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Chapter1:Introduction11Introduction1.1OverviewCopyrightc©1993bytheRegentsoftheUniversityofCaliforniaThisprogramisfreesoftware;youcanredistributeitand/ormodifyitunderthetermsoftheGNUGeneralPublicLicenseaspublishedbytheFreeSoftwareFoundation;eitherversion2oftheLicense,or(atyouroption)anylaterversion.Thisprogramisdistributedinthehopethatitwillbeuseful,butWITHOUTANYWAR-RANTY;withouteventheimpliedwarrantyofMERCHANTABILITYorFITNESSFORAPARTICULARPURPOSE.SeetheGNUGeneralPublicLicenseformoredetails.YoushouldhavereceivedacopyoftheGNUGeneralPublicLicensealongwiththisprogram;ifnot,writetotheFreeSoftwareFoundation,Inc.,675MassAve,Cambridge,MA02139,USA.Thisisaprogramthatisstillbeingwritten.Manythingsaremissing,includingadequatedocumentation.ThismanualassumesthatyoualreadyknowhowtoprograminLogo,andmerelypresentsthedetailsofthisnewimplementation.ReadComputerScienceLogoStyle,Volume1:SymbolicComputingbyBrianHarvey(MITPress,1997)foratutorialonLogoprogrammingwithemphasisonsymboliccomputation.HerearethespecialfeaturesofthisdialectofLogo:SourcefilecompatibleamongUnix,DOS,Windows,andMacplatforms.Random-accessarrays.Variablenumberofinputstouser-definedprocedures.Mutatorsforliststructure(dangerous).Pauseonerror,andotherimprovementstoerrorhandling.Commentsandcontinuationlines;formattingispreservedwhenproceduredefinitionsaresavedoredited.Terrapin-styletokenization(e.g.,[2+3]isalistwithonemember)butLCSI-stylesyntax(nospecialformsexceptTO).Thebestofbothworlds.First-classinstructionandexpressiontemplates(seeAPPLY).Macros.



2BERKELEYLOGO6.0FeaturesnotfoundinBerkeleyLogoincluderobotics,music,animation,parallelism,andmultimedia.Forthose,buyacommercialversion.1.2Getter/SetterVariableSyntaxLogodistinguishesproceduresfromvariables.Aprocedureisasetofinstructionstocarryoutsomecomputation;avariableisanamedcontainerthatholdsadatavaluesuchasanumber,word,list,orarray.IntraditionalLogosyntax,anon-numericwordtypedwithoutpunctuationrepresentsarequesttoinvoketheprocedurenamedbythatword.Awordtypedwithaprecedingquotationmarkrepresentstheworditself.Forexample,intheinstructionPRINTFIRST"WORDtheproceduresnamedFIRSTandPRINTareinvoked,buttheprocedurenamedWORDisnotinvoked;thewordW-O-R-DistheinputtoFIRST.Whataboutvariables?Therearetwothingsonecandowithavariable:giveitavalue,andfindoutitsvalue.Togiveavariableavalue,LogoprovidestheprimitiveprocedureMAKE,whichrequirestwoinputs:thenameofthevariableandthenewvaluetobeassigned.Thefirstinput,thenameofthevariable,isjustaword,andif(asisalmostalwaysthecase)theprogrammerwantstoassignavaluetoaspecificvariablewhosenameisknowninadvance,thatinputisquoted,justasanyknownspecificwordwouldbe:MAKE"MY.VARFIRST"WORDgivesthevariablenamedMY.VARthevalueW(thefirstletterofWORD).Tofindthevalueofavariable,LogoprovidestheprimitiveprocedureTHING,whichtakesavariablenameasitsinput,andoutputsthevalueoftheaccessiblevariablewiththatname.ThusPRINTTHING"MY.VARwillprintW(supposingtheMAKEabovehasbeendone).Sincefindingthevalueofaspe-cific,knownvariablenameissuchacommonoperation,LogoalsoprovidesanabbreviatednotationthatcombinesTHINGwithquote:PRINT:MY.VARThecolon(whichLogoold-timerspronounce"dots")replacesTHINGand"intheearlierversionoftheinstruction.NewcomerstoLogooftencomplainabouttheneedforallthispunctuation.Inparticular,LogoprogrammerswholearnedaboutdotsandquoteswithoutalsolearningaboutTHINGwonderwhyaninstructionsuchasMAKE"NEW.VAR:OLD.VARusestwodifferentpunctuationmarkstoidentifythetwovariables.(Havingreadthepara-graphsabove,youwillunderstandthatactuallybothvariablenamesarequoted,buttheprocedureTHINGisinvokedtofindthevalueofOLD.VAR,sinceit’sthatvalue,notOLD.VAR’s



Chapter1:Introduction3name,thatMAKEneedstoknow.Itwouldn’tmakesensetoaskforTHINGofNEW.VAR,sincewehaven’tgivenNEW.VARavalueyet.)AlthoughLogo’spunctuationrulesmakesenseonceunderstood,theydoformabarriertoentryfortheLogobeginner.Why,then,couldn’tLogobedesignedsothatanunpunctuatedwordwouldrepresentaprocedureifthereisaprocedurebythatname,oravariableifthereisavariablebythatname?ThenwecouldsayPRINTMY.VARandLogowouldrealizethatMY.VARisthenameofavariable,notofaprocedure.ThetraditionalreasonnottousethisconventionisthatLogoallowsthesamewordtonameaprocedureandavariableatthesametime.Thisismostoftenimportantforwordsthatnamedatatypes,asinthefollowingprocedure:TOPLURAL:WORDOUTPUTWORD:WORD"SENDHerethenameWORDisanaturalchoicefortheinputtoPLURAL,sinceitdescribesthekindofinputthatPLURALexpects.Withintheprocedure,weuseWORDtorepresentLogo’sprimitiveprocedurethatcombinestwoinputwordstoformanew,longerword;weuse:WORDtorepresentthevariablecontainingtheinput,whateveractualwordisgivenwhenPLURALisinvoked.?PRINTPLURAL"COMPUTERCOMPUTERSHowever,ifaLogoinstructionincludesanunquotedwordthatisnotthenameofaproce-dure,Logocouldlookforavariableofthatnameinstead.Thiswouldallowa"punctua-tionless"Logo,providedthatuserswhowanttoworkwithoutcolonsforvariableschoosevariablenamesthatarenotalsoprocedurenames.Whataboutassigningavaluetoavariable?CouldwedowithoutthequotationmarkonMAKE’sfirstinput?Alas,no.AlthoughthefirstinputtoMAKEisusuallyaconstant,knownvariablename,sometimesitisn’t,asinthisexample:TOINCREMENT:VARMAKE:VAR(THING:VAR)+1;Note:it’snot"VARhere!END?MAKE"X5?INCREMENT"X?PRINT:X6TheprocedureINCREMENTtakesavariablenameasitsinputandchangesthevalueofthatvariable.Inthisexampletherearetwovariables;thevariablewhosenameisVAR,andwhosevalueisthewordX;andthevariablewhosenameisXandwhosevaluechangesfrom5to6.SupposewechangedthebehaviorofMAKEsothatittookthewordafterMAKEasthenameofthevariabletochange;wewouldbeunabletowriteINCREMENT:



4BERKELEYLOGO6.0TOINCREMENT:VAR;nonworking!MAKEVAR(THINGVAR)+1ENDThiswouldassignanewvaluetoVAR,nottoX.WhatwecandoistoallowanalternativetoMAKE,a"setter"procedureforaparticularvariable.Thenotationwillbe?SETFOO7?PRINTFOO7SETFOOisa"setterprocedure"thattakesoneinput(inthiscasetheinput7)andassignsitsvaluetothevariablenamedFOO.BerkeleyLogoallowsuserstochooseeitherthetraditionalnotation,inwhichcasethesamenamecanbeusedbothforaprocedureandforavariable,orthegetter/setternotation,inwhichvariableFOOissetwithSETFOOandexaminedwithFOO,butthesamenamecan’tbeusedforprocedureandvariable.Hereishowthischoiceisallowed:BerkeleyLogousestraditionalnotation,withproceduresdistinctfromvariables.However,ifthereisavariablenamedAllowGetSetwhosevalueisTRUE(whichthereis,bydefault,whenLogostartsup),thenifaLogoinstructionreferstoanonexistentprocedure(sothattheerrormessage"Idon’tknowhowto..."wouldresult),Logotriesthefollowingtwosteps:1.Ifthenameisatleastfourcharacterslong,andthefirstthreecharactersarethelettersSET(upperorlowercase),andifthenameisfollowedintheinstructionbyanothervalue,andifthenamewithouttheSETisthenameofavariablethatalreadyexists,thenLogowillinvokeMAKEwithitsfirstinputbeingthenamewithouttheSET,anditssecondinputbeingthefollowingvalue.2.Ifstep1’sconditionsarenotmet,butthenameisthenameofanaccessiblevariable,thenLogowillinvokeTHINGwiththatnameasinput,tofindthevariable’svalue.Step1requiresthatthevariablealreadyexistsothatmisspellingsofnamesofSETxxxprimitives(e.g.,SETHEADING)willstillbecaught,insteadofsilentlycreatinganewvariable.ThecommandGLOBALcanbeusedtocreateavariablewithoutgivingitavalue.Onefinalpoint:TheTOcommandinLogohasalwaysbeenaspecialcase;therestofthelinestartingwithTOisnotevaluatedasordinaryLogoexpressionsare.Inparticular,thecolonsusedtomarkthenamesofinputstotheproceduredonotcauseTHINGtobeinvoked.Theyaremerelymnemonicaids,remindingtheLogouserthatthesewordsarenamesofvariables.(Arguably,thisnonstantardbehaviorofTOaddstoLogobeginners’confusionaboutcolons.)Toaprogrammerusingcolonlessvariablereferences,thecolonsintheTOlineareunnecessaryandmeaningless.BerkeleyLogothereforemakesthecolonsoptional:TOFOO:IN1:IN2



Chapter1:Introduction5andTOFOOIN1IN2arebothallowed.1.3EnteringandLeavingLogoTheprocesstostartLogodependsonyouroperatingsystem:Unix:Typethewordlogototheshell.(Thedirectoryinwhichyou’veinstalledLogomustbeinyourpath.)DOS:ChangedirectoriestotheonecontainingLogo(probablyC:\UCBLOGO).ThentypeUCBLOGOforthelargememoryversion,orBLforthe640Kversion.Mac:Double-clickontheLOGOiconwithinthe"UCBLogo"folder.Windows:Double-clickontheUCBWLOGOiconintheUCBLOGOfolder.ToleaveLogo,enterthecommandbye.Onstartup,Logolooksforafilenamedstartup.lginthesystemLogolibraryand,iffound,loadsit.Thenitlooksforstartup.lgintheuser’shomedirectory,orthecurrentdirectory,dependingontheoperatingsystem,andloadsthat.Thesestartupfilescanbeusedtopredefineprocedures,e.g.,toprovidenon-Englishnamesforprimitiveprocedures.UnderUnix,DOS,orWindows,ifyouincludeoneormorefilenamesonthecommandlinewhenstartingLogo,thosefileswillbeloadedbeforetheinterpreterstartsreadingcommandsfromyourterminal.Ifyouloadafilethatexecutessomeprogramthatincludesabyecommand,Logowillrunthatprogramandexit.YoucanthereforewritestandaloneprogramsinLogoandrunthemwithshell/batchscripts.Tosupportthistechnique,Logodoesnotprintitsusualwelcomingandpartingmessagesifyougivefileargumentstothelogocommand.Ifacommandlineargumentisjustahyphen,thenallcommandlineargumentsafterthehyphenarenottakenasfilenames,butareinsteadcollectedinalist,onewordperar-gument;theburiedvariableCOMMAND.LINEcontainsthatlistofarguments,ortheemptylistiftherearenone.OnmyLinuxsystem,ifthefirstlineofanexecutableshellscriptis#!/usr/bin/logo-(notethehyphen)thenthescriptcanbegivencommandlineargu-mentsandtheyallendupin:COMMAND.LINEalongwiththescript’spath.Experiment.Ifyoutypeyourinterruptcharacter(seetablebelow)Logowillstopwhatit’sdoingandreturntotop-level,asifyoudidTHROW"TOPLEVEL.IfyoutypeyourquitcharacterLogowillpauseasifyoudidPAUSE.wxWidgetsUnixDOS/WindowsMacClassictoplevelalt-Susuallyctrl-Cctrl-Qcommand-.(period)pausealt-Pusuallyctrl-\ctrl-Wcommand-,(comma)IfyouhaveanenvironmentvariablecalledLOGOLIBwhosevalueisthenameofadirectory,thenLogowillusethatdirectoryinsteadofthedefaultlibrary.Ifyouinvokeaprocedure



6BERKELEYLOGO6.0thathasnotbeendefined,Logofirstlooksforafileinthecurrentdirectorynamedproc.lgwhereprocistheprocedurenameinlowercaseletters.Ifsuchafileexists,Logoloadsthatfile.Ifthemissingprocedureisstillundefined,orifthereisnosuchfile,Logothenlooksinthelibrarydirectoryforafilenamedproc(no.lg)and,ifitexists,loadsit.Ifneitherfilecontainsadefinitionfortheprocedure,thenLogosignalsanerror.SeveralproceduresthatareprimitiveinmostversionsofLogoareincludedinthedefaultlibrary,soifyouuseadifferentlibraryyoumaywanttoincludesomeorallofthedefaultlibraryinit.1.4TokenizationNamesofprocedures,variables,andpropertylistsarecase-insensitive.SoarethespecialwordsEND,TRUE,andFALSE.Caseoflettersispreservedineverythingyoutype,however.Withinsquarebrackets,wordsaredelimitedonlybyspacesandsquarebrackets.[2+3]isalistcontainingoneword.Note,however,thattheLogoprimitivesthatinterpretsuchalistasaLogoinstructionorexpression(RUN,IF,etc.)reparsethelistasifithadnotbeentypedinsidebrackets.Afteraquotationmarkoutsidesquarebrackets,awordisdelimitedbyaspace,asquarebracket,oraparenthesis.Awordnotafteraquotationmarkorinsidesquarebracketsisdelimitedbyaspace,abracket,aparenthesis,oraninfixoperator+-*/=<>.Notethatwordsfollowingcolonsareinthiscategory.Notethatquoteandcolonarenotdelimiters.Eachinfixoperatorcharacterisawordinitself,exceptthatthetwo-charactersequences<=,>=,and<>(thelattermeaningnot-equal)withnointerveningspacearerecognizedasasingleword.Awordconsistingofaquestionmarkfollowedbyanumber(e.g.,?37),whenrunparsed(i.e.,whereaprocedurenameisexpected),istreatedasifitwerethesequence(?37)makingthenumberaninputtothe?procedure.(Seethediscussionoftemplates,below.)Thisspecialtreatmentdoesnotapplytowordsreadasdata,towordswithanon-numberfollowingthequestionmark,orifthequestionmarkisbackslashed.Aline(aninstructionlineoronereadbyREADLISTorREADWORD)canbecontinuedontothefollowinglineifitslastcharacterisatilde(~).READWORDpreservesthetildeandthenewline;READLISTdoesnot.LinesreadwithREADRAWLINEarenevercontinued.AninstructionlineoralinereadbyREADLIST(butnotbyREADWORD)isautomaticallycon-tinuedtothenextline,asifendedwithatilde,ifthereareunmatchedbrackets,parentheses,braces,orverticalbarspending.However,it’sanerrorifthecontinuationlinecontainsonlythewordEND;thisistopreventrunawayproceduredefinitions.Linesexplicitlycontinuedwithatildeavoidthisrestriction.Ifalinebeingtypedinteractivelyonthekeyboardiscontinued,eitherwithatildeorautomatically,Logowilldisplayatildeasapromptcharacterforthecontinuationline.



Chapter1:Introduction7Asemicolonbeginsacommentinaninstructionline.Logoignorescharactersfromthesemicolontotheendoftheline.Atildeasthelastcharacterstillindicatesacontinuationline,butnotacontinuationofthecomment.Forexample,typingtheinstructionprint"abc;comment~defwillprintthewordabcdef.SemicolonhasnospecialmeaningindatalinesreadbyREADWORDorREADLIST,butsuchalinecanlaterbereparsedusingRUNPARSEandthencommentswillberecognized.Thetwo-charactersequence#!atthebeginningofalinealsostartsacomment.UnixuserscanthereforewriteafilecontainingLogocommands,startingwiththeline#!/usr/bin/logo(orwhereveryourLogoexecutablelives)andthefilewillbeexecutabledirectlyfromtheshell.Toincludeanotherwisedelimitingcharacter(includingsemicolonortilde)inaword,pre-cedeitwithbackslash(\).Ifthelastcharacterofalineisabackslash,thenthenewlinecharacterfollowingthebackslashwillbepartofthelastwordontheline,andthelinecontinuesontothefollowingline.Toincludeabackslashinaword,use\\.Ifthecombina-tionbackslash-newlineisenteredattheterminal,Logowillissueabackslashasapromptcharacterforthecontinuationline.AllofthisappliestodatalinesreadwithREADWORDorREADLISTaswellastoinstructionlines.AlinereadwithREADRAWLINEhasnospecialquotingmechanism;bothbackslashandver-ticalbar(describedbelow)arejustordinarycharacters.Analternativenotationtoincludeotherwisedelimitingcharactersinwordsistoencloseagroupofcharactersinverticalbars.Allcharactersbetweenverticalbarsaretreatedasiftheywereletters.IndatareadwithREADWORDtheverticalbarsarepreservedintheresultingword.IndatareadwithREADLIST(orresultingfromaPARSEorRUNPARSEofaword)theverticalbarsdonotappearexplicitly;allpotentiallydelimitingcharacters(includingspaces,brackets,parentheses,andinfixoperators)appearunmarked,buttokenizedasthoughtheywereletters.Withinverticalbars,backslashmaystillbeused;theonlycharactersthatmustbebackslashedinthiscontextarebackslashandverticalbarthemselves.Charactersenteredbetweenverticalbarsareforeverspecial,evenifthewordorlistcontain-ingthemislaterreparsedwithPARSEorRUNPARSE.Characterstypedafterabackslasharetreatedsomewhatdifferently:Whenaquotedwordcontainingabackslashedcharacterisrunparsed,thebackslashedcharacterlosesitsspecialqualityandactsthereafterasiftypednormally.ThisdistinctionisimportantonlyifyouarebuildingaLogoexpressionoutofparts,tobeRUNlater,andwanttouseparentheses.Forexample,PRINTRUN(SE"\(2"+3"\))willprint5,butRUN(SE"MAKE""|(|2)



8BERKELEYLOGO6.0willcreateavariablewhosenameisopen-parenthesis.(Eachexamplewouldfailifverticalbarsandbackslasheswereinterchanged.)AnormallydelimitingcharacterenteredwithinverticalbarsisEQUALPtothesamecharacterwithouttheverticalbars,butcanbedistinguishedbytheVBARREDPpredicate.(However,VBARREDPreturnsTRUEonlyforcharactersforwhichspecialtreatmentisnecessary:white-space,parentheses,brackets,infixoperators,backslash,verticalbar,tilde,quote,questionmark,colon,andsemicolon.)



