gdb for QPENNT Pre-Release January 13, 1998 1

Debugging with GDB
The GNU Source-Level Debugger

Edition 4.12, for GDB version 4.16.1 January 1994"
Richard M. Stallman and Roland H. Pesch

Send bugs and comments on GDB to bug-gdb@prep.ai.mit.edu.
Debugging with GDB}

Copyright © 1988, 1989, 1990, 1991, 1992, 1993, 1994, 1995 Free Software Foundation, Inc.

Published by the Free Software Foundation
59 Temple Place - Suite 330,

Boston, MA 02111-1307 USA

Printed copies are available for $20 each.
ISBN 1-882114-11-6

Permission is granted to make and distribute verbatim copies of this manual provided the copyright notice
and this permission notice are preserved on all copies.

Permission is granted to copy and distribute modified versions of this manual under the conditions for ver-
batim copying, provided also that the entire resulting derived work is distributed under the terms of a per-
mission notice identical to this one.

Permission is granted to copy and distribute translations of this manual into another language, under the
aboveconditions for modified versions.

Summary of GDB

The purpose of a debugger such as GDB is to allow you to see what is going on “inside” another
program while it executes—or what another program was doing at the moment it crashed.

GDB can do four main kinds of things (plus other things in support of these) to help you catch
bugs in the act:
« Start your program, specifying anything that might affect its behavior.
« Make your program stop on specified conditions.
« Examine what has happened, when your program has stopped.
« Change things in your program, so you can experiment with correcting the effects of one bug
and go on to learn about another.
You can use GDB to debug programs written in C or C++. For more informatio@, anee
C++.
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1. A Sample GDB Session

You can use this manual at your leisure to read all about GDB. However, a handful of commands
are enough to get started using the debugger. This chapter illustrates those commands.

In this sample session, we emphasize user input likenipist, to make it easier to pick out from
the surrounding output.

One of the preliminary versions GBNU m4(a generic macro processor) exhibits the following
bug: sometimes, when we change its quote strings from the default, the commands used to
capture one macro definition within another stop working. In the following si¥session, we
define a macréoo which expands t0000 ; we then use thm4built-in defn to definebar as
the same thing. However, when we change the open quote sti@@XOTE>and the close
quote string t&cUNQUOTE>he same procedure fails to define a new syndogm

$ cd gnu/m4
$ ./m4
define(foo,0000)

foo
0000
define(bar,defn(‘foo’))

bar
0000
changequote(<QUOTE>,<UNQUOTE>)

define(baz,defn(<QUOTE>foo<UNQUOTE>))
baz

C-d

m4: End of input: O: fatal error: EOF in string

Let us use GDB to try to see what is going on.

$ gdb m4}

GDB is free software and you are welcome to distribute copies
of it under certain conditions; type "show copying" to see
the conditions.

There is absolutely no warranty for GDB; type "show warranty"
for details.

GDB 4.16.1, Copyright 1995 Free Software Foundation, Inc...
(gdb)

GDB reads only enough symbol data to know where to find the rest when needed; as a result, the
first prompt comes up very quickly. We now tell GDB to use a narrower display width than usual,
so that examples fit in this manual.

(gdb) set width 70

We need to see how tinedbuilt-in changequote works. Having looked at the source, we
know the relevant subroutinens4_changequote , so we set a breakpoint there with the GDB
break command.

(gdb) break m4_changequote
Breakpoint 1 at 0x62f4: file builtin.c, line 879.

Using therun command, we starh4running under GDB control; as long as control does not
reach then4_changequote subroutine, the program runs as usual:

(gdb) run
Starting program: /work/Editorial/gdb/gnu/m4/m4
define(foo,0000)

foo
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0000

To trigger the breakpoint, we calhangequote . GDB suspends execution m#, displaying
information about the context where it stops.

changequote(<QUOTE>,<UNQUOTE>)

Breakpoint 1, m4_changequote (argc=3, argv=0x33c70)
at builtin.c:879

879 if (bad_argc(TOKEN_DATA_TEXT(argv[0]),argc,1,3))

Now we use the command(next ) to advance execution to the next line of the current function.
(gdb) n
882 set_quotes((argc >=2) ? TOKEN_DATA TEXT(argv[1]) : nil,

set_quotes looks like a promising subroutine. We can go into it by using the comsand
(step ) instead ohext . step goes to the next line to be executeaimy subroutine, so it steps
into set_quotes

(gdb) s

set_quotes (Ig=0x34c78 "<QUOTE>", rq=0x34c88 "<UNQUOTE>")
at input.c:530

530 if (Iquote != def_Iquote)

The display that shows the subroutine whasks now suspended (and its arguments) is called a
stack frame display. It shows a summary of the stack. We can ulsadkieace command
(which can also be spelldd ), to see where we are in the stack as a whold&bktrace

command displays a stack frame for each active subroutine.

(gdb) bt

#0 set_quotes (Ig=0x34c78 "<QUOTE>", rq=0x34c88 "<UNQUOTE>")
at input.c:530

#1 0x6344 in m4_changequote (argc=3, argv=0x33c70)
at builtin.c:882

#2 0x8174 in expand_macro (sym=0x33320) at macro.c:242

#3 0x7a88 in expand_token (obs=0x0, t=209696, td=0xf7fffa30)
at macro.c:71

#4 0x79dc in expand_input () at macro.c:40

#5 0x2930 in main (argc=0, argv=0xf7fffb20) at m4.c:195

We step through a few more lines to see what happens. The first two times, we §dhaigext
two times we use to avoid falling into thexstrdup  subroutine.

(gdb) s

0x3b5¢c 532 if (rquote != def_rquote)

(gdb) s

0x3b80 535 lqguote = (Ig== nil || *lg== "") ? def_lquote : xstrdup(lq);
(gdb) n

536 rquote = (rg== nil||*rq== "") ? def_rquote : xstrdup(rq);

(gdb) n

538 len_lquote = strlen(rquote);

The last line displayed looks a little odd; we can examine the varigblet® andrquote to
see if they are in fact the new left and right quotes we specified. We use the copn(pand )
to see their values.

(gdb) p lquote

$1 = 0x35d40 "<QUOTE>"
(gdb) p rquote

$2 = 0x35d50 "<UNQUOTE>"

Iquote andrquote are indeed the new left and right quotes. To look at some context, we can
display ten lines of source surrounding the current line with fist ) command.
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(gdb) |

533 xfree(rquote);

534

535 lqguote = (Ig== nil||*lg=="") ? def Iquote : xstrdup (Iq);
536 rquote = (rg== nil]|*rq== " ") ? def_rquote : xstrdup (rq);
537

538 len_lquote = strlen(rquote);

539 len_rquote = strlen(lquote);

540 }

541

542 void

Let us step past the two lines thatlset Iquote  andlen_rquote , and then examine the
values of those variables.

(gdb) n

539 len_rquote = strlen(lquote);
(gdb) n

540 }

(gdb) p len_lguote

$3=9

(gdb) p len_rquote

$4=7

That certainly looks wrong, assumilan_Iquote  andlen_rquote  are meant to be the
lengths oflquote andrquote respectively. We can set them to better values using the
command, since it can print the value of any expression—and that expression can include
subroutine calls and assignments.

(gdb) p len_lguote=strlen(lquote)
$5=7
(gdb) p len_rquote=strlen(rquote)
$%6=9

Is that enough to fix the problem of using the new quotes witm#muilt-in defn ? We can
allow m4to continue executing with thee(continue ) command, and then try the example that
caused trouble initially:

(gdb) ¢
Continuing.

define(baz,defn(<QUOTE>foo<UNQUOTE>))

baz
0000

Success! The new quotes now work just as well as the default ones. The problem seems to have
been just the two typos defining the wrong lengths. We atléwexit by giving it an EOF as
input:

C-d

Program exited normally.

The messagBrogram exited normally. is from GDB; it indicatesn4has finished executing.
We can end our GDB session with the Gt command.

(gdb) quit
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2. Getting In and Out of GDB

This chapter discusses how to start GDB, and how to get out of it. The essentials are:
« typegdb to start GDB.
« typequit or C-d to exit.

2.1 Invoking GDB

Invoke GDB by running the progragadb. Once started, GDB reads commands from the
terminal until you tell it to exit.

You can also rugdb with a variety of arguments and options, to specify more of your debugging
environment at the outset.

The command-line options described here are designed to cover a variety of situations; in some
environments, some of these options may effectively be unavailable.

The most usual way to start GDB is with one argument, specifying an executable program:
gdb program

You can also start with both an executable program and a core file specified:
gdb program core

You can, instead, specify a process ID as a second argument, if you want to debug a running
process:

gdb program 1234

would attach GDB to proced234 (unless you also have a file nani&t84 GDB does check
for a core file first).

Taking advantage of the second command-line argument requires a fairly complete operating
system; when you use GDB as a remote debugger attached to a bare board, there may not be any
notion of “process”, and there is often no way to get a core dump.

You can rurgdb without printing the front material, which describes GDB’s non-warranty, by
specifying-silent
gdb -silent

You can further control how GDB starts up by using command-line options. GDB itself can
remind you of the options available.

Type
gdb -help
to display all available options and briefly describe their gdb {his a shorter equivalent).

All options and command line arguments you give are processed in sequential order. The order
makes a difference when th& option is used.

2.1.1 Choosing files

When GDB starts, it reads any arguments other than options as specifying an executable file and
core file (or process ID). This is the same as if the arguments were specified-bgahd—-c

options respectively. (GDB reads the first argument that does not have an associated option flag
as equivalent to theseoption followed by that argument; and the second argument that does not
have an associated option flag, if any, as equivalent tectbetion followed by that argument.)

Many options have both long and short forms; both are shown in the following list. GDB also
recognizes the long forms if you truncate them, so long as enough of the option is present to be
unambiguous. (If you prefer, you can flag option arguments-wittather than-, though we
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illustrate the more usual convention.)

—symbolsfile

—sfile Read symbol table from filde.

—execfile

—efile Use filefile as the executable file to execute when appropriate.

—sefile
Read symbol table from filde and use it as the executable file.

—corefile

—cfile Use filefile as a core dump to examine.

—Cc number
Connect to process IBumber as with theattach command (unless there is a
file in core-dump format namedimber in which case-c specifies that file as a
core dump to read).

—commandfile

—x file Execute GDB commands from filke. SeeCommand files

—directory directory
—d directory Add directoryto the path to search for source files.

—mapped

-m Warning: this option depends on operating system facilities that are not supported
on all systems. If memory-mapped files are available on your system through the
mmapsystem call, you can use this option to have GDB write the symbols from
your program into a reusable file in the current directory. If the program you are
debugging is calleftmp/fred, the mapped symbol file ifred.syms Future
GDB debugging sessions notice the presence of this file, and can quickly map in
symbol information from it, rather than reading the symbol table from the
executable program.

The.symsfile is specific to the host machine where GDB is run. It holds an exact
image of the internal GDB symbol table. It cannot be shared across multiple host
platforms.

-readnow

-r Read each symbol file’s entire symbol table immediately, rather than the default,
which is to read it incrementally as it is needed. This makes startup slower, but
makes future operations faster.

The-mapped and-readnow options are typically combined in order to build a
.symsfile that contains complete symbol information. (€menmands to specify
files for information.

A .symsfile for future use is:
gdb -batch -nx -mapped -readnow programname

2.1.2 Choosing modes
You can run GDB in various alternative modes—for example, in batch mode or quiet mode.

-Nnx

-n Do not execute commands from any initialization files (normally cadjddinit).
Normally, the commands in these files are executed after all the command options
and arguments have been processed.Ceeamand files
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—quiet

-q “Quiet”. Do not print the introductory and copyright messages. These messages
are also suppressed in batch mode.

—batch Run in batch mode. Exit with statOsafter processing all the command files

specified with-x (and all commands from initialization files, if not inhibited with
—n). Exit with nonzero status if an error occurs in executing the GDB commands
in the command files.

Batch mode may be useful for running GDB as a filter, for example to download
and run a program on another computer; in order to make this more useful, the
message

Program exited normally.

(which is ordinarily issued whenever a program running under GDB control
terminates) is not issued when running in batch mode.

—cd directory
Run GDB usinglirectoryas its working directory, instead of the current directory.

—fullname

—f GNU Emacs sets this option when it runs GDB as a subprocess. It tells GDB to
output the full file name and line number in a standard, recognizable fashion each
time a stack frame is displayed (which includes each time your program stops).
This recognizable format looks like tw@2 characters, followed by the file name,
line number and character position separated by colons, and a newline. The
Emacs-to-GDB interface program uses the t@®@characters as a signal to
display the source code for the frame.

—b bps Set the line speed (baud rate or bits per second) of any serial interface used by
GDB for remote debugging.

—tty device Run usingdevicefor your program’s standard input and output.
2.2 Quitting GDB

quit To exit GDB, use thquit command (abbreviateg)), or type an end-of-file
character (usuallg-d). If you do not supplexpressionGDB will terminate
normally; otherwise it will terminate using the resuleapressioras the error
code.

interrupt An interrupt (oftenC-c) does not exit from GDB, but rather terminates the action
of any GDB command that is in progress and returns to GDB command level. Itis
safe to type the interrupt character at any time because GDB does not allow it to
take effect until a time when it is safe.

If you have been using GDB to control an attached process or device, you can
release it with theletach command.

2.3 Shell commands

If you need to execute occasional shell commands during your debugging session, there is no
need to leave or suspend GDB; you can just usshéé command.

shellcommand string
Invoke a the standard shell to exeatdenmand string If it exists, the
environment variablSHELL determines which shell to run. Otherwise GDB uses
/bin/sh

The utility make is often needed in development environments. You do not have to use the
shell command for this purpose in GDB:
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make make-args
Execute themake program with the specified arguments. This is equivalent to
shell makemake-args
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3. GDB Commands

You can abbreviate a GDB command to the first few letters of the command name, if that
abbreviation is unambiguous; and you can repeat certain GDB commands by typing just RET.
You can also use the TAB key to get GDB to fill out the rest of a word in a command (or to show
you the alternatives available, if there is more than one possibility).

3.1 Command syntax

A GDB command is a single line of input. There is no limit on how long it can be. It starts with
a command name, which is followed by arguments whose meaning depends on the command
name. For example, the commastdp accepts an argument which is the number of times to
step, as irstep 5 You can also use tilstep command with no arguments. Some command
names do not allow any arguments.

GDB command names may always be truncated if that abbreviation is unambiguous. Other
possible command abbreviations are listed in the documentation for individual commands. In
some cases, even ambiguous abbreviations are allowed; for exarngpépecially defined as
equivalent tastep even though there are other commands whose names stagt Witlu can

test abbreviations by using them as arguments tbdlpe command.

A blank line as input to GDB (typing just RET) means to repeat the previous command. Certain
commands (for exampleyn ) will not repeat this way; these are commands whose unintentional
repetition might cause trouble and which you are unlikely to want to repeat.

Thelist andx commands, when you repeat them with RET, construct new arguments rather
than repeating exactly as typed. This permits easy scanning of source or memory.

GDB can also use RET in another way: to partition lengthy output, in a way similar to the
common utilitymore. Since it is easy to press one RET too many in this situation, GDB disables
command repetition after any command that generates this sort of display.

Any text from a# to the end of the line is a comment; it does nothing. This is useful mainly in
command files.

3.2 Command completion

GDB can fill in the rest of a word in a command for you, if there is only one possibility; it can
also show you what the valid possibilities are for the next word in a command, at any time. This
works for GDB commands, GDB subcommands, and the names of symbols in your program.

Press the TAB key whenever you want GDB to fill out the rest of a word. If there is only one
possibility, GDB fills in the word, and waits for you to finish the command (or press RET to enter
it). For example, if you type

(gdb) info bre TAB

GDB fills in the rest of the worldreakpoints, since that is the onipwfo subcommand
beginning withbre:

(gdb) info breakpoints

You can either press RET at this point, to runitiie breakpoints command, or backspace
and enter something elsebifeakpoints does not look like the command you expected. (If you
were sure you wantadfo breakpoints in the first place, you might as well just type RET
immediately afteinfo bre, to exploit command abbreviations rather than command completion).

If there is more than one possibility for the next word when you press TAB, GDB sounds a bell.
You can either supply more characters and try again, or just press TAB a second time; GDB
displays all the possible completions for that word. For example, you might want to set a
breakpoint on a subroutine whose name beginsmitke , but when you typé make TAB

GDB just sounds the bell. Typing TAB again displays all the function names in your program
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that begin with those characters, for example:

(gdb) b make_ TAB
GDB sounds bell; press TAB again, to see:

make_a_section_from_file make_environ

make_abs_section make_function_type
make_blockvector make_pointer_type
make_cleanup make_reference_type
make_command make_symbol_completion_list

(gdb) b make__

After displaying the available possibilities, GDB copies your partial inpaigke_in the
example) so you can finish the command.

If you just want to see the list of alternatives in the first place, you canMr@gsither than
pressing TAB twiceM-? meandVIETA ?. You can type this either by holding down a key
designated as the META shift on your keyboard (if there is one) while t@pimgas ESC
followed by~?.

Sometimes the string you need, while logically a “word”, may contain parentheses or other
characters that GDB normally excludes from its notion of a word. To permit word completion to
work in this situation, you may enclose words i(single quote marks) in GDB commands.

The most likely situation where you might need this is in typing the name of a C++ function.

This is because C++ allows function overloading (multiple definitions of the same function,
distinguished by argument type). For example, when you want to set a breakpoint you may need
to distinguish whether you mean the versionare that takes amt parametemame(int)

or the version that takedlaat parametemame(float) . To use the word-completion

facilities in this situation, type a single quétat the beginning of the function name. This alerts
GDB that it may need to consider more information than usual when you press TWAB tor

request word completion:

(gdb) b 'bubble( M-?
bubble(double,double) bubble(int,int)
(gdb) b "bubble(

In some cases, GDB can tell that completing a name requires using quotes. When this happens,
GDB inserts the quote for you (while completing as much as it can) if you do not type the quote
in the first place:

(gdb) b bub TAB
GDB alters your input line to the following, and rings a bell:
(gdb) b 'bubble(

In general, GDB can tell that a quote is needed (and inserts it) if you have not yet started typing
the argument list when you ask for completion on an overloaded symbol.

