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Chapter 50. C Library Overview

This chapter provides a bird's eye view of the facilities in the Tcl and Tk C libraries. For
details of the APIs, you will need to consult the on-line reference material.

C libraries provide comprehensive access to the Tcl and Tk implementation. You have
complete control over the Tcl script environment, plus you can extend Tcl and Tk by writing
new features in C. You can implement new commands, I/O channels, event sources,
widgets, canvas items, image types, and geometry managers. The platform-independent
I/O subsystem and the event loop are available for use from C. This chapter provides an
overview of the Tcl and Tk C libraries.

For serious C programming, you need to consult the on-line reference material. The
manual pages describe groups of related C procedures. For example, on UNIX, you can
run man on individual procedures and see the documentation for the whole group of
related procedures:

man Tcl CreateCommand

The Windows Help and HTML versions are indexed by procedure. You can find the HTML
on the CD-ROM and the Web:

http://www.tcl.tk/man/

The Tcl and Tk sources are also excellent reference material. The code is well written with
a consistent style that encourages lots of comments. Virtually all the exported APIs are
used by Tcl and Tk themselves, so you can read the source code to see how the APIs are
used. The Tcl and Tk sources are on the CD-ROM in tc18. 4 and tk8. 4 directories.
Chapter 48 describes the source directory structure and how to build Tcl from the source
code.

An Overview of the Tecl C Library

Application Initialization

The Tcl Mainand Tcl AppInit procedures are illustrated by Example 47-13 on page
720. They provide a standard framework for creating main programs that embed a Tcl
interpreter. Tc1 Init isused to sourcethe init.tcl script. Tcl SourceRCFile
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sources the per-user startup file (e.g., . tclshrc). Tcl SetMainLoop is used to set up
an event loop (e.g., by Tk).

The Tcl InitStubs procedure must be called during initialization by an extension that
has been linked against the Tcl stub library, which is described on page 735.
Tcl InitStubs isillustrated in Example 47-1 on page 698.

The Tc1l FindExecutable searches the system to determine the absolute file name of
the program being run. This should be called early, before Tc1 Main or

Tcl CreatelInterp.Once Tcl FindExecutable has been called,

Tcl GetNameOfExecutable can be used to get the value of the program name.

Creating and Deleting Interpreters

A Tcl interpreter is created and deleted with the Tc1 CreateInterp and

Tcl DeletelInterp procedures.You can find out whether aninterpreterisinthe process
of being deleted with the Tc1 InterpDeleted call. You can register a callback to occur
when the interpreter is deleted with Tc1 CallWhenDeleted. Unregister the callback
with Tc1 DontCallWhenDeleted.

Slave interpreters are created and manipulated with Tc1 CreateSlave,

Tcl GetSlave,Tcl GetSlaves,Tcl GetMaster,Tcl CreateAlias,

Tcl CreateAliasObj,Tcl GetAlias,Tcl GetAliasObj,Tcl GetAliases,
Tcl_GetInteerath,Tcl_IsSafe,Tcl_MakeSafe,Tcl_ExposeCommand,and
Tcl HideCommand.

Creating and Deleting Commands

Register a new Tcl command with Tc1 CreateCommand, and delete a command with
Tcl DeleteCommand.The Tcl GetCommandInfo and Tcl SetCommandInfo
procedures query and modify the procedure that implements a Tcl command and the
ClientData that is associated with the command. When a command is created, a token
is returned. The following procedures manipulate the command using the token:

Tcl GetCommandInfoFromToken, Tcl SetCommandInfoFromToken, and

Tcl DeleteCommandFromToken. A command that uses the Tcl Obj interface is
created with Tc1 CreateObjCommand. Command procedures are illustrated in Chapter

47.

Dynamic Loading and Packages

Tcl PkgRequire checksadependency on another package. Tc1 PkgProvide declares
that a package is provided by a library. These procedures are equivalent to the package
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require and package provide Tcl commands. The Tcl PkgPresent procedure
returns the version number of the package, if it is loaded. Tc1 PkgProvideEx,
Tcl PkgRequireEx,and Tcl PkgPresentEx let you set and query the clientData
associated with the package. The Tc1 StaticPackage call is used by statically linked
packages so that scripts can 1oad them into slave interpreters.

Managing the Result String

The result string is managed through the Tc1 SetResult, Tcl AppendResult,
Tcl AppendElement, Tcl GetStringResult,and Tcl ResetResult procedures.
The object interface is provided by Tc1 SetObjResult and Tcl GetObjResult.

Error information is managed with the Tc1 AddErrorInfo, Tcl AddObjErrorInfo,
Tcl SetErrorCode,Tcl SetObjErrorCode, Tcl SetErrorCodeVA,

Tcl LogCommandInfo,and Tcl PosixError procedures. The Tcl WrongNumArgs
generates a standard error message. Tcl SetErrno, Tcl GetErrno, Tcl Errnold,
and Tc1l ErrnoMsg provide platform-independent access to the errno global variable
that stores POSIX error codes.

Memory Allocation

The Tcl Alloc, Tcl Realloc,and Tcl Free procedures provide platform- and
compiler-independent functions to allocation and free heap storage. Use these instead of
alloc,realloc,and free. Notethat Tcl_Alloc and Tcl_Realloc will panic if no memory
is available. The following procedures will return a NULL pointer instead of panicking:
Tcl AttemptAlloc, Tcl AttemptRealloc.The Tcl Preserve and

Tcl Release procedures work in concert with Tc1 EventuallyFree to guard data
structures against premature deallocation. These are described on page 715.

The following macros are layers over the memory APIs that provide extra debugging
support if the TCL MEM DEBUG compile-time option is used: ckalloc, ckfree,
ckrealloc, attemptckalloc, attemptckrealloc. To view the debugging
information, use Tcl DumpActiveMemory or Tcl ValidateAllMemory. Use

Tcl InitMemory tocreatethe memory Tcl command that provides script-level access to
these APIs.

