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Chapter 1
| ntroduction

11

Introduction

This book is about two packages calleldnd Tk. Dgether they provide a programming
system for developing and using graphical user interface (GUI) applicatmssaids
for “tool command language” and is pronounced “tickle”; is a simple scripting language
for controlling and extending applications. It provides generic programming facilities that
are useful for a variety of applications, such as variables and loops and procedures. Fur-
thermore, Tl is embeddableits interpreter is implemented as a library of C procedures
that can easily be incorporated into applications, and each application can extend the core
Tcl features with additional commands specific to that application

One of the most useful extensions @i Tk. It is a toolkit for the X Widow Sys-
tem, and its name is pronounced “tee-kay”. Tk extends the cbfacilities with addi-
tional commands for building user interfaces, so that you can construct Motif user
interfaces by writing @l scripts instead of C code. LikelTTk is implemented as a library
of C procedures so it too can be used in marfgréifit applications. Individual applica-
tions can also extend the base Tk features with newintseface widgets and geometry
managers written in C.

Togethey Tcl and Tk provide four benefits to application developers and users. First,
Tcl makes it easy for any application to have a powerful scripting language. All that an
application needs to do is to implement a few nelxc@mmands that provide the basic
features of that application. Then the application can be linked wittctlt&rpreter to
produce a full-function scripting language that includes both the commands provided by
Tcl (called theTcl core) and those implemented by the application (see Figure 1.1).
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Tcl Library Application
Tcl Application
Interpreter Data Structures
[ o Qaaa
Built-in Commands Application Command

Figure 1.1. To create a new application based ah @n application developer designs new C
structures specific to that application and writes C code to implement a fevelneymimands. Th
Tcl library provides everything else that is needed to produce a fully programmable comma
language. The application can then be modified and extended by wadtiscyipts.

For example, an application for reading electronic bulletin boards might contain C
code that implements onellcommand to query a bulletin board for new messages and
another Tl command to retrieve a given message. Once these commandsoesistpls
can be written to cycle through the new messages from all the bulletin boards and display
them one at a time, or keep a record in disk files of which messages have been read and
which havert, or search one or more bulletin boards for messages on a particular topic.
The bulletin board application would not have to implement any of these additional func-
tions in C; they could all be written aslBcripts, and users of the application could write
additional Tl scripts to add more functions to the application.

The second benefit otlfand Tk is rapid development. For example, many interest-
ing windowing applications can be written entirely aksEtripts with no C code at alll,
using a windowing shell calleglish . This allows you to program at a much higher level
than you would in C or C++, and many of the details that C programmers must address are
hidden from you. Compared to toolkits where you program entirely in C, such as Xt/

Motif, there is much less to learn in order to uskahd Tk and much less code to write.

New Tcl/Tk users can often create interesting user interfaces after just a few hours of
learning, and many people have reported ten-fold reductions in code size and development
time when they switched from other toolkits td &nd Tk.

Another reason for rapid development withh and Tk is that @l is an interpreted lan-
guage. When you use alBpplication such asish you can generate and execute new
scripts on-the-fly without recompiling or restarting the application. This allows you to test
out new ideas and fix bugs very rapidince Tl is interpreted it executes more slowly
than compiled C code, of course, but modern workstations are surprisingly fast. For exam-
ple, you can execute scripts with hundreds or even thousandkamiiimands on each
movement of the mouse with no perceptible ddiayhe rare cases where performance
becomes an issue, you can re-implement the most performance-critical parts afl your T
scripts in C.
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1.2

The third benefit of @l is that it makes an excellent “glue language”. Because it is
embeddable, it can be used for manjedént purposes in many fifent programs. Once
this happens, it becomes possible to writes€Eripts that combine the features of all the
programs. For example, any windowing application based on Tk can isslscaift to
any other Tk application. This feature makes multi-mede&ctf much more accessible:
once audio and video applications have been built with Tk (and there exist several
already), any Tk application can issue “record” and “play” commands to them. In addi-
tion, spreadsheets can update themselves from database applicatieinserisee edi-
tors can modify the appearance and behavior of live applications as they run, and so on.
Tcl provides thdingua francathat allows application to work together

The fourth benefit of dl is user convenience. Once a user leachadd Tk, he or she
can write scripts for anycTand Tk application merely by learning the few application-
specific commands for the new application. This should make it possible for more users to
personalize and enhance their applications.

Organization of the book

Chapter 2 uses several simple scripts to provide a quick overview of the most important
features of €l and Tk. It is intended to give you the flavor of the systems and convince
you that they are useful without explaining anything in detail. The remainder of the book
goes through everything again in a more comprehensive fashion. It is divided into four
parts:

¢ Part | introduces the d scripting language. After reading this section you will be able
to write scripts for €l applications.

* Part Il describes the additionatlfcommands provided by Tk, which allow you to cre-
ate useiinterface widgets such as menus and scrollbars and arrange them in windowing
applications. After reading this section you'll be able to create new windowing applica-
tion aswish scripts and write scripts to enhance existing Tk applications.

* Part |1l discusses the C procedures in thHibrary and how to use them to create new
Tcl commands. After reading this section you'll be able to write nepdckages and
applications in C.

* Part |V describes TIs library procedures. After reading this section you'll be able to
create new widgets and geometry managers in C.

Each of these major parts contains about ten short chapters. Each chapter is intended to be
a self-contained description of a piece of the system, and you need not necessarily read the
chapters in ordet recommend that you start by reading through Chapters 3-9 quickly
then skip to Chapters XXX-YY)Yhen read other chapters as you need them.

Not every feature ofd and Tk is covered here, and the explanations genared to
provide a smooth introduction rather than a terse reference source. A separate set of refer-
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1.3

ence manual entries is available with tleednd Tk distributions. These are much more
terse but they cover absolutely every feature of both systems.

This book assumes that you are familiar with the C programming language as defined
by the ANSI C standard, and that you have some experience with UNIX anthXGtder
to understand Part IV you will need to understand many of the features provided by the
Xlib interface, such as graphics contexts and window attributes; hqwiesse details are
not necessary except in Part Méu need not know anything about either dr Tk before
reading this book; both of them will be introduced from scratch.

Notation

Throughout the book | useGourier font for anything that might be typed to a com-
puter such as variable names, procedure and command nachssifts, and C code.
The examples ofdl scripts use notation like the following:
seta 44
0 44
Tcl commands such asét a 44 " is the example appear in Courier and their results,
such as 44" in the example, appear in Courier oblique. Thesymbol before the result
indicates that this is a normal return value. If an error occurséh@mmand then the
error message appears in Courier oblique, precededlbgyanbol to indicate that this is
an error rather than a normal return
seta 44 55
0 wrong # args: should be "set varName ?newValue?"

When describing the syntax oflfcommands, Courier oblique is used for formal
argument names. If angument or group of guments is enclosed in question marks it
means that the guments are optional. For example, the syntax odéhecommand is as
follows:

set varName 7newValue ?
This means that the wos#t would be entered verbatim to invoke the command, while
varName andnewValue are the names gkt 's aguments; when invoking the com-
mand you would type a variable name insteachoName and a new value for the vari-
able instead ofiewValue . ThenewValue argument is optional.
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Chapter 2
An Overview of Tcl and Tk

2.1

This chapter introducescifand Tk with a series of scripts that illustrate the main features
of the systems. Although you should be able to start writing simple scripts after reading
this chapterthe explanations here are not intended to be complete. All of the information
in this chapter will be revisited in more detail in later chapters, and several important
aspects of the systems, such as their C interfaces, are not discussed at all in this chapter
The purpose of this chapter is to show you the overall structurd ah@ Tk and the

kinds of things they can do, so that when individual features are discussed in detail you'll
be able to see why they are useful.

Getting started

In order to invoke @l scripts you must run aclfapplication. If El is installed on your sys-
tem then there should exist a simptag Jhell application callettlsh , which you can
use to try out some of the examples in this chaptec(ifids not been installed on your
system then refer to Appendix A for information on how to obtain and instalyfig the
command

tclsh
to your shell to invokéclsh ; tclsh  will start up in interactive mode, readingl Tom-
mands from its standard input and passing them todhat&rpreter for evaluation. For
starters, type the following commandtétsh

expr2+2
Tclsh  will print the result 4” and prompt you for another command.
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An Overview of Tcl and Tk

This example illustrates several featuresaf First, Il commands are similar in
form to shell commands. Each command consists of one onwmowis separated by
spaces or tabs. In the example there are four wexgs:, 2, +, and2. The first word of
each command is its name: the name selects a C procedure in the application that will
carry out the function of the command. The other wordaig@mentghat are passed to
the C proceduré&xpr is one of the core commands built into tlodifterpreterso it
exists in every @l application. It concatenates itgaments into a single string and evalu-
ates the string as an arithmetic expression.

Each Tl command returns a result string. Forétxer command the result is the
value of the expression. Results are always returned as strirggrsaonverts its
numerical result back to a string in order to return it. If a command has no meaningful
result then it returns an empty string.

From now on | will use notation like the following to describe examples:

expr2+2
o 4

The first line is the command you type and the second line is the result returned by the
command. Thél symbol indicates that the line contains a return valud;lthll not
actually be printed out biglsh . | will omit return values in cases where they aren’
important, such as sequences of commands where only the last comreanti’matters.
Commands are normally terminated by newlines, so when you are typatghto
each line normally becomes a separate command. Semi-colons also act as command sepa-
rators, in case you wish to enter multiple commands on a single line. It is also possible for
a single command to span multiple lines; you'll see how to do this later
Theexpr command supports an expression syntax similar to that of expressions in
ANSI C, including the same precedence rules and most of the C operators. Here are a few
examples that you could typettish
expr 3 <<2
o 12
expr 14.1*6
0 84.6
expr(3>4) || (6<=7)
o1
The first example illustrates the bitwise left-shift operatorThe second example shows
that expressions can contain real values as well as integer values. The last example shows
the use of relational operatorsand<= and the logical or operatfjr . As in C, boolean
results are represented numerically with 1 for true and O for false.
To leavetclsh , invoke theexit command:
exit
This command will terminate the application and return you to your shell.
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2.2

R S

I |hend .| |
— Hello, wuﬂd!l

Figure 2.1. The “hello world” application. All of the decorations around the “Hello, world!” bu
are provided by thenwnwindow manageif you use a dferent window manager then your
decorations may be @#frent.

Hello world with Tk

Although Tel provides a full set of programming features such as variables, loops, and
procedures, it is not intended to be a stand-alone programming environahént. T
intended to be used as part of applications that provide their civaorimands in addi-

tion to those in thed core. The application-specific commands provide interesting prim-
itives and Tl is used to assemble the primitives into useful functiocishyfitself isnt

very interesting and it is hard to motivate all of' § facilities until you have seen some
interesting application-specific commands to use them with.

Tk provides a particularly interesting set of commands to use walith@rogramming
tools. Most of the examples in the book will use an application calkd, which is sim-
ilar totclsh  except that it also includes the commands defined by T&.cbkhmands
allow you to create graphical user interfacesclfand Tk have been installed on your
system then you can invokésh from your shell just likeéclsh ; it will display a small
empty window on your screen and then read commands from standard input. Here is a
simplewish script:

button .b -text "Hello, world!" -command exit

pack .b
If you type these twodl commands tavish the windows appearance will change to
what is shown in Figure 2.1. If you then move the pointer over the window and click
mouse button 1, the window will disappear ansh will exit.

There are several things to explain about this example. First let us deal with the syn-
tactic issues. The example contains two commadndn andpack , both of which
are implemented by Tk. Although these commands lode&rdifit than thexpr com-
mand in the previous section, they have the same basic structuredsathmands,
consisting of one or more words separated by white spacdéufiom command con-
tains six words and the pack command contains two words.

The fourth word of théutton command is enclosed in double quotes. This allows
the word to include white space characters: without the qudik; ” and “world! ”
would be separate words. The double-quotes are not part of the word itself; they are
removed by thedl interpreter before the word is passed to the command aglanent.
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For theexpr command the word structure doggnatter much sincexpr concate-
nates all its gguments togetheHowever for théutton andpack commands, and for
most €l commands, the word structure is important. Bhton command expects its
first agument to be the name of a window and the followiggigients to come in pairs,
where the first gument of each pair is the name afefiguration optiorand the second
agument is a value for that option. Thus if the double-quotes were omitted the value of
the-text option would be Hello, " and “world! " would be treated as the name of a
separate configuration option. Since there is no option defined with the vvanhd “ ”
the command would return an etror

Now let us move on to the behavior of the commands. The basic building block for a
graphical user interface in Tk isnadget A widget is a window with a particular appear-
ance and behavior (the terms “widget” and “window” are used synonymously in itk). W
gets are divided into classes such as buttons, menus, and scrollbars. All the widgets in the
same class have the same general appearance and bdtavixample, all button wid-
gets display a text string or bitmap and execute a particclaommand when they are
invoked with the mouse.

Widgets are aganized hierarchically in Tk, with names that reflect their position in
the hierarchyThemain widgetwhich appeared on the screen when you staitdd , has
the name “.”. The namé refers to a child of the main widgetidget names in Tk are
like file names in UNIX except that they us€' ‘as a separator character instead/df “
Thus.a.b.c refers to a widget that is a child of widget , which in turn is a child of
.a , which is a child of the main widget.

Tk provides one command for each class of widgets, which you invoke to create wid-
gets of that class. For example théton command creates button widgets. All of the
widget creation commands have the same form: the fgstrant is the name of a new
widget to create and additionagaments specify configuration options. feient widget
classes support dirent sets of options. Mgets typically have many options (there are
about 20 diferent options defined for buttons, for example), and default values are pro-
vided for the options that you daspecify When a widget creation command |ibet-
ton is invoked it creates a new window by the given name and configures it as specified
by the options.

Thebutton command in the example specifies two optietext , which is a
string to display in the button, ancbmmand, which is a Tl script to execute when the
user invokes the button. In this example4tmmmand option isexit . Here are a few
other button options that you can experiment with:

-background  The background color for the button.
-foreground The color of the text in the button.

-font The name of the font to use for the button, such as
*- times- medium-r-normal--*-120-* for a 12-point
Times Roman font.
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2.3

Thepack command makes the button widget appear on the screen. Creating a widget
does not automatically cause it to be displayed. Independent entitiegyestadtry man-
agersare responsible for computing the sizes and locations of widgets and making them
appear on the screen. Tipgck command in the example asks a geometry manager called
the packerto manageb . The command asks thét fill the entire area of its parent win-
dow; furthermore, if the parent has more space than needed by its child, as in the example,
the parent is shrunk so that it is jusglenough to hold the child. Thus when you typed
thepack command the main window shrunk from its original size to the size that appears
in Figure 2.1.

Script files

Note:

In the examples so far you have typetl Gdommands interactively talsh  orwish .
You can also place commands into script files and invoke the script files just like shell
scripts. D do this for the hello world example, place the following text in a file named
hello

#!/usr/local/bin/wish -f

button .b -text "Hello, world!" -command exit

pack .b
This script is the same as the one you typed earlier except for the first line. Awifdr as
is concerned this line is a comment but if you make the file executable (type
“chmod 775 hello " to your shell, for example) you can then invoke the file directly
by typinghello to your shell. When you do this the system will inveksh , passing it
the file as a script to interprélish will display the same window shown in Figure 2.1
and wait for you to interact with it. In this case you will not be able to type commands
interactively to wish; all you can do is click on the button.
This script will only work ifvish is installed in/usr/local/bin . If wish has been
installed somewherelse then you'll need to change the first lineeftect its location on
your system.

In practice users of Tk applications rarely tymedommands; they interact with the
applications using the mouse and keyboard in the usual ways you would expect for graph-
ical applications. @ works behind the scenes where userstdwrmally see it. The
hello script behaves just the same as an application that has been coded in C with a tool-
kit such as Motif and compiled into a binary executable file.

During debugging, though, it is common for application developers to tigm-
mands interactivelyFor example, you could test out thedlo  script by startingvish
interactively (typewish to your shell instead dfello ). Then type the followingd
command:

source hello
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2.4

Source is a €l command that takes a file name agiarent. It reads the file and evalu-
ates it as adl script. This will generate the same user interface as if you had invoked
hello directly from your shell, but you can now type €ommands interactively too.
For example, you could edit the script file to changedbmmand option to
-command "puts Good-bye!; exit"
then type the following commands interactivelyigh without restarting the program:
destroy .b
source hello
The first command will delete the existing button and the second command will recreate
the button with the newcommand option. Now when you click on the button {inets
command will print a message on standard output befiste exits.

Variables and substitutions

Tcl allows you to store values in variables and use those values in commands. For exam-
ple, consider the following script, which you could type to eitblsh  orwish :
seta 44
0 44
expr $a*4
0 176
The first command assigns the valdd ™ to variablea and returns the variabtevalue. In
the secon command t Becauses @l to performvariable substitutionthe Tl interpreter
replaces the dollesign and the variable name following it with the value of the variable,
so that the actual gmment received bgxpr is “44*4 ”. Variables need not be declared
in Tcl; they are created automatically when assignedanabe values are stored as
strings and arbitrary string values of any length are allowed. Of course, in this example an
error will occur inexpr if the value ofa doesnt make sense as an integer or real number
(try other values and see what happens).
Tcl also providegsommand substitutigrvhich allows you to use the result of one
command in an gument to another command:
seta 44
set b [expr $a*4]
0 176
Square brackets invoke command substitution: everything inside the brackets is evaluated
as a separatecliscript and the result of that script is substituted into the word in place of
the bracketed command. In this example the secgpuuireent of the second command will
be “176".
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2.5 Control structures

The next example uses variables and substitutions along with some simple control struc-
tures to create acTprocedurgoower that raises a base to an integer power:
proc power {base p} {
set result 1
while {$p > 0} {
set result [expr $result*$bhase]
set p [expr $p-1]

return $result
}
If you type the above lines teish ortclsh , or if you enter them into a file and then
source the file, a new commanmmbwer will become available. The command takes two
arguments, a number and an integer powed its result is the number raised to the
power:

power 2 6
0O 64

power 1.15 5
0 2.01136

This example uses one additional pieceafsyntax: braces. Braces are like double-
quotes in that they can be placed around a word that contains embedded spaces, However
braces are dérent from double-quotes in two respects. First, braces nest. The last word
of theproc command starts after the open brace on the first line and contains everything
up to the close brace on the last line. Thiifterpreter removes the outer braces and
passes everything between them, including several nested pairs of brpoces, &s an
argument. The second tifence between braces and double-quotes is that no substitu-
tions occur inside braces, whereas they do inside quotes. All of the characters between the
braces are passed verbatinptoc without any special processing.

Theproc command takes threegaiments: the name of a procedure, a list gfiar
ment names separated by white space, and the body of the procedure, whitlsésiptT
Proc enters the procedure name into thEifiterpreter as a new command. Whenever the
command is invoked, the body of the procedure will be evaluated. While the procedure
body is executing it can access itguanents as variablesase will hold the first agu-
ment to power angd will hold the second gument.

The body of thggower procedure contains threeltommandsset , while , and
return . Thewhile command does most of the work of the procedure. It takes two
arguments, an expressiofig > 0 " and a bodywhich is another multi-linecT script.
Thewhile command evaluates its expressiaguanent and if the result is non-zero then
it evaluates the body as alBcript. It repeats this process over and over until eventually
the expression evaluates to zero. In the example, the bodywlfilee command multi-
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plies the result value dyase and then decrements Whenp reaches zero the result con-
tains the desired power bése .

Thereturn command causes the procedure to exit with the value of variable
result as the proceduretesult. If it is omitted then the return value of the procedure
will be the result of the last command in the procedusedy In the case gbower this
would be the result ofhile , which is always an empty string.

The use of braces in this example is crucial. The single mésuttifssue in writing
Tcl scripts is managing substitutions: making them happen when you want them and pre-
venting them from happening when you damant them. Braces prevent substitutions or
defer them until lateiThe body of the procedure must be enclosed in braces because we
don't want variable and command substitutions to occur at the time the body is passed to
proc as an agument; we want the substitutions to occur |atéren the body is evaluated
as a Tl script. The body of thewhile command is enclosed in braces for the same rea-
son: rather than performing the substitutions once, while parsingiitee command,
we want the substitutions to be performed over and eaeh time the body is evaluated.
Braces are also needed in tigg'> 0} " argument towvhile . Without them the value
of variablep would be substituted when parsing tit@le command; the expression
would have a constant value amtile would loop forever (you can try replacing some
of the braces in the example with double quotes to see what happens).

In the examples in this book | use a stylized syntax where the open brace fyu-an ar
ment that is adl script appears at the end of one line, the script follows on successive
lines indented, and the close brace is on a line by itself after the script. Although | think
that this makes for readable scriptsl doesnt require this particular syntax. Scripyar
ments are subject to the same syntax rules as any ajnenents; in fact thecT inter-
preter doest’even know that an gument is a script at the time it parses it. One

consequence of this is that the open parenthesis must be on the same line as the preceding

portion of the command. If the open brace is moved to a line by itself then the newline
before the open brace will terminate the command.

By now you have seen nearly the entickl&nguage syntax. The only remaining syn-
tactic feature is backslash substitution, which allows you to enter special characters such
as dollarsigns into a word without enclosing the entire word in braces. Notetiiat
andproc are not special syntactic elements ah They are just commands that take
arguments just like alld@ commands. The only special thing abatile andproc is
that they treat some of theigaiments asdl scripts and cause the scripts to be evaluated.
Many other commands also do this. Tutton command was one example @t®m-
mand option is a €l script), and you'll read about several other control structures later on,
such ador , foreach |, case, andeval .

One final note about procedures. The variables in a procedure are normally local to
that procedure and will not be visible outside the procedure. jpotier example the
local variables include thegumentdase andp as well as the variabtesult . A
fresh set of local variables is created for each call to a procedguen@mts are passed by
copying their values), and when a procedure returns its local variables are delated. V
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2.6

| |
=] power R

L |2.1 to the power |? is 180.109

Figure 2.2. A graphical user interface that computes powers of a base.

ables named outside any procedure are cgltduhl variablesthey last forever unless
explicitly deleted. ¥u'll find out later how a procedure can access global variables and
the local variables of other active procedures.

Event bindings

The next example provides a graphical front-end foptiveer procedure. In addition to
demonstrating two new widget classes it illustrates Bkiding mechanism. A binding
causes a particulaciTscript to be evaluated whenever a particular event occurs in a par-
ticular window The-command option for buttons is an example of a simple binding
implemented by a particular widget class. Tk also includes a more general mechanism that
can be used to extend the behavior of arbitrary widgets in nearly arbitrary ways.

To run the example, copy the following script into aitever and invoke the file
from your shell.

#!/usr/local/bin/wish -f
proc power {base p} {
set result 1
while {$p > 0} {
set result [expr $result*$bhase]
set p [expr $p-1]

return $result
}
entry .base -width 6 -relief sunken -textvariable base
label .labell -text "to the power"
entry .power -width 6 -relief sunken -textvariable power
label .label2 -text "is"
label .result -textvariable result
pack .base .labell .power .label2 .result \

-side left -padx 1m -pady 2m

bind .base <Return> {set result [power $base $power]}
bind .power <Return> {set result [power $hase $power]}

This script will produce a screen display like that in Figure 2.2. There are two entry wid-
gets in which you can click with the mouse and type numbers. If you type return in either
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of the entries, the result will appear on the right side of the windowcan compute dif-
ferent results by modifying either the base or the power and then typing return again.

This application consists of five widgets: two entries and three labels. Entries are wid-
gets that display one-line text strings that you can edit interactiMedytwo entries,

.base and.power , are used for entering the numbers. Each entry is configured with a
- width  of 6, which means it will be lge enough to display about 6 digits, and a

- relief  of sunken , which gives the entry a depressed appearance. The

- textvariable option for each entry specifies the name of a global variable to hold
the entrys text: any changes you make in the entry will be reflected in the variable and
vice versa.

Two of the labelslabell  and.label2 , hold decorative text and the third,
result , holds the result of the power computation. Ttextvariable option for
result  causes it to display whatever string is in global varieggelt
whereadabell and.label2  display constant strings.

Thepack command arranges the five widgets in a row from left to right. The com-
mand occupies two lines in the script; the backslash at the end of the first line is a line-con-
tinuation character: it causes the newline to be treated as a spaesid€&heoption
means that each widget is placed at the left side of the remaining space in the main widget:
first .base is placed at the left edge of the main winddwen.labell is placed at the
left side of the space not occupied.bgse , and so on. Thepadx and-pady options
make the display a bit more attractive by arranging for 1 millimeter of extra space on the
left and right sides of each widget, plus 2 millimeters of extra space above and below each
widget. The hi suffix specifies millimeters; you could also uge for centimeters, i*”
for inches, p” for points, or no suix for pixels.

