
TclTutorClifFlyntNoumenaCorporation9300FlemingRdDexter,MI48130AbstractTclTutorisaComputerAidedInstructionapplicationforlearningtheTclprogramminglanguage.Thispaperdiscussestheapplication'sdevelopmentandsomeofthetechnicaldetails,alongwithlesson'slearnedandpotentialfuturework.IntroductionTclTutorisaComputerAidedInstructionapplicationforlearningtheTclprogramminglanguage.TheapplicationiswritteninTclusingonlytheTkextension.ItrunsonanyplatformthatsupportsTk.Sinceitsintroductionin1995,ithasgonethrough3majorrevisionsandseveralminorbugfixorfeaturereleases.It'sbeendownloadedhundredsofthousandsoftimes.ThelessonshavebeentranslatedintoPortugueseandextractedasthebasisforthewww.tcl.tkonlinetutorial.ItdirectlyledtomygettingacontracttowriteabookaboutTcl/TkandwasinstrumentalinmybeinghiredtoteachatGrinnellCollege.It'sundoubtablythemostsuccessfulapplicationI'vewrittenin30+yearsasaprofessionalcomputerprogrammer.Ithasseveralgoodfeaturesthatwereincludedbyaccidentandsomewartsthatnobodycanmiss.HistoryThe1995theTclConferenceincludedapaneltodiscussusingTclandTkforcollegelevelcoursework.Twooftheparticipants,CharlesCrowleyandJosephKonstancommentedthattheyneededafastmethodtogetstudentsuptospeedwithTclandTkinordertouseTkasavehicleforteachingaspectsofcomputerscience.[Crowley95]TheircommentinspiredmetocreatetheTclTutorpackage,asasolutiontothisproblem.ItookafewnotesonthebackoftheprogramandstartedcodingassoonasIgothome,muchtomywife'sdismay.Thebaseenginewaswritteninafewhours,thelessons,overseveralweeks.ThefirstreleasedversionofTclTutorlookedlikethis:

WhenTkwasportedtotheMicrosoftWindowsoperatingsystem,IportedTclTutor.Thisinvolvedafairamountofrework,sincetheoriginalversionTclTutorusedexeccommandfrequently.Codelikeexeclswasreplacedwithglob,whiletheexecgrepconstructswerereplacedwithTclprocedurestoexaminefiles.ThefilecommandwasintroducedwhenTclwasportedtoWindows,andallthehardcodedpathsneededtobereplacedwith[filejoin...]constructs.Thesewereallmechanicalchanges,buttheyintroducedmetoalotifprogrammingstylesthatI'dbeenabletocomfortablyignoreuntilthen.TheTclTutorenginestayedfairlyconstantforafewyearswhileIreworkedinstallationkitsthatusedInstallShield(withlimitedsuccess).Whenapplicationwrappersbecameavailable,ImadeTclTutorfriendlywithJanNijtman'soriginalwrapprogram,thenFreewrap,theTclProwrapper,andfinally,in2002,TclTutorgotportedtouseaStarPack.ThebiggestadvantageofusingtheapplicationwrapperswasthatthisreducedtheamountofemailIrecievedaskingwhyTclTutorwouldnotworkandiftheyneededtoinstallTclfirst.ThefirstmajorreworkoftheGUIcamein2000,whenthegridrowconfigurecommandmadeitpossibletoeasilymakewindowsthatweredynamiclyresizedunderscriptcontrol.IwroteapanedwindowcontrollerforTclTutorthatwouldletusersresizewindows.Atthatpoint,TclTutorlookedlikethis:



Thedarkbluediamondsaretheresizingcontrols.Notelegant,butitworked.Forthepast5years,TclTutorhasexistedwiththisGUI.Finally,TclTutorismovingintothe21'stcenturywithrealpanedwindows,andthebattleshipgreycoloring.