Lists

You can chop a list up into its elements with Tc1 SplitList, which returns an array of
strings. You can create a list out of an array of strings with Tc1 Merge. This behaves like
the 1ist command in that it will add syntax to the strings so that the list structure has
one element for each of the strings. The Tc1 ScanElement,
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Tcl ScanCountedElement, Tcl ConvertCountedElement, and

Tcl ConvertElement procedures are used by Tc1 Merge. The object interface to lists
is provided by Tc1 NewListObj, Tcl SetListObj, Tcl ListObjIndex,

Tcl ListObjLength, Tcl ListObjAppendList, Tcl ListObjAppendElement,
Tcl_ListObjGetElements,anchl_ListObjReplace.

Command Parsing

If you are reading commands, you can test for a complete command with

Tcl CommandComplete. You can do backslash substitutions with Tc1 Backslash. A
more formal Tcl parser is provided by these procedures: Tc1 ParseCommand,

Tcl ParseExpr, Tcl ParseBraces,Tcl ParseQuotedString,

Tcl ParseVarName,Tcl ParseVar and Tcl FreeParse.Theresult of the parseisa
sequence of tokens, which you can evaluate with Tc1 EvalTokens and

Tcl EvalTokensStandard.

Command Pipelines

The Tc1l OpenCommandChannel procedure does all the work of setting up a pipeline
between processes. It handles file redirection and implements all the syntax supported by
the exec and open commands. Use Tc1 WaitPid to wait for the process to complete.

If the command pipeline is run in the background, then a list of process identifiers is
returned. You can detach these processes with Tc1 DetachPids, and you can clean up
after them with Tc1 ReapDetachedProcs.

Tracing the Actions of the Tcl Interpreter

There are several procedures that let you trace the execution of the Tcl interpreter and
provide control over its behavior. Tc1 CreateTrace and Tcl CreateObjTrace
register a procedure that is called before the execution of each Tcl command. Remove the
registrationwith Tc1 DeleteTrace. Tracesonindividual commands are controlled with
Tcl_TraceCommand,Tcl_UntraceCommand,anchl_CommandTraceInfo.

You can trace modifications and accesses to Tcl variables with Tc1 Tracevar and

Tcl TraceVar2. The second form is used with array elements. Remove the traces with
Tcl UntraceVar and Tcl UntraceVar2.You can query the traces on variables with
Tcl VarTraceInfoand Tcl VarTraceInfo2.

Evaluating Tcl Commands

There is a large family of procedures that evaluate Tcl commands. Tc1 Eval evaluates a
string as a Tcl command. Tc1 VarEval and Tcl VarEvalVA take a variable number of
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string arguments and concatenates them before evaluation. The Tc1 EvalFile
command reads commands from a file. Tc1 GlobalEval evaluates a string at the global
scope. The Tc1 EvalEx procedure takes flags. The TCL GLOBAL EVAL flag causes
evaluation at the global scope. The TCL._EVAL DIRECT flags does evaluation without first
compiling the script to byte codes.

Tcl EvalObjand Tcl GlobalEvalObj provide an objectinterface. Their argument is
a script object that gets compiled into byte codes and cached. Use these procedures if you
plan to execute the same script several times. The Tc1 EvalObjEx procedure takes the
evaluation flags described above. The Tc1 EvalObjv procedure takes an array of

Tcl Obj that represent the command and its arguments. Unlike the other procedures,
Tcl EvalObjv does not do substitutions on the arguments to the command.

If you are implementing an interactive command interpreter and want to use the history
facility, then call Tc1 RecordAndEval or Tcl RecordAndEvalObj. This records the
command on the history list and then behaves like Tc1 GlobalEval.

You can set the recursion limit of the interpreter with Tc1 SetRecursionLimit.Ifyou
are implementing a new control structure, you may need to use the

Tcl AllowExceptions procedure. This makes it acceptable for Tc1 Eval and friends
to return something other than TCL OK and TCL_ERROR.

If you want to evaluate a Tcl command without modifying the current interpreter result
and error information, use Tc1 SaveResult, Tcl RestoreResult,and
Tcl DiscardResult.

The Tc1l SubstObj procedure implements the mechanics of the subst Tcl command.

Reporting Script Errors

If your widget makes a callback into the script level, what do you do when the callback
returns an error? Use the Tc1 BackgroundError procedure that invokes the standard
bgerror procedure to report the error to the user.

Manipulating Tel Variables

You can set a Tcl variable with Tc1 SetVar and Tcl SetVar2. These two procedures
assign a string value, and the second form is used for array elements. The

Tcl SetVar2Ex procedure assignsa Tcl Ob7j value to the variable, and it can be used
with array elements. You can retrieve the value of a Tcl variable with Tc1 GetVar and
Tcl GetVar2.The Tcl GetVar2Ex procedure returnsa Tcl Obj value instead of a
string. In the rare case that you have the name of the variable in a Tc1 0b3j instead of a
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simple string, you must use Tc1l ObjSetVar2 procedure and Tcl ObjGetVar2.You
can delete variables with Tc1 UnsetVar and Tcl UnsetVar2.

You can link a Tcl variable and a C variable together with Tc1 LinkVar and break the
relationship with Tc1 UnlinkVar. Setting the Tcl variable modifies the C variable, and
reading the Tcl variable returns the value of the C variable. If you need to modify the Tcl
variable directly, use Tc1 UpdateLinkedVar.

Use the Tc1l UpvVar and Tcl UpVar2 procedures to link Tcl variables from different
scopes together. You may need to do this if your command takes the name of a variable as
an argument as opposed to a value. These procedures are used in the implementation of
the upvar Tcl command.

Evaluating Expressions

The Tcl expression evaluator is available through the Tc1 ExprLong,

Tcl ExprDouble, Tcl ExprBoolean,and Tcl ExprString procedures. These all
use the same evaluator, but they differ in how they return their result. The object interface
to expressions is implemented with Tc1 ExprLongObj, Tcl ExprDoubleObj,

Tcl ExprBooleanObj,and Tcl ExprObj.Youcanregister the implementation of new
math functions by using Tc1 CreateMathFunc, and you can query them with
Tcl_GetMathFuncInfoanchl_ListMathFunc&

Converting Numbers

You can convert strings into numbers with the Tc1 GetInt, Tcl GetDouble, and
Tcl GetBoolean procedures. The Tcl PrintDouble procedure converts a floating
point number to a string. Tcl uses it any time it must do this conversion.