3.3 Getting help
You can always ask GDB itself for information on its commands, using the contfrand

help
h You can usédielp (abbreviatedh) with no arguments to display a short list of
named classes of commands:
(gdb) help

List of classes of commands:

running -- Running the program

stack -- Examining the stack

data -- Examining data

breakpoints -- Making program stop at certain points
files -- Specifying and examining files
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status -- Status inquiries

support -- Support facilities
user-defined -- User-defined commands
aliases -- Aliases of other commands
obscure -- Obscure features

Type "help” followed by a class name for a list of
commands in that class.

Type "help" followed by command name for full
documentation.

Command name abbreviations are allowed if unambiguous.

(gdb)

helpclass  Using one of the general help classes as an argument, you can get a list of the
individual commands in that class. For example, here is the help display for the
classstatus

(gdb) help status
Status inquiries.

List of commands:

show -- Generic command for showing things set
with "set"
info -- Generic command for printing status

Type "help" followed by command name for full
documentation.
Command name abbreviations are allowed if unambiguous.

(gdb)

help command
With a command name aglp argument, GDB displays a short paragraph on
how to use that command.

completeargs
Thecomplete args command lists all the possible
completions for the beginning of a command. Use args to
specify the beginning of the command you want
completed. For example:

complete i
info
inspect
ignore

In addition tohelp , you can use the GDB commarndfo andshow to inquire about the state

of your program, or the state of GDB itself. Each command supports many topics of inquiry; this
manual introduces each of them in the appropriate context. The listingsinfiodeand under

show in the Index point to all the sub-commands.

info This command (abbreviatéd is for describing the state of your program. For
example, you can list the arguments given to your programimfithargs  , list
the registers currently in use witlfo registers , or list the breakpoints you
have set withnfo breakpoints . You can get a complete list of thdo
sub-commands withelp info

set You can assign the result of an expresson to an environment variabgetvith
For example, you can set the GDB prompt to a $-sign seitiprompt $

show In contrast tanfo , show is for describing the state of GDB itself. You can
change most of the things you cslrow, by using the related commasdt ; for
example, you can control what number system is used for displayseawith
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radix , or simply inquire which is currently in use wishow radix

To display all the settable parameters and their current values, you cdouse
with no arguments; you may also ust set . Both commands produce the
same display.

Here are three miscellaneasow subcommands, all of which are exceptional in lacking
correspondinget commands:

show version
Show what version of GDB is running. You should include this information in
GDB bug-reports. If multiple versions of GDB are in use at your site, you may
occasionally want to determine which version of GDB you are running; as GDB
evolves, new commands are introduced, and old ones may wither away. The
version number is also announced when you start GDB.

show copying
Display information about permission for copying GDB.

show warranty
Display theGNU “NO WARRANTY” statement.
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4. Running Programs Under GDB

When you run a program under GDB, you must first generate debugging information when you
compile it. You may start GDB with its arguments, if any, in an environment of your choice. You
may redirect your program’s input and output, debug an already running process, or kill a child

process.

4.1 Compiling for debugging

In order to debug a program effectively, you need to generate debugging information when you
compile it. This debugging information is stored in the object file; it describes the data type of
each variable or function and the correspondence between source line numbers and addresses in
the executable code.

To request debugging information, specify tggoption when you run the compiler.

Many C compilers are unable to handle tigeand—0 options together. Using those compilers,
you cannot generate optimized executables containing debugging information.

GCC, theGNU C compiler, supportsg with or without—-0O, making it possible to debug
optimized code. We recommend that ya@waysuse—g whenever you compile a program. You
may think your program is correct, but there is no sense in pushing your luck.

When you debug a program compiled with -O, remember that the optimizer is rearranging

your code; the debugger shows you what is really there. Do not be too surprised when the
execution path does not exactly match your source file! An extreme example: if you define a
variable, but never use it, GDB never sees that variable—because the compiler optimizes it out of
existence.

Some things do not work as well witlg -O as with just-g, particularly on machines with
instruction scheduling. If in doubt, recompile witg alone, and if this fixes the problem, please
report it to us as a bug (including a test case!).

Older versions of theNU C compiler permitted a variant optieigg for debugging information.
GDB no longer supports this format; if ya@NU C compiler has this option, do not use it.

4.2 Starting your program

run

r Use therun command to start your program under GDB. You must first specify
the program name with an argument to GDB, or by usinfjléhe or exec-
file command.

If you are running your program in an execution environment that supports proo@sses,
creates an inferior process and makes that process run your program. (In environments without
processesun jumps to the start of your program.)

The execution of a program is affected by certain information it receives from its superior. GDB
provides ways to specify this information, which you musbelfore starting your program.

(You can change it after starting your program, but such changes only affect your program the
next time you start it.) This information may be divided into four categories:

The arguments.
Specify the arguments to give your program as the argumentsroithe
command. If a shell is available on your target, the shell is used to pass the
arguments, so that you may use normal conventions (such as wildcard expansion
or variable substitution) in describing the arguments. In Unix systems, you can
control which shell is used with tf8HELL environment variable.
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The environment.
Your program normally inherits its environment from GDB, but you can use the
GDB commandset environment andunset environment to change
parts of the environment that affect your prografour program’s environment

The working directory.
Your program inherits its working directory from GDB. You can set the GDB
working directory with thed command in GDB.Your program’s working
directory.

The standard input and output.
Your program normally uses the same device for standard input and standard
output as GDB is using. You can redirect input and output inuthecommand
line, or you can use tiiy command to set a different device for your program.
Your program’s input and output

Warning: While input and output redirection work, you cannot use pipes to pass
the output of the program you are debugging to another program,; if you attempt
this, GDB is likely to wind up debugging the wrong program.

When you issue thein command, your program begins to execute immediatigpping and
continuing for discussion of how to arrange for your program to stop. Once your program has
stopped, you may call functions in your program, usingtié orcall commands.

Examining Data

If the modification time of your symbol file has changed since the last time GDB read its
symbols, GDB discards its symbol table, and reads it again. When it does this, GDB tries to
retain your current breakpoints.

4.3 Your program’s arguments

The arguments to your program can be specified by the argumentswi tktemmand. They

are passed to a shell, which expands wildcard characters and performs redirection of I/O, and
thence to your program. Yo@HELL environment variable (if it exists) specifies what shell GDB
uses. If you do not defir@HELL, GDB usegbin/sh

run with no arguments uses the same arguments used by the prewvigus those set by the
setargs command.

set args Specify the arguments to be used the next time your program is rset. If
args has no argumentsjn executes your program with no arguments. Once
you have run your program with arguments, usiegargs  before the next
run is the only way to run it again without arguments.

show args  Show the arguments to give your program when it is started.

4.4 Your program’s environment

Theenvironmentonsists of a set of environment variables and their values. Environment
variables conventionally record such things as your user name, your home directory, your
terminal type, and your search path for programs to run. Usually you set up environment
variables with the shell and they are inherited by all the other programs you run. When
debugging, it can be useful to try running your program with a modified environment without
having to start GDB over again.

path directory
Add directoryto the front of thd®>ATHenvironment variable (the search path for
executables), for both GDB and your program. You may specify several directory
names, separated byr whitespace. Iflirectoryis already in the path, it is moved
to the front, so it is searched sooner.
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You can use the strirficwd to refer to whatever is the current working directory at
the time GDB searches the path. If you usestead, it refers to the directory
where you executed thgath command. GDB replacesn thedirectory

argument (with the current path) before addiirgctoryto the search path.

show paths Display the list of search paths for executables RR&Henvironment variable).

show environment[varnamé
Print the value of environment varialernameto be given to your program when
it starts. If you do not supplarname print the names and values of all
environment variables to be given to your program. You can abbreviate
environment asenv.

set environmentvarname[=] value
Set environment variablearnameto value The value changes for your program
only, not for GDB itself.valuemay be any string; the values of environment
variables are just strings, and any interpretation is supplied by your program itself.
Thevalueparameter is optional; if it is eliminated, the variable is set to a null
value.

For example, this command:
set env USER = foo

tells a Unix program, when subsequently run, that its user is nimme(Tlhe
spaces arourd are used for clarity here; they are not actually required.)

unset environmentvarname
Remove ariablevarnamefrom the environment to be passed to your program.
This is different fronset enwarname=; unset environment removes the
variable from the environment, rather than assigning it an empty value.

Warning: GDB runs your program using the shell indicated by YBWHELL environment
variable if it exists (0BOPENNT_ROOT/bin/sh if not). If your SHELLvariable names a shell
that runs an initialization file—such ashrcfor C-shell, or.bashrcfor BASH-any variables you
set in that file affect your program. You may wish tovesetting of environment variables to
files that are only run when you sign on, suctiagn or .profile.

4.5 Your program’s working directory

Each time you start your program witlm , it inherits its working directory from the current
working directory of GDB. The GDB working directory is initially whatever it inherited from its
parent process (typically the shell), but you can specify a new working directory in GDB with the
cd command.

The GDB working directory also serves as a default for the commands that specify files for GDB
to operate on.

cd directory Set the GDB working directory wirectory.
pwd Print the GDB working directory.

4.6 Your program'’s input and output

By default, the program you run under GDB does input and output to the same terminal that GDB
uses. GDB switches the terminal to its own terminal modes to interact with you, but it records the
terminal modes your program was using and switches back to them when you continue running
your program.

info terminal
Displays information recorded by GDB about the terminal modes your program is
using.
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You can redirect your program’s input and/or output using shell redirection withrthe
command. For example,

run > outfile
starts your program, diverting its output to the dilefile.

Another way to specify where your program should do input and output is witly the

command. This command accepts a file name as argument, and causes this file to be the default
for futurerun commands. It also resets the controlling terminal for the child process, for future
run commands. For example,

tty /dev/ttyb

directs that processes started with subsequentcommands default to do input and output on
the terminaldev/ttyb and have that as their controlling terminal.

An explicit redirection irrun overrides thaety command’s effect on the input/output device,
but not its effect on the controlling terminal.

When you use they command or redirect input in then command, only the inpdor your
program is affected. The input for GDB still comes from your terminal.

4.7 Debugging an already-running process

attach process-id
This command attaches to a running process—one that was started outside GDB.
(info files shows your active targets.) The command takes as argument a
process ID. The usual way to find out the process-id of a Unix process is with the
ps utility, or with thejobs -l shell command.

attach does not repeat if you press RET a second time after executing the
command.

To useattach , your program must be running in an environment which supports processes; for
exampleattach does not work for programs on bare-board targets that lack an operating
system. You must also have permission to send the process a signal.

When usingattach , you should first use tfde command to specify the program running in
the process and load its symbol tabommands to Specify Files

The first thing GDB does after arranging to debug the specified process is to stop it. You can
examine and modify an attached process with all the GDB commands that are ordinarily available
when you start processes witin . You can insert breakpoints; you can step and continue; you

can modify storage. If you would rather the process continue running, you may use the

continue command after attaching GDB to the process.

detach When you have finished debugging the attached process, you can detne
command to release it from GDB control. Detaching the process continues its
execution. After theletach command, that process and GDB become
completely independent once more, and you are reaalyatth another process
or start one withun . detach does not repeat if you press RET again after
executing the command.

If you exit GDB or use theun command while you have an attached process, you Kkill that
process. By default, GDB asks for confirmation if you try to do either of these things; you can
control whether or not you need to confirm by usingstteconfirm command.

4.8 Killing the child process
kill Kill the child process in which your program is running under GDB.
This command is useful if you wish to debug a core dump instead of a running process. GDB
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ignores any core dump file while your program is running.

On some operating systems, a program cannot be executed outside GDB while you have
breakpoints set on it inside GDB. You can usekiie command in this situation to permit
running your program outside the debugger.

Thekill command is also useful if you wish to recompile and relink your program, since on
many systems it is impossible to modify an executable file while it is running in a process. In this
case, when you next typen , GDB notices that the file has changed, and reads the symbol table
again (while trying to preserve your current breakpoint settings).

4.9 Additional process information

Some operating systems provide a facility calfgdc that can be used to examine the image of a
running process using file-system subroutines. If GDB is configured for an operating system with
this facility, the commanhfo proc is available to report on several kinds of information

about the process running your progranfo proc  works only on SVR4 systems that support
procfs

info proc Summarize available information about the process.

info proc mappings
Report on the address ranges accessible in the program, with information on
whether your program may read, write, or execute each range.

info proc times
Starting time, user CPU time, and system CPU time for your program and its
children.

info procid Report on the process IDs related to your program: its own process ID, the ID of
its parent, the process group ID, and the session ID.

info proc status
General information on the state of the process. If the process is stopped, this
report includes the reason for stopping, and any signal received.

info proc all Show all the abveinformation about the process.

4.10 Debugging programs with multiple threads

In some operating systems, a single program may have more thémezunf execution. The
precise semantics of threads differ from one operating system to another, but in general the
threads of a single program are akin to multiple processes—except that they share one address
space (that is, they can all examine and modify the same variables). On the other hand, each
thread has its own registers and execution stack, and perhaps private memory.

GDB provides these facilities for debugging multi-thread programs:
+ automatic notification of new threads

thread threadng a command to switch among threads

info threads, a command to inquire about existing threads

thread apply [threadnd [ all] args
a command to apply a command to a list of threads

thread-specific breakpoints

Warning: These facilities are not yet available on every GDB configuration where the operating
system supports threads. If your GDB does not support threads, these commands have no effect.
For example, a system without thread support shows no outputrffothreads, and always

rejects thehread command, like this:
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(gdb) info threads

(gdb) thread 1

Thread ID 1 not known. Use the "info threads" command to
see the IDs of currently known threads.

The GDB thread debugging facility allows you to observe all threads while your program
runs—but whenever GDB takes control, one thread in particular is always the focus of debugging.
This thread is called theurrent thread Debugging commands show program information from

the perspective of the current thread.

Whenever GDB detects a new thread in your program, it displays the target system’s
identification for the thread with a message in the fihew systad. systag is a thread identifier
whose form varies depending on the particular system. For example, on LynxOS, you might see

[New process 35 thread 27]

when GDB notices a new thread. In contrast, on an SGI systesydtags simply something
like process 368with no further qualifier.

For debugging purposes, GDB associates its own thread number—always a single integer—with
each thread in your program.

info threads Display a summary of all threads currently in your program. GDB displays for
each thread (in this order):

1. the thread number assigned by GDB

2. the target system'’s thread identifigy<tag

3. the current stack frame summary for that thread

An asterisk* to the left of the GDB thread number indicates the current thread.
For example,

(gdb) info threads
3 process 35 thread 27  0x34e5 in sigpause ()
2 process 35 thread 23  0x34e5 in sigpause ()
* 1 process 35 thread 13 main (argc=1, argv=0x7ffffff8)
at threadtest.c:68

thread threadno
Make thread numbehreadnothe current thread. The command argument
threadnais the internal GDB thread number, as shown in the first field ahtbe
threads display. GDB responds by displaying the system identifier of the thread
you selected, and its current stack frame summary:

(gdb) thread 2
[Switching to process 35 thread 23]
0x34e5 in sigpause ()

As with the[New ... message, the form of the text af@witching to depends on
your system’s conventions for identifying threads.

thread apply [threadnq [all] args
Thethread apply command allows you to apply a command to one or more
threads. Specify the numbers of the threads that you want affected with the
command argumetiihreadno threadnais the internal GDB thread number, as
shown in the first field of thiefo threads display. To apply a command to
all threads, usthread apply all args

Whenever GDB stops your program, due to a breakpoint or a signal, it automatically selects the
thread where that breakpoint or signal happened. GDB alerts you to the context switch with a
message of the forfiwitching to systag to identify the thread.
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SeeStopping and starting multi-thread progranfier more information about how GDB behaves
when you stop and start programs with multiple threads.

SeeSetting watchpointdor information about watchpoints in programs with multiple threads.

4.11 Debugging programs with multiple processes

GDB has no special support for debugging programs which create additional processes using the
fork function. When a program forks, GDB will continue to debug the parent process and the
child process will run unimpeded. If you have set a breakpoint in any code which the child then
executes, the child will getaIGTRAPsignal which (unless it catches the signal) will cause it to
terminate.

However, if you want to debug the child process there is a workaround which isn’t too painful.

Put a call tesleep in the code which the child process executes after the fork. It may be useful

to sleep only if a certain environment variable is set, or a certain file exists, so that the delay need
not occur when you don’'t want to run GDB on the child. While the child is sleeping, yse the
program to get its process ID. Then tell GDB (a new invocation of GDB if you are also

debugging the parent process) to attach to the child procegsti@el®. From that point on you

can debug the child process just like any other process which you attached to.
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5. Stopping and Continuing

The principal purposes of using a debugger are so that you can stop your program before it
terminates; or so that, if your program runs into trouble, you can investigate and find out why.

Inside GDB, your program may stop for any of several reasons, such as a signal, a breakpoint, or
reaching a new line after a GDB command sucéigg . You may then examine and change
variables, set new breakpoints or mmold ones, and then continue execution. Usually, the
messages shown by GDB provide ample explanation of the status of your program-but you can
also explicitly request this information at any time.

info program
Display information about the status of your program: whether it is running or not,
what process it is, and why it stopped.

5.1 Breakpoints, watchpoints, and exceptions

A breakpointmakes your program stop whenever a certain point in the program is reached. For
each breakpoint, you can add conditions to control in finer detail whether your program stops.
You can set breakpoints with theeak command and its variants, to specify the place where
your program should stop by line number, function name or exact address in the program. In
languages with exception handling (suclGad) C++), you can also set breakpoints where an
exception is raised.

In SunOS 4.x, SVR4, and Alpha OSF/1 configurations, you can now set breakpoints in shared
libraries before the executable is run.

A watchpointis a special breakpoint that stops your program when the value of an expression
changes. You must use a different command to set watchpoints, but aside from that, you can
manage a watchpoint like any other breakpoint: you enable, disable, and delete both breakpoints
and watchpoints using the same commands.

You can arrange to have values from your program displayed automatically whenever GDB stops
at a breakpoint.

GDB assigns a number to each breakpoint or watchpoint when you create it; these numbers are
successive integers starting with one. In many of the commands for controlling various features
of breakpoints you use the breakpoint number to say which breakpoint you want to change. Each
breakpoint may benabledor disabled if disabled, it has no effect on your program until you

enable it again.