Chapter2:DataStructurePrimitives92DataStructurePrimitives2.1ConstructorswordWORDword1word2(WORDword1word2word3...)outputsawordformedbyconcatenatingitsinputs.listLISTthing1thing2(LISTthing1thing2thing3...)outputsalistwhosemembersareitsinputs,whichcanbeanyLogodatum(word,list,orarray).sentenceSENTENCEthing1thing2SEthing1thing2(SENTENCEthing1thing2thing3...)(SEthing1thing2thing3...)outputsalistwhosemembersareitsinputs,ifthoseinputsarenotlists,orthemembersofitsinputs,ifthoseinputsarelists.fputFPUTthinglistoutputsalistequaltoitssecondinputwithoneextramember,thefirstinput,atthebeginning.Ifthesecondinputisaword,thenthefirstinputmustbeaone-letterword,andFPUTisequivalenttoWORD.lputLPUTthinglistoutputsalistequaltoitssecondinputwithoneextramember,thefirstinput,attheend.Ifthesecondinputisaword,thenthefirstinputmustbeaone-letterword,andLPUTisequivalenttoWORDwithitsinputsintheotherorder.arrayARRAYsize(ARRAYsizeorigin)outputsanarrayofsizemembers(mustbeapositiveinteger),eachofwhichinitiallyisanemptylist.ArraymemberscanbeselectedwithITEMandchangedwithSETITEM.Thefirstmemberofthearrayismembernumber1unlessanorigininput(mustbeaninteger)isgiven,inwhichcasethefirstmemberofthearrayhasthatnumberasitsindex.(Typically



10BERKELEYLOGO6.00isusedastheoriginifanything.)ArraysareprintedbyPRINTandfriends,andcanbetypedin,insidecurlybraces;indicateanoriginwith{abc}@0.See[ITEM],page12,[SETITEM],page12,[PRINT],page19.mdarrayMDARRAYsizelist(libraryprocedure)(MDARRAYsizelistorigin)outputsamulti-dimensionalarray.Thefirstinputmustbealistofoneormorepositivein-tegers.Thesecondinput,ifpresent,mustbeasingleintegerthatappliestoeverydimensionofthearray.Ex:(MDARRAY[35]0)outputsatwo-dimensionalarraywhosemembersrangefrom[00]to[24].listtoarrayLISTTOARRAYlist(LISTTOARRAYlistorigin)outputsanarrayofthesamesizeastheinputlist,whosemembersarethemembersoftheinputlist.arraytolistARRAYTOLISTarrayoutputsalistwhosemembersarethemembersoftheinputarray.Thefirstmemberoftheoutputisthefirstmemberofthearray,regardlessofthearray’sorigin.combineCOMBINEthing1thing2(libraryprocedure)ifthing2isaword,outputsWORDthing1thing2.Ifthing2isalist,outputsFPUTthing1thing2.See[WORD],page9,[FPUT],page9reverseREVERSElist(libraryprocedure)outputsalistwhosemembersarethemembersoftheinputlist,inreverseorder.gensymGENSYM(libraryprocedure)outputsauniquewordeachtimeit’sinvoked.ThewordsareoftheformG1,G2,etc.2.2DataSelectorsfirstFIRSTthing



Chapter2:DataStructurePrimitives11iftheinputisaword,outputsthefirstcharacteroftheword.Iftheinputisalist,outputsthefirstmemberofthelist.Iftheinputisanarray,outputstheoriginofthearray(thatis,theindexofthefirstmemberofthearray).firstsFIRSTSlistoutputsalistcontainingtheFIRSTofeachmemberoftheinputlist.Itisanerrorifanymemberoftheinputlistisempty.(Theinputitselfmaybeempty,inwhichcasetheoutputisalsoempty.)Thiscouldbewrittenastofirsts:listoutputmap"first:listendbutisprovidedasaprimitiveinordertospeeduptheiterationtoolsMAP,MAP.SE,andFOREACH.totranspose:matrixifemptypfirst:matrix[op[]]opfputfirsts:matrixtransposebfs:matrixendSee[MAP],page77,[MAPdSE],page77,[FOREACH],page76lastLASTwordorlistiftheinputisaword,outputsthelastcharacteroftheword.Iftheinputisalist,outputsthelastmemberofthelist.butfirstBUTFIRSTwordorlistBFwordorlistiftheinputisaword,outputsawordcontainingallbutthefirstcharacteroftheinput.Iftheinputisalist,outputsalistcontainingallbutthefirstmemberoftheinput.butfirstsBUTFIRSTSlistBFSlistoutputsalistcontainingtheBUTFIRSTofeachmemberoftheinputlist.Itisanerrorifanymemberoftheinputlistisemptyoranarray.(Theinputitselfmaybeempty,inwhichcasetheoutputisalsoempty.)Thiscouldbewrittenastobutfirsts:listoutputmap"butfirst:listend



12BERKELEYLOGO6.0butisprovidedasaprimitiveinordertospeeduptheiterationtoolsMAP,MAP.SE,andFOREACH.See[MAP],page77,[MAPdSE],page77,[FOREACH],page76butlastBUTLASTwordorlistBLwordorlistiftheinputisaword,outputsawordcontainingallbutthelastcharacteroftheinput.Iftheinputisalist,outputsalistcontainingallbutthelastmemberoftheinput.itemITEMindexthingifthethingisaword,outputstheindexthcharacteroftheword.Ifthethingisalist,outputstheindexthmemberofthelist.Ifthethingisanarray,outputstheindexthmemberofthearray.Indexstartsat1forwordsandlists;thestartingindexofanarrayisspecifiedwhenthearrayiscreated.mditemMDITEMindexlistarray(libraryprocedure)outputsthememberofthemultidimensionalarrayselectedbythelistofnumbersindexlist.pickPICKlist(libraryprocedure)outputsarandomlychosenmemberoftheinputlist.removeREMOVEthinglist(libraryprocedure)outputsacopyoflistwitheverymemberequaltothingremoved.remdupREMDUPlist(libraryprocedure)outputsacopyoflistwithduplicatemembersremoved.Iftwoormoremembersoftheinputareequal,therightmostofthosemembersistheonethatremainsintheoutput.quotedQUOTEDthing(libraryprocedure)outputsitsinput,ifalist;outputsitsinputwithaquotationmarkprepended,ifaword.2.3DataMutatorssetitemSETITEMindexarrayvalue



Chapter2:DataStructurePrimitives13command.Replacestheindexthmemberofarraywiththenewvalue.Ensuresthattheresultingarrayisnotcircular,i.e.,valuemaynotbealistorarraythatcontainsarray.mdsetitemMDSETITEMindexlistarrayvalue(libraryprocedure)command.Replacesthememberofarraychosenbyindexlistwiththenewvalue..setfirst.SETFIRSTlistvaluecommand.Changesthefirstmemberoflisttobevalue.WARNING:Primitiveswhosenamesstartwithaperiodaredangerous.Theirusebynon-expertsisnotrecommended.Theuseof.SETFIRSTcanleadtocircularliststructures,whichwillgetsomeLogoprimitivesintoinfiniteloops,andtounexpectedchangestootherdatastructuresthatsharestoragewiththelistbeingmodified..setbf.SETBFlistvaluecommand.Changesthebutfirstoflisttobevalue.WARNING:Primitiveswhosenamesstartwithaperiodaredangerous.Theirusebynon-expertsisnotrecommended.Theuseof.SETBFcanleadtocircularliststructures,whichwillgetsomeLogoprimitivesintoinfiniteloops;unexpectedchangestootherdatastructuresthatsharestoragewiththelistbeingmodified;ortoLogocrashesandcoredumpsifthebutfirstofalistisnotitselfalist..setitem.SETITEMindexarrayvaluecommand.Changestheindexthmemberofarraytobevalue,likeSETITEM,butwithoutcheckingforcircularity.WARNING:Primitiveswhosenamesstartwithaperiodaredangerous.Theirusebynon-expertsisnotrecommended.Theuseof.SETITEMcanleadtocirculararrays,whichwillgetsomeLogoprimitivesintoinfiniteloops.See[SETITEM],page12.pushPUSHstacknamething(libraryprocedure)command.Addsthethingtothestackthatisthevalueofthevariablewhosenameisstackname.Thisvariablemusthavealistasitsvalue;theinitialvalueshouldbetheemptylist.Newmembersareaddedatthefrontofthelist.popPOPstackname(libraryprocedure)



14BERKELEYLOGO6.0outputsthemostrecentlyPUSHedmemberofthestackthatisthevalueofthevariablewhosenameisstacknameandremovesthatmemberfromthestack.queueQUEUEqueuenamething(libraryprocedure)command.Addsthethingtothequeuethatisthevalueofthevariablewhosenameisqueuename.Thisvariablemusthavealistasitsvalue;theinitialvalueshouldbetheemptylist.Newmembersareaddedatthebackofthelist.dequeueDEQUEUEqueuename(libraryprocedure)outputstheleastrecentlyQUEUEdmemberofthequeuethatisthevalueofthevariablewhosenameisqueuenameandremovesthatmemberfromthequeue.2.4PredicateswordpWORDPthingWORD?thingoutputsTRUEiftheinputisaword,FALSEotherwise.listpLISTPthingLIST?thingoutputsTRUEiftheinputisalist,FALSEotherwise.arraypARRAYPthingARRAY?thingoutputsTRUEiftheinputisanarray,FALSEotherwise.emptypEMPTYPthingEMPTY?thingoutputsTRUEiftheinputistheemptywordortheemptylist,FALSEotherwise.equalpEQUALPthing1thing2EQUAL?thing1thing2thing1=thing2outputsTRUEiftheinputsareequal,FALSEotherwise.Twonumbersareequaliftheyhavethesamenumericvalue.Twonon-numericwordsareequaliftheycontainthesame



Chapter2:DataStructurePrimitives15charactersinthesameorder.IfthereisavariablenamedCASEIGNOREDPwhosevalueisTRUE,thenanuppercaseletterisconsideredthesameasthecorrespondinglowercaseletter.(Thisisthecasebydefault.)Twolistsareequaliftheirmembersareequal.Anarrayisonlyequaltoitself;twoseparatelycreatedarraysareneverequaleveniftheirmembersareequal.(Itisimportanttobeabletoknowiftwoexpressionshavethesamearrayastheirvaluebecausearraysaremutable;if,forexample,twovariableshavethesamearrayastheirvaluesthenperformingSETITEMononeofthemwillalsochangetheother.)See[CASEIGNOREDP],page89,[SETITEM],page12notequalpNOTEQUALPthing1thing2NOTEQUAL?thing1thing2thing1<>thing2outputsFALSEiftheinputsareequal,TRUEotherwise.SeeEQUALPforthemeaningofequalityfordifferentdatatypes.beforepBEFOREPword1word2BEFORE?word1word2outputsTRUEifword1comesbeforeword2inASCIIcollatingsequence(forwordsofletters,inalphabeticalorder).Case-sensitivityisdeterminedbythevalueofCASEIGNOREDP.Notethatiftheinputsarenumbers,theresultmaynotbethesameaswithLESSP;forexample,BEFOREP312isfalsebecause3collatesafter1.See[CASEIGNOREDP],page89,[LESSP],page32.eq.EQthing1thing2outputsTRUEifitstwoinputsarethesamedatum,sothatapplyingamutatortoonewillchangetheotheraswell.OutputsFALSEotherwise,eveniftheinputsareequalinvalue.WARNING:Primitiveswhosenamesstartwithaperiodaredangerous.Theirusebynon-expertsisnotrecommended.Theuseofmutatorscanleadtocirculardatastructures,infiniteloops,orLogocrashes.memberpMEMBERPthing1thing2MEMBER?thing1thing2ifthing2isalistoranarray,outputsTRUEifthing1isEQUALPtoamemberofthing2,FALSEotherwise.Ifthing2isaword,outputsTRUEifthing1isaone-characterwordEQUALPtoacharacterofthing2,FALSEotherwise.See[EQUALP],page14.



16BERKELEYLOGO6.0substringpSUBSTRINGPthing1thing2SUBSTRING?thing1thing2ifthing1orthing2isalistoranarray,outputsFALSE.Ifthing2isaword,outputsTRUEifthing1isEQUALPtoasubstringofthing2,FALSEotherwise.See[EQUALP],page14.numberpNUMBERPthingNUMBER?thingoutputsTRUEiftheinputisanumber,FALSEotherwise.vbarredpVBARREDPcharVBARRED?charBACKSLASHEDPchar(libraryprocedure)BACKSLASHED?char(libraryprocedure)outputsTRUEiftheinputcharacterwasoriginallyenteredintoLogowithinverticalbars(|)topreventitsusualspecialsyntacticmeaning,FALSEotherwise.(OutputsTRUEonlyifthecharacterisabackslashedspace,tab,newline,oroneof()[]+-*/=<>":;\~?|)ThenamesBACKSLASHEDPandBACKSLASHED?areincludedintheLogolibraryforbackwardcompatibilitywiththeformernamesofthisprimitive,althoughitdoesnotoutputTRUEforcharactersoriginallyenteredwithbackslashes.2.5QueriescountCOUNTthingoutputsthenumberofcharactersintheinput,iftheinputisaword;outputsthenumberofmembersintheinput,ifitisalistoranarray.(Foranarray,thismayormaynotbetheindexofthelastmember,dependingonthearray’sorigin.)asciiASCIIcharoutputstheinteger(between0and255)thatrepresentstheinputcharacterintheASCIIcode.Interpretscontrolcharactersasrepresentingvbarredpunctuation,andreturnsthecharactercodeforthecorrespondingpunctuationcharacterwithoutverticalbars.(CompareRAWASCII.)rawasciiRAWASCIIchar



Chapter2:DataStructurePrimitives17outputstheinteger(between0and255)thatrepresentstheinputcharacterintheASCIIcode.Interpretscontrolcharactersasrepresentingthemselves.TofindouttheASCIIcodeofanarbitrarykeystroke,useRAWASCIIRC.charCHARintoutputsthecharacterrepresentedintheASCIIcodebytheinput,whichmustbeanintegerbetween0and255.See[ASCII],page16.memberMEMBERthing1thing2ifthing2isawordorlistandifMEMBERPwiththeseinputswouldoutputTRUE,outputstheportionofthing2fromthefirstinstanceofthing1totheend.IfMEMBERPwouldoutputFALSE,outputstheemptywordorlistaccordingtothetypeofthing2.Itisanerrorforthing2tobeanarray.See[MEMBERP],page15.lowercaseLOWERCASEwordoutputsacopyoftheinputword,butwithalluppercaseletterschangedtothecorrespondinglowercaseletter.uppercaseUPPERCASEwordoutputsacopyoftheinputword,butwithalllowercaseletterschangedtothecorrespondinguppercaseletter.standoutSTANDOUTthingoutputsawordthat,whenprinted,willappearliketheinputbutdisplayedinstandoutmode(boldface,reversevideo,orwhateveryourversiondoesforstandout).Thewordcontainsmachine-specificmagiccharactersatthebeginningandend;inbetweenistheprintedform(asifdisplayedusingTYPE)oftheinput.Theoutputisalwaysaword,eveniftheinputisofsomeothertype,butitmayincludespacesandotherformattingcharacters.Note:awordoutputbySTANDOUTwhileLogoisrunningononemachinewillprobablynothavethedesiredeffectifprintedonanothertypeofmachine.IntheMacintoshclassicversion,thewaythatstandoutworksisincompatiblewiththeuseofcharacterswhoseASCIIcodeisgreaterthan127.Therefore,youhaveachoicetomake:TheinstructionCANINVERSE0



18BERKELEYLOGO6.0disablesstandout,butenablesthedisplayofASCIIcodesabove127,andtheinstructionCANINVERSE1restoresthedefaultsituationinwhichstandoutisenabledandtheextragraphiccharacterscannotbeprinted.parsePARSEwordoutputsthelistthatwouldresultiftheinputwordwereenteredinresponsetoaREADLISToperation.Thatis,PARSEREADWORDhasthesamevalueasREADLISTforthesamecharactersread.See[READLIST],page20,[READWORD],page20runparseRUNPARSEwordorlistoutputsthelistthatwouldresultiftheinputwordorlistwereenteredasaninstructionline;characterssuchasinfixoperatorsandparenthesesareseparatemembersoftheoutput.Notethatsublistsofarunparsedlistarenotthemselvesrunparsed.



Chapter3:Communication193Communication3.1TransmittersNote:IfthereisavariablenamedPRINTDEPTHLIMITwithanonnegativeintegervalue,thencomplexlistandarraystructureswillbeprintedonlytothealloweddepth.Thatis,membersofmembersof...ofmemberswillbeallowedonlysofar.Themembersomittedbecausetheyarejustpastthedepthlimitareindicatedbyanellipsisforeachone,soatoo-deeplistoftwomemberswillprintas[......].IfthereisavariablenamedPRINTWIDTHLIMITwithanonnegativeintegervalue,thenonlythefirstsomanymembersofanyarrayorlistwillbeprinted.Asingleellipsisreplacesallmissingdatawithinthestructure.Thewidthlimitalsoappliestothenumberofcharactersprintedinaword,exceptthataPRINTWIDTHLIMITbetween0and9willbetreatedasifitwere10whenappliedtowords.Thislimitappliesnotonlytothetop-levelprinteddatumbuttoanysubstructureswithinit.See[PRINTDEPTHLIMIT],page90,[PRINTWIDTHLIMIT],page90IfthereisavariablenamedFULLPRINTPwhosevalueisTRUE,thenwordsthatwerecreatedusingbackslashorverticalbar(toincludecharactersthatwouldotherwisenotbetreatedaspartofaword)areprintedwiththebackslashesorverticalbarsshown,sothattheprintedresultcouldbere-readbyLogotoproducethesamevalue.IfFULLPRINTPisTRUEthentheemptyword(howeveritwascreated)printsas||.(Otherwiseitprintsasnothingatall.)See[FULLPRINTP],page90.printPRINTthingPRthing(PRINTthing1thing2...)(PRthing1thing2...)command.Printstheinputorinputstothecurrentwritestream(initiallythescreen).Alltheinputsareprintedonasingleline,separatedbyspaces,endingwithanewline.Ifaninputisalist,squarebracketsarenotprintedaroundit,butbracketsareprintedaroundsublists.Bracesarealwaysprintedaroundarrays.typeTYPEthing(TYPEthing1thing2...)command.PrintstheinputorinputslikePRINT,exceptthatnonewlinecharacterisprintedattheendandmultipleinputsarenotseparatedbyspaces.Note:printingtothescreenisordinarilylinebuffered;thatis,thecharactersyouprintusingTYPEwillnotactuallyappearonthescreenuntileitheranewlinecharacterisprinted(forexample,byPRINTorSHOW)orLogotriestoreadfromthekeyboard(eitherattherequestofyourprogramorafteraninstructionprompt).Thisbufferingmakestheprogrammuchfasterthanitwouldbeifeachcharacterappearedimmediately,andinmostcasestheeffectisnotdisconcerting.To



20BERKELEYLOGO6.0accommodateprogramsthatdoalotofpositionedtextdisplayusingTYPE,LogowillforceprintingwheneverSETCURSORisinvoked.Thissolvesmostbufferingproblems.Still,onoccasionyoumayfinditnecessarytoforcethebufferedcharacterstobeprintedexplicitly;thiscanbedoneusingtheWAITcommand.WAIT0willforceprintingwithoutactuallywaiting.See[SETCURSOR],page26,[WAIT],page71showSHOWthing(SHOWthing1thing2...)command.PrintstheinputorinputslikePRINT,exceptthatifaninputisalistitisprintedinsidesquarebrackets.See[PRINT],page19.3.2ReceiversreadlistREADLISTRLreadsalinefromthereadstream(initiallythekeyboard)andoutputsthatlineasalist.Thelineisseparatedintomembersasthoughitweretypedinsquarebracketsinaninstruction.Ifthereadstreamisafile,andtheendoffileisreached,READLISToutputstheemptyword(nottheemptylist).READLISTprocessesbackslash,verticalbar,andtildecharactersinthereadstream;theoutputlistwillnotcontainthesecharactersbuttheywillhavehadtheirusualeffect.READLISTdoesnot,however,treatsemicolonasacommentcharacter.readwordREADWORDRWreadsalinefromthereadstreamandoutputsthatlineasaword.Theoutputisasinglewordevenifthelinecontainsspaces,brackets,etc.Ifthereadstreamisafile,andtheendoffileisreached,READWORDoutputstheemptylist(nottheemptyword).READWORDprocessesbackslash,verticalbar,andtildecharactersinthereadstream.Inthecaseofatildeusedforlinecontinuation,theoutputworddoesincludethetildeandthenewlinecharacters,sothattheuserprogramcantellexactlywhattheuserentered.Verticalbarsinthelinearealsopreservedintheoutput.Backslashcharactersarenotpreservedintheoutput.readrawlineREADRAWLINEreadsalinefromthereadstreamandoutputsthatlineasaword.Theoutputisasinglewordevenifthelinecontainsspaces,brackets,etc.Ifthereadstreamisafile,andtheendoffileisreached,READRAWLINEoutputstheemptylist(nottheemptyword).READRAWLINE



Chapter3:Communication21outputstheexactstringofcharactersastheyappearintheline,withnospecialmeaningforbackslash,verticalbar,tilde,oranyotherformattingcharacters.See[READWORD],page20.readcharREADCHARRCreadsasinglecharacterfromthereadstreamandoutputsthatcharacterasaword.Ifthereadstreamisafile,andtheendoffileisreached,READCHARoutputstheemptylist(nottheemptyword).Ifthereadstreamisthekeyboard,echoingisturnedoffwhenREADCHARisinvoked,andremainsoffuntilREADLISTorREADWORDisinvokedoraLogopromptisprinted.Backslash,verticalbar,andtildecharactershavenospecialmeaninginthiscontext.See[READLIST],page20.readcharsREADCHARSnumRCSnumreadsnumcharactersfromthereadstreamandoutputsthosecharactersasaword.Ifthereadstreamisafile,andtheendoffileisreached,READCHARSoutputstheemptylist(nottheemptyword).Ifthereadstreamisthekeyboard,echoingisturnedoffwhenREADCHARSisinvoked,andremainsoffuntilREADLISTorREADWORDisinvokedoraLogopromptisprinted.Backslash,verticalbar,andtildecharactershavenospecialmeaninginthiscontext.See[READLIST],page20,[READWORD],page20shellSHELLcommand(SHELLcommandwordflag)UnderUnix,outputstheresultofrunningcommandasashellcommand.(Thecommandissentto‘/bin/sh’,not‘csh’orotheralternatives.)Ifthecommandisaliterallistintheinstructionline,andifyouwantabackslashcharactersenttotheshell,youmustuse\\togetthebackslashthroughLogo’sreaderintact.Theoutputisalistcontainingonememberforeachlinegeneratedbytheshellcommand.Ordinarilyeachsuchlineisrepresentedbyalistintheoutput,asthoughthelinewerereadusingREADLIST.Ifasecondinputisgiven,regardlessofthevalueoftheinput,eachlineisrepresentedbyawordintheoutputasthoughitwerereadwithREADWORD.Example:todayofweekoutputfirstfirstshell[date]endThisisfirstfirsttoextractthefirstwordofthefirst(andonly)lineoftheshelloutput.UnderMacOSX,SHELLworksasunderUnix.SHELLisnotavailableunderMacClassic.