Tel Objects

Tcl 8.0 uses dual-ported objects instead of strings to improve execution efficiency. The
basic interface to objects is provided by Tc1 NewObj, T1 DuplicateObj,
Tcl_InchefCount,Tcl_DechefCount,Tcl_InvalidateStringRep,and
Tcl IsShared. Example 47-5 on page 706 and Example 47-15 on page 725 illustrate
some of these procedures. You can define new object types. The interface consists of
Tcl_RegisterObjType,Tcl_GetObjType,Tcl_AppendAllObjTypes,and

Tcl ConvertToType.

Primitive Object Types

The basic Tcl object types are boolean, integer, double-precision real, and string. The types
provide procedures for creating objects, setting values, and getting values:
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Tcl NewBooleanObj, Tcl SetBooleanObj,Tcl GetBooleanFromObj,

Tcl NewDoubleObj, Tcl SetDoubleObj, Tcl GetDoubleFromObj,

Tcl NewIntObj,Tcl GetIntFromObj,Tcl SetIntObj,Tcl NewLongObj,
Tcl GetLongFromObj,and Tcl SetLongObj. 64-bit integers are supported with
Tcl NewWideInt,Tcl SetWideInt,and Tcl GetWideIntFromObj.

String Object Types

The Tc1 Obj values are used to store strings in different encodings. The natural string
valueina Tcl Obj is UTF-8 encoded. There can also be Unicode (i.e., 16-bit characters)
or ByteArray (i.e., 8-bit characters) format strings stored in a Tc1 0bj. Conversions
among these string types are done automatically. However, certain operations work best
with a particular string encoding, and the Tc1 Obj value is useful for caching an efficient
representation.

These procedures operate on string objects with the UTF-8 encoding;:

Tcl NewStringObj, Tcl SetStringObj, Tcl GetString,

Tcl GetStringFromObj, Tcl AppendToObj, Tcl AppendStringsToObj, and
Tcl AppendObjToObj. These procedures operate on Unicode strings:

Tcl NewUnicodeObj, Tcl SetUnicodeObj, Tcl AppendUnicodeToObj,

Tcl GetUnicode, Tcl GetUnicodeFromObj, Tcl GetRange,

Tcl GetUniChar. The Tcl AppendObjToObj preserves the existing representation
(e.g., Unicode or UTF-8) of the string being appended to.

The Tc1l GetCharLength returns the length in characters of the string.

Tcl SetObjLength procedure sets the storage size of the string in bytes, which is
generally different from the character length. This can be used to overallocate a string in
preparation for creating a large one. Use Tc1 AttemptSetObjLength to avoid a panic
if you cannot grow the object to the requested size.

TheTcl ConcatandTcl ConcatObj procedures operate like the concat Tcl command.
Its input is an array of strings (for Tc1 Concat)or Tcl Obj values (for

Tcl ConcatObj). They trim leading and trailing white space from each one, and
concatenate them together into one string with a single space character between each
value.

ByteArrays for Binary Data

The ByteArray Tc1l Obj type is used to store arbitrary binary data. It is simply an array
of 8-bit bytes. These are its procedures: Tc1 NewByteArrayObj,
Tcl_SetByteArrayObj,Tcl_GetByteArrayFromObj,anchl_SetByteArray—
Length.
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Dynamic Strings

The Tcl dynamic string package is designed for strings that get built up incrementally. You
will need to use dynamic strings if you use the Tc1 TranslateFileName procedure.
The procedures in the package are Tc1 DStringInit, Tcl DStringAppend,

Tcl DStringAppendElement, Tcl DStringStartSublist,

Tcl DStringEndSublist, Tcl DStringLength, Tcl DStringValue,
Tcl_DStringSetLength,Tcl_DStringFree,Tcl_DString—Result,and

Tcl DStringGetResult. Dynamic strings are explained in more detail on page 717.

Character Set Encodings

The procedures that convert strings between character set encodings use an abstract
handle on a particular encoding. The Tc1 GetEncodingand Tcl FreeEncoding
procedures allocate and release these handles. Tc1 SetSystemEncoding is called by
Tcl to set the encoding for the current system. Tc1 CreateEncoding creates a new
encoding. The Tcl GetEncodingName and Tcl GetEncodingNames procedures
query the available encodings. The encodings are stored in files in default location, which
you query and set with Tc1 GetDefaultEncodingDir and

Tcl SetDefaultEncodingDir.

There are three sets of procedures that translate strings between encodings. The easiest to
useare Tcl ExternalToUtfDStringand Tcl UtfToExternalDString, which put
theresultinto a Tc1 DString. These are built on top of Tc1 ExternalToUtf and
Tcl UtfToExternal, which are harder to use because they have to deal with partial
conversions at the end of the buffer. The Tc1 WinTCharToUtf and

Tcl WinUtfToTChar procedures are for use with Windows TChar type, which is an 8-
bit character on Windows 98 and a 16-bit Unicode character on Windows NT.

There are many utility procedures for operating on Unicode and UTF-8 strings:

Tcl UniChar, Tcl UniCharToUtf, Tcl UtfToUniChar,

Tcl UniCharToUtfDString, Tcl UtfToUniCharDString, Tcl UniCharLen,
Tcl UniCharNcmp, Tcl UtfCharComplete, Tcl NumUtfChars,

Tcl UtfFindFirst, Tcl UtfFindLast,Tcl UtfNext,Tcl UtfPrev,
Tcl_UniCharAtIndex,Tcl_UthtIndex,anchl_Uthackslash.