5.1.1 Setting breakpoints

Breakpoints are set with theeak command (abbreviatdn). The debugger convenience
variable$bpnum records the number of the breakpoints you've set most recently; see
Convenience variablefor a discussion of what you can do with convenience variables.

You have several ways to say where the breakpoint should go.

break function
Set a breakpoint at entry to functifimction When using source languages that permit
overloading of symbols, such as C+fufpctionmay refer to more than one possible
place to breakBreakpoint menydgor a discussion of that situation.

break +offset

break -offset
Set a breakpoint some number of lines forward or back from the position at which
execution stopped in the currently selected frame.
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break linenum
Set a breakpoint at linsenumin the current source file. That file is the last file whose
source text was printed. This breakpoint stops your program just before it executes any
of the code on that line.

break filenamelinenum
Set a breakpoint at linenenumin source fildilename

break filenamefunction
Set a breakpoint at entry to functifumctionfound in filefilename Specifying a file
name as well as a function name is superfluous except when multiple files contain
similarly named functions.

break *address
Set a breakpoint at addrezddress You can use this to set breakpoints in parts of your
program which do not have debugging information or source files.

break
When called without any argumeniseak sets a breakpoint at the next instruction to
be executed in the selected stack frame. In any selected frame but the innermost, this
makes your program stop as soon as control returns to that frame. This is similar to the
effect of afinish  command in the frame inside the selected frame—except that
finish  does not leave an active breakpoint. If youlwssk without an argument
in the innermost frame, GDB stops the next time it reaches the current location; this
may be useful inside loops.

GDB normally ignores breakpoints when it resumes execution, until at least one
instruction has been executed. If it did not do this, you would be unable to proceed past
a breakpoint without first disabling the breakpoint. This rule applies whether or not the
breakpoint already existed when your program stopped.

break ... if cond
Set a breakpoint with conditiarond evaluate the expressiaondeach time the
breakpoint is reached, and stop only if the value is nonzero—thatasdévaluates as
true. ... stands for one of the possible arguments describ@eeétr no argument)
specifying where to break. S8egeak conditiongor more information on breakpoint
conditions.

tbreak args
Set a breakpoint enabled only for one stagsare the same as for thesak
command, and the breakpoint is set in the same way, but the breakpoint is automatically
deleted after the first time your program stops there.[3sabling breakpoints

hbreak args
Set a hardware-assisted breakpoargsare the same as for theeak command and
the breakpoint is set in the same way, but the breakpoint requires hardware support and
some target hardware may not have this support. The main purpose of this is
EPROM/ROM code debugging, so you can set a breakpoint at an instruction without
changing the instruction. This can be used with the new trap-generation provided by
SPARCIite DSU. DSU will generate traps when a program accesses some date or
instruction address that is assigned to the debug registers. However the hardware
breakpoint registers can only take two data breakpoints, and GDB will reject this
command if more than two are used. Delete or disable usused hardware breakpoints
before setting new ones. SBreak conditions

thbreak args
Set a hardware-assisted breakpoint enabled only for oneatygare the same as for
thehbreak command and the breakpoint is set in the same way. However, like the
tbreak command, the breakpoint is automatically deleted after the first time your



gdb for QPENNT Pre-Release January 13, 1998 22

program stops there. Also, like thbreak command, the breakpoint requires
hardware support and some target hardware may not have this supipalling
breakpoints Also seeBreak conditions

rbreak regex
Set breakpoints on all functions matching the regular expresgier This command
sets an unconditional breakpoint on all matches, printing a list of all breakpoints it set.
Once these breakpoints are set, they are treated just like the breakpoints set with the
break command. You can delete them, disable them, or make them conditional the
same way as any other breakpoint.

When debugging C++ programibyeak is useful for setting breakpoints on
overloaded functions that are not members of any special classes.

info breakpoints [n]
info break [n]

info watchpoints [n]
Print a table of all breakpoints and watchpoints set and not deleted, with the following
columns for each breakpoint:

Breakpoint Numbers
Type Breakpoint or watchpoint.

Disposition
Whether the breakpoint is marked to be disabled or deleted when hit.

Enabled or Disabled
Enabled breakpoints are marked withn marks breakpoints that are not
enabled.

Address
Where the breakpoint is in your program, as a memory address

What  Where the breakpoint is in the source for your program, as a file and line
number.

If a breakpoint is conditionainfo break shows the condition on the line following
the affected breakpoint; breakpoint commands, if any, are listed after that.

info break with a breakpoint numberas argument lists only that breakpoint. The
convenience variab® _ and the default examining-address forxheommand are set
to the address of the last breakpoint listed.

info break now displays a count of the number of times the breakpoint has been
hit. This is especially useful in conjunction with igpore command. You can

ignore a large number of breakpoint hits, look at the breakpoint info to see how many
times the breakpoint was hit, and then run again, ignoring one less than that number.
This will get you quickly to the last hit of that breakpoint.

GDB allows you to set any number of breakpoints at the same place in your program. There is
nothing silly or meaningless about this. When the breakpoints are conditional, this is even useful.

GDB itself sometimes sets breakpoints in your program for special purposes, such as proper
handling oflongimp (in C programs). These internal breakpoints are assigned negative
numbers, starting witkl ; info breakpoints does not display them.

You can see these breakpoints with the GDB maintenance commaantdinfo breakpoints.

maint info breakpoints
Using the same format aso breakpoints, display both the breakpoints you've
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set explicitly, and those GDB is using for internal purposes. Internal breakpoints
are shown with negative breakpoint numbers. The type column identifies what
kind of breakpoint is shown:

breakpoint  Normal, explicitly set breakpoint.
watchpoint  Normal, explicitly set watchpoint.

longjmp Internal breakpoint, used to handle correctly stepping through
longjmp calls.

longjmp resume
Internal breakpoint at the target ofoagjmp .

until Temporary internal breakpoint used by the GD#I command.
finish Temporary internal breakpoint used by the Gibish
command.

5.1.2 Setting watchpoints
You can use a watchpoint to stop execution whenever the value of an expression changes, without
having to predict a particular place where this may happen.

Watchpoints currently execute two orders of magnitude more slowly than other breakpoints, but
this can be well worth it to catch errors where you have no clue what part of your program is the
culprit.

watch expr  Set a watchpoint for an expression. GDB will break wéuris written into by
the program and its value changes. This can be used with the new trap-generation
provided by SPARCIite DSU. DSU will generate traps when a program accesses
some date or instruction address that is assigned to the debug registers. For the
data addresses, DSU facilitates wetch command. However the hardware
breakpoint registers can only take two data watchpoints, and both watchpoints
must be the same kind. For example, you can set two watchpointeatith
commands, two withwatch commandspr two with awatch commands, but
you cannot set one watchpoint with one command and the other with a different
command. GDB will reject the command if you try to mix watchpoints. Delete or
disable unused watchpoint commands before setting new ones.

rwatch expr Set a watchpoint that will break when watoiysis read by the program. If you
use both watchpoints, both must be set withrtvetch command.

awatchexpr Set a watchpoint that will break whargsis read and written into by the program.
If you use both watchpoints, both must be set witrathatch command.

info watchpoints
This command prints a list of watchpoints and breakpoints; it is the sanfe as
break .

Warning: in multi-thread programs, watchpoints have only limited usefulness. With the current
watchpoint implementation, GDB can only watch the value of an expréssaosingle thread

If you are confident that the expression can only change due to the current thread’s activity (and if
you are also confident that no other thread can become current), then you can use watchpoints as
usual. However, GDB may not notice when a non-current thread’s activity changes the
expression.

5.1.3 Breakpoints and exceptions

Some languages, such@su C++, implement exception handling. You can use GDB to

examine what caused your program to raise an exception, and to list the exceptions your program
is prepared to handle at a given point in time.
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catch exceptions
You can set breakpoints at active exception handlers by usicgtitte
command.exceptionss a list of names of exceptions to catch.

You can usenfo catch to list active exception handlertnformation about a frame
There are currently some limitations to exception handling in GDB:

« If you call a function interactively, GDB normally returns control to you when the function
has finished executing. If the call raises an exception, however, the call may bypass the
mechanism that returns control to you and cause your program to simply continue running
until it hits a breakpoint, catches a signal that GDB is listening for, or exits.

+ You cannot raise an exception interactively.
+ You cannot install an exception handler interactively.

Sometimegatch is not the best way to debug exception handling: if you need to know exactly
where an exception is raised, it is better to &iefjore the exception handler is called, since that
way you can see the stack before any unwinding takes place. If you set a breakpoint in an
exception handler instead, it may not be easy to find out where the exception was raised.

To stop just before an exception handler is called, you need some knowledge of the
implementation. In the case BNU C++, exceptions are raised by calling a library function
named__raise_exception which has the following ANSI C interface:

[* addr is where the exception identifier is stored.
ID is the exception identifier. */
void __raise_exception (void ** addr, void* id);

To make the debugger catch all exceptions before any stack unwinding takes place, set a
breakpoint on__raise_exception 0.

With a conditional breakpoint that depends on the valug, gbu can stop your program when a
specific exception is raised. You can use multiple conditional breakpoints to stop your program
when any of a number of exceptions are raised.

5.1.4 Deleting breakpoints

It is often necessary to eliminate a breakpoint or watchpoint once it has done its job and you no
longer want your program to stop there. This is callelétingthe breakpoint. A breakpoint that
has been deleted no longer exists; it is forgotten.

With theclear command you can delete breakpoints according to where they are in your
program. With thalelete command you can delete individual breakpoints or watchpoints by
specifying their breakpoint numbers.

It is not necessary to delete a breakpoint to proceed past it. GDB automatically ignores
breakpoints on the first instruction to be executed when you continue execution without changing
the execution address.

clear
Delete any breakpoints at the next instruction to be executed in the selected stack
frame. When the innermost frame is selected, this is a good way to delete a
breakpoint where your program just stopped.

clear function
clear filenamefunction
Delete any breakpoints set at entry to the fundiimaction

clear linenum
clear filenamelinenum
Delete any breakpoints set at or within the code of the specified line.
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delete[breakpoints] [bnums..]
Delete the breakpoints or watchpoints of the numbers specified as arguments. If
no argument is specified, delete all breakpoints (GDB asks confirmation, unless
you haveset confirm off ). You can abbreviate this commanddas

5.1.5 Disabling breakpoints

Rather than deleting a breakpoint or watchpoint, you might pretésableit. This makes the
breakpoint inoperative as if it had been deleted, but remembers the information on the breakpoint
so that you caenableit again later.

You disable and enable breakpoints and watchpoints witbrtakle anddisable commands,
optionally specifying one or more breakpoint numbers as argumentsnfo&eeak  or

info watch  to print a list of breakpoints or watchpoints if you do not know which numbers to
use.

A breakpoint or watchpoint can have any of four different states of enablement:

« Enabled. The breakpoint stops your program. A breakpoint set witiréla& command
starts out in this state.

» Disabled. The breakpoint has no effect on your program.

- Enabled once. The breakpoint stops your program, but then becomes disabled. A
breakpoint set with thdboreak command starts out in this state.

« Enabled for deletion. The breakpoint stops your program, but immediately after it does so
it is deleted permanently.

You can use the following commands to enable or disable breakpoints and watchpoints:

disable[breakpoints] [bnums..]
Disable the specified breakpoints—or all breakpoints, if none are listed. A disabled
breakpoint has no effect but is not forgotten. All options such as ignore-counts,
conditions and commands are remembered in case the breakpoint is enabled again
later. You may abbreviatdisable asdis .

enable[breakpoints] [bnums..]
Enable the specified breakpoints (or all defined breakpoints). They become
effective once again in stopping your program.

enable[breakpoints] oncebnums..
Enable the specified breakpoints temporarily. GDB disables any of these
breakpoints immediately after stopping your program.

enable[breakpoints] deletebnums..
Enable the specified breakpoints to work once, then die. GDB deletes any of these
breakpoints as soon as your program stops there.

Except for a breakpoint set withreak , breakpoints that you set are initially enabled;
subsequently, they become disabled or enabled only when you use one of the commands above.
(The commandintil  can set and delete a breakpoint of its own, but it does not change the state
of your other breakpoints; s€ontinuing and steppinp

5.1.6 Break conditions

The simplest sort of breakpoint breaks every time your program reaches a specified place. You
can also specify eonditionfor a breakpoint. A condition is just a Boolean expression in your
programming language. A breakpoint with a condition evaluates the expression each time your
program reaches it, and your program stops only if the conditiomeis

This is the converse of using assertions for program validation; in that situation, you want to stop
when the assertion is violated—that is, when the condition is false. In C, if you want to test an
assertion expressed by the conditi@sert you should set the conditidrasserton the
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appropriate breakpoint.

Conditions are also accepted for watchpoints; you may not need them, since a watchpoint is
inspecting the value of an expression anyhow—but it might be simpler, say, to just set a watchpoint
on a variable name, and specify a condition that tests whether the new value is an interesting one.

Break conditions can have side effects, and may even call functions in your program. This can be
useful, for example, to activate functions that log program progress, or to use your own print
functions to format special data structures. The effects are completely predictable unless there is
another enabled breakpoint at the same address. (In that case, GDB might see the other
breakpoint first and stop your program without checking the condition of this one.) Note that
breakpoint commands are usually more convenient and flexible for the purpose of performing
side effects when a breakpoint is reached.

Break conditions can be specified when a breakpoint is set, byiusirthe arguments to the
break command. They can also be changed at any time witbaihdition =~ command. The
watch command does not recognize thekeyword;condition  is the only way to impose a
further condition on a watchpoint.

condition bnum expression
Specifyexpressioras the break condition for breakpoint or watchpoint number
bnum After you set a condition, breakpoimumstops your program only if the
value ofexpressions true (nonzero, in C). When you usendition , GDB
checksexpressionmmediately for syntactic correctness, and to determine whether
symbols in it have referents in the context of your breakpoint. GDB does not
actually evaluatexpressiorat the time theondition = command is given,
however. Expressions

condition bnum
Removethe condition from breakpoint numbenum It becomes an ordinary
unconditional breakpoint.

A special case of a breakpoint condition is to stop only when the breakpoint has been reached a
certain number of times. This is so useful that there is a special way to do it, usgmptiee

count of the breakpoint. Every breakpoint has an ignore count, which is an integer. Most of the
time, the ignore count is zero, and therefore has no effect. But if your program reaches a
breakpoint whose ignore count is positive, then instead of stopping, it just decrements the ignore
count by one and continues. As a result, if the ignore count vatéhis breakpoint does not

stop the next times your program reaches it.

ignore bnum count
Set the ignore count of breakpoint numbeumto count The nexicounttimes
the breakpoint is reached, your program’s execution does not stop; other than to
decrement the ignore count, GDB takes no action.

To make the breakpoint stop the next time it is reached, specify a count of zero.

When you useontinue  to resume execution of your program from a
breakpoint, you can specify an ignore count directly as an argument to
continue , rather than usingynore

If a breakpoint has a positive ignore count and a condition, the condition is not
checked. Once the ignore count reaches zero, GDB resumes checking the
condition.

You could achieve the effect of the ignore count with a condition sugfoas -
<=0 using a debugger convenience variable that is decremented each time.
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5.1.7 Breakpoint command lists

You can give any breakpoint (or watchpoint) a series of commands to execute when your program
stops due to that breakpoint. For example, you might want to print the values of certain
expressions, or enable other breakpoints.

commands[bnunj

... command-list..

end
Specify a list of commands for breakpoint numibesm The commands
themselves appear on the following lines. Type a line containingijasto
terminate the commands.

To removeall commands from a breakpoint, typemmands and follow it
immediately withend ; that is, give no commands.

With nobnumargumentcommands refers to the last breakpoint or watchpoint
set (not to the breakpoint most recently encountered).

Pressing RET as a means of repeating the last GDB command is disabled adgttimand-list

You can use breakpoint commands to start your program up again. Simply osatthee
command, ostep , or any other command that resumes execution.

Any other commands in the command list, after a command that resumes execution, are ignored.
This is because any time you resume execution (even with a siewtleor step ), you may

encounter another breakpoint-which could have its own command list, leading to ambiguities
about which list to execute.

If the first command you specify in a command ligiisnt , the usual message about stopping

at a breakpoint is not printed. This may be desirable for breakpoints that are to print a specific
message and then continue. If none of the remaining commands print anything, you see no sign
that the breakpoint was reachesilent  is meaningful only at the beginning of a breakpoint
command list.

The commandecho , output , andprintf  allow you to print precisely controlled output, and
are often useful in silent breakpoinSommands for controlled output

For example, here is how you could use breakpoint commands to print the valaeeftry to
foo wheneve is positive.

break foo if x>0
commands

silent

printf "x is %d\n",x
cont

end

One application for breakpoint commands is to compensate for one bug so you can test for
another. Put a breakpoint just after the erroneous line of code, give it a condition to detect the
case in which something erroneous has been done, and give it commands to assign correct values
to any variables that need them. End with¢betinue command so that your program does

not stop, and start with trelent  command so that no output is produced. Here is an example:

break 403
commands
silent
setx=y+4
cont

end
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5.1.8 Breakpoint menus

Some programming languages (notably C++) permit a single function name to be defined several
times, for application in different contexts. This is calbegrloading When a function name is
overloadedbpreak functionis not enough to tell GDB where you want a breakpoint. If you

realize this is a problem, you can use somethinddikak functiontypeg to specify which

particular version of the function you want. Otherwise, GDB offers you a menu of numbered
choices for different possible breakpoints, and waits for your selection with the prompé

first two options are alwayf] canceland[1] all. Typing1 sets a breakpoint at each definition of
function and typing0 aborts théoreak command without setting any new breakpoints.

For example, the following session excerpt shows an attempt to set a breakpoint at the overloaded
symbolString::after . We choose three particular definitions of that function name:

(gdb) b String::after

[0] cancel

[1] all

[2] file:String.cc; line number:867

[3] file:String.cc; line number:860

[4] file:String.cc; line number:875

[5] file:String.cc; line number:853

[6] file:String.cc; line number:846

[7] file:String.cc; line number:735

>246

Breakpoint 1 at 0xb26c: file String.cc, line 867.
Breakpoint 2 at Oxb344: file String.cc, line 875.
Breakpoint 3 at Oxafcc: file String.cc, line 846.
Multiple breakpoints were set.

