pm[侮/αmレm)))

3.3 Semanticfunction ofa blockβL

ThesemanticfunctionofablockBti亭theresultofthe
applicationofthesemanticfunctioI10ftheblock

afterapplyingthesemanticsfunctionofthevariabledeclaration･Butlifq･Waitis true,itmeanSthatthis

blockisexecutedonceandanlnPutWaitisoccured･Then,itisregardedthattheprocesslngOfthevariable

declarationisdone･Where,q･Waii(thatis,q(waii))representswhetheraninputwaitisoccureduntilthen(that

is,れWαif∈(⊥,電γ眠,JαJβe)).
Inthisreason?Wedon)tapplythevariabledeclarationandapplyglVenlocalenvironmentandstatus･tOthe

semanticfunctionoftlleStatement.

印var∂;r】g=(入(β,J):瑚几(〆,αり)

Wbere(〆,Jり=(IFm〟α五電=JαJβeTⅡEN呵匝灯明(β,J)臥SE(β,J))
6isa<parmli8t>,risastatementsequenceenclosingwithbeginandend

3.4 Semanticfunction ofavariable declarationβ

Thevariabledeclarationallocatesthememorylocationforlocalvariablesandupdatesthelocalenvironment.A

locationisextractedfromtheunuSedlocationsq･lomanagedbythespeciallocationloandthenitisasslgned

toalocalvariableofthecreatedprocess･Where)q･lorepresentsthesetoftheunsedlocationsonthestateJ

(thatis,q･lo∈P(Location))･WhenapモOCeSSiscreatedandtheallocationofmemorylocationsforthatlocal
Variablesisneeded,WeuSeq･Loformanaglngthelocations･

呵var∂1;∂2】=(入(β,J):β巨訂∂2】(刷var∂1】(β,J)))

剛varxl,Ⅹ2,‥･,Ⅹn:丁】=(入(β,J):印varx2,…,Ⅹn:丁】(刷varxl‥丁』(β,α)))

Where,61)62are<parmli8t>ITisatype

β匝arx:丁](β,J)=(兢:(/仏/Ⅹ],`巾em仇･eJoc(れJo,J∬)/J｡,⊥几】))(ge舘∝(J.ヱ｡))

Where?Tisatypeexceptaprocessname,1nPCh,OutCh

β[varc:inpch](p,q)=(入(lJ,lt"h,t｡)‥(p[lJ/c,lw/c･Vait,t./c･Vaitloc,Zc/c.connect],
叶eγWVeJ∝(J･Jo,(JJ+Jw+ト+り)/J｡,

亡/Jd,′αJβe几,モル,JαJβe/り))
(geが∝4(J.Jo))

β匝ard:｡Ⅵt叫(β,J)=(城‥(仙/d】,叶emoveJ∝(J･いd)/J｡,亡/切)(ダe抽c(J.J｡))

β卜arp:ち】(β,J)=(坤d,い-,り‥(招d/p,Jw/p･Vait,りp.vaitloc,Je/p.env】,

`巾eγWVeJoc(仇Jo,(Jd+し+ト十り)/Jo,ち/ら,JαJβe/し亡/ち,⊥/り))
(gefJ∝4(J.Jo))

Wbe【e)ち1Sap=OCeSSname･
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3･5 Semanticfunctionofast&tementCc,C

CcisasemanticfunctionincludingthecontrolofexecutionwhenalnputWaitisoccuredinthecoⅡ皿unicatioIl.

Whenq･WaitisfalseIthatisIanlnPutWaitisnotoccuredti11then,OrWhenalnputWaitisoccuredwithinthe

Statement,Ccap匝esthesermnticfunctionofthestatementC･Otherwise,Ccreturnsasetcontainedonlythe

Pairoforiginallocalenvironmentandstatu$･ThismeanSthatthestatementisnotexecutedandskipped.

Cc【軋=(入(折):IFれひαif=JαJβeVrぶg∫ち(J,ムAββ上(S))
TⅡENC【S】ダ(ク,J)

EI-SE((β,J)))

SKZLL(q,L8ei)=｢(]c∈ICIuPSI:q･P･C･Vait=irue∧q･P.C.Vaitloc∈Lsei)
(ICI,PSIareaninputchannelvariableasetofaprocessvariablename,reSpeCtively
SKtろ(q,LABEL(S))istrue=nOWaitstatusinstatementS)

Inthefo1lowlng,WeeXl)1ainthesemanticfunctionofeachstatement.

3･5.1 Emptystatement

Anemptystatementdon'tcauseanyChanges,thenreturnasetcontainedonlyoriginallocalenvironmentand

印b｡gimend】g=(入(β,J):((折))).