These procedures convert Unicode characters to different cases:

Tcl UniCharToUpper, Tcl UniCharToLower,and Tcl UniCharToTitle. These
procedures convert strings: Tcl UtfToUpper, Tcl UtfToLower,Tcl UtfToTitle.
The procedures compare Unicode strings: Tc1 UniCharCaseMatch and

Tcl UniCharNcasecmp.
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These procedures test classification of Unicode characters: Tc1 UniCharIsAlnum,
Tcl UniCharIsAlpha, Tcl UniCharIsControl, Tcl UniCharIsDigit,
Tcl UniCharIsGraph, Tcl UniCharIsLower,Tcl UniCharIsPrint,
Tcl_UniCharIsPunct,Tcl_UniCharIsSpace,Tcl_UniCharIsUpper,and
Tcl UniCharIsWordChar.

AssocData for per Interpreter Data Structures

If your extension needs to store information that is not associated with any particular
command, you can associate it with an interpreter with AssocData. The

Tcl SetAssocData registers a string-valued key for a data structure. The

Tcl GetAssocData gets the data for a key, and Tc1 DeleteAssocData removes the
key and pointer. The registration also includes a callback that is made when the interpreter
is deleted. This is a layer on top of the hash table package described next.

Hash Tables

Tcl has a nice hash table package that automatically grows the hash table data structures
as more elements are added to the table. Because everything is a string, you may need to
set up a hash table that maps from a string-valued key to an internal data structure. The
procedures in the package are Tc1 InitHashTable, Tcl InitObjHashTable,

Tcl InitCustomHashTable,Tcl DeleteHashTable, Tcl CreateHashEntry,
Tcl Delete-HashEntry,Tcl FindHashEntry,Tcl GetHashValue,

Tcl SetHashValue, Tcl GetHashKey, Tcl FirstHashEntry,

Tcl NextHashEntry,and Tcl HashStats. Hash tables are used in the blob
command example presented in Chapter 47.

Option Processing

Tcl GetIndexFromObjandTcl GetIndexFromObjStruct provideaway tolookup
keywords in a table. They are designed to work with options on a Tcl command.
Tcl GetIndexFromObj is illustrated in Example 47-8 on page 711.

Regular Expressions and String Matching

The regular expression library used by Tcl is exported through the Tc1 RegExpMatch,
Tcl RegExpCompile, Tcl RegExpExec,and Tcl RegExpRange procedures. The
Tcl Obj version of this interface uses the Tc1 RegExpMatchObj,

Tcl GetRegExpFromObj, Tcl RegExpExecObj and Tcl GetRegExpInfo
procedures. The string match function is available through the Tc1 StringMatch
and Tcl StringCaseMatch procedures.
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Event Loop Implementation

The event loop is implemented by the notifier that manages a set of event sources and a
queue of pending events. The tclsh and wish applications already manage the event loop
for you. The simplest interface is provided by Tc1 DoOneEvent. In some cases, you may
need to implement new event sources. Use Tc1 CreateEventSource and

Tcl DeleteEventSource to create and destroy an event source. An event source
manipulates the events queue with Tc1 QueueEvent, Tcl DeleteEvents, and

Tcl SetMaxBlockTime.

Each thread runs a notifier. You can enqueue events for another thread's notifier with
Tcl ThreadQueueEvent. After you do this, you must signal the other thread with
Tcl ThreadAlert. The ID of the current thread is returned from

Tcl GetCurrentThread.

The notifier is implemented with a public API so that you can replace the API with a new
implementation for custom situations. This API consists of Tc1 InitNotifier,

Tcl FinalizeNotifier,Tcl WaitForEvent,Tcl Alert-Notifier,

Tcl Sleep,Tcl CreateFileHandler,and Tcl DeleteFileHandler.

If you want to integrate Tcl's event loop with an external one, such as the Xt event loop
used by Motif, then you can use the following procedures: Tc1 WaitForEvent,

Tcl SetTimer,Tcl ServiceAll,Tcl ServiceEvent,Tcl GetServiceMode,
and Tcl SetServiceMode. There is an example application of this in the unix/
xtTest.c file.

File Handlers

Use Tcl CreateFileHandler to register handlers for I/O streams. You set up the
handlers to be called when the I/O stream is ready for reading or writing, or both. File
handlers are called after window event handlers. Use Tc1 DeleteFileHandler to
remove the handler.

Tcl CreateFileHandler is UNIX-specific because UNIX has a unified handle for files,
sockets, pipes, and devices. On Windows and the Macintosh, there are different system
APIs to wait for events from these different classes of I/O objects. These differences are
hidden by the channel drivers for sockets and pipes. For nonstandard devices, the best
thing is to create a channel driver and event source for them.
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Timer Events

Register a callback to occur at some time in the future with
Tcl CreateTimerHandler. The handler is called only once. If you need to delete the
handler before it gets called, use Tc1 DeleteTimerHandler.

Idle Callbacks

If there are no outstanding events, the Tk makes idle callbacks before waiting for new
events to arrive. In general, Tk widgets queue their display routines to be called at idle
time. Use Tc1 DoWhenIdle to queue an idle callback, and use Tc1 CancelIdleCall
to remove the callback from the queue. The Tc1 Sleep procedure delays execution for a
specified number of milliseconds.

Input/Output

The Tcl I/O subsystem provides buffering and works with the event loop to provide event-
driven I/O. The interface consists of Tc1 OpenFileChannel,

Tcl OpenCommandChannel, Tcl MakeFileChannel, Tcl GetChannel,

Tcl GetChannelNames, Tcl GetChannelNamesEx, Tcl GetOpenFile,

Tcl RegisterChannel, Tcl UnregisterChannel, Tcl DetachChannel,

Tcl IsStandardChannel,Tcl Close,Tcl Read, Tcl ReadChars, Tcl Gets,
Tcl Write,Tcl WriteObj,Tcl WriteChars,Tcl Flush,Tcl Seek,Tcl Tell,
Tcl Eof,Tcl GetsObj,Tcl InputBlocked,Tcl InputBuffered,

Tcl OutputBuffered, Tcl Ungets, Tcl ReadRaw,Tcl WriteRaw,

Tcl GetChannelOption,and Tcl SetChannelOption.

