[2] v-naigation. ot robh, cr1989.August[3] 8(4):92{112,aoftationk. Smalltales Notic22(12):318{,1987.er[4] bDecemDistributedWithk. Smalltale, cerien1990.ebruary[5] F20(2):157{180,Kiczales,G.jectOb88-002R,TR1988.t,[6] cumendoDe-tedSystems. wledge-Basedo-PrInter-HawaiiesI:55{63,I1989.uary[7] JanICon-tingthe inClouds hanisms MecDis- trolConIn System.theofComput-dSystems1991.y[8] Ma,Con-ghApproacIn Computation.In-9thSys-Computingtems d1989.June[9] ,DistributeandNettles,withComputingIn Lisp.Confer-nals1990.169{79,[10] pages,Mo-A.Lan-.Distributedforin ProgrammingClouds ortIn .2ndtheMul-andSystems1991.,[11] rssoearson,PImple-andthe ofClouds tation menSys-eratingtem. Op tedSystems1990.3(1),[12] ,Computingt-ImplemenCE. MAgsdinAp-es1987.315{320,[13] pages,Robson. vidThe:n,esley1983.CA.,[14] ark,PtConcurrenComputation. olico-PrSystemsOc-7(4):501{538,1985.er[15] tob,our. HekmatpImplementa-Portabletion AHemelLtd.,1989.Kingdom,[16] UnitedHempstead,talIncremencesses. Proes Notic, SIGPLANofo-SympLanguages.Programming[17] andAISharedinSystems. MemoryCom-onSystems1989.er[18] bemSup-cDis-inIn Systems.s260{pages1988.July[19] 7,No.el-DevSystems.ertConfer-Governmente1987.72{79,[20] pages,InReview.dOrienteons ati, Applicand1989. es,ag[21] anguLSolv-ProblemIn ing.Workshop, SystemsertAsilo-1986.mar. AprilCA.,[22] e,valuation. EvCMASys-andtems es1990.er[23] Octob12(4):537{65,Steele. G.LISPgton,Burlin1984.MA.,[24] Press,DigitalStroustrup. Bjarneage angu. LmmingMA,Reading,1986. ,y[25] CompanngRe-hronousInSystems.oneSystemsyMa1990. 253{259,pages[26] ,Computingject-ObProgramming. tedMessenger1(1):8{85,,1990.August[27] OOPSOrientheofIn Collector.ofgsSys-,ons ati1989.,8 meth-ailabledmethoa isch ar(de-timestimesothera ischearthe Whenchearstandardthech earesmakorld-mapwCLiDE the tothe eginssimul- belys oubase, wledgekb knousing,theseofwith conductedncy istealua-evis Thislowable alonlyreadand are hesary esssi-wa inCLiDE hes searcorld-map)(w7[]. onuporld-map.wvi-nathetotilunthe aits wng ssi4)andthe true,claim ecomesbdirectedthennewlyits7).(linethree allCLiDE thatsureIfother.theinwilltstsubsequenstatethejustereGCPtheccurred.o6 ernevaradigmPgeor ,mmingdeals,oftenanceor programsg-meles du26[megaprogramAteractinterfaces.inthesefors ulee-bsup-anderatingopprogram-Thisject/threadobe likClouds systems computingcom-thetheareon.distributiClouds of unitssome-ticsall ifClouds asceednoisforticsClouds seman programminglo-cases,.lytasksparticularasbutma-globalall us,Clouds Th hine.sametheAsnot.5.5, SectionCLiDE in wnencapsu-hcantationsThrough constructed.CLiDE ealua-evtics, semanCLiDE tion ardprogrammedeatoconsistencyandthrough tainedClouds mainisand hanismsCLiDE mec consistencyh-mecanisms. ysecuritin tsCLiDE vironmen enappropriateandulesmegamocomputationandin onClouds distributi storagemegaprogramsthread-basedaddi-InmosteThe task.CLiDE the foron systemClouds appropriatelanguagdistributeysicallyhet-witholicbtelli-inof upCLiDE made megaprogramsandtsClouds vironmen ene likCC++ languages inand programmedjectsEiffel. Distributedob7 gencelorkWof ersionCLiDE v threadedfor singleaand C++)Clouds (in UNIX10[complete.isulti-threadingmthe on cusedCLiDE fo isdesignrequiredaluationevtodataother fromCLiDE and heapdesign,tra-ineci�ca-spvideproCLOSandjects.obof tationClouds implemen Anhanismsmecorts suppng eliof lab yClouds enc sisten-ject7[ofersiontoorderdual indiviCLiDE for consistencyandaluationsols.bReferences symev[1] ortsuppThem;In System.SystemsertWorkshop ExpAprilCA.,Asilomar.1986.7 a CLiDE an haslist ssthestatesafortains conrights essfor c acal cand lo olemote ralua-evtions. bsym, yCLiDE securit eltsvironmenwith en leves interfacAllconstructed.a inCLiDE ols be bpri- toassumedede�ne