Use the "delete” command to delete unwanted
breakpoints.

(gdb)
5.2 Continuing and stepping

Continuingmeans resuming program execution until your program completes normally. In
contraststeppingmeans executing just one more “step” of your program, where “step” may
mean either one line of source code, or one machine instruction (depending on what particular
command you use). Either when continuing or when stepping, your program may stop even
sooner, due to a breakpoint or a signal. (If due to a signal, you may wantianaée , or use
signal Oto resume executiorSignals)

continue [ignore-counk

c [ignore-count

fg [ignore-coung
Resume program execution, at the address where your program last stopped; any
breakpoints set at that address are bypassed. The optional arggmoesycount
allows you to specify a further number of times to ignore a breakpoint at this
location; its effect is like that a§nore

The argumenignore-counis meaningful only when your program stopped due to
a breakpoint. At other times, the argumentdatinue is ignored.

The synonyms andfg are provided purely for convenience, and have exactly the
same behavior antinue

To resume execution at a different place, you cametsen to go back to the calling function;
orjump to go to an arbitrary location in your program.

A typical technique for using stepping is to set a breakpoint at the beginning of the function or the
section of your program where a problem is believed to lie, run your program until it stops at that
breakpoint, and then step through the suspect area, examining the variables that are interesting,
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until you see the problem happen.

step

stepcount

next[couni

finish

until

Continue running your program until control reaches a different source line, then
stop it and return control to GDB. This command is abbreviited

Warning: If you use thestep command while control is within a function that

was compiled without debugging information, execution proceeds until control
reaches a function that does have debugging information. Likewise, it will not step
into a function which is compiled without debugging information. To step through
functions without debugging information, use #tepi command, described

below.

Thestep command now only stops at the first instruction of a source line. This
prevents the multiple stops that used to occur in switch statements, for loops, etc.
step continues to stop if a function that has debugging information is called
within the line.

Also, thestep command now only enters a subroutine if there is line number
information for the subroutine. Otherwise it acts likertlegt command. This
avoids problems when usireg -gI on MIPS machines. Previousbtep

entered subroutines if there was any debugging information about the routine.

Continue running as istep , but do sccounttimes. If a breakpoint is reached, or
a signal not related to stepping occurs betanentsteps, stepping stops right
away.

Continue to the next source line in the current (innermost) stack frame. This is
similar tostep , but function calls that appear within the line of code are executed
without stopping. Execution stops when control reaches a different line of code at
the original stack level that was executing when you gavedke command.

This command is abbreviated

An argumentountis a repeat count, as fstep .

Thenext command now only stops at the first instruction of a source line. This
prevents the multiple stops that used to occur in swtch statements, for loops, etc.

Continue running until just after function in the selected stack frame returns. Print
the returned value (if any).

Contrast this with theeturn command.

Continue running until a source line past the current line, in the current stack
frame, is reached. This command is used to avoid single stepping through a loop
more than once. It is like theext command, except that whentil

encounters a jump, it automatically continues execution until the program counter
is greater than the address of the jump.

This means that when you reach the end of a loop after single stepping though it,
until  makes your program continue execution until it exits the loop. In contrast,
anext command at the end of a loop simply steps back to the beginning of the
loop, which forces you to step through the next iteration.

until  always stops your program if it attempts to exit the current stack frame.

untii  may produce somewhat counterintuitive results if the order of machine
code does not match the order of the source lines. For example, in the following
excerpt from a debugging session, thrame ) command shows that execution

is stopped at lin€06 ; yet when we usantil , we get to linel95:

(gdb) f
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#0 main (argc=4, argv=0xf7fffae8) at m4.c:206

206 expand_input();
(gdb) until
195 fo r (; argc>0; NEXTARG) {

This happened because, for execution efficiency, the compiler had generated code
for the loop closure test at the end, rather than the start, of the loop—even though
the test in a Gor -loop is written before the body of the loop. Tumil

command appeared to step back to the beginning of the loop when it advanced to
this expression; however, it has not really gone to an earlier statement—not in terms
of the actual machine code.

until  with no argument works by means of single instruction stepping, and
hence is slower thamtil  with an argument.

until location

ulocation  Continue running your program until either the specified location is reached, or the
current stack frame returnfocationis any of the forms of argument acceptable to
break . This form of the command uses breakpoints, and hence is quicker than
until  without an argument.

stepi

si Execute one machine instruction, then stop and return to the debugger.
It is often useful to ddisplay/i $pcwhen stepping by machine instructions. This
makes GDB automatically display the next instruction to be executed, each time
your program stops.
An argument is a repeat count, astep .

nexti

ni Execute one machine instruction, but if it is a function call, proceed until the
function returns.
An argument is a repeat count, anéxt .

5.3 Signals

A signal is an asynchronous event that can happen in a program. The operating system defines
the possible kinds of signals, and gives each kind a name and a number. For example, in Unix
SIGINT is the signal a program gets when you type an interrupt (6Hen SIGSEGVis the

signal a program gets from referencing a place in memory far away from all the areas in use;
SIGALRMoccurs when the alarm clock timer goes off (which happens only if your program has
requested an alarm).

Some signals, includin§IGALRM are a normal part of the functioning of your program. Others,
such asSIGSEGYV, indicate errors; these signals &atal (kill your program immediately) if the
program has not specified in advance some other way to handle the SIgBH&NT does not
indicate an error in your program, but it is normally fatal so it can carry out the purpose of the
interrupt: to kill the program.

GDB has the ability to detect any occurrence of a signal in your program. You can tell GDB in
advance what to do for each kind of signal.

Normally, GDB is set up to ignore non-erroneous signalsSikeALRM(so as not to interfere
with their role in the functioning of your program) but to stop your program immediately
whenever an error signal happens. You can change these settings Wiindfe2 command.

info signals  Print a table of all the kinds of signals and how GDB has been told to handle each
one. You can use this to see the signal numbers of all the defined types of signals.

info handle is the new alias fainfo signals
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handle signal keywords.
Change the way GDB handles siga@jnal signalcan be the number of a signal
or its name (with or without th8IG at the beginning). Thikeywordssay what
change to make.

The keywords allowed by theandle command can be abbreviated. Their full names are:

nostop GDB should not stop your program when this signal happens. It may still print a
message telling you that the signal has come in.

stop GDB should stop your program when this signal happens. This implies the
print  keyword as well.

print GDB should print a message when this signal happens.

noprint GDB should not mention the occurrence of the signal at all. This implies the

nostop keyword as well.

pass GDB should allow your program to see this signal; your program can handle the
signal, or else it may terminate if the signal is fatal and not handled.

nopass GDB should not allow your program to see this signal.

When a signal stops your program, the signal is not visible until you continue. Your program sees
the signal then, ipass is in effect for the signal in questian that time. In other words, after

GDB reports a signal, you can use tiamdle command withpass or nopass to control

whether your program sees that signal when you continue.

You can also use ttegnal command to prevent your program from seeing a signal, or cause it
to see a signal it normally would not see, or to give it any signal at any time. For example, if your
program stopped due to some sort of memory reference error, you might store correct values into
the erroneous variables and continue, hoping to see more execution; but your program would
probably terminate immediately as a result of the fatal signal once it saw the signal. To prevent
this, you can continue witsignal Q

5.4 Stopping and starting multi-thread programs

When your program has multiple threads, you can choose whether to set breakpoints on all
threads, or on a particular thread.

break linespechread threadno

break linespechread threadnoif ...
linespecspecifies source lines; there are several ways of writing them, but the
effect is always to specify some source line.

Use the qualifiethread threadnowith a breakpoint command to specify that you
only want GDB to stop the program when a particular thread reaches this
breakpoint.threadnois one of the numeric thread identifiers assigned by GDB,
shown in the first column of thiefo threads display.

If you do not specifghread threadnowhen you set a breakpoint, the breakpoint
applies taall threads of your program.

You can use ththread qualifier on conditional breakpoints as well; in this case,
placethread threadnobefore the breakpoint condition, like this:

(gdb) break frik.c:13 thread 28 if bartab > lim

Whenever your program stops under GDB for any reaabthreads of execution stop, not just
the current thread. This allows you to examine the overall state of the program, including
switching between threads, without worrying that things may change underfoot.

Conversely, whenever you restart the progralinthreads start executing.his is true even
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when single-steppingvith commands likestep or next .

In particular, GDB cannot single-step all threads in lockstep. Since thread scheduling is up to
your debugging target’s operating system (not controlled by GDB), other threads may execute
more than one statement while the current thread completes a single step. Moreover, in general
other threads stop in the middle of a statement, rather than at a clean statement boundary, when
the program stops.

You might even find your program stopped in another thread after continuing or even single-
stepping. This happens whenever some other thread runs into a breakpoint, a signal, or an
exception before the first thread completes whatever you requested.
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6. Examining the Stack

When your program has stopped, the first thing you need to know is where it stopped and how it
got there.

Each time your program performs a function call, information about the call is generated. That
information includes the location of the call in your program, the arguments of the call, and the
local variables of the function being called. The information is saved in a block of data called a
stack frame The stack frames are allocated in a region of memory callezhthsgtack

When your program stops, the GDB commands for examining the stack allow you to see all of
this information.

One of the stack framessslectecdoy GDB and many GDB commands refer implicitly to the
selected frame. In particular, whenever you ask GDB for the value of a variable in your program,
the value is found in the selected frame. There are special GDB commands to select whichever
frame you are interested ielecting a frame

When your program stops, GDB automatically selects the currently executing frame and
describes it briefly, similar to tHeame command.

6.1 Stack frames

The call stack is divided up into contiguous pieces callack frames or framesfor short; each
frame is the data associated with one call to one function. The frame contains the arguments
given to the function, the function’s local variables, and the address at which the function is
executing.

When your program is started, the stack has only one frame, that of the fumaiion This is

called thenitial frame or theoutermosframe. Each time a function is called, a new frame is

made. Each time a function returns, the frame for that function invocation is eliminated. If a
function is recursive, there can be many frames for the same function. The frame for the function
in which execution is actually occurring is called ifveermostirame. This is the most recently
created of all the stack frames that still exist.

Inside your program, stack frames are identified by their addresses. A stack frame consists of
many bytes, each of which has its own address; each kind of computer has a convention for
choosing one byte whose address serves as the address of the frame. Usually this address is kept
in a register called thieame pointer registewhile execution is going on in that frame.

GDB assigns numbers to all existing stack frames, starting with zero for the innermost frame, one
for the frame that called it, and so on upward. These numbers do not really exist in your
program; they are assigned by GDB to give you a way of designating stack frames in GDB
commands.

Some compilers provide a way to compile functions so that they operate without stack frames.
(For example, th&CCoption—fomit-frame-pointer generates functions without a frame.) This

is occasionally done with heavily used library functions to save the frame setup time. GDB has
limited facilities for dealing with these function invocations. If the innermost function invocation
has no stack frame, GDB nevertheless regards it as though it had a separate frame, which is
numbered zero as usual, allowing correct tracing of the function call chain. However, GDB has
no provision for frameless functions elsewhere in the stack.

frame [argg Theframe command allows you to owvefrom one stack frame to another, and to
print the stack frame you selecrgsmay be either the address of the frame or the
stack frame number. Without an argumératme prints the current stack frame.

select-frame
Theselect-frame command allows you to owvefrom one stack frame to
another without printing the frame. This is the silent versidinaofie .
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6.2 Backtraces

A backtrace is a summary of how your program got where it is. It shows one line per frame, for
many frames, starting with the currently executing frame (frame zero), followed by its caller
(frame one), and on up the stack.

backtrace

bt Print a backtrace of the entire stack: one line per frame for all frames in the stack.
You can stop the backtrace at any time by typing the system interrupt character,
normally C-c.

backtracen

bt n Similar, but print only the innermostframes.

backtrace n

bt —n Similar, but print only the outermostframes.

The namesvhere andinfo stack (abbreviatednfo s ) are additional aliases for
backtrace

Each line in the backtrace shows the frame number and the function name. The program counter
value is also shown-unless you sg&e¢ print address off . The backtrace also shows

the source file name and line number, as well as the arguments to the function. The program
counter value is omitted if it is at the beginning of the code for that line number.

Here is an example of a backtrace. It was made with the comm&ndo it shows the
innermost three frames.

#0 m4_traceon (obs=0x24eb0, argc=1, argv=0x2b8c8)
at builtin.c:993
#1 0x6e38 in expand_macro (sym=0x2b600) at macro.c:242
#2 0x6840 in expand_token (obs=0x0, t=177664, td=0xf7fffb08)
at macro.c:71
(More stack frames follow...)

The display for frame zero does not begin with a program counter value, indicating that your
program has stopped at the beginning of the code fo®#8eof builtin.c

6.3 Selecting a frame

Most commands for examining the stack and other data in your program work on whichever stack
frame is selected at the moment. Here are the commands for selecting a stack frame; all of them
finish by printing a brief description of the stack frame just selected.

frame n

fn Select frame number. Recall that frame zero is the innermost (currently
executing) frame, frame one is the frame that called the innermost one, and so on.
The highest-numbered frame is the onenfiaiin .

frame addr

f addr Select the frame at addresddr. This is useful mainly if the chaining of stack

frames has been damaged by a bug, making it impossible for GDB to assign
numbers properly to all frames. In addition, this can be useful when your program
has multiple stacks and switches between them.

On the SPARC architecturgame needs two addresses to select an arbitrary
frame: a frame pointer and a stack pointer.

On the MIPS and Alpha architecture, it needs two addresses: a stack pointer and a
program counter.

On the 29k architecture, it needs three addresses: a register stack pointer, a
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program counter, and a memory stack pointer.

upn Move n frames up the stack. For positive numberthis advances toward the
outermost frame, to higher frame numbers, to frames that have existed longer.
defaults to one.

downn Move n frames down the stack. For positive numberthis advances toward the
innermost frame, to lower frame numbers, to frames that were created more
recently. n defaults to one. You may abbreviatewn asdo.

All of these commands end by printing two lines of output describing the frame. The first line
shows the frame number, the function name, the arguments, and the source file and line number of
execution in that frame. The second line shows the text of that source line.

For example:
(gdb)up
#1 0x22f0 in main (argc=1, argv=0xf7fffbf4, env=0xf7fffbfc)
at env.c:10
10 read_input_file (argv[i]);

After such a printout, thiist command with no arguments prints ten lines centered on the
point of execution in the frameRrinting source lines

up-silently n

down-silently n
These two commands are variantaipfanddown, respectively; they differ in that
they do their work silently, without causing display of the new frame. They are
intended primarily for use in GDB command scripts, where the output might be
unnecessary and distracting.

6.4 Information about a frame
There are several other commands to print information about the selected stack frame.

frame

f When used without any argument, this command does not change which frame is
selected, but prints a brief description of the currently selected stack frame. It can
be abbreviatefl. With an argument, this command is used to select a stack frame.
Selecting a frame

info frame

info f This command prints a verbose description of the selected stack frame, including:

» the address of the frame

« the address of the next frame down (called by this frame)

« the address of the next frame up (caller of this frame)

« the language in which the source code corresponding to this frame is written
- the address of the frame’s arguments

« the program counter saved in it (the address of execution in the caller frame)
« which registers were saved in the frame

something has gone wrong that has made the stack format fail to fit the usual
conventions.

info frame addr

infof addr  Print a verbose description of the frame at addrddg without selecting that
frame. The selected frame remains unchanged by this command. This requires
the same kind of address (more than one for some architectures) that you specify
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in theframe command.Selecting a frame
info args Print the arguments of the selected frame, each on a separate line.

info locals Print the local variables of the selected frame, each on a separate line. These are
all variables (declared either static or automatic) accessible at the point of
execution of the selected frame.

info catch Print a list of all the exception handlers that are active in the current stack frame at
the current point of execution. To see other exception handlers, visit the associated
frame (using theip, down, orframe commands); then typafo catch
Breakpoints and exceptions
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7. Examining Source Files

GDB can print parts of your program’s source, since the debugging information recorded in the
program tells GDB what source files were used to build it. When your program stops, GDB
spontaneously prints the line where it stopped. Likewise, when you select a stack frame, GDB
prints the line where execution in that frame has stopped. You can print other portions of source
files by explicit command.

If you use GDB through it&NU Emacs interface, you may prefer to use Emacs facilities to view
source.

7.1 Printing source lines

To print lines from a source file, use il command (abbreviatdd. By default, ten lines
are printed. There are several ways to specify what part of the file you want to print.

Here are the forms of thst command most commonly used:
list linenum Print lines centered around line numbieenumin the current source file.
list function Print lines centered around the beginning of funchimrction

list Print more lines. If the last lines printed were printed wilista command, this
prints lines following the last lines printed; however, if the last line printed was a
solitary line printed as part of displaying a stack frame, this prints lines centered
around that line.

list — Print lines just before the lines last printed.

By default, GDB prints ten source lines with any of these forms dishe command. You can
change this usinget listsize

set listsizecount
Make thelist command displagountsource lines (unless thist argument
explicitly specifies some other number).

show listsize Display the number of lines thiédt  prints.

Repeating $ist command with RET discards the argument, so it is equivalent to typing just
list . This is more useful than listing the same lines again. An exception is made for an
argument of-; that argument is preserved in repetition so that each repetition moves up in the
source file.

In general, théist command expects you to supply zero, one orlimaspecs Linespecs
specify source lines; there are several ways of writing them but the effect is always to specify
some source line. Here is a complete description of the possible arguméists for

list linespec Print lines centered around the line specifiedingspec
list firstlast Print lines fronfirstto last Both arguments are linespecs.

list last Print lines ending wittast

list first, Print lines starting witHirst.

list + Print lines just after the lines last printed.
list — Print lines just before the lines last printed.
list As described in the preceding table.

Here are the ways of specifying a single source line—all the kinds of linespec.
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number Specifies linemmumberof the current source file. Wherist command has two
linespecs, this refers to the same source file as the first linespec.

+offset Specifies the lineffsetlines after the last line printed. When used as the second
linespec in dist command that has two, this specifies the difigetlines down
from the first linespec.

—offset Specifies the lineffsetlines before the last line printed.

filenamenumber
Specifies linemumberin the source filéilename

function Specifies the line that begins the body of the fundtioetion For example: in C,
this is the line with the open brace.

filenamefunction
Specifies the line of the open-brace that begins the body of the fufuiionin
the filefilename You only need the file name with a function name to avoid
ambiguity when there are identically named functions in different source files.

