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libtclsh.a:AlinkablelibraryforembeddingTclClifFlyntNoumenaCorporation9300FlemingRdDexter,MI48130clif@noucorp.comwww.noucorp.comIntroductionOneofTcl'sstrengthsisthatitcanbeembeddedintoanotherapplicationtoprovidethatapplicationwithnewfeatures.TheproblemwiththisisthatanapplicationwithTclembeddedintoitwillalsoneedacompleteTcldistributioninordertousethesefeatures.Functionalitylikethatofferedbylikehttppackage,someTkwidgetsandthetoolsimplementedintheTcllibareonlyavailableiftheycanbeloadedatruntime.ThereareseveralwrappingsolutionsforcreatingasinglerfileexecutablefromaTclscript.FreeWrap,ProWrap,Tobe,andStarKitsarethebestknownofthese.ThesesolutionsusetheTclVirtualFileSystem(VFS)toincludetheancilliaryfileswiththeexecutable.Thispaperintroducesatechniqueformakingasinglelibraryfilethatcanbelinkedtoacompiledapplicationcreatingasinglefileexecutablethatincludestheancilliarylibraries.ProblemTheimmediateproblemthatneededtobesolvedwasthatourgroupwaspresentedwithaFORTRANprogramthatneededIPSocketsupport,andmightalsoneedgraphicssupport.ThedevelopersoftheFORTRANapplicationwerenotfamiliarwithTclandwereresistanttoaddinganotherlearningcurvetotheirdevelopmentschedule.Byprovidingthemwithasinglefiletolinkwiththeirapplication,theFortrantoTcllibrarydevelopedbyArjenMarkus,andaTclscriptthatweprovided,wewereabletocreateanapplicationveryquicklythathadthemathematicalmodelstheyhaddevelopedandtheinteractivecapabilitiesthatwedeveloped.SolutionThissolutioniscomposedof5parts,eachofwhichextendsthefunctionalityofthepreviousparts.1.Thebzip2library(bzip2�1.0.3).2.AnTclextensionthatcompressesanddecompressesbzippeddata(bzTcl).3.AVFSExtensionthatcanaccessamemoryresidentbzippedfilesystem(memFile).4.Amodifiedmain.candTcl_Interpcreationprocedure(memTclsh).5.TheFTCLpackagefromArjenMarkuswithhookstothenewlibrary(FORTRAN_Tclsh).bzip2Thebzip2libraryistakenfromthenetandnotmodified.Forthisiteration,Iusedthe1.0.3release,downloadedfromhttp://www.bzip.org.bzTclThebzTclextensionprovidesaninterfacetothebzip2library.ThisextensionwasoriginallydevelopedtoreadcompressedfiledatafromProjectGutenberg.Itwasextendedtoincludepurememorycompressionanddecompression.Thefunctionssupportedare:compressinmemorydata.decompressinmemorydata.
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readcompresseddatafromafileanddecompressit.writecompresseddatatoafilefromplaintextmemory.memFileThememFileextensioncreatesamemorybasedVirtualFileSystemandprovidesthehooksfortheTclinterpretertoaccessthis.ThissetofcodeincludesfunctionalityforreadingandsearchingaVFS,butdoesnotimplementwritingnewcodetoinrmemoryVFS.memTclshThememTclshsectionofthispackageisderivedfromD.RichardHipp'sTOBE(TclasOneBigExecutable)mainandCreateInterpfunctions,whicharederivedfromthenormalTclmainandCreateInterpfunctions.Themainfunctionisprovidedtobuildasinglerfiletclsh(orwish)interpreterthatneedsnoancilliaryfiles.ThisissimilartoastandaloneTOBEorStarkit.ThememCreateInterpfunctionduplicatesthebehaviorofthenormalTcl_Main,creatingthenewinterpreter,settingtheinitialglobalvariables,initializingthefilesystem,settingupthepackagelibrarypathsandloadinginit.tcl,etc.FORTRAN_TclshTheFORTRAN_TclshlibraryisArjenMarkus'sFTCLpackagemodifiedslightlytocreateamemTclinterpreterinsteadofastandardTcl_CreateInterpinterpreter.DetailsThebulkofthecodethatimplementsthissystemistheVFSsupportfunctions.ThememoryfilesystemisconstructedasanarrayofmemFileDatastructs:typedefstructmemFileData{char*name%//Pathtofile,rootedatthe"filesystem"root.intdataLen%//Numberofbytesindata.unsignedchar*data%//BZ2Compressedfiledata.