22BERKELEYLOGO6.0UnderDOS,SHELLisacommand,notanoperation;itsendsitsinputtoaDOScommandprocessorbutdoesnotcollecttheresultofthecommand.UnderWindows,thewxWidgetsversionofLogobehavesasunderUnix(exceptthatDOS-stylecommandsareunderstood;usedirratherthanls).Thenon-wxWidgetsversionbehavesliketheDOSversion.3.3FileAccesssetprefixSETPREFIXstringcommand.SetsaprefixthatwillbeusedastheimplicitbeginningoffilenamesinOPENREAD,OPENWRITE,OPENAPPEND,OPENUPDATE,LOAD,andSAVEcommands.Logowillputtheappro-priateseparatorcharacter(slashforUnix,backslashforDOS/Windows,colonforMacOSClassic)betweentheprefixandthefilenameenteredbytheuser.TheinputtoSETPREFIXmustbeaword,unlessitistheemptylist,toindicatethatthereshouldbenoprefix.See[OPENREAD],page22,See[OPENWRITE],page22,See[OPENAPPEND],page23,See[OPENUPDATE],page23,See[LOAD],page63,See[SAVE],page62.prefixPREFIXoutputsthecurrentfileprefix,or[]ifthereisnoprefix.See[SETPREFIX],page22.openreadOPENREADfilenamecommand.Opensthenamedfileforreading.Thereadpositionisinitiallyatthebeginningofthefile.openwriteOPENWRITEfilenamecommand.Opensthenamedfileforwriting.Ifthefilealreadyexisted,theoldversionisdeletedandanew,emptyfilecreated.OPENWRITE,butnottheotherOPENvariants,willacceptasinputatwo-elementlist,inwhichthefirstelementmustbeavariablename,andthesecondmustbeapositiveinteger.Acharacterbufferofthespecifiedsizewillbecreated.WhenaSETWRITEisdonewiththissamelist(inthesenseof.EQ,notacopy,soyoumustdosomethinglike?make"buf[foo100]?openwrite:buf?setwrite:buf[...]?close:buf



Chapter3:Communication23andnotjust?openwrite[foo100]?setwrite[foo100]andsoon),theprintedcharactersarestoredinthebuffer;whenaCLOSEisdonewiththesamelistasinput,thecharactersfromthebuffer(treatedasonelongword,evenifspacesandnewlinesareincluded)becomethevalueofthespecifiedvariable.openappendOPENAPPENDfilenamecommand.Opensthenamedfileforwriting.Ifthefilealreadyexists,thewritepositionisinitiallysettotheendoftheoldfile,sothatnewlywrittendatawillbeappendedtoit.openupdateOPENUPDATEfilenamecommand.Opensthenamedfileforreadingandwriting.Thereadandwritepositionisinitiallysettotheendoftheoldfile,ifany.Note:eachopenfilehasonlyoneposition,forbothreadingandwriting.IfafileopenedforupdateisbothREADERandWRITERatthesametime,thenSETREADPOSwillalsoaffectWRITEPOSandviceversa.Also,ifyoualternatereadingandwritingthesamefile,youmustSETREADPOSbetweenawriteandaread,andSETWRITEPOSbetweenareadandawrite.See[READER],page25,[WRITER],page25,[SETREADPOS],page25,[SETWRITE-POS],page25closeCLOSEfilenamecommand.Closesthenamedfile.Ifthefilewascurrentlythereaderorwriter,thenthereaderorwriterischangedtothekeyboardorscreen,asifSETREAD[]orSETWRITE[]hadbeendone.allopenALLOPENoutputsalistwhosemembersarethenamesofallfilescurrentlyopen.Thislistdoesnotincludethedribblefile,ifany.closeallCLOSEALL(libraryprocedure)command.Closesallopenfiles.AbbreviatesFOREACHALLOPEN[CLOSE?]See[FOREACH],page76,[CLOSE],page23erasefileERASEFILEfilename



24BERKELEYLOGO6.0ERFfilenamecommand.Erases(deletes,removes)thenamedfile,whichshouldnotcurrentlybeopen.dribbleDRIBBLEfilenamecommand.Createsanewfilewhosenameistheinput,likeOPENWRITE,andbeginsrecordinginthatfileeverythingthatisreadfromthekeyboardorwrittentotheterminal.Thatis,thiswritingisinadditiontothewritingtoWRITER.TheintentistocreateatranscriptofaLogosession,includingthingslikepromptcharactersandinteractions.See[OPENWRITE],page22,[WRITER],page25nodribbleNODRIBBLEcommand.Stopscopyinginformationintothedribblefile,andclosesthefile.setreadSETREADfilenamecommand.Makesthenamedfilethereadstream,usedforREADLIST,etc.ThefilemustalreadybeopenwithOPENREADorOPENUPDATE.Iftheinputistheemptylist,thenthereadstreambecomesthekeyboard,asusual.Changingthereadstreamdoesnotclosethefilethatwaspreviouslythereadstream,soitispossibletoalternatebetweenfiles.See[READLIST],page20,[OPENREAD],page22,[OPENUPDATE],page23setwriteSETWRITEfilenamecommand.Makesthenamedfilethewritestream,usedforPRINT,etc.ThefilemustalreadybeopenwithOPENWRITE,OPENAPPEND,orOPENUPDATE.Iftheinputistheemptylist,thenthewritestreambecomesthescreen,asusual.Changingthewritestreamdoesnotclosethefilethatwaspreviouslythewritestream,soitispossibletoalternatebetweenfiles.Iftheinputisalist,thenitsfirstelementmustbeavariablename,anditssecondandlastelementmustbeapositiveinteger;abufferofthatmanycharacterswillbeallocated,andwillbecomethewritestream.Ifthesamelist(sameinthe.EQsense,notacopy)hasbeenusedasinputtoOPENWRITE,thenthealready-allocatedbufferwillbeused,andthewritercanbechangedtoandfromthisbuffer,withallthecharactersaccumulatedasinafile.WhenthesamelistisusedasinputtoCLOSE,thecontentsofthebuffer(asanunparsedword,whichmaycontainnewlinecharacters)willbecomethevalueofthenamedvariable.Forcompatibilitywithearlierversions,ifthelisthasnotbeenopenedwhentheSETWRITEisdone,itwillbeopenedimplicitly,butthefirstSETWRITEafterthisonewillimplicitlycloseit,settingthevariableandfreeingtheallocatedbuffer.See[PRINT],page19,[OPENWRITE],page22;[OPENAPPEND],page23;[OPENUP-DATE],page23



Chapter3:Communication25readerREADERoutputsthenameofthecurrentreadstreamfile,ortheemptylistifthereadstreamistheterminal.writerWRITERoutputsthenameofthecurrentwritestreamfile,ortheemptylistifthewritestreamisthescreen.setreadposSETREADPOScharposcommand.SetsthefilepointerofthereadstreamfilesothatthenextREADLIST,etc.,willbeginreadingatthecharposthcharacterinthefile,countingfrom0.(Thatis,SETREADPOS0willstartreadingfromthebeginningofthefile.)Meaninglessifthereadstreamisthekeyboard.See[READLIST],page20.setwriteposSETWRITEPOScharposcommand.SetsthefilepointerofthewritestreamfilesothatthenextPRINT,etc.,willbeginwritingatthecharposthcharacterinthefile,countingfrom0.(Thatis,SETWRITEPOS0willstartwritingfromthebeginningofthefile.)Meaninglessifthewritestreamisthescreen.See[PRINT],page19.readposREADPOSoutputsthefilepositionofthecurrentreadstreamfile.writeposWRITEPOSoutputsthefilepositionofthecurrentwritestreamfile.eofpEOFPEOF?predicate,outputsTRUEiftherearenomorecharacterstobereadinthereadstreamfile,FALSEotherwise.



26BERKELEYLOGO6.0filepFILEPfilenameFILE?filename(libraryprocedure)predicate,outputsTRUEifafileofthespecifiednameexistsandcanberead,FALSEother-wise.3.4TerminalAccesskeypKEYPKEY?predicate,outputsTRUEiftherearecharacterswaitingtobereadfromthereadstream.Ifthereadstreamisafile,thisisequivalenttoNOTEOFP.Ifthereadstreamistheterminal,thenechoingisturnedoffandtheterminalissettocbreak(characteratatimeinsteadoflineatatime)mode.Itremainsinthismodeuntilsomeline-modereadingisrequested(e.g.,READLIST).TheUnixoperatingsystemforgetsaboutanypendingcharacterswhenitswitchesmodes,sothefirstKEYPinvocationwillalwaysoutputFALSE.See[EOFP],page25,[READLIST],page20cleartextCLEARTEXTCTcommand.Clearsthetextwindow.setcursorSETCURSORvectorcommand.Theinputisalistoftwonumbers,thexandycoordinatesofatextwindowposition(originintheupperleftcorner,positivedirectionissoutheast).Thetextcursorismovedtotherequestedposition.Thiscommandalsoforcestheimmediateprintingofanybufferedcharacters.cursorCURSORoutputsalistcontainingthecurrentxandycoordinatesofthetextcursor.Logomaygetconfusedaboutthecurrentcursorpositionif,e.g.,youtypeinalonglinethatwrapsaroundoryourprogramprintsescapecodesthataffectthescreenstrangely.setmarginsSETMARGINSvectorcommand.Theinputmustbealistoftwonumbers,asforSETCURSOR.Theeffectistoclearthescreenandthenarrangeforallfurtherprintingtobeshifteddownandtotherightaccordingtotheindicatedmargins.Specifically,everytimeanewlinecharacteris



Chapter3:Communication27printed(explicitlyorimplicitly)Logowilltypexmarginspaces,andoneveryinvocationofSETCURSORthemarginswillbeaddedtotheinputxandycoordinates.(CURSORwillreportthecursorpositionrelativetothemargins,sothatthisshiftwillbeinvisibletoLogoprograms.)ThepurposeofthiscommandistoaccommodatethedisplayofterminalscreensinlecturehallswithinadequateTVmonitorsthatmissthetopandleftedgesofthescreen.See[SETCURSOR],page26.settextcolorSETTEXTCOLORforegroundbackgroundSETTCforegroundbackgroundcommand(wxWidgetsonly).Theinputsarecolornumbers,orRGBcolorlists,asforturtlegraphics.Theforegroundandbackgroundcolorsforthetextscreen/splitscreentextwindowarechangedtothegivenvalues.Thechangeaffectstextalreadyprintedaswellasfuturetextprinting;thereisonlyonetextcolorfortheentirewindow.Command(non-wxWidgetsWindowsandDOSextendedonly).Theinputsarecolornum-bers,asforturtlegraphics.Futureprintingtothetextwindowwillusethespecifiedcolorsforforeground(thecharactersprinted)andbackground(thespaceunderthosecharac-ters).UsingSTANDOUTwillreverttothedefaulttextwindowcolors.IntheDOSextended(ucblogo.exe)version,colorsintextscreenmodearelimitedtonumbers0-7,andthecol-oringappliesonlytotextprintedbytheprogram,nottotheechoingoftexttypedbytheuser.Neitherlimitationappliestothetextportionofsplitscreenmode,whichisactuallydrawnasgraphicsinternally.See[STANDOUT],page17.increasefontINCREASEFONTDECREASEFONTcommand(wxWidgetsonly).Increaseordecreasethesizeofthefontusedinthetextandeditwindowstothenextlargerorsmalleravailablesize.settextsizeSETTEXTSIZEheightcommand(wxWidgetsonly).Setthe"pointsize"ofthefontusedinthetextandeditwindowstothegivenintegerinput.Thedesiredsizemaynotbeavailable,inwhichcasethenearestavailablesizewillbeused.Note:Thereisonlyaslightcorrelationbetweentheseintegersandpixelsizes.Ourroughestimateisthatthenumberofpixelsofheightisabout1.5timesthepointsize,butitvariesfordifferentfonts.SeeSETLABELHEIGHTforadifferentapproachusedforthegraphicswindow.textsizeTEXTSIZE



28BERKELEYLOGO6.0(wxWidgetsonly)outputsthe"pointsize"ofthefontusedinthetextandeditwindows.SeeSETTEXTSIZEforadiscussionoffontsizing.SeeLABELSIZEforadifferentapproachusedforthegraphicswindow.setfontSETFONTfontnamecommand(wxWidgetsonly).Setthefontfamilyusedinallwindowstotheonenamedbytheinput.TryCourierorMonospaceaslikelypossibilities.Notallcomputershavethesamefontsinstalled.It’sagoodideatostickwithmonospacefonts(onesinwhichallcharactershavethesamewidth).fontFONT(wxWidgetsonly)outputsthenameofthefontfamilyusedinallwindows.



Chapter4:Arithmetic294Arithmetic4.1NumericOperationssumSUMnum1num2(SUMnum1num2num3...)num1+num2outputsthesumofitsinputs.differenceDIFFERENCEnum1num2num1-num2outputsthedifferenceofitsinputs.Minussignmeansinfixdifferenceinambiguouscontexts(whenprecededbyacompleteexpression),unlessitisprecededbyaspaceandfollowedbyanonspace.(SeealsoMINUS.)minusMINUSnum-numoutputsthenegativeofitsinput.Minussignmeansunaryminusiftheprevioustokenisaninfixoperatororopenparenthesis,oritisprecededbyaspaceandfollowedbyanonspace.Thereisadifferenceinbindingstrengthbetweenthetwoforms:MINUS3+4means-(3+4)-3+4means(-3)+4productPRODUCTnum1num2(PRODUCTnum1num2num3...)num1*num2outputstheproductofitsinputs.quotientQUOTIENTnum1num2(QUOTIENTnum)num1/num2outputsthequotientofitsinputs.Thequotientoftwointegersisanintegerifandonlyifthedividendisamultipleofthedivisor.(Inotherwords,QUOTIENT52is2.5,not2,butQUOTIENT42is2,not2.0—itdoestherightthing.)Withasingleinput,QUOTIENToutputsthereciprocaloftheinput.



30BERKELEYLOGO6.0remainderREMAINDERnum1num2outputstheremainderondividingnum1bynum2;bothmustbeintegersandtheresultisanintegerwiththesamesignasnum1.moduloMODULOnum1num2outputstheremainderondividingnum1bynum2;bothmustbeintegersandtheresultisanintegerwiththesamesignasnum2.intINTnumoutputsitsinputwithfractionalpartremoved,i.e.,anintegerwiththesamesignastheinput,whoseabsolutevalueisthelargestintegerlessthanorequaltotheabsolutevalueoftheinput.roundROUNDnumoutputsthenearestintegertotheinput.sqrtSQRTnumoutputsthesquarerootoftheinput,whichmustbenonnegative.powerPOWERnum1num2outputsnum1tothenum2power.Ifnum1isnegative,thennum2mustbeaninteger.expEXPnumoutputse(2.718281828+)totheinputpower.log10LOG10numoutputsthecommonlogarithmoftheinput.lnLNnumoutputsthenaturallogarithmoftheinput.



Chapter4:Arithmetic31sinSINdegreesoutputsthesineofitsinput,whichistakenindegrees.radsinRADSINradiansoutputsthesineofitsinput,whichistakeninradians.cosCOSdegreesoutputsthecosineofitsinput,whichistakenindegrees.radcosRADCOSradiansoutputsthecosineofitsinput,whichistakeninradians.arctanARCTANnum(ARCTANxy)outputsthearctangent,indegrees,ofitsinput.Withtwoinputs,outputsthearctangentofy/x,ifxisnonzero,or90or–90dependingonthesignofy,ifxiszero.radarctanRADARCTANnum(RADARCTANxy)outputsthearctangent,inradians,ofitsinput.Withtwoinputs,outputsthearctangentofy/x,ifxisnonzero,orpi/2or–pi/2dependingonthesignofy,ifxiszero.Theexpression2*(RADARCTAN01)canbeusedtogetthevalueofpi.iseqISEQfromto(libraryprocedure)outputsalistoftheintegersfromfromtoto,inclusive.?showiseq37[34567]?showiseq73[76543]rseqRSEQfromtocount(libraryprocedure)outputsalistofcountequallyspacedrationalnumbersbetweenfromandto,inclusive.



32BERKELEYLOGO6.0?showrseq359[33.253.53.7544.254.54.755]?showrseq355[33.544.55]4.2NumericPredicateslesspLESSPnum1num2LESS?num1num2num1<num2outputsTRUEifitsfirstinputisstrictlylessthanitssecond.greaterpGREATERPnum1num2GREATER?num1num2num1>num2outputsTRUEifitsfirstinputisstrictlygreaterthanitssecond.lessequalpLESSEQUALPnum1num2LESSEQUAL?num1num2num1<=num2outputsTRUEifitsfirstinputislessthanorequaltoitssecond.greaterequalpGREATEREQUALPnum1num2GREATEREQUAL?num1num2num1>=num2outputsTRUEifitsfirstinputisgreaterthanorequaltoitssecond.4.3RandomNumbersrandomRANDOMnum(RANDOMstartend)withoneinput,outputsarandomnonnegativeintegerlessthanitsinput,whichmustbeapositiveinteger.Withtwoinputs,RANDOMoutputsarandomintegergreaterthanorequaltothefirstinput,andlessthanorequaltothesecondinput.Bothinputsmustbeintegers,andthefirstmustbelessthanthesecond.(RANDOM09)isequivalenttoRANDOM10;(RANDOM38)isequivalentto(RANDOM6)+3.



Chapter4:Arithmetic33rerandomRERANDOM(RERANDOMseed)command.MakestheresultsofRANDOMreproducible.OrdinarilythesequenceofrandomnumbersisdifferenteachtimeLogoisused.Ifyouneedthesamesequenceofpseudo-randomnumbersrepeatedly,e.g.todebugaprogram,sayRERANDOMbeforethefirstinvocationofRANDOM.Ifyouneedmorethanonerepeatablesequence,youcangiveRERANDOManintegerinput;eachpossibleinputselectsauniquesequenceofnumbers.4.4PrintFormattingformFORMnumwidthprecisionoutputsawordcontainingaprintablerepresentationofnum,possiblyprecededbyspaces(andthereforenotanumberforpurposesofperformingarithmeticoperations),withatleastwidthcharacters,includingexactlyprecisiondigitsafterthedecimalpoint.(Ifprecisionis0thentherewillbenodecimalpointintheoutput.)Asadebuggingfeature,(FORMnum-1format)willprintthefloatingpointnumaccordingtotheCprintfformat,toallowtohex:numopform:num-1"|%08X%08X|endtoallowfindingouttheexactresultoffloatingpointoperations.Thepreciseformatneededmaybemachine-dependent.4.5BitwiseOperationsbitandBITANDnum1num2(BITANDnum1num2num3...)outputsthebitwiseandofitsinputs,whichmustbeintegers.See[AND],page35.bitorBITORnum1num2(BITORnum1num2num3...)outputsthebitwiseorofitsinputs,whichmustbeintegers.See[OR],page35.bitxorBITXORnum1num2



34BERKELEYLOGO6.0(BITXORnum1num2num3...)outputsthebitwiseexclusiveorofitsinputs,whichmustbeintegers.See[OR],page35.bitnotBITNOTnumoutputsthebitwisenotofitsinput,whichmustbeaninteger.See[NOT],page35.ashiftASHIFTnum1num2outputsnum1arithmetic-shiftedtotheleftbynum2bits.Ifnum2isnegative,theshiftistotherightwithsignextension.Theinputsmustbeintegers.lshiftLSHIFTnum1num2outputsnum1logical-shiftedtotheleftbynum2bits.Ifnum2isnegative,theshiftistotherightwithzerofill.Theinputsmustbeintegers.



Chapter5:LogicalOperations355LogicalOperationsandANDtf1tf2(ANDtf1tf2tf3...)outputsTRUEifallinputsareTRUE,otherwiseFALSE.AllinputsmustbeTRUEorFALSE.(Comparisoniscase-insensitiveregardlessofthevalueofCASEIGNOREDP.Thatis,trueorTrueorTRUEareallthesame.)Aninputcanbealist,inwhichcaseitistakenasanexpressiontorun;thatexpressionmustproduceaTRUEorFALSEvalue.Listexpressionsareevaluatedfromlefttoright;assoonasaFALSEvalueisfound,theremaininginputsarenotexamined.Example:MAKE"RESULTAND[NOT(:X=0)][(1/:X)>.5]toavoidthedivisionbyzeroifthefirstpartisfalse.See[CASEIGNOREDP],page89.orORtf1tf2(ORtf1tf2tf3...)outputsTRUEifanyinputisTRUE,otherwiseFALSE.AllinputsmustbeTRUEorFALSE.(Comparisoniscase-insensitiveregardlessofthevalueofCASEIGNOREDP.Thatis,trueorTrueorTRUEareallthesame.)Aninputcanbealist,inwhichcaseitistakenasanexpressiontorun;thatexpressionmustproduceaTRUEorFALSEvalue.Listexpressionsareevaluatedfromlefttoright;assoonasaTRUEvalueisfound,theremaininginputsarenotexamined.Example:IFOR:X=0[some.long.computation][...]toavoidthelongcomputationifthefirstconditionismet.See[CASEIGNOREDP],page89.notNOTtfoutputsTRUEiftheinputisFALSE,andviceversa.Theinputcanbealist,inwhichcaseitistakenasanexpressiontorun;thatexpressionmustproduceaTRUEorFALSEvalue.