*address Specifies the line containing the program addaelssess addresamay be any
expression.

7.2 Searching source files
There are two commands for searching through the current source file for a regular expression.

forward-search regexp

searchregexp
The commandorward-search regexpchecks each line, starting with the one
following the last line listed, for a match faagexp It lists the line that is found.
You can use the synonysearchregexpor abbreviate the command namdas

reverse-searchregexp
The commandeverse-searchregexpchecks each line, starting with the one
before the last line listed and going backward, for a matctedexp It lists the
line that is found. You can abbreviate this commanas

7.3 Specifying source directories

Executable programs sometimes do not record the directories of the source files from which they
were compiled, just the names. Even when they do, the directories could be moved between the
compilation and your debugging session. GDB has a list of directories to search for source files;
this is called theource path Each time GDB wants a source file, it tries all the directories in the
list, in the order they are present in the list, until it finds a file with the desired name. Note that
the executable search patma used for this purpose. Neither is the current working directory,
unless it happens to be in the source path.

If GDB cannot find a source file in the source path, and the object program records a directory,
GDB tries that directory too. If the source path is empty, and there is no record of the
compilation directory, GDB looks in the current directory as a last resort.

Whenever you reset or rearrange the source path, GDB clears out any information it has cached
about where source files are found and where each line is in the file.

When you start GDB, its source path is empty. To add other directories, ubeettery
command.

directory dirname...

dir dirname...
Add directorydirnameto the front of the source path. Several directory names
may be given to this command, separated tywhitespace. You may specify a
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directory that is already in the source path; this moves it forward, so GDB searches
it sooner.

You can use the strirfgcdir to refer to the compilation directory (if one is
recorded), an@cwdto refer to the current working director$cwd is not the
same as-the former tracks the current working directory as it changes during
your GDB session, while the latter is immediately expanded to the current
directory at the time you add an entry to the source path.

directory Reset the source path to empty again. This requires confirmation.

show directories
Print the source path: show which directories it contains.

If your source path is cluttered with directories that are no longer of interest, GDB may
sometimes cause confusion by finding the wrong versions of source. You can correct the situation
as follows:

1. Usedirectory  with no argument to reset the source path to empty.

2. Usedirectory  with suitable arguments to reinstall the directories you want in the
source path. You can add all the directories in one command.

7.4 Source and machine code

You can use the commainfo line to map source lines to program addresses (and vice
versa), and the commaddsassemble to display a range of addresses as machine

instructions. When run und&@NU Emacs mode, thiafo line command now causes the
arrow to point to the line specified. Alsafo line prints addresses in symbolic form as well
as hex.

info line linespec
Print the starting and ending addresses of the compiled code for source line
linespec You can specify source lines in any of the ways understood bigthe
command.

For example, we can ug&o line to discover the location of the object code for the first line
of functionm4_changequote :

(gdb) info line m4_changecom
Line 895 of "builtin.c" starts at pc 0x634c and ends at 0x6350.

We can also inquire (usinfPf2addr  as the form fofinespeg¢ what source line covers a
particular address:

(gdb) info line *Ox63ff
Line 926 of "builtin.c" starts at pc 0x63e4 and ends at 0x6404.

After info line , the default address for tikecommand is changed to the starting address of
the line, so that/i is sufficient to begin examining the machine code. Also, this address is saved
as the value of the convenience varigble

disassemble
This specialized command dumps a range of memory as machine instructions.
The default memory range is the function surrounding the program counter of the
selected frame. A single argument to this command is a program counter value;
GDB dumps the function surrounding this value. Two arguments specify a range
of addresses (first inclusive, second exclusive) to dump.

We can uselisassemble to inspect the object code range shown in thanéstine
example (the example shows SPARC machine instructions):

(gdb) disas 0x63e4 0x6404
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Dump of assembler code from 0x63e4 to 0x6404:

0x63e4 <builtin_init+5340>: ble 0x63f8 <builtin_init+5360>
0x63e8 <builtin_init+5344>: sethi %hi(0x4c00), %00
0x63ec <builtin_init+5348>: Id [%i1+4], %00

0x63f0 <builtin_init+5352>: b 0x63fc <builtin_init+5364>
0x63f4 <builtin_init+5356>; Id [%000+4], %00

0x63f8 <builtin_init+5360>: or %00, Ox1a4, %00

0x63fc <builtin_init+5364>: call 0x9288 <path_search>
0x6400 <builtin_init+5368>: nop

End of assembler dump.

set assembly-languagmstruction-set
This command selects the instruction set to use when disassembling the program
via thedisassemble orx/i commands. Itis useful for architectures that have
more than one native instruction set.

Currently it is only defined for the Intel x86 family. You canisstruction-seto
eitheri386 ori8086 . The default 3386 .
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8. Examining Data

The usual way to examine data in your program is witlptile  command (abbreviataw), or
its synonyminspect . It evaluates and prints the value of an expression of the language your
program is written in.

print exp

print/fexp exps an expression (in the source language). By default the vatxpisf
printed in a format appropriate to its data type; you can choose a different format
by specifying/f, wheref is a letter specifying the format.

print
print / f If you omitexp GDB displays the last value again (from Hadue history). This
allows you to conveniently inspect the same value in an alternative format.

A more low-level way of examining data is with tteommand. It examines data in memory at
a specified address and prints it in a specified forflBahmining memory

If you are interested in information about types, or about how the fields of a struct or class are
declared, use thetype expcommand rather thgmrint . SeeExamining the Symbol Table

8.1 Expressions

print and many other GDB commands accept an expression and compute its value. Any kind

of constant, variable or operator defined by the programming language you are using is valid in an
expression in GDB. This includes conditional expressions, function calls, casts and string
constants. It unfortunately does not include symbols defined by preprotdefioe

commands.

GDB now supports array constants in expressions input by the user. The symxrient
element.} . For example, you can now use the commaniat {1, 2, 3@ } to build up
an array in memory that is malloc'd in the target program.

Because C is so widespread, most of the expressions shown in examples in this manual are in C.
SeeUsing GDB with Different Languagésr information on how to use expressions in other
languages.

In this section, we discuss operators that you can use in GDB expressions regardless of your
programming language.

Casts are supported in all languages, not just in C, because it is so useful to cast a number into a
pointer in order to examine a structure at that address in memory.

GDB supports these operators, in addition to those common to programming languages:

@ @is a binary operator for treating parts of memory as arrAytificial arrays, for
more information.

:: allows you to specify a variable in terms of the file or function where it is
defined. Program variables

{typg addr Refers to an object of typggpestored at addressldrin memory. addr may be
any expression whose value is an integer or pointer (but parentheses are required
around binary operators, just as in a cast). This construct is allowed regardless of
what kind of data is normally supposed to residada.

8.2 Program variables
The most common kind of expression to use is the name of a variable in your program.
Variables in expressions are understood in the selected stack frame; they must be either:



gdb for QPENNT Pre-Release January 13, 1998 42

» global (or static)

« visible according to the scope rules of the programming language from the point of
execution in that frame

foo (a)
int a;

bar (a);
{

int b = test ();
bar (b);

}
}
you can examine and use the variablghenever your program is executing within the function

foo , but you can only use or examine the varidblehile your program is executing inside the
block whereb is declared.

There is an exception: you can refer to a variable or function whose scope is a single source file
even if the current execution point is not in this file. But it is possible to have more than one such
variable or function with the same name (in different source files). If that happens, referring to
that name has unpredictable effects. If you wish, you can specify a static variable in a particular
function or file, using the colon-colon notation:

file . variable
function :: variable

Herefile or functionis the name of the context for the staticiable In the case of file names,
you can use quotes to make sure GDB parses the file name as a single word—for example, to print
a global value ok defined inf2.c:

(gdb) p 'f2.c’::x

This use of: is very rarely in conflict with the very similar use of the same notation in C++.
GDB also supports use of the C++ scope resolution operator in GDB expressions.

Warning: Occasionally, a local variable may appear to have the wrong value at certain points in a
function—just after entry to a new scope, and just before exit.

You may see this problem when you are stepping by machine instructions. This is because, on
most machines, it takes more than one instruction to set up a stack frame (including local variable
definitions); if you are stepping by machine instructions, variables may appear to have the wrong
values until the stack frame is completely built. On exit, it usually also takes more than one
machine instruction to destroy a stack frame; after you begin stepping through that group of
instructions, local variable definitions may be gone.

8.3 Artificial arrays

It is often useful to print out several successive objects of the same type in memory; a section of
an array, or an array of dynamically determined size for which only a pointer exists in the
program.

You can do this by referring to a contiguous span of memory astificial array, using the

binary operato@. The left operand ofd should be the first element of the desired array and be

an individual object. The right operand should be the desired length of the array. The result is an
array value whose elements are all of the type of the left argument. The first element is actually
the left argument; the second element comes from bytes of memory immediately following those
that hold the first element, and so on. Here is an example. If a program says

int *array = (int *) malloc (len * sizeof (int));

you can print the contents afray with
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p *array@len

The left operand of® must reside in memory. Array values made v@hn this way behave just
like other arrays in terms of subscripting, and are coerced to pointers when used in expressions.
Artificial arrays most often appear in expressions via the value history, after printing one out.

Another way to create an artificial array is to use a cast. This re-interprets a value as if it were an
array. The value need not be in memory:

(gdb) p/x (short[2])0x12345678
$1 = {0x1234, 0x5678}

As a convenience, if you leave the array length out (&gpe)[]) valug) gdb calculates the size
to fill the value asizeof{/alué/sizeoftypé:

(gdb) p/x (short[])0x12345678
$2 = {0x1234, 0x5678}

Sometimes the artificial array mechanism is not quite enough; in moderately complex data
structures, the elements of interest may not actually be adjacent—for example, if you are interested
in the values of pointers in an array. One useful work-around in this situation is to use a
convenience variable as a counter in an expression that prints the first interesting value, and then
repeat that expression via RET. For instance, suppose you have attalragf pointers to

structures, and you are interested in the values of aVieid each structure. Here is an example

of what you might type:

set$i=0

p dtab[$i++]->fv
RET

RET

8.4 Output formats

By default, GDB prints a value according to its data type. Sometimes this is not what you want.
For example, you might want to print a number in hex, or a pointer in decimal. Or you might
want to view data in memory at a certain address as a character string or as an instruction. To do
these things, specify anutput formatvhen you print a value.

The simplest use of output formats is to say how to print a value already computed. This is done
by starting the arguments of thent command with a slash and a format letter. The format
letters supported are:

Regard the bits of the value as an integer, and print the integer in hexadecimal.

Print as integer in signed decimal.

Print as integer in unsigned decimal.

Print as integer in octal.

Print as integer in binary. The lettestands for “two”. ( cannot be used

because these format letters are also used with tbenmand, wherb

stands for “byte”.)

a Print as an address, both absolute in hexadecimal and as an offset from the
nearest preceding symbol. You can use this format used to discover where (in
what function) an unknown address is located:

(gdb) p/a 0x54320
$3 = 0x54320 <_initialize_vx+396>

¢ Regard as an integer and print it as a character constant.

Regard the bits of the value as a floating point number and print using typical

floating point syntax.

o caX

—h

For example, to print the program counter in hex, type
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p/x $pc

Note that no space is required before the slash; this is because command names in GDB cannot
contain a slash.

To reprint the last value in the value history with a different format, you can uggrthe
command with just a format and no expression. For exameeprints the last value in hex.

8.5 Examining memory

You can use the commandfor “examine”) to examine memory in any of several formats,
independently of your program’s data types.

x/nfu addr
x addr
X Use thex command to examine memory.

n, f, andu are all optional parameters that specify how much memory to display and how to
format it;addris an expression giving the address where you want to start displaying memory. If
you use defaults farfu, you need not type the slashSeveral commands set convenient defaults
for addr.

n, the repeat count
The repeat count is a decimal integer; the default is 1. It specifies how much
memory (counting by unitg) to display.

f, the display format
The display format is one of the formats usegbigt , s (null-terminated
string), ori (machine instruction). The defaultighexadecimal) initially. The
default changes each time you use either print

u, the unit size
The unit size is any of

b Bytes.

h  Halfwords (two bytes).

w  Words (four bytes). This is the initial default.
g Giant words (eight bytes).

Each time you specify a unit size withthat size becomes the default unit the
next time you us&. (For thesandi formats, the unit size is ignored and is
normally not written.)

addr, starting display address
addris the address where you want GDB to begin displaying memory. The
expression need not have a pointer value (though it may); it is always interpreted
as an integer address of a byte of memémypressionsfor more information on
expressions. The default faddris usually just after the last address
examined-but several other commands also set the default addie@ss:
breakpoints  (to the address of the last breakpoint listed} line (to the
starting address of a line), apdnt  (if you use it to display a value from
memory).

For examplex/3uh 0x54320s a request to display three halfwortl¥ ¢f memaory, formatted as
unsigned decimal integers)( starting at addre€x54320 . x/4xw $spprints the four wordsy)
of memory abvethe stack pointer (her&sp) in hexadecimalx).

Since the letters indicating unit sizes are all distinct from the letters specifying output formats,
you do not have to remember whether unit size or format comes first; either order works. The
output specificationgxw and4wx mean exactly the same thing. (However, the caountist

come firstwx4 does not work.)
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Even though the unit sizeis ignored for the formatsandi, you might still want to use a count
n; for example 3i specifies that you want to see three machine instructions, including any
operands. The commaulisassemble gives an alternative way of inspecting machine
instructions.

All the defaults for the argumentsstaare designed to make it easy to continue scanning memory
with minimal specifications each time you useFor example, after you have inspected three
machine instructions witk/3i addr, you can inspect the next seven with x5t If you use RET

to repeat th& command, the repeat counis used again; the other arguments default as for
successive uses pf

The addresses and contents printed bxtbemmand are not saved in the value history because
there is often too much of them and they would get in the way. Instead, GDB makes these values
available for subsequent use in expressions as values of the convenience Variabh#$ .

After anx command, the last address examined is available for use in expressions in the
convenience variab® . The contents of that address, as examined, are available in the
convenience variable .

If thex command has a repeat count, the address and contents saved are from the last memory
unit printed; this is not the same as the last address printed if several units were printed on the last
line of output.

8.6 Automatic display

If you find that you want to print the value of an expression frequently (to see how it changes),
you might want to add it to theutomatic display lisso that GDB prints its value each time your
program stops. Each expression added to the list is given a number to identify itpte sem
expression from the list, you specify that number. The automatic display looks like this:

2: foo = 38
3: bar[5] = (struct hack *) 0x3804

This display shows item numbers, expressions and their current values. As with displays you
request manually usingor print , you can specify the output format you prefer; in fact,
display decides whether to ugeint  or x depending on how elaborate your format
specification is—it uses if you specify a unit size, or one of the two formatarn(ds) that are

only supported by; otherwise it useprint

display exp Add the expressioaxpto the list of expressions to display each time your
program stopsExpressions

display does not repeat if you press RET again after using it.

display/fmt exp
For fmtspecifying only a display format and not a size or count, add the
expressiorexpto the auto-display list but arrange to display it each time in the
specified formatmt Output formats

display/fmt addr
Forfmti or s, orincluding a unit-size or a number of units, add the expression
addras a memory address to be examined each time your program stops.
Examining means in effect doingfmt addr

For exampledisplay/i $pccan be helpful, to see the machine instruction about to be executed
each time execution stopBpc is a common name for the program counter; ).

undisplay dnums..
delete displaydnums..
Removeitem numberginumsfrom the list of expressions to display.

undisplay  does not repeat if you press RET after using it. (Otherwise you
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would just get the errddo display number ...)

disable displaydnums..
Disable the display of item numbatsums A disabled display item is not printed
automatically, but is not forgotten. It may be enabled again later.

enable displaydnums..
Enable display of item numbedsums It becomes effective once again in auto
display of its expression, until you specify otherwise.

display Display the current values of the expressions on the list, just as is done when your
program stops.

info display Print the list of expressions previously set up to display automatically, each one
with its item number, but without showing the values. This includes disabled
expressions, which are marked as such. It also includes expressions which would
not be displayed right now because they refer to automatic variables not currently
available.

If a display expression refers to local variables, then it does not make sense outside the lexical
context for which it was set up. Such an expression is disabled when execution enters a context
where one of its variables is not defined. For example, if you give the conuisatedy

last_char  while inside a function with an argumdast_char , GDB displays this

argument while your program continues to stop inside that function. When it stops
elsewhere-where there is no variallgt_char -the display is disabled automatically. The

next time your program stops whéast_char  is meaningful, you can enable the display
expression once again.

8.7 Print settings
GDB provides the following ways to control how arrays, structures, and symbols are printed.
These settings are useful for debugging programs in any language:

set print address

set print address on
GDB prints memory addresses showing the location of stack traces, structure
values, pointer values, breakpoints, and so forth, even when it also displays the
contents of those addresses. The defawlhisFor example, this is what a stack
frame display looks like witlset print address on

(gdb) f

#0 set_quotes (Ig=0x34c78 "<<", rq=0x34c88 ">>"
at input.c:530

530 if (Iquote != def_Iquote)

set print address off
Do not print addresses when displaying their contents. For example, this is the
same stack frame displayed wat print address off

(gdb) set print addr off

(gdb) f

#0 set _quotes (Ig="<<", rq=">>") at input.c:530

530 if (Iquote != def_Iquote)
You can useset print address offto eliminate all machine dependent displays
from the GDB interface. For example, wijilint address off , you should

get the same text for backtraces on all machines—whether or not they involve
pointer arguments.
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show print address
Show whether or not addresses are to be printed.

When GDB prints a symbolic address, it normally prints the closest earlier symbol plus an offset.
If that symbol does not uniquely identify the address (for example, it is a name whose scope is a
single source file), you may need to clarify. One way to do this isimfitHine , for example

info line *0x4537. Alternately, you can set GDB to print the source file and line number when it
prints a symbolic address:

set print symbol-filename on
Tell GDB to print the source file name and line number of a symbol in the
symbolic form of an address.

set print symbol-filename off
Do not print source file name and line number of a symbol. This is the default.

show print symbol-filename
Show whether or not GDB will print the source file name and line number of a
symbol in the symbolic form of an address.