}memFileData%Thefilesystemitselfisanarrayofthesestructures.Sincethefilesystemwillberelativelysmall(about1000entries),Idecidedtooptforsimplicityratherthananysortofoptimizedaccess.TheTclVirtualFileSystemiscreatedbyfillinginthefieldsofaTcl_FilesystemstructureandregisteringthefilesystemwiththeTcl_FSRegistercommand.TheTcl_Filesystemstructureisimplementedasastructurecontainingasetofpointerstoprocedureswhichimplementfilesystemfunctions.Itisdefinedinthetcl.handlookslikethis:/**structTcl_Filesystem:**Onesuchstructureexistsforeachtype(kind)offilesystem.Itcollects*togetherinoneplaceallthefunctionsthatarepartofthespecific*filesystem.Tclalwaysaccessesthefilesystemthroughoneofthese*structures.**NotallentriesneedbenonANULL%anywhichareNULLaresimplyignored.*However,acompletefilesystemshouldprovideallofthesefunctions.The*explanationsinthestructureshowtheimportanceofeachfunction.*/typedefstructTcl_Filesystem{CONSTchar*typeName%/*Thenameofthefilesystem.*/intstructureLength%/*Lengthofthisstructure,sofuturebinary*compatibilitycanbeassured.*/
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Tcl_FSVersionversion%/*Versionofthefilesystemtype.*/Tcl_FSPathInFilesystemProc*pathInFilesystemProc%/*Functiontocheckwhetherapathisinthis*filesystem.Thisisthemostimportant*filesystemfunction.*/Tcl_FSDupInternalRepProc*dupInternalRepProc%/*Functiontoduplicateinternalfsrep.May*beNULL(butthenfsislessefficient).*/Tcl_FSFreeInternalRepProc*freeInternalRepProc%/*Functiontofreeinternalfsrep.Mustbe*implementedifinternalrepresentations*needfreeing,otherwiseitcanbeNULL.*/Tcl_FSInternalToNormalizedProc*internalToNormalizedProc%/*Functiontoconvertinternalrepresentation*toanormalizedpath.Onlyrequiredifthe*fscreatespurepathobjectswithno*string/pathrepresentation.*/Tcl_FSCreateInternalRepProc*createInternalRepProc%/*FunctiontocreateafilesystemAspecific*internalrepresentation.MaybeNULLif*pathshavenointernalrepresentation,or*iftheTcl_FSPathInFilesystemProcforthis*filesystemalwaysimmediatelycreatesan*internalrepresentationforpathsit*accepts.*/Tcl_FSNormalizePathProc*normalizePathProc%/*Functiontonormalizeapath.Shouldbe*implementedforallfilesystemswhichcan*havemultiplestringrepresentationsfor*thesamepathobject.*/Tcl_FSFilesystemPathTypeProc*filesystemPathTypeProc%/*Functiontodeterminethetypeofapathin*thisfilesystem.MaybeNULL.*/Tcl_FSFilesystemSeparatorProc*filesystemSeparatorProc%/*Functiontoreturntheseparator*character(s)forthisfilesystem.Mustbe*implemented.*/Tcl_FSStatProc*statProc%/*Functiontoprocessa'Tcl_FSStat()'call.*Mustbeimplementedforanyreasonable*filesystem.*/Tcl_FSAccessProc*accessProc%/*Functiontoprocessa'Tcl_FSAccess()'*call.Mustbeimplementedforany*reasonablefilesystem.*/Tcl_FSOpenFileChannelProc*openFileChannelProc%/*Functiontoprocessa*'Tcl_FSOpenFileChannel()'call.Mustbe*implementedforanyreasonable*filesystem.*/Tcl_FSMatchInDirectoryProc*matchInDirectoryProc%/*Functiontoprocessa*'Tcl_FSMatchInDirectory()'.Ifnot*implemented,thenglobandrecursivecopy*functionalitywillbelackinginthe*filesystem.*/Tcl_FSUtimeProc*utimeProc%/*Functiontoprocessa'Tcl_FSUtime()'call.*Requiredtoallowsetting(notreading)of*timeswith'filemtime','fileatime'and*theopenAr/openAw/fcopyimplementationof*'filecopy'.*/Tcl_FSLinkProc*linkProc%/*Functiontoprocessa'Tcl_FSLink()'call.*Shouldbeimplementedonlyifthe*filesystemsupportslinks(readingor*creating).*/Tcl_FSListVolumesProc*listVolumesProc%/*Functiontolistanyfilesystemvolumes