Chapter6:Graphics376GraphicsBerkeleyLogoprovidestraditionalLogoturtlegraphicswithoneturtle.Multipleturtles,dynamicturtles,andcollisiondetectionarenotsupported.Thisisthemosthardware-dependentpartofLogo;somefeaturesmayexistonsomemachinesbutnotothers.Nev-ertheless,thegoalhasbeentomakeLogoprogramsasportableaspossible,ratherthantotakefullestadvantageofthecapabilitiesofeachmachine.Inparticular,Logoattemptstoscalethescreensothatturtlecoordinates[–100–100]and[100100]fitonthegraphicswindow,andsothattheaspectratiois1:1.Thecenterofthegraphicswindow(whichmayormaynotbetheentirescreen,dependingonthemachineused)isturtlelocation[00].PositiveXistotheright;positiveYisup.Headings(angles)aremeasuredindegreesclockwisefromthepositiveYaxis.(ThisdiffersfromthecommonmathematicalconventionofmeasuringanglescounterclockwisefromthepositiveXaxis.)Theturtleisrepresentedasanisocelestriangle;theactualturtlepositionisatthemidpointofthebase(theshortside).However,theturtleisdrawnonestepbehinditsactualposition,sothatthedisplayofthebaseoftheturtle’striangledoesnotobscurealinedrawnperpendiculartoit(aswouldhappenafterdrawingasquare).Colorsare,ofcourse,hardware-dependent.However,Logoprovidespartialhardwareinde-pendencebyinterpretingcolornumbers0through7uniformlyonallcomputers:0black1blue2green3cyan4red5magenta6yellow7whiteWherepossible,Logoprovidesadditionaluser-settablecolors;howmanyareavailablede-pendsonthehardwareandoperatingsystemenvironment.Ifatleast16colorsareavailable,Logotriestoprovideuniforminitialsettingsforthecolors8-15:8brown9tan10forest11aqua12salmon13purple14orange15greyLogobeginswithablackbackgroundandwhitepen.6.1TurtleMotionforwardFORWARDdistFDdistmovestheturtleforward,inthedirectionthatit’sfacing,bythespecifieddistance(measuredinturtlesteps).backBACKdistBKdistmovestheturtlebackward,i.e.,exactlyoppositetothedirectionthatit’sfacing,bythespecifieddistance.(Theheadingoftheturtledoesnotchange.)



38BERKELEYLOGO6.0leftLEFTdegreesLTdegreesturnstheturtlecounterclockwisebythespecifiedangle,measuredindegrees(1/360ofacircle).rightRIGHTdegreesRTdegreesturnstheturtleclockwisebythespecifiedangle,measuredindegrees(1/360ofacircle).setposSETPOSposmovestheturtletoanabsolutepositioninthegraphicswindow.Theinputisalistoftwonumbers,theXandYcoordinates.setxySETXYxcorycormovestheturtletoanabsolutepositioninthegraphicswindow.Thetwoinputsarenumbers,theXandYcoordinates.setxSETXxcormovestheturtlehorizontallyfromitsoldpositiontoanewabsolutehorizontalcoordinate.TheinputisthenewXcoordinate.setySETYycormovestheturtleverticallyfromitsoldpositiontoanewabsoluteverticalcoordinate.TheinputisthenewYcoordinate.setheadingSETHEADINGdegreesSETHdegreesturnstheturtletoanewabsoluteheading.Theinputisanumber,theheadingindegreesclockwisefromthepositiveYaxis.homeHOMEmovestheturtletothecenterofthescreen.EquivalenttoSETPOS[00]SETHEADING0.See[SETPOS],page38,See[SETHEADING],page38.



Chapter6:Graphics39arcARCangleradiusdrawsanarcofacircle,withtheturtleatthecenter,withthespecifiedradius,startingattheturtle’sheadingandextendingclockwisethroughthespecifiedangle.Theturtledoesnotmove.6.2TurtleMotionQueriesposPOSoutputstheturtle’scurrentposition,asalistoftwonumbers,theXandYcoordinates.xcorXCOR(libraryprocedure)outputsanumber,theturtle’sXcoordinate.ycorYCOR(libraryprocedure)outputsanumber,theturtle’sYcoordinate.headingHEADINGoutputsanumber,theturtle’sheadingindegrees.towardsTOWARDSposoutputsanumber,theheadingatwhichtheturtleshouldbefacingsothatitwouldpointfromitscurrentpositiontothepositiongivenastheinput.scrunchSCRUNCHoutputsalistcontainingtwonumbers,theXandYscrunchfactors,asusedbySETSCRUNCH.(ButnotethatSETSCRUNCHtakestwonumbersasinputs,notonelistofnumbers.)See[SETSCRUNCH],page42.6.3TurtleandWindowControlshowturtleSHOWTURTLESTmakestheturtlevisible.



40BERKELEYLOGO6.0hideturtleHIDETURTLEHTmakestheturtleinvisible.It’sagoodideatodothiswhileyou’reinthemiddleofacomplicateddrawing,becausehidingtheturtlespeedsupthedrawingsubstantially.cleanCLEANerasesalllinesthattheturtlehasdrawnonthegraphicswindow.Theturtle’sstate(posi-tion,heading,penmode,etc.)isnotchanged.clearscreenCLEARSCREENCSerasesthegraphicswindowandsendstheturtletoitsinitialpositionandheading.LikeHOMEandCLEANtogether.See[HOME],page38.wrapWRAPtellstheturtletoenterwrapmode:Fromnowon,iftheturtleisaskedtomovepasttheboundaryofthegraphicswindow,itwill"wraparound"andreappearattheoppositeedgeofthewindow.Thetopedgewrapstothebottomedge,whiletheleftedgewrapstotherightedge.(Sothewindowistopologicallyequivalenttoatorus.)Thisistheturtle’sinitialmode.CompareWINDOWandFENCE.See[FENCE],page40.windowWINDOWtellstheturtletoenterwindowmode:Fromnowon,iftheturtleisaskedtomovepasttheboundaryofthegraphicswindow,itwillmoveoffscreen.Thevisiblegraphicswindowisconsideredasjustpartofaninfinitegraphicsplane;theturtlecanbeanywhereontheplane.(Ifyoulosetheturtle,HOMEwillbringitbacktothecenterofthewindow.)CompareWRAPandFENCE.See[HOME],page38.fenceFENCEtellstheturtletoenterfencemode:Fromnowon,iftheturtleisaskedtomovepasttheboundaryofthegraphicswindow,itwillmoveasfarasitcanandthenstopattheedgewithan"outofbounds"errormessage.CompareWRAPandWINDOW.



Chapter6:Graphics41See[WRAP],page40.fillFILLfillsinaregionofthegraphicswindowcontainingtheturtleandboundedbylinesthathavebeendrawnearlier.Thisisnotportable;itdoesn’tworkforallmachines,andmaynotworkexactlythesamewayondifferentmachines.filledFILLEDcolorinstructionsrunstheinstructions,rememberingallpointsvisitedbyturtlemotioncommands,startingandendingwiththeturtle’sinitialposition.Thendraws(ignoringpenmode)theresult-ingpolygon,inthecurrentpencolor,fillingthepolygonwiththegivencolor,whichcanbeacolornumberoranRGBlist.TheinstructionlistcannotincludeanotherFILLEDinvocation.(wxWidgetsonly)labelLABELtexttakesawordorlistasinput,andprintstheinputonthegraphicswindow,startingattheturtle’sposition.setlabelheightSETLABELHEIGHTheightcommand(wxWidgetsonly).Takesapositiveintegerargumentandtriestosetthefontsizesothatthecharacterheight(includingdescenders)isthatmanyturtlesteps.ThiswillbedifferentfromthenumberofscreenpixelsifSETSCRUNCHhasbeenused.Also,notethatSETSCRUNCHchangesthefontsizetotrytopreservethisheightinturtlesteps.NotethatthequeryoperationcorrespondingtothiscommandisLABELSIZE,notLABELHEIGHT,becauseittellsyouthewidthaswellastheheightofcharactersinthecurrentfont.textscreenTEXTSCREENTSrearrangesthesizeandpositionofwindowstomaximizethespaceavailableinthetextwindow(thewindowusedforinteractionwithLogo).Thedetailsdifferamongmachines.CompareSPLITSCREENandFULLSCREEN.See[SPLITSCREEN],page42.fullscreenFULLSCREENFSrearrangesthesizeandpositionofwindowstomaximizethespaceavailableinthegraphicswindow.Thedetailsdifferamongmachines.CompareSPLITSCREENandTEXTSCREEN.



42BERKELEYLOGO6.0Sincetheremustbeatextwindowtoallowprinting(includingtheprintingoftheLogoprompt),Logoautomaticallyswitchesfromfullscreentosplitscreenwheneveranythingisprinted.IntheDOSversion,switchingfromfullscreentosplitscreenlosesthepartofthepicturethat’shiddenbythetextwindow.[Thisdesigndecisionfollowsfromthescarcityofmemory,sothattheextramemorytorememberaninvisiblepartofadrawingseemstooexpensive.]splitscreenSPLITSCREENSSrearrangesthesizeandpositionofwindowstoallowsomeroomfortextinteractionwhilealsokeepingmostofthegraphicswindowvisible.Thedetailsdifferamongmachines.CompareTEXTSCREENandFULLSCREEN.See[TEXTSCREEN],page41.setscrunchSETSCRUNCHxscaleyscaleadjuststheaspectratioandscalingofthegraphicsdisplay.Afterthiscommandisused,allfurtherturtlemotionwillbeadjustedbymultiplyingthehorizontalandverticalextentofthemotionbythetwonumbersgivenasinputs.Forexample,aftertheinstructionSETSCRUNCH21motionataheadingof45degreeswillmovetwiceasfarhorizontallyasvertically.Ifyoursquaresdon’tcomeoutsquare,trythis.(Alternatively,youcandeliberatelymisadjusttheaspectratiotodrawanellipse.)Forallmoderncomputers,bothscalefactorsareinitially1.ForDOSmachines,thescalefactorsareinitiallysetaccordingtowhatthehardwareclaimstheaspectratiois,butthehardwaresometimeslies.ForDOS,thevaluessetbySETSCRUNCHarerememberedinafile(calledscrunch.dat)andareautomaticallyputintoeffectwhenaLogosessionbegins.refreshREFRESH(command)tellsLogotoremembertheturtle’smotionssothattheycanbeusedforhigh-resolutionprinting(wxWidgets)ortorefreshthegraphicswindowifitismoved,resized,oroverlayed(non-wxWidgets).Thisisthedefault.norefreshNOREFRESH(command)tellsLogonottoremembertheturtle’smotions,whichmaybeusefultosavetimeandmemoryifyourprogramisinteractiveoranimated,ratherthandrawingastaticpictureyou’llwanttoprintlater(wxWidgets).Innon-wxWidgetsversions,usingNORE-FRESHmaypreventLogofromrestoringthegraphicsimageafterthewindowismoved,resized,oroverlayed.6.4TurtleandWindowQueries



Chapter6:Graphics43shownpSHOWNPSHOWN?outputsTRUEiftheturtleisshown(visible),FALSEiftheturtleishidden.SeeSHOWTURTLEandHIDETURTLE.See[SHOWTURTLE],page39,[HIDETURTLE],page40.screenmodeSCREENMODEoutputsthewordTEXTSCREEN,SPLITSCREEN,orFULLSCREENdependingonthecurrentscreenmode.turtlemodeTURTLEMODEoutputsthewordWRAP,FENCE,orWINDOWdependingonthecurrentturtlemode.labelsizeLABELSIZE(wxWidgetsonly)outputsalistoftwopositiveintegers,thewidthandheightofcharactersdisplayedbyLABELmeasuredinturtlesteps(whichwillbedifferentfromscreenpixelsifSETSCRUNCHhasbeenused).ThereisnoSETLABELSIZEbecausethewidthandheightofafontarenotseparatelycontrollable,sotheinverseofthisoperationisSETLABELHEIGHT,whichtakesjustonenumberforthedesiredheight.6.5PenandBackgroundControlTheturtlecarriesapenthatcandrawpictures.AtanytimethepencanbeUP(inwhichcasemovingtheturtledoesnotchangewhat’sonthegraphicsscreen)orDOWN(inwhichcasetheturtleleavesatrace).Ifthepenisdown,itcanoperateinoneofthreemodes:PAINT(sothatitdrawslineswhentheturtlemoves),ERASE(sothatiterasesanylinesthatmighthavebeendrawnonorthroughthatpathearlier),orREVERSE(sothatitinvertsthestatusofeachpointalongtheturtle’spath).pendownPENDOWNPDsetsthepen’spositiontoDOWN,withoutchangingitsmode.penupPENUPPUsetsthepen’spositiontoUP,withoutchangingitsmode.



44BERKELEYLOGO6.0penpaintPENPAINTPPTsetsthepen’spositiontoDOWNandmodetoPAINT.penerasePENERASEPEsetsthepen’spositiontoDOWNandmodetoERASE.See[ERASE],page57.penreversePENREVERSEPXsetsthepen’spositiontoDOWNandmodetoREVERSE.(Thismayinteractinsystem-dependentwayswithuseofcolor.)See[REVERSE],page10.setpencolorSETPENCOLORcolornumber.or.rgblistSETPCcolornumber.or.rgblistsetsthepencolortothegivennumber,whichmustbeanonnegativeinteger.Thereareinitialassignmentsforthefirst16colors:0black1blue2green3cyan4red5magenta6yellow7white8brown9tan10forest11aqua12salmon13purple14orange15greybutothercolorscanbeassignedtonumbersbythePALETTEcommand.Alternatively,setsthepencolortothegivenRGBvalues(alistofthreenonnegativenumberslessthan100specifyingthepercentsaturationofred,green,andblueinthedesiredcolor).setpaletteSETPALETTEcolornumberrgblistsetstheactualcolorcorrespondingtoagivennumber,ifallowedbythehardwareandoperatingsystem.Colornumbermustbeanintegergreaterthanorequalto8.(Logotriestokeepthefirst8colorsconstant.)Thesecondinputisalistofthreenonnegativenumberslessthan100specifyingthepercentsaturationofred,green,andblueinthedesiredcolor.setpensizeSETPENSIZEsize



Chapter6:Graphics45setsthethicknessofthepen.Theinputiseitherasinglepositiveintegeroralistoftwopositiveintegers(forhorizontalandverticalthickness).Someversionspaynoattentiontothesecondnumber,butalwayshaveasquarepen.setpenpatternSETPENPATTERNpatternsetshardware-dependentpencharacteristics.Thiscommandisnotguaranteedcompatiblebetweenimplementationsondifferentmachines.setpenSETPENlist(libraryprocedure)setsthepen’sposition,mode,thickness,andhardware-dependentcharacteristicsaccordingtotheinformationintheinputlist,whichshouldbetakenfromanearlierinvocationofPEN.See[PEN],page46.setbackgroundSETBACKGROUNDcolornumber.or.rgblistSETBGcolornumber.or.rgblistsetthescreenbackgroundcolorbyslotnumberorRGBvalues.SeeSETPENCOLORfordetails.See[SETPENCOLOR],page44.6.6PenQueriespendownpPENDOWNPPENDOWN?outputsTRUEifthepenisdown,FALSEifit’sup.penmodePENMODEoutputsoneofthewordsPAINT,ERASE,orREVERSEaccordingtothecurrentpenmode.See[ERASE],page57,[REVERSE],page10.pencolorPENCOLORPCoutputsacolornumber,anonnegativeintegerthatisassociatedwithaparticularcolor,oralistofRGBvaluesifsuchalistwasusedasthemostrecentinputtoSETPENCOLOR.Thereareinitialassignmentsforthefirst16colors:0black1blue2green3cyan



46BERKELEYLOGO6.04red5magenta6yellow7white8brown9tan10forest11aqua12salmon13purple14orange15greybutothercolorscanbeassignedtonumbersbythePALETTEcommand.palettePALETTEcolornumberoutputsalistofthreenonnegativenumberslessthan100specifyingthepercentsaturationofred,green,andblueinthecolorassociatedwiththegivennumber.pensizePENSIZEoutputsalistoftwopositiveintegers,specifyingthehorizontalandverticalthicknessoftheturtlepen.(Insomeimplementations,includingwxWidgets,thetwonumbersarealwaysequal.)PENPATTERNoutputssystem-specificpeninformation.penPEN(libraryprocedure)outputsalistcontainingthepen’sposition,mode,thickness,andhardware-specificcharac-teristics,forusebySETPEN.See[SETPEN],page45.backgroundBACKGROUNDBGoutputsthegraphicsbackgroundcolor,eitherasaslotnumberorasanRGBlist,whicheverwayitwasset.(SeePENCOLOR.)6.7SavingandLoadingPicturessavepictSAVEPICTfilenamecommand.Writesafilewiththespecifiednamecontainingthestateofthegraphicswindow,includinganynonstandardcolorpalettesettings,inLogo’sinternalformat.ThispicturecanberestoredtothescreenusingLOADPICT.Theformatisnotportablebetweenplatforms,norisitreadablebyotherprograms.[EPSPICT],page47toexportLogographicsforotherprograms.loadpictLOADPICTfilename



Chapter6:Graphics47command.Readsthespecifiedfile,whichmusthavebeenwrittenbyaSAVEPICTcommand,andrestoresthegraphicswindowandcolorpalettesettingstothevaluesstoredinthefile.Anydrawingpreviouslyonthescreeniscleared.See[SAVEPICT],page46.epspictEPSPICTfilenamecommand.Writesafilewiththespecifiedname,containinganEncapsulatedPostscript(EPS)representationofthestateofthegraphicswindow.ThisfilecanbeimportedintootherprogramsthatunderstandEPSformat.Restrictions:thedrawingcannotuseFILL,PENERASE,orPENREVERSE;anysuchinstructionswillbeignoredinthetranslationtoPost-scriptform.See[FILL],page41,See[PENERASE],page44,See[PENREVERSE],page44.6.8MouseQueriesmouseposMOUSEPOSoutputsthecoordinatesofthemouse,providedthatit’swithinthegraphicswindow,inturtlecoordinates.Ifthemouseisoutsidethegraphicswindow,thenthelastpositionwithinthewindowisreturned.Exception:Ifamousebuttonispressedwithinthegraphicswindowandheldwhilethemouseisdraggedoutsidethewindow,themouse’spositionisreturnedasifthewindowwerebigenoughtoincludeit.clickposCLICKPOSoutputsthecoordinatesthatthemousewasatwhenamousebuttonwasmostrecentlypushed,providedthatthatpositionwaswithinthegraphicswindow,inturtlecoordinates.(wxWidgetsonly)buttonpBUTTONPBUTTON?outputsTRUEifamousebuttonisdownandthemouseisoverthegraphicswindow.Oncethebuttonisdown,BUTTONPremainstrueuntilthebuttonisreleased,evenifthemouseisdraggedoutofthegraphicswindow.buttonBUTTONoutputs0ifnomousebuttonhasbeenpushedinsidetheLogowindowsincethelastcalltoBUTTON.Otherwise,itoutputsanintegerbetween1and3indicatingwhichbuttonwasmostrecentlypressed.Ordinarily1meansleft,2meansright,and3meanscenter,butoperatingsystemsmayreconfigurethese.