canCLiDE programmer Aanwithinin-publicel levpublic accessa us,CLiDE Th.elye�ectivject.ob5.4 �ne-grainedC++cyConsistenCLiDE t menthroughvidedClouds pro’ is consistencyl ohanismsmec8[a ofClouds eration opa hason-cel labfortsap-Thisclasses, consistencyal, glob threealand,d rused, erlycy enguar-(GCP)that teesClouds an sistconsistencytrola acrossoup grof ery vClouds reco andclass.ycy tenwhenusedpar-onethethatonethatparticular so eryClouds v recot. consistenStan- ternallyind darparticularaconsis-eeLisp-likthe ofCLiDE nature Thecon-thesey anCLiDE to applyol.b5.5 symtoExampleAntheofCLiDE er wparadigm.structuringfortsot.roba inClouds ted encapsulaject.obtheofts.agenvigator. Nathega isCLiDE It ot.t.vironmenCartographer. en robafromsen-theaisCC++ Cloudsject.obMap. orld-This W ItCLiDE ot. robthetainsviga-nats.agener-answto. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . CLiDE tnmenvigatorNaMaporld-BasewledgeunctionsFCLiDE AccessKnotnmenctObjeCartographer CC++oeedHigh-SpSystemVisionhdepth-�rst-searchheuristic-searcrecv-cmd EnvirWsetecaleloOR futuroAND Enviru1 s1 s2 cationsoorld-MapWcessingproreturnshtsAgenust mworld-itsmap ate dand up vigatoris itmap.thatokslothis:eu1)s2)locales1setqapworld-mkb)))hs2setqapworld-mkb)))rchu1(setqkenvong"ssi"))mdu1)))s2)kevop"ma])a eginst tenpro- onsiscaluation,eva createsset enamed futur tlocale agenvigatororld-map wCLiDE The 2).via t,CLiDE vironmenen6 in aluatedCLiDE ev expressionen- LISPthet vironmenenv example,or0 F: env1eionnct))em)anFirst,the toe evaluatoferationCLiDE op madet vironmenenv enis1 cationoto passedenv expressionThe1 .vis: injectionct)m)the w,CLiDE No data-itet vironmenenv enenv21 (remotefuno-vthe toevaluate cation inof erationCLiDE op jectvironmenenv enob2 anesexpression them data-iteto passedenv isus,2 Th. makp-CLiDE oku (lot vironmenenv enob2 aluations.evaluates evem data-itre-andto aluationenv evthis1 ofresultssubse-hfunctionitsonthealuation,caller.original5.2.2 thetonsaluatiotheducedparal-exploit16[of ses futurin tionimplica14[Since].the then,e futuroth-y-applicain-Examples18[25[The ].e futurabstrac- usCronin tionCLiDE and ]y bClouds parthwhicsingleofof suiteCLiDE a andcareeofsetsthisofinclude: suiteet, e-s ure, ok invclaim clouds-, futcreate-sand ,discard atu st. im-claThe functions et sea createsseteit. namessets eoronethatabstractiontime.futurein aluationsCLiDE ev jectrig-arean ofdi-tione tiva ofset. efutur! name< setame> t-n[remote (< senv> emote-e] r the< ypr ex> b ed)...CLiDE w follotegerinset. futureNil the withinre-issupplied theset eexist.notnon-CLiDE a toClouds directedethe viake nvogen-functiona eratesClouds This function.parame-Non-optionalan includen ssiothe aluated,namecta ofClouds obje evthe andion atof eropthe class, yClouds an ofThe e.ion esspassedisject. obClouds receiving theim-jectseither inEiffel Distributedor ted plemenCC++ ob toustmoftswithsystemsfa-isof yClouds abilit theheacthrough othereshwhicrule-baseaob-�ne-grainedin tedCC++ implemen, e bCLiDE couldand ,Dis- jectsonEiffel tributedtersistenClouds p threejects.obThe of setclaim a asofresultsmore orsetstilunh eacn sioThe true.-ession expr eturnaofset’s ethe forset eto futurcompleteconsidered eclaimable bconstruc-thethe ofon essi5.5.SectionThe in wns tukhecmore orsetsfunc-Thesetrequestedthatsetcompleted.estaleoforphaned orCLiDE ulation accumaretheythe Hence,discard heap. tfunc- vironmenenresultsaluationaluationevfunctiondiscardtire enset eheap.the5.3 fromfuturySecuritob-sharedconsistencytheir.yof tsCLiDE ten coneasilyarevia sharedCLiDE ts vironmenvi-entee guaranCLiDE h whicvi-ent.ortanThe imp yClouds arl particulse-videsfor yClouds curit proprotectedasspaces. virtualClouds distinct