Thebind commands connect the user interface tgptiveer procedure. Eachind
command has threeguments: the name of a windoan event specification, and el T
script to invoke when the given event occurs in the given windBeturn> specifies
an event consisting of the user typing the return key on the keyboard. Here are a few other
event specifiers that you might find useful:

<Button-1> Mouse button 1 is pressed.

<ButtonRelease-1> Mouse button 1 is released.

<Double-Button-1> Double-click on mouse button 1.

<1> Short-hand foxButton-1>

<Key-a> Key “a” is pressed.

<a> ora Short-hand fokKey-a> .

<Motion> Pointer motion with no buttons or modifier keys
pressed.

<B1-Motion> Pointer motion with button 1 pressed.

<Any-Motion> Pointer motion with any (or no) buttons or modifier

keys pressed.
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2.7

The scripts for the bindings invoewer , passing it the values in the two entries,
and they store the resultiesult  so that it will be displayed in theesult ~ widget.

These bindings extend the generic built-in behavior of the entries (editing text strings)
with application-specific behavior (computing a value based on two entries and displaying
that value in a third widget).

The script for a binding has access to several pieces of information about the event,
such as the location of the pointer when the event occurred. For an example veistt up
interactively and type the following command to it:

bind . <Any-Motion> {puts "pointer at %x,%y"}
Now move the pointer over the windolgach time the pointer moves a message will be
printed on standard output giving its new location. When the pointer motion event occurs,
Tk scans the script for % sequences and replaces them with information about the event
before passing the script talTor evaluation%axis replaced with the pointarx-coordi-
nate andsyis replaced with the pointary-coordinate.

Subprocesses

Normally Tel executes each command by invoking a C procedure in the application to
carry out its function; this is ddrent from a shell program likeh where each command
is normally executed in a separate subprocess. Howklelso allows you to create sub-
processes, using tlexec command. Here is a simple exampleréc :

exec grep #include tk.h
O #include <tcl.h>

#include <X11/Xlib.h>

#include <stddef.h>
Theexec command treats itsguments much like the words of a shell command line. In
this exampleexec creates a new process to runghep program and passes it
“#include " and ‘tk.n " as aguments, just as if you had typed

grep #include tk.h
to your shell. Thgrep program searches fite.h for lines that contain the string
#include and prints those lines on its standard output. Howexer arranges for
standard output from the subprocess to be piped badk t6XEc waits for the process to
exit and then it returns all of the standard output as its resitit tNi& mechanism you can
execute subprocesses and use their outp isclipts.Exec also supports input and out-
put redirection using standard shell notation such &%, and>, pipelines witH , and
background processes wigh

The example below creates a simple user interface for saving and re-invoking com-

monly used shell commandspe the following script into a file nameeldo and invoke
it:
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Figure 2.3. Theredo application. The user can type a command in the entry wirakim (a).
When the user types return the command is invoked as a subprocesxesirand a new button
created that can be used to re-invoke the commangddatar (b). Additional commands can be
typed to create additional buttons, up to a limit of five buttons as in (c).

#!/usr/local/bin/wish -t
setid O
entry .entry -width 30 -relief sunken -textvariable cmd
pack .entry -padx 1m -pady 1m
bind .entry <Return> {

set id [expr $id + 1]

if {$id > 5} {

destroy .b[expr $id - 5]

button .b$id -command "exec <@stdin >@stdout $cmd" \

-text $cmd
pack .b$id -f ill x
.b$id invoke

.entry delete 0 end

}
Initially the script creates an interface with a single entry widgai.can type a shell
command such ds into the entryas shown in Figure 2.3(a). When you type return the
command gets executed just as if you had typed it to the shell from which you invoked
redo , and output from the command appears in the sheitidow Furthermore, the
script creates a new button widget that displays the command (see Figure 2.3(b)) and you
can re-invoke the command later by clicking on the button. As you type more and more
commands, more and more buttons appgato a limit of five remembered commands as
in Figure 2.3(c).
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Note:

This example suffersdim several limitations. For example, you cannot specify wildscar
such as “*"in command lines, and theed” command doeshbehave poperly In Part |
you'll read about @l facilities that you can use to eliminate these limitations.

The most interesting part of thedo script is in thebind command. The binding
for <Return> must execute the command, which is stored ircthé variable, and cre-
ate a new button widget. First it creates the widget. The button widgets have names like
b1 ,.b2 , and so on, where the number comes from the vaiidbldd starts at zero
and increments before each new button is created. The notdi$id “” generates a wid-
get name by.b " and the value oid . Before creating a new widget the script checks to
see if there are already five saved commands; if so then the oldest existing button is
deleted. The notationB[expr $id - 5] " produces the name of the oldest button by
subtracting five from the number of the new button and concatenating it.vithThe -
commandoption for the new button invokesec and redirects standard input and stan-
dard output for the subprocess(esyvish 's standard input and standard output, which
are the same as those of the shell from whiich was invoked: this causes output from
the subprocesses to appear in the sheihdow instead of being returnedvwcsh .

The commandpack .b$id -f illx " makes the new button appear at the bot-
tom of the windowThe option *f ill x " improves the appearance by stretching the
button horizontally so that it fills the width of the window even it it ddeslly need
that much space for its textryTomitting the-f ill  option to see what happens without
it.

The last two commands of the binding script are callieildet commanddVhenever
a new widget is created a neel Tommand is also created with the same name as the
widget, and you can invoke this command to communicate with the widget. Thegiirst ar
ment to a widget command selects one of several operations and addiganadats are
used as parameters for that operation. Inrede script the first widget command causes
the button widget to invoke itsommand option just as if you had clicked the mouse
button on it. The second widget command clears the entry widget in preparation for a new
command to be typed.

Each class of widget supports aelient set of operations in its widget commands,
but many of the operations are similar from widget to widget. For example, every widget
class supportseonf igure widget command that can be used to modify any of the con-
figuration options for the widget. If you run theo script interactively you could type
the following command to change the background of the entry widget to yellow:

.entry conf igure -background yellow
Or, you could type

.b1 conf igure -foreground brown
.b1f lash

to change the color of the text in buttti to brown and then cause the button to flash.
One of the most important things abouat &nd Tk is that they make every aspect of
an application accessible and modifiable at run-time. For examplediescript modi-
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2.8

fies its own interface on the flyh addition, Tk provides commands that you can use to
query the structure of the widget hierarcagd you can ussonf igure widget com-
mands to query and modify the configuration options of individual widgets.

Additional features of T cl and Tk

2.9

The examples in this chapter used every aspect ofctHanguage syntax and they illus-
trated many of the most important featuresafand Tk. HoweverTcl and Tk contain

many other facilities that are not used in this chapter; all of these will be described later in
the book. Here is a sampler of some of the most useful features thatt lneegnimen-

tioned yet:

Arraysand lists. Tcl provides associative arrays for storing key-value pdiicaftly
and lists for managing aggregates of data.

Morecontrol structures. Tcl provides several additional commands for controlling the
flow of execution, such asval , for , foreach , andswitch

String manipulation. Tcl contains a number of commands for manipulating strings,
such as measuring their length and performing regular expression pattern matching and
substitution.

File access. You can read and write files fronalBcripts and retrieve directory infor-
mation and file attributes such as length and creation time.

More widgets. Tk contains many widget classes besides those shown here, such as
menus, scrollbars, a drawing widget callezhavas and a text widget that makes it
easy to achieve hypertexfets.

Accessto other X facilities. Tk provides commands for accessing all of the major
facilities in the X Whdow System, such as a command for communicating with the
window manager (to set the wind®aitle, for example), a command for retrieving the
selection, and a command to manage the input focus.

C interfaces. Tcl provides C library procedures that you can use to define your own
new Tcl commands in C, and Tk provides a library that you can use to create your own
widget classes and geometry managers in C.

Extensions and applications

Tcl and Tk have an active and rapidly-growing user community that now numbers in the
tens of thousands. Many people have built applications basexl andlTk and packages
that extend the base functionality afl &and Tk. Several of these packages and applica-
tions are publically available and widely used in thBTk community There isrt space

in this book to discuss all of the excitingl/Tk software in detail but this section gives a
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29.1

2.9.2

quick overview of five of the most popular extensions and applications. See Appendix A
for information on how you can obtain them and other contribut@ikrsoftware.

Expect

Expect is one of the oldestcT applications and also one of the most poplias a pro-
gram that “talks” to interactive programs. Following a scegpect knows what output
can be expected from a program and what the correct responses should be. It can be used
to automatically control programs likgp ,telnet ,rlogin ,crypt ,fsck ,tip ,and
others that cannot be automated from a shell script because they require interactive input.
Expect also allows the user to take control and interact directly with the program when
desired. For example, the followiegpect script logs into a remote machine using the
rlogin  program, sets the working directory to that of the originating machine, then turns
control over to the user:

#!/usr/local/bin/expect

spawn rlogin [lindex $argv 1]

expect -re "(%|#) "

send "cd [pwd]\r"

interact
Thespawn, expect , send, andinteract = commands are implemented éxpect
andlindex andpwd are built-in Tl commands. Thepawn command starts ufo-
gin , using a command-linegument as the name of the remote machine €kpect
command waits forlogin ~ to output a prompt (eithefs or “#”, followed by a space),
thensend outputs a command to change the working direcjosy as if a user had typed
the command interactivelffinally, interact ~ cause&xpect to step out of the way so
that the user who invoked tle&pect script can now talk directly tdogin

Expect can be used for many purposes, such as a scriptable front-end to debuggers,
mailers, and other programs that ddréve scripting languages of their own. The pro-
grams require no changes to be driven by expeqtect is also useful for regression
testing of interactive programBExpect can be combined with Tk or othetlExten-
sions. For example, using Tk it is possible to make a graphical front end for an existing
interactive application without changing the application.
Expect was created by Don Libes.

Extended T cl

Extended €l (TclX) is a library package that augments the builtéhébmmands with

many additional commands and procedures oriented towards system programming tasks.
It can be used with anyclrapplication. Here are a few of the most popular features of

TclX:

* Access to many additional POSIX system calls and functions.
* A file scanning facility with functionality much like that of thevk program.
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* Keyed lists, which provide functionality similar to C structures.

¢ Commands for manipulating times and dates and converting them to and from ASCII.
* An on-line help facility

¢ Facilities for debugging, profiling, and program development.

Many of the best features o€lK are no longer part ofciX: they turned out to be so

widely useful that they were incorporated into tisecbre. Among the dl features pio-

neered by @IX are file input and output, array variables, real arithmetic and transcenden-

tal functions, auto-loading, XPG-based internationalization, andpb@ command.
Extended €l was created by Karl Lehenbauer and Mark Diekhans.

XF

Tk makes it relatively easy to create graphical user interfaces by wrdisgripts, but
XF makes it even easietF is an interactive interface builder: you design a user interface
by manipulating objects on the screen, then XF createbszilpt that will generate the
interface you have designed (see Figure 2.4). XF provides tools for creating and configur-
ing widgets, arranging them with B{jeometry managers, creating event bindings, and so
on. XF manipulates a live application while it is running, so the fidcebf each change
in the interface can be seen and tested immediately

XF supports all of Tls built-in widget classes and allows you to add new widget
classes by writing class-specificl Beripts for XF to use to handle the classea Y
neednt use XF exclusively: you can design part of a user interface with XF and part by
writing Tcl scripts. XF supports most of the currently available extensiond and Tk,
and XF itself is written in dl.

XF was created by Sven Delmas. It is based on an earlier interface builder for Tk
called BYO, which was developed at thietdria University of Véllington, New Zealand.

Distributed programming

Tcl Distributed Programming €FFDP) is a collection of @ commands that simplify the
development of distributed programsl-DP’s most important feature is@mote poce-
dure callfacility, which allows €l applications to communicate by exchangiet) T
scripts. For example, the following script usetDP to implement a trivial “id server”,
which returns unique identifiers in respons&tdld requests:
set myld O
proc Getld {} {
global myld;
set myld [expr $myld+1]
return $myld

}
MakeRPCServer 4545
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Figure 2.4. A screen dump showing the main window of, 4R interactive application builder f
Tcl and Tk.

All of the code in this script except the last line is ordinarycbde that defines a global
variablemyld and a procedur@etld that increments the variable and returns its new
value. TheMakeRPCServer command is implemented bgHDP; it causes the applica-
tion to listen for requests on TCP socket 4545.
Other Tl applications can communicate with this server using scripts that look like

the following:

set server [MakeRPCClient server.company.com 4545]

RPC $server Getld
The first command opens a connection with the server and saves an identifier for that con-
nection. The uments ttMlakeRPCClient identify the servés host and the socket on
which the server is listening. TiRRPCcommand performs a remote procedure call. Its
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armguments are a connection identifier and an arbitrelrgcript. RPCforwards the script

to the server; the server executes the script and returns its result (a new identifier in this
case), which becomes the result of BRCcommand. Any script whatosever could be
substituted in place of tieetld command.

Tcl-DP also includes several other features, including asynchronous remote procedure
calls, where the client need not wait for the call to complete, a distributed object system in
which objects can be replicated in several applications and updates are automatically
propagated to all copies, and a simple name sendt®H has been used for applications
such as a video playback system, groupware, and gaokd3PTs more flexible than
most remote procedure call systems because it is not based on compiled interfaces
between clients and servers: it is easydhOP to connect an existing client to a new
server without recompiling or restarting the client.

Tcl-DP was created by Lawrence A. Rowe, Brian Smith, and Stewe Y

Ak

Ak is an audio extension forcll It is built on top of AudioFile, a network-transparent,
device independent audio system that runs on a variety of platforms. Ak prosidesit
mands for file playback, recording, telephone control, and synchronization. The basic
abstractions in Ak are connections to AudioFile servers, device contexts (which encapsu-
late the state for a particular audio device), and requests such as file playback. For exam-
ple, here is a script that plays back an audio file on a remote machine:

audioserver remote "server.company.com:0"

remote context room -device 1

room create play "announcement-f ile.au”
The first command opens a connection to the audio server on the machine
server.company.com and gives this connection the naramote . It also creates a
command nameremote , which is used to issue commands over the connection. The
second command creates a context narmenh, which is associated with audio device 1
on the serverand also creates a command nanoedn for communicating with the con-
text. The last command initiates a playback of a particular audio file.

Ak implements a unique model of time that allows clients to specify precisely when
audio samples are going to egerlt also provides a mechanism to execute arbitrary T
scripts at specified audio times; this can be used to achieve a variety of hypermedia
effects, such as displaying images or video in sync with an audio playback. When com-
bined with Tk, Ak provides a powerful and flexible scripting system for developing multi-
media applications such as tutorials and telephone inquiry systems.

Ak was created by Andrew C. Payne.
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Chapter 3
Tcl Language Syntax

3.1

In order to write Tl scripts you must learn two things. First, you must learnc¢hgyhtax,
which consists of about a half-dozen rules that determine how commands are parsed. The
Tcl syntax is the same for every command. Second, you must learn about the individual
commands that you use in your scriptd. @rovides about 60 built-in commands, Tk adds
several dozen more, and any application basedbor Tk will add a few more of its
own. You'll need to know all of the syntax rules right amayt you can learn about the
commands more gradually as you need them.

This chapter describes thelTanguage syntax. The remaining chapters in Part |
describe the built-ind commands, and Part Il describessT&bmmands.

Scripts, commands, and words

A Tcl script consists of one or moowmmmandsCommands are separated by newlines and
semi-colons. For example,

seta 24

setb 15
is a script with two commands separated by a newline charéhtesame script could be
written on a single line using a semi-colon separator:

seta24;setb 15

Each command consists of one or meeds, where the first word is the name of a
command and additional words argumnents to that command.ovds are separated by
spaces and tabs. Each of the commands in the above examples has three words. There may

25
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3.2

] Command String

Tcl Parser

> Words

PHHDHFIG

( Command Procedu@

'

| | Result

Figure 3.1. Tcl commands are evaluated in two steps. First thanferpreter parses the commze
string into words, performing substitutions along the.Wéen a command procedure processe
words to produce a result string. Each command has a separate command procedure.

be any number of words in a command, and each word may have an arbitrary string value.
The white space that separates words is not part of the words, nor are the newlines and
semi-colons that terminate commands

Evaluating a command

Tcl evaluates a command in two steps as shown in Figurpé8singandexecutionin

the parsing step thecllinterpreter applies the rules described in this chapter to divide the
command up into words and perform substitutions. Parsing is done in exactly the same
way for every command. During the parsing step ttiénterpreter does not apply any
meaning to the values of the wordsl jlist performs a set of simple string operations such
as replacing the charactefa" with the string stored in variabbe Tcl does not know or

care whethea or the resulting word is a number or the name of a widget or anything else.
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In the execution step meaning is applied to the words of the comn@rnikals the
first word as a command name, checking to see if the command is defined and locating a
command pycedue to carry out its function. If the command is defined then thander-
preter invokes its command procedure, passing all of the words of the command to the
command procedure. The command procedure is free to interpret the words in any way
that it pleases, and éifent commands apply very ftifent meanings to theirguments
Note: | use the terms “wa” and “argument” intechangeably toafer to the values passed to

command prcedues. The only diffence between these two terms is that the first
argument is the second vabr

The following commands illustrate some of meanings that are commonly applied to
arguments:
seta 122

In many cases, such as & command, g;uments may take any form
whatsoeverTheset command simply treats the firsgament as a variable
name and the secondyament as a value for the variable. The command
“set 122 a "is valid too: it creates a variable whose namel22” and
whose value isd”.
expr 24/3.2
The agument toexpr must be an arithmetic expression that follows the rules
described in Chapter 5. Several other commands also take expressigus as ar
ments.
eval {set a 122}
The agument tceval is a Tl script.Eval passes it to thecTinterpreter
where another round of parsing and execution occurs forghenant. Other
control-flow commands such ds andwhile also take scripts asgarments.
lindex {red green blue purple} 2
The first agument tdindex is alist consisting of four values separated by
spaces. This command will extract elementl#ug ") from the list and
return it. TI's commands for manipulating lists are described in Chapter 6.
string length abracadabra
Some commands, likering  and the Tk widget commands, are actually
several commands rolled into one. The firguament of the command selects
one of several operations to perform and determines the meaning of the
remaining aguments. For examplestting length " requires one addi-
tional agument and computes its length, wheresigrig compare "
requires two additional guments.
button .b -text Hello -fg red

The aguments starting wititext — are option-value pairs that allow you to
specify the options you care about and use default values for the others.
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In writing Tcl scripts one of the most important things to remember is thatthe T
parser doeshapply any meaning to the words of a command while it parses them. All of
the above meanings are applied by individual command procedures, not bl/ghesér
Another way of saying this is thatgarments are quoted by default; if you want evaluation
you must request it explicitlyrhis approach is similar to that of most shell languages but
different than most programming languages. For example, consider the following C pro-
gram:

X=4;

y = x+10;
In the first statement C stores the integer value 4 in varalitethe second statement C
evaluates the expressioxt+10 ", fetching the the value of varialskeand adding 10, and
stores the result in variabye At the end of execution has the integer value 14. If you
want to use a literal string in C without evaluation you must enclose it in quotes. Now con-
sider a similafooking program written in i

setx 4

sety x+10
The first command assigns thieing “4” to variablex. The value of the variable need not
have any particular form. The second command simply takes the stfibh@ ™ and stores
it as the new value for. At the end of the script y has the string valkel0 ", not the
integer value 14. Indl if you want evaluation you must ask for it explicitly:

setx 4

set y [expr $x+10]
Evaluation is requested twice in this example. First, the second word of the second com-
mand is enclosed in brackets, which tells tbiep@rser to evaluate the characters between
the brackets as allscript and use the result as the value of the word. Second, a dollar
sign has been placed beforeWhen Tl parses thexpr command it substitutes the
value of variablex for the$x. If the dollarsign were omitted theexpr 's agument
would contain the stringx”, resulting in a syntax erroAt the end of the scripgt has the
string value 14", which is almost the same as in the C example.

Variable substitution

Tcl provides three forms afubstitution:variable substitution, command substitution, and
backslash substitution. Each substitution causes some of the original characters of a word
to be replaced with some other value. Substitutions may occur in any word of a command,
including the command name, and there may be any number of substitutions within a sin-
gle word.

The first form of substitution igariable substitutionlt is triggered by a dollesign
character and it causes the value o€lav@riable to be inserted into a word. For example,
consider the following commands:
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set kgrams 20
expr $kgrams*2.2046

0 44.092
The first command sets the value of variddgjeams to 20. The second command com-
putes the corresponding weight in pounds by multiplying the valkgrams by 2.2046.
It does this using variable substitution: the stigrams is replaced with the value of
variablekgrams , so that the actualgument received by trexpr command procedure
is “20%2.2046 .

Variable substitution can occur anywhere within a word and any number of times as

in the following command:

expr $result*$hase
The variable name consists of all of the numbers, letters, and underscores following the
dollar-sign. Thus the first variable nanregult ) extends up to the and the second
variable namehase ) extends to the end of the word.

The examples above show only the simplest form of variable substitution. There are
two other forms of variable substitution, which are used for associative array references
and to provide more explicit control over the extent of a variable name (e.g. so that there
can be a letter immediately following the variable name). These other forms are discussed
in Chapter 4.

Command substitution

The second form of substitution provided gy} iE command substitutio©ommand sub-
stitution causes part or all of a command word to be replaced with the result of anbther T
command. Command substitution is invoked by enclosing a nested command in brackets:
set kgrams 20
set Ibs [expr $kgrams*2.2046]
0 44.092
The characters between the brackets must constitute a gbdidript. The script may con-
tain any number of commands separated by newlines or semi-colons in the usual fashion.
The brackets and all of the characters in between are replaced with the result of the script.
Thus in the example above tbepr command is executed while parsing the words for
set ; its result, the string44.092 ”, becomes the secondgament teset . As with vari-
able substitution, command substitution can occur anywhere in a word and there may be
more than one command substitution within a single word.
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Backslash substitution

Note:

3.6

The final form of substitution incTis backslash substitutiorit is used to insert special
characters such as newlines into words and also to insert charactprariét® without
them being treated specially by thel parserFor example, consider the following com-
mand:

set msg Eggs:\ \$2.18/dozen\nGasoline:\ \$1.49/gallon
0 Eggs: $2.18/dozen

Gasoline: $1.49/gallon
There are two sequences of backslash followed by space; each of these sequences is
replaced in the word by a single space and the space characters are not treated as word
separators. There are also two sequences of backslash followed bgidolj@ach of
these is replaced in the word with a single dedign, and the dollar signs are treated like
ordinary characters (they do not trigger variable substitution). The backslash followed by
n is replaced with a newline character

Table 3.1 lists all of the backslash sequences supported.byhiEse include all of
the sequences defined for ANSI C, sucht aso insert a tab character axd4 to insert
the character whose hexadecimal value is 0xd4. If a backslash is followed by any charac-
ter not listed in the table, as\® or\[ , then the backslash is dropped from the word and
the following character is included in the word as an ordinary char@bierallows you to
include any of the dl special characters in a word without the character being treated spe-
cially by the Tl parserThe sequencé will insert a single backslash into a word.
The sequence backslash-newline can be used to spread a long command across multi-

ple lines, as in the following example:

pack .base .labell .power .label2 .result \

-side left -padx 1m -pady 2m

The backslash and newline, plus any leading space on the next line, are replaced by a sin-
gle space character in the word. Thus the two lines together form a single command.
Backslash-newline sequences anusual in that they ameplaced in a separate
preprocessing step be®ihe Tl interpreter parses the command. This means, for

example, that the space character thgtlaces backslash-newline will bedted as a
word separator unless it is between double-quotes or braces.

Quoting with double-quotes

Tcl provides several ways for you to prevent the parser from giving special interpretation
to characters such &sand semi-colon. These techniques are cajlesting You have

already seen one form of quoting in backslash subsitution; for exafptauses a dol-
lar-sign to be inserted into a word without triggering variable substitution. In addition to
backslash substitutiorclTprovides two other forms of quoting: double-quotes and braces.

DRAFT (8/12/93): Distribution Restricted



3.6 Quoting with double-quotes 31

Backslash Sequence Replaced By

\a Audible alert (0x7)

\b Backspace (0x8)

\f Form feed (0xc)

\n Newline (Oxa)

\r Carriage return (0xd)

\t Tab (0x9)

\v Vertical tab (Oxb)

\ ddd Octal value given bgdd
(one, two, or thred’s)

\x hh Hex value given byah
(any number oh’s)

\ newline space A single space character

Table 3.1. Backslash substitutions supported lzy. Each of the sequences in the first column
replaced by the corresponding character from the second column. If a backslash is followe:
character other than those in the first column, then the two characters are replaced by the ¢
character

Double-quotes disable word and command separators, while braces disable almost all spe-
cial characters.