Chapter7:WorkspaceManagement497WorkspaceManagement7.1ProcedureDefinitiontoTOprocname:input1:input2...(specialform)command.PreparesLogotoacceptaproceduredefinition.Theprocedurewillbenamedprocnameandtheremustnotalreadybeaprocedurebythatname.Theinputswillbecalledinput1etc.Anynumberofinputsareallowed,includingnone.Namesofproceduresandinputsarecase-insensitive.UnlikeeveryotherLogoprocedure,TOtakesasitsinputstheactualwordstypedintheinstructionline,asiftheywereallquoted,ratherthantheresultsofevaluatingexpressionstoprovidetheinputs.(That’swhatspecialformmeans.)ThisversionofLogoallowsvariablenumbersofinputstoaprocedure.Aftertheprocedurenamecomefourkindsofthings,inthisorder:1.0ormoreREQUIREDinputs:FOO:FROBOZZ2.0ormoreOPTIONALinputs[:BAZ87][:THINGO5+9]3.0or1RESTinput[:GARPLY]4.0or1DEFAULTnumber5Everyprocedurehasaminimum,default,andmaximumnumberofinputs.(Thelattercanbeinfinite.)Theminimumnumberofinputsisthenumberofrequiredinputs,whichmustcomefirst.Arequiredinputisindicatedbythe:inputnamenotation.Afteralltherequiredinputscanbezeroormoreoptionalinputs,eachofwhichisrepresentedbythefollowingnotation:[:inputnamedefault.value.expression]Whentheprocedureisinvoked,ifactualinputsarenotsuppliedfortheseoptionalinputs,thedefaultvalueexpressionsareevaluatedtosetvaluesforthecorrespondinginputnames.Theinputsareprocessedfromlefttoright,soadefaultvalueexpressioncanbebasedonearlierinputs.Example:toproc:inlist[:startvaluefirst:inlist]Iftheprocedureisinvokedbysayingproc[abc]thenthevariableinlistwillhavethevalue[ABC]andthevariablestartvaluewillhavethevalueA.Iftheprocedureisinvokedbysaying(proc[abc]"x)



50BERKELEYLOGO6.0theninlistwillhavethevalue[ABC]andstartvaluewillhavethevalueX.Afteralltherequiredandoptionalinputcancomeasinglerestinput,representedbythefollowingnotation:[:inputname]Thisisarestinputratherthananoptionalinputbecausethereisnodefaultvalueexpres-sion.Therecanbeatmostonerestinput.Whentheprocedureisinvoked,thevalueofthisinputnamewillbealistcontainingalloftheactualinputsprovidedthatwerenotusedforrequiredoroptionalinputs.Example:toproc:in1[:in2"foo][:in3"baz][:in4]Ifthisprocedureisinvokedbysayingproc"xthenin1hasthevalueX,in2hasthevalueFOO,in3hasthevalueBAZ,andin4hasthevalue[](theemptylist).Ifit’sinvokedbysaying(proc"a"b"c"d"e)thenin1hasthevalueA,in2hasthevalueB,in3hasthevalueC,andin4hasthevalue[DE].Themaximumnumberofinputsforaprocedureisinfiniteifarestinputisgiven;otherwise,itisthenumberofrequiredinputsplusthenumberofoptionalinputs.Thedefaultnumberofinputsforaprocedure,whichisthenumberofinputsthatitwillacceptifitsinvocationisnotenclosedinparentheses,isordinarilyequaltotheminimumnumber.IfyouwantadifferentdefaultnumberyoucanindicatethatbyputtingthedesireddefaultnumberasthelastthingontheTOline.example:toproc:in1[:in2"foo][:in3]3Thisprocedurehasaminimumofoneinput,adefaultofthreeinputs,andaninfinitemaximum.LogorespondstotheTOcommandbyenteringproceduredefinitionmode.Thepromptcharacterchangesfrom?to>andwhateverinstructionsyoutypebecomepartofthedefinitionuntilyoutypealinecontainingonlythewordEND.defineDEFINEprocnametextcommand.Definesaprocedurewithnameprocnameandtexttext.Ifthereisalreadyaprocedurewiththesamename,thenewdefinitionreplacestheoldone.Thetextinputmustbealistwhosemembersarelists.Thefirstmemberisalistofinputs;itlookslikeaTOlinebutwithoutthewordTO,withouttheprocedurename,andwithoutthecolonsbeforeinputnames.Inotherwords,themembersofthisfirstsublistarewordsforthenamesofrequiredinputsandlistsforthenamesofoptionalorrestinputs.Theremainingsublistsofthetextinputmakeupthebodyoftheprocedure,withonesublistforeachinstructionline



Chapter7:WorkspaceManagement51ofthebody.(ThereisnoENDlineinthetextinput.)ItisanerrortoredefineaprimitiveprocedureunlessthevariableREDEFPhasthevalueTRUE.See[REDEFP],page91.textTEXTprocnameoutputsthetextoftheprocedurenamedprocnameintheformexpectedbyDEFINE:alistoflists,thefirstofwhichdescribestheinputstotheprocedureandtherestofwhicharethelinesofitsbody.Thetextdoesnotreflectformattinginformationusedwhentheprocedurewasdefined,suchascontinuationlinesandextraspaces.fulltextFULLTEXTprocnameoutputsarepresentationoftheprocedureprocnameinwhichformattinginformationispreserved.IftheprocedurewasdefinedwithTO,EDIT,orLOAD,thentheoutputisalistofwords.EachwordrepresentsoneentirelineofthedefinitionintheformoutputbyREADWORD,includingextraspacesandcontinuationlines.ThelastmemberoftheoutputrepresentstheENDline.IftheprocedurewasdefinedwithDEFINE,thentheoutputisalistoflists.Iftheselistsareprinted,oneperline,theresultwilllooklikeadefinitionusingTO.Note:theoutputfromFULLTEXTisnotsuitableforuseasinputtoDEFINE!See[TO],page49,[EDIT],page61,[LOAD],page63,[DEFINE],page50.copydefCOPYDEFnewnameoldnamecommand.Makesnewnameaprocedureidenticaltooldname.Thelattermaybeaprimi-tive.Ifnewnamewasalreadydefined,itspreviousdefinitionislost.Ifnewnamewasalreadyaprimitive,theredefinitionisnotpermittedunlessthevariableREDEFPhasthevalueTRUE.Note:dialectsofLogodifferastotheorderofinputstoCOPYDEF.Thisdialectuses"MAKEorder,"not"NAMEorder."See[REDEFP],page91,[SAVE],page62,[PO],page56,[POT],page57.7.2VariableDefinitionmakeMAKEvarnamevaluecommand.Assignsthevaluevaluetothevariablenamedvarname,whichmustbeaword.Variablenamesarecase-insensitive.Ifavariablewiththesamenamealreadyexists,thevalueofthatvariableischanged.Ifnot,anewglobalvariableiscreated.nameNAMEvaluevarname(libraryprocedure)command.SameasMAKEbutwiththeinputsinreverseorder.



52BERKELEYLOGO6.0localLOCALvarnameLOCALvarnamelist(LOCALvarname1varname2...)command.Acceptsasinputsoneormorewords,oralistofwords.Avariableiscreatedforeachofthesewords,withthatwordasitsname.Thevariablesarelocaltothecurrentlyrunningprocedure.Logovariablesfollowdynamicscoperules;avariablethatislocaltoaprocedureisavailabletoanysubprocedureinvokedbythatprocedure.ThevariablescreatedbyLOCALhavenoinitialvalue;theymustbeassignedavalue(e.g.,withMAKE)beforetheprocedureattemptstoreadtheirvalue.See[MAKE],page51.localmakeLOCALMAKEvarnamevalue(libraryprocedure)command.Makesthenamedvariablelocal,likeLOCAL,andassignsitthegivenvalue,likeMAKE.See[LOCAL],page52,See[MAKE],page51.thingTHINGvarname:quoted.varnameoutputsthevalueofthevariablewhosenameistheinput.Ifthereismorethanonesuchvariable,theinnermostlocalvariableofthatnameischosen.ThecolonnotationisanabbreviationnotforTHINGbutforthecombinationthing"sothat:FOOmeansTHING"FOO.globalGLOBALvarnameGLOBALvarnamelist(GLOBALvarname1varname2...)command.Acceptsasinputsoneormorewords,oralistofwords.Aglobalvariableiscreatedforeachofthesewords,withthatwordasitsname.Theonlyreasonthisisnecessaryisthatyoumightwanttousethe"setter"notationSETXYZforavariableXYZthatdoesnotalreadyhaveavalue;GLOBAL"XYZmakesthatlegal.Note:Ifthereiscurrentlyalocalvariableofthesamename,thiscommanddoes*not*makeLogousetheglobalvalueinsteadofthelocalone.



Chapter7:WorkspaceManagement537.3PropertyListsNote:Namesofpropertylistsarealwayscase-insensitive.Namesofindividualpropertiesarecase-sensitiveorcase-insensitivedependingonthevalueofCASEIGNOREDP,whichisTRUEbydefault.See[CASEIGNOREDP],page89.Inprinciple,everypossiblenameisthenameofapropertylist,whichisinitiallyempty.SoLogonevergivesa"nosuchpropertylist"error,asitwouldforundefinedprocedureorvariablenames.Buttheprimitiveproceduresthatdealwith"all"propertylists(CONTENTS,PLISTS,etc.)listonlynonemptyones.To"erase"apropertylist[ERASE],page57meanstomakeitempty,removingallpropertiesfromit.ppropPPROPplistnamepropnamevaluecommand.Addsapropertytotheplistnamepropertylistwithnamepropnameandvaluevalue.gpropGPROPplistnamepropnameoutputsthevalueofthepropnamepropertyintheplistnamepropertylist,ortheemptylistifthereisnosuchproperty.rempropREMPROPplistnamepropnamecommand.Removesthepropertynamedpropnamefromthepropertylistnamedplistname.plistPLISTplistnameoutputsalistwhoseodd-numberedmembersarethenames,andwhoseeven-numberedmembersarethevalues,ofthepropertiesinthepropertylistnamedplistname.Theoutputisacopyoftheactualpropertylist;changingpropertieslaterwillnotmagicallychangealistoutputearlierbyPLIST.7.4WorkspacePredicatesprocedurepPROCEDUREPnamePROCEDURE?nameoutputsTRUEiftheinputisthenameofaprocedure.primitivepPRIMITIVEPnamePRIMITIVE?name



54BERKELEYLOGO6.0outputsTRUEiftheinputisthenameofaprimitiveprocedure(onebuiltintoLogo).Notethatsomeoftheproceduresdescribedinthisdocumentarelibraryprocedures,notprimitives.definedpDEFINEDPnameDEFINED?nameoutputsTRUEiftheinputisthenameofauser-definedprocedure,includingalibraryprocedure.namepNAMEPnameNAME?nameoutputsTRUEiftheinputisthenameofavariable.plistpPLISTPnamePLIST?nameoutputsTRUEiftheinputisthenameofanonemptypropertylist.(Inprincipleeverywordisthenameofapropertylist;ifyouhaven’tputanypropertiesinit,PLISTofthatnameoutputsanemptylist,ratherthangivinganerrormessage.)7.5WorkspaceQueriesNote:Allprocedureswhoseinputisindicatedascontentslistwillacceptasingleword(takenasaprocedurename),alistofwords(takenasnamesofprocedures),oralistofthreelistsasdescribedundertheCONTENTScommandabove.contentsCONTENTSoutputsa"contentslist,"i.e.,alistofthreelistscontainingnamesofdefinedprocedures,variables,andpropertylistsrespectively.Thislistincludesallunburiednameditemsintheworkspace.buriedBURIEDoutputsacontentslistincludingallburiednameditemsintheworkspace.tracedTRACEDoutputsacontentslistincludingalltracednameditemsintheworkspace.steppedSTEPPED



Chapter7:WorkspaceManagement55outputsacontentslistincludingallsteppednameditemsintheworkspace.proceduresPROCEDURESoutputsalistofthenamesofallunburieduser-definedproceduresintheworkspace.Notethatthisisalistofnames,notacontentslist.(However,proceduresthatrequireacontentslistasinputwillacceptthislist.)primitivesPRIMITIVESoutputsalistofthenamesofallprimitiveproceduresintheworkspace.Notethatthisisalistofnames,notacontentslist.(However,proceduresthatrequireacontentslistasinputwillacceptthislist.)namesNAMESoutputsacontentslistconsistingofanemptylist(indicatingnoprocedurenames)followedbyalistofallunburiedvariablenamesintheworkspace.plistsPLISTSoutputsacontentslistconsistingoftwoemptylists(indicatingnoproceduresorvariables)followedbyalistofallunburiednonemptypropertylistsintheworkspace.namelistNAMELISTvarname(libraryprocedure)NAMELISTvarnamelistoutputsacontentslistconsistingofanemptylistfollowedbyalistofthenameornamesgivenasinput.Thisisusefulinconjunctionwithworkspacecontrolproceduresthatrequireacontentslistasinput.pllistPLLISTplname(libraryprocedure)PLLISTplnamelistoutputsacontentslistconsistingoftwoemptylistsfollowedbyalistofthenameornamesgivenasinput.Thisisusefulinconjunctionwithworkspacecontrolproceduresthatrequireacontentslistasinput.See[CONTENTS],page54.arityARITYprocedurename



56BERKELEYLOGO6.0outputsalistofthreenumbers:theminimum,default,andmaximumnumberofinputsfortheprocedurewhosenameistheinput.Itisanerrorifthereisnosuchprocedure.Amaximumof-1meansthatthenumberofinputsisunlimited.nodesNODESoutputsalistoftwonumbers.Thefirstrepresentsthenumberofnodesofmemorycurrentlyinuse.ThesecondshowsthemaximumnumberofnodesthathavebeeninuseatanytimesincethelastinvocationofNODES.(AnodeisasmallblockofcomputermemoryasusedbyLogo.Eachnumberusesonenode.Eachnon-numericwordusesonenode,plussomenon-nodememoryforthecharactersintheword.Eacharraytakesonenode,plussomenon-nodememory,aswellasthememoryrequiredbyitselements.Eachlistrequiresonenodeperelement,aswellasthememorywithintheelements.)Ifyouwanttotrackthememoryuseofanalgorithm,itisbestifyouinvokeGCatthebeginningofeachiteration,sinceotherwisethemaximumwillincludestoragethatisunusedbutnotyetcollected.7.6WorkspaceInspectionpoPRINTOUTcontentslistPOcontentslistcommand.Printstothewritestreamthedefinitionsofallprocedures,variables,andprop-ertylistsnamedintheinputcontentslist.poallPOALL(libraryprocedure)command.Printsallunburieddefinitionsintheworkspace.AbbreviatesPOCONTENTS.See[CONTENTS],page54.popsPOPS(libraryprocedure)command.Printsthedefinitionsofallunburiedproceduresintheworkspace.AbbreviatesPOPROCEDURES.See[PO],page56,[PROCEDURES],page55.ponsPONS(libraryprocedure)command.Printsthedefinitionsofallunburiedvariablesintheworkspace.AbbreviatesPONAMES.See[PO],page56,[NAMES],page55.



Chapter7:WorkspaceManagement57poplsPOPLS(libraryprocedure)command.Printsthecontentsofallunburiednonemptypropertylistsintheworkspace.AbbreviatesPOPLISTS.See[PO],page56,[PLISTS],page55.ponPONvarname(libraryprocedure)PONvarnamelistcommand.Printsthedefinitionsofthenamedvariable(s).AbbreviatesPONAMELISTvarname(list).See[PO],page56,[NAMELIST],page55.poplPOPLplname(libraryprocedure)POPLplnamelistcommand.Printsthedefinitionsofthenamedpropertylist(s).AbbreviatesPOPLLISTplname(list).See[PO],page56,[PLLIST],page55.potPOTcontentslistcommand.Printsthetitlelinesofthenamedproceduresandthedefinitionsofthenamedvariablesandpropertylists.Forpropertylists,theentirelistisshownononelineinsteadofasaseriesofPPROPinstructionsasinPO.See[PPROP],page53,[PO],page56.potsPOTS(libraryprocedure)command.Printsthetitlelinesofallunburiedproceduresintheworkspace.AbbreviatesPOTPROCEDURES.See[PROCEDURES],page55.7.7WorkspaceControleraseERASEcontentslistERcontentslist



58BERKELEYLOGO6.0command.Erasesfromtheworkspacetheprocedures,variables,andpropertylistsnamedintheinput.PrimitiveproceduresmaynotbeerasedunlessthevariableREDEFPhasthevalueTRUE.See[REDEFP],page91.erallERALLcommand.Erasesallunburiedprocedures,variables,andpropertylistsfromtheworkspace.AbbreviatesERASECONTENTS.See[CONTENTS],page54.erpsERPScommand.Erasesallunburiedproceduresfromtheworkspace.AbbreviatesERASEPROCEDURES.See[ERASE],page57,[PROCEDURES],page55.ernsERNScommand.Erasesallunburiedvariablesfromtheworkspace.AbbreviatesERASENAMES.See[ERASE],page57,[NAMES],page55.erplsERPLScommand.Erasesallunburiedpropertylistsfromtheworkspace.AbbreviatesERASEPLISTS.See[ERASE],page57,[PLISTS],page55.ernERNvarname(libraryprocedure)ERNvarnamelistcommand.Erasesfromtheworkspacethevariable(s)namedintheinput.AbbreviatesERASENAMELISTvarname(list).See[ERASE],page57,[NAMELIST],page55.erplERPLplname(libraryprocedure)ERPLplnamelistcommand.Erasesfromtheworkspacethepropertylist(s)namedintheinput.AbbreviatesERASEPLLISTplname(list).



Chapter7:WorkspaceManagement59See[ERASE],page57,[PLLIST],page55.buryBURYcontentslistcommand.Buriestheprocedures,variables,andpropertylistsnamedintheinput.AburieditemisnotincludedinthelistsoutputbyCONTENTS,PROCEDURES,VARIABLES,andPLISTS,butisincludedinthelistoutputbyBURIED.Byimplication,buriedthingsarenotprintedbyPOALLorsavedbySAVE.See[CONTENTS],page54,[PROCEDURES],page55,[PONS],page56,[PLISTS],page55,[POALL],page56,[SAVE],page62.buryallBURYALL(libraryprocedure)command.AbbreviatesBURYCONTENTS.See[CONTENTS],page54.burynameBURYNAMEvarname(libraryprocedure)BURYNAMEvarnamelistcommand.AbbreviatesBURYNAMELISTvarname(list).See[BURY],page59,[NAMELIST],page55.unburyUNBURYcontentslistcommand.Unburiestheprocedures,variables,andpropertylistsnamedintheinput.Thatis,thenameditemswillbereturnedtoviewinCONTENTS,etc.See[CONTENTS],page54.unburyallUNBURYALL(libraryprocedure)command.AbbreviatesUNBURYBURIED.See[BURIED],page54.unburynameUNBURYNAMEvarname(libraryprocedure)UNBURYNAMEvarnamelistcommand.AbbreviatesUNBURYNAMELISTvarname(list).See[UNBURY],page59,[NAMELIST],page55.



60BERKELEYLOGO6.0buriedpBURIEDPcontentslistBURIED?contentslistoutputsTRUEifthefirstprocedure,variable,orpropertylistnamedinthecontentslistisburied,FALSEifnot.Onlythefirstthinginthelististested;themostcommonusewillbewithawordasinput,namingaprocedure,butacontentslistisallowedsothatyoucanBURIEDP[[][variable]]orBURIEDP[[][][proplist]].traceTRACEcontentslistcommand.Marksthenameditemsfortracing.Amessageisprintedwheneveratracedprocedureisinvoked,givingtheactualinputvalues,andwheneveratracedprocedureSTOPsorOUTPUTs.AmessageisprintedwheneveranewvalueisassignedtoatracedvariableusingMAKE.AmessageisprintedwheneveranewpropertyisgiventoatracedpropertylistusingPPROP.See[STOP],page69,[OUTPUT],page69,[MAKE],page51,[PPROP],page53.untraceUNTRACEcontentslistcommand.Turnsofftracingforthenameditems.tracedpTRACEDPcontentslistTRACED?contentslistoutputsTRUEifthefirstprocedure,variable,orpropertylistnamedinthecontentslististraced,FALSEifnot.Onlythefirstthinginthelististested;themostcommonusewillbewithawordasinput,namingaprocedure,butacontentslistisallowedsothatyoucanTRACEDP[[][variable]]orTRACEDP[[][][proplist]].stepSTEPcontentslistcommand.Marksthenameditemsforstepping.Wheneverasteppedprocedureisinvoked,eachinstructionlineintheprocedurebodyisprintedbeforebeingexecuted,andLogowaitsfortheusertotypeanewlineattheterminal.AmessageisprintedwheneverasteppedvariablenameisshadowedbecausealocalvariableofthesamenameiscreatedeitherasaprocedureinputorbytheLOCALcommand.See[LOCAL],page52.unstepUNSTEPcontentslistcommand.Turnsoffsteppingforthenameditems.



Chapter7:WorkspaceManagement61steppedpSTEPPEDPcontentslistSTEPPED?contentslistoutputsTRUEifthefirstprocedure,variable,orpropertylistnamedinthecontentslistisstepped,FALSEifnot.Onlythefirstthinginthelististested;themostcommonusewillbewithawordasinput,namingaprocedure,butacontentslistisallowedsothatyoucanSTEPPEDP[[][variable]]orSTEPPEDP[[][][proplist]].editEDITcontentslistEDcontentslist(EDIT)(ED)command.Ifinvokedwithaninput,EDITwritesthedefinitionsofthenameditemsintoatemporaryfileandeditsthatfile,usinganeditorthatdependsontheplatformyou’reusing.InwxWidgets,andintheMacOSClassicversion,thereisaneditorbuiltintoLogo.Inthenon-wxWidgetsversionsforUnix,MacOSX,Windows,andDOS,LogousesyourfavoriteeditorasdeterminedbytheEDITORenvironmentvariable.Ifyoudon’thaveanEDITORvariable,editsthedefinitionsusingjove.Ifinvokedwithoutaninput,EDITeditsthesamefileleftoverfromapreviousEDITorEDITFILEinstruction.Whenyouleavetheeditor,Logoreadsthereviseddefinitionsandmodifiestheworkspaceaccordingly.Itisnotanerroriftheinputincludesnamesforwhichthereisnopreviousdefinition.IfthereisavariableLOADNOISILYwhosevalueisTRUE,then,afterleavingtheeditor,TOcommandsinthetemporaryfileprint‘procnamedefined’(whereprocnameisthenameoftheprocedurebeingdefined);ifLOADNOISILYisFALSEorundefined,TOcommandsinthefilearecarriedoutsilently.IfthereisanenvironmentvariablecalledTEMP,thenLogousesitsvalueasthedirectoryinwhichtowritethetemporaryfileusedforediting.Exceptionally,theEDITcommandcanbeusedwithoutitsdefaultinputandwithoutparen-thesesprovidedthatnothingfollowsitontheinstructionline.See[LOADNOISILY],page90,See[EDITFILE],page61.editfileEDITFILEfilenamecommand.StartstheLogoeditor,likeEDIT,butinsteadofeditingatemporaryfileiteditsthefilespecifiedbytheinput.Whenyouleavetheeditor,Logoreadstherevisedfile,asforEDIT.EDITFILEalsoremembersthefilename,sothatasubsequentEDITcommandwithnoinputwillre-editthesamefile.EDITFILEisintendedasanalternativetoLOADandSAVE.Youcanmaintainaworkspacefileyourself,controllingtheorderinwhichdefinitionsappear,maintainingcommentsinthefile,andsoon.