DesignThedesignandimplementationofTclTutorhasparalleledtheevolutionofourconceptsofhowTclcanbeused.Originally,JohnOusterhoutconceivedTclasanadjuncttoanapplicationwritteninacompiledlanguagelike"C".LateruserssawTclasabettershellscriptingtoolthatusestheexeccommandtoinvokeotherapplicationstoperformtheactualwork.TclisnowperceivedasanextensibleinterpreterandthecommonpatternistowriteacompleteapplicationinTcl,withsmallsectionswritteninacompiledlanguage.TheinitialversionofTclTutorfollowedtheparadigmthatTclwasabetterBourneShellwithaniftyGUItool.Itwaswritteninasinglefileandmostofthecoderanintheglobalscope.Itmadefrequentuseoftheexeccommandtoperformoperationsthatweretoosloworcumbersomeforthe7.3releaseofTcl.ThesinglefileversionofTclTutorlasteduntilSteveUhler[Uhler95]releasedhmtllib.tclpureTclHTMLrenderingpackage.TclTutorwasanearlyadopterofthispackage.TheearlyversionsofTclTutorkepttheapplicationandalltherelatedcourseandlessonfilesinasingledirectory.LaterversionsofTclTutorsupportedaseparatelessondirectorywherealllessonfilescouldbekept.ThelatestTclTutorisfinallymovingtoadirectorytreeforthecourseswitheachcourseinaseparatesubdirectory.WhilenewlessonshavebeenaddedandtheGUIhasbeenupdated,thebasicsofTclTutorhaven'tchangedsincethefirstversion.ThetwocriticalpartsofTclTutorare:Multipleverbositylevels.TheholygrailofComputerAidedInstructionhasbeentoduplicatethewayagoodteacherwillrephraseinformationtomatchtheneedsofthestudent.ThethreeverbositylevelsinTclTutorprovideasimplewaytogivethebeginnersmoreinformationwithoutboringtheexperiencedusers.3Windows�text,exampleandoutput.AnotherattributeofgoodCAIistoprovidethestudentwithimmediateinteractionandfeedback.Tclprovidesallthehookstomakeaninteractivewindowwheretheusercanviewtheexample,runit,seetheresults,editandtryagain.Thelessonandcoursemenusaregeneratedatruntime.Theapplicationexaminesagivendirectoryandbuildsthemenusbasedonsimplenamingconventions.Eachlessonwillincludeafilewitha.cfgsuffixwhichcontainssomelanguagespecificsettingsandspecialproceduresforoperationslikeparsingerroroutput.Thelessonsarenamedbythetopicname,followedbyanumber,thena.lsnsuffix.The.cfgfileallowsTclTutortobeeasilyconfiguredforteachingothermaterial.Eachcourseincludesacourseconfigfilewhichdefinestheproceduresthatareusedtorunexamplesandreporterrors.Oncetheconfigfileisconstructed,thelessonfilesallfollowthesameformat.



Oneadvantageofthisdesignisthatonceacourseconfigurationfilehasbeencreated,non�programmerscandeveloplessons.TheprimaryreleasedversionofTclTutorhavebeenforTcllessons,I'vedevelopedlessonsforextensionlikeSpirent/AdTechAxTcl.I'vealsocreatedproof�of�conceptlessonsforperl,javaandschemeaswellvariationslikemultiplechoicetests.TheTklessonsethasbeenindevelopmentforseveralyears,withvaryingamountsofattention.Tcl/TkasaplatformfordevelopingCAIapplications.ThefactthatTclTutoriswritteninTclprovidesanexistenceproofthatTcl/TkisanadequatelanguageforwritingaCAIapplication.Infact,TclTutorbarelyscratchesthesurfaceofwhatcanbedoneinthisarena.AgoodCAIdevelopmentenvironmentshould:EncouragetheprogrammertofocusonCAIDevelopmentTasks.Theprogramminglanguageshouldcontaintheconstructsnecessaryforthetask.Ifthelanguagehasinadequatetools,orimposesaninappropriatepresentationparadigm,theprogrammerswillspendmoretimedealingwiththeprogrammingenvironmentthancreatingtheCAIprogram.