If a word is enclosed in double-quotes then spaces, tabs, newlines, and semi-colons
are treated as ordinary characters within the word. The example from page 30 can be
rewritten more cleanly with double-quotes as follows:

set msg "Eggs: \$2.18/dozen\nGasoline: \$1.49/gallon"
O Eggs: $2.18/dozen

Gasoline: $1.49/gallon
Note that the quotes themselves are not part of the wordnTimethe example could also
be replaced with an actual newline chara@eiin

set msg "Eggs: \$2.18/dozen

Gasoline: \$1.49/gallon”
but | think the script is more readable with.

Variable substitutions, command substitutions, and backslash substitutions all occur

as usual inside double-quotes. For example, the following scriphsgt® a string con-
taining the name of a variable, its value, and the square of its value:
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seta2.1
set msg "a is $a; the square of a is [expr $a*$a]"

0 ais2.1; the square of ais 4.41
If you would like to include a double-quote in a word enclosed in double-quotes, then use
backlash substitution:

set name a.out
set msg "Couldn’t open f ile \"$name\""

0 Couldn't open f ile "a.out"

Quoting with braces

Braces provide a more radical form of quoting where all the special charaters lose their
meaning. If a word is enclosed in braces then the characters between the braces are the
value of the word, verbatim. No substitutions are performed on the word and spaces, tabs,
newlines, and semi-colons are treated as ordinary characters. The example on page 30 can
be rewritten with braces as follows:

set msg {Eggs: $2.18/dozen

Gasoline: $1.49/gallon}
The dollarsigns in the word do not trigger variable substitution and the newline does not
act as a command separatarthis casén cannot be used to insert a newline into the
wod as on page 31, because\thewill be included in the grlument as-is without trigger-
ing backslash substitution:

set msg {Eggs: $2.18/dozen\nGasoline: $1.49/gallon}

0 Eggs: $2.18/dozen\nGasoline: $1.49/gallon
One of the most important uses for braces tefer evaluationDeferred evaluation

means that special characters arprocessed immediately by thel parserinstead they
will be passed to the command procedure as part ofjisrent and the command proce-
dure will process the special characters itself. Braces are almost always used when passing
scripts to TI commands, as in the following example that computes the factorial of five:

set result 1

seti5

while {$i > 0} {

set result [expr $result*$i]
set i [expr $i-1]

The body of thavhile loop is enclosed in braces to defer substitutidfisle passes
the script back intodl for evaluation during each iteration of the loop and the subsitutions
will be performed at that time. In this case it is important to defer the substitutions so that
they are done afresh each time tlihile evaluates the loop bodyather than once-and-
for-all while parsing thevhile command.

Braces nest, as in the following example:
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proc power {base p} {
set result 1
while {$p > 0} {
set result [expr $result*base]
set p [expr $p-1]

return $result
}
In this case the third gument tgproc contains two pairs of nested braces (the outermost
braces are removed by thel parser). The command substitution requested \jatkp'
$p-1] " will not be performed when theroc command is parsed, or even when the
while command is parsed as part of executing the proceduody but only when
while evaluates its secondgaiment to execute the loop.
Note: If a brace is backslashed then it does not count in finding the matching close brace for a
word enclosed in braces. The backslash will notdmaved when the wbis parsed.

Note: The only form of substitution that occurs between braces is for backslash-newline. As
discussed in Section 3.5, backslash-newline sequereestaially emoved in a @
processing step be®the command is parsed.

3.8 Comments

If the first non-blank character of a command ihen the# and all the characters follow-

ing it up through the next newline are treated as a comment and discarded. Note that the
hash-mark must occur in a position whecéi¥ expecting the first character of a com-

mand. If a hash-mark occurs anywhere else then it is treated as an ordinary character that
forms part of a command word:

# This is a comment

seta 100 # Not a comment
O wrong # args: should be "set varName ?newValue?"
set b 101; # This is a comment
0 101

The# on the second line is not treated as a comment character because it occurs in the
middle of a command. As a result the fsgt command receives 6garments and gener-
ates an erroiThe last# is treated as a comment charac@rce it occurs just after the
command was terminated with a semi-colon.

3.9 Normal and exceptional returns

A Tcl command can terminate in severafatiént ways. Aormal returnis the most com-
mon case; it means that the command completed successfully and the return includes a
string result. Tl also supportexceptional eturnsfrom commands. The most frequent
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form of exceptional return is an err@¥hen an error return occurs, it means that the com-
mand could not complete its intended function. The command is aborted and any com-
mands that follow it in the script are skipped. An error return includes a string identifying
what went wrong; the string is normally displayed by the application. For example, the
following set command generates an error because it has too nganyents:
set state West Virginia
O wrong # args: should be "set varName ?newValue?"
Different commands generate errors unddemwint conditions. For examplexpr
accepts any number ofgarments but requires thegaments to have a particular syntax; it
generates an error if, for example, parenthesestanatched:
expr 3 * (20+4
0 unmatched parentheses in expression " 3*(20+4
The complete exceptional return mechanism fisTdiscussed in Chapter 9. It sup-
ports a number of exceptional returns other than errors, provides additional information
about errors besides the error message mentioned above, and allows errors to be “caught”
so that dects of the error can be contained within a piececbédde. For nowthough, all
you need to know is that commands normally return string results but they sometimes
return errors that causelicommand interpretation to be aborted.
You may also find therrorinfo variable useful. After an ar Tcl setserrorinfo to

hold a stack trace indicating exactly whehe eror occurred. Yu can print out this
variable with the commandsét errorinfo "

More on substitutions

The most common ditulty for new Tl users is understanding when substitutions do and
do not occurA typical scenario is for a user to be surprised at the behavior of a script
because a substitution dith@ccur when the user expected it to happen, or a substitution
occurred when it washéxpected. Howevel think that you'll find El's substitution
mechanism to be simple and predictable if you just remember two related rules:

1. Tcl parses a command and makes substitutions in a single pass from left to right. Each
character is scanned exactly once.

2. At most a single layer of substitution occurs for each character; the result of one substi-
tution is not scanned for further substitutions.

Tcl's substitutions are simpler and more regular than you may be used to if you've pro-
grammed with UNIX shells (particularlysh ). When new users run into problems with
Tcl substitutions it is often because they have assumed a more complex model than actu-
ally exists.

For example, consider the following command:
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set x [format {Earnings for July: $%.2f} $earnings]

0 Earnings for July: $1400.26
The characters between the brackets are scanned exactly once, during command substitu-
tion, and the value of thearnings variable is substituted at that time. Ihist the case
that Tel first scans the whokeet command to substitute variables, then makes another
pass to perform command substitution; everything happens in a single scan. The result of
theformat command is passed verbatimstet as its second gnment without any
additional scanning (for example, the dek&yn informat ’s result does not trigger vari-
able substitution).

One consequence of the substitution rules is that all the word boundaries within a
command are immediately evident and are rfectdd by substitutions. For example,
consider the following script:

set city "Los Angeles"

set bigCity $city
The secondet command is guaranteed to have exactly three words regardless of the
value of variablecity . In this caseity contains a space character but the spaoetis
treated as a word separator

In some situations the single-layafrsubstitutions rule can be a hindrance rather than
a help. For example, the following script is an erroneous attempt to delete all files with
names ending in.6 ”:

exec rm [glob *.0]
O rm:a.o b.o c.o nonexistent
Theglob command returns a list of all file names that match the pattern’; such as
“a.ob.oc.o ". Theexec command then attempts to invoke threprogram to delete
all of these files. Howevgthe entire list of files is passedrto as a single gument;rm
reports an error because it cannot find a file naraexity.o c.o ". For rm to work
correctly the result ajlob must be split up into multiple words.

Fortunatelyit is easy to add additional layers of parsing if you want them. Remember
that Tcl commands are evaluated in two phases: parsing and execution. The substitution
rules apply only to the parsing phase. Ondepésses the words of a command to a com-
mand procedure for execution, the command procedure can do anything it likes with them.
Some commands will reparse their words, for example by passing them backdb the T
interpreter agairEval is an example of such a command, and it can be used to solve the

problems withrm above:

eval exec rm [glob *.0]
Eval concatenates all of itsgarments with spaces in-between and then evaluates the
result as adl script, at which point another round of parsing and evaluation occurs. In this
exampleeval receives three guments: &xec ”, “rm”, and “a.o0 b.o c.o ". It con-
catenates them to form the strirexéc rm a.o b.o c.o ". When this string is

parsed as acT script it yields five words; each of the file names is passexkto and
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then to them program as a separatgament, so the files are all removed successfully
See Section 7.5 for more details on this.

One final note. It is possible to use substitutions in very complex ways lg& you
not to do so. Substitutions work best when used in very simple ways such as
“set a $b”. If you use a great many substitutions in a single command, and particularly
if you use lots of backslashes, your code is unlikely to be unreadablesaaidadtunlikely
to work reliably In situations like these | suggest breaking up tfendfng command into
several commands that build up thguaments in simple stagescIprovides several com-
mands, such @rmat andlist , that should make this easy to do.
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Variables

4.1

Tcl supports two kinds of variables: simple variables and associative arrays. This chapter
describes the basiclfcommands for manipulating variables and arrays, and it also pro-
vides a more complete description of variable substitution. 8gle #.1 for a summary of

the commands discussed in this chapter

Simple variables and the set command

A simple Tcl variable consists of two things: a name and a value. Both the name and the
value may be arbitrary strings of characters. For example, it is possible to have a variable
named kyz # 22 " or “March earnings: $100,472 ". In practice variable
names usually start with a letter and consist of a combination of letters, digits, and under-
scores, since that makes it easier to use variable substitution.
Variables may be created, read, and modified witséhecommand, which takes
either one or two guments. The first gument is the name of a variable and the second, if
present, is a new value for the variable:
set a {Eggs: $2.18/dozen}
O Eggs: $2.18/dozen
seta
O Eggs: $2.18/dozen
seta 44
0 44
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append varName value “alue ..?
Appends each of thealue amguments to variablearName, in order If
varName doesrnt exist then it is created with an empty value before
appending. The return value is the new valugapName .

incr  varName ?increment ?
Addsincrement to the value of variablearName. Increment and
the old value offarName must both be integer strings (decimal,
hexadecimal, or octal). iicrement is omitted then it defaults tb. The
new value is stored wmarName as a decimal string and returned as the
result of the command.

setvarName  “value ?
If value is specified, sets the value of variabtdeName tovalue . In
any case the command returns the (new) value of the variable.

unset varName ?arName varName ..?
Deletes the variables given by erName aguments. Returns an empty
string.

Table 4.1. A summary of the basic commands for manipulating variables. Optignahants are
indicated by enclosing them in question-marks.

The first command above creates a new varialié doesnt already exist and sets its
value to the character sequenEg(s: $2.18/dozen ". The result of the command is
the new value of the variable. The seceatli command has only onegaimenta. In this
form it simply returns the current value of the variable. The 88td command changes
the value of to 44 and returns that new value.

Although the final value dd looks like a decimal integeit is stored as a character
string. Tcl variables can be used to represent many things, such as integers, floating-point
numbers, names, lists, and Ecripts, but they are always stored as strings. This use of a
single representation for all values allowdeti&nt values to be manipulated in the same
way and communicated easily

Tcl variables are created automatically when they are assigned valtiables
don't have types so there is no need for declarations.

Arrays

In addition to simple variablesiTalso providesrrays An array is a collection afle-

ments each of which is a variable with its own name and value. The name of an array ele-
ment has two parts: the name of the array and the name of the element within that array
Both array names and element names may be arbitrary strings. For this dasoay$

DRAFT (8/12/93): Distribution Restricted



4.3 Variable substitution 39

4.3

are sometimes callexksociative array$o distinguish them from arrays in other lan-
guages where the element names must be integers.

Array elements are referenced using notationdémings(January) where the
array namedarnings in this case) is followed by the element name in parentheses
(January in this case). Arrays may be used anywhere that simple variables may be used,
such as in theet command:

set earnings(January) 87966
0 87966
set earnings(February) 95400
0 95400
set earnings(January)
0 87966
The first command creates an array nasaaings |, if it doesnt already exist. Then it
creates an elemedanuary within the arrayif it doesnt already exist, and assigns it the
value87966 . The second command assigns a value t&é¢euary element of the
array and the third command returns the value ofldreuary element.

Variable substitution

Chapter 3 introduced the use$shotation for substituting variable values intd T
commands. This section describes the mechanism in more detail.

Variable substitution is triggered by the presence of an ung@iatbdracter in adl
command. The characters following thare treated as a variable name, andthad
name are replaced in the word by the value of the variatlierdvides three forms of
variable substitution. So far you have seen only the simplest form, which is used like this:

expr $a+2
In this form the$ is followed by a variable name consisting of letters, digits, and under-
scores. The first character that is not a letter or digit or undersedna the example)
terminates the name.

The second form of variable substitution allows array elements to be substituted. This
form is like the first one except that the variable name is followed immediately by an ele-
ment name enclosed in parenthesesiatle, command, and backslash substitutions are
performed on the element name in the same way as a command word in double-quotes,
and spaces in the element name are treated as part of the name rather than as word separa-
tors. For example, consider the following script:

set yearTotal O
foreach month {Jan Feb Mar Apr May Jun Jul Aug Sep \

Oct Nov Dec} {
set yearTotal [expr $yearTotal+$earnings($month)]
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In theexpr command $earnings($month) " is replaced with the value of an ele-
ment of the arragarnings . The elemeng name is given by the value of thenth
variable, which varies from iteration to iteration.

The last form of substitution is used for simple variables in places where the variable
name is followed by a letter or number or underscore. For example, suppose that you wish
to pass a value likel’5m” to a command as angarment but the number is in a variable
size (in Tk you might do this to specify a size in millimeters). If you try to substitute the
variable value with a form like$sizem ” then Tel will treat themas part of the variable
name. © get around this problem you can enclose the variable name in braces as in the
following command:

.canvas conf igure -width ${size}m
You can also use braces to specify variable names containing characters other than letters
or numbers or underscores.
Braces can only be used to delimit simple variables. Howtnesr shouldi’be needed
for arrays since the pantheses adrady indicate wherthe variable name ends.

Tcl's variable substitution mechanism is only intended to handle the most common
situations; there exist scenarios where none of the above forms of substitution achieves the
desired dfct. More complicated situations can be handled with a sequence of commands.
For example, théormat command can be used to generate a variable name of almost
any imaginable formset can be used to read or write the variable with that name, and
command substitution can be used to substitute the value of the variable into other com-
mands.

Removing variables: unset

Theunset command destroys variables. It takes any numbegahzents, each of
which is a variable name, and removes all of the variables. Future attempts to read the
variables will result in errors just as if the variables had never been set in the first place.
The aguments taunset may be either simple variables, elements of arrays, or whole
arrays, as in the following example:

unset a earnings(January) b

In this case the variablesandb are removed entirely and tdanuary element of the
earnings array is removed. Thearnings array continues to exist after theset
command. Ifa orb is an array then all of the elements of that array are removed along
with the array itself.
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4.5 Multi-dimensional arrays
Tcl only implements one-dimensional arrays, but multi-dimensional arrays can be simu-
lated by concatenating multiple indices into a single element name. The program below
simulates a two-dimensional array indexed with integers:
set matrix(1,1) 140
set matrix(1,2) 218
set matrix(1,3) 84
setil
setj2
set cell $matrix($i,$j)
0 218
Matrix is an array with three elements whose nameslate™and “1,2 " and “1,3 ".
However the array behaves just as if it were a two-dimensional array; in particatar
able substitution occurs while scanning the element name @xgiie command, so that
the values of andj get combined into an appropriate element name.
4.6 The incr and append commands

Incr andappend provide simple ways to change the value of a varidhte. takes
two aguments, which are the name of a variable and an integer; it adds the integer to the
variables value, stores the result back into the variable as a decimal string, and returns the
variables new value as result:
setx 43
incr x 12
0 55
The number can have either a positive or negative value. It can also be omitted, in which
case it defaults tt:
set x 43
Incr X
0 44
Both the variables original value and the increment must be integer strings, either in deci-
mal, octal (indicated by a leadi®g, or hexadecimal (indicated by a leadthg).
Theappend command adds text to the end of a variable. It takes uorants,
which are the name of the variable and the new text to add. It appends the new text to the
variable and returns the varialdeiew value. The following example usgpend to
compute a table of squares:
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set msg "™
foreachi{12 34 5}{
append msg "$i squared is [expr $i*$i]\n"

set msg

0 1squaredisl1

2 squared is 4

3 squared is 9

4 squared is 16

5 squared is 25

Neitherincr norappend adds any new functionality tcIT since the décts of

both of these commands can be achieved in other ways. Howeseprovide simple
ways to do common operations. In additiappend is implemented in a fashion that
avoids character copying. If you need to construct a vayg ktring incrementally from
pieces it will be much morefefient to use a command like

append x $piece
instead of a command like
set x "$x$piece"”

Preview of other variable facilities

Tcl provides a number of other commands for manipulating variables. These com-
mands will be introduced in full after you've learned more about¢hkaiguage, but this
section contains a short preview of some of the facilities.

Thetrace command can be used to monitor a variable so thetsciipt gets
invoked whenever the variable is set or read or unaeaiMe tracing is sometimes useful
during debugging, and it allows you to create read-only variabbescah also use traces
for propagationso that, for example, a database or screen display gets updated whenever a
variable changes valuealable tracing is discussed in Section 13.4.

Thearray command can be used to find out the names of all the elements in an
array and to step through them one at a time (see Section 18.fppd$ible to find out
what variables exist using thifo command (see Section 13.2).

Theglobal andupvar commands can be used by a procedure to access variables
other than its own local variables. These commands are discussed in Chapter 8.
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Chapter 5
EXpressons

5.1

Expressions combine values @erand3} with operatorsto produce new values. For
example, the expressioA+2" contains two operands4" and “2”, and one operator
“+" it evaluates t@®. Many Tcl commands expect one or more of thejjuanents to be
expressions. The simplest such commareks , which just evaluates itsguments as
an expression and returns the result as a string:

expr (8+4) * 6.2

O 744

Another example i , which evaluates its firstgument as an expression and uses the
result to determine whether or not to evaluate its secquuirent as acl script:

if $x<2 then {set x 2}
This chapter uses tlexpr command for all of its examples, but the same syntax, substi-
tution, and evaluation rules apply to all other uses of expressions tocal3e&T for a
summary of thexpr command.

Numeric operands

Expression operands are normally integers or real numbers. Integers are usually specified
in decimal, but if the first character is 0 (zero) then the number is read in octal (base 8) and
if the first two characters afx then the number is read in hexadecimal (base 16). For
example 335 is a decimal numbed517 is an octal number with the same value, and

0x14f is a hexadecimal number with the same vag@. is not a valid integer: the lead-

ing 0 causes the number to be read in octaBhistnot a valid octal digit. Real operands
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Note:

5.2

expr arg “argarg ...?
Concatenates all therg values together (with spaces in between),
evaluates the result as an expression, and returns a string correspondi
the expressios’value.

Table 5.1. A summary of thexpr command.

may be specified using most of the forms defined for ANSI C, including the following
examples:

2.1

7.91e+16

6E4

3.

These same formseaallowable not just in expssions but anywhein Tl that an integer
or real value is equired.

Expression operands can also be non-numeric strings. String operands are discussed
in Section 5.5.

Operators and precedence

521

Note:

Table 5.2 lists all of the operators supporteddhekpressions; they are similar to the
operators for expressions in ANSI C. Horizontal lines separate groups of operators with
the same precedence, and operators with higher precedence appear in the table above
operators with lower precedence. For exampi2<7 evaluates t® because th& oper-
ator has higher precedence tharkexcept in the simplest and most obvious cases you
should use parentheses to indicate the way operators should be grouped; this will prevent
errors by you or by others who modify your programs.

Operators with the same precedence group from left to right. For exdidple3
is the same a40-4)-3 ; it evaluates tg.

Arithmetic operators

Tcl expressions support the arithmetic operators, *, / , and% The- operator may be
used either as a binary operator for subtraction, 42in or as a unary operator for nega-
tion, as in(6*$i) . The/ operator truncates its result to an integer value if both oper-
ands are integer%ois the modulus operator: its result is the remainder when its first
operand is divided by the second. Both of the operandérmust be integers.

The / and % operators have a raaonsistent behavior irciithan in ANSI C. Indl the
remainder is always positive and has an absolute value less than the absolute value of the
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Syntax Result Operand Ypes
-a Negative ofa int, float
la Logical NOT: 1 if a is zero, O otherwise int, float
~a Bit-wise complement cd int
a*b Multiply a andb int, float
alb Divide a by b int, float
a% Remainder after dividing by b int
atb Add a andb int, float
a-b Subtractb froma int, float
a<<b Left-shifta by b bits int
a>>b Arithmetic right-shifta by b bits int
a<b 1if a is less tha, O otherwise int, float, string
a>b 1if a is greater thab, O otherwise int, float, string
a<=b 1if a is less than or equal In O otherwise int, float, string
a>=b 1if a is greater than or equallbg O otherwise| int, float, string
a==b 1ifais equal td, O otherwise int, float, string
al=b 1if ais not equal td, O otherwise int, float, string
a&b Bit-wise AND ofa andb int
a"b Bit-wise exclusive OR o& andb int
alb Bit-wise OR ofa andb int
a&é&b Logical AND: 1 if botha andb are non-zero, | int, float
0 otherwise
all b Logical OR: 1 if eithem is non-zero ob is int, float
non-zero, 0 otherwise
a?b: ¢ | Choice: ifa is non-zero theb, elsec a: int, float

Table 5.2. Summary of the operators allowed icl €xpressions. These operators have the sa
behavior as in ANSI C except that some of the operators allow string operands. Groups of «
between horizontal lines have the same precedence; higher groups have higher precedenc

divisor ANSI C guarantees only the seconaarty: In both ANSI C anctilthe quotient
will always have the pperty that X/y)*y + x%y isx., for all x andy.
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522

5.2.3

524

525

Relational operators

The operators (less than)<= (less than or equab=(greater than or equah, (greater
than),== (equal), and= (not equal) are used for comparing two values. Each operator
produces a result df (true) if its operands meet the condition &dalse) if they dort.

Logical operators

The logical operator&&, || , and! are typically used for combining the results of rela-
tional operators, as in the expression
($x > 4) && ($x < 10)

Each operator produce®ar 1 result.&& (logical “and”) produces & result if both its
operands are non-zelp, (logical “or”) produces 4 result if either of its operands is
non-zero, andl (“not”) produces d result if its single operand is zero.

In Tcl, as in ANSI C, a zero value is treated as false and anything other than zero is
treated as true. Whenevesl §enerates a true/false value it usder true and for false.

Bitwise operators

Tcl provides six operators that manipulate the individual bits of inte®gfs”, <<, >>,
and~. These operators require their operands to be integer&, Theand" operators
perform bitwise and, pand exclusive or: each bit of the result is generated by applying
the given operation to the corresponding bits of the left and right operands. Né&te that
and| do not always produce the same resuk&snd|| :
expr 8&&2
o1
expr 8&2
g o
The operators< and>> use the right operand as a shift count and produce a result
consisting of the left operand shifted left or right by that number of bits. During left shifts
zeros are shifted into the low-order bits. Right shifting is always “arithmetic right shift”,
meaning that it shifts in zeroes for positive numbers and ones for negative numbers. This
behavior is diferent from right-shifting in ANSI C, which is machine-dependent.
The~ operand (“ones complement”) takes only a single operand and produces a
result whose bits are the opposite of those in the operand: zeroes replace ones and vice
versa.

Choice operator

The ternary operaté@: may be used to select one of two results:
expr {($a < $b) ? $a : $b}
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5.3

This expression returns the smallefsafand$b. The choice operator checks the value of

its first operand for truth or falsehood. If it is true (non-zero) then therant following

the? is evaluated and becomes the result; if the first operand is false (zero) then the third
operand is evaluated and becomes the result. Only one of the second andumehts

is evaluated.

Math functions

5.4

Tcl expressions support a number of mathematical functions ssan andexp . Math
functions are invoked using standard functional notation:

expr 2*sin($x)

expr hypot($x, $y) + $z
The aguments to math functions may be arbitrary expressions, and mulfjplaemts
are separated by commas. Sabl& 5.3 for a list of all the built-in functions.

Substitutions

Substitutions can occur in two ways for expression operands. The first way is through the
normal Tl parser mechanisms, as in the following command:

expr 2*sin($x)
In this case thecl parser substitutes the value of variableefore executing the com-
mand, so the first gument taexpr will have a value such ag*sin(0.8) ". The sec-

ond way is through the expression evaluatdrich performs an additional round of
variable and command substitution on the expression while evaluating it. For example,
consider the command:

expr {2*sin($x)}
In this case the braces prevent tieeparser from substituting the valuexagfso the agu-
ment toexpr is “2*sin($x) ". When the expression evaluator encounters the dollar

sign it performs variable substitution itself, using the value of variabkethe agument
tosin .