Another situation where it is helpful to show symbol filenames and line numbers is when
disassembling code; GDB shows you the line number and source file that corresponds to each
instruction.

Also, you may wish to see the symbolic form only if the address being printed is reasonably close
to the closest earlier symbol:

set print max-symbolic-offsetmax-offset
Tell GDB to only display the symbolic form of an address if the offset between the
closest earlier symbol and the address is lessni@xroffset The default is O,
which tells GDB to always print the symbolic form of an address if any symbol
precedes it.

show print max-symbolic-offset
Ask how large the maximum offset is that GDB prints in a symbolic address.

If you have a pointer and you are not sure where it pointsetrgrint symbol-filename on

Then you can determine the name and source file location of the variable where it points, using
p/a pointer. This interprets the address in symbolic form. For example, here GDB shows that a
variableptt points at another variabte defined inhi2.c:

(gdb) set print symbol-filename on
(gdb) p/a ptt
$4 = 0xe008 <t in hi2.c>

Warning: For pointers that point to a local varialj@a does not show the symbol name and
filename of the referent, even with the approprigtieprint options turned on.

Other settings control how different kinds of objects are printed:

set print array

set print array on
Pretty print arrays. This format is more convenient to read, but uses more space.
The default is off.

set print array off
Return to compressed format for arrays.

show print array
Show whether compressed or pretty format is selected for displaying arrays.
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set print elementsnumber-of-elements
Set a limit on how many elements of an array GDB will print. If GDB is printing a
large array, it stops printing after it has printed the number of elements set by the
set print elements command. This limit also applies to the display of
strings. Settingnumber-of-elements zero means that the printing is unlimited.

show print elements
Display the number of elements of a large array that GDB will print. If the
number is 0, then the printing is unlimited.

set print null-stop
Cause GDB to stop printing the characters of an array when the first NULL is
encountered. This is useful when large arrays actually contain only short strings.

set print pretty on
Cause GDB to print structures in an indented format with one member per line,
like this:

$1={
next = 0x0,
flags = {
sweet=1,
sour=1

}1
meat = 0x54 "Pork"

}

set print pretty off
Cause GDB to print structures in a compact format, like this:

$1 = {next = 0x0, flags = {sweet = 1, sour = 1}, meat = 0x54 "Pork"}
This is the default format.

show print pretty
Show which format GDB is using to print structures.

set print sevenbit-strings on
Print using only seven-bit characters; if this option is set, GDB displays any eight-
bit characters (in strings or character values) using the notatiom This setting
is best if you are working in English (ascii) and you use the high-order bit of
characters as a marker or “meta” bit.

set print sevenbit-strings off
Print full eight-bit characters. This allows the use of more international character
sets, and is the default.

show print sevenbit-strings
Show whether or not GDB is printing only seven-bit characters.

set print union on
Tell GDB to print unions which are contained in structures. This is the default
setting.

set print union off
Tell GDB not to print unions which are contained in structures.

show print union
Ask GDB whether or not it will print unions which are contained in structures.

For example, given the declarations
typedef enum {Tree, Bug} Species;
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typedef enum {Big_tree, Acorn, Seedling} Tree_forms;
typedef enum {Caterpillar, Cocoon, Butterfly}
Bug_forms;

struct thing {
Species it;
union {
Tree_forms tree;
Bug_forms bug;
} form;

h
struct thing foo = {Tree, {Acorn}};
with set print union on in effectp foo would print
$1 = {it = Tree, form = {tree = Acorn, bug = Cocoon}}
and withset print union off in effect it would print
$1 = {it = Tree, form = {...}}
These settings are of interest when debugging C++ programs:

set print demangle

set print demangle on
Print C++ names in their source form rather than in the encoded (“mangled”)
form passed to the assembler and linker for type-safe linkage. The default is

show print demangle
Show whether C++ names are printed in mangled or demangled form.

set print asm-demangle

set print asm-demangle on
Print C++ names in their source form rather than their mangled form, even in
assembler code printouts such as instruction disassemblies. The default is off.

show print asm-demangle
Show whether C++ names in assembly listings are printed in mangled or
demangled form.

set demangle-stylestyle
Choose among several encoding schemes used by different compilers to represent
C++ names. The choices fstyleare currently:

auto Allow GDB to choose a decoding style by inspecting your program.
gnu Decode based on tigNU C++ compiler §++) encoding
algorithm. This is the default.
lucid Decode based on the Lucid C++ compilec () encoding
algorithm.
arm Decode using the algorithm in t@2-+ Annotated Reference

Manual Warning: this setting alone is not sufficient to allow
debuggingcfront  -generated executables. GDB would require
further enhancement to permit that.

foo Show the list of formats.

show demangle-style
Display the encoding style currently in use for decoding C++ symbols.

set print object
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set print object on
When displaying a pointer to an object, identify siotual (derived) type of the
object rather than thegeclaredtype, using the virtual function table.

set print object off
Display only the declared type of objects, without reference to the virtual function
table. This is the default setting.

show print object
Show whether actual, or declared, object types are displayed.

set print static-members
set print static-members on
Print static members when displaying a C++ object. The default is on.

set print static-members off
Do not print static members when displaying a C++ object.

show print static-members
Show whether C++ static members are printed, or not.

set print vtbl
set print vtbl on
Pretty print C++ virtual function tables. The default is off.

set print vtbl off
Do not pretty print C++ virtual function tables.

show print vtbl
Show whether C++ virtual function tables are pretty printed, or not.

8.8 Value history

Values printed by thprint command are saved in the G@Blue history This allows you to

refer to them in other expressions. Values are kept until the symbol table is re-read or discarded
(for example with thdile  or symbol-file commands). When the symbol table changes,

the value history is discarded, since the values may contain pointers back to the types defined in
the symbol table.

The values printed are givéistory numberdy which you can refer to them. These are
successive integers starting with opeint  shows you the history number assigned to a value
by printing$num=before the value; heraumis the history number.

To refer to any previous value, uséollowed by the value’s history number. The waynt
labels its output is designed to remind you of this. $usfers to the most recent value in the
history, andb$ refers to the value before tha&i$n refers to thenth value from the end$2 is
the value just prior t83$, $$1 is equivalent t&$$, and$$0 is equivalent tch.

For example, suppose you have just printed a pointer to a structure and want to see the contents of
the structure. It suffices to type

p*$
If you have a chain of structures where the companexit points to the next one, you can print
the contents of the next one with this:

p *$.next

You can print successive links in the chain by repeating this command-which you can do by just
typing RET.

Note that the history records values, not expressions. If the vakuis df and you type these
commands:
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print x
set x=5

then the value recorded in the value history bypitie  command remains 4 even though the
value ofx has changed.

show values
Print the last ten values in the value history, with their item numbers. This is like
p@ $$9repeated ten times, except tehow values  does not change the
history.

show valuesn
Print ten history values centered on history item number

show values +
Print ten history values just after the values last printed. If no more values are
availableshow values +  produces no display.

Pressing RET to repeslhow values nhas exactly the same effectsmow values +

8.9 Convenience variables

GDB providesconvenience variablgbat you can use within GDB to hold on to a value and refer
to it later. These variables exist entirely within GDB; they are not part of your program, and
setting a convenience variable has no direct effect on further execution of your program. That is
why you can use them freely.

Convenience variables are prefixed vithAny name preceded I$/can be used for a
convenience variable, unless it is one of the predefined machine-specific register names. (Value
history references, in contrast, amembers preceded byb. Value history)

You can save a value in a convenience variable with an assignment expression, just as you would
set a variable in your program. For example:

set $foo = *object_ptr
would save irfoo the value contained in the object pointed tawbject_ptr

Using a convenience variable for the first time creates it, but its varo@is until you assign a
new value. You can alter the value with another assignment at any time.

Convenience variables have no fixed types. You can assign a convenience variable any type of
value, including structures and arrays, even if that variable already has a value of a different type.
The convenience variable, when used as an expression, has the type of its current value.

show convenience
Print a list of convenience variables used so far, and their values. Abbreviated
show con .

One of the ways to use a convenience variable is as a counter to be incremented or a pointer to be
advanced. For example, to print a field from successive elements of an array of structures:

set$i=0
print bar[$i++]->contents

Some convenience variables are created automatically by GDB and given values likely to be
useful.

$_ The variableb_ is automatically set by thecommand to the last address
examined. Other commands which provide a default addrezsstdogxamine also
set$_to that address; these commands incinéizline andinfo
breakpoint . The type of6_ isvoid * except when set by thecommand, in
which case it is a pointer to the type$of .
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$ The variables_ _ is automatically set by thecommand to the value found in the
last address examined. Its type is chosen to match the format in which the data
was printed.

$_exitcode The variableb_exitcode is automatically set to the exit code when the program
being debugged terminates.

8.10 Registers

You can refer to machine register contents, in expressions, as variables with names starting with
$. The names of registers are different for each machinénfgseegisters to see the
names used on your machine.

info registers
Print the names and values of all registers except floating-point registers (in the
selected stack frame).

info all-registers
Print the names and values of all registers, including floating-point registers.

info registersregname..
Print therelativizedvalue of each specified registegname As discussed in
detail below, register values are normally relative to the selected stack frame.
regnamemay be any register name valid on the machine you are using, with or
without the initial$.

GDB has four “standard” register names that are available (in expressions) on most
machines—whenever they do not conflict with an architecture’s canonical mnemonics for registers.
The register name®pc and$sp are used for the program counter register and the stack pointer.
$fp is used for a register that contains a pointer to the current stack frangpsaigdused for a
register that contains the processor status. For example, you could print the program counter in
hex with

p/x $pc
or print the instruction to be executed next with
x/i $pc

or add four to the stack pointer (This is a way of removing one word from the stack, on machines
where stacks grow downward in memory (most machines, nowadays). This assumes that the
innermost stack frame is selected; setfisg is not allowed when other stack frames are
selected. To pop entire frames off the stack, regardless of machine architectus®jrase}
with

set $sp +=4

Whenever possible, these four standard register names are available on your machine even though
the machine has different canonical mnemonics, so long as there is no conflistfoThe

registers command shows the canonical names. For example, on the SRARC,

registers displays the processor status registeb@s but you can also refer to it &ps .

GDB always considers the contents of an ordinary register as an integer when the register is
examined in this way. Some machines have special registers which can hold nothing but floating
point; these registers are considered to have floating point values. There is no way to refer to the
contents of an ordinary register as floating point value (although yquricant as a floating

point value withprint/f $ regname.

Some registers have distinct “raw” and “virtual” data formats. This means that the data format
in which the register contents are saved by the operating system is not the same one that your
program normally sees. For example, the registers of the 68881 floating point coprocessor are
always saved in “extended” (raw) format, but all C programs expect to work with “double”
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(virtual) format. In such cases, GDB normally works with the virtual format only (the format that
makes sense for your program), butitife registers command prints the data in both
formats.

Normally, register values are relative to the selected stack frame. This means that you get the
value that the register would contain if all stack frames farther in were exited and their saved
registers restored. In order to see the true contents of hardware registers, you must select the
innermost frame (witframe 0).

However, GDB must deduce where registers are saved, from the machine code generated by your
compiler. If some registers are not saved, or if GDB is unable to locate the saved registers, the
selected stack frame makes no difference.
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9. C Language Support

Information specific to the C language is built into GDB so that you can use C expressions while
degugging. This also permits GDB to output values in a manner consistent with C conventions.

9.1 C operators

Operators must be defined on values of specific types. For instaisagefined on numbers, but
not on structures. Operators are often defined on groups of types. For the purposes of C and
C++, the following definitions hold:

« Integral typesincludeint with any of its storage-class specifiechar ; andenum.
+ Floating-point typesincludefloat anddouble .
+ Pointer typesinclude all types defined &sype *) .
«» Scalar typesinclude all of the above.
The following operators are supported. They are listed here in order of increasing precedence:

, The comma or sequencing operator. Expressions in a comma-separated list are
evaluated from left to right, with the result of the entire expression being the last
expression evaluated.

= Assignment. The value of an assignment expression is the value assigned. Defined on
scalar types.

op= Used in an expression of the foemop= b, and translatedta = aop h op=and=
have the same precendence. op is any one of the opegraforg, <<, >>, +,-,*,/,
%

?: The ternary operatoa ? b : ccan be thought of as: &thenb elsec. a should be
of an integral type.

Il Logical OR. Defined on integral types.

&& Logical AND. Defined on integral types.

| Bitwise OR} Defined on integral types.

Bitwise exclusive-OR. Defined on integral types.
& Bitwise AND. Defined on integral types.

==,1= Equality and inequality. Defined on scalar types. The value of these expressions is 0
for false and non-zero for true.

<, >, <=, >=
Less than, greater than, less than or equal, greater than or equal. Defined on scalar
types. The value of these expressions is 0 for false and non-zero for true.

<<, >> left shift, and right shift. Defined on integral types.

@ The GDB “artificial array” operator.
+, - Addition and subtraction. Defined on integral types, floating-point types and pointer
types.

*,1,%  Multiplication, division, and modulus. Multiplication and division are defined on
integral and floating-point types. Modulus is defined on integral types.

++,--  Increment and decrement. When appearing before a variable, the operation is
performed before the variable is used in an expression; when appearing after it, the
variable’s value is used before the operation takes place.
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->

I
0

Pointer dereferencing. Defined on pointer types. Same precedefte as
Address operator. Defined on variables. Same precedende as

For debugging C++, GDB implements a us&abeyond what is allowed in the C++
language itself: you can ugg& ref) (or, if you prefer, simpl&& ref) to examine the
address where a C++ reference variable (declared \#itief) is stored.

Negative. Defined on integral and floating-point types. Same precedefite as
Logical negation. Defined on integral types. Same precedence as
Bitwise complement operator. Defined on integral types. Same precederice as

Structure member, and pointer-to-structure member. For convenience, GDB regards the
two as equivalent, choosing whether to dereference a pointer based on the stored type
information. Defined ostruct andunion data.

Array indexing. @[ i] is defined a%( a+i) . Same precedence as.
Function parameter list. Same precedence as
C++ scope resolution operator. Definedstruct , union , andclass types.

Doubled colons also represent the GDB scope operator. Same precedence as
above.

9.2 C and C++ constants
GDB allows you to express the constants of C and C++ in the following ways:

9.2.1 C constants
GDB allows you to express the constants of C in the following ways:

Integer constants are a sequence of digits. Octal constants are specified by & lgading
zero), and hexadecimal constants by a leadingr 0X. Constants may also end with a
letterl, specifying that the constant should be treatedl@asg value.

Floating point constants are a sequence of digits, followed by a decimal point, followed by
a sequence of digits, and optionally followed by an exponent. An exponent is of the form:
e[[+]|-]nnn wherennnis another sequence of digits. Theés optional for positive

exponents.

Enumerated constants consist of enumerated identifiers, or their integral equivalents.

Character constants are a single character surrounded by single ghates (humber—the
ordinal value of the corresponding character (usuallystsil value). Within quotes, the
single character may be represented by a letter estgpe sequencgesghich are of the
form\nnn wherennnis the octal representation of the character’s ordinal value; or of the
form x, wherex is a predefined special character—for examplér newline.

String constants are a sequence of character constants surrounded by doubl&)quotes (

Pointer constants are an integral value. You can also write pointers to constants using the C

operator& .

Array constants are comma-separated lists surrounded by brawe@}; for example,
{1,2,3@} is a three-element array of integefgl,2@, {3,4}, {5,6}}} is a three-by-two
array, and&"hi", &"'there", &"fred"@  }is athree-element array of pointers.

9.3 C++ expressions

GDB expression handling has a number of extensions to interpret a significant subset of C++
expressions.



gdb for QPENNT Pre-Release January 13, 1998 56

Warning: GDB can only debug C++ code if you compile with @U C++ compiler.

Moreover, C++ debugging depends on the use of additional debugging information in the symbol
table, and thus requires special support. GDB has this suppgpmvith the stabs debug format.

In particular, if your compiler generates a.out, MIRSOFF RS/6000XCOFF, or ELF with stabs
extensions to the symbol table, these facilities are all available. @GNithCC, you can use the
—gstabsoption to request stabs debugging extensions explicitly.) Where the object code format is
standardCOFFor DWARF in ELF, on the other hand, most of the C++ support in GDB dogs

work.

1. Member function calls are allowed; you can use expressions like
count = aml->GetOriginal(x, y)

2.  While a member function is active (in the selected stack frame), your expressions have the
same namespace available as the member function; that is, GDB allows implicit
references to the class instance poitiier following the same rules as C++.

3. You can call overloaded functions; GDB resolves the function call to the right definition,
with one restriction—you must use arguments of the type required by the function that you
want to call. GDB does not perform conversions requiring constructors or user-defined
type operators.

4. GDB understands variables declared as C++ references; you can use them in expressions
just as you do in C++ source-they are automatically dereferenced.

In the parameter list shown when GDB displays a frame, the values of reference variables
are not displayed (unlike other variables); this avoids clutter, since references are often
used for large structures. Thddressof a reference variable is always shown, unless you
have specifiedet print address off

5. GDB supports the C++ name resolution operatetyour expressions can use it just as
expressions in your program do. Since one scope may be defined in another, you can use
repeatedly if necessary, for example in an expressiosditpel scope2 name
GDB also allows resolving name scope by reference to source files, in both C and C++
debugging.

9.4 C and C++ defaults

If you allow GDB to set type and range checking automatically, they both defait to
whenever the working language changes to C or C++. This happens regardless of whether you or
GDB selects the working language.

If you allow GDB to set the language automatically, it recognizes source files whose names end
with .c, .C, or.cc, and when GDB enters code compiled from one of these files, it sets the
working language to C or C++Having GDB infer the source languader further details.

9.5 GDBand C

Theset print union andshow print union commands apply to thenion type.
When set ton, anyunion that is inside &truct orclass is also printed. Otherwise, it
appears as..}.

The @operator aids in the debugging of dynamic arrays, formed with pointers and a memory
allocation function.