[Bork87.1]Supportrapidprototyping.OneofthemostexpensivephasesofconstructingaCAIprogramisthedesign�program�test�redesignphase.Theprogrammingenvironmentshouldsupportmechanismswhichshortenthisphase.[Bork87.1]Supporteasymodificationoflessonunits.Teachersmayrequestimprovementsafterusingthepackagewithstudents.Changesineducationtheoryandpracticemaymandatenewmaterial.Thecapabilitytoeasilymodifylessonsallowsapackagetoremaincurrentanduseful.[Bork87.1]Thisimpliesseparatingthelessonmaterialsfromthepresentationengine.Supportinteractionandfeedback.Studieshavefoundthatimmediatefeedbackincreaseslearning.[Bork85][Bork87.2][Owens92]Theprogramminglanguageshouldincludeconstructswhichsupportfeedbackmechanisms.Supportmultimediaandhypertext.Studieshavefoundthatdifferentpresentationmethods(video,sound)improvestudentcomprehensionandretention.[Fox96]Theprogramminglanguageshouldincludeconstructsformultimediaandhypertext.[Owens92][Barron95]Beportable.Hardwareandsoftwareplatformsmaydifferfromschooltoschool,orevenwithinasingleschool.AgoodCAIpackagemustaccommodatevaryingenvironments.[Bork87.1]Beavailableatareasonablecost.Educationalinstitutions,expeciallythosebelowthecollegelevelhavelimitedbudgets.[Bork87.1]Tcl/Tkmeetsalloftheserequirementsquitehandily.TechnicalDetailsTheTclTutorlessonengineisarelativelysimplewishprogramcontainingamenu,taskbarand3textwindows.ThemainfeaturesofTclTutor(threetextwindowsand3levelsofverbosity)haveremainedconstantthrough12yearsofuseandtweaking.Theimplementationofthesefeatureshasevolvedastheconceptofhowoneshoulduseascriptinglanguagehasevolved.Thelargestcodechangewasreworkingtheenginetosupportmultipleplatforms.ThiscausedmyparadigmforTcltoshiftfromTclbeingabettershelllanguagetoTclbeingahigh�levelinterpretedlanguage.ThefirstversionofTclTutorwascomposedprimarilyofglobalscopecodewithonlyafewprocedures.AsTclTutorgotreworked,thecodingstylemovedfromthescript�styleglobalscopecodetoamorestructuredstyleinwhichmostofthecodeisinproceduresandonlyasmallamountofsetupcodeisinglobalscope.ThemostvisiblechangestoTclTutorhavebeentotheGUI.ThesereflecttheevolutionfromtheearlyXWindows/Motifphilosophyofusinginterestingcolorstothemodernboringgrayapproach,andtheevolutionoftheTkToolkittosupportthenewGUIstandards.TheearlyversionsofTclTutortriedtoeconomizeondesktopspacebyusingasinglecontrolbarthatmixedmenubuttonsandnormalbuttons.Bydefaultthenormalbuttonsandmenubuttonsweredisplayedwithadifferentappearance,buttheconfigurationoptionsprovidedplentyofpowerformakingtheselookidenticalenoughtoconfuseanyusers.AnunreleasedversionofTclTutorlookedlikethis:

Thisfollowsthemodernpracticeofhavingamenuatthetop,andataskbarforbuttons.Thetaskbuttonsallowstudentstostepthroughthelessonsandrunexamples.Themostcommonapplicationsauserdoes.Themenusallowastudenttochangecourses,selectaspecificlesson,changeverbositylevelsorsetvariousoptionslikecolorsandfontsizes.SeparatemenulinesandtaskbarsmakealotofsenseforapplicationslikeOpenOfficeorFirebirdwheretherearetoomanyelementstofitonasingleline.Itlookssillytohaveamostlyemptymenulineandthenanevenemptiertaskbuttonline.GiventhesimplicityoftheuserinteractionwithTclTutor,Idecidedtostickwiththesinglerowofmenubuttonsandtaskbuttons.Tomakeitabiteasiertodistinguishbetweenthesebuttons,themenubuttonsareflatreliefwithtextuallabels,whilethetaskbuttonsareraisedrelieficoniclabels.