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*addedbythisfilesystem.Shouldbe*implementedonlyifthefilesystemadds*volumesattheheadofthefilesystem.*/Tcl_FSFileAttrStringsProc*fileAttrStringsProc%/*Functiontolistallattributesstrings*whicharevalidforthisfilesystem.Ifnot*implementedthefilesystemwillnotsupport*the'fileattributes'command.Thisallows*arbitraryadditionalinformationtobe*attachedtofilesinthefilesystem.*/Tcl_FSFileAttrsGetProc*fileAttrsGetProc%/*Functiontoprocessa*'Tcl_FSFileAttrsGet()'call,usedby'file*attributes'.*/Tcl_FSFileAttrsSetProc*fileAttrsSetProc%/*Functiontoprocessa*'Tcl_FSFileAttrsSet()'call,usedby'file*attributes'.*/Tcl_FSCreateDirectoryProc*createDirectoryProc%/*Functiontoprocessa*'Tcl_FSCreateDirectory()'call.Shouldbe*implementedunlesstheFSisreadAonly.*/Tcl_FSRemoveDirectoryProc*removeDirectoryProc%/*Functiontoprocessa*'Tcl_FSRemoveDirectory()'call.Shouldbe*implementedunlesstheFSisreadAonly.*/Tcl_FSDeleteFileProc*deleteFileProc%/*Functiontoprocessa'Tcl_FSDeleteFile()'*call.ShouldbeimplementedunlesstheFS*isreadAonly.*/Tcl_FSCopyFileProc*copyFileProc%/*Functiontoprocessa'Tcl_FSCopyFile()'*call.IfnotimplementedTclwillfallback*onopenAr,openAwandfcopyasacopying*mechanism,forcopyingactionsinitiatedin*Tcl(notC).*/Tcl_FSRenameFileProc*renameFileProc%/*Functiontoprocessa'Tcl_FSRenameFile()'*call.Ifnotimplemented,Tclwillfall*backonacopyanddeletemechanism,for*renameactionsinitiatedinTcl(notC).*/Tcl_FSCopyDirectoryProc*copyDirectoryProc%/*Functiontoprocessa*'Tcl_FSCopyDirectory()'call.Ifnot*implemented,Tclwillfallbackona*recursivecreateAdir,filecopymechanism,*forcopyingactionsinitiatedinTcl(not*C).*/Tcl_FSLstatProc*lstatProc%/*Functiontoprocessa'Tcl_FSLstat()'call.*Ifnotimplemented,Tclwillattempttouse*the'statProc'definedaboveinstead.*/Tcl_FSLoadFileProc*loadFileProc%/*Functiontoprocessa'Tcl_FSLoadFile()'*call.Ifnotimplemented,Tclwillfall*backonacopytonativeAtempfollowedbya*Tcl_FSLoadFileonthattemporarycopy.*/Tcl_FSGetCwdProc*getCwdProc%/*Functiontoprocessa'Tcl_FSGetCwd()'*call.Mostfilesystemsneednotimplement*this.Itwillusuallyonlybecalledonce,*if'getcwd'iscalledbefore'chdir'.May*beNULL.*/Tcl_FSChdirProc*chdirProc%/*Functiontoprocessa'Tcl_FSChdir()'call.*Iffilesystemsdonotimplementthis,it*willbeemulatedbyaseriesofdirectory*accesschecks.Otherwise,virtual
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*filesystemswhichdoimplementitneedonly*respondwithapositivereturnresultif*thedirNameisavaliddirectoryintheir*filesystem.Theyneednotrememberthe*result,sincethatwillbeautomatically*rememberedforusebyGetCwd.Real*filesystemsshouldcarryoutthecorrect*action(i.e.callthecorrectsystem*'chdir'api).Ifnotimplemented,then'cd'*and'pwd'willfailinsidethe*filesystem.