Having two layers of substitution doesunsually make any diérence for thexpr
command, but it is vitally important for other commands Vikéle that evaluate an
expression repeately and expect to gdersht results each time. For example, consider
the following script that raises a base to a power:

set result 1

while {$power>0} {
set result [expr $result*$base]
incr power -1

DRAFT (8/12/93): Distribution Restricted



48

Expressions

Function Result

abs( x) Absolute value ok.

acos( x) Arc cosine ofx, in the range 0 toc
asin( x) Arc sine ofx, in the range™?2 to1v2.
atan( x) Arc tangent ok, in the rangem2 to1v2.
atan2( x,y) Arc tangent ok/y, in the rangem™2 to1v2.
ceil( x) Smallest integer not less than

cos( x) Cosine ofx (x in radians).

cosh( x) Hyperbolic cosine ok.

double( i) Real value equal to integer

exp( x) eraised to the powex.

floor( x) Largest integer not greater than
fmod( x, y) Floating-point remainder of divided byy.
hypot( X, ) Square root o +y?).

int( x) Integer value produced by truncatixag
log( x) Natural logarithm ok.

log10( x) Base 10 logarithm of.

pow( X, y) X raised to the powsr.

round( x) Integer value produced by rounding
sin( x) Sine ofx (x in radians).

sinh( x) Hyperbolic sine ok.

sqrt( - x) Square root oxX.

tan( x) Tangent ok (x in radians).

tanh( x) Hyperbolic tangent of.

Table 5.3. The mathematical functions supported ah @xpressions. In most cases the functio
have the same behavior as the ANSI C library procedures with the same names.
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The expression$power>0 " gets evaluated byhile at the beginning of each iteration

to decide whether or not to terminate the loop. It is essential that the expression evaluator
use a new value giower each time. If the variable substitution were performed while
parsing thevhile command, for examplevhile $power>0
argument would be a constant expression suclba@”; either the loop would never exe-
cute or it would execute forever

..." thenwhile 's
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Note:

5.5

When the expssion evaluator performs variable or command substitution the value
substituted must be an integer eat number (or a string, as described below). It cannot
be an arbitrary expgssion.

String manipulation

5.6

Unlike expressions in ANSI C cTTexpressions allow som simple string operations, as in
the following command:

if {$x == "New York"} {

}
In this example the expression evaluator compares the value of variabilee string
“New York " using string comparison; the body of tifie will be executed if they are
identical. In order to specify a string operand you must either enclose it in quotes or braces
or use variable or command substitution. It is important that the expression in the above
example is enclosed in braces so that the expression evaluator substitutes thexyd@ue of
the braces are left out then thgwment taf  will be a string like

Los Angeles == "New York"

The expression parser will not be able to patses® (it isn’t a numberit doesnt make
sense as a function name, and it the’interpreted as a string because it idalimited)
S0 a syntax error will occur

If a string is enclosed in quotes then the expression evaluator performs command,
variable, and backslash substitution on the characters between the quotes. If a string is
enclosed in braces then no substitutions are performed. Braces nest for strings in expres-
sions in the same way that they nest for words of a command.

The only operators that allow string operands<are, <=, >=, ==, and !=. For all
other operators the operands must be numeric. For operatorstfikestrings are com-
pared lexicographically using the systestrcmp library function; the sorting order
may vary from system to system.

Types and conversions

Tcl evaluates expressions numerically whenever possible. String operations are only per-
formed for the relational operators and only if one or both of the operandstdoaka’
sense as a numbafost operators permit either integer or real operands but, adetv as
<< and&, allow only integers.

If the operands for an operator havdatint types thencl automatically converts
one of them to the type of the othiéione operand is an integer and the other is a real then
the integer operand is converted to real. If one operand is a hon-numeric string and the
other is an integer or real then the integer or real operand is converted to a string. The
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result of an operation always has the same type as the operands except for relational oper-
ators like<, which always produce 0/1 integer resultsu¢an use the math function

double to explicitly promote an integer to a real, and andround to convert a real

value back to integer by truncation or rounding.

5.7 Precision
During expression evaluatiortiirepresents integers internally with the C tige ,
which provides at least 32 bits of precision on most machines. Real numbers are repre-
sented with with the C typgouble , which is usually represented with 64-bit values
(about 15 decimal digits of precision) using the IEEE Floating Point Standard.

Numbers are kept in internal form throughout the evaluation of an expression and are
only converted back to strings when necessargh as wheexpr returns its result. Inte-
gers are converted to signed decimal strings without any loss of precision. When a real
value is converted to a string only six significant digits are retained by default:

expr1.11111111 +1.11111111
0 2.22222
If you would like more significant digits to be retained when real values are converted to
strings you can set thel_precision global variable with the desired number of sig-
nificant digits:
set tcl_precision 12
expr1.11111111 +1.11111111
0 2.22222222
Thetcl_precision variable is used not just for tkepr command but anywhere
that a El application converts a real number to a sting.
Note: If you seticl_precision to 17 on a machine that uses IEEE floating point, you will

guarantee that string conversions do not lose information: if anesgn esult is
converted to a string and then later used in a difiéiexpession, the internal form after
conversion back ém the string will be identical to the internal form befoepnverting to
the string.
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Lists

6.1

Lists are used incl to deal with collections of things, such as all the users in a group or all
the files in a directory or all the options for a widget. Lists allow you to collect together

any number of values in one place, pass around the collection as a singlamediiayer

get the component values back again. A list is an ordered collectienoéntavhere

each element can have any string value, such as a nuar@sors hame, the name of a
window, or a word of a @ command. Lists are represented as strings with a particular
structure; this means that you can store lists in variables, type them to commands, and nest
them as elements of other lists.

This chapter describes the structure of lists and presents a dozen basic commands for
manipulating lists. The commands perform operations like creating lists, inserting and
extracting elements, and searching for particular elementsgbé=6l1 for a summary).

There are othercl commands besides those described in this chapter that take lists as
armguments or return them as results; these other commands will be described in later chap-
ters.

Basic list structure and the lindex command

In its simplest form a list is a string containing any number of elements separated by
spaces or tabs. For example, the string

John Anne Mary Jim
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concat list “AAist .7
Joins multiple lists into a single list (each element of dath becomes an
element of the result list) and returns the new list.

join list  PoinString  ?
Concatenates list elements together ydthString as separator and
returns the result.

lappend varName value “value ..?
Appends eackialue to variablevarName as a list element and returns t
new value of the variable. Creates the variable if it doesr®ady exist.

lindex list index
Returns théndex 'th element frondist

linsert list index value “alue ..?
Returns a new list formed by inserting all of adue amguments as list
elements beformdex 'th element ofist

list value alue .7
Returns a list whose elements arevhklie amguments.

llength list
Returns the number of elementdigt

Irange list first last
Returns a list consisting of elemefisst throughlast of list . If
last isend then it selects all elements up to the end of the list.

Ireplace list first last value value .2
Returns a new list formed by replacing elemémtst  throughlast of
list  with zero or more new elements, each formed fromvahes argu-
ment.

Isearch  ?exact ? ?-glob ? ?-regexp ?list pattern
Returns the index of the first elementigh  that matchepattern  or-1
if none. The optional switch selects a pattern-matching technique (defa
-glob ).

Isort  ?-ascii ? ?integer ? ?-real ? ?-command command?\
?-increasing  ? ?-decreasing  ?list
Returns a new list formed by sorting the elementsbf . The switches
determine the comparison function and sorted order (defasiti
-increasing ).

split  string  ?splitChars  ?
Returns a list formed by splittiregring  at instances afplitChars  and
turning the characters between these instances into list elements.

Table 6.1. A summary of the list-related commands @l. T
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is a list with four elements. There can be any number of elements in a list, and each ele-
ment can be an arbitrary string. In the simple form above, elements cannot contain spaces,
but there is additional list syntax that allows spaces within elements (see below).
Thelindex command extracts an element from a list:
lindex {John Anne Mary Jim} 1
O Anne
Lindex takes two ajuments, a list and an index, and returns the selected element of the
list. An index of0 corresponds to the first element of the listorresponds to the second
element, and so on. If the index is outside the range of the list then an empty string is
returned.
When a list is entered in @lfcommand the list is usually enclosed in braces, as in
the above example. The braces are not part of the list; they are needed on the command
line to pass the entire list to the command as a single word. When lists are stored in vari-
ables or printed out, there are no braces around them:
set x {John Anne Mary Jim}
0 John Anne Mary Jim
Curly braces and backslashes within list elements are handled by the list commands in
the same way that thellcommand parser treats them in words. This means that you can
enclose a list element in braces if it contains spaces, and you can use backslash substitu-
tion to get special characters such as braces into list elements. Braces are often used to nest
lists within lists, as in the following example:
lindex{ab{cde}f}2
O cde
In this case element 2 of the list is itself a list with three elements. There is no limit on how
deeply lists may be nested.

6.2 Creating lists: concat, list, and llength

Tcl provides two commands that combine strings together to producedistat and
list . Each of these commands accepts an arbitrary numbegushants, and each pro-
duces a list as a result. Howeutey difer in the way they combine theiguments. The
concat command takes one or more lists ggiarents and joins all of the elements of
the agument lists together into a singlegarlist:
concat{abc}{de}f{ghi}

O abcdefghi
Concat expects its guments to have proper list structure; if thguanents are not well-
formed lists then the result may not be a well-formed list eithéact, all thatoncat
does is to concatenate itgament strings into one & string with space characters
between the guments. The samefe€t asconcat can be achieved using double-quotes:
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6.3

setx{ab c}
sety{d e}
set z [concat $x $y]

0 abcde
setz "$x $y"
0O abcde
Thelist command joins its guments together so that eacuament becomes a
distinct element of the resulting list:
list{abc}{de}f{ghi}
O {abc}{de}f{ghi}
In this case, the result list contains only four elementsli$he command will always
produce a list with proper structure, regardless of the structure afitmeants (it adds
braces or backslashes as needed), anlihttex command can always be used to
extract the original elements of a list created Visth . The aguments tdist  need not
themselves be well-formed lists.
Thellength  command returns the number of elements in a list:
llength {{abc}{de}f{ghi}}
0o 4
llength a
o1
llength {}
o o
As you can see from the examples, a simple string #ikés*a proper list with one ele-
ment and an empty string is a proper list with zero elements.

Modifying lists: linsert, Ireplace, Irange, and lappend

Thelinsert  command forms a new list by adding one or more elements to an existing
list:
setx{ab{cd}e}
O ab{cd}e
linsert $x 2 X Y Z
0 abXYZzZ{cd}e
linsert $x 0 {X Y} Z
O {XY}Zab{cd}e
Linsert takes three or moregurments. The first is a list, the second is the index of an
element within that list, and the third and additiongLiarents are new elements to insert
into the list. The return value frolimsert  is a list formed by inserting the new ele-
ments just before the element indicated by the index. If the index is zero then the new ele-
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ments go at the beginning of the list; if it is one then the new elements go after the first
element in the old list; and so on. If the index is greater than or equal to the number of ele-
ments in the original list then the new elements are inserted at the end of the list.
Thelreplace  command deletes elements from a list and optionally adds new ele-
ments in their place. It takes three or moguerents. The first gument is a list and the
second and third guments give the indices of the first and last elements to be deleted. If
only three aguments are specified then the result is a new list produced by deleting the
given range of elements from the original list:
Ireplace {ab{cd}e}33
0 ab{cd}
If additional aguments are specified ki@place  as in the example belowhen they
are inserted into the list in place of the elements that were deleted.
Ireplace{ab{cd}e}12{WX}Y Z
O a{wWXx}Yyze
Thelrange command extracts a range of elements from a list. It takeguasants
a list and two indices and it returns a new list consisting of the range of elements that lie
between the two indices (inclusive):
setx{ab{cd}e}
O ab{cd}e
Irange $x 1 3
O b{cd}e
Irange $x 0 1
0 ab
Thelappend command provides anfigient way to append new elements to a list
stored in a variable. It takes ag@ments the name of a variable and any number of addi-
tional aguments. Each of the additionafjaments is appended to the variablelue as a
new list element andppend returns the variable’new value:
setx {a b {c d} e}
0 ab{cd}e
lappend x XX {YY ZZ}
O ab{cd}eXX{YY ZZ}
set X
O ab{cd}e XX{YY zz}
Lappend is similar toappend except that it enforces proper list structure. As with
append, it isit’strictly necessaryror example, the command
lappend x $a $b $c
could be written instead as

set x "$x [list $a $b $c]"
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However as withappend , lappend is implemented in a way that avoids string copies.
For lage lists this can make a bigfeifence in performance.

6.4 Searching lists: Isearch
Thelsearch command searches a list for an element with a particular value. It takes
two aguments, the first of which is a list and second of which is a pattern:
set x {John Anne Mary Jim}
Isearch $x Mary
g 2
Isearch $x Phil
o -1
Lsearch returns the index of the first element in the list that matches the pattelrnif or
there was no matching element.
One of three dférent pattern matching techniques can be selected by specifying one
of the switchesexact ,-glob , and-regexp before the list glument:
Isearch -glob $x A*
0o 1
The-glob switch causes matching to occur with the rules osthierg match com-
mand described in Section 10.1-r&gexp switch causes matching to occur with regu-
lar expression rules as described in Section 10.2;exaatt insists on an exact match
only. If no switch is specified theglob is assumed by default.
6.5 Sorting lists: Isort

Thelsort command takes a list agament and returns a new list with the same ele-
ments, but sorted in increasing lexicographic order:
Isort {John Anne Mary Jim}
O Anne Jim John Mary
You can precede the list with any of several switches to control the sort. For example,
- decreasing specifies that the result should have theg#at” element first and
-integer  specifies that the elements should be treated as integers and sorted according
to integer value:
Isort -decreasing {John Anne Mary Jim}
0 Mary John Jim Anne
Isort {10 1 2}
0 1102
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Isort -integer {10 1 2}
0o 1210

You can use the&eommand option to specify your own sorting function (see the reference
documentation for details).

6.6 Converting between strings and lists: split and join

Thesplit command breaks up a string into component pieces so that you can process
the pieces independently creates a list whose elements are the pieces, so that you can
use any of the list commands to process the pieces. For example, suppose a variable con-
tains a UNIX file name with components separated by slashes, and you want to convert it
to a list with one element for each component;

set x a/b/c

set y /usr/include/sys/types.h
split $x /

O abc
split Sy /
O {} usrinclude sys types.h
The first agument tesplit  is the string to be split up and the secomuiarent contains
one or moresplit charactersSplit  locates all instances of any of the split characters in
the string. It then creates a list whose elements consist of the substrings between the split
characters. The ends of the string are also treated as split characters. If there are consecu-
tive split characters or if the string starts or ends with a split character as in the second
example, then empty elements are generated in the result list. The split characters them-
selves are discarded. Several split characters can be specified, as in the following example:
split xbaybz ab
O x{}yz
If an empty string is specified for the split characters then each character of the string is
made into a separate list element:
split{a b c} {}
O a{}b{}c
Thejoin command is approximately the inversespfit . It concatenates list ele-
ments together with a given separator string between them:
join{ {} usrinclude sys types.h }
O /usrf/include/sys/types.h
set x {24 112 5}
expr [join $x +]
0 141
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Join takes two gguments: a list and a separator string. It extracts all of the elements from
the list and concatenates them together with the separator string between each pair of ele-
ments. The separator string can contain any number of characters, including zero. In the
first example above a file name is generated by joining the list elementg With the
second example alTexpression is generated by joining the list elements with “

One of the most common uses $éptit  andjoin is for dealing with file names as
shown above. Another common use is for splitting up text into lines by using newline as
the split character

Lists and commands

There is a very important relationship between lists and commandk #ny proper list
is also a well-formedd command. If a list is evaluated asa Fcript then it will consist
of a single command whose words are the list elements. In other wordg, plaeser will
perform no substitutions whatsoever: it will simply extract the list elements with each ele-
ment becoming one word of the command. This property is very important because it
allows you to generatecTcommands that are guaranteed to parse in a particular fashion
even if some of the commamsdivords contain special characters like spac&s or

For example, suppose you are creating a button widget in Tk, and when the user
clicks on the widget you would like to reset a variable to a particular vabuemight cre-
ate such a widget with a command like this:

button .b -text "Reset" -command {set x 0}
The Tl script “set x 0 " will be evaluated whenever the user clicks on the button. Now
suppose that the value to be stored in the variable is not constant, but instead is computed
just before théutton command and must be taken from a varighityalue . Fur-
thermore, suppose thaitValue could contain any string whatsoevéou might
rewrite the command as
button .b -text "Reset" -command {set x $initValue}

The script set x $initValue " will be evaluated when the user clicks on the button.
However this will use the value ohitValue at the time the user clicks on the button,
which may not be the same as the value when the button was created. For example, the
same variable might be used to create several buttons, each widrentlihtended reset
value.

To solve this problem you must generatebcbmmand that contains thalueof the
initValue  variable, not its name, and use this as part ofdhimand option for the
button command. Unfortunatelya simple approach like

button .b -text "Reset" -command "set x $initValue"

will not work in general. If the value d@fitValue is something simple liké7 then
this will work fine: the resulting command will beét x 47 ", which will produce the
desired result. Howevewhat ifinitValue  contains New York "? In this case the
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resulting command will beset x New York ", which has four wordsset will gener-
ate an error because there are too magynaents. Even worse, whainitValue con-
tains special characters lik™or “[ "? These characters could cause unwanted
substitutions to occur when the command is evaluated.
The only solution that is guaranteed to work for any valtuiritfalue is to use

list commands to generate the command, as in the following example:

button .b -text "Reset" -command [list set x $initValue]
The result of théist command is adl command whose first word will Iset , whose
second word will be, and whose third word will be the valueiotValue . The com-
mand will always produce the desired result: whatever value is staretVmlue at
the timebutton is invoked will be stored iR when the widget is invoked. For example,
suppose that the valueioftValue is “New York ”. The command generated by
list  will be “set x {New York} ", which will parse and execute correctny of
the Tcl special characters will also be handled correctliidby :

set initValue {Earnings: $1410.13}

list set x $initValue

O setx {Earnings: $1410.13}
set initValue "{ \\"
list set x $initValue
O setx\{\\
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Chapter 7
Control Flow

7.1

This chapter describes thel Eommands for controlling the flow of execution in a script.
Tcl's control flow commands are similar to the control flow statements in the C program-
ming language ancsh , includingif , while , for ,foreach ,switch , andeval .

Table 7.1 summarizes these commands.

The if command

Theif command evaluates an expression, tests its result, and conditionally executes a
script based on the result. For example, consider the following command, which sets vari-
ablex to zero if it was previously negative:

if {$x < 0} {
setx 0
}

In this caséf receives two guments. The first is an expression and the secondcis a T
script. The expression can have any of the forms for expressions described in Chapter 5.
Theif command evaluates the expression and tests the result; if it is non-zefo then
evaluates thecT script. If the value is zero thén returns without taking any further
action.

If commands can also include one or nelseif  clauses with additional tests
and scripts, plus a finalse clause with a script to evaluate if no test succeeds:
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break
Terminates the innermost nested looping command.

continue
Terminates the current iteration of the innermost looping command and
goes on to the next iteration of that command.

eval arg ?argarg ..?

Concatenates all of tregg 's with separator spaces, then evaluates the
result as adl script and returns its result.

for init test reinit body
Executesnit as a Tl script. Then evaluatésst as an expression. If it
evaluates to non-zero then execlttedy as a Tl script, executereinit
as a Tl script, and re-evaluatésst as an expression. Repeats uetit
evaluates to zero. Returns an empty string.

foreach varName list  body
For each element &ift , in order set variableyarName to that value
and executbody as a Tl script. Returns an empty striigst must be a
valid Tcl list.

if testl “2hen ?bodyl “?elseif test2 2hen ?body2 elseif 2N
2else ? ?bodyn ?
Evaluategest as an expression. If its value is non-zero then executes
bodyl as a Tl script and returns its value . Otherwise evalu@Est2 as
an expression; if its value is non-zero then exedutdg?2 as a script and
returns its value. If no test succeeds then exeboidg as a €l script
and returns its result.

source fileName
Reads the file whose namd ileName and evaluates its contents asch T
script. Returns the result of the script.

switch  ?options ? string  pattern body ?pattern body 2

switch  ?options ? string { pattern  body ?pattern body .7}
Matchesstring  against eacpattern  in order until a match is found,
then executes thHeody corresponding to the matchipgttern . If the
lastpattern isdefault then it matches anything. Returns the result
thebody executed, or an empty string if no pattern matobpsions
may be any ofexact ,-glob ,-regexp ,or-- .

while test body
Evaluategest as an expression. If its value is non-zero then executes
body as a Tl script and re-evaluatésst . Repeats unttiest evaluates

to zero. Returns an empty string.

Table 7.1. A summary of the @ commands for controlling the flow of execution.
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7.2

if {$x < 0} {
} elseif.{$x ==0}{
} elseif'{$x ==1}{
} else“{.

}

This command will execute one of the four scripts indicated by “...” depending on the
value ofx. The result of the command will be the result of whichever script is executed. If
anif command has nelse clause and none of its tests succeeds then it returns an
empty string.

The agumentelse is an optional “noise word”. It is also legal to halkren noise
words after any of the expressions to test. 8leeif ~ words are not optional: they are
needed to distinguistiseif  clauses fronelse clauses.

Remember that the expressions and scripté faand other control flow commands
are parsed using the same approach asgaitraants to all @ commands. It is almost
always a good idea to enclose the expressions and scripts in braces so that substitutions are
deferred until the the command is executed. Furthermore, each open brace must be on the
same line as the preceding word or else the newline will be treated as a command separa-
tor. The following script is parsed as two commands, which probabhtiendesired
result:

if {$x < 0}
{

setx 0

Looping commands: while, for , and foreach

Tcl provides three commands for loopimghile , for , andforeach . While andfor
are similar to the corresponding C statementsfargdich is similar to the correspond-
ing feature of thesh shell. Each of these commands executes a nested script over and
over again; they diér in the kinds of setup they do before each iteration and in the ways
they decide to terminate the loop.

Thewhile command takes twoguments: an expression anda gcript. It evalu-
ates the expression and if the result is non-zero then it executes sked. This process
repeats over and over until the expression evaluates to zero, at which pwini¢he
command terminates and returns an empty string. For example, the script below copies a
list from variableb to variablea, reversing the order of the elements along the way:
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sethb ™
set i [expr [llength $a] -1]
while {$i >= 0} {
lappend b [lindex $a $i]
incri-1
}

Thefor command is similar tavhile except that it provides more explicit loop
control. The program to reverse the elements of a list can be rewritterfarsiras fol-
lows:

setb ™
for {set i [expr [llength $a]-1]} {$i >= 0} {incr i -1} {
lappend b [lindex $a $i]

The first agument tdfor is an initialization script, the second is an expression that deter-
mines when to terminate the loop, the third is a reinitialization script, which is evaluated
after each execution of the loop body before evaluating the test again, and the faurth ar
ment is a script that forms the body of the Idem. executes its first gument (the ini-
tialization script) as acl command, then evaluates the expression. If the expression
evaluates to non-zero, théar executes the body followed by the reinitialization script
and re-evaluates the expression. It repeats this sequence over and over again until the
expression evaluates to zero. If the expression evaluates to zero on the first test then nei-
ther the body script nor the reinitialization script is ever executed wlike |, for
returns an empty string as result.

For andwhile are equivalent in that anything you can write using one command
you can also write using the other command. Howdeer has the advantage of placing
all of the loop control information in one place where it is easy to gpeadlly the initial-
ization, test, and re-initializationguments are used to select a set of elements to operate
on (integer indices in the above example) and the body of the loop carries out the opera-
tions on the chosen elements. This clean separation between element selection and action
makesfor loops easier to understand and debug. Of course, there are some situations
where a clean separation between selection and action is not possible, and in these cases a
while loop may make more sense.

Theforeach command iterates over all of the elements of a list. For example, the
following script provides yet another implementation of list reversal:

setb™;

foreach i $a {
set b [linsert $b 0 $i]
}

Foreach takes three guments. The first is the name of a variable, the second is a list,
and the third is adl script that forms the body of the lodforeach will execute the

body script once for each element of the list, in orflefore executing the body in each
iteration,foreach sets the variable to hold the next element of the list. Thus if vadable
has the valuefirst second third " in the above example, the body will be exe-
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cuted three times. In the first iteratiomvill have the valué irst , in the second iteration
it will have the valuesecond , and in the third iteration it will have the valiird . At

the end of the loop, b will have the valukitd second f irst "andi will have the
value ‘third . As with the other looping commandereach always returns an empty
string.