1/0 Channel Drivers

Tcl provides an extensible I/O subsystem. You can implement a new channel (i.e., for a
UDP network socket) by providing a Tcl command to create the channel and registering a
set of callbacks that are used by the standard Tcl I/O commands like puts, gets, and
close. The interface to channels consists of these procedures: Tc1 CreateChannel,
Tcl GetChannel, Tcl GetChannelType, Tcl GetChannelInstanceData,

Tcl GetChannelName, Tcl GetChannelHandle, Tcl GetChannelMode,

Tcl BadChannelOption, Tcl GetChannelBufferSize,

Tcl SetDefaultTranslation,Tcl SetChannelBufferSize, and

Tcl NotifyChannel.

TheTcl CreateChannelHandlerandTcl DeleteChannelHandler areusedinthe
interface to the main event loop. The Tc1 CreateCloseHandler and
Tcl DeleteCloseHandler set and delete a callback that occurs when a channel is
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closed. TheTcl GetStdChannelandTcl SetStdChannel areusedtomanipulatethe
standard input and standard output channels of your application.

Network sockets are created with Tc1 OpenTcpClientand Tcl OpenTcpServer.The
Tcl MakeTcpClientChannel provides a platform-independent way to create a Tcl
channel structure for a socket connection.

The Tcl StackChannel, Tcl UnstackChannel, Tcl GetTopChannel, and
Tcl GetStackedChannel procedures support layering of I/O channels. This can be
used to push compression- or encryption-processing modules onto I/O channels.

The driver for a channel type implements a set of procedures that are registered in a
Tcl ChannelType structure. This structure has changed format in a backward
compatible way so that older stub-enabled extensions can interoperate with newer
versions of Tcl. The version of the channel type structure is returned with

Tcl ChannelVersion. The following accessor functions should be used instead of
accessing the structure directly: Tc1 ChannelBlockModeProc,

Tcl ChannelBlockModeProc, Tcl ChannelCloseProc,

Tcl ChannelCloseZProc, Tcl ChannelInputProc,Tcl ChannelOutputProc,
Tcl ChannelSeekProc,Tcl ChannelWideSeekProc,

Tcl ChannelSetOptionProc, Tcl ChannelGet-OptionProc,

Tcl ChannelWatchProc,Tcl ChannelGetHandleProc,

Tcl ChannelFlushProc,and Tcl ChannelHandlerProc.

Each I/O channel is registered with one or more interpreters, and each of these is recorded
in a reference count. Tcl SpliceChannel and Tcl CutChannel are used to add or

remove a channel from the per-interpreter channel list. The reference count and
registration are queried with Tc1 IsChannelShared,Tcl IsChannelExisting,and
Tcl IsChannelRegistered.Tcl ChannelBuffered queries the amount of data
buffered in the channel. In addition, each interpreter is bound to a particular thread, so
Tcl GetChannelThread is used to find the right thread to notify about I/O events.

Tcl ClearChannelHandlers willremove all handlers in order to deactivate a channel.

Manipulating File Names

The Tcl SplitPath,Tcl JoinPath,and Tcl GetPathType procedures provide the
implementation forthe file split,file join,and file pathtype Tcl commands
that are used to manipulate file names in a platform-independent manner. The

Tcl TranslateFileName procedure converts a file name to native syntax. It also
expands tilde (~) in file names into user home directories.
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Examining the File System

Tcl 8.4 provides a broad set of Tc1 FS procedures to access the file system. These
procedures provide portability across UNIX, Windows, and Macintosh. They also support
the Virtual File System interface; that all C extensions that use these APIs will
automatically access any embedded file systems.

These procedures are for basic file system operations: Tc1 FSCopyFile,

Tcl FSCopyDirectory, Tcl FSCreateDirectory,Tcl FSDeleteFile,

Tcl FSRemoveDirectory,Tcl FSRenameFile, Tcl FSListVolumes,

Tcl FSLink,Tcl FSLstat,Tcl FSUtime, Tcl FSFileAttrsGet,

Tcl FSFileAttrsSet,Tcl FSFileAttrStrings,Tcl FSStat,Tcl FSAccess,
Tcl FSOpenFileChannel, Tcl FSGetCwd, Tcl FSChdir,
Tcl_FSMatchInDirectory,Tcl_FSFileSystemInfo,anchl_AllocStatBuf.

These procedures are used for source and load: Tcl FSEvalFile,
Tcl FSLoadFile.

These procedures are used for platform-independent file name manipulation:

Tcl FSGetPathType, Tcl FSPathSeparator,Tcl FSJoinPath,

Tcl FSSplitPath,Tcl FSEqualPaths,Tcl FSGetNormalizedPath,

Tcl FSJoinToPath, Tcl FSConvertToPathType, Tcl FSGetInternalRep,
Tcl FSGetTranslatedPath, Tcl FSNewNativePath,Tcl FSGetNativePath,
and Tcl FSGetTranslatedStringPath.

The following APIs are now deprecated in favor of the corresponding Tc1 FS procedures:
Tcl Stat, Tcl Access,Tcl Chdirand Tcl GetCwd.

Virtual File System Implementations

A Virtual File System (VFS) is implemented by registering a set of procedures that handle
various aspects of file system access. The procedures include Tc1 FSRegister,

Tcl FSUnregister, Tcl FSData, Tcl FSMountsChanged, and

Tcl FSGetFileSystemForPath.

Thread Support

The Tcl library is thread safe. The procedures listed here provide a convenient, cross-
platform API for programming with threads. The following procedures serialize access to
data structures: Tc1 MutexLock, Tcl MutexUnlock,Tcl ConditionWait,and
Tcl ConditionNotify. Threadlocal storageisprovidedby Tcl GetThreadData.All
of these procedures are self-initializing, so there are no explicit initialization calls. There
are, however, Tc1 ConditionFinalize and Tcl MutexFinalize.
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The following procedures manage thread life cycle: Tc1 CreateThread,
Tcl ExitThread, Tcl JoinThread,and Tcl FinalizeThread.

The Tcl CreateThreadExitHandler procedure registers a procedure that is called
when a thread is terminated. In particular, it can clean up thread local storage. Use
Tcl DeleteThreadExitHandler toremove a registration.