3.5.2 Compoundstatement

ThestatemeIltSequenCeenClosingwithbeginandendisexecutedsequential1y.Then,Weapplytheresultof
theapplicationofthesemanticfunctionoffuststatementtothesemanticfunctionofthefo皿0wingstatements･

Beca11Setheresultofthesemanticfunctionofastatementisasetofapairoflocalenvironmentandstate,We

usefunctionalcompositiono.

CKbeginSl;S2;…Snend]｡=Cc[Sl】｡｡C(beginS2;…Smend]｡

Wbere,pO9=(入(p,J):((〆',J'′)l](〆,J′)∈p(β,J),(〆′,J′′)∈9(〆,Jり))
P,q,POq∈[(LenvxState)→7>(LenvxState)】

き.5.3 Ifstatement

Ifq･Waitisfalselthatis)thereisnowaitontheexec11tionoftheprogramtillthen,WeeValuatetheconditinal

expressiona5auSual1anguage,thenexec11tethe$tatementfo1lowingthenorelseatthetruthofthatexpression.

But,Whenan1nP-1tWaitisoccuredIWeSelecttlleStatementWherean1nputWaitisoccuredregardlessofthetruth･

BecausewedefinethatthesemanticfunctionCisexec11tedonlywhenaninputwaitisoccllredintheifstatement

bythesemanticfunctionCc,WeCanSelectthestatementonly丘omthetruthofrSKZろ(q,LABEL(Sl)).

C睦fβthenSlelse S2】タ=(入(β,可:IF(J･Wα壱t=JαJβe∧g囲〆J=かⅦe)

∨rgg∫ろ(J,エA月β上(Sl))
TⅡEN qSl】g(β,J)
EISE C【S2】♂(β,J))

3･5.4 Assignmentstatement

Thestateqisupdatedsothatthevalueofthelocationp･ⅩOfthevariablename(x)inthelefthandside
becomestheevaluatedvalueoftheexpressionintherighthandsideC(E]｡･q･

C匝‥=軋=(人(β,J):((β,岬【j札･αル･可)))
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3.5.5 Channelinputstatement

Ifthecontentoftheinputchannelisempty†aninputwaitisoccured･hthistime,Wemakeq･Vaittrue,and

reco工dthehbleattachedtothischaLnnelinputstatementintothefieldoftheinputchannelvzuiableq･P･C･甘aitloc･

Moreover,Weupdatethestatesothatq･P･C･VaitbecomestrueWhichindicatesthatvaitlocisvalid･Iftheinput

channelhasdatum,inthiscaseevenifanlnPutWaitisoccuredIitiscancelledlWemakeq･Vaitandq･P･C･Vait

false.Andthenwestorethefirstdataofthecontentoftheinputdlanneltothevariablexandmikethecontent

ofthechanneltheremainingdataseq11enCe･

印ム`:C?Ⅹ】♂=(入(仇J):IF叩･C=亡

TⅡEN((β,坤γW/wα頼れeル･C･甘ait,上iル･C･甘aitloc]))
EI-SE((β,ロ廿αJβe/wα軟JαJβeル･C･甘ait,

Jiγ8f(叩.C)ル.x,γe8電(れβ･C)ル･C】)))

3.5.6 Channeloutp11t Statement

SameaSthepreviousasslgmentStatement)buttheupdatedvalueisasequenceappendedtheexpressionvalue

f[E]｡･JtOthecuIrentCOntentOftheoutputchannelq･P･d･

仰†孔=(入(β,可‥((β,巾刑鱒扇(叩･d,g【可〆)/川))

3.5.7 Channelconnect statement

First,Weapplythesemanticfunctionofthestatement･Andthenweappendthedataobtainedintheoutput

channeltotheinputchannel･Ifthere.isan1nPutWaitintheexecutionofthestatement,WeeXeCutethestatement

agaln･

Whenaninputwaitisoccuredinthechannelconnectionoutsideofthischannelconnectstatement,WeCannOt

canCeltheinputwaitbytherepetitionwhichgivesthesemanticsoftheinsidechannelconnectstatement･
Forthisreason,WePreparethefieldconnectwhichindicatestheconnectiontotheinputchannel,andwe

makeconnecttrueintheentranceoftherepetitiveloopandhlseintheexitoftheloop･Andevenifthereis

aninputwait,ifthereareachannelconnectionoutsideIthatis†thechannelwhoseconnectfieldistrue,WeeXit

theloop･Tbchecktheexistenceofthechannelconnectedoutside†WeuSetheauxiliaryfunctionIsconnect･