7.3 Loop control: break and continue

Tcl provides two commands that can be used to abort part or all of a looping command:
break andcontinue . These commands have the same behavior as the corresponding
statements in C. Neither takes anguaments. Théreak command causes the innermost
enclosing looping command to terminate immediatety example, suppose that in the
list reversal example above it is desired to stop as soon as an element ggiakto
found in the source list. In other words, the result list should consist of a reversal of only
those source elements up to (but not includingX element. This can be accomplished
with break as follows:
setb™;
foreach i $a {
if {$i =="ZZZ"} break
set b [linsert $b 0 $i
}

Thecontinue command causes only the current iteration of the innermost loop to
be terminated; the loop continues with its next iteration. In the casgleilef , this means
skipping out of the body and re-evaluating the expression that determines when the loop
terminates; iffor loops, the re-initialization script is executed before re-evaluating the
termination condition. For example, the following program is another variant of the list
reversal example, whe®ZZ elements are simply skipped without copying them to the
result list:

setb"™;

foreach i $a {
if {$i == "ZZZ"} continue
set b [linsert $b 0 $i]

7.4 The switch command

Theswitch command tests a value against a number of patterns and executes one of
several Tl scripts depending on which pattern matched. The sdewt afswitch can
be achieved with aii command that has lots efseif  clauses, butwitch provides
a more compact encodingclB switch  command has two forms; here is an example of
the first form:
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switch $x {a {incr t1} b {incr t2} c {incr t3}}

The first agument taswitch is the value to be tested (the contents of varialiethe
example). The secondgamment is a list containing one or more pairs of elements. The first
argument in each pair is a pattern to compare against the value, and the second is a script
to execute if the pattern matches. Biagtch command steps through these pairs in
ordetr comparing the pattern against the value. As soon as it finds a match it executes the
corresponding script and returns the value of that script as its value. If no pattern matches
then no script is executed asdtitch returns an empty string. This particular command
increments variablel if x has the value &2 if x has the valub, t3 if x has the value
¢, and does nothing otherwise.

The second form spreads the patterns and scripts out into sepguatersts rather
than combining them all into one list;

switch $x a {incr t1} b {incr t2} c {incr t3}
This form has the advantage that you can invoke substitutions on the pajteneats

more easilybut most people prefer the first form because you can easily spread the pat-
terns and scripts across multiple lines like this:

switch $x {
a {incr t1}
b {incr t2}
c {incr t3}
}

The outer braces keep the newlines from being treated as command sepaittdhe W
second form you would have to use backslash-newlines like this:

switch $x \
a {incr t1}\
b {incr t2} \
c {incr t3}\
}

Theswitch command supports three forms of pattern matching.can precede
the value to test with a switch that selects the form you wexdct selects exact com-
parison,-glob selects pattern matching as in stieng match command (see Sec-
tion 10.1 for details) andegexp selects regulagxpression matching as described in
Section 10.2. The default-iglob

If the last pattern in awitch command islefault  then it matches any value. Its
script will thus be executed if no other patterns match. For example, the script below will
examine a list and produce three counters. Thetfirstcounts the number of elements in
the list that contain aa. The secondp , counts the number of elements that are unsigned
decimal integers. The thirt8 , counts all of the other elements:
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settl 0
sett2 0
sett30
foreach i $x {
switch -regexp $i in {

a {incr t1}
N0-9]*$ {incr t2}
default {incr t3}

}
}

If a script in aswitch command is+" thenswitch uses the script for the next
pattern instead. This makes it easy to have several patterns that all execute the same script,
as in the following example:

switch $x {
a -
b -
c {incr t1}
d {incr t2}
}

This script increments variabi if X isa, b, orc and it increment® if x isd.

Eval

Eval is a general-purpose building block for creating and executihgcTipts. It accepts

any number of guments, concatenates them together with separator spaces, and then exe-
cutes the result as &lBcript. One use afval is for generating commands, saving them

in variables, and then later evaluating the variableglaschipts. For example, the script

set cmd "set a 0"

eval $cmd
clears variable to 0 when theeval command is invoked.

Perhaps the most important usedwal is to force another level of parsing. The T
parser performs only level of parsing and substitution when parsing a command; the
results of one substitution are not reparsed for other substitutions. Hotheverare
occasionally times when another level of parsing is desirablesvaatd provides the
mechanism to achieve this. For example, suppose that a vardablecontains a list of
variables and that you wish to unset each of these variables. One solution is to use the fol-
lowing script:

foreach i $vars {
unset $i
}
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Note:

7.6

This script will work just fine, but thenset command takes any number of@aments
so it should be possible to unset all of the variables with a single command. Unfortunately
the following script will not work:

unset $vars
The problem with this script is that all of the variable names are passeskip as a sin-
gle agument, rather than using a separaggiiaaent for each name. The solution is to use
eval , as with the following command:

eval unset $vars
Eval generates a string consisting ahset " followed by the list of variable names
and then passes the string t fbr evaluation. The string gets re-parsed so each variable
name ends up in a éifent agument taunset .
This appoach works even if some of the variable names contain spaces or special
characters such aB. As described in Section 6.7, the only safe way to geneatlate T
commands is using list operations suchlists andconcat . The commandéval
unset $vars " is identical to the commandéval [concat unset $vars] " in

either case the script evaluatedéyal is a poper list whose first element isriset ”
and whose other elementsdhe elements ofrs .

Executing from files: source

Thesource command is similar to the command by the same name asthahell: it
reads a file and executes the contents of the file elssaript. It takes a singlegument
that contains the name of the file. For example, the command
source init.tcl
will execute the contents of the filat.tcl . The return value froraource will be
the value returned when the file contents are executed, which is the return value from the
last command in the file. In additicsgurce allows thereturn command to be used in
the file’s script to terminate the processing of the file. See Section 8.1 for more informa-
tion onreturn
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8.1

A Tcl procedure is a command that is implemented witbl acript rather than C code.

You can define new procedures at any time witlptbe command described in this
chapterProcedures make it easy for you to package up solutions to problems so that they
can be re-used easigrocedures also provide a simple way for you to prototype new fea-
tures in an application: once you've tested the procedures, you can reimplement them in C
for higher performance; the C implementations will appear just like the original proce-
dures so none of the scripts that invoke them will have to change.

Tcl provides special commands for dealing with variable scopes. Among other things,
these commands allow you to pasguanents by reference instead of by value and to
implement new @l control structures as procedureablt 8.1 summarizes theltom-
mands related to procedures.

Procedure basics: proc and return

Procedures are created with grec command, as in the following example:

proc plus {a b} {expr $a+$b}
The first agument tgproc  is the name of the procedure to be cregikas, in this case.
The second gument is a list of names ofgarments to the procedura @ndb in the
example). The third gument tgproc is a Tl script that forms the body of the new pro-
cedureProc creates a new command and arranges that whenever the command is
invoked the procedurgbody will be evaluated. In this case the new command will have
the nameplus ; wheneveplus is invoked it must receive twogurments. While the
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global namel ?Zname2 ...?
Binds variable namasamel, name2, etc. to global variables. References
to these names will refer to global variables instead of local variables fg
the duration of the current procedure. Returns an empty string.

proc name argList  body
Defines a procedure whose namedme, replacing any existing comman
by that nameArgList is a list with one element for each of the
procedures aguments, antody contains a @l script that is the
procedures body Returns an empty string.

return  ?options ? dalue ?
Returns from the innermost nested procedusmarce command with
value as the result of the proceduvalue defaults to an empty string.
Additional options may be used to trigger an exceptional return (see
Section 9.4).

uplevel  ?Jevel ?arg 7argarg ..?
Concatenates all of thaafg s with spaces as separators, then executes t|
resulting El script in the variable context of stack lelealel . Level
consists of a number or a number preceded, land defaults tel .
Returns the result of the script.

upvar “?evel ?otherVarl myVarl ?otherVar2 myVar2 22
Binds the local variable nanmeyVarl to the variable at stack levieel
whose name istherVarl . For the duration of the current procedure,
variable references myVarl will be directed tmtherVarl instead.
Additional bindings may be specified wittherVar2 andmyVar2, etc.
Level has the same syntax and meaning agg@vel and defaults te
1. Returns an empty string.

Table 8.1. A summary of the @ commands related to procedures and variable scoping.

body ofplus is executing the variablesandb will contain the values of theguments.

The return value from thelus command is the value returned by the last command in

plus ’'s body Here are some correct and incorrect invocationsusf :

plus 3 4
o7

plus 3 -1
o 2

plus 1

O no value given for parameter "b" to "plus”

If you wish for a procedure to return early without executing its entire script, you can
invoke thereturn command: it causes the enclosing procedure to return immediately
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8.2

and the agument tareturn  will be the result of the procedure. Here is an implementa-
tion of factorial that use®turn

proc fac x {
if {$x <= 1}{
return 1

}
expr $x * [fac [expr $x-1]]

fac 4
o 24
fac O
o1
If the agument tdfac is less than or equal to one tHan invokesreturn to return
immediately Otherwise it executes tlexpr command. Thexpr command is the last
one in the procedurgbody so its result is returned as the result of the procedure.

Local and global variables

When the body of acT procedure is evaluated it uses detént set of variables from its

caller These variables are callexdtal variables since they are only accessible within the
procedure and are deleted when the procedure retuariabMs referenced outside any
procedure are calleglobal variables|t is possible to have a local variable with the same
name as a global variable or a local variable in another active procedure, but these will be
different variables: changes to one will ndeef any of the others. If a procedure is

invoked recursively then each recursive invocation will have a distinct set of local vari-
ables.

The aguments to a procedure are just local variables whose values are set from the
words of the command that invoked the procedure. When execution begins in a procedure,
the only local variables with values are those correspondingtionants. Other local
variables are created automatically when they are set.

A procedure can reference global variables withgtbbal command. For exam-
ple, the following command makes the global variaklesdy accessible inside a proce-
dure:

global x y
Theglobal command treats each of itgaments as the name of a global variable and
sets up bindings so that references to those names within the procedure will be directed to
global variables instead of local on€dobal can be invoked at any time during a proce-
dure; once it has been invoked, the bindings will remainfacefintil the procedure
returns.
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Note: Tcl does not mvide a form of variable equivalent to “static” variables in C, whichk ar
limited in scope to a given @edue but have values that persist ass calls to the
procedue. In Tl you must use global variables for purposes like tlisavbid name
conflicts with other such variables you should include the name ofdbedue or the
name of its enclosing package in the variable name, for example
“Hypertext_numLinks ”

8.3 Defaults and variable numbers of arguments

In the examples so fahe second gument tgproc (which describes the @uments to
the procedure) has taken a simple form consisting of the names ajuthgeats. Three
additional features are available for specifyinguanents. First, the gument list may be
specified as an empty string. In this case the procedure takezunteats. For example,
the following command defines a procedure that prints out two global variables:
proc printVars {} {
global a b
puts "ais $a, b is $b"
}

The second additional feature is that defaults may be specified for some or all of the
arguments. The gument list is actually a list of lists, with each sublist corresponding to a
single agument. If a sublist has only a single element (which has been the case up until
now) that element is the name of thguament. If a sublist has twogaments, the first is
the aguments name and the second is a default value for it. For example, here is a proce-
dure that increments a given value by a given amount, with the amount defaulting to 1:

proc inc {value {increment 1}} {
expr $value+$increment
}

The first element in thegument listyvalue , specifies a name with no default value. The
second element specifies aganent with namencrement  and a default value df.
This means thdahc can be invoked with either one or twgaments:
inc 42 3
0 45
inc 42
0 43
If a default isnt specified for an gument in thggroc command then thatgument must
be supplied whenever the procedure is invoked. The defauffechants, if anymust be
the last aguments for the procedure: if a particulaglanent is defaulted then all theyar
ments after it must also be defaulted.
The third special feature ingarment lists is support for variable numbers gliar
ments. If the last gument in the gument list is the special valaegs , then the proce-
dure may be called with varying numbers afianents. Aguments beforargs in the
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8.4

argument list are handled as before, but any number of additignathants may be spec-
ified. The procedure’local variablargs will be set to a list whose elements are all of
the extra ayjuments. If there are no extrgaments thelargs will be set to an empty
string. For example, the following procedure takes any numbeguof@nts and returns
their sum:
proc sum args {
setsO

foreach i $args {
incr s $i
}

return $s

];um 12345
0o 15
sum
o o
If a procedures agument list contains additionalgaments beforargs then they may
be defaulted as described above. Of course, if this happens there will be nogextra ar
ments sargs will be set to an empty string. No default value may be specified for
args : the empty string is its default.

Call by reference: upvar

Theupvar command provides a general mechanism for accessing variables outside the
context of a procedure. It can be used to access either global variables or local variables in

some other active procedure. Most often it is used to implement call-by-refergace ar
ment passing. Here is a simple examplamfar in a procedure that prints out the con-
tents of an array:
proc parray name {
upvar $name a
foreach el [Isort [array names a]] {
puts "$el = $a($el)"
}
}

set info(age) 37
set info(position) "Vice President”
parray info
0 age=37
position = "Vice President"
Whenparray is invoked it is given the name of an array amarent. Thaipvar com-

mand then makes this array accessible through a local variable in the procedure. The first

argument taupvar is the name of a variable accessible to the procedcaéier This
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may be either a global variable, as in the example, or a local variable in a calling proce-
dure. The secondgument is the name of a local varialilgvar arranges things so that
accesses to local varialdewill actually refer to the variable in the caller whose name is
given by variablmame. In the example this means that wipamray reads elements of
a itis actually reading elements of tiléo  global variable. Iparray were to writea it
would modifyinfo . Parray uses thedrray names " command to retrieve a list of
all the elements in the arragorts them witlsort , then prints out each the elements in
order
In the example it appears as if the outpueisirned as the pcedue’s result; in fact it is
printed directly to standat output and theesult of the pscedue is an empty string.

The first variable name in apvar command normally refers to the context of the
current procedure’caller However it is also possible to access variables from any level
on the call stack, including global level. For example,

upvar #0 other x
makes global variablether accessible via local variab¥e(the#0 amgument specifies
thatother should be interpreted as a global variable, regardless of how many nested pro-
cedure calls are active), and

upvar -2 other x
makes variablether in the caller of the caller of the current procedure accessible as
local variablex (-2 specifies that the contextather is 2 levels up the call stack). See
the reference documentation for more information on specifying a leupl/ar .

Creating new control structures: uplevel

Theuplevel command is a cross betwesral andupvar . It evaluates its gu-

ment(s) as a script, just lilval , but the script is evaluated in the variable context of a
different stack level, likapvar . With uplevel you can define new control structures as
Tcl procedures. For example, here is a new control flow command datled

proc do {varName f irst last body} {
upvar $varName v
for {set v $f irst} {$v <= $last} {incr v} {

uplevel $body

}
}

The first agument tado is the name of a variablBo sets that variable to consecutive
integer values in the range between its second and tgudhants, and executes the
fourth agument as adl command once for each setting. Given this definitiothogfthe
following script creates a list of squares of the first five integers:
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Note:

seta {}
doil5¢{
lappend a [expr $i*$i]

seta

0 1491625
Thedo procedure usagpvar to access the loop variableif the example) as local vari-
ablev. Then it uses thier command to increment the loop variable through the desired
range. For each value it invokeglevel to execute the loop body in the variable con-
text of the caller; this causes references to variabbesdi in the body of the loop to
refer to variables io’s caller If eval were used instead aplevel thena andi
would be treated as local variablesim, which would not produce the desirefkef.
This implementation afo does not handle exceptional conditionsperly. For example,
if the body of the loop containgeturn command it will only cause tli® procedue to
return, which is ma like the behavior direak . If areturn occurs in the body of a
built-in contol-flow command likéor or while then it causes the pcedue that

invoked the command teturn. In Chapter 9 you will see how to implement this behavior
for do.

As withupvar , uplevel takes an optional initial gument that specifies an
explicit stack level. See the reference documentation for details.
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Chapter 9
Errorsand Exceptions

9.1

As you have seen in previous chapters, there are many things that can result in errors in
Tcl commands. Errors can occur because a command tegist, or because it doesn’
receive the right number ofgarments, or because thgaments have the wrong form, or
because some other problem occurs in executing the command, such as an error in a sys-
tem call for file I/O. In most cases errors represent severe problems that make it impossi-
ble for the application to complete the script it is processicls rror facilities are
intended to make it easy for the application to unwind the work in progress and display an
error message to the user that indicates what went wrong. Presumably the user will fix the
problem and retry the operation.

Errors are just one example of a more general phenomenoneaksationsExcep-
tions are events that cause scripts to be aborted; they incluate#ke, continue , and
return commands as well as errors! @llows exceptions to be “caught” by scripts so
that only part of the work in progress is unwound. After catching an exception the script
can ignore it or take steps to recover from it. If the scripttcanbver then it can reissue
the exception. dble 9.1 summarizes theltommands related to exceptions.

What happens after an error?

When a €l error occurs the current command is aborted. If that command is part of a
larger script then the script is also aborted. If the error occurs while executthgrade-

dure, then the procedure is aborted, along with the procedure that called it, and so on until
all the active procedures have aborted. After@lbCtivity has been unwound in this way
control eventually returns to C code in the application, along with an indication that an
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catch command ?varName?
Evaluatesommandas a €l script and returns an integer code that
identifies the completion status of the commandaiName is specified
then it gives the name of a variable, which will be modified to hold the
return value or error message generateddoymand

error message 7nfo ? ?code ?
Generates an error withessage as the error messageirifo is
specified and is not an empty string then it is used to initialize the
errorinfo variable. Ifcode is specified then it is stored in the
errorCode variable.

return -code code ?-errorinfo info ? ?-errorcode code ? ?string  ?
Causes the current procedure to return an exceptional con@itda.
specifies the condition and mustdie, error , return , break ,
continue , or an integerThe-errorinfo option may be used to
specify a starting value for tlegrorinfo variable, anderrorcode
may be used to specify a value for éreorCode  variable.String
gives the return value or error message associated with the return; it
defaults to an empty string.

Table 9.1. A summary of the @ commands related to exceptions.

error occurred and a message describing the érieup to the application to decide how
to handle this situation, but most interactive applications will display the error message for
the user and continue processing user input. In a batch-oriented application where the user
cant see the error message and adjust future actions accoydireg@pplication might
print the error message into a log and abort.
For example, consider the following script, which is intended to sum the elements of a

list:

set list {44 16 123 98 57}

set sum O

foreach el $list {
set sum [expr $sum+$element]
}

0 can't read "element": no such variable

This script is incorrect because there is no varial@ment : the variable namele-

ment in theexpr command should have beeln to match the loop variable for the

foreach command. When the script is executed an error will occuclgsises the

expr command: € will attempt to substitute the value of variablement but will not

be able to find a variable by that name, so it will signal an.&rhis error indication will

be returned to thioereach command, which had invoked thel Tnterpreter to evaluate

the loop bodyWhenforeach sees that an error has occurred, it will abort its loop and
return the same error indication as its own result. This in turn will cause the overall script
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to be aborted. The error messagari't read "element": no such vari-
able " will be returned along with the errcaind will probably be displayed for the user
In many cases the error message will provide enough information for you to pinpoint
where and why the error occurred so you can avoid the problem in the future. Hafvever
the error occurred in a deeply nested set of procedure calls the message alone may not pro-
vide enough information to figure out where the error occurmtielp pinpoint the loca-
tion of the errorTcl creates a stack trace as it unwinds the commands that were in
progress, and it stores the stack trace in the global vagablénfo . The stack trace
describes each of the nested calls to ttienterpreter For example, after the above error
errorinfo will have the following value:
can't read "element": no such variable
while executing
"expr $sum+$element”
invoked from within
"set sum [expr $sum+$element]..."
("foreach" body line 2)
invoked from within
"foreach el $list {
set sum [expr $sum+$element]
p

Tcl provides one other piece of information after errors, in the global variable
errorCode . ErrorCode has a format that is easy to process withsripts; it is most
commonly used indl scripts that attempt to recover from errors usingctiech com-
mand described belowheerrorCode variable consists of a list with one or more ele-
ments. The first element identifies a general class of errors and the remaining elements
provide more information in a class-dependent fashion. For example, if the first element of
errorCode is POSIX then it means that an error occurred in a POSIX system call.
ErrorCode will contain two additional elements giving the POSIX name for the,error
such aENOENTand a human-readable message describing the $emthe reference
documentation for a complete description of all the foemsrCode can take, or refer
to the descriptions of individual commands thaeseirCode |, such as those in Chapter
11 and Chapter 12.

TheerrorCode variable is a late-comer telTand is only filled in by a few com-
mands, mostly dealing with file access and child processes. If a command generates an
error without settingrrorCode then Tl fills it in with the valueNONE

Generating errors from T cl scripts

Most Tcl errors are generated by the C code that implementsltiimdrpreter and the
built-in commands. Howeveit is also possible to generate an error by executing the
error  Tcl command as in the following example:
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if {($x < O} || ($x > 100)} {
error "x is out of range ($x)"
}

Theerror command generates an error and usesgtmaent as the error message.

As a matter of programming style, you should only usetrer command in situ-
ations where the correct action is to abort the script being executed. If you think that an
error is likely to be recovered from without aborting the entire script, then it is probably
better to use the normal return value mechanism to indicate success or failure (e.g. return
one value from a command if it succeeded and another if it failed, or set variables to indi-
cate success or failure). Although it is possible to recover from errors (you'll see how in
Section 9.3 below) the recovery mechanism is more complicated than the normal return
value mechanism. Thussdtbest to generate errors only in situations where youtwsu*
ally want to recover

Trapping errors with catch

Errors generally cause all activel Eommands to be aborted, but there are some situations
where it is useful to continue executing a script after an error has occurred. For example,
suppose that you want to unset variabléit exists, but it may not exist at the time of the
unset command. If you invokanset on a variable that doegrm@xist then it generates

an error:

unset x
0 can'tunset "x": no such variable
You can use theatch command to ignore the error in this situation:

catch {unset x}
o1

The agument tacatch is a Tl script, whichcatch evaluates. If the script completes
normally thercatch returns 0. If an error occurs in the script toatch traps the error
(so that theeatch  command itself is not aborted by the error) and returns 1 to indicate
that an error occurred. The example above ignores any ertamséh sox is unset if it
existed and the script has ndeet if x didn’t previously exist.

Thecatch command can also take a secorgliarent. If the ggument is provided
then it is the name of a variable atadch modifies the variable to hold either the scspt’
return value (if it returns normally) or the error message (if the script generates an error):

catch {unset x} msg
O 1
set msg
0 can't unset "x": no such variable
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In this case thanset command generates an erronsgy is set to contain the error mes-
sage. If variable had existed themnset would have returned successfubp the return
value fromcatch would have beefl andmsg would have contained the return value
from theunset command, which is an empty string. This longer forroad€h is use-

ful if you need access to the return value when the script completes succdssfalyo
useful if you need to do something with the error message after arsenioas logging it
to a file.

Exceptions in general

Note:

Errors are not the only things irlfthat cause work in progress to be aborted. Errors are
just one example of a set of events caligdeptions . In addition to errors there are
three other kinds of exceptions inl,Twhich are generated by theeak , continue
andreturn commands. All exceptions cause active scripts to be aborted in the same
way, except for two dierences. First, therrorinfo anderrorCode variables are

only set during error exceptions. Second, the exceptions other than errors are almost
always caught by an enclosing command, whereas errors usually unwind all the work in
progress. For examplbreak andcontinue commands are normally invoked inside a
looping command such &reach ;foreach will catch break and continue exceptions
and terminate the loop or skip to the next iteration. Simjlegtyurn  is normally only
invoked inside a procedure or a file beguyirce 'd. Both the procedure implementation
and thesource command catch return exceptions.

If abreak orcontinue command is invoked outside any loop then active scripts
unwind until the outermost script for agmedue is ieached or all scripts in pgress have

been unwound. At this pointITurns the beak or continue exception into an@&rwith an
appropriate message.

All exceptions are accompanied by a string value. In the case of artlegrsiring is
the error message. In the caseeatfirn , the string is the return value for the procedure
or script. In the case treak andcontinue the string is always empty
Thecatch command actually catches all exceptions, not just errors. The return
value fromcatch indicates what kind of exception occurred and the variable specified in
catch ’'s second gument is set to hold the string associated with the exceptiongske T
9.2). For example:
catch {return "all done"} string
g 2
set string
0 all done
Whereagatch provides a general mechanism for catching exception of all types,
return  provides a general mechanism for generating exceptions of all types. If its first
argument consists of the keywortbde , as in
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Return value .
from catch Description Caught by
0 Normal return. String gives return | Not applicable
value.
1 Error. String gives message describ-Catch
ing the problem.
2 Thereturn command was Catch , source , procedures
invoked. String gives return value
for procedure osource com-
mand.
3 Thebreak command was invoked] Catch , for , foreach ,while ,
String is empty procedures
4 Thecontinue command was Catch , for ,foreach ,while |,
invoked. String is empty procedures
anything else | Defined by user or application. Catch

Table 9.2. A summary of €l exceptions. The first column indicates the value returnezgtoi

in each instance. The second column describes when the exception occurs and the meanit
string associated with the exception. The last column lists the commands that catch except
that type (“procedures” means that the exception is caught tiypacEedure when its entire boc
has been aborted). The top row refers to normal returns where there is no exception.

return -code return 42

then its second gument is the name of an exceptiogtirn  in this case) and the third
argument is the string associated with the exception. The enclosing procedure will return
immediately but instead of a normal return it will return with the exception described by
thereturn command aguments. In the example above the procedure will generate a
return exception, which will then cause the calling procedure to return as well.