Working with Signals

Tcl provides a simple package for safely dealing with signals and other asynchronous
events. You register a handler for an event with Tc1 AsyncCreate. When the event
occurs, you mark the handler as ready with Tc1 AsyncMark. When the Tcl interpreter is
at a safe point, it uses Tc1 AsyncReady to determine which handlers are ready, and then
ituses Tcl AsyncInvoke to call them. Your application can call Tc1 AsyncInvoke,
too. Use Tcl AsyncDelete to unregister a handler.

Exit Handlers

The Tc1l Exit procedure terminates the application. The Tc1 Finalize procedure
cleans up Tcl's memory usage and calls exit handlers, but it does not exit. This is necessary
when unloading the Tcl DLL. The Tc1 CreateExitHandler and

Tcl DeleteExitHandler setup callbacks that occur when Tcl Exit is called.

Macintosh

The Macintosh platform has a number of APIs used to manipulate Mac-specific resources
and to register handlers for Mac-specific events: Tc1 MacSetEventProc,

Tcl MacConvertTextResource, Tcl MacEvalResource,

Tcl MacFindResource, Tcl GetOSTypeFromObj, Tcl SetOSTypeObj, and

Tcl NewOSTypeObj.

Panic

Tcl Panic is used to abort the application if some serious internal error occurs.

Tcl PanicVA takes a variable number of arguments. You can alter the default behavior
of Tc1 Panic by setting a handler with Tc1 SetPanicProc. The panic macro calls
Tcl Panic.

Miscellaneous

Tcl GetHostName returns the name of the current machine. This is the same as the
info hostname value. Tcl GetTime returns the current time in seconds and
microseconds. Tcl GetVersion returns the version and patch level of the Tcl
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interpreter. Tcl PutEnv sets a value in the environment, and should be used instead of
putenv.

Tcl Signalldand Tcl SignallMsg convert between signal numbers (e.g., 9) and
signal names (e.g., "SIGKILL").

An Overview of the Tk C Library

Main Programs and Command-Line Arguments

The Tk Main procedure does the standard setup for your application's main window and
event loop. The Tk ParseArgv procedure parses command-line arguments. This
procedure is designed for use by main programs. It uses a table of Tk ArgvInfo records
to describe your program's arguments. These procedures are illustrated by Example
47-14 on page 721.

If your extension uses the Tk library, you should link against the Tk stub library. In this
case, youmust call Tk InitStubs in your extension's initialization routine.

Creating Windows

The Tk _Init procedure creates the main window for your application. The

Tk CreateWindow and Tk CreateWindowFromPath are used to create windows for
widgets. The actual creation of the window is delayed until an idle point. You can force the
window to be created with Tk _MakeWindowExist or destroy a window with

Tk DestroyWindow.

The Tk MainWindow procedure returns the handle on the application's main window.
The Tk MapWindow and Tk UnmapWindow are used to display and withdraw a window,
respectively. The Tk MoveToplevelWindow call is used to position a top-level window.
Tk GetNumMainWindows returns the number of main windows opened by the current
process.

Translate between window names and the Tk Window type with Tk Name,
Tk PathName, and Tk NameToWindow. You can convert from an operating system
window ID to the corresponding Tk Window with Tk IdToWindow procedure.

Tk SetClassProcs registers widget-specific handlers to react to system wide font and
color changes, to create platform-specific windows, and to handle modal input loops.
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Application Name for Send

The name of the application is defined or changed with Tk SetAppName. This name is
used when other applications send it Tcl commands using the send command.

Configuring Windows

The configuration of a window includes its width, height, cursor, and so on. Tk provides a
set of routines that configure a window and also cache the results. This makes it efficient
to query these settings because the system does not need to be contacted. The window
configuration routines are Tk ConfigureWindow, Tk ResizeWindow,

Tk MoveWindow, Tk MoveResizeWindow, Tk SetWindowBorderWidth,

Tk DefineCursor, Tk ChangeWindowAttributes, Tk SetWindowBackground,
Tk SetWindowColormap, Tk UndefineCursor,

Tk SetWindowBackgroundPixmap, Tk SetWindowBorderPixmap,

Tk _MoveWindow, and Tk SetWindowBorder.

Command Options

The Tk CreateOptionTable, Tk SetOptions, Tk GetOptionValue,

Tk GetOptionInfo, Tk RestoreSavedOptions, Tk FreeSavedOptions,
Tk_InitOptions,Tk_FreeConfigOptions,andi_DeleteOptionTable
procedures are used to parse command line options with procedures that use Tc1 Ob3
values. Canvas item types are supported by Tk CanvasTagsOption.

Tk AddOption is used to add a value to the option database. This creates defaults for
command line options that are not explicitly passed to widget commands.

Window Coordinates

The coordinates of a widget relative to the root window (the main screen) are returned by
Tk_GetRootCoords. The Tk_GetVRootGeometry procedure returns the size and
position of a window relative to the virtual root window. The Tk CoordsToWindow
procedure locates the window under a given coordinate.

Window Stacking Order

Control the stacking order of windows in the window hierarchy with
Tk_RestackWindow. Windows higher in the stacking order obscure lower windows.

Window Information

Tk keeps lots of information associated with each window, or widget. The following calls
are fast macros that return the information without calling the X server: Tk_WindowId,
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Tk Parent,Tk StrictMotif, Tk Display, Tk DisplayName,

Tk ScreenNumber, Tk Screen, Tk X,Tk Y, Tk Width, Tk Height, Tk Changes,
Tk Attributes, Tk IsMapped, Tk IsTopLevel, Tk IsContainer,

Tk IsEmbedded, Tk _ReqWidth, Tk RegHeight, Tk InternalBorderWidth,

Tk MinRegWidth, Tk MinRegHeight, Tk InternalBorderLeft,

Tk InternalBorderRight, Tk InternalBorderTop,
Tk_InternalBorderBottom,Tk_Visual,Tk_Depth,andi_Colormap.

Configuring Widget Attributes

The Tk ConfigureWidget procedure parses command-line specification of attributes
and allocates resources like colors and fonts. Related procedures include Tk Offset,
Tk_ConfigureInfo,Tk_ConfigureValue,andi_FreeOptions

Tk GetScrollInfoand Tk GetScrollInfoObj parse arguments to scrolling
commands like the xview and yview widget operations.