*/}Tcl_Filesystem%Asthecommentsnote,sectionsofthisstructuremaybeblankifthatfunctionalityisnotpresent.Forexample,youdon'tneedwriteproceduresonareadonlyfilesystem.Otherprocedureswillimproveefficiency,butarenotrequiredforbasefunctionality.TheTcl_Filesystemstructuredefinedforthisextensionresemblesthis:Tcl_FilesystemmemFileSystem={"memFile",sizeof(Tcl_Filesystem),TCL_FILESYSTEM_VERSION_1,&memFile_PathInFilesystem,&memFile_DupInternalRep,&memFile_FreeInternalRep,NULL,NULL,NULL,&memFile_FilesystemPathType,&memFile_FileSystemSeparator,&memFile_Stat,&memFile_Access,&memFile_OpenFileChannel,&memFile_MatchInDirectory,&memFile_Utime,NULL,&memFile_ListVolumes,&memFile_FileAttrStrings,&memFile_FileAttrGet,&memFile_FileAttrSet,NULL,NULL,NULL,NULL,NULL,NULL,NULL,NULL,NULL,NULL}%Thesearethecriticalfunctionsforareadonlyfilesystem,andhowtheywereimplemented.Tcl_FSPathInFilesystemProc*pathInFilesystemProc%/*Functiontocheckwhetherapathisinthisfilesystem.Thisisthemostimportantfilesystemfunction.*/Thememoryfilesystemisthestructuredefinedabove.ThememoryfilesystemkeepsaTclhashtablefortodefinethemountedmemoryfilesystems.Thekeyfortheseistehmountpoint,andtheassociatedvalueistheaddressofthememorystructure.Tosimplifylife,thememoryfilesystemcanonlybemountedatthetoplevel.Thustodeterminewhetherapathisonthefilesystem,thecodecanstripthepathtotheparentdirectory,thenchecktoseeifthatisakeyforamountedfilesystemwithTcl_FindHashEntry



Page6DefaultTitle

Wed11Oct200601:40:22PMEDTfile://home/clif/BOOKS/Tcl2006/outline.html

Tcl_FSFilesystemPathTypeProc*filesystemPathTypeProc%/*Functiontodeterminethetypeofapathinthisfilesystem.MaybeNULL.*/Theonlytypeofentityinthisfilesystemisafile.Thereisnodistinctionbetweendirectoriesandfilesbecausetherearenodirectorynames,justfilenamesthathavemanyfoo/bartypestringsinthem.Thebodyofthisfunctionlookslikethis:retObj=Tcl_NewStringObj("memFile",A1)%Tcl_IncrRefCount(retObj)%returnretObj%Tcl_FSFilesystemSeparatorProc*filesystemSeparatorProc%/*Functiontoreturntheseparatorcharacter(s)forthisfilesystem.Mustbeimplemented.*/Thiscanalsobeimplementedasahardcodedvalue.retObj=Tcl_NewStringObj("/",A1)%Tcl_IncrRefCount(retObj)%returnretObj%Tcl_FSStatProc*statProc%/*Functiontoprocessa'Tcl_FSStat()'call.Mustbeimplementedforanyreasonablefilesystem.*/IfthisproceduresimplyreturnsTCL_OK,everythingseemstowork.ItshouldfilltheTcl_StatBufstructurethat'spassedtothefunction.Manyofthesefieldsareirrelevanttoareadronlyfilesystem.Tcl_FSAccessProc*accessProc%/*Functiontoprocessa'Tcl_FSAccess()'call.Mustbeimplementedforanyreasonablefilesystem.*/ThisfunctionwillreturnTCL_OKifthepathisinthefilesystemandcanbeaccessedandr1ifthefiledoesnotexist.Sincetherearenopermissionbitsonthisfilesystem,anyfilethatexistscanbeaccessed.TheimplementationisthattheHashEntryforthemountpointisfirstacquired.ThedatavalueassociatedwiththisistheaddressofthearrayofmemoryFilestructurs.Thisarrayissearchedtoseeifthereisafilewiththerequestednameinthearray.Notethatr1isnotTCL_ERROR,however,Tcl_FSAccessintclIOUtil.creturnsar1andthecodethatinvokesitwillalsoexpectr1forfailure.Tcl_FSOpenFileChannelProc*openFileChannelProc%/*Functiontoprocessa'Tcl_FSOpenFileChannel()'call.Mustbeimplementedforanyreasonablefilesystem.*/OpeninganewchanneliswelldescribedintheTclmanpagesandWelch'sPracticalProgramminginTcl/Tk.Whenafileisopened,anewTcl_ChannelstructuremustbecreatedusingtheTcl_CreateChannelfunction.OneoftheargumentstoTcl_CreateChannelisapointerInstancestructurethatthisfilesystemusestoholdinformationabouttheopenfile.Onanormalfilesystemthiswillincludeareadbuffer,astartpointer,length,etc.