In Section 8.5 you saw how a new looping comm@mdaould be implemented as a
Tcl procedure usingpvar anduplevel . Howeverthe example in Section 8.5 did not
properly handle exceptions within the loop bddgre is a new implementationdd that
usescatch andreturn to deal with exceptions properly:
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proc do {varName f irst last body} {

global errorinfo errorCode

upvar $varName v

for {set v $f irst} {$v <= $last} {incr v} {

switch [catch {uplevel $body} string] {
1 {return -code error -errorinfo $errorinfo \
-errorCode $errorcode $string}

2 {return -code return $string}
3 return

}
}

This new implemenation evaluates the loop body insict@ command and then
checks to see how the body terminates. If no exception occurs (return value 0 from
catch ) or if the exception is a continue (return value 4) thenfust goes on to the next
iteration. If an error or return occurs (return value 1 or 2 ftatoh ) thendo uses the
return command to reflect the exception upward to the céddlarbreak exception
occurs (return value 3 fromatch ) thendo returns to its caller normallgnding the
loop.

Whendo reflects an error upwards it uses t@eorinfo option toreturn  to
make sure that a proper stack trace is available after theléthat option were omitted
then a fresh stack trace would be generated startinglwitherror return; the stack trace
would not indicate where ibody the error occurred. The context witliady is avail-
able in theerrorinfo variable at the timeatch returns, and theerrorinfo
option causes this value to be used as the initial contents of the stack trac®when
returns an erroAs additional unwinding occurs more information gets added to the initial
value, so that the final stack trace includes both the context Wwithin and the context
of the call todo. The-errorcode  option serves a similar purpose for #reorCode
variable, retaining therrorCode value from the original error as teerorCode
value wherdo propagates the ertdMithout the-errorcode  option theerrorCode
variable will always end up with the valbd®NE
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Chapter 10
String Manipulation

10.1

This chapter describegIs facilities for manipulating strings. The string manipulation
commands provide pattern matching in twdetént forms, one that mimics the rules used

by shells for file name expansion and another that uses regular expressions as gatterns. T
also has commands for formatted input and output in a style similar to the C procedures
scanf andprintf . Finally, there are several utility commands with functions such as
computing the length of a string, extracting characters from a string, and case conversion.
Tables10.1 and 10.2 summarize tloe commands for string processing.

Glob-style pattern matching

The simplest of @I's two forms of pattern matching is called “glob” style. It is named

after the mechanism used in tteh shell for file name expansion, which is called “glob-
bing”. Glob-style matching is easier to learn and use than the regular expressions
described in the next two sections, but it only works well for simple cases. For more com-
plex pattern matching you will probably need to use regular expressions.

The commandtring match implements glob-style pattern matching. For exam-
ple, the following script extracts all of the elements of a list that begin With™
set new {}

foreach el $list {
if [string match Tcl* $el] {
lappend new $el
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format formatString value value 2
Returns a result equal tormatString except that thealue
arguments have been substituted in plac¥séquences in
formatString

regexp ?indices ? ?nocase ? ?-- ?exp string ?matchVar ?\
?subVar subVar .2
Determines whether the regular expressi®m matches part or all of
string  and returnd if it does,0 if it doesnt. If there is a match,
information about matching range(s) is placed in the variables named &
matchVar and thesubVar ’s, if they are specified.

regsub ?-all ? ?-nocase ? ?-- ? exp string subSpec varName
Matchesexp againsstring as forregexp and returnd if there is a
match,0 if there is none. Also copietring  to the variable named by
varName, making substitutions for the matching portion(s) as specified
subSpec .

scan string format varName varName varName  ...?
Parses fields frorstring  as specified bformat and places the values
that matct/bsequences into variables named byviiidame arguments.

string compare string1 string2
Returns-1 , 0, orl if stringl is lexicographically less than, equal to, ¢
greater thamstring2

string f  irst  stringl string2
Returns the index istring2  of the first character in the leftmost
substring that exactly matches the charactesgrimgl , or-1 if there is
no such match.

string index string charlndex
Returns theharindex ’'th character oftring , or an empty string if
there is no such characté&he first character istring  has index 0.

string last stringl string2
Returns the index istring2  of the first character in the rightmost
substring oktring2  that exactly matchestringl . If there is no
matching substring ther is returned.

string length string
Returns the number of charactersiring
string match pattern string

Returnsl if pattern  matchestring  using glob-style matching rules
(*,?,]1 ,and\) andO if it doesnt.

string range string f  irst last
Returns the substring efring  that lies between the indices given by
first andlast , inclusive. An index 00 refers to the first character in
the string, andast may beend to refer to the last character of the string

Table 10.1. A summary of the @ commands for string manipulation (continued &bl€ 10.2).
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string tolower string
Returns a value identical string  except that all upper case characters
have been converted to lower case.

string toupper string
Returns a value identical string  except that all lower case characters
have been converted to upper case.

string trim string  ?chars ?
Returns a value identical string  except that any leading or trailing
characters that appeardhars are removedChars defaults to the white
space characters (space, tab, newline, and carriage return).

string trimleft string  ?chars ?

Same astring trim except that only leading characters are remove
string trimright string  chars ?

Same astring trim except that only trailing characters are removeg

Table 10.2. A summary of the @ commands for string manipulation, cont’d.

Thestring command is actually about a dozen string-manipulation commands rolled
into one. If the first gument ismatch then the command performs glob-style pattern
matching and there must be two additionguanents, a pattern and a string. The com-
mand returnd if the pattern matches the strifigif it doesnt. For the pattern to match
the string, each character of the pattern must be the same as the corresponding character of
the string, except that a few pattern characters are interpreted spEciatixample, &
in the pattern matches a substring of any lengthTsld “” matches any string whose first
three characters ar@¢l ". Here is a list of all the special characters supported in glob-
style matching:

* Matches any sequence of zero or more characters.

? Matches any single character

[chars ] Matches any single characterdhars . If chars contains a
sequence of the forar- b then any character betwearandb,
inclusive, will match.

\ X Matches the single characterThis provides a way to avoid special
interpretation for any of the charact&®§]\  in the pattern.

Many simple things can be done easily with glob-style patterns. For example,
“*[ch] " matches all strings that end with either * or “.h ”. However many interest-
ing forms of pattern matching cannot be expressed at all with glob-style patterns. For
example, there is no way to use a glob-style pattern to test whether a string consists
entirely of digits: the patterr{0-9] ” tests for a single digit, but there is no way to spec-
ify that there may be more than one digit.
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10.2

Character(s) Meaning
Matches any single character
A Matches the null string at the start of the input string.
$ Matches the null string at the end of the input string.
\ X Matches the charactgr
[ chars ] Matches any single character fratmars . If the first character of

chars is” then it matches any single character not in the remai
der ofchars . A sequence of the forax b in chars is treated as
shorthand for all of the ASCII characters betwaemndb, inclu-
sive. If the first character thars (possibly following &) is]
then it is treated literally (as partcfars instead of a termina-
tor). If a- appears first or last thars then it is treated literally

(regexp ) Matches anything that matches the regular expressgaxp .
Used for grouping and for identifying pieces of the matching syt
string.
* Matches a sequence of 0 or more matches of the preceding ato
+ Matches a sequence of 1 or more matches of the preceding ato
? Matches either a null string or a match of the preceding atom.

regexpl | regexp2 Matches anything that matches eithegexpl orregexp2 .

Table 10.3. The special characters permitted in regular expression patterns.

Pattern matching with regular expressions

Tcl's second form of pattern matching uses regular expressions like thosecipreghe
program. Regular expressions are more complex than glob-style patterns but more power-
ful. Tcl's regular expressions are based on Henry Spemudslicly available implemen-
tation, and parts of the description below are copied from Spsmtmrumentation.

A regular expression pattern can have several layers of structure. The basic building
blocks are calledtoms and the simplest form of regular expression consists of one or
more atoms. For a regular expression to match an input string, there must be a substring of
the input where each of the regular expressiatoms (or other components, as you'll see
below) matches the corresponding part of the substring. In most cases atoms are single
characters, each of which matches itself. Thus the regular exprabsionatches any
string containingbc , such asbcdef orxabcy .

A number of characters have special meanings in regular expressions; they are sum-
marized in @ble 10.3. The characteérsaand$ are atoms that match the beginning and end
of the input string respectively; thabc matches any string that starts wathc , abc$
matches any string that endsaioc , and*abc$ matchesibc and nothing else. The atom
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Note:

. " matches any single charactand the atorh x, wherex is any single character
matches. For example, the regular expressio$ “” matches any string that contains a
dollar-sign, as long as the doHaign isnt the first character

Besides the atoms already described, there are two other forms for atoms in regular
expressions. The first form consists of any regular expression enclosed in parentheses,
such as(a.b) ". Parentheses are used for grouping. They allow operators sti¢h be
applied to entire regular expressions as well as atoms. They are also used to identify pieces
of the matching substring for special processing. Both of these uses are described in more
detail below

The final form for an atom isrange which is a collection of characters between
square brackets. A range matches any single character that is one of the ones between the
brackets. Furthermore, if there is a sequence of thedefiramong the characters, then
all of the ASCII characters betwearandb are treated as acceptable. Thus the regular
expressiofj0-9a-fA-F] matches any string that contains a hexadecimal digit. If the
character after thie is a* then the sense of the range is reversed: it only matches charac-
tersnot among those specified between“thand the .

The three operatots +, and? may follow an atom to specify repetition. If an atom is
followed by* then it matches a sequence of zero or more matches of that atom. If an atom
is followed by+ then it matches a sequence of one or more matches of the atom. If an
atom is followed by? then it matches either an empty string or a match of the atom. For

example, *(0x)?[0-9a-fA-F]+$ " matches strings that are proper hexadecimal
numbers, i.e. those consisting of an optidhafollowed by one or more hexadecimal
digits.

Finally, regular expressions may be joined together with tbperator The resulting
regular expression matches anything that matches either of the regular expresssions that
surround the . For example, the following pattern matches any string that is either a
hexadecimal number or a decimal number:

~((0x)?[0-9a-fA-F]+|[0-9]+)$
Note that the information between parentheses may be any regular expression, including
additional regular expressions in parentheses, so it is possible to build up quite complex
structures.

Theregexp command invokes regular expression matching. In its simplest form it
takes two aguments: the regular expression pattern and an input string. It rétardsto
indicate whether or not the pattern matched the input string:

regexp {"[0-9]+$} 510
o1

regexp {"[0-9]+$} -510
g o

The pattern must be enclosed in braces so that the char&cfersind] are passed
through to theegexp command instead of triggering variable and command
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substitution. In almost always a good idea to enclegglar expession patterns in
braces.

If regexp is invoked with additional guments after the input string then each addi-
tional agument is treated as the name of a variable. The first variable is filled in with the
substring that matched the entire regular expression. The second variable is filled in with
the portion of the substring that matched the leftmost parenthesized subexpression within
the pattern; the third variable is filled in with the match for the next parenthesized subex-
pression, and so on. If there are more variable nhames than parenthesized subexpressions
then the extra variables are set to empty strings. For example, after executing the com-
mand

regexp {([0-9]+) *([a-z]+)} "Walk 10 km" a b c
variablea will have the value20 km ", b will have the valud 0, andc will have the
valuekm. This ability to extract portions of the matching substring all®gexp to be
used for parsing.

It is also possible to specify two extra switchesegexp before the regular expres-
sion agument. A-nocase switch specifies that alphabetic atoms should match either
uppercase or lowecase letters. For example:

regexp {[a-z]} A
o o
regexp -nocase {[a-z]} A
01
The-indices  switch specifies that the additional variables should not be filled in with
the values of matching substrings. Instead, each should be filled in with a list giving the
first and last indices of the substrisgange within the input string. After the command
regexp -indices {([0-9]+) *([a-z]+)} "Walk 10 km" \
abc
variablea will have the value5 9 ", b will have the value5 6 ", andc will have the
value ‘89 ".

10.3 Using regular expressions for substitutions

Regular expressions can also be used to perform substitutions usiegsie com-
mand. Consider the following example:
regsub there "They live there lives" their x

o1
The first agument taegsub is a regular expression pattern and the secandrant is
an input string, just as foegexp . And, likeregexp , regsub returnsl if the pattern
matches the string), if it doesnt. Howeverregsub does more than just check for a
match: it creates a new string by substituting a replacement value for the matching sub-
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string. The replacement value is contained in the thgjdraent taregsub , and the new
string is stored in the variable named by the fingliarent taregsub . Thus, after the
above command completeswill have the valueThey live their lives ", If the
pattern had not matched the string tBemould have been returned axdvould have the
value ‘They live there lives "

Two special switches may appear gpuanents taegsub before the regular expres-
sion. The first isnocase , which causes case féifences between the pattern and the
string to be ignored just as foegexp . The second possible switch-&él . Normally
regsub makes only a single substitution, for the first match found in the input string.
However if -all  is specified theregsub continues searching for additional matches
and makes substitutions for all of the matches found. For example, after the command

regsub -all a ababa zz x
x will have the valugzbzzbzz . If -all had been omitted thenwould have been set
to zzbaba .

In the examples above the replacement string is a simple literal value. Hovineer
replacement string contains &“or “\0 ” then the ‘& or “\0 " is replaced in the substitu-
tion with the substring that matched the regular expression. If a sequence of the form
appears in the replacement string, whrere a decimal numbethen the substring that
matched tha-th parenthesized subexpression is substituted instead\ofi tir@r exam-
ple, the command

regsub -all a|b axaab && x
doubles all of th@’s andb’s in the input string. In this case it settb aaxaaaabb . Or,
the command

regsub -all (a+)(ba*) aabaabxab {z\2} x
replaces sequencesat with a single if they precede b but dont also follow ab. In
this case is set tazbaabxzb . Backslashes may be used in the replacement string to
allow “&”, “\0 ", “\ n”, or backslash characters to be substituted verbatim without any
special interpretation.

It's usually a good idea to enclose compigpacement strings in braces as in the
example above; otherwise thel Parser will pocess backslash sequences and the
replacement stringaceived byegsub may not contain backslashes that aeeded.

Generating strings with format

Tcl'sformat command provides facilities like those of #pintf ~ procedure from
the ANSI C library For example, consider the following command:

format "The square root of 10 is %.3f" [expr sqrt(10)]
O The square root of 10 is 3.162
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The first agument tdformat is a format string, which may contain any number of con-
version specifiers such a%:3f ". For each conversion specifi@rmat generates a
replacement string by reformatting the nexfuement according to the conversion speci-
fier. The result of théormat command consists of the format string with each conver-
sion specifier replaced by the corresponding replacement string. In the above example
“%.3f " specifies that the nextgument is to be formatted as a real number with three
digits after the decimal pointormat supports almost all of the conversion specifiers
defined for ANSI Gsprintf  , such as%d for a decimal integer‘%x for a hexadeci-
mal integerand ‘%€ for real numbers in mantissa-exponent form.

Theformat command plays a less significant role ah thanprintf ~ and
sprintf  play in C. Many of the uses pfintf ~ andsprintf  are simply for conver-
sion from binary to string format or for string substitution. Binary-to-string conversion
isn't needed in dl because values are already stored as strings, and substitution is already
available through thecT parserFor example, the command

set msg [format "%s is %d years old" $name $age]
can be written more simply as

set msg "$name is $age years old"
The%dconversion specifier in tfermat command could be written just as welPas
with %dformat converts the value of age to a binary intetfeen converts the integer
back to a string again.

Format is typically used in @l to reformat a value to improve its appearance, or to
convert from one representation to another (e.g. from decimal to hexadecimal). As an
example of reformatting, here is a that script prints the first ten poweis aftable:

puts "Number Exponential"
for {seti 1} {i <= 10} {incr i} {

puts [format "%4d %12.3f" $i [expr exp($i)]]
}

This script generates the following output on standard output:

Number Exponential
1 2.718
2 7.389
3 20.085
4 54.598
5 148.413
6 403.429
7 1096.630
8 2980.960
9 8103.080

10 22026.500

The conversion specifieft4d causes the integers in the first column of the table to be
printed right-justifed in a field four digits wide, so that they line up under their column
headerThe conversion specifie$s12.3f ” causes each of the real values to be printed
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right-justified in a field 12 digits wide, so that the values line up; it also sets the precision
at 3 digits to the right of the decimal point.

The second main use flmrmat , changing the reprensentation of a value, is illus-
trated by the script belgwvhich prints a table showing the ASCII characters that corre-
spond to particular integer values:

puts "Integer ASCII"
for {set i 95} {$i <= 101} {incr i} {
puts [format "%4d %c" $i $i]
}
This script generates the following output on standard output:
Integer ASCII
95 _
96
97 a
98 b
99 c
100 d
101 e

The value of is used twice in the format command, once Widhdand once witl§oc
The%cspecifier takes an integegament and generates a replacement string consisting
of the ASCII character whose represented by the integer

Parsing strings with scan

Thescan command provides almost exactly the same facilities assttamf procedure

from the ANSI C libraryScan is roughly the inverse dbrmat . It starts with a format-

ted string, parses the string under the control of a format string, extracts fields correspond-
ing to%conversion specifiers in the format string, and places the extracted valgés in T
variables. For example, after the following command is executed vasiatilehave the
valuel6 and variablé will have the valug4.2 :

scan "16 units, 24.2% margin" "%d units, %f" a b
o 2

The first agument tescan is the string to parse, the second is a format string that controls
the parsing, and any additionayjaments are names of variables to fill in with converted
values. The return value of 2 indicates that two conversions were completed successfully

Scan operates by scanning the string and the format togé&theh character in the
format must match the corresponding character in the string, except for blanks and tabs,
which are ignored, arftbcharacters. When%is encountered in the format, it indicates
the start of a conversion specifiscan converts the next input characters according to
the conversion specifier and stores the result in the variable given by thegoexéair to
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scan . White space in the string is skipped except in the case of a few conversion specifi-
ers such a%c
One common use for scan is for simple string parsing, as in the example above.
Another common use is for converting ASCII characters to their integer values, which is
done with thec specifier The procedure below uses this feature to return the character
that follows a given character in lexicographic ordering:
proc next c {
scan $c %c i
format %c [expr $i+1]

}

next a
O b
next 9
o o
Thescan command converts the value of thargument from an ASCII character to the
integer used to represent that charadien the integer is incremented and converted back
to an ASCII character again with tft@mat command.

10.6 Extracting characters: string index and string range
The remaining string manipulation commands are all implemented as options of the
string command. For examplstring index extracts a character from a string:
string index "Sample string" 3
U p
The agument afteindex is a string and the lastcarment gives the index of the desired
character in the string. An index @fselects the first character
Thestring range command is similar tetring index except that it takes
two indices and returns all the characters from the first index to the second, inclusive:
string range "Sample string" 3 7
O ples
The second index may have the vatnel to select all the characters up to the end of the
string:
string range "Sample string" 3 end
O ple string
10.7 Searching and comparison

The commandtring f irst takes two additional stringguments as in the following
example:
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string f  irst th "There is the tub where | bathed today"
o 3
It searches the second string to see if there is a substring that is identical to the first string.
If so then it returns the index of the first character in the leftmost matching substring; if not
then it returnsl . The commanadtring last is similar except it returns the starting
index of the rightmost matching substring:
string last th "There is the tub where | bathed today"
o 21
The commandtring compare takes two additional guments and compares
them in their entiretyit returns0 if the strings are identicall if the first string sorts
before the second, addif the first string is after the second in sorting order:
string compare Michigan Minnesota
o -1
string compare Michigan Michigan
o o

Length, case conversion, and trimming

Thestring length command counts the number of characters in a string and returns
that number:

string length "sample string"

0o 13
Thestring toupper command converts all lowease characters in a string to
upper case, and ttstring tolower command converts all uppease characters in

its agument to lowercase:
string toupper "Watch out!"
0 WATCH OUT!
string tolower "15 Charing Cross Road"
0 15 charing cross road
Thestring command provides three options for trimmitign , trimleft , and
trimright . Each option takes two additionajaments: a string to trim and an optional
set of trim characters. Tharing trim command removes all instances of the trim
characters from both the beginning and end of garaent string, returning the trimmed
string as result:
string trim aaxxxbab abc
0 xxx
Thetrimleft andtrimright options work in the same way except that they only
remove the trim characters from the beginning or end of the string, respedthetyim
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commands are most commonly used to remove excess white space; if no trim characters
are specified then they default to the white space characters (space, tab, newline, and car-
riage return).
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Accessing Files

Note:

11.1

This chapter describe€ls commands for dealing with files. The commands allow you to
read and write files sequentially or in a random-access fashion. They also allow you to
retrieve information kept by the system about files, such as the time of last access. Lastly
they can be used to manipulate file names; for example, you can remove the extension
from a file name or find the names of all files that match a particular patterral$ee T

11.1 for a summary of the file-related commands.

The commands described in this chapter anly available on systems that support the
kernel calls defined in the POSIX stariasuch as most UNIX workstations. If yoa ar

using El on another system, such as a Macintosh or a PC, then the file commands may not
be pesent and thermay be other commands thabyide similar functionality for your
system.

File names

File names are specified tolTising the normal UNIX syntax. For example, the file name
xlylz  refers to a file namezlthat is located in a directory namgdwhich in turn is
located in a directory named which must be in the current working directorhe file
name/top refers to a fildop in the root directoryYou can also use tilde notation to
specify a file name relative to a particular isé&ome directoryFor example, the name
~ouster/mbox  refers to a file namedbox in the home directory of useuster , and
~/mbox refers to a file namembox in the home directory of the user running tice T
script. These conventions (and the availability of tilde notation in particular) apply to all
Tcl commands that take file names agiarents.
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cd 2dirName ?
Changes the current working directorydidName , or to the home
directory (as given by tHdOMEenvironment variable) dirName isn't
given. Returns an empty string.

close ?ileld ?
Closes the file given byileld . Returns an empty string.

eof fileld

Returnsl if an end-of-file condition has occurredfoifeld , O otherwise.
file option name 7argarg ...?

Performs one of several operations on the filename givearbg or on

the file that it refers to, depending option . See &ble 1.3 for details.
flush fileld

Writes out any bdéred output that has been generated fiedd
Returns an empty string.

gets fileld arName?
Reads the next line frofnleld and discards its terminating newline. If
varName is specified, places the line in that variable and returns a cou
characters in the line (el for end of file). IfvarName isn't specified,
returns line as result (or an empty string for end of file).

glob ?-nocomplain ? ?-- ?pattern Ppattern .7
Returns a list of the names of all files that match any gfattern
arguments (special charactéts*, [] , {}, and\ ). If -nocomplain
isn’t specified then an error occurs if the return list would be empty

open name 7access ?
Opens filename in the mode given bgccess . Access may be, r+, w,
wH+, a, ora+ or a list of flags such &DONLYit defaults tar . Returns a
file identifier for use in other commands liggets andclose . If the first
character ohameis “| " then a command pipeline is invoked instead of
opening a file (see Section 12.2 for more information).

puts ?-nonewline ? ileld ? string
Writesstring  tofileld , appending a newline character unless
- nonewline is specifiedFileld defaults testdout . Returns an
empty string.

pwd
Returns the full path name of the current working directory

Table 11.1. A summary of the @ commands for manipulating files (continued able 1..2).
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read ?-nonewline ?f ileld
Reads and returns all of the bytes remaininfgleld . If -nonewline
is specified then the final newline, if amydropped.

read fileld numBytes
Reads and returns the neximBytes bytes fronf ileld  (or up to the
end of the file, if fewer thanumBytes bytes are left).

seek fileld offset “?origin ?
Positionf ileld  so that the next access startefiget  bytes from
origin . Origin may bestart , current , orend, and defaults to
start . Returns an empty string.

tell  fileld

Returns the current access positionffibeld

Table 11.2. A summary of the @ commands for manipulating files, cont'd.

Basic file 1/0

The Tcl commands for file 1/0 are similar to the procedures in the C standard I/O,library
both in their names and in their behavidere is a script callemyrep that illustrates
most of the basic features of file I/O:
#1/usr/local/bin/tclsh
if {$argc = 2} {
error "Usage: tgrep pattern f ileName"

}
set f [open [lindex $argv 1] r]
set pat [lindex $argv 0]
while {[gets $f line] >= 0} {
if [regexp $pat $line] {
puts stdout $line
}

close $f

This script behaves much like the UNgXep program: you can invoke it from your shell
with two aguments, a regular expression pattern and a file name, and it will print out all of
the lines in the file that match the pattern.