Theconstructionofthecourseandlessonselectionmenusisdoneonthefly.Thefirst(unreleased)versionsofTclTutorhadhardcodedlistsoffilescontaininglessons,whichrequiredmodifyingthemainapplicationwheneveranewlessonwascreated.Thisgotoldfast.Thelessonfilesareformattedasseveralsectionswithidentifyingstringstomarkthestartandendofasection.ThisThenextversionofTclTutorusedgreptofindakeywordinthelessonfilesandbuiltthemenuonthefly.ThisworkeduntilTk(andTclTutor)wasportedtoWindows95.Sincethen,therehavebeenvariationonthethemeofreadinginalessonfile,findingthekeyword,andbuildingthemenusatruntime.Theparadigmofdata�driven,ratherthancode�drivenGUIsiseasyandcommoninTcl/Tkprograms,butmuchlesseasyandmuchlesscommonwithGUItoolsdesignedtoworkwithcompiledlanguages.ThingsdoneRightandWrongRightTherearetwodesignfeaturesthatmakeusingTclTutorsignificantlybetterthanreadingabookorusingapureHTMLtutorial.Thesearethemultiplelevelsofexplanationandtheabilitytorun,modifyandreruntheexamples.Themultiplelevelsoftersenessallowsanexperiencedprogrammertoviewjustsyntaxandexample,whilealessexperiencedprogrammercangetenoughexplanationto(hopefully)understandwhatthecommanddoesandwhytheymightwanttouseit.Theabilitytorun,modifyandreruntheexamplesiskeytoalearningexperience.Peoplelearnbetteriftheycanapplyinformationimmediatelyaftertheyacquireit.ThebestimplmentationdecisionImadewastocreatethecourseandlessonmenusonthefly.Thissavedcountlesshoursandinnumerablebugsduringphaseslessonswereinrapiddevelopmentandfrequentchange.WrongThebiggestmistakeImadewaswritingmyownlicenseforTclTutor.AtthattimethethreemodelsforreleasingsoftwareweretheoriginalGPL,BSDorShareware.IwantedTclTutortobefreetoindividuals,butnottoallowanyonetosellcopies.Iwasafraidthatsomeonewouldusemycodeandmakemoneyfromitwithoutgivingmeashare.Inretrospect,thiswasunlikely.TheTclTutorengineisrelativelysmallandcouldeasilyberetro�engineeredifanyonecaredto.TheeffectofmylicensewasthatastheOpenSourcemovementstartedtobecomemoreawareoflicenses,TclTutorwastakenoffLinuxandBSDdistributionsthatsoldadistributiononaDVD/CD�Rom.Sincemostdistributionsareavailableonphysicalmediaforasmallfee,thiscutintothedistributionofTclTutorjustasTclwasotherwisebecomingmoreaccepted.TheBSDlicenseisbetterforsmallprojects.Thebestkindofadvertisingasoftwareengineercangetistohavedevelopedanacceptedproduct.TheOpenSourcecommunityisagreatwaytoprovethatyou've"gotthechops".AnothererrorwasthatratherthanputTclTutoronamajorwebsite,Iputitonmyprivatesite.TheadvantageofthiswasthatIhaddirectaccesstotheweblogsandcouldcountthenumberofdownloads,seewhenitpeaked,etc.Thedisadvantageisthatnoteveryoneintheworldlooksatmywebsitetoseewhat'snew.Theworstimplementationmistakewastouseakeyworddrivenformatforthelessonfiles.Thisisaclassicexampleofwritinga"C"applicationinTcl.IcouldhavesavedmyselfadozenorsolinesofcodeandmadetheapplicationmoreeasilyextendedifI'dusedalessonformatthatlookedlikeaTclscriptandloadedthelessonswiththesourcecommand.FutureWorkTherearealwaysmorelessonstobewritten.TheTkcoursehasbeeninprocessforalmostadozenyears.TherearehundredsofpackagesthatwouldprofitbyaTclTutorlessonortwo.TheRelease3versionofTclTutorwillusetheBSDlicense,andwillbeavailableasaStarkit.Iplanonmakingtheapplicationavailableonsomewebsitewithwiderdistributionthanwww.msen.com/~clif.And,thereisalwaysroomforanimprovedGUI.