62BERKELEYLOGO6.0InthewxWidgetsversion,EDITFILEaskswhetherornotyouwanttoloadthefileintoLogowhenyoufinishediting.ThisallowsyoutouseEDITFILEtoeditdatafileswithoutleavingLogo.edallEDALL(libraryprocedure)command.AbbreviatesEDITCONTENTS.See[CONTENTS],page54.edpsEDPS(libraryprocedure)command.AbbreviatesEDITPROCEDURES.See[EDIT],page61,[PROCEDURES],page55.ednsEDNS(libraryprocedure)command.AbbreviatesEDITNAMES.See[EDIT],page61,[NAMES],page55.edplsEDPLS(libraryprocedure)command.AbbreviatesEDITPLISTS.See[EDIT],page61,[PLISTS],page55.ednEDNvarname(libraryprocedure)EDNvarnamelistcommand.AbbreviatesEDITNAMELISTvarname(list).See[EDIT],page61,[NAMELIST],page55.edplEDPLplname(libraryprocedure)EDPLplnamelistcommand.AbbreviatesEDITPLLISTplname(list).See[EDIT],page61,[PLLIST],page55.saveSAVEfilenamecommand.Savesthedefinitionsofallunburiedprocedures,variables,andnonemptyprop-ertylistsinthenamedfile.Equivalentto



Chapter7:WorkspaceManagement63tosave:filenamelocal"oldwritermake"oldwriterwriteropenwrite:filenamesetwrite:filenamepoallsetwrite:oldwriterclose:filenameendExceptionally,SAVEcanbeusedwithnoinputandwithoutparenthesesifitisthelastthingonthecommandline.Inthiscase,thefilenamefromthemostrecentLOADorSAVEcommandwillbeused.(ItisanerroriftherehasbeennopreviousLOADorSAVE.)savelSAVELcontentslistfilename(libraryprocedure)command.Savesthedefinitionsoftheprocedures,variables,andpropertylistsspecifiedbycontentslisttothefilenamedfilename.loadLOADfilenamecommand.Readsinstructionsfromthenamedfileandexecutesthem.ThefilecanincludeproceduredefinitionswithTO,andtheseareacceptedevenifaprocedurebythesamenamealreadyexists.IfthefileassignsalistvaluetoavariablenamedSTARTUP,thenthatlistisrunasaninstructionlistafterthefileisloaded.IfthereisavariableLOADNOISILYwhosevalueisTRUE,thenTOcommandsinthefileprint‘procnamedefined’(whereprocnameisthenameoftheprocedurebeingdefined);ifLOADNOISILYisFALSEorundefined,TOcommandsinthefilearecarriedoutsilently.See[STARTUP],page91,See[LOADNOISILY],page90.cslsloadCSLSLOADnamecommand.Loadsthenamedfile,likeLOAD,butfromthedirectorycontainingtheComputerScienceLogoStyleprogramsinsteadofthecurrentuser’sdirectory.See[LOAD],page63.helpHELPname(HELP)command.Printsinformationfromthereferencemanualabouttheprimitiveprocedurenamedbytheinput.Withnoinput,listsalltheprimitivesaboutwhichhelpisavailable.IfthereisanenvironmentvariableLOGOHELP,thenitsvalueistakenasthedirectoryinwhichtolookforhelpfiles,insteadofthedefaulthelpdirectory.



64BERKELEYLOGO6.0IfHELPiscalledwiththenameofadefinedprocedureforwhichthereisnohelpfile,itwillprintthetitlelineoftheprocedurefollowedbylinesfromtheprocedurebodythatstartwithsemicolon,stoppingwhenanon-semicolonlineisseen.Exceptionally,theHELPcommandcanbeusedwithoutitsdefaultinputandwithoutparen-thesesprovidedthatnothingfollowsitontheinstructionline.seteditorSETEDITORpathcommand.TellsLogotousethespecifiedprogramasitseditorinsteadofthedefaulteditor.Theformatofapathdependsonyouroperatingsystem.setliblocSETLIBLOCpathcommand.TellsLogotousethespecifieddirectoryasitslibraryinsteadofthedefault.(NotethatmanyLogo"primitive"proceduresareactuallyfoundinthelibrary,sotheymaybecomeunavailableifyournewlibrarydoesnotincludethem!)Theformatofapathdependsonyouroperatingsystem.setcslslocSETCSLSLOCpathcommand.TellsLogotousethespecifieddirectoryfortheCSLSLOADcommand,insteadofthedefaultdirectory.Theformatofapathdependsonyouroperatingsystem.See[CSLSLOAD],page63.sethelplocSETHELPLOCpathcommand.TellsLogotolookinthespecifieddirectoryfortheinformationprovidedbytheHELPcommand,insteadofthedefaultdirectory.Theformatofapathdependsonyouroperatingsystem.settemplocSETTEMPLOCpathcommand.TellsLogotowriteeditortemporaryfilesinthespecifieddirectoryratherthaninthedefaultdirectory.Youmusthavewritepermissionforthisdirectory.Theformatofapathdependsonyouroperatingsystem.gcGC(GCanything)command.Runsthegarbagecollector,reclaimingunusednodes.Logodoesthiswhennecessaryanyway,butyoumaywanttousethiscommandtocontrolexactlywhenLogodoesit.Inparticular,thenumbersoutputbytheNODESoperationwillnotbeverymeaningful



Chapter7:WorkspaceManagement65unlessgarbagehasbeencollected.AnotherreasontouseGCisthatagarbagecollectiontakesanoticeablefractionofasecond,andyoumaywanttoschedulecollectionsfortimesbeforeoraftersometime-criticalanimation.Ifinvokedwithanargument(ofanyvalue),GCrunsafullgarbagecollection,includingGCTWA(GarbageCollectTrulyWorthlessAtoms,whichmeansthatitremovesfromLogo’smemorywordsthatusedtobeprocedureorvariablenamesbutaren’tanymore);withoutanargument,GCdoesagenerationalgarbagecollection,whichmeansthatonlyrecentlycreatednodesareexamined.(Thelatterisusuallygoodenough.).setsegmentsize.SETSEGMENTSIZEnumcommand.SetsthenumberofnodesthatLogoallocatesfromtheoperatingsystematoncetonum,whichmustbeapositiveinteger.Thenameisdottedbecausebadthingswillhappenifyouuseanumberthat’stoosmallortoolargeforyourcomputer.Theinitialvalueis16,000formostsystems,butissmallerfor68000-basedMacs.Makingitlargerwillspeedupcomputations(byreducingthenumberofgarbagecollections)atthecostofallocatingmorememorythannecessary.





Chapter8:ControlStructures678ControlStructures8.1ControlNote:inthefollowingdescriptions,aninstructionlistcanbealistoraword.Inthelattercase,thewordisparsedintolistformbeforeitisrun.Thus,RUNREADWORDorRUNREADLISTwillwork.Theformerisslightlypreferablebecauseitallowsforacontinuedline(with~)thatincludesacomment(with;)onthefirstline.AtfinputmustbethewordTRUE,thewordFALSE,oralist.Ifit’salist,thenitmustbeaLogoexpression,whichwillbeevaluatedtoproduceavaluethatmustbeTRUEorFALSE.ThecomparisonswithTRUEandFALSEarealwayscase-insensitive.Arunlistcanconsistofeitherasingleexpression(thatproducesavalue)orzeroormoreinstructions(thatdosomething,ratherthanoutputavalue),dependingonthecontext:PRINTIFELSE:X<0["NEGATIVE]["POSITIVE];onevalueineachcaseREPEAT4[PRINT"APRINT"B];twoinstructionsrunRUNinstructionlistcommandoroperation.RunstheLogoinstructionsintheinputlist;outputsifthelistcontainsanexpressionthatoutputs.See[READWORD],page20,[READLIST],page20.runresultRUNRESULTinstructionlistrunstheinstructionsintheinput;outputsanemptylistifthoseinstructionsproducenooutput,oralistwhoseonlymemberistheoutputfromrunningtheinputinstructionlist.Usefulforinventingcommand-or-operationcontrolstructures:local"resultmake"resultrunresult[something]ifemptyp:result[stop]outputfirst:resultrepeatREPEATnuminstructionlistcommand.Runstheinstructionlistrepeatedly,numtimes.foreverFOREVERinstructionlistcommand.Runsthe"instructionlist"repeatedly,untilsomethinginsidetheinstructionlist(suchasSTOPorTHROW)makesitstop.See[STOP],page69,See[THROW],page69.



68BERKELEYLOGO6.0repcountREPCOUNToutputstherepetitioncountoftheinnermostcurrentREPEATorFOREVER,startingfrom1.IfnoREPEATorFOREVERisactive,outputs–1.Theabbreviation#canbeusedforREPCOUNTunlesstheREPEATisinsidethetemplateinputtoahigherorderproceduresuchasFOREACH,inwhichcase#hasadifferentmeaning.ifIFtfinstructionlist(IFtfinstructionlist1instructionlist2)command.IfthefirstinputhasthevalueTRUE,thenIFrunsthesecondinput.IfthefirstinputhasthevalueFALSE,thenIFdoesnothing.(Ifgivenathirdinput,IFactslikeIFELSE,asdescribedbelow.)ItisanerrorifthefirstinputisnoteitherTRUEorFALSE.ForcompatibilitywithearlierversionsofLogo,ifanIFinstructionisnotenclosedinparentheses,butthefirstthingontheinstructionlineafterthesecondinputexpressionisaliterallist(i.e.,alistinsquarebrackets),theIFistreatedasifitwereIFELSE,butawarningmessageisgiven.IfthisaberrantIFappearsinaprocedurebody,thewarningisgivenonlythefirsttimetheprocedureisinvokedineachLogosession.ifelseIFELSEtfinstructionlist1instructionlist2commandoroperation.IfthefirstinputhasthevalueTRUE,thenIFELSErunsthesecondinput.IfthefirstinputhasthevalueFALSE,thenIFELSErunsthethirdinput.IFELSEoutputsavalueiftheinstructionlistcontainsanexpressionthatoutputsavalue.testTESTtfcommand.Remembersitsinput,whichmustbeTRUEorFALSE,forusebylaterIFTRUEorIFFALSEinstructions.TheeffectofTESTislocaltotheprocedureinwhichitisused;anycorrespondingIFTRUEorIFFALSEmustbeinthesameprocedureorasubprocedure.See[IFFALSE],page68.iftrueIFTRUEinstructionlistIFTinstructionlistcommand.RunsitsinputifthemostrecentTESTinstructionhadaTRUEinput.TheTESTmusthavebeeninthesameprocedureorasuperprocedure.iffalseIFFALSEinstructionlistIFFinstructionlist



Chapter8:ControlStructures69command.RunsitsinputifthemostrecentTESTinstructionhadaFALSEinput.TheTESTmusthavebeeninthesameprocedureorasuperprocedure.See[TEST],page68.stopSTOPcommand.Endstherunningoftheprocedureinwhichitappears.Controlisreturnedtothecontextinwhichthatprocedurewasinvoked.Thestoppedproceduredoesnotoutputavalue.outputOUTPUTvalueOPvaluecommand.Endstherunningoftheprocedureinwhichitappears.Thatprocedureoutputsthevaluevaluetothecontextinwhichitwasinvoked.Don’tbeconfused:OUTPUTitselfisacommand,buttheprocedurethatinvokesOUTPUTisanoperation.catchCATCHtaginstructionlistcommandoroperation.Runsitssecondinput.Outputsifthatinstructionlistoutputs.If,whilerunningtheinstructionlist,aTHROWinstructionisexecutedwithatagequaltothefirstinput(case-insensitivecomparison),thentherunningoftheinstructionlististerminatedimmediately.InthiscasetheCATCHoutputsifavalueinputisgiventoTHROW.Thetagmustbeaword.IfthetagisthewordERROR,thenanyerrorconditionthatarisesduringtherunningoftheinstructionlisthastheeffectofTHROW"ERRORinsteadofprintinganerrormessageandreturningtotoplevel.TheCATCHdoesnotoutputifanerroriscaught.Also,duringtherunningoftheinstructionlist,thevariableERRACTistemporarilyunbound.(IfthereisanerrorwhileERRACThasavalue,thatvalueistakenasaninstructionlisttoberunafterprintingtheerrormessage.TypicallythevalueofERRACT,ifany,isthelist[PAUSE].)See[ERROR],page70,[ERRACT],page89,[PAUSE],page70.throwTHROWtag(THROWtagvalue)command.MustbeusedwithinthescopeofaCATCHwithanequaltag.EndstherunningoftheinstructionlistoftheCATCH.IfTHROWisusedwithonlyoneinput,thecorrespondingCATCHdoesnotoutputavalue.IfTHROWisusedwithtwoinputs,thesecondprovidesanoutputfortheCATCH.THROW"TOPLEVELcanbeusedtoterminateallrunningproceduresandinteractivepauses,andreturntothetoplevelinstructionprompt.Typingthesysteminterruptcharacter



70BERKELEYLOGO6.0(alt-SforwxWidgets;otherwisenormallycontrol-CforUnix,control-QforDOS,orcommand-periodforMac)hasthesameeffect.THROW"ERRORcanbeusedtogenerateanerrorcondition.Iftheerrorisnotcaught,itprintsamessage(THROW"ERROR)withtheusualindicationofwheretheerror(inthiscasetheTHROW)occurred.IfasecondinputisusedalongwithatagofERROR,thatsecondinputisusedasthetextoftheerrormessageinsteadofthestandardmessage.Also,inthiscase,thelocationindicatedfortheerrorwillbe,notthelocationoftheTHROW,butthelocationwheretheprocedurecontainingtheTHROWwasinvoked.Thisallowsuser-definedprocedurestogenerateerrormessagesasiftheywereprimitives.Note:inthiscasethecorrespondingCATCH"ERROR,ifany,doesnotoutput,sincethesecondinputtoTHROWisnotconsideredareturnvalue.THROW"SYSTEMimmediatelyleavesLogo,returningtotheoperatingsystem,withoutprint-ingtheusualpartingmessageandwithoutdeletinganyeditortemporaryfilewrittenbyEDIT.See[EDIT],page61.errorERRORoutputsalistdescribingtheerrorjustcaught,ifany.IftherewasnotanerrorcaughtsincethelastuseofERROR,theemptylistwillbeoutput.Theerrorlistcontainsfourmembers:anintegercodecorrespondingtothetypeoferror,thetextoftheerrormessage(asasinglewordincludingspaces),thenameoftheprocedureinwhichtheerroroccurred,andtheinstructionlineonwhichtheerroroccurred.pausePAUSEcommandoroperation.Entersaninteractivepause.Theuserispromptedforinstructions,asattoplevel,butwithapromptthatincludesthenameoftheprocedureinwhichPAUSEwasinvoked.Localvariablesofthatprocedureareavailableduringthepause.PAUSEoutputsifthepauseisendedbyaCONTINUEwithaninput.IfthevariableERRACTexists,andanerrorconditionoccurs,thecontentsofthatvariablearerunasaninstructionlist.TypicallyERRACTisgiventhevalue[PAUSE]sothataninteractivepausewillbeenteredintheeventofanerror.Thisallowstheusertocheckvaluesoflocalvariablesatthetimeoftheerror.Typingthesystemquitcharacter(alt-SforwxWidgets;otherwisenormallycontrol-\forUnix,control-WforDOS,orcommand-commaforMac)willalsoenterapause.See[ERRACT],page89.continueCONTINUEvalueCOvalue(CONTINUE)



Chapter8:ControlStructures71(CO)command.Endsthecurrentinteractivepause,returningtothecontextofthePAUSEinvo-cationthatbeganit.IfCONTINUEisgivenaninput,thatvalueisusedastheoutputfromthePAUSE.Ifnot,thePAUSEdoesnotoutput.Exceptionally,theCONTINUEcommandcanbeusedwithoutitsdefaultinputandwithoutparenthesesprovidedthatnothingfollowsitontheinstructionline.waitWAITtimecommand.Delaysfurtherexecutionfortime60thsofasecond.Alsocausesanybufferedcharactersdestinedfortheterminaltobeprintedimmediately.WAIT0canbeusedtoachievethisbufferflushingwithoutactuallywaiting.byeBYEcommand.ExitsfromLogo;returnstotheoperatingsystem..maybeoutput.MAYBEOUTPUTvalue(specialform)workslikeOUTPUTexceptthattheexpressionthatprovidestheinputvaluemightnot,infact,outputavalue,inwhichcasetheeffectislikeSTOP.Thisisintendedforuseincontrolstructuredefinitions,forcasesinwhichyoudon’tknowwhetherornotsomeexpressionproducesavalue.Example:toinvoke:function[:inputs]2.maybeoutputapply:function:inputsend?(invoke"print"a"b"c)abc?print(invoke"word"a"b"c)abcThisisanalternativetoRUNRESULT.It’sfastandeasytouse,atthecostofbeinganexceptiontoLogo’sevaluationrules.(Ordinarily,itshouldbeanerroriftheexpressionthat’ssupposedtoprovideaninputtosomethingdoesn’thaveavalue.)See[OUTPUT],page69,[STOP],page69,[RUNRESULT],page67.gotoGOTOwordcommand.LooksforaTAGcommandwiththesameinputinthesameprocedure,andcontinuesrunningtheprocedurefromthelocationofthatTAG.ItismeaninglesstouseGOTOoutsideofaprocedure.