Whentclsh  processes evaluates the script it makes the commandgunmaemts
available as a list in variabégyv , with the length of that list in variabsegc . After
making sure that it received enougbwanents, the script invokes thpen command on
the file to search, which is the seconglement Open takes two agjuments, the name of a
file and an access mode. The access mode provides information such as whether you'll be
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reading the file or writing it, and whether you want to append to the file or access it from
the beginning. The access mode may have one of the following values:
r Open for reading onlyl'he file must already exist. This is the default if
the access mode isrspecified.
r+ Open for reading and writing; the file must already exist.

W Open for writing only Truncate the file if it already exists, otherwise
create a new empty file.

w+ Open for reading and writingrdncate the file if it already exists, oth-
erwise create a new empty file.

a Open for writing only and set the initial access position to the end of the
file. If the file doesrt’exist then create a new empty file.

a+ Open the file for reading and writing and set the initial access position
to the end of the file. If the file doeseXist then create a new empty
file.

The access mode may also be specified as a list of POSIX flagOBBRLYCREATand
TRUNCSee the reference documentation for more information about these flags.

Theopen command returns a string suchfde3 that identifies the open file. This
file identifieris used when invoking other commands to manipulate the open file, such as
gets , puts , andclose . Normally you will save the file identifier in a variable when
you open a file and then use that variable to refer to the opendileshéuld not expect
the identifiers returned lgpen to have any particular format.

Three file identifiers have well-defined names and are always available to you, even if
you havert explicitly opened any files. These atdin , stdout , andstderr ;they
refer to the standard input, output, and error channels for the process in which the T
script is executing.

After opening the file to search, ttggep script reads the file one line at a time with
thegets commandGets normally takes two guments: a file identifier and the name of
a variable. It reads the next line from the open file, discards the terminating newline char-
acter stores the line in the named variable, and returns a count of the number of characters
stored into the variable. If the end of the file is reached before reading any characters then
gets stores an empty string in the variable and retttns
Tcl also povides a second form géts wheee the line iseturned as theasult of the
command, and a commarehd for non-line-oriented input.

For each line in the file thgrep script matches the line against the pattern and
prints it usingputs if it matches. Theputs command takes two@uments, which are a
file identifier and a string to prirfPuts adds a newline character to the string and outputs
the line on the given file. The script usédout as the file identifier so the line is printed
on standard output.

Whentgrep reaches the end of the fiets will return-1 , which ends thavhile
loop. The script then closes the file with th@se command; this releases the resources
associated with the open file. In most systems there is a limit on how many files may be
open at one time in an application, so it is important to close files as soon as you are fin-
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ished reading or writing them. In this example the close is unnecesisagythe file will
be closed automatically when the application exits.

Output buffering

11.4

Theputs command uses the efing scheme of the C standard I/O librdrizis means

that information passed puts may not appear immediately in thegetrfile. In many

cases (particularly if the file isma terminal device) output will be saved in the applica-
tion’s memory until a lare amount of data has accumulated for the file, at which point all
of the data will be written out in a single operation. If you need for data to appear in a file
immediately then you should invoke theish command:

f lush $f

Thef lush command takes a file identifier as itguanent and forces any lheifed output
data for that file to be written to the fillush doesnt return until the data has been writ-
ten. Bufered data is also flushed when a file is closed.

Random access to files

File 1/0 is sequential by default: eagbts orread command returns the next bytes
after the previougets orread command, and eagluts command writes its data
immediately following the data written by the previgugs command. Howeveyou
can use theeek , tell , andeof commands to access files non-sequentially

Each open file has atcess positiorwhich is the location in the file where the next
read or write will occulWhen a file is opened the access position is set to the beginning or
end of the file, depending on the access mode you specifipena After each read or
write operation the access position increments by the number of bytes transferred. The
seek command may be used to change the current access position. In its simplest form
seek takes two gguments, which are a file identifier and an integesedfwithin the file.
For example, the command

seek $f 2000

changes the access position for the file so that the next read or write will start at byte num-
ber 2000 in the file.

Seek can also take a thirdgument that specifies an origin for thésef. The third
argument must be eithstart , current , orend. Start produces the samefeft as
if the agument is omitted: the fsiet is measured relative to the start of the @larrent
means that the fsfet is measured relative to the leurrent access position, agtl
means that the fsfet is measured relative to the end of the file. For example, the following
command sets the access position to 100 bytes before the end of the file:

seek $f -100 end
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If the origin iscurrent  orend then the dset may be either positive or negative; for
start the ofset must be positive.
It is possible to seek past the @nt end of the file, in which case the file may contain a

hole. Check the documentation for your operating system far immrmation on what
this means.

Thetell command returns the current access position for a particular file identifier:
tell $f
0 186
This allows you to record a position and return to that position later on.

Theeof command takes a file identifier agament and returr® or 1 to indicate
whether the most recegeéts orread command for the file attempted to read past the
end of the file:

eof $f
o o

The current working directory

11.6

Tcl provides two commands that help to manage the current working dirgmtahand

cd. Pwdtakes no agyjuments and returns the full path name of the current working direc-
tory. Cd takes a single gument and changes the current working directory to the value of
that agument. Ifcd is invoked with no ayjuments then it changes the current working
directory to the home directory of the user running ttlesdript €d uses the value of the
HOMEenvironment variable as the path name of the home directory).

Manipulating file names: glob and file

Tcl has two commands for manipulating filemesas opposed to file contenggdob and
file .Theglob command takes one or more patterns ggraents and returns a list of
all the file names that match the pattern(s):
glob *.c *.h
0 main.c hash.c hash.h
Glob uses the matching rules of thiging match command (see Section 10.1). In
the above examplglob returns the names of all files in the current directory that end in
.c or.h .Glob also allows patterns to contain comma-separated lists of alternatives
between braces, as in the following example:
glob {{src,backup}/*.[ch]}
O src/main.c src/hash.c src/hash.h backup/hash.c
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Glob treats this pattern as if it were actually multiple patterns, one containing each of the
strings, as in the following example:

glob {src/*.[ch]} {backup/*.[ch]}
The extra braces aund the patterns in these examples @@eded to keep the brackets

inside the patternsdm triggering command substitution. Theg amoved by thecT
parser in the usual fashion befoinvoking the commandqaedue forglob .

If aglob pattern ends in a slash then it only matches the names of directories. For
example, the command
glob */
will return a list of all the subdirectories of the current directory
If the list of file names to be returned dgipb is empty then it normally generates an
error. However if the first agument taglob , before any patterns,isocomplain  then
glob will not generate an error if its result is an empty list.
The second command for manipulaing file naméslés . File is a general-pur-
pose command with many options that can be used both to manipulate file names and also
to retrieve information about files. Seables 1.3 and 1.4 for a summary of the options
tofile . This section discusses the name-related options and Sekffodekcribes the
other options.The commands in this section operate purely on file names. They make no
system calls and do not check to see if the names actually correspond to files.
File dirname returns the name of the directory containing a particular file:
f ile dirname /a/bl/c
O J/a/b
f ile dirname main.c
o .
File extension returns the extension for a file name (all the characters starting
with the last in the name), or an empty string if the name contains no extension:
f ile extension src/main.c
0 .c
File rootname returns everything in a file name except the extension:
f ile rootname src/main.c
0 src/main
f ile rootname foo
0 foo
Lastly, f ile tail returns the last element in a filgdath name (i.e. the name of the
file within its directory):
f ile tail /a/b/c
0 c
f ile tail foo
0 foo
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f ile atime name
Returns a decimal string giving the time at whichriédene was last
accessed, measured in seconds from 12:00 A.M. on January 1, 1970.

f ile dirname name
Returns all of the charactersriame up to but not including the lakt
characterReturns if name contains no slashes,if the last slash in
name s its first character

f ile executable name
Returnsl if name is executable by the current udgiotherwise.

f ile exists name
Returnsl if name exists and the current user has search privilege for th
directories leading to if) otherwise.

f ile extension name
Returns all of the charactersriame after and including the last dot.
Returns an empty string if there is no doh&me or no dot after the last
slash inname.

f ile isdirectory name
Returnsl if name is a directoryO otherwise.

file isf ile  name
Returnsl if name is an ordinary fileQ otherwise.

file Istat name arrayName
Invokes thdstat  system call omame and sets elements of
arrayName to hold information returned Hgtat . This option is
identical to thestat option unles®ame refers to a symbolic link, in
which case this command returns information about the link instead of
file it points to.

f ile mtime name
Returns a decimal string giving the time at whichrfédene was last
modified, measured in seconds from 12:00 A.M. on January 1, 1970.

f ile owned name
Returnsl if name is owned by the current us€rotherwise.

f ile readable name
Returnsl if name is readable by the current us@rotherwise.

f ile readlink name
Returns the value of the symbolic link givenriame (the name of the file
it points to).

Table 11.3. A summary of the options for tiéle command (continued inable 11..4).
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f ile rootname name
Returns all of the charactersriame up to but not including the last
characterReturnsname if it doesnt contain any dots or if it doesn’
contain any dots after the last slash.

f ile size name
Returns a decimal string giving the size of fitene in bytes.

f ile stat name arrayName
Invokesstat system call omame and sets elements afrayName to
hold information returned bstat . The following elements are set, each
as a decimal stringitime , ctime , dev, gid , ino , mode, mtime ,
nlink , size , anduid .

f ile tail name
Returns all of the charactersriame after the last characterReturns
name if it contains no slashes.

file type name
Returns a string giving the type of filame. The return value will be one
of file ,directory ,characterSpecial , blockSpecial ,fifo ,

link , orsocket .

f ile writable name

Returnsl if name is writable by the current us€ otherwise.

Table 11.4. A summary of the options for tiéle command, cont'd.

File information commands

In addition to the options already discussed in Sectlog dbove, théile command
provides many other options that can be used to retrieve information about files. Each of
these options exceptat andlstat has the form
file option name

whereoption specifies the information desired, suclesists orreadable or
size , andname is the name of the fileable 1.3 summarizes all of the options for the
file command.

Theexists ,isf ile ,isdirectory , andtype options return information about
the nature of a file=ile exists returnsl if there exists a file by the given name &nd
if there is no such file or the current user dodsave search permission for the directories
leading to it.File isf ile returnsl if the file is an ordinary disk file arillif it is
something else, such as a directory or deviceHile.isdirectory returnsl if the
file is a directory an@ otherwiseFile type returns a string such &fle , direc-
tory , orsocket that identifies the file type.
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Thereadable ,writable , andexecutable options retur® or1 to indicate
whether the current user is permitted to carry out the indicated action on the file. The
owned option returnd. if the current user is the fikbwner and otherwise.

Thesize option returns a decimal string giving the size of the file in bifiéss.
mtime returns the time when the file was last modified. The time value is returned in the
standard POSIX form for times, namely an integer that counts the number of seconds
since 12:00 A.M. on January 1, 1970. Htiene option is similar tantime except that
it returns the time when the file was last accessed.

Thestat option provides a simple way to get many pieces of information about a
file at one time. This can be significantly faster than invokifey many times to get the
pieces of information individuallyile stat also provides additional information that
isn't accessible with any other file options. It takes two additiogainaents, which are
the name of a file and the name of a variable, as in the following example:

f ile stat main.c info

In this case the name of the filemgain.c and the variable nameiifo . The variable

will be treated as an array and the following elements will be set, each as a decimal string:
atime Time of last access.
ctime Time of last status change.

dev Identifier for device containing file.
gid Identifier for the file3 group.
ino Serial number for the file within its device.

mode Mode bits for file.
mtime Time of last modification.

nlink Number of links to file.
size Size of file, in bytes.
uid Identifier for the user that owns the file.

Theatime , mtime , andsize elements have the same values as produced by the corre-
spondingf ile  options discussed above. For more information on the other elements,
refer to your system documentation for that system call; each of the elements is
taken directly from the corresponding field of the structure returnsthby.

Thelstat andreadlink  options are useful when dealing with symbolic links,
and they can only be used on systems that support symbolicHilekistat is iden-
tical tof ile stat for ordinary files, but when it is applied to a symbolic link it returns
information about the symbolic link itself, wherdake stat will return information
about the file the link points tEile readlink returns the contents of a symbolic link,
i.e. the name of the file that it refers to; it may only be used on symbolic links. For all of
the otheff ile  commands, if the name refers to a symbolic link then the command oper-
ates on the tget of the link, not the link itself.
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11.8 Errors in system calls

Most of the commands described in this chapter invoke calls on the operating system, and
in many cases the system calls can return errors. This can happen, for example, if you
invokeopen orf ile stat on a file that doesnéxist, or if an 1/O error occurs in read-
ing a file. The € commands detect these system call errors and in most caset the T
commands will return errors themselves. The error message will identify the error that
occurred:
open bogus
O couldn’t open "bogus": no such f ile or directory
When an error occurs in a system call dlso sets therrorCode variable to pro-
vide more precise informationo¥ may find this information useful as part of error recov-
ery so that, for example, you can determine exactly why the the filetvaasgessible
(Was there no such file?a#/it protected to prevent access? ...). If a system call error has
occurred therrrorCode  will consist of a list with three elements:

set errorCode

O POSIX ENOENT {no such f ile or directory}
The first element is alway¥OSIX to indicate that the error occurred in a POSIX system
call. The second element is théi@&l name for the erroENOENTn the above exam-
ple). Refer to your system documentation or to the includerfif®.h  for a complete
list of the error names for your system. These names adhere to the POSIX standard as
much as possible. The third element is the error message that corresponds to the error
This string usually appears in the error message returned byl tt@nimand. @l uses the
standard list of error messages provided by your system, if there is one, and adheres to the
POSIX standard as much as possible.
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Chapter 12
Processes

12.1

Tcl provides several commands for dealing with processescan create new processes
with theexec command, or you can create new processesopigh and then use file

I/O commands to communicate with thenouYtan access process identifiers with the
pid command. ¥u can read and write environment variables usingitievariable and
you can terminate the current process withettie  command. Like the file commands in
Chapter 1, these commands are only available on systems that support POSIX kernel
calls. Table 12.1 summarizes the commands related to process management.

Invoking subprocesses with exec

Theexec command creates one or more subprocesses and waits until they complete
before returning. For example,

exec rm main.o
executesm as a subprocess, passes it tigeii@entmain.o , and returns aftem com-
pletes. The guments t@xec are similar to what you would type as a command line to a
shell program such &h orcsh . The first agument teexec is the name of a program to
execute and each additionajament forms one gument to that subprocess.

To execute a subprocessec looks for an executable file with a name equal to
exec ’s first agument. If the name containg ar starts with~ thenexec checks the sin-
gle file indicated by the name. Otherwiseec checks each of the directories in B&TH
environment variable to see if the command name refers to an executable file in that direc-
tory. Exec uses the first executable that it finds.
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exec ?-keepnewline ? ?- ?arg “7arg ..?
Executes command pipeline specifiedaby 's using one or more
subprocesses and returns the pipdliséandard output or an empty string
output is redirected (the trailing newline, if aisydropped unless
keepnewline s specified). I/O redirection may be specified witk<,
and> and several other forms and pipes may be specified wiftihe last
arg is & then the pipeline is executed in background and the return val
a list of its process ids.

exit ?code ?
Terminates process, returningde to parent as exit statuSode must be
an integerCode defaults to 0.

open | command ?access ?
Treatscommandas a list with the same structure aguanents texec
and creates subprocess(es) to execute command(s). Dependougss ,
creates pipes for writing input to pipeline and reading output from it.

pid ileld ?
If fileld is omitted, returns the process identifier for the current proce
Otherwise returns a list of all the process ids in the pipeline associated
fileld (which must have been opened using |).

Table 12.1. A summary of € commands for manipulating processes.

Exec collects all of the information written to standard output by the subprocess and
returns that information as its result, as in the following example:

exec echo wc tcl.h
g 618 2641 21825 tclh

If the last character of output is a newline teerc removes the newline. This behavior
may seem strange but it malkesc consistent with othercl commands,which dot’
normally terminate the last line of the result; you can retain the newline by specifying
- keepnewline  as the first gument toexec .

Exec supports I/O redirection in a fashion similar to the UNIX shells. For example, if
one of the aguments texec is “>foo ” (or if there is a >” argument followed by a
“foo " argument), then output from the process is placed ifidde instead of returning
to Tcl asexec 's result. In this casexec 's result will be an empty strinfxec also sup-
ports several other forms of output redirection, suckra® append to a filez& to redi-
rect both standard output and standard gami2> to redirect standard error
independently from standard output.

Standard input may be redirected using either <<. The< form causes input to be
taken from a file. In the< form the following agument is not a file name, but rather an
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Note:

immediate value to be passed to the subprocess as its standard input. The following com-
mand uses< to write data to a file:
exec cat << "test data" > foo

The string test input " is passed t@at as its standard inputat copies the string
to its standard ouput, which has been redirected tfwfile If no input redirection is spec-
ified then the subprocess inherits the standard input channel frorol tygplication.

You can also invoke a pipeline of processes instead of a single proceqs, @sirig
the following example:

exec grep #include tclint.h | wc

O 8 25 212
Thegrep program extracts all the lines containing the stritig¢lude " from the file
tclint.h . These lines are then piped to Wheprogram, which computes the number of

lines, words, and characters in tirep output and prints this information on its standard
output. Thewnc output is returned as the resulteokec .

If the last agument tcexec is & then the subprocess(es) will be executed in back-
ground.Exec will return immediatelywithout waiting for the subprocesses to complete.

Its return value will be a list containing the process identifiers for all of the processes in
the pipeline; standard output from the subprocesses will go to the standard output of T
application unless redirected. No errors will be reported for abnormal exits or standard
error output, and standard error for the subprocesses will be directed to the standard error
channel of the dl application.

If a subprocess is suspended or exits abnormally (i.e., it is killed or returns a non-zero
exit status), or if it generates output on its standard error channel and standard error was
not redirected, theaxec returns an erroifhe error message will consist of the output
generated by the last subprocess (unless it was redirected)witowed by an error
message for each process that exited abnornfalligwed by the information generated
on standard error by the processes, if ampddition,exec will set theerrorCode
variable to hold information about the last process that terminated abnoifreaily (see
the reference documentation for details).

Many UNIX pograms ae caeless about the exit status that theturn. If you invoke
such a pogram withexec and it accidentallyeturns a non-zerstatus then thexec

command will generate a false errTo prevent these eors from aborting your scripts,
invokeexec inside acatch command.

Althoughexec 's features are similar to those of the UNIX shells there is one impor-
tant diferenceexec does not perform any file name expansion. For example, suppose
you invoke the following command with the goal of removingalffiles in the current
directory:

exec rm *.o
O rm: *.0 nonexistent
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Rmreceives *.0 " as its agument and exits with an error when it cannot find a file by this
name. If you want file name expansion to occur you can uggabe command to get it,
but not in the obvious wajror example, the following command will not work:

exec rm [glob *.0]

O rm: a.o b.o nonexistent

This fails because the list of file names tjlab returns is passed tm as a single gu-
ment. If, for example, there exist two files,a.0 andb.o , then rms agument will be
“a.0 b.o "; since there is no file by that namma will return an errarThe solution to
this problem is the one described in Section 7.5euaé to reparse thglob output so
that it gets divided into multiple words. For example, the following command will do the
trick:

eval exec rm [glob *.0]
In this caseeval concatenates itsguments to produce the string

exec rma.o b.o
which it then evaluates as al Bcript. The namegs.o andb.o are passed ton as sepa-
rate aguments and the files are deleted as expected.

I/0 to and from a command pipeline

Note:

You can also create subprocesses usinggbha command; once you've done this you
can then use commands ligets andputs to interact with the pipeline. Here are two
simple examples:

set f1 [open {|tbl | ditroff -ms} w]

set f2 [open |prog r+}
If the first character of the “file name” passedpen is the pipe symbdl then the agu-
ment isnt really a file name at all. Instead, it specifies a command pipeline. The remainder
of the agument after th¢ is treated as a list whose elements have exactly the same mean-
ing as the guments to thexec commandOpen will create a pipeline of subprocesses
just as forexec and it will return an identifier that you can use to transfer data to and from
the pipeline. In the first example the pipeline is opened for writing, so a pipe is used for
standard input to thibl process and you can invogats to write data on that pipe; the
output fromtbl  goes tdditroff  , and the output frorditroff goes to the standard
output of the €l application. The second example opens a pipeline for both reading and
writing so separate pipes are createdofog 's standard input and standard output. Com-
mands likeputs can be used to write datagmog and commands likgets can be
used to read the output frgonog .
When writing data to a pipeline, domdrget that output is buffed: it probably will not

actually be sent to the childgress until you invoke tlidush command to fae the
buffered data to be written.
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12.3

When you close a file identifier that corresponds to a command pipelimépdbe
command flushes any befed output to the pipeline, closes the pipes leading to and from
the pipeline, if anyand waits for all of the processes in the pipeline to exit. If any of the
processes exit abnormally thelose returns an error in the same wayeasc .

Process ids

12.4

Tcl provides three ways that you can access process identifiers. First, if you invoke a pipe-
line in background usingxec thenexec returns a list containing the process identifiers
for all of the subprocesses in the pipelineu¥an use these identifers, for example, if you
wish to kill the processes. Second, you can invok@ithecommand with no guments
and it will return the process identifier for the current process. Third, you can ipidoke
with a file identifier as gument, as in the following example:

set f [open {| tbl | ditroff -ms} w]

pid $f

0 7189 7190

If there is a pipeline corresponding to the open file, as in the example, thpd them-
mand will return a list of identifiers for the processes in the pipeline.

Environment variables

12.5

Environment variables can be read and written using the stardlaarigble mechanism.
The array variablenv contains all of the environment variables as elements, with the
name of the element anv corresponding to the name of the environment variable. If you
modify theenv array the changes will be reflected in the processvironment variables
and the new values will also be passed to any child process creatededtlor open .

Terminating the T cl process with exit

If you invoke theexit command then it will terminate the process in which the com-
mand was executelixit takes an optional integergament. If this agument is pro-
vided then it is used as the exit status to return to the parent pdedicates a normal
exit and non-zero values correspond to abnormal exits; values oth@rahda are rare.
If no agument is given texit  then it exits with a status 6f Sinceexit terminates the
process, it doeshhave any return value.
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Chapter 13
Managing Tcl Internals

13.1

This chapter describes a collection of commands that allow you to query and manipulate
the internal state of theclinterpreterFor example, you can use these commands to see if
a variable exists, to find out what entries are defined in an sonapnitor all accesses to

a variable, to rename or delete a command, or to handle references to undefined com-
mands. @bles 13.1 and 13.2 summarize the commands.

Querying the elements of an array

Thearray command provides information about the elements currently defined for an
array variable. It provides this information in severdiedént ways, depending on the first
argument passed to it. The commaarday size returns a decimal string indicating
how many elements are defined for a given array variable and the coramand
names returns a list whose entries are the names of the elements of a given array variable:
set currency(France) franc
set "currency(Great Britain)" pound

set currency(Germany) mark
array size currency

o 3
array names currency
O {Great Britain} France Germany
For each of these commands the fingliarent must be the name of an array variable. The
list returned byarray names does not have any particular order
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array anymore name searchld
Returnsl if there are any more elements to process in seaaichld
of arrayname, O if all elements have already been returned.
array donesearch name searchid
Terminates searctearchld of arrayname and discard any state
associated with the search. Returns an empty string.
array names  name
Returns a list containing the names of all the elements of rarag.
array nextelement name searchld
Returns the name of the next element in seseanchld  of arrayname,
or an empty string if all elements have already been returned in this se

array size name
Returns a decimal string giving the number of elements in aenae.
array startsearch name
Initializes a search through all of the elements of ameaye. Returns a
search identifier that may be passedrtay nextelement , array

anymore , orarray donesearch.

auto_mkindex dir pattern
Scans all of the files in diretodir whose names matgattern  (using
the glob-style rules daftring match ) and generates a fitelindex
indir that allows the files to be auto-loaded.

info option “?argarg ..?
Returns information about the state of tlekifiterpreter See &ble 13.3.

rename old new
Renames commarald tonew, or delete®ld if new is an empty string.
Returns an empty string.

time  script 2count ?
Executescript  count times and returns a string giving the average
elapsed time per executicdbount defaults to 1.

Table 13.1. A summary of commands for manipulating’$ internal state (continued imfdle
13.2).

Thearray names command can be used in conjunction vidireach to iterate
through the elements of an arr&pr example, the code below deletes all elements of an
array with values that a@or empty:

foreach i [array names a] {

if {($a($i) =="") || ($a($i) == 0))}{
unset a($i)
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trace variable name ops command
Establishes a trace on variabkme such thatommandis invoked
whenever one of the operations giveropg is performd omame. Ops
must consist of one or more of the charaaterg oru. Returns an empty
string.

trace vdelete name ops command
If there exists a trace for variablame that has the operations and
command given bgps andcommand removes that trace so that its
command will not be executed anymore. Returns an empty string.

trace vinfo name
Returns a list with one element for each trace currently set on variable
name. Each element is a sub-list with two elements, which aregheand
commandassociated with that trace.

unknown cmd ?arg arg ...?
This command is invoked by thelTnterpreter whenever an unknown
command name is encounter€aindwill be the unknown command name
and thearg ’s will be the fully-substituted guments to the command. The
result returned bynknown will be returned as the result of the unknown
command.