Therepetitionisdefinebyarecursivefunction･Thesemanticfunctionofthechannelconnectstatementisa

fix-pOintofthisrec11rSivefunction･

C旺ch弧C←d:S】g=J叫入ダ:(入(蝕Jl):Cc札(蝕Jl[れe/ルC･COnneCt]))0
(入(β2,J2)‥IF(J墓･Wα孟電=JαJβe)∨∫βCO几Wd(β2,J;))

TⅡEN((伽,J墓))
EtSE ダ(β2,Jら)))

wbeIeJ去=J2[α押em王(J｡･β2･C,α2･伽･d)ル2･C,JαJβe/内･C･COnneCt,ピル2･d】
∫βCO几med(β,J)=(]c∈ICI‥叩･C･COnneCt=fγ髄e)

3.5.8 Paral1elexec11te Statement

n)givethesemanticssuchthateachstatementsareexecutedconcurrently,Weapplythesemanticfunctionof

eachstatementandthencomposethisresult･IIere†WeaPplythesemanticfunctionaftertheunusedlocationZois

divided.Itistoavoidthecollisionofthelocationofthelocalvariableoftheprocessescreatedineachstatement･

Thecompositionoftheresultoftheexecutioncanbedoneasfo1lows:Thr(Sl)isupdatedtothecontentofthe

stateql,WhichistheresultofexecutingthestatementSl･Simi1arly,侮r(S2)isupdated･Ifthereisaninput
waitineitherstatement,tOrepreSentthis,q･甘aitisglVentheunionofqL･YaitofeachstatementS`)Whereiis

eitherlor2.TheunuSedlocationhistheunionofcri.t｡,Whichistheresultofexecutingeachstatement･

CBS.//S2]｡=(人(p,q)‥((p,q[ql･P･Var(Sl)/p･Var(Sl),q2･P･Var(S2)/p･Var(S2),
(wl∧Jl.ぴαit)∨(w2∧J2･肌叫/wα朽(α1･Jo+J2-ら)/り)
霊(鮎Jl)∈Cc【Sl】g(β,坤1/刷,
(β2,J2)∈Cc【S2】タ(β,坤2/刷,匹r砧0几2(J･Jo)=(い2)))

wbefe叫=｢∫∬∫ち(J,上Aββ上(Si)),i=1,2
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3.5.9 Nondeterministic select statement

Ifq･Vaitisnottrue)themean1nglSglVentheunionoftheresultofeachstatement･Otherwise,WeCheckin

WhicIIStatementaninputwaitisoccured,thenexecutethisstatement.

印Sl□S2】g=(入(β,J)‥IFmβα壷t=電γ眠

TⅡEN(IFrg∬∫ち(J,上Aββエ(Sl))
TEENC【Sl】g(β,J)
EISEqS2】タ(β,J))

EもSE叩兢(β,J)uC肛S2】g(押))

3.5.10 While statement

Ifq･甘aitisLalseandtheconditionalexpressionisfalse)thefunctionreturnsasetcontainedonlyapairof

Originallocalenvironmentandstate)1ikeanemptystatement･Otherwise,Weapplythesemanticfunctionofthe

Statementfo1lowlngdo,andthenapplytheresulttothesemanticfunctionofthevhilestatementagain･But,

ifaninputwaitisoccuredwhenthestatementfo1lowlngdoisexecuted,thefunctionreturnsonlythatresult

withoutrecurrlng･ThesemanticfunctionofvhilestatementisthefiⅡPOintofthisrecursivefunction.

C伽hibβdoS】g=J呵入ダ:(l(β,可‥IF(…α壱f=JαJβe)∧(印軋･J=Jα最)
TⅡEN((β,J))

EISE(印恥0(入(鮎Jl)‥IFJl･ぴα左上=れe
THEN((仇,Jl))
EI-SEダ(仇,Jl)))(β,J)))

3.5.11 Process cdlstatement

Likeachannelinputstatement)WeaSSlgnauniquelabeltoaprocesscal1statement･Ifq･Waitishlse,WeaPply

Proc-func,Whichistheresultoftheapplicationtheglobalenvironmenttotheprocessname,tOthelocationof
theactualarg11mentandthecurrentlocalenvironment･Ifq･Vaitistrue,WeuSetheenvironmentreservedinthe

fieldenvoftheprocessvariableinsteadofthecurrentlocalenvironment･Lettheresultstateoftheapplication

becrl･Inbothcase)ifql･Vaitistrue†WereCOrdthelabletothefieldvaitlocoftheprocessvariableandreserve

thelocalenvironmentwhichistheresultoftheapplicationoftheprocessfunctioninthefieldenv.