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Forthismemoryfilesystem,theinstancedataincludesabufferthatwillholdtheuncompressedfiledata,lengthandoffsetfields.ThefunctionslistedintheTcl_ChannelTypestructureusethesevaluestocopydatafromthememoryfilebuffertotheTclmemoryarea.Tcl_FSMatchInDirectoryProc*matchInDirectoryProc%/*Functiontoprocessa'Tcl_FSMatchInDirectory()'.Ifnotimplemented,thenglobandrecursivecopyfunctionalitywillbelackinginthefilesystem.*/Thisfunctionisthetrickiestoftherequiredfunctions.WhilethisisnotrequiredforaVFS,itisrequiredbytheinitializationscriptsthatusevariousflavorsofglobtofindtheruntimeloadedfilesandpackages.Therearemanypermutationsusedbytheglobcommand,thusthisfunctionmightbeinvokedwithaTcl_GlobTypeDatapointerwhichcontainsdataormaybeNULL,apatternwhichmayalsobeNULLandpathwhichmayormaynotberooted.Thisfunctionincludestoomuchcodetoturnthepathandpatternintoagenericformat.Afterthestringisgeneralized,theTcl_StringCaseMatchcommandcanbeusedtodetermineifthepatternmatchesthenamesofthefilesinthememFilestructure.UsingTcl_StringCaseMatchsavedwritingagreatdealofpatternmatchingcode.Tcl_FSListVolumesProc*listVolumesProc%/*Functiontolistanyfilesystemvolumesaddedbythisfilesystem.Shouldbeimplementedonlyifthefilesystemaddsvolumesattheheadofthefilesystem.*/ThecodeassociatedwiththisfunctionusestheTcl_NextHashEntrytostepthroughthehashtableofmountedfilesystemsandreturnsthekeysthatareinuse.ThefilesystemarrayisconstructedasaccodesourcefilebyaTclscript.Thescriptrecursivelydescendsfromarootdirectory,compressestheappropriatefilesandoutputsanasciiequivalentofthebinarycodes.TheCcoderesemblesthis:///usr/local/lib/tcl8.5/msgs/zh_hk.msgstaticunsignedcharmem_data0[]={66,90,1...}%memFileDatafile0={"/tcl8.5/msgs/zh_hk.msg",347,mem_data0}%///usr/local/lib/tcl8.5/msgs/zh_sg.msgstaticunsignedcharmem_data1[]={66,90,1...}%memFileDatafile1={"/tcl8.5/msgs/zh_sg.msg",255,mem_data1}%...memFileData*tclTkInitData[]={&file0,&file1,&file2,...}%ThistechniqueofembeddingTclcodeinaCmemorystructurewasborrowedwithsomemodificationsfromtheSafeTclextensiondevelopedbyMarshallRoseandNathanielBorenstein.Thismethodofbuildinglargedatastructuresin3stepsissupportedbybothnewerandolderGCCcompilers.TheCcodethat'sgeneratedbythisapplicationTclinitializationlibraryisabout4000lineslong(5,628,135bytes,compilingdownto1,781,828bytes),andtheTkinitializationlibraryisabout3555lineslon(compilingdownto1,278,272).Oncethelibtclsh.aorlibwish.ahasbeencreated,itcanbelinkedwithaCapplication.Atrivialtestlookslikethis:
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#ifdefUSE_TK#include<tk.h>#else#include<tcl.h>#endif#include<ctype.h>#include<errno.h>#include<string.h>#include<sys/stat.h>#include<unistd.h>#include<stdlib.h>#include"memFile.h"intmain(intargc,char**argv){Tcl_Interp*interp%interp=memCreateInterp(argc,argv)%Tcl_Eval(interp,"putsOK")%return0%}Itcanbecompiledwith:(reverse�i�search)̀gc':gcctest1.clibtclsh.a�lm�ldlLessonsLearned1.UsetheSource,Luke!ThedocumentationfortheVFSsystemisnotascompleteasitmightbe.Inplaces,itisn'tquiteintuitive(suchastheAccessfunctionthatreturnsr1insteadofaTCL_ERRORwhenitfails).2.TheTclandTkinitializationcodeprovidesafairlycompletesuitetoexerciseaVFSfilesystem.3.Thereareanamazingnumberofpermutationstohandlingfileglobbing.FutureWorkTherearemanyFSfunctionsthataredummiedoutwhichcouldbeincludedtoimproveefficiencyoraddfunctionality.OnegoalforthismethodofembeddingTclinapplicationsistobeabletouseCcodetoeasilyinvokeTkwidgetsandmapcallbacksfromaTkWidgetbackintoCcode.ThishasthepotentialformakingTkausefultoolforprototypingnewWidgetsthataCdevelopermightuse.ThecurrentversionofthispackageisworkingandinuseunderLinuxusinggcc3.3andgcc4.0.PortingthemakeenvironmenttoWindowsandMacintoshhasbeenconsideredandmighthappen.Thecodeisavailableatwww.dedasys.com/~clif.