themticallysemantedject-orienonlyaccessedUsersterfaces.the throughClouds go ustheseviapar-aticular of tsClouds ten conject. obClouds the accessprotecteduse�ectsthesystems.eratinga AlthoughClouds op tionaltstena ofCLiDE con thea inClouds ated encapsulob- t,vironmendue eCLiDE vulnerablSincenature.thate,unlesslyinol5 a inCLiDE aluations evThist.viron-enof groupCLiDE a amongThets.CLiDE vironmen en5.2.SectionThe in discussedlogin is dela hCLiDE attactoan toWindows Xhattaca successful,er adreadwillaluateevthe inCLiDE it andit.toThe hed attaclogout t vironmentoeratora fromCLiDE w windoofcasemishap.system4.3 ainThe t Li erreta inCLiDE terpreter ina hasti-ulaluatorof aluatorCLiDE ev Theviron-ent inexpressionst LISPaan-ofother text conCLiDE the int vironmenB en aluatedulti-threadedma viaClouds aluator evpublic Theteevaluaof erationB op cation.al-evother fromCLiDE uation foral-ev�nallyandresults.theA returning expression,CLiDE the aluatingt vironmenreader en evwhenwnedt’s vironmenlogin en anvi-enal-evterpretation.inSince for uatorCLiDE the toofreclamationpri-ofo-fold,wgar or-Opp27[ac-area withinCLiDE e tivgarbagegenerationalnotice.toas urther,CLiDE F elycertaincomplete,col-lya inCLiDE e activvi-entedoingenerationject1 oburedIfcollected.the yCLiDE b edtvironmeneration,optvironmena eCLiDE ok vvi-ent’s ronmenlogin in togenerationuredera-opofthreadsUti-threads.in hanismsClouds mecmigratione-1 esearc o a a i or a i ra o rece crea e o ec s. e era io a ar a ec - e es is o ro o o ec s os o e . ec s a s r- i era ar a ec io sca e si ere \ o - i e are a e or s ace a is ar a - ec e e . erformancepalu-ev.sing a ofCLiDE y tvi-enterfaceinother users,CLiDE eci�c spandts,Clouds vironmen ensections,the discussCLiDE e wthe terface,CLiDE in useraluationevand del,CLiDE mo subsequenconsistencyandexample.an5. ace for con�gurationCLiDE system Thecon-oneUNIXeither2 runninghthe orClouds eac hines,The system.Clouds eratingopusersvidesystems.eratingUNIX-based ACLiDE op othusertheto conduitClouds terfacet ersistenCLiDE p -baseden- inasen-candebug andCLiDE test, ter,UNIX-basedtheCLiDE in functionsa toCLiDE them vingvi-enunder runningClouds the ,Clouds additionInofcollectionofsetCLiDE a isyanprogrammer. LISPCLiDE y bcom-ts,UNIX-based aCLiDE with binedterfaceinolicbUNIX-Clouds a onplat-systemform. tvironmen5.2 encessingn o el The Clouds orts suppCLiDE del moviron-ent vironmens ouor onsynchrs nouofe�ectsthe the seeCLiDE to ordergroup aCLiDE on delviron-enasyn-andaluations.ev5.2. us aluationsEvgeneral, InCLiDE emote e blaand c lous noTheotherwise.CLiDE eci�ed spremote y tlviron-enis:form(remote LISP this< oft<expr >> onmen) r2 a ra e ar o s e a ora s, c. 3.2 istri Share emory The Clouds orkwuseranddistribute toClouds order Inandjectshines, macClouds these ertrans-userstorage.andmemory dnotionthear-memorytheamongallfor17[y anClouds oftsur-Fcomputationyconsistencythe10[]. ts tenClouds con itsdenouser-orothbthe de,Clouds nocomputationis cationlis itemote. rotherwisejectobdemandviathreadswsexe-theycute. whereesign e ts ( CLiDE is)program-olicthe ofClouds top ondistributed builttof featuresClouds The system.austheexhibitsabil-thesystemerating,large-graineddel.moClouds system computingtersistenCLiDE p forThe ts.Clouds vironmenenvi-ents. ronmenClouds sharing forwalloprotected ,CLiDE encapsulated ofviron-enwith alongClouds terfaces, inconsistency Thesets.vi-enstor-andin onClouds distributi agefault-oflatersee6), (SectionClouds shall ecou-jects,with pledCLiDE ob thitecturearcsystems.information4. e o el ypical tCLiDE A er-opating co ofClouds group athe ofCLiDE jects obhEacolicbt,ersistensym-uala tCLiDE vironmen enmentMul-. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . terpreterN C iD N . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . wsWindo. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . login construct . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . clone . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . logout N station Heap,tol a le t Read C O DS ect ulti-threadedmaluatorevC iD terpreternthreadreadert pu lic ser O cationtendenC O SystemeratingersServFigure Data : Li ture userwnen-ofcess-prots, vironmenCLiDE en ingex-tildeleted.y4.2 plicitlLi t u c erationspa ofCLiDE core theLISPaLISPCommon23[and ernel 15[terpreter.ina ofCLiDE y itmadeisother users,CLiDE to ailableandts,Clouds vironmen eninprogrammedCC++ classes ting( represenClouds jects obor C++)Eiffel Distributed10[] vaail-verations: opct constru, able aclone y, publicl eevaluate �v has, that terfacelogin inand,logout e. ject-likobThe an throughct construofinstancet ersistenCLiDE p auniqueaname. itassignsThe and tclone vironmen ent currenCLiDE aofnew aCLiDE gtiatinthe allCLiDE ying copinfor-tDi�er-one.of esCLiDE yp tharacter-cim-(CLOS)could,hier-aof yCLiDE h arcsub-classes.tThe vironmen ene evaluatother enablesClouds eration opjectshEacspaceaddressclassSmalltalkhines.mac23[to]re-and22[remotewsdis-ofjectobin-aluationssend-de�neal-evate privver-oe storerable,v9[]. jectsobCLOSof5[�ne-ofcreatedthat20[ac-usersinforma-jectybEth-anernet. ervPC-anduni-commtheresult,unableisactiv-cessingdistri-videssup-notsecu-tothers"ot3[addressesLisper-vjects.ob2. Li esi n oals isvisionthat:hanisms ti-ulviron-ents. ment-straighsys-ortems. suppersistence. per-ppar-atime-arede-timeated.hanisms ecution ithin t. vironmenismparallelaluationevsystems.hanisms viron-en. aresconsistencytainusers.megapro-uturestems. theusingtheyClouds b videdof designCLiDE theoftheSinceof designCLiDE features. theseof ticsClouds semanthetheofClouds erview vsystem.er Clouds teddistribues:primitivprim-thesees, itivClouds With .ma-edtralized,cen11[]. systemtime-sharing3. Threa s A Clouds addressvirtualthread.orsystems, eratingClouds op tionalob- envcess-proad-e.memorytedject-orien13[24[], C++ andClouds ]ks ctain condata obje dand e ains der-opof sizeClouds large Thetheandforthemd-moe bin aject-obted). orienClouds �ne-gr yviaotherOne cation.Clouds o vaepublic ok von atianother ofClouds er opwithoutorparameters. withject,era-opof tionsClouds public ecation,ovirtualultiplethreadaob-edre-andad-notone ofClouds text conob- theineMultiploftsofyaddresstspace. currenthe2 , istribute Systems oratorye om ien e o om uting an ngineering eorgia e no ogy Ari State yersita A 2 28 em e A 85287 5 6 c udartha xva dustract e ts ( CLiDE aisprogrammingolicthe onClouds ted implemenop-utedasstoredymantsvironmenaluations. evCLiDE t vironmenvidesprosym-tedseman-consistencyconstructionthecomplex ofo-gaprd mmesystems. aductiontrofo-yh-meccon-systempro-actualofusecomput-ed"ject-ober-expdis-inprogram-andlarge.theof designCLiDE thedistributedasystem. programmingCLiDE olic boftopthe on builtClouds is symtlycurrenh. ecCLiDE T Georgiaconstructtoinstan-anden-cessingpar-te,large-grainedClouds as storedThedeleted.program-olicaresystemstheofCLiDE goals designoferviewthe v oClouds an 3,Theis or e ra - - . of designCLiDE edwof usageCLiDE the ofThe5.mming ato relatesCLiDE it astheandintedthe ,CLiDE y Finallimplemen-tedpresen7.Moti orkWco-ultiplecusfoin-Examples2[teddistribu6[12[systemsheuristicheteroge-olving3[4[]. ]cessorstelligenceInhi-arctel-inhitecturearcanderformanceThe execution.C e userssingleonts1[the oli o applica-AIwithhines21[]. unication e instan-htel - 12[thesystems,singleasystem.i ul t simulates oneama-LISP19[In i ul t hronouslysyncordi-coons,applicatiC e , oli o , e and i ul t erat-opa int. onmenenvirop-coybk