用木‥p(a)】g=(入(β,J):IF(=肌最=JαJβe

TEEN((p,J′′)1](〆,J′)∈(g(叩.p)).(p,可.(¢a),

J′'=(IFJ′.wα左上=JαJβe
TⅡENα[J′.匹a/¢a]
EISE〆[電γ祝e/凪p.Wait,

ムi/¢p･Vaitloc,〆/匹p･enV】))
EIノSE((β,J'′)l](〆ル')∈(g(叩･p))･(叩･p･enV,可.(匹a),

J′′=(IFJ′.wαit=JαJβe
THEN`巾′･匹a/¢a,JαJβe/ぴα姉Jαねe/匹p.Ⅶait】
EI-SE･J′[tγ祝e/¢P.Wait,

エi/¢p･Vaitloc,〆/匹p･enV])))

4 Con(:1usion

Inthedenotationalsemanticsfortheparallelprocesslnglanguageproposedinthisreport,WeSupPreSSthe

Operationalaspectaspossibleaswecan,thenwecanglVeaSemanticstothislangu喝einthehigh1yabstr蹴t
level･Besides†thelanguagepresentedinthisreportinvoIvesthefundamentalfaciltiesofparal1elprocesslng

lang11ageS:paral1elexec11tion,COmmlnicationbetweenprocesses,nOndeterministicselectionanddeclaratioI10f

localvariables･Then?addingdatatypesandcontroIstruCtureS†WeCaneaSilyextendthelanguagetOamOre

practical1ang11age･
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A Thememoryofthelocationwhereaninputwaitisoccured

AninputchannelvariablechBLSfourfield(c,C･Vaitloc,C･Vait,C.COnneCt).Onthestateけ･andthelocal

environmentp)thesefieldhBWethefonowingvalues･

叩･C∈ぶT月βA∬(β) tbecontentoftlleCIlaⅡnel

q･P･C･Vaitloc∈id thelabelwherean1nplltWaitisoccured

q･P･C･Vait∈(⊥,irue,fat3e) thetruthwhethervaitlocisvalidornot

q･P･C･COZLneCt∈(⊥,irue,faZ8e)thetruthwhetherthechannelisconnected

Aprocessvariablephasfourfield(p,P･Vaitloc,P･甘ait,P.enV).Onthestateロ･andthelocalenvironment
P)thesefieldhavethefo1lowingvalues･

q･P･P∈id thenameoftheprocess

q･P･P･Vaitloc∈id thelabelwhereaninputwaitisoccured

q･P･P･Vait∈(⊥,irue,fat8e)thetruthwhethervaitlocisvalidornot
q･P･P･enV∈LenY thelocalenvironmentoftheprocesswhenanlnputWaitisoccured

B AuxiliaryFunctions

l･ムAββ上(∫)
ThesetconsistingofthelablesinthestatemeIltS.

2･5g∫ち(J,上Aββ上(g))
ThepredicateindicatingthatthereisnowaitinthestatementS.ThatmeanSthelabelmemoriedinthe

fieldvaitlocofaninputchannelvariableoraprocessvariableisnotcontainedintheLABEL(S).

3･アαγ(∫)
Allvariables11Sedinthestatement S.

4･ge〃∝,γemOγeわc,押摘玩‰

Thesefunctionsdealswithlocations･Thefunction9etlocextractslocations,thefunctionremovet∝remOVeS

u$edlocationsandthefunctionpariiiionndividesthesetoflocationsintonpartitions･

9eitoc:7>(Location)→Location
γemOⅥeJ∝‥ア(Location)×Location→ア(Locatiom)

ヱ氾γ電itioTl｡:ア(Location)→(ア(Location))n

C Stream

WecadlrePreSentthedatausedwithchannelsasthemessagesequencecal1ed"stream,,(STREAM(D)).

∫r月βA〟(β)=♪*∪ヱ)*･(⊥)∪上)∞

Wepreparethefo1lowlngfunctionsforthisstream.

′かβt:grRβA〟(β)→か

γeβt:gr月βA〟(β)→gア月βA〟(β)
呼㌍几d:∫r月βA〟(β)×∫ア月βA〟(β)→∫r月βA〟(♪)

Thesefunctionsaredefinedbythefollowingequations.Where,a∈D⊥,S,Sl,S2∈STREAM(D).

J如上(亡)=⊥
Jiγβ電(α･β)=α

γe雨(亡)=⊥

reβ電(α･8)

α押emゴ(f
'-8

{)
8 ifα≠⊥

⊥ ifα=⊥

28
ニ

α鮮血((α･β1),β2)=
α･(呼㌍乃d(β1,β2))ifα≠⊥
⊥ ifα=⊥