Table 13.2. Commands for manipulatingcITs internal state, cont'd.

Note: Thearray command also prvides a second way to selrthiough the elements of an
array, using thestartsearch  , anymore, nextelement , anddonesearch
options. This apmrach is moe general than thioreach appoach given above, and in
some cases it is moefficient, but it is merverbose than thfereach appmoach and
isnt needed very often. See tleéerence documentation for details.

13.2 The info command
Theinfo command provides information about the state of the interpletas more
than a dozen options, which are summarizedhinlés 13.3 and 13.4.

13.2.1 Information about variables

Several of thénfo options provide information about variablego exists returns
a0 or1 value indicating whether or not there exists a variable with a given name:
setx 24
info exists x
o1
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info args procName

Returns a list whose elements are the names ofghenants to procedure
procName, in order

info body procName

Returns the body of procedyseocName .

info cmdcount

Returns a count of the total number of FTommands that have been
executed in this interpreter

info commands  ?7pattern ?

Returns a list of all the commands defined for this interprieduding
built-in commands, application-defined commands, and procedures. If
pattern is specified then only the command names matqattgrn

are returnedsfring match  ’srules are used for matching).

info default

procName argName varName

Checks to see if gumentargName to procedur@rocName has a default
value. If so, stores the default value in varialsleName and returnd..
Otherwise, return® without modifyingvarName.

info exists

varName
Returnsl if there exists a variable namearName in the current context,
0 if no such variable is currently accessible.

info globals

Ppattern  ?

Returns a list of all the global variables currently defineglatfern is
specified, then only the global variable names matqgbatigrn  are
returned §tring match ~ ’s rules are used for matching).

info level

Pnumber ?
If number isn’t specified, returns a number giving the current stack leve
(O corresponds to top-level, to the first level of procedure call, and so
on). Ifnumber is specified, returns a list whose elements are the name
arguments for the procedure call at lemamber.

info library

Returns the full path name of the library directory in which standard T
scripts are stored.

info locals

Ppattern  ?
Returns a list of all the local variables defined for the current procedure
an empty string if no procedure is activepdfitern  is specified then
only the local variable names matchipattern  are returnedstring
match s rules are used for matching).

Table 13.3. A summary of the options for tliefo command (continued ireble 13.4).
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info procs Ppattern  ?
Returns a list of the names of all procedures currently definpdttéfrn
is specified then only the procedure names matgiattgrn  are
returned §tring match  ’s rules are used for matching).

info script
If a script file is currently being evaluated then this command returns th
name of that file. Otherwise it returns an empty string.

info tclversion
Returns the version number for the ihterpreter in the form
major .minor , wheremajor andminor are each decimal integers.
Increments iminor correspond to bug fixes, new features, and
backwards-compatible chang®&&ajor increments only when
incompatible changes occur

info vars Ppattern  ?
Returns a list of all the names of all variables that are currently accessi
If pattern  is specified then only the variable names matcpattern
are returnedsfring match  ’s rules are used for matching).

Table 13.4. A summary of the options for tliefo command, cont'd.

unset x
info exists x

o o

The optionsrars , globals , andlocals  return lists of variable names that meet
certain criterialnfo vars returns the names of all variables accessible at the current
level of procedure calinfo globals returns the names of all global variables, regard-
less of whether or not they are accessible;iafadlocals returns the names of local
variables, including gluments to the current procedure, if d@myt not global variables. In
each of these commands an additional patteumaent may be supplied. If the pattern is
supplied then only variable names matching that pattern (using the reteiagf
match ) will be returned.

For example, suppose that global varialgleball andglobal2 have been
defined and that the following procedure is being executed:

proc test {argl arg2} {
global globall

set locall 1
set local2 2

}

Then the following commands might be executed in the procedure:
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info vars
O globall argl arg2 local2 locall
info globals
O global2 globall
info locals
O argl arg2 local2 locall
info vars *al*
O globall local2 locall

13.2.2 Information about procedures

Another group ofnfo  options provides information about procedures. The command
info procs returns a list of all thecT procedures that are currently defined. Lifke
vars , it takes an optional patterrgament that restricts the names returned to those that
match a given patterinfo body ,infoargs , andinfo default return informa-
tion about the definition of a procedure:

proc maybePrint {a b {c 24}} {

if {$a < $h}{
puts stdout “c is $c"
}

}
info body maybePrint

if {$a < $b} {
puts stdout “c is $c"

}

info args maybePrint
O abc
info default maybePrint a x
g o
info default maybePrint ¢ x
01
set x
o 24
Info body  returns the procedusebody exactly as it was specified to pnec com-
mand.Info args  returns a list of the proceduseagument names, in the same order
they were specified foroc . Info default returns information about angaiments
default value. It takes threegaiments: the name of a procedure, the name ofgamant
to that procedure, and the name of a variable. If the givemreeant has no default value
(e.g.a in the above exampldpfo default returns0. If the agument has a default
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13.2.3

value € in the above example) thérfo default returnsl and sets the variable to
hold the default value for theqament.

As an example of how you might use the commands from the previous paragraph,
here is a @ procedure that writes allscript file. The script will containcT code in the
form of proc  commands that recreate all of the procedures in the intergreeefile can
then besource ’d in some other interpreter to duplicate the procedure state of the origi-
nal interpreterThe procedure takes a singlganent, which is the name of the file to
write:

proc printProcs f ile {
set f [open $f ile w]
foreach proc [info procs] {
set argList {}
foreach arg [info args $proc] {
if [info default $proc $arg default] {
lappend argList [list $arg $default]
}else {
lappend argList $arg
}

}
puts $f [list proc $proc $argList \
[info body $proc]]

close $f
}
Info provides one other option related to procedunds:level . If info
level is invoked with no additional gnments then it returns the current procedure invo-
cation level0 if no procedure is currently active,if the current procedure was called
from top-level, and so on. iififo level is given an additional gument, the grument
indicates a procedure level ainfo level returns a list whose elements are the name
and actual guments for the procedure at that level. For example, the following procedure
prints out the current call stack, showing the name aquh@ents for each active proce-
dure:
proc printStack {} {
set level [info level]

for {set i 1} {$i < $level} {incr i} {
puts "Level $i: [info level $i]"
}

Information about commands

Info commands is similar toinfo procs except that it returns information about all
existing commands, not just procedures. If invoked with garaents, it returns a list of
the names of all commands; if ag@ament is provided, then it is a pattern in the sense of
string match and only command names matching that pattern will be returned.
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13.2.4

13.3

The commandhfo cmdcount  returns a decimal string indicating how many com-
mands have been executed in thikifiterpreterIt may be useful during peformance tun-
ing to see how manycTcommands are being executed to carry out various functions.

The commandhfo script indicates whether or not a script file is currently being
processed. If so then the command returns the name of the innermost nested script file that
is active. If there is no active script file thafo script returns an empty string. This
command is used for relatively obscure purposes such as disallowing command abbrevia-
tions in script files.

Tclversion and library

Info tclversion returns the version number for the hterpreter in the form
major . minor . Each ofmajor andminor is a decimal string. If a new release of T
contains only backwards-compatible changes such as bug fixes and new features, then its
minor version number increments and the major version number stays the same. If a new
release contains changes that are not backwards-compatible, so that esgistanigpfE or
C code that invokescT's library procedures will have to be modified, then the major ver-
sion number increments and the minor version number resets to O.

The commandhfo library returns the full path name of thel Tibrary direc-
tory. This directory is used to hold standard scripts usedhguch as a default definition
for theunknown procedure described in Section 13.6 below

Timing command execution

Thetime command is used to measure the performancelaciipts. It takes two gu-
ments, a script and a repetition count:

time {set a xyz} 10000

O 92 microseconds per iteration
Time will execute the given script the number of times given by the repetition count,
divide the total elapsed time by the repetition count, and print out a message like the above
one giving the average number of microseconds per iteration. The reason for the repetition
count is that the clock resolution on most workstations is many milliseconds. Thus any-
thing that takes less than tens or hundreds of milliseconds cannot be timed acdurately
make accurate timing measurements, | suggest experimenting with the repetition count
until the total time for th&me command is a few seconds.
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13.4

Tracing operations on variables

Thetrace command allows you to monitor the usage of one or mareafiables. Such
monitoring is calledracing. If a trace has been established on a variable thehcam-
mand will be invoked whenever the variable is read or written or urrseed can be used
for a variety of purposes:

* monitoring the variable'usage (e.g. by printing a message for each read or write oper-
ation)

* propagating changes in the variable to other parts of the system (e.g. to ensure that a
particular widget always displays the picture of a person named in a given variable)

* restricting usage of the variable by rejecting certain operations (e.g. generate an error
on any attempt to change the variablglue to anything other than a decimal string) or
by overriding certain operations (e.g. recreate the variable whenever it is unset).

Here is a simple example that causes a message to be printed when either of two vari-
ables is modified:
trace variable color w pvar
trace variable a(length) w pvar
proc pvar {name element op} {
if {$element 1= "} {
set name ${name}($element)
}

upvar $name x
puts "Variable $name set to $x"

}
The firsttrace command arranges for procedpkar to be invoked whenever variable
color is written:variable  specifies that a variable trace is being createldr
gives the name of the variablespecifies a set of operations to trace (any combination of
r for readw for write, andu for unset), and the lastgarment is a command to invoke.
The second trace command sets up a trace for eléamgih  of arraya.

Whenevercolor ora(length)  is modified, Tl will invoke pvar with three
additional aguments, which are the varialdeiame, the variabkeelement name (if it is
an array element, or an empty string otherwise), andgament indicating what opera-
tion was actually invoked (for readw for write, oru for unset). For example, if the com-
mand ‘set color purple ”is executed, @ will evaluate the command
“pvar color {} purple ”because of the trace. I§&t a(length) 108" is
invoked, the trace commangvar a length  w’ will be evaluated.

Thepvar procedure does three things. First, if the traced variable is an array element
thenpvar generates a complete name for the variable by combining the array name and
the element name. Second, the procedureuses to make the variable'value acces-
sible inside the procedure as local variahl&inally, it prints out the variable’'name and
value on standard output. For the two accesses in the previous paragraph the following
messages will be printed:
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Note:

Variable color set to purple
Variable a(length) set to 108

The example above set traces on individual variablesalgb possible to set a trace

on an entire arrayas with the command

trace variable a w pvar
wherea is the name of an array variable. In this qass will be invoked whenever any
element ofa is modified.

Write traces are invoked after the variablealue has been modified but before
returning the new value as the result of the write. The trace command can write a new
value into the variable to override the value specified in the original write, and this value
will be returned as the result of the traced write operation. Read traces are invoked just
before the variable’result is read. The trace command can modify the variableetd af
the result returned by the read operatiaacihg is temporarily disabled for a variable
during the execution of read and write trace commands. This means that a trace command
can access the variable without causing traces to be invoked recursively

If a read or write trace returns an error of any sort then the traced operation is aborted.
This can be used to implement read-only variables, for example. Here is a script that
forces a variable to have a positive integer value and rejects any attempts to set the vari-
able to a non-integer value:

trace variable size w forcelnt
proc forcelnt {name element op} {
upvar $name x ${name}_old x_old
if regexp {"[0-9]*$} $x] {
set x $x_old
error "value must be a postive integer”

set x_old $x
}
By the time the trace command is invoked the variable has already been modified, so if
forcelnt  wants to reject a write it must restore the old value of the variabko This
it keeps a shadow variable with afsuf _old ” to hold the previous value of the variable.
If an illegal value is stored into the varialfiercelnt  restores the variable to its old
value and generates an error:
set size 47
0 47
set size red
0 can't set "size": value must be a postive integer
set size
0o 47

Theforcelnt  procedue only works for simple variables, but it could be extended to
handle array elements as well.
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It is legal to set a trace on a non-existent variable; the variable will continue to appear
to be unset even though the trace exists. For example, you can set a read trace on an array
and then use it to create new array elements automatically the first time they are read.
Unsetting a variable will remove the variable and any traces associated with the variable,
then invoke any unset traces for the variable. It is legal, and not unusual, for an unset trace
to immediately re-establish itself on the same variable so that it can monitor the variable if
it should be re-created in the future.

To delete a trace, invokeace vdelete with the same guments passed to
trace variable . For example, the trace createdcofor above can be deleted with
the following command:

trace vdelete color w pvar
If the aguments tdrace vdelete dont match the information for any existing trace
exactly then the command has nfeef.

The commandrace vinfo returns information about the traces currently set for a
variable. It is invoked with an gmment consisting of a variable name, as in the following
example:

trace vinfo color
O {wpvar}

The return value frortrace vinfo is a list, each of whose elements describes one

trace on the variable. Each element is itself a list with two elements, which give the opera-
tions traced and the command for the trace. The traces appear in the result list in the order
they will be invoked. If the variable specifieditace vinfo is an element of an array

then only traces on that element will be returned; traces on the array as a whole will not be
returned.

Renaming and deleting commands

Therename command can be used to change the command structure of an application. It
takes two aguments:

rename old new

Renamedoes just what its name implies: it renames the command that used to have the
nameold so that it now has the namew. Newmust not already exist as a command
whenrename is invoked.

Renamecan also be used to delete a command by invoking it with an empty string as
thenew name. For example, the following script disables file /0O from an application by
deleting the relevant commands:

foreach cmd {open close read gets puts} {
rename $cmd {}
}
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13.6

Any Tcl command may be renamed or deleted, including the built-in commands as
well as procedures and commands defined by an application. Renaming or deleting a built-
in command is probably a bad idea in general, since it will break scripts that depend on the
command, but in some situations it can be useful. For exampkxithecommand as
defined by €l just exits the process immediately (see Section 12.5). If an application
wants to have a chance to clean up its internal state before exiting, then it can create a
“wrapper” arouncexit by redefining it:

rename exit exit.old

proc exit status {
application-specific cleanup

exit.old $status
}
In this example thexit command is renamed &xit.old and a nevexit proce-
dure is defined, which performs the cleanup required by the application and then calls the
renamed command to exit the process. This allows existing scripts thetitalto be
used without change while still giving the application an opportunity to clean up its state.

Unknown commands

The Tel interpreter provides a special mechanism for dealing with unknown commands. If
the interpreter discovers that the command name specifiecirarmmand doeshéxist,
then it checks for the existence of a command namk&down . If there is such a com-
mand then the interpreter invok@sknown instead of the original command, passing the
name and guments for the non-existent commandit&nown . For example, suppose
that you type the following commands:

set x 24

createDatabase library $x
If there is no command namerkateDatabase  then the following command is
invoked:

unknown createDatabase library 24
Notice that substitutions are performed on tlgaarents to the original command before
unknown is invoked. Each gument taunknown will consist of one fully-substituted
word from the original command.

Theunknown procedure can do anything it likes to carry out the actions of the com-
mand, and whatever it returns will be returned as the result of the original command. For
example, the procedure below checks to see if the command name is an unambiguous
abbreviation for an existing command; if so, it invokes the corresponding command:
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proc unknown {name args} {
set cmds [info commands $name*]
if {[llength $cmds] != 1} {
error "unknown command \"$name\""

uplevel $cmds $args
}
Note that when the command is re-invoked with an expanded name, it must be invoked
usinguplevel so that the command executes in the same variable context as the original
command.
The Tel script library includes a default versionwfknown that peforms the follow-
ing functions, in order:

1. If the command is a procedure that is defined in a library file, source the file to define
the procedure, then re-invoke the command. This is callesdloading it is described
in the next section.

2. If there exists a program with the name of the command, usxéiee command to
invoke the program. This feature is callto-execFor example, you can typés“”
as a command anahknown will invoke “execls " to list the contents of the current
directory If the command doedrspecify redirection then auto-exec will arrange for
the command standard input, standard output, and standard error to be redirected to
the corresponding channels of the dpplication. This is di€rent than the normal
behavior ofexec but it allows interactive programs suchnagre andvi to be
invoked directly from a dl application.

3. If the command name has one of several special forms sutth ‘ath&n compute a
new command using history substitution and invoke it. For example, the if the com-
mand is ¥ " then the previous command is re-invoked. See Chapter 14 for more infor-
mation on history substitution.

4. If the command name is a unique abbreviation for an existing command, then the
abbreviated command name is expanded and the command is re-invoked.

The last three actions are intended as conveniences for interactive use, and they only occur
if the command was invoked interactive¥pu should not depend on these features when
writing scripts. For example, you should not try to use auto-exec in scripts: always use the
exec command explicitly

If you dont like the default behavior of thenknown procedure then you can write
your own version or modify the library version to provide additional functions. If you
don't want any special actions to be taken for unknown commands you can just delete the
unknown procedure, in which case errors will occur whenever unknown commands are
invoked.
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13.7 Auto-loading

One of the most useful functions performed byuhknown procedure iswuto-loading
Auto-loading allows you to write collections oflprocedures and place them in script
files in library directories. au can then use these procedures in yoliafiplications
without having to explicithsource the files that define themoW simply invoke the
procedures. The first time that you invoke a library procedure ittvegist, sacunknown
will be called.Unknown will find the file that defines the procedure, source the file to
define the procedure, and then re-invoke the original command. The next time the proce-
dure is invoked it will exist so the auto-loading mechanism wmatriggered.

Auto-loading provides two benefits. First, it makes it easy to build gp ldraries
of useful procedures and use theméhstripts. You need not know exactly which files to
source to define which procedures, since the auto-loader takes care of that for you. The
second benefit of auto-loading isi@ency. Without auto-loading an appliation must
source all of its script files when it starts up. Auto-loading allows an application to start
up without loading any script files at all; the files will be loaded later when their proce-
dures are needed, and some files may never be loaded at all. Thus auto-loading reduces
startup time and saves memory

Using the auto-loader is straightforward and involves three steps. First, create a
library as a set of script files in a single directdigrmally these files have names that end
in“.tcl ", for exampledb.tcl orstretch.tcl . Each file can contain any number of
procedure definitions. | recommend keeping the files relatively small, with just a few
related procedures in each file. In order for the auto-loader to handle the files ptheerly
proc command for each procedure definition must be at the left edge of a line, and it
must be followed immediately by white space and the proceduaene on the same line.
Other than this the format of the script files doesrdtter as long as they are valid T
scripts.

The second step is to build an index for the auto-loddedo this, start up acT
application such aglsh and invoke thauto_mkindex command as in the follow-
ing example:

auto_mkindex . *.tcl

Auto_mkindex isn't a built-in command but rather a proceduredtistscript library
Its first agument is a directory name and the secogdraent is a glob-style pattern that
selects one or more script files in the directdito_mkindex scans all of the files
whose names match the pattern and builds an index that indicates which procedures are
defined in which files. It stores the index in a file caitdithdex  in the directorylf you
modify the files to add or delete procedures then you should regenerate the index.

The third step is to set the variablgto_path in the applications that wish to use
the library Theauto_path variable contains a list of directory names. When the auto-
loader is invoked it searches the directoriealito_path in order looking in their
tclindex  files for the desired procedure. If the same procedure is defined in several
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libraries then the auto-loader will use the one from the earliest directangdnpath
Typically auto_path  will be set as part of an applicatierstartup script. For example,
if an application uses a library in directduogr/local/tcl/lib/shapes then it
might include the following command in its startup script:
set auto_path \

[linsert $auto_path 0 /usr/local/tcl/lib/shapes]
This will add/usr/local/tcl/lib/shapes to the beginning of the path, retaining
all the existing directories in the path such as those fordhen@ Tk script libraries but
giving higher priority to procedures definedusr/local/tcl/lib/shapes .
Once a directory has been properly indexed and addaddopath , all of its proce-
dures become available through auto-loading.
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This chapter describe£ITs history mechanism. In applications where you type com-
mands interactivelythe history mechanism keeps track of recent commands and makes it
easy for you to re-execute them without having to completely re-type tleentav also

create new commands that are slight variations on old commands without having to com-
pletely retype the old commands, for example to fix typoks history mechanism pro-

vides many of the features availablecgh , but not with the same syntax in all cases.
History is implemented by th@story  command, which is summarized iable 14.1 .

Only a few of the most commonly used history features are described in this chapter; see
the reference documentation for more complete information.

The history list

Each command that you type interactively is entered ihistary list Each entry in the
history list is called aevent it contains the text of a command plus a serial number iden-
tifying the command. The command text consists of exactly the characters you typed,
before the Tl parser peforms substitutions fr[] , etc. The serial number starts out at
for the first command you type and is incremented for each successive command.
Suppose you type the following sequence of commands to an interadtpyedram:

setx 24

sety [expr $x*2.6]

Incr X
At this point the history list will contain three eventsuYtan examine the contents of the
history list by invokinghistory ~ with no aguments:
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history
Returns a string giving the event number and command for each event
the history list.

history keep count

Changes the size of the history list so thatcthent most recent events
will be retained. The initial size of the list is 20 events.

history nextid
Returns the number of the next event that will be recorded in the histor

history redo Pevent ?
Re-executes the command recordecef@nt and returns its result.

history substitute old new 7?event ?
Retrieve the command recorded évent , replace any occurrences of
old bynew in it, execute the resulting command, and returns its result.
Bothold andnew are simple strings. The substitution uses simple equa
checks: no wild cards or regular expression features are supported.

Table 14.1. A summary of some of the options for thistory = command. Several options ha
been omitted; see the reference documentation for details.

history
O 1setx?24

2 set y [expr $x*2.6]

3incr x

4 history
The value returned Ryistory  is a human-readable string describing wsati the his-
tory list, which also includes thestory command. The result bifstory  is intended
for printing out, not for processing irtliscripts; if you want to write scripts that process
the history list, you'll probably find it more convenient to use ofligtory  options
described later in the reference documentation, sublstsy event

The history list has a fixed size, which is initially 20. If more commands than that

have been typed then only the most recent commands will be retained. The size of the his-
tory list can be changed with thestory keep command:

history keep 100

This command changes the size of the history list so that in the future the 100 most recent
commands will be retained.
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14.2 Specifying events
Several of the options of théstory  command require you to select an event from the
history list; the symbatvent is used for such guments in &ble 14.1. Events are spec-
ified as strings with one of the following forms:

Positive number: Selects the event with that serial number

Negative number:  Selects an event relative to the current evéntefers to
the last command? refers to the one before that, and so
on.

Anything else: Selects the most recent event that matches the string. The
string matches an event either if it is the same as the first
characters of the eveattommand, or if it matches the
events command using the matching rulesstsing
match .

Suppose that you had just typed the three commands from page 131 above. The command
“incr  x"can be referred to as evefit or3 orinc ,and ‘set y [expr $x*2.6] "
can be referred to as evefit or 2 or*2* . If an event specifier is omitted then it defaults
to-1.

14.3 Re-executing commands from the history list

Theredo andsubstitute options tohistory  will replay commands from the his-
tory list. History redo retrieves a command and re-executes it just as if you had
retyped the entire command. For example, after typing the three commands from page
131, the command
history redo
replays the most recent command, whicimes X ; it will increment the value of vari-
ablex and return its new valu@g). If an additional ayument is provided fdnistory
redo , it selects an event as described in Section 14.2; for example,
history redo 1
o 24
replays the first commanslet x 24
Thehistory substitute command is similar thistory redo except that
it modifies the old command before replaying it. It is most commonly used to correct typo-
graphical errors:
set x "200 illimeters"
O 200 illimeters
history substitute ill mill -1
O 200 millimeters
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History substitute takes three guments: an old string, a new string, and an event
specifier (the event specifier can be defaulted, in which case it defadlts toretrieves

the command indicated by the event specifier and replaces all instances of the old string in
that command with the new string. The replacement is done using simple textual compari-
son with no wild-cards or pattern matching. Then the resulting command is executed and
its result is returned.

14.4 Shortcuts implemented by unknown
Thehistory redo andhistory substitute commands are quite bulky; in the
examples above it took more keystrokes to typénibtery  commands than to retype
the commands being replayed. Fortunately there are several shortcuts that allow the same
functions to be implemented with fewer keystrokes:
I Replays the last command: same laistory redo .
I event Replays the command given byent ; same as
“history redo event .
~old “new Replay the last command, substituting new for old; same as
“history substitute old new".
All of these shortcuts are implemented by dh&nown procedure described in Section
13.6.Unknown detects commands that have the forms described above and invokes the
correspondindnistory  commands to carry them out.
Note: If your system doegnise the default version ohknown provided by @l then these
shortcuts may not be available.
14.5 Current event number: history nextid

The commandhistory nextid returns the number of the next event to be entered into
the history list:
history nextid

o 3
It is most commonly used for generating prompts that contain the event niviabgr
interactive applications allow you to specify @ 3cript to generate the prompt; in these
applications you can includehsstory nextid command in the script so that your
prompt includes the event number of the command you are about to type.
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