The Selection and Clipboard

Retrieve the current selection with Tk GetSelection. Clear the selection with

Tk ClearSelection. Register a handler for selection requests with

Tk _CreateSelHandler. Unregister the handler with Tk DeleteSelHandler. Claim
ownership of the selection with Tk OwnSelection. Manipulate the clipboard with

Tk ClipboardClear and Tk ClipboardAppend.

Event Loop Interface

The standard event loop is implemented by Tk MainLoop. If you write your own event
loop, you need to call Tc1 DoOneEvent so that Tcl can handle its events. Call
Tcl DoOneEvent with TCL DONT WAIT until it returns o to indicate no more events

need to be processed. If you read window events directly, (e.g., through

Tk CreateGenericHandler),you can dispatch tothe correct handler for the event with
Tk HandleEvent. Note that most of the event loop is implemented in the Tcl library,
except for Tk MainLoop and the window event handler interface that are part of the Tk
library. You can create handlers for file, timer, and idle events after this call. Restrict or
delay events with the Tk RestrictEvent procedure.

Handling Window Events

Use Tk CreateEventHandler to set up a handler for specific window events. Widget
implementations need a handler for expose and resize events, for example. Remove the
registration with Tk DeleteEventHandler. You can set up a handler for all window
events with Tk_CreateGenericHandler. This is useful in some modal interactions
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where you have to poll for a certain event. If you get an event you do not want to handle
yourself, you can push it onto the event queue with Tk QueueWindowEvent.

Tk CollapseMotionEvents will eliminate extra motion events from the queue.

Tk RestrictEvents will filter and selectively delay events. Delete the event handler
with Tk DeleteGenericHandler. Tk CreateClientMessageHandler is used for
WM PROTOCOL events. Delete the handler with Tk DeleteClientMessageHandler.

Event Bindings

The routines that manage bindings are exported by the Tk library, so you can manage
bindings yourself. For example, the canvas widget uses the API to implement bindings on
canvas items. The procedures are Tk_CreateBindingTable,

Tk DeleteBindingTable, Tk CreateBinding, Tk DeleteBinding,

Tk BindEvent, Tk GetBinding, Tk GetAllBindings, and

Tk DeleteAllBindings.

Keyboard Grab

Tk Graband Tk Ungrab change the state of any keyboard grab, which is used to restrict
input to a particular window.

Handling Graphic Protocol Errors

You can handle graphic protocol errors by registering a handler with

Tk CreateErrorHandler. Unregister it with Tk DeleteErrorHandler. UNIX has
an asynchronous interface, so the error will be reported sometime after the offending call
was made. You can call the Xlib XSynchroni ze routine to turn off the asynchronous
behavior in order to help you debug.

Using the Resource Database

The Tk_GetOption procedurelooks up items in the resource database. The resource class
of a window is set with Tk _SetClass, and the current class setting is retrieved with
Tk Class.

Managing Bitmaps

Tk maintains a registry of bitmaps by name, (e.g., gray50 and questhead). You can
define new bitmaps with Tk DefineBitmap, and you can get a handle on the bitmap
from its name with Tk GetBitmap. Related procedures include Tk NameOfBitmap,
Tk SizeOfBitmap, Tk GetBitmapFromData, Tk FreeBitmap,

Tk AllocBitmapFromObj, Tk GetBitmapFromObj, and

Tk FreeBitmapFromObj.
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Creating New Image Types

Tk CreatelImageType and Tk InitImageArgs are used to register the

implementation of a new image type. The registration includes image command options
and several procedures that call back into the implementation to support creation, display,
and deletion of images. When an image changes, the widgets that display it are notified by
calling Tk ImageChanged. The Tk NameOf Image procedure returns the Tcl name of an
image. The Tk _GetImageMasterData returns the client data associated with an image

type.

Using an Image in a Widget
The following routines support widgets that display images. Tk Get Image maps from the
name to a Tk_Image data structure. Tk RedrawImage causes the image to update its

display. Tk SizeOfImage tells you how big it is. When the image is no longer in use, call
Tk _FreelImage.The Tk DeleteImage deletes animage.

Photo Image Types

One of the image types is photo, which has its own C interface for defining new formats.
The job of a format handler is to read and write different image formats such as GIF or
JPEG so that the photo image can display them. The Tk CreatePhotoImageFormat
procedure sets up the interface. There are several support routines for photo format
handlers. The Tk FindPhoto procedure maps from a photo name to its associated

Tk PhotoHandle data structure. The image is updated with Tk PhotoBlank,
Tk_PhotoPutBlock, and Tk_PhotoPutZoomedBlock. The image values can be
obtained with Tk PhotoGetImage. The size of the image can be manipulated with

Tk PhotoExpand, Tk PhotoGetSize,and Tk PhotoSetSize

Canvas Object Support

The C interface for defining new canvas items is exported via the Tk CreateItemType
procedure. The description for a canvas item includes a set of procedures that the canvas
widget uses to call the implementation of the canvas item type. The Tk GetItemTypes
returns information about all types of canvas objects. The support routines for the
managers of new item types are Tk _CanvasGetCoord, Tk CanvasDrawableCoords,
Tk _CanvasSetStippleOrigin, Tk CanvasTkwin, Tk CanvasWindowCoords,and
Tk CanvasEventuallyRedraw. The following procedures help with the generation of
postscript: Tk _CanvasPsY, Tk CanvasPsBitmap, Tk CanvasPsColor,

Tk CanvasPsFont, Tk CanvasPsPath,and Tk CanvasPsStipple. Ifyou are
manipulating text items directly, then you can use the Tk CanvasGetTextInfo
procedure to get a description of the selection state and other details about the text item.
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Geometry Management

A widget requests a certain size with the Tk GeometryRequest procedure. If it draws a
border inside that area, it calls Tk SetInternalBorder. The geometry manager
responds to these requests, although the widget may get a different size. The

Tk ManageGeometry procedure sets up the relationship between the geometry manager
and a widget. The Tk MaintainGeometry procedure arranges for one window to stay
at a fixed position relative to another widget. This is used by the place geometry manager.
The relationship is broken with the Tk _UnmaintainGeometry call. The Tk SetGrid
call enables gridded geometry management. The grid is turned off with Tk _UnsetGrid.