72BERKELEYLOGO6.0tagTAGquoted.wordcommand.Doesnothing.Theinputmustbealiteralwordfollowingaquotationmark("),nottheresultofacomputation.TagsareusedbytheGOTOcommand.ignoreIGNOREvalue(libraryprocedure)command.Doesnothing.Usedwhenanexpressionisevaluatedforasideeffectanditsactualvalueisunimportant.‘‘list(libraryprocedure)outputsalistequaltoitsinputbutwithcertainsubstitutions.Ifamemberoftheinputlististheword‘,’(comma)thenthefollowingmembershouldbeaninstructionlistthatproducesanoutputwhenrun.Thatoutputvaluereplacesthecommaandtheinstructionlist.Ifamemberoftheinputlististheword‘,@’(commaatsign)thenthefollowingmembershouldbeaninstructionlistthatoutputsalistwhenrun.Themembersofthatlistreplacethe‘,@’andtheinstructionlist.Example:show‘[foobaz,[bf[abc]]garply,@[bf[abc]]]willprint[foobaz[bc]garplybc]Awordstartingwith‘,’or‘,@’istreatedasiftherestofthewordwereaone-wordlist,e.g.,‘,:foo’isequivalentto‘,[:Foo]’.Awordstartingwith‘",’(quotecomma)or‘:,’(coloncomma)becomesawordstartingwith‘"’or‘:’butwiththeresultofrunningthesubstitution(oritsfirstword,iftheresultisalist)replacingwhatcomesafterthecomma.Backquotescanbenested.Substitutionisdoneonlyforcommasatthesamedepthasthebackquoteinwhichtheyarefound:?show‘[a‘[b,[1+2],[foo,[1+3]d]e]f][a‘[b,[1+2],[foo4d]e]f]?make"name1"x?make"name2"y?show‘[a‘[b,:,:name1,",:name2d]e][a‘[b,[:x],["y]d]e]forFORforcontrolinstructionlist(libraryprocedure)command.Thefirstinputmustbealistcontainingthreeorfourmembers:(1)aword,whichwillbeusedasthenameofalocalvariable;(2)awordorlistthatwillbeevaluatedas



Chapter8:ControlStructures73byRUNtodetermineanumber,thestartingvalueofthevariable;(3)awordorlistthatwillbeevaluatedtodetermineanumber,thelimitvalueofthevariable;(4)anoptionalwordorlistthatwillbeevaluatedtodeterminethestepsize.Ifthefourthmemberismissing,thestepsizewillbe1or–1dependingonwhetherthelimitvalueisgreaterthanorlessthanthestartingvalue,respectively.Thesecondinputisaninstructionlist.TheeffectofFORistorunthatinstructionlistrepeatedly,assigninganewvaluetothecontrolvariable(theonenamedbythefirstmemberoftheforcontrollist)eachtime.Firstthestartingvalueisassignedtothecontrolvariable.Thenthevalueiscomparedtothelimitvalue.FORiscompletewhenthesignof(current-limit)isthesameasthesignofthestepsize.(Ifnoexplicitstepsizeisprovided,theinstructionlistisalwaysrunatleastonce.Anexplicitstepsizecanleadtoazero-tripFOR,e.g.,FOR[I101]...).Otherwise,theinstructionlistisrun,thenthestepisaddedtothecurrentvalueofthecontrolvariableandFORreturnstothecomparisonstep.?for[i271.5][print:i]23.556.5?See[RUN],page67.do.whileDO.WHILEinstructionlisttfexpression(libraryprocedure)command.Repeatedlyevaluatestheinstructionlistaslongastheevaluatedtfexpres-sionremainsTRUE.Evaluatesthefirstinputfirst,sotheinstructionlistisalwaysrunatleastonce.ThetfexpressionmustbeanexpressionlistwhosevaluewhenevaluatedisTRUEorFALSE.whileWHILEtfexpressioninstructionlist(libraryprocedure)command.Repeatedlyevaluatestheinstructionlistaslongastheevaluatedtfexpres-sionremainsTRUE.Evaluatesthefirstinputfirst,sotheinstructionlistmayneverberunatall.ThetfexpressionmustbeanexpressionlistwhosevaluewhenevaluatedisTRUEorFALSE.do.untilDO.UNTILinstructionlisttfexpression(libraryprocedure)command.Repeatedlyevaluatestheinstructionlistaslongastheevaluatedtfexpres-sionremainsFALSE.Evaluatesthefirstinputfirst,sotheinstructionlistisalwaysrunatleastonce.ThetfexpressionmustbeanexpressionlistwhosevaluewhenevaluatedisTRUEorFALSE.untilUNTILtfexpressioninstructionlist(libraryprocedure)



74BERKELEYLOGO6.0command.Repeatedlyevaluatestheinstructionlistaslongastheevaluatedtfexpres-sionremainsFALSE.Evaluatesthefirstinputfirst,sotheinstructionlistmayneverberunatall.ThetfexpressionmustbeanexpressionlistwhosevaluewhenevaluatedisTRUEorFALSE.caseCASEvalueclauses(libraryprocedure)commandoroperation.Thesecondinputisalistoflists(clauses);eachclauseisalistwhosefirstelementiseitheralistofvaluesorthewordELSEandwhosebutfirstisaLogoexpressionorinstruction.CASEexaminestheclausesinorder.IfaclausebeginswiththewordELSE(upperorlowercase),thenthebutfirstofthatclauseisevaluatedandCASEoutputsitsvalue,ifany.IfthefirstinputtoCASEisamemberofthefirstelementofaclause,thenthebutfirstofthatclauseisevaluatedandCASEoutputsitsvalue,ifany.Ifneitheroftheseconditionsismet,thenCASEgoesontothenextclause.Ifnoclauseissatisfied,CASEdoesnothing.Example:tovowelp:letteroutputcase:letter[[[aeiou]"true][else"false]]endcondCONDclauses(libraryprocedure)commandoroperation.Theinputisalistoflists(clauses);eachclauseisalistwhosefirstelementiseitheranexpressionwhosevalueisTRUEorFALSE,orthewordELSE,andwhosebutfirstisaLogoexpressionorinstruction.CONDexaminestheclausesinorder.IfaclausebeginswiththewordELSE(upperorlowercase),thenthebutfirstofthatclauseisevaluatedandCASEoutputsitsvalue,ifany.Otherwise,thefirstelementoftheclauseisevaluated;theresultingvaluemustbeTRUEorFALSE.Ifit’sTRUE,thenthebutfirstofthatclauseisevaluatedandCONDoutputsitsvalue,ifany.IfthevalueisFALSE,thenCONDgoesontothenextclause.Ifnoclauseissatisfied,CONDdoesnothing.Example:toevens:numbers;selectevennumbersfromalistopcond[[[emptyp:numbers][]][[evenpfirst:numbers];assumingEVENPisdefinedfputfirst:numbersevensbutfirst:numbers][elseevensbutfirst:numbers]]end8.2Template-basedIterationTheproceduresinthissectionareiterationtoolsbasedontheideaofatemplate.Thisisageneralizationofaninstructionlistoranexpressionlistinwhichslotsareprovidedforthetooltoinsertvaryingdata.Fourdifferentformsoftemplatecanbeused.Themostcommonlyusedformforatemplateis‘explicit-slot’form,or‘questionmark’form.Example:?showmap[?*?][2345][491625]



Chapter8:ControlStructures75?Inthisexample,theMAPtoolevaluatedthetemplate[?*?]repeatedly,witheachofthemembersofthedatalist[2345]substitutedinturnforthequestionmarks.Thesamevaluewasusedforeveryquestionmarkinagivenevaluation.Sometoolsallowformorethanonedatumtobesubstitutedinparallel;inthesecasestheslotsareindicatedby?1forthefirstdatum,?2forthesecond,andsoon:?show(map[(word?1?2?1)][abc][def])[adabebcfc]?Ifthetemplatewishestocomputethedatumnumber,theform(?1)isequivalentto?1,so(??1)meansthedatumwhosenumberisgivenindatumnumber1.Sometoolsallowadditionalslotdesignations,asshownintheindividualdescriptions.Thesecondformoftemplateisthe‘named-procedure’form.Ifthetemplateisawordratherthanalist,itistakenasthenameofaprocedure.Thatproceduremustacceptanumberofinputsequaltothenumberofparalleldataslotsprovidedbythetool;theprocedureisappliedtoalloftheavailabledatainorder.Thatis,ifdata?1through?3areavailable,thetemplate"PROCisequivalentto[PROC?1?2?3].?show(map"word[abc][def])[adbecf]?todotprod:a:b;vectordotproductopapply"sum(map"product:a:b)endThethirdformoftemplateis‘named-slot’or‘lambda’form.Thisformisindicatedbyatemplatelistcontainingmorethanonemember,whosefirstmemberisitselfalist.Thefirstmemberistakenasalistofnames;localvariablesarecreatedwiththosenamesandgiventheavailabledatainorderastheirvalues.Thenumberofnamesmustequalthenumberofavailabledata.Thisformisneededprimarilywhenoneiterationtoolmustbeusedwithinthetemplatelistofanother,andthe?notationwouldbeambiguousintheinnertemplate.Example:tomatmul:m1:m2[:tm2transpose:m2];multiplytwomatricesoutputmap[[row]map[[col]dotprod:row:col]:tm2]:m1endThefourthformis‘proceduretext’form,avariantoflambdaform.Inthisform,thetemplatelistcontainsatleasttwomembers,allofwhicharelists.ThisistheformusedbytheDEFINEandTEXTprimitives,andAPPLYacceptsitsothatthetextofadefinedprocedurecanbeusedasatemplate.Note:Thefourthformoftemplateisinterpreteddifferentlyfromtheothers,inthatLogoconsidersittobeanindependentdefinedprocedureforthepurposesofOUTPUTandSTOP.Forexample,thefollowingtwoinstructionsareidentical:



76BERKELEYLOGO6.0?printapply[[x]:x+3][5]8?printapply[[x][output:x+3]][5]8althoughthefirstinstructionisinnamed-slotformandthesecondisinprocedure-textform.Thenamed-slotformcanbeunderstoodastellingLogotoevaluatetheexpression:x+3inplaceoftheentireinvocationofapply,withthevariablextemporarilygiventhevalue5.Theprocedure-textformcanbeunderstoodasinvokingtheproceduretofoo:xoutput:x+3endwithinput5,butwithoutactuallygivingtheprocedureaname.IftheuseofOUTPUTwereinterchangedinthesetwoexamples,we’dgeterrors:?printapply[[x]output:x+3][5]Canonlyuseoutputinsideaprocedure?printapply[[x][:x+3]][5]Youdon’tsaywhattodowith8Thenamed-slotformcanbeusedwithSTOPorOUTPUTinsideaprocedure,tostoptheenclosingprocedure.ThefollowingiterationtoolsareextendedversionsoftheonesinAppendixBofthebookComputerScienceLogoStyle,Volume3:AdvancedTopicsbyBrianHarvey[MITPress,1987].Theextensionsareprimarilytoallowforvariablenumbersofinputs.applyAPPLYtemplateinputlistcommandoroperation.Runsthetemplate,fillingitsslotswiththemembersofinputlist.Thenumberofmembersininputlistmustbeanacceptablenumberofslotsfortemplate.ItisillegaltoapplytheprimitiveTOasatemplate,butanythingelseisokay.APPLYoutputswhattemplateoutputs,ifanything.See[TO],page49.invokeINVOKEtemplateinput(libraryprocedure)(INVOKEtemplateinput1input2...)commandoroperation.ExactlylikeAPPLYexceptthattheinputsareprovidedasseparateexpressionsratherthaninalist.foreachFOREACHdatatemplate(libraryprocedure)(FOREACHdata1data2...template)



Chapter8:ControlStructures77command.Evaluatesthetemplatelistrepeatedly,onceforeachmemberofthedatalist.Ifmorethanonedatalistaregiven,eachofthemmustbethesamelength.(Thedatainputscanbewords,inwhichcasethetemplateisevaluatedonceforeachcharacter.)Inatemplate,thesymbol?RESTrepresentstheportionofthedatainputtotherightofthemembercurrentlybeingusedasthe?slot-filler.Thatis,ifthedatainputis[ABCDE]andthetemplateisbeingevaluatedwith?replacedbyB,then?RESTwouldbereplacedby[CDE].Ifmultipleparallelslotsareused,then(?REST1)goeswith?1,etc.Inatemplate,thesymbol#representsthepositioninthedatainputofthemembercurrentlybeingusedasthe?slot-filler.Thatis,ifthedatainputis[ABCDE]andthetemplateisbeingevaluatedwith?replacedbyB,then#wouldbereplacedby2.mapMAPtemplatedata(libraryprocedure)(MAPtemplatedata1data2...)outputsawordorlist,dependingonthetypeofthedatainput,ofthesamelengthasthatdatainput.(Ifmorethanonedatainputaregiven,theoutputisofthesametypeasdata1.)Eachmemberoftheoutputistheresultofevaluatingthetemplatelist,fillingtheslotswiththecorrespondingmember(s)ofthedatainput(s).(Alldatainputsmustbethesamelength.)Inthecaseofawordoutput,theresultsofthetemplateevaluationmustbewords,andtheyareconcatenatedwithWORD.Inatemplate,thesymbol?RESTrepresentstheportionofthedatainputtotherightofthemembercurrentlybeingusedasthe?slot-filler.Thatis,ifthedatainputis[ABCDE]andthetemplateisbeingevaluatedwith?replacedbyB,then?RESTwouldbereplacedby[CDE].Ifmultipleparallelslotsareused,then(?REST1)goeswith?1,etc.Inatemplate,thesymbol#representsthepositioninthedatainputofthemembercurrentlybeingusedasthe?slot-filler.Thatis,ifthedatainputis[ABCDE]andthetemplateisbeingevaluatedwith?replacedbyB,then#wouldbereplacedby2.See[WORD],page9.map.seMAP.SEtemplatedata(libraryprocedure)(MAP.SEtemplatedata1data2...)outputsalistformedbyevaluatingthetemplatelistrepeatedlyandconcatenatingtheresultsusingSENTENCE.Thatis,themembersoftheoutputarethemembersoftheresultsoftheevaluations.Theoutputlistmight,therefore,beofadifferentlengthfromthatofthedatainput(s).(Iftheresultofanevaluationistheemptylist,itcontributesnothingtothefinaloutput.)Thedatainputsmaybewordsorlists.Inatemplate,thesymbol?RESTrepresentstheportionofthedatainputtotherightofthemembercurrentlybeingusedasthe?slot-filler.Thatis,ifthedatainputis[ABCDE]andthetemplateisbeingevaluatedwith?replacedbyB,then?RESTwouldbereplacedby[CDE].Ifmultipleparallelslotsareused,then(?REST1)goeswith?1,etc.



78BERKELEYLOGO6.0Inatemplate,thesymbol#representsthepositioninthedatainputofthemembercurrentlybeingusedasthe?slot-filler.Thatis,ifthedatainputis[ABCDE]andthetemplateisbeingevaluatedwith?replacedbyB,then#wouldbereplacedby2.See[SENTENCE],page9.filterFILTERtftemplatedata(libraryprocedure)outputsawordorlist,dependingonthetypeofthedatainput,containingasubsetofthemembers(foralist)orcharacters(foraword)oftheinput.Thetemplateisevaluatedonceforeachmemberorcharacterofthedata,anditmustproduceaTRUEorFALSEvalue.IfthevalueisTRUE,thenthecorrespondinginputconstituentisincludedintheoutput.?printfilter"vowelp"elephanteea?Inatemplate,thesymbol?RESTrepresentstheportionofthedatainputtotherightofthemembercurrentlybeingusedasthe?slot-filler.Thatis,ifthedatainputis[ABCDE]andthetemplateisbeingevaluatedwith?replacedbyB,then?RESTwouldbereplacedby[CDE].Inatemplate,thesymbol#representsthepositioninthedatainputofthemembercurrentlybeingusedasthe?slot-filler.Thatis,ifthedatainputis[ABCDE]andthetemplateisbeingevaluatedwith?replacedbyB,then#wouldbereplacedby2.findFINDtftemplatedata(libraryprocedure)outputsthefirstconstituentofthedatainput(thefirstmemberofalist,orthefirstcharacterofaword)forwhichthevalueproducedbyevaluatingthetemplatewiththatconsituentinitsslotisTRUE.Ifthereisnosuchconstituent,theemptylistisoutput.Inatemplate,thesymbol?RESTrepresentstheportionofthedatainputtotherightofthemembercurrentlybeingusedasthe?slot-filler.Thatis,ifthedatainputis[ABCDE]andthetemplateisbeingevaluatedwith?replacedbyB,then?RESTwouldbereplacedby[CDE].Inatemplate,thesymbol#representsthepositioninthedatainputofthemembercurrentlybeingusedasthe?slot-filler.Thatis,ifthedatainputis[ABCDE]andthetemplateisbeingevaluatedwith?replacedbyB,then#wouldbereplacedby2.reduceREDUCEtemplatedata(libraryprocedure)outputstheresultofapplyingthetemplatetoaccumulatethemembersofthedatainput.Thetemplatemustbeatwo-slotfunction.TypicallyitisanassociativefunctionnamelikeSUM.Ifthedatainputhasonlyoneconstituent(memberinalistorcharacterinaword),theoutputisthatconsituent.Otherwise,thetemplateisfirstappliedwith?1filledwiththenext-to-lastconsitientand?2withthelastconstituent.Then,iftherearemore



Chapter8:ControlStructures79constituents,thetemplateisappliedwith?1filledwiththenextconstituenttotheleftand?2withtheresultfromthepreviousevaluation.Thisprocesscontinuesuntilallconstituentshavebeenused.Thedatainputmaynotbeempty.Note:Ifthetemplateis,likeSUM,thenameofaprocedurethatiscapableofacceptingarbitrarilymanyinputs,itismoreefficienttouseAPPLYinsteadofREDUCE.Thelatterisgoodforassociativeproceduresthathavebeenwrittentoacceptexactlytwoinputs:tomax:a:boutputifelse:a>:b[:a][:b]endprintreduce"max[...]Alternatively,REDUCEcanbeusedtowriteMAXasaprocedurethatacceptsanynumberofinputs,asSUMdoes:tomax[:inputs]2ifemptyp:inputs~[(throw"error[notenoughinputstomax])]outputreduce[ifelse?1>?2[?1][?2]]:inputsendSee[SUM],page29,[APPLY],page76.crossmapCROSSMAPtemplatelistlist(libraryprocedure)(CROSSMAPtemplatedata1data2...)outputsalistcontainingtheresultsoftemplateevaluations.Eachdatalistcontributestoaslotinthetemplate;thenumberofslotsisequaltothenumberofdatalistinputs.Asaspecialcase,ifonlyonedatalistinputisgiven,thatlististakenasalistofdatalists,andeachofitsmemberscontributesvaluestoaslot.CROSSMAPdiffersfromMAPinthatinsteadoftakingmembersfromthedatainputsinparallel,ittakesallpossiblecombinationsofmembersofdatainputs,whichneednotbethesamelength.?show(crossmap[word?1?2][abc][1234])[a1a2a3a4b1b2b3b4c1c2c3c4]?ForcompatibilitywiththeversioninthefirsteditionofCSLS1,CROSSMAPtemplatesmayusethenotation:1insteadof?1toindicateslots.See[MAP],page77.cascadeCASCADEendtesttemplatestartvalue(libraryprocedure)(CASCADEendtesttmp1sv1tmp2sv2...)(CASCADEendtesttmp1sv1tmp2sv2...finaltemplate)1ComputerScienceLogoStyle



80BERKELEYLOGO6.0outputstheresultofapplyingatemplate(orseveraltemplates,asexplainedbelow)repeat-edly,withagivenvaluefillingtheslotthefirsttime,andtheresultofeachapplicationfillingtheslotforthefollowingapplication.Inthesimplestcase,CASCADEhasthreeinputs.Thesecondinputisaone-slotexpressiontemplate.Thattemplateisevaluatedsomenumberoftimes(perhapszero).Onthefirstevaluation,theslotisfilledwiththethirdinput;onsubsequentevaluations,theslotisfilledwiththeresultofthepreviousevaluation.Thenumberofevaluationsisdeterminedbythefirstinput.Thiscanbeeitheranonnegativeinteger,inwhichcasethetemplateisevaluatedthatmanytimes,orapredicateexpressiontemplate,inwhichcaseitisevaluated(withthesameslotfillerthatwillbeusedfortheevaluationofthesecondinput)repeatedly,andtheCASCADEevaluationcontinuesaslongasthepredicatevalueisFALSE.(Inotherwords,thepredicatetemplateindicatestheconditionforstopping.)Ifthetemplateisevaluatedzerotimes,theoutputfromCASCADEisthethird(startvalue)input.Otherwise,theoutputisthevalueproducedbythelasttemplateevaluation.CASCADEtemplatesmayincludethesymbol#torepresentthenumberoftimesthetemplatehasbeenevaluated.Thisslotisfilledwith1forthefirstevaluation,2forthesecond,andsoon.?showcascade5[lput#?][][12345]?showcascade[vowelpfirst?][bf?]"springing?showcascade5[#*?]1120?Severalcascadedresultscanbecomputedinparallelbyprovidingadditionaltemplate-startvaluepairsasinputstoCASCADE.Inthiscase,alltemplates(includingtheendtesttemplate,ifused)aremulti-slot,withthenumberofslotsequaltothenumberofpairsofinputs.Ineachroundofevaluations,?2,forexample,representstheresultofevaluatingthesecondtemplateinthepreviousround.Ifthetotalnumberofinputs(includingthefirstendtestinput)isodd,thentheoutputfromCASCADEisthefinalvalueofthefirsttemplate.Ifthetotalnumberofinputsiseven,thenthelastinputisatemplatethatisevaluatedonce,aftertheendtestissatisfied,todeterminetheoutputfromCASCADE.tofibonacci:noutput(cascade:n[?1+?2]1[?1]0)endtopiglatin:wordoutput(cascade[vowelpfirst?]~[wordbf?first?]~:word~[word?"ay])end



Chapter8:ControlStructures81cascade.2CASCADE.2endtesttemp1startval1temp2startval2(libraryprocedure)outputstheresultofinvokingCASCADEwiththesameinputs.Theonlydifferenceisthatthedefaultnumberofinputsisfiveinsteadofthree.transferTRANSFERendtesttemplateinbasket(libraryprocedure)outputstheresultofrepeatedevaluationofthetemplate.Thetemplateisevaluatedonceforeachmemberofthelistinbasket.TRANSFERmaintainsanoutbasketthatisinitiallytheemptylist.Aftereachevaluationofthetemplate,theresultingvaluebecomesthenewoutbasket.Inthetemplate,thesymbol?INrepresentsthecurrentmemberfromtheinbasket;thesymbol?OUTrepresentstheentirecurrentoutbasket.Otherslotsymbolsshouldnotbeused.Ifthefirst(endtest)inputisanemptylist,evaluationcontinuesuntilallinbasketmem-bershavebeenused.Ifnot,thefirstinputmustbeapredicateexpressiontemplate,andevaluationcontinuesuntileitherthattemplate’svalueisTRUEortheinbasketisusedup.