9.6 GDB features for C++

Some GDB commands are particularly useful with C++, and some are designed specifically for
use with C++. Here is a summary:
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breakpoint menus
When you want a breakpoint in a function whose name is overloaded, GDB
breakpoint menus help you specify which function definition you want.
Breakpoint menus

rbreak regex
Setting breakpoints using regular expressions is helpful for setting breakpoints on
overloaded functions that are not members of any special cleSstig
breakpoints

catch exceptions
info catch
Debug C++ exception handling using these commands.

ptype typename
Print inheritance relationships as well as other information fortyygEname
Examining the Symbol Table

set print demangle

show print demangle

set print asm-demangle

show print asm-demangle
Control whether C++ symbols display in their source form, both when displaying
code as C++ source and when displaying disassemliast settings

set print object

show print object
Choose whether to print derived (actual) or declared types of obfetd.
settings

set print vtbl
show print vtbl
Control the format for printing virtual function tableBrint settings

Overloaded symbol names
You can specify a particular definition of an overloaded symbol, using the same
notation that is used to declare such symbols in C++:dypmbo{ typeg rather
than justsymbol You can also use the GDB command-line word completion
facilities to list the available choices, or to finish the type list for you. See
Command completiofor details on how to do this.
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10. Examining the Symbol Table

The commands described in this section allow you to inquire about the symbols (names of
variables, functions and types) defined in your program. This information is inherent in the text
of your program and does not change as your program executes. GDB finds it in your program’s
symbol table, in the file indicated when you started GDB, or by one of the file-management
commands.

Occasionally, you may need to refer to symbols that contain unusual characters, which GDB
ordinarily treats as word delimiters. The most frequent case is in referring to static variables in
other source files. File names are recorded in object files as debugging symbols, but GDB would
ordinarily parse a typical file name, lik#o.c, as the three wordso . ¢. To allow GDB to
recognizgoo.cas a single symbol, enclose it in single quotes; for example,

p ’'foo.c’::x
looks up the value of in the scope of the fillo.c

info addresssymbol
Describe where the data feymbolis stored. For a register variable, this says
which register it is kept in. For a non-register local variable, this prints the stack-
frame offset at which the variable is always stored.

Note the contrast withrint & symbo] which does not work at all for a register
variable, and for a stack local variable prints the exact address of the current
instantiation of the variable.

whatisexp  Print the data type of expressiexp expis not actually evaluated, and any side-
effecting operations (such as assignments or function calls) inside it do not take
place. Expressions

whatis Print the data type &, the last value in the value history.

ptype typename
Print a description of data typgpename typenamenay be the name of a type, or
for C code it may have the foralassclass-namgstruct struct-tag union union-
tag or enum enum-tag

ptype exp
ptype Print a description of the type of expressgxp ptype differs fromwhatis by
printing a detailed description, instead of just the name of the type.

For example, for this variable declaration:
struct complex {double real; double imag;} v;
the two commands give this output:

(gdb) whatis v

type = struct complex

(gdb) ptype v

type = struct complex {
double real;
double imag;

}

As withwhatis , usingptype without an argument refers to the typebothe
last value in the value history.

info typesregexp

info types Print a brief description of all types whose hame matadgexp(or all types in
your program, if you supply no argument). Each complete typename is matched
as though it were a complete line; thiugype value gives information on all types
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in your program whose name includes the stvalge , buti type “value$gives
information only on types whose complete nameaise .

This command differs fromptype in two ways: first, likewhatis , it does not
print a detailed description; second, it lists all source files where a type is defined.

info source  Show the name of the current source file—that is, the source file for the function
containing the current point of execution—and the language it was written in.

info sources
Print the names of all source files in your program for which there is debugging
information, organized into two lists: files whose symbols have already been read,
and files whose symbols will be read when needed.

info functions
Print the names and data types of all defined functions.

info functions regexp
Print the names and data types of all defined functions whose names contain a
match for regular expressioegexp Thus,info fun step finds all functions whose
names includstep ; info fun “step finds those whose names start vatép .

info variables
Print the names and data types of all variables that are declared outside of
functions (i.e., excluding local variables).

info variables regexp
Print the names and data types of all variables (except for local variables) whose
names contain a match for regular expressigexp

Some systems allow individual object files that make up your program to be
replaced without stopping and restarting your program. If you are running on one
of these systems, you can allow GDB to reload the symbols for automatically
relinked modules:

set symbol-reloading on
Replace symbol definitions for the corresponding source file when
an object file with a particular name is seen again.

set symbol-reloading off
Do not replace symbol definitions when re-encountering object files
of the same name. This is the default state; if you are not running
on a system that permits automatically relinking modules, you
should leavesymbol-reloading off, since otherwise GDB may
discard symbols when linking large programs, that may contain
several modules (from different directories or libraries) with the
same name.

show symbol-reloading
Show the currenbn or off setting.

maint print symbols filename

maint print psymbols filename

maint print msymbols filename
Write a dump of debugging symbol data into theffiyame These commands
are used to debug the GDB symbol-reading code. Only symbols with debugging
data are included. If you useaint print symbols , GDB includes all the
symbols for which it has already collected full details: thdilenamereflects
symbols for only those files whose symbols GDB has read. You can use the
commandnfo sources to find out which files these are. If you usaint
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print psymbols instead, the dump shows information about symbols that GDB
only knows partially—that is, symbols defined in files that GDB has skimmed, but
not yet read completely. Finalljaint print msymbols dumps just the minimal
symbol information required for each object file from which GDB has read some
symbols. Commands to specify fildsr a discussion of how GDB reads symbols
(in the description afymbol-file ).
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11. Altering Execution

Once you think you have found an error in your program, you might want to find out for certain
whether correcting the apparent error would lead to correct results in the rest of the run. You can
find the answer by experiment, using the GDB features for altering execution of the program.

For example, you can store new values into variables or memory locations, give your program a
signal, restart it at a different address, or even return prematurely from a function.

11.1 Assignment to variables
To alter the value of a variable, evaluate an assignment expreEsipressions For example,
print x=4

stores the value 4 into the variakleand then prints the value of the assignment expression
(which is 4). Using GDB with Different Languagef®r more information on operators in
supported languages.

If you are not interested in seeing the value of the assignment, s titemmand instead of
theprint command.set is really the same ggint except that the expression’s value is not
printed and is not put in the value history. The expression is evaluated only for its effects.

If the beginning of the argument string of #&¢ command appears identical tset

subcommand, use tiset variable command instead of juset . This command is

identical toset except for its lack of subcommands. For example, if your program has a variable
width , you get an error if you try to set a new value with gettwidth=13 because GDB has

the commandet width

(gdb) whatis width

type = double

(gdb) p width

$4 =13

(gdb) set width=47

Invalid syntax in expression.

The invalid expression, of course747. In order to actually set the program’s variabidth ,
use

(gdb) set var width=47

GDB allows more implicit conversions in assignments than C; you can freely store an integer
value into a pointer variable or vice versa, and you can convert any structure to any other structure
that is the same length or shorter.

To store values into arbitrary places in memory, use.thmnstruct to generate a value of
specified type at a specified address. For exanm@0x83040 refers to memory location
0x83040 as an integer (which implies a certain size and representation in memory), and

set {int}0x83040 = 4
stores the value 4 into that memory location.

11.2 Continuing at a different address

Ordinarily, when you continue your program, you do so at the place where it stopped, with the
continue command. You can instead continue at an address of your own choosing, with the
following commands:

jump linespec
Resume execution at lili@espec Execution stops again immediately if there is a
breakpoint there. Sderinting source linesfor a description of the different forms
of linespec
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Thejump command does not change the current stack frame, or the stack pointer,
or the contents of any memory location or any register other than the program
counter. If linelinespeds in a different function from the one currently executing,
the results may be bizarre if the two functions expect different patterns of
arguments or of local variables. For this reasonjuimp command requests
confirmation if the specified line is not in the function currently executing.
However, even bizarre results are predictable if you are well acquainted with the
machine-language code of your program.

jump *address
Resume execution at the instruction at addadssess

You can get much the same effect asjtimep command by storing a new value into the register
$pc. The difference is that this does not start your program running; it only changes the address
of where itwill run when you continue. For example,

set $pc = 0x485

makes the nexdontinue command or stepping command execute at ad@reki5 |, rather
than at the address where your program stop@eatinuing and stepping

The most common occasion to usejtimap command is to back up— perhaps with more
breakpoints set—over a portion of a program that has already executed, in order to examine its
execution in more detail.

11.3 Giving your program a signal

signal signal
Resume execution where your program stopped, but immediately give it the signal
signal signalcan be the name or the number of a signal. For example, on many
systemssignal 2  andsignal SIGINT  are both ways of sending an interrupt
signal.

Alternatively, if signalis zero, continue execution without giving a signal. This is
useful when your program stopped on account of a signal and would ordinary see
the signal when resumed with tbentinue commandsignal Ocauses it to

resume without a signal.

signal  does not repeat when you press RET a second time after executing the
command.

Invoking thesignal command is not the same as invokingkiile utility from the shell.
Sending a signal witkill causes GDB to decide what to do with the signal depending on the
signal handling tables. Tieignal command passes the signal directly to your program.

11.4 Returning from a function

return

return expression
You can cancel execution of a function call with teirn  command. If you
give anexpressiorargument, its value is used as the function’s return value.

When you useeturn , GDB discards the selected stack frame (and all frames within it). You
can think of this as making the discarded frame return prematurely. If you wish to specify a value
to be returned, give that value as the argumerdtton

This pops the selected stack frame (Sekecting a frame and any other frames inside of it,
leaving its caller as the innermost remaining frame. That frame becomes selected. The specified
value is stored in the registers used for returning values of functions.

Thereturn command does not resume execution; it leaves the program stopped in the state that
would exist if the function had just returned. In contrastfitish command resumes
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execution until the selected stack frame returns naturally.

11.5 Calling program functions
call expr Evaluate the expressi@xprwithout displayingvoid returned values.

You can use this variant of tipgint command if you want to execute a function from your
program, but without cluttering the output witbid returned values. If the result is not void, it
is printed and saved in the value history.

A new user-controlled variableall_scratch_addresspecifies the location of a scratch area to be
used when GDB calls a function in the target. This is necessary because the usual method of
putting the scratch area on the stack does not work in systems that have separate instruction and
data spaces.

11.6 Patching programs

By default, GDB opens the file containing your program’s executable code (or the corefile) read-
only. This prevents accidental alterations to machine code; but it also prevents you from
intentionally patching your program’s binary.

If you'd like to be able to patch the binary, you can specify that explicitly witls¢hevrite
command. For example, you might want to turn on internal debugging flags, or even to make
emergency repairs.

set write on

set write off If you specifyset write on, GDB opens executable and core files for both reading
and writing; if you specifiset write off (the default), GDB opens them
read-only.

If you have already loaded a file, you must load it again (usingxbefile or
core-file command) after changirgget write  , for your new setting to take
effect.

show write  Display whether executable files and core files are opened for writing as well as
reading.
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12. GDB Files

GDB needs to know the file name of the program to be debugged, both in order to read its symbol
table and in order to start your program. To debug a core dump of a previous run, you must also
tell GDB the name of the core dump file.

12.1 Commands to specify files

You may want to specify executable and core dump file names. The usual way to do this is at
start-up time, using the arguments to GDB'’s start-up commands.

Occasionally it is necessary to change to a different file during a GDB session. Or you may run
GDB and forget to specify a file you want to use. In these situations the GDB commands to
specify new files are useful.

file filename
Usefilenameas the program to be debugged. Itis read for its symbols and for the
contents of pure memory. Itis also the program executed when you usa the
command. If you do not specify a directory and the file is not found in the GDB
working directory, GDB uses the environment varidbhelHas a list of
directories to search, just as the shell does when looking for a program to run. You
can change the value of this variable, for both GDB and your program, using the
path command.

On systems with memory-mapped files, an auxiliaryfifdé@amesymsmay hold
symbol table information for filename. If so, GDB maps in the symbol table from
filenamesyms starting up more quickly. See the descriptions of the file options
—mappedand-readnow (available on the command line, and with the commands

file , symbol-file , or add-symbol-file , described below), for more
information.
file file  with no argument makes GDB discard any information it has on both

executable file and the symbol table.

exec-file[ filename)
Specify that the program to be run (but not the symbol table) is fodilename
GDB searches the environment variaBATHif necessary to locate your program.
Omitting filenamemeans to discard information on the executable file.

symbol-file [ filename]
Read symbol table information from flilename PATHis searched when
necessary. Use tlile command to get both symbol table and program to run
from the same file.

symbol-file with no argument clears out GDB information on your program’s
symbol table.

Thesymbol-file command causes GDB to forget the contents of its
convenience variables, the value history, and all breakpoints and auto-display
expressions. This is because they may contain pointers to the internal data
recording symbols and data types, which are part of the old symbol table data
being discarded inside GDB.

symbol-file does not repeat if you press RET again after executing it once.

When GDB is configured for a particular environment, it understands debugging
information in whatever format is the standard generated for that environment; you
may use either @NU compiler, or other compilers that adhere to the local
conventions. Best results are usually obtained @&\t compilers; for example,

using GCC you can generate debugging information for optimized code.
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On some kinds of object files, tkgmbol-file command does not normally

read the symbol table in full right away. Instead, it scans the symbol table quickly
to find which source files and which symbols are present. The details are read
later, one source file at a time, as they are needed.

The purpose of this two-stage reading strategy is to make GDB start up faster. For
the most part, it is invisible except for occasional pauses while the symbol table
details for a particular source file are being read. SBtererbose  command

can turn these pauses into messages if desired.

We have not implemented the two-stage strategy for COFF yet. When the symbol
table is stored in COFF formaymbol-file reads the symbol table data in full
right away.

symbol-file filename —readnow] [ -mapped]

file filename| -readnow] [ -mapped]
You can override the GDB two-stage strategy for reading symbol tables by using
the-readnow option with any of the commands that load symbol table
information, if you want to be sure GDB has the entire symbol table available.

If memory-mapped files are available on your system througmmmhapsystem

call, you can use another optiermapped, to cause GDB to write the symbols for
your program into a reusable file. Future GDB debugging sessions map in symbol
information from this auxiliary symbol file (if the program has not changed),

rather than spending time reading the symbol table from the executable program.
Using the-mappedoption has the same effect as starting GDB with-thepped
command-line option.

You can use both options together, to make sure the auxiliary symbol file has all
the symbol information for your program.

The auxiliary symbol file for a program calletyprogis calledmyprogsyms

Once this file exists (so long as it is newer than the corresponding executable),
GDB always attempts to use it when you debug myprog; no special options or
commands are needed.

The.symsfile is specific to the host machine where you run GDB. It holds an
exact image of the internal GDB symbol table. It cannot be shared across multiple
host platforms.

core-file[ filename]
Specify the whereabouts of a core dump file to be used as the “contents of
memory”. Traditionally, core files contain only some parts of the address space of
the process that generated them; GDB can access the executable file itself for other
parts.

core-file with no argument specifies that no core file is to be used.

Note that the core file is ignored when your program is actually running under
GDB. So, if you have been running your program and you wish to debug a core
file instead, you must kill the subprocess in which the program is running. To do
this, use th&ill command.

load filename
Depending on what remote debugging facilities are configured into GDB, the
load command may be available. Where it exists, it is meant to filakame
(an executable) available for debugging on the remote system—-by downloading, or
dynamic linking, for exampleload also records thBlenamesymbol table in
GDB, like theadd-symbol-file command.
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If your GDB does not havelaad command, attempting to execute it gets the
error message “You can't do that when your target is ...”

The file is loaded at whatever address is specified in the executable. For some
object file formats, you can specify the load address when you link the program;
for other formats, like a.out, the object file format specifies a fixed address.

add-symbol-fileflename address

add-symbol-filefilename address—readnow] [ -mapped]
Theadd-symbol-file command reads additional symbol table information
from the filefilename You would use this command whilenamehas been
dynamically loaded (by some other means) into the program that is running.
addressshould be the memory address at which the file has been loaded; GDB
cannot figure this out for itself. You can speafydressas an expression.

The symbol table of the fildenameis added to the symbol table originally read

with thesymbol-file command. You can use thdd-symbol-file

command any number of times; the new symbol data thus read keeps adding to the
old. To discard all old symbol data instead, usesgmabol-file command.

add-symbol-file does not repeat if you press RET after using it.

You can use themappedand-readnow options just as with theymbol-file
command, to change how GDB manages the symbol table information for
filename

add-shared-symbol-file
Theadd-shared-symbol-file command can be used only under Harris’
CXUX operating system for the Motorola 88k. GDB automatically looks for
shared libraries, however if GDB does not find yours, you caaddrshared-
symbol-file . It takes no arguments.

section Thesection command changes the base address of section SECTION of the
exec file to ADDR. This can be used if the exec file does not contain section
addresses, (such as in the a.out format), or when the addresses specified in the file
itself are wrong. Each section must be changed separately. The “info files”
command lists all the sections and their addresses.

info files

info target  info files andinfo target are synonymous; both print the current target,
including the names of the executable and core dump files currently in use by
GDB, and the files from which symbols were loaded. The comineaipd
target lists all possible targets rather than current ones.

All file-specifying commands allow both absolute and relative file names as arguments. GDB
always converts the file name to an absolute file name and remembers it that way.

GDB supports SunOS, SVr4, Irix 5, and IBM RS/6000 shared libraries. GDB automatically
loads symbol definitions from shared libraries when you useithecommand, or when you
examine a core file. (Before you issue the command, GDB does not understand references
to a function in a shared library, however—unless you are debugging a core file).

info share
info sharedlibrary
Print the names of the shared libraries which are currently loaded.

sharedlibrary regex

shareregex Load shared object library symbols for files matching a Unix regular expression.
As with files loaded automatically, it only loads shared libraries required by your
program for a core file or after typimgn . If regexis omitted all shared libraries
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required by your program are loaded.

12.2 Errors reading symbol files

While reading a symbol file, GDB occasionally encounters problems, such as symbol types it
does not recognize, or known bugs in compiler output. By default, GDB does not notify you of
such problems, since they are relatively common and primarily of interest to people debugging
compilers. If you are interested in seeing information about ill-constructed symbol tables, you
can either ask GDB to print only one message about each such type of problem, no matter how
many times the problem occurs; or you can ask GDB to print more messages, to see how many
times the problems occur, with teet complaints command.

The messages currently printed, and their meanings, include:
inner block not inside outer block insymbol

The symbol information shows where symbol scopes begin and end (such as at the
start of a function or a block of statements). This error indicates that an inner
scope block is not fully contained in its outer scope blocks.