String Identifiers (UIDS)

Tk maintains a database of string values such that a string appears in it only once. The
Tk_Uid type refers to such a string. You can test for equality by using the value of
Tk_Uid, which is the string's address, as an identifier. A Tk_Uid is used as a name in the
various GetByName calls introduced below. The Tk GetUid procedure installs a string
into the registry.

Note: The table of Tk Uid values is a memory leak. The leak is not serious under normal
operation. However, if you continually register new strings as Tk Uid values, then the
hash table that records them continues to grow. This table is not cleaned up when Tk is
finalized. The mapping from a string to a constant is better served by the

Tcl GetIndexFromObj call.

Colors, Colormaps, and Visuals

Use Tk _GetColor, Tk GetColorByValue, Tk AllocColorFromObj, and
Tk_GetColorFromObj to allocate a color. You can retrieve the string name of a color
with Tk NameOfColor. When you are done using a color, you need to call

Tk FreeColoror Tk FreeColorFromObj.You can get a graphics context for drawing
a particular color with Tk GCForColor. Colors are shared among widgets, so it is
important to free them when you are done using them. Use Tk _GetColormap and

Tk FreeColormap to allocate and free a colormap. Colormaps are shared, if possible, so

you should use these routines instead of the platform-specific routines to allocate
colormaps. The window's visual type is set with Tk SetWindowVisual. You can geta

visual context with Tk GetVisual.

3D Borders

The three-dimensional relief used for widget borders is supported by Tk _Get3DBorder,
Tk 3DBorderGC, Tk Draw3DRectangle, Tk Fill3DRectangle,
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Tk Draw3DPolygon, Tk Free3DBorder, Tk Fill3DPolygon,

Tk 3DVerticalBevel, Tk 3DHorizontalBevel,

Tk SetBackgroundFromBorder, Tk NameOf3DBorder, Tk 3DBorderColor,
Tk _Alloc3DBorderFromObj, Tk Get3DBorderFromObj, and

Tk Free3DBorderFromObj. Widgets use Tk DrawFocusHighlight to draw their
focus highlight.

Mouse Cursors

Allocate a cursor with Tk GetCursor, Tk _GetCursorFromData,

Tk _GetCursorFromObj,and Tk AllocCursorFromObj.Map back to the name of the
cursor with Tk _NameOfCursor. Release the cursor resource with Tk _FreeCursor or
Tk FreeCursorFromObj.Tk SetCaretPos setsthe per-window caret position, which
is used for over-the-spot X Input Methods and Windows IME windows.

Fonts and Text Display

Allocate a font with Tk GetFont, Tk _GetFontFromObj, or Tk AllocFontFromObj.
Get the name of a font with Tk _NameOfFont. Release the font with Tk FreeFont or
Tk FreeFontFromObj.Once you have a font, you can get information about it with
Tk_FontId,Tk_FontMetrics,andTk_PostscriptFontName.Tk_MeasureChars,
Tk TextWidth, Tk DrawChars, and Tk UnderlineChars measure and display
simple strings. Tk_ComputeTextLayout, Tk FreeTextLayout,

Tk DrawTextLayout, Tk UnderlineTextLayout, Tk CharBbox,
Tk_DistanceToTextLayout,Tk_PointToChar,Tk_IntersectTextLayout,and
Tk TextLayoutToPostscript measure and display multiline, justified text.

Graphics Contexts

A graphics context records information about colors, fonts, line drawing styles, and so on.
Instead of specifying this information on every graphics operation, a graphics context is
created first. Individual graphics operations specify a particular graphic context. Allocate
a graphics context with Tk _GetGC and free it with Tk _FreeGC.

Allocate a Pixmap

A pixmap is a simple color image. Allocate and free pixmaps with Tk GetPixmap and
Tk FreePixmap.
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Screen Measurements

Translate between strings like 4c or 72p and screen distances with Tk GetPixels,
Tk _GetPixelsFromObj, Tk _GetMMFromObj, and Tk GetScreenMM. The first call
returns pixels (integers); the second returns millimeters as a floating point number.

Relief Style

Window frames are drawn with a particular 3D relief such as raised, sunken, or grooved.
Translate between relief styles and names with Tk GetRelief,
Tk GetReliefFromObj,and Tk NameOfRelief.

Text Anchor Positions

Anchor positions specify the position of a window within its geometry parcel. Translate
between strings and anchor positions with Tk_GetAnchor, Tk_GetAnchorFromObj,
and Tk NameOfAnchor.

Line Cap Styles

The line cap defines how the end point of a line is drawn. Translate between line cap styles
and names with Tk GetCapStyle and Tk NameOfCapStyle.

Line Join Styles

The line join style defines how the junction between two line segments is drawn. Translate
between line join styles and names with Tk_GetJoinStyle and
Tk NameOfJoinStyle.

Dashed Lines

Tk GetDash converts from a string to a dash pattern.

Text Justification Styles

Translate between line justification styles and names with Tk _GetJustify,
Tk GetJustifyFromObj,and Tk NameOfJustify.

Atoms

An atom is an integer that references a string that has been registered with the system. Tk
maintains a cache of the atom registry to avoid contacting the system when atoms are used.
Use Tk InternAtom to install an atom in the registry, and Tk GetAtomName to return
the name given an atom.
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X Resource ID Management

Each window system resource like a color or pixmap has a resource ID associated with it.
The Tk FreeX1d call releases an ID so it can be reused. This is used, for example, by
routines like Tk FreeColor and Tk FreePixmap.

Windows Application Handles

Tk GetHINSTANCE returns the global application handle for Windows. Tk GetHWND
returns the Windows HWND identifier for the Tk window. Tk_ HWNDToWindow maps from
the Windows handle to the corresponding Tk window.
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