Chapter9:Macros839Macros.macro.MACROprocname:input1:input2...(specialform).DEFMACROprocnametextAmacroisaspecialkindofprocedurewhoseoutputisevaluatedasLogoinstructionsinthecontextofthemacro’scaller..MACROisexactlylikeTOexceptthatthenewprocedurebecomesamacro;.DEFMACROisexactlylikeDEFINEwiththesameexception.MacrosareusefulforinventingnewcontrolstructurescomparabletoREPEAT,IF,andsoon.Suchcontrolstructurescanalmost,butnotquite,beduplicatedbyordinaryLogoprocedures.Forexample,hereisanordinaryprocedureversionofREPEAT:tomy.repeat:num:instructionsif:num=0[stop]run:instructionsmy.repeat:num-1:instructionsendThisversionworksfineformostpurposes,e.g.,my.repeat5[print"hello]Butitdoesn’tworkiftheinstructionstobecarriedoutincludeOUTPUT,STOP,orLOCAL.Forexample,considerthisprocedure:toexampleprint[Guessmysecretword.Yougetthreeguesses.]repeat3[type"|??|~ifreadword="secret[pr"Right!stop]]print[Sorry,thewordwas"secret"!]endThisprocedureworksaswritten,butifMY.REPEATisusedinsteadofREPEAT,itwon’tworkbecausetheSTOPwillstopMY.REPEATinsteadofstoppingEXAMPLEasdesired.ThesolutionistomakeMY.REPEATamacro.Insteadofactuallycarryingoutthecomputa-tion,amacromustreturnalistcontainingLogoinstructions.Thecontentsofthatlistareevaluatedasiftheyappearedinplaceofthecalltothemacro.Here’samacroversionofREPEAT:.macromy.repeat:num:instructionsif:num=0[output[]]outputsentence:instructions~(list"my.repeat:num-1:instructions)endEverymacroisanoperation—itmustalwaysoutputsomething.Eveninthebasecase,MY.REPEAToutputsanemptyinstructionlist.ToshowhowMY.REPEATworks,let’staketheexample



84BERKELEYLOGO6.0my.repeat5[print"hello]Forthisexample,MY.REPEATwilloutputtheinstructionlist[print"hellomy.repeat4[print"hello]]LogothenexecutestheseinstructionsinplaceoftheoriginalinvocationofMY.REPEAT;thisprintshelloonceandinvokesanotherrepetition.Thetechniquejustshown,althoughfairlyeasytounderstand,hasthedefectofslownessbecauseeachrepetitionhastoconstructaninstructionlistforevaluation.Anotherap-proachistomakeMY.REPEATamacrothatworksjustlikethenon-macroversionunlesstheinstructionstoberepeatedincludeOUTPUTorSTOP:.macromy.repeat:num:instructionscatch"repeat.catchtag~[oprepeat.donerunresult[repeat1:num:instructions]]op[]endtorepeat1:num:instructionsif:num=0[throw"repeat.catchtag]run:instructions.maybeoutputrepeat1:num-1:instructionsendtorepeat.done:repeat.resultifemptyp:repeat.result[op[stop]]oplist"outputquotedfirst:repeat.resultendIftheinstructionsdonotincludeSTOPorOUTPUT,thenREPEAT1willreachitsbasecaseandinvokeTHROW.Asaresult,MY.REPEAT’slastinstructionlinewilloutputanemptylist,sotheevaluationofthemacroresultbythecallerwilldonothing.ButifaSTOPorOUTPUThappens,thenREPEAT.DONEwilloutputaSTOPorOUTPUTinstructionthatwillbeexecutedinthecaller’scontext.Themacro-definingcommandshavenamesstartingwithadotbecausemacrosareanadvancedfeatureofLogo;it’seasytogetintroublebydefiningamacrothatdoesn’tterminate,orbyfailingtoconstructtheinstructionlistproperly.LispusersshouldnotethatLogomacrosarenotspecialforms.Thatis,theinputstothemacroareevaluatednormally,astheywouldbeforanyotherLogoprocedure.It’sonlytheoutputfromthemacrothat’shandledunusually.Here’sanotherexample:.macrolocalmake:name:valueoutput(list"local~word"":name~"apply~



Chapter9:Macros85""make~(list:name:value))endIt’susedthisway:totrylocalmake"garply"helloprint:garplyendLOCALMAKEoutputsthelist[local"garplyapply"make[garplyhello]]ThereasonfortheuseofAPPLYistoavoidhavingtodecidewhetherornotthesecondinputtoMAKErequiresaquotationmarkbeforeit.(Inthiscaseitwould—MAKE"GARPLY"HELLO—butthequotationmarkwouldbewrongifthevaluewerealist.)It’softenconvenienttousethe‘functiontoconstructtheinstructionlist:.macrolocalmake:name:valueop‘[local,[word"":name]apply"make[,[:name],[:value]]]endOntheotherhand,‘isprettyslow,sinceit’streerecursiveandwritteninLogo.See[TO],page49,[DEFINE],page50,[APPLY],page76,[STOP],page69,[OUTPUT],page69..defmacroSee[dMACRO],page83.macropMACROPnameMACRO?nameoutputsTRUEifitsinputisthenameofamacro.macroexpandMACROEXPANDexpr(libraryprocedure)takesasitsinputaLogoexpressionthatinvokesamacro(thatis,onethatbeginswiththenameofamacro)andoutputsthetheLogoexpressionintowhichthemacrowouldtranslatetheinputexpression..macrolocalmake:name:valueop‘[local,[word"":name]apply"make[,[:name],[:value]]]end?showmacroexpand[localmake"pi3.14159][local"piapply"make[pi3.14159]]





Chapter10:ErrorProcessing8710ErrorProcessingIfanerroroccurs,Logotakesthefollowingsteps.First,ifthereisanavailablevariablenamedERRACT,Logotakesitsvalueasaninstructionlistandrunstheinstructions.TheoperationERRORmaybeusedwithintheinstructions(once)toexaminetheerrorcondition.IftheinstructionlistinvokesPAUSE,theerrormessageisprintedbeforethepausehappens.Certainerrorsarerecoverable;foroneofthoseerrors,iftheinstructionlistoutputsavalue,thatvalueisusedinplaceoftheexpressionthatcausedtheerror.(IfERRACTinvokesPAUSEandtheusertheninvokesCONTINUEwithaninput,thatinputbecomestheoutputfromPAUSEandthereforetheoutputfromtheERRACTinstructionlist.)ItispossibleforanERRACTinstructionlisttoproduceaninappropriatevalueornovaluewhereoneisneeded.Asaresult,thesameerrorconditioncouldrecurforeverbecauseofthismechanism.Toavoidthatdanger,ifthesameerrorconditionoccurstwiceinarowfromanERRACTinstructionlistwithoutuserinteraction,themessage‘Erractloop’isprintedandcontrolreturnstotoplevel."Withoutuserinteraction"meansthatifERRACTinvokesPAUSEandtheuserprovidesanincorrectvalue,thislooppreventionmechanismdoesnottakeeffectandtheusergetstotryagain.DuringtherunningoftheERRACTinstructionlist,ERRACTislocallyunbound,soanerrorintheERRACTinstructionsthemselveswillnotcausealoop.Inparticular,anerrorduringapausewillnotcauseapause-within-a-pauseunlesstheuserreassignsthevalue[PAUSE]toERRACTduringthepause.Butsuchanerrorwillnotreturntotoplevel;itwillremainwithintheoriginalpauseloop.IfthereisnoavailableERRACTvalue,LogohandlestheerrorbygeneratinganinternalTHROW"ERROR.(Auserprogramcanalsogenerateanerrorconditiondeliberatelybyin-vokingTHROW.)IfthisthrowisnotcaughtbyaCATCH"ERRORintheuserprogram,itiseventuallycaughteitherbythetoplevelinstructionlooporbyapauseloop,whichprintstheerrormessage.AninvocationofCATCH"ERRORinauserprogramlocallyunbindsERRACT,sotheeffectisthatwhicheverofERRACTandCATCH"ERRORismorelocalwilltakeprecedence.Ifafloatingpointoverflowoccursduringanarithmeticoperation,oratwo-inputmathe-maticalfunction(likePOWER)isinvokedwithanillegalcombinationofinputs,the‘doesn’tlike’messagereferstothesecondoperand,butshouldbetakenasmeaningthecombina-tion.See[ERRACT],page89,[THROW],page69,[ERROR],page70,[CATCH],page69,[PAUSE],page70,[CONTINUE],page70.10.1ErrorCodesHerearethenumericcodesthatappearasthefirstmemberofthelistoutputbyERRORwhenanerroriscaught,withthecorrespondingmessages.Somemessagesmayhavetwodifferentcodesdependingonwhetherornottheerrorisrecoverable(thatis,asubstitutevaluecanbeprovidedthroughtheERRACTmechanism)inthespecificcontext.Somemessagesarewarningsratherthanerrors;thesewillnotbecaught.Errors0and32aresobadthatLogoexitsimmediately.0Fatalinternalerror(can’tbecaught)



88BERKELEYLOGO6.01Outofmemory2Stackoverflow3Turtleoutofbounds4procdoesn’tlikedatumasinput(notrecoverable)5procdidn’toutputtoproc6Notenoughinputstoproc7procdoesn’tlikedatumasinput(recoverable)8Toomuchinside()’s9Youdon’tsaywhattodowithdatum10’)’notfound11varhasnovalue12Unexpected’)’13Idon’tknowhowtoproc(recoverable)14Can’tfindcatchtagforthrowtag15procisalreadydefined16Stopped17Alreadydribbling18Filesystemerror19AssumingyoumeanIFELSE,notIF(warningonly)20varshadowedbylocalinprocedurecall(warningonly)21Throw"Error22procisaprimitive23Can’tuseTOinsideaprocedure24Idon’tknowhowtoproc(notrecoverable)25IFTRUE/IFFALSEwithoutTEST26Unexpected’]’27Unexpected’}’28Couldn’tinitializegraphics29Macroreturnedvalueinsteadofalist30Youdon’tsaywhattodowithvalue31CanonlyuseSTOPorOUTPUTinsideaprocedure32APPLYdoesn’tlikebadthingasinput33ENDinsidemulti-lineinstruction34Reallyoutofmemory(can’tbecaught)35user-generatederrormessage(THROW"ERRORmessage)36ENDinsidemulti-lineinstruction37Baddefaultexpressionforoptionalinput:expr38Can’tuseOUTPUTorSTOPinsideRUNRESULT39Assumingyoumeant’FD100’,notFD100(orsimilar)40Ican’topenfilefilename41Filefilenamealreadyopen42Filefilenamenotopen43Runlist[exprexpr]hasmorethanoneexpression.



Chapter11:SpecialVariables8911SpecialVariablesLogotakesspecialactionifanyofthefollowingvariablenamesexists.Theyfollowthenormalscopingrules,soaprocedurecanlocallysetoneofthemtolimitthescopeofitseffect.Initially,novariablesexistexceptforALLOWGETSET,CASEIGNOREDP,andUNBURYONEDIT,whichareTRUEandburied.allowgetsetALLOWGETSET(variable)ifTRUE,indicatesthatanattempttouseaprocedurethatdoesn’texistshouldbetakenasanimplicitgetterorsetterprocedure(setterifthefirstthreelettersofthenameareSET)foravariableofthesamename(withouttheSETifappropriate).buttonactBUTTONACT(variable)ifnonempty,shouldbeaninstructionlistthatwillbeevaluatedwheneveramousebuttonispressed.Notethattheusermayhavereleasedthebuttonbeforetheinstructionsareevaluated.BUTTONwillstilloutputwhichbuttonwasmostrecentlypressed.CLICKPOSwilloutputthepositionofthemousecursoratthemomentthebuttonwaspressed;thismaybedifferentfromMOUSEPOSiftheusermovesthemouseafterclicking.Notethatit’spossiblefortheusertopressabuttonduringtheevaluationoftheinstructionlist.Ifthiswouldconfuseyourprogram,preventitbytemporarilysettingBUTTONACTtotheemptylist.Oneeasywaytodothatisthefollowing:make"buttonact[button.action]tobutton.action[:buttonact[]]...;whateveryouwantthebuttontodoendcaseignoredpCASEIGNOREDP(variable)ifTRUE,indicatesthatlowercaseanduppercaselettersshouldbeconsideredequalbyEQUALP,BEFOREP,MEMBERP,etc.LogoinitiallymakesthisvariableTRUE,andburiesit.See[EQUALP],page14,[BEFOREP],page15,[MEMBERP],page15.commandlineCOMMANDLINE(variable)containsanytextappearingafterahyphenonthecommandlineusedtostartLogo.erractERRACT(variable)



90BERKELEYLOGO6.0aninstructionlistthatwillberunintheeventofanerror.Typicallyhasthevalue[PAUSE]toallowinteractivedebugging.See[PAUSE],page70.fullprintpFULLPRINTP(variable)ifTRUE,thenwordsthatwerecreatedusingbackslashorverticalbar(toincludecharactersthatwouldotherwisenotbetreatedaspartofaword)areprintedwiththebackslashesorverticalbarsshown,sothattheprintedresultcouldbere-readbyLogotoproducethesamevalue.IfFULLPRINTPisTRUEthentheemptyword(howeveritwascreated)printsas||.(Otherwiseitprintsasnothingatall.)keyactKEYACT(variable)ifnonempty,shouldbeaninstructionlistthatwillbeevaluatedwheneverakeyispressedonthekeyboard.TheinstructionlistcanuseREADCHARtofindoutwhatkeywaspressed.Notethatonlykeysthatproducecharactersqualify;pressingSHIFTorCONTROLalonewillnotcauseKEYACTtobeevaluated.Notethatit’spossiblefortheusertopressakeyduringtheevaluationoftheinstructionlist.Ifthiswouldconfuseyourprogram,preventitbytemporarilysettingKEYACTtotheemptylist.Oneeasywaytodothatisthefollowing:make"keyact[key.action]tokey.action[:keyact[]]...;whateveryouwantthekeytodoendloadnoisilyLOADNOISILY(variable)ifTRUE,printsthenamesofproceduresdefinedwhenloadingfromafile(includingthetemporaryfilemadebyEDIT).See[EDIT],page61.printdepthlimitPRINTDEPTHLIMIT(variable)ifanonnegativeinteger,indicatesthemaximumdepthofsubliststructurethatwillbeprintedbyPRINT,etc.See[PRINT],page19.printwidthlimitPRINTWIDTHLIMIT(variable)



Chapter11:SpecialVariables91ifanonnegativeinteger,indicatesthemaximumnumberofmembersinanyonelistthatwillbeprintedbyPRINT,etc.See[PRINT],page19.redefpREDEFP(variable)ifTRUE,allowsprimitivestobeerased(ERASE)orredefined(COPYDEF).See[ERASE],page57,[COPYDEF],page51.startupSTARTUP(variable)ifassignedalistvalueinafileloadedbyLOAD,thatvalueisrunasaninstructionlistaftertheloading.See[LOAD],page63.unburyoneditUNBURYONEDIT(variable)ifTRUE,causesanyproceduredefinedduringEDITorLOADtobeunburied,sothatitwillbesavedbyalaterSAVE.Filesthatwanttodefineandburyproceduresmustdoitinthatorder.See[EDIT],page61,See[LOAD],page63,See[SAVE],page62.usealternatenamesUSEALTERNATENAMES(variable)ifTRUE,causesLogotogeneratenon-Englishwords(fromtheMessagesfile)insteadofTRUE,FALSE,END,etc.Logoprovidesthefollowingburiedvariablesthatcanbeusedbyprograms:logoversionLOGOVERSION(variable)arealnumberindicatingtheLogoversionnumber,e.g.,5.5logoplatformLOGOPLATFORM(variable)oneofthefollowingwords:wxWidgets,X11,Windows,orUnix-nographics.





Chapter12:Internationalization9312InternationalizationBerkeleyLogohaslimitedsupportfornon-English-speakingusers.Alas,thereisnoUnicodesupport,andhigh-bit-onASCIIcodesworkinsomecontextsbutnotothers.IfyouwanttotranslateBerkeleyLogoforusewithanotherlanguage,therearethreemainthingsyouhavetodo:1.Primitivenames2.Error(andother)messages3.DocumentationForprimitivenames,theeasiestthingistoprovideastartupfilethatdefinesaliasesfortheEnglishprimitivenames,usingCOPYDEF:COPYDEF"AVANT"FORWARDThisshouldtakecareofit,unlessyourlanguage’snameforoneprimitiveisspelledliketheEnglishnameofadifferentprimitive.InthatcaseyouhavetoturnREDEFPonandbesuretocopythenon-conflictingnamebeforeoverwritingtheconflictingone!"Primitives"thatareactuallyintheLogolibrary,ofcourse,canjustbereplacedoraug-mentedwithnative-language-namedLogoproceduresandfilenames.OfcourseLogoprogramswillstillnotlooklikeyournativelanguageifthewordorderisdramaticallydifferent,especiallyifyoudon’tputverbsbeforetheirobjects.Forerrormessages,thereisafilenamedMessagesinthelogolibdirectorywithtextsofmessages,oneperline.Youcanreplacethiswithafileforyourownlanguage.Donotadd,delete,orreorderlines;Logofindsmessagesbylinenumber.Thesequences%p,%s,and%tinthesemessagesrepresentvariablepartsofthemessageandshouldnotbetranslated.(%pPRINTsthevariablepart,while%sSHOWsit–thatis,thedifferenceisaboutwhetherornotbracketsareshownsurroundingalist.%tmeansthatthevariablepartisaCtextstringratherthanaLogoobject.)Ifyouwanttochangetheorderoftwovariableparts(noreorderablemessagehasmorethantwo),youwouldforexamplereplacetheline%pdoesn’tlike%sasinputwith%+sisalousyinputto%pTheplussigntellsthemessageprintertoreversetheorder;youmustreversetheorderof%pand%s,ifbothareused,tomatch.Theplussigngoesjustafterthefirstpercentsigninthemessage,whichmightnotbeatthebeginningoftheline.Thesequence\ninamessagerepresentsanewline;don’tbefooledintothinkingthatthenispartofthefollowingword.Somemessagesappeartwiceinthefile;thisisn’tamistake.ThetwospacesbeforetoinIdon’tknowhow\\toaren’tamistakeeither.Themessagecontainingjust%pisforuser-providederrormessagesinTHROW"ERROR.Themessage"\\in%s\n%s"isthepartofallerrormessagesthatindicateswheretheerroroccurredifitwasinsideaprocedure;youmightwanttochangethewordintoyourlanguage.%sdefined\niswhatLOADprints



94BERKELEYLOGO6.0foreachproceduredefinedifthevariableLOADNOISILYisTRUE."to%p\nend\n\n"iswhatEDITputsinthetemporaryfileifyouasktoeditaprocedurethatisn’talreadydefined.AlsointheMessagesfilearelinescontainingonlyonewordeach;thefirstoftheseisthewordtrue.SomeofthesewordsarerecognizedbyLogoinuserinput;somearegeneratedbyLogo;someareboth.Forexample,thewordsTRUEandFALSEarerecognizedasBooleanvaluesbyIFandIFELSE,andarealsogeneratedbyLogoasoutputsfromtheprimitivepredicatessuchasEQUALP.ThewordENDisrecognizedastheendofaproceduredefinition,andmaybegeneratedwhenLogoreconstructsaprocedurebodyforPOorEDIT.I’veusedcapitallettersinthisparagraphforeasierreading,butthewordsintheMessagesfileshouldbeinlowercase.Ifyoureplacethesewithnon-Englishwords,LogowillrecognizeboththeEnglishnamesandyouralternatenames.Forexample,ifyoureplacethewordtruewithvraithenLogowillunderstandbothofthese:IF"TRUE[PRINT"YES]IF"VRAI[PRINT"YES]ThevariableUseAlternateNamesdetermineswhetherLogowillgenerateother-languagenames–forexample,whetherpredicatefunctionsreturntheother-languagealternatesforTRUEandFALSE.ThisvariableisFALSEbydefault,meaningthattheEnglishwordswillbegenerated.YoumightwishtohaveEnglish-namedpredicatefunctionsgenerateEnglishTRUEandFALSE,whileother-language-namedpredicatesgeneratethealternatewords.ThiscanbedonebyleavingUseAlternateNamesfalse,andinsteadofdefiningtheother-languagepred-icateswithCOPYDEF,doitthisway:tofrench.boolean:boolifequalp:bool"true[output"vrai]ifequalp:bool"false[output"faux]output:bool;shouldn’thappenendtomake.french.predicate:french:english:aritydefine:french‘[[[inputs],[:arity]][outputfrench.booleanapply,[word"":english]:inputs]]end?make.french.predicate"egal?"equal?2?pregal?34faux?pregal?44vrai?prequal?34false?prequal?44



Chapter12:Internationalization95trueThethirdinputtomake.french.predicateisthenumberofinputsthatthepredicateex-pects.Thissolutionisn’tquiteperfectbecausetheinfixpredicates(=,<,>)willstilloutputinEnglish.Ifyouwantthemtogeneratealternate-languagewords,setUseAlternateNamestoTRUEinstead.SomeofthewordsinthissectionoftheMessagesfilearenamesofLogoprimitives(OUTPUT,STOP,GOTO,TAG,IF,IFELSE,TO,.MACRO).Totranslatethesenames,youmustuseCOPYDEFasdescribedearlier,inadditiontochangingthenamesinMessages.Youshouldbeconsis-tentinthesetwosteps.Don’tforgettheperiodin.macro!Fordocumentation,therearetwokinds:thismanualandthehelpfiles.ThelatteraregeneratedautomaticallyfromthismanualifyouhaveaUnixsystem,sointhatcaseyouneedonlytranslatethismanual,maintainingtheformat.(Theautomatichelpfilegeneratornoticesthingslikecapitalletters,tabs,hyphens,andequalsignsatthebeginningsoflines.)Theprogrammakefile.cmayrequiremodificationbecauseafewoftheprimitivenamesarespecialcases(e.g.,LOG10istheonlynamewithdigitsincluded).Ifyoudon’thaveUnixtools,youcanjusttranslateeachhelpfileindividually.AperiodinaprimitivenameisrepresentedasaDinthefilename;therearenofilesforquestionmarksbecausetheHELPcommandlooksforthefilenamedafterthecorrespondingprimitivethatendsinP.
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