GDB circumvents the problem by treating the inner block as if it had the same
scope as the outer block. In the error messagabolmay be shown as
“(don’t know) " if the outer block is not a function.

block at addressout of order

The symbol information for symbol scope blocks should occur in order of
increasing addresses. This error indicates that it does not do so.

GDB does not circumvent this problem, and has trouble locating symbols in the
source file whose symbols it is reading. (You can often determine what source file
is affected by specifyinget verbose on

bad block start address patched

The symbol information for a symbol scope block has a start address smaller than
the address of the preceding source line. This is known to occur in the SunOS
4.1.1 (and earlier) C compiler.

GDB circumvents the problem by treating the symbol scope block as starting on
the previous source line.

bad string table offset in symboin

Symbol numben contains a pointer into the string table which is larger than the
size of the string table.

GDB circumvents the problem by considering the symbol to have thefoame
which may cause other problems if many symbols end up with this name.

unknown symbol typeOx nn

The symbol information contains new data types that GDB does not yet know how
to read.0x nnis the symbol type of the misunderstood information, in
hexadecimal.

GDB circumvents the error by ignoring this symbol information. This usually
allows you to debug your program, though certain symbols are not accessible. If
you encounter such a problem and feel like debugging it, you can ddbugith

itself, breakpoint ocomplain , then go up to the functiaead_dbx_symtab

and examinébufp to see the symbol.
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stub type has NULL name
GDB could not find the full definition for a struct or class.

const/volatile indicator missing (ok if using g++ v1.x), got...
The symbol information for a C++ member function is missing some information
that recent versions of the compiler should have output for it.

info mismatch between compiler and debugger
GDB could not parse a type specification output by the compiler.
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13. Specifying a Debugging Target

A targetis the execution environment occupied by your program. Often, GDB runs in the same
host environment as your program; in that case, the debugging target is specified as a side effect
when you use thiile  orcore commands. When you need more flexibility—for example,

running GDB on a physically separate host, or controlling a standalone system over a serial port
or a realtime system over a TCP/IP connection—-you can usartfed command to specify

one of the target types configured for GDB.

13.1 Active targets

There are three classes of targets: processes, core files, and executable files. GDB can work
concurrently on up to three active targets, one in each class. This allows you to (for example)
start a process and inspect its activity without abandoning your work on a core file.

For example, if you execugglb a.out then the executable fileout is the only active target.

If you designate a core file as well-presumably from a prior run that crashed and
coredumped-then GDB has two active targets and uses them in tandem, looking first in the
corefile target, then in the executable file, to satisfy requests for memory addresses. (Typically,
these two classes of target are complementary, since core files contain only a program’s read-
write memory-variables and so on—plus machine status, while executable files contain only the
program text and initialized data.)

When you typeun , your executable file becomes an active process target as well. When a
process target is active, all GDB commands requesting memory addresses refer to that target;
addresses in an active core file or executable file target are obscured while the process target is
active.

Use thecore-file andexec-file commands to select a new core file or executable target.
To specify as a target a process that is already running, usgabtle command.

13.2 Commands for managing targets

target type parameters
Connects the GDB host environment to a target machine or process. Atargetis
typically a protocol for talking to debugging facilities. You use the argutgpat
to specify the type or protocol of the target machine.

Furtherparametersare interpreted by the target protocol, but typically include
things like device nhames or host names to connect with, process numbers, and
baud rates.

Thetarget command does not repeat if you press RET again after executing the
command.

help target  Displays the names of all targets available. To display targets currently selected,
use eitheinfo target orinfo files

help target name
Describe a particular target, including any parameters necessary to select it.

set gnutargetargs
GDBuses its own library BFD to read your files. GDB knows whether it is reading
anexecutableacore or a.ofile, however you can specify the file format with the
set gnutarget command. Unlike mogarget commands, with
gnutarget thetarget refers to a program, not a machine.

Warning: To specify a file format witket gnutarget , you must know the
actual BFD name.
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show gnutarget
Use theshow gnutarget ~ command to display what file formgutarget  is
set to read. If you have not ggiutarget , GDB will determine the file format
for each file automatically arshow gnutarget  displaysThe current
BDF target is "auto"

Here are some common targets (available, or not, depending on the GDB configuration):

target execprogram
An executable filetarget execprogramis the same asxec-fileprogram

target corefilename
A core dump file.target corefilenameis the same asore-file filename

target remote dev
Remote serial target in GDB-specific protocol. The argudewnspecifies what
serial device to use for the connection (€agv/ttya). Remote debugging
target remote now supports thibad command. This is only useful if you
have some other way of getting the stub to the target system, and you can put it
somewhere in memory where it won't get clobbered by the download.

Different targets are available on different configurations of GDB; your
configuration may have more or fewer targets.

13.3 Choosing target byte order

You can now choose which byte order to use with a target system. Usat ivedian big

andset endian little commands. Use theet endian auto command to instruct

GDB to use the byte order associated with the executable. You can see the current setting for byte
order with theshow endian command.

Warning: Currently, only embedded MIPS configurations support dynamic selection of target
byte order.

13.4 Remote debugging

If you are trying to debug a program running on a machine that cannot run GDB in the usual way,
it is often useful to use remote debugging. For example, you might use remote debugging on an
operating system kernel, or on a small system which does not have a general purpose operating
system powerful enough to run a full-featured debugger.

Some configurations of GDB have special serial or TCP/IP interfaces to make this work with
particular debugging targets. In addition, GDB comes with a generic serial protocol (specific to
GDB, but not specific to any particular target system) which you can use if you write the remote
stubs—the code that runs on the remote system to communicate with GDB.

Other remote targets may be available in your configuration of GDBialisearget to list
them.
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14. Controlling GDB

You can alter the way GDB interacts with you by usingsitie command. For commands
controlling how GDB displays data, ; other settings are described here.

14.1 Prompt

GDB indicates its readiness to read a command by printing a string call@onig This string

is normally(gdb). You can change the prompt string with s prompt  command. For
instance, when debugging GDB with GDB, it is useful to change the prompt in one of the GDB
sessions so that you can always tell which one you are talking to.

Note: set prompt  no longer adds a space for you after the prompt you set. This allows you to
set a prompt which ends in a space or a prompt that does not.

set prompt newprompt
Directs GDB to useewpromps its prompt string henceforth.

show prompt
Prints a line of the fornadb’s prompt is: your-prompt

14.2 Command editing

GDB reads its input commands via teadlineinterface. ThisGNU library provides consistent
behavior for programs which provide a command line interface to the user. Advantagi&are
Emacs-style ovi-style inline editing of commandssh -like history substitution, and a storage
and recall of command history across debugging sessions.

You may control the behavior of command line editing in GDB with the commseind

set editing
set editing on
Enable command line editing (enabled by default).

set editing off
Disable command line editing.

show editing
Show whether command line editing is enabled.

14.3 Command history

GDB can keep track of the commands you type during your debugging sessions, so that you can
be certain of precisely what happened. Use these commands to manage the GDB command
history facility.

set history filenamefname
Set the name of the GDB command history fileneme This is the file where
GDB reads an initial command history list, and where it writes the command
history from this session when it exits. You can access this list through history
expansion or through the history command editing characters listed below. This
file defaults to the value of the environment variab2BHISTFILE, or to
.J.gdb_historyif this variable is not set.

set history save

set history save on
Record command history in a file, whose name may be specified wihtthe
history filename command. By default, this option is disabled.

set history save off
Stop recording command history in a file.
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set history sizesize
Set the number of commands which GDB keeps in its history list. This defaults to
the value of the environment varialt##STSIZE , or to 256 if this variable is not
set.

History expansion assigns special meaning to the chatacter

Since! is also the logical not operator in C, history expansion is off by default. If you decide to
enable history expansion with teet history expansion on command, you may
sometimes need to folloW(when it is used as logical not, in an expression) with a space or a tab
to prevent it from being expanded. The readline history facilities do not attempt substitution on
the stringd= and!(, even when history expansion is enabled.

The commands to control history expansion are:

set history expansion on
set history expansion
Enable history expansion. History expansion is off by default.

set history expansion off
Disable history expansion.

The readline code comes with more complete documentation of editing and history
expansion features. Users unfamiliar witRU Emacs ovi may wish to read it.

show history

show history filename

show history save

show history size

show history expansion
These commands display the state of the GDB history paramshens.
history by itself displays all four states.

show commands
Display the last ten commands in the command history.

show commanda
Print ten commands centered on command number

show commands +
Print ten commands just after the commands last printed.

14.4 Screen size

Certain commands to GDB may produce large amounts of information output to the screen. To
help you read all of it, GDB pauses and asks you for input at the end of each page of output.
Type RET when you want to continue the outpufy tw discard the remaining output. Also, the
screen width setting determines when to wrap lines of output. Depending on what is being
printed, GDB tries to break the line at a readable place, rather than simply letting it overflow onto
the following line.

Normally GDB knows the size of the screen from the termcap data base together with the value of
the TERMenvironment variable and tis&ty rows  andstty cols settings. If this is not
correct, you can override it with tiset height andset width  commands:

set heightlpp

show height

set width cpl

show width
Theseset commands specify a screen heighlpgpflines and a screen width of
cpl characters. The associatgtbow commands display the current settings.
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If you specify a height of zero lines, GDB does not pause during output no matter
how long the output is. This is useful if output is to a file or to an editor buffer.

Likewise, you can specifyet width Oto prevent GDB from wrapping its output.

14.5 Numbers

You can always enter numbers in octal, decimal, or hexadecimal in GDB by the usual
conventions: octal numbers begin withdecimal numbers end withand hexadecimal numbers
begin withOx. Numbers that begin with none of these are, by default, entered in base 10;
likewise, the default display for numbers—when no particular format is specified—is base 10. You
can change the default base for both input and output witethadix command.

set input-radix base
Set the default base for numeric input. Supported choicdmfmare decimal 8,
10, or 16.basemust itself be specified either unambiguously or using the current
default radix; for example, any of

set radix 012
set radix 10.
set radix Oxa

sets the base to decimal. On the other hs@itkadix 10leaves the radix
unchanged no matter what it was.

set output-radix base
Set the default base for numeric display. Supported choicési$eare decimal
8, 10, or 16.basemust itself be specified either unambiguously or using the
current default radix.

show input-radix
Display the current default base for numeric input.

show output-radix
Display the current default base for numeric display.

14.6 Optional warnings and messages

By default, GDB is silent about its inner workings. If you are running on a slow machine, you
may want to use theet verbose = command. This makes GDB tell you when it does a lengthy
internal operation, so you will not think it has crashed.

Currently, the messages controlleddey verbose  are those which announce that the symbol
table for a source file is being read; sgmbol-file in Commands to specify files

set verbose on
Enables GDB output of certain informational messages.

set verbose off
Disables GDB output of certain informational messages.

show verbose
Displays whetheset verbose  is on or off.

By default, if GDB encounters bugs in the symbol table of an object file, it is silent; but if you are
debugging a compiler, you may find this information useful.

set complaintslimit
Permits GDB to outpuimit complaints about each type of unusual symbols
before becoming silent about the problem. |Beit to zero to suppress all
complaints; set it to a large number to prevent complaints from being suppressed.
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show complaints
Displays how many symbol complaints GDB is permitted to produce.

By default, GDB is cautious, and asks what sometimes seems to be a lot of stupid questions to
confirm certain commands. For example, if you try to run a program which is already running:

(gdb) run
The program being debugged has been started already.
Start it from the beginning? (y or n)

If you are willing to unflinchingly face the consequences of your own commands, you can disable
this “feature”:

set confirm off
Disables confirmation requests.

set confirm on
Enables confirmation requests (the default).

show confirm
Displays state of confirmation requests.
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15. Canned Sequences of Commands

Aside from breakpoint commandBréakpoint command ligtsGDB provides two ways to store
seguences of commands for execution as a unit: user-defined commands and command files.

15.1 User-defined commands

A user-defined commarisia sequence of GDB commands to which you assign a new name as a
command. This is done with tidefine command. User commands may accept up to 10
arguments separated by whitespace. Arguments are accessed within the user command via
$arg0...$arg9 A trivial example:

define adder
print $arg0 + $argl + $arg2

adder12 3

its three arguments. Note the arguments are text substitutions, so they may reference variables,
use complex expressions, or even perform inferior functions calls.

definecommandname
Define a command namedmmandnamelf there is already a command by that
name, you are asked to confirm that you want to redefine it.

The definition of the command is made up of other GDB command lines, which
are given following thelefine command. The end of these commands is
marked by a line containingnd.

if Takes a single argument, which is an expression to evaluate. It is followed by a
series of commands that are executed only if the expression is true (nonzero).
There can then optionally be a liaklse |, followed by a series of commands that
are only executed if the expression was false. The end of the list is marked by a
line containingend.

while The syntax is similar td : the command takes a single argument, which is an
expression to evaluate, and must be followed by the commands to execute, one per
line, terminated by aand. The commands are executed repeatedly as long as the
expression evaluates to true.

documentcommandname
Document the user-defined commaminmandnameso that it can be accessed by
help . The commandommandnammust already be defined. This command
reads lines of documentation justdegine reads the lines of the command
definition, ending witlend. After thedocument command is finishedelp on
commandcommandnamdisplays the documentation you have written.

You may use thdocument command again to change the documentation of a
command. Redefining the command wdéfine does not change the
documentation.

help user-defined
List all user-defined commands, with the first line of the documentation (if any) for
each.

show user

show usercommandname
Display the GDB commands used to deftoenmandnamébut not its
documentation). If neommandnamis given, display the definitions for all user-
defined commands.

When user-defined commands are executed, the commands of the definition are not printed. An
error in any command stops execution of the user-defined command.
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If used interactively, commands that would ask for confirmation proceed without asking when
used inside a user-defined command. Many GDB commands that normally print messages to say
what they are doing omit the messages when used in a user-defined command.

15.2 User-defined command hooks

You may defindhooks which are a special kind of user-defined command. Whenever you run the
commandoo, if the user-defined commaimbok-foo exists, it is executed (with no arguments)
before that command.

In addition, a pseudo-commarsdpp exists. Defininglfook-stop) makes the associated
commands execute every time execution stops in your program: before breakpoint commands are
run, displays are printed, or the stack frame is printed.

For example, to ignor8IGALRMsignals while single-stepping, but treat them normally during
normal execution, you could define:

define hook-stop
handle SIGALRM nopass
end

define hook-run
handle SIGALRM pass
end

define hook-continue
handle SIGLARM pass
end

You can define a hook for any single-word command in GDB, but not for command aliases; you
should define a hook for the basic command name backtrace rather tharbt . If an error

occurs during the execution of your hook, execution of GDB commands stops and GDB issues a
prompt (before the command that you actually typed had a chance to run).

If you try to define a hook which does not match any known command, you get a warning from
thedefine command.

15.3 Command files

A command file for GDB is a file of lines that are GDB commands. Comments (lines starting
with #) may also be included. An empty line in a command file does nothing; it does not mean to
repeat the last command, as it would from the terminal.

When you start GDB, it automatically executes commands froimitifies. These are files
named.gdbinit. GDB reads the init file (if any) in your home directory, then processes command
line options and operands, and then reads the init file (if any) in the current working directory.
This is so the init file in your home directory can set options (susbta®mplaints ) which

affect the processing of the command line options and operands. The init files are not executed if
you use the-nx option; se€Choosing modes

You can also request the execution of a command file withaliee command:

sourcefilename
Execute the command fifdename

The lines in a command file are executed sequentially. They are not printed as they are executed.
An error in any command terminates execution of the command file.

Commands that would ask for confirmation if used interactively proceed without asking when
used in a command file. Many GDB commands that normally print messages to say what they
are doing omit the messages when called from command files.
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15.4 Commands for controlled output

During the execution of a command file or a user-defined command, normal GDB output is
suppressed; the only output that appears is what is explicitly printed by the commands in the
definition. This section describes three commands useful for generating exactly the output you

want.
echotext

Printtext Nonprinting characters can be includedextusing C escape

sequences, such asto print a newline.No newline is printed unless you specify

one. In addition to the standard C escape sequences, a backslash followed by a
space stands for a space. This is useful for displaying a string with spaces at the
beginning or the end, since leading and trailing spaces are otherwise trimmed from
all arguments. To prinand foo =, use the commanetcho \ and foo =\

A backslash at the end t#@xtcan be used, as in C, to continue the command onto
subsequent lines. For example,

echo This is some text\nwhich is continued\nonto several lines.\n

produces the same output as

echo This is some text\n
echo which is continued\n
echo onto several lines.\n

output expression

Print the value oéxpressiorand nothing but that value: no newlines $no = .
The value is not entered in the value history eitEpressionsfor more
information on expressions.

output/fmt expression

Print the value oéxpressionn formatfmt. You can use the same formats as for
print

printf string, expressions.

Print the values of thexpressionsinder the control adtring. Theexpressionare
separated by commas and may be either numbers or pointers. Their values are
printed as specified kstring, exactly as if your program were to execute the C
subroutine

printf ( string , expressions ..);
For example, you can print two values in hex like this:
printf "foo, bar-foo = 0x%x, 0x%x\n", foo, bar-foo

The only backslash-escape sequences that you can use in the format string are the
simple ones that consist of backslash followed by a letter.
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16. Renamed Commands
The following commands were renamed in GDB 4, in order to make the command set as a whole

more consistent and easier to use and remember:

OLD COMMAND

NEW COMMAND

add-syms

delete environment
info convenience

info copying

info directories

info editing

info history

info targets

info values

info version

info warranty

set/show addressprint
set/show array-max
set/show arrayprint
set/show asm-demangle
set/show caution
set/show demangle
set/show history write
set/show prettyprint
set/show screen-height
set/show screen-width
set/show sevenbit-strings
set/show unionprint
set/show vtblprint

unset

add-symbol-file
unset environment
show convenience
show copying
show directories
show commands
show values
help target
show values
show version
show warranty
set/show print address
set/show print elements
set/show print array
set/show print asm-demangle
set/show confirm
set/show print demangle
set/show history save
set/show print pretty
set/show height
set/show width
set/show print sevenbit-strings
set/show print union
set/show print vtbl

[No longer an alias for delete]




