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1. Introduction

The Vagrind tool suite provides a number of debugging and profiling tools that help you make your programs
faster and more correct. The most popular of these tools is called Memcheck. It can detect many memory-related
errors that are common in C and C++ programs and that can lead to crashes and unpredictable behaviour.

Therest of this guide gives the minimum information you need to start detecting memory errors in your program
with Memcheck. For full documentation of Memcheck and the other tools, please read the User Manual.

2. Preparing your program

Compile your program with - g to include debugging information so that Memcheck's error messages include
exact line numbers. Using - Q0 is also a good ideg, if you can tolerate the slowdown. With - OL line humbers
in error messages can be inaccurate, although generally speaking running Memcheck on code compiled at - OL
worksfairly well, and the speed improvement compared to running - Q0 isquite significant. Use of - O2 and above
is not recommended as Memcheck occasionally reports uninitialised-value errors which don't really exist.

3. Running your program under Memcheck

If you normally run your program like this:
myprog argl arg2
Use this command line:
val grind --I|eak-check=yes nyprog argl arg2
Memcheck is the default tool. The - - | eak- check option turns on the detailed memory leak detector.

Y our program will run much slower (eg. 20 to 30 times) than normal, and use alot more memory. Memcheck will
issue messages about memory errors and leaksthat it detects.

4. Interpreting Memcheck's output

Here's an example C program, in afile called a.c, with amemory error and a memory leak.

#i ncl ude <stdlib. h>

voi d f(void)
{
int* x = malloc(10 * sizeof (int));
x[ 10] = O; /1 problem 1: heap bl ock overrun
} /] problem2: menory leak -- x not freed

i nt mai n(voi d)

f();

return O;

}

Most error messages look like the following, which describes problem 1, the heap block overrun:
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==19182== Invalid wite of size 4

==19182== at 0x804838F: f (exanple.c:6)

==19182== by 0x80483AB: main (exanple.c:11)

==19182== Address 0x1BA45050 is O bytes after a block of size 40 alloc'd
==19182== at Ox1B8FF5CD: mall oc (vg_replace_malloc.c: 130)

==19182== by 0x8048385: f (exanple.c:5)

==19182== by 0x80483AB: main (exanple.c:11)

Thingsto notice:
e Thereisalot of information in each error message; read it carefully.
» The 19182 isthe process ID; it's usually unimportant.

» Thefirst line ("Invalid write...") tells you what kind of error it is. Here, the program wrote to some memory it
should not have due to a heap block overrun.

» Below thefirst lineisastack trace telling you where the problem occurred. Stack traces can get quite large, and
be confusing, especidly if you are using the C++ STL. Reading them from the bottom up can help. If the stack
trace is not big enough, usethe - - num cal | er s option to make it bigger.

» Thecode addresses (eg. 0x804838F) are usually unimportant, but occasionally crucia for tracking down weirder
bugs.

» Some error messages have a second component which describes the memory address involved. This one shows
that the written memory isjust past the end of a block allocated with malloc() on line 5 of example.c.

It's worth fixing errors in the order they are reported, as later errors can be caused by earlier errors. Failing to do
thisis a common cause of difficulty with Memcheck.

Memory leak messages |ook like this;

==19182== 40 bytes in 1 blocks are definitely lost in loss record 1 of 1

==19182== at Ox1B8FF5CD: mall oc (vg_replace_malloc.c: 130)
==19182== by 0x8048385: f (a.c:5)
==19182== by 0x80483AB: main (a.c:11)

The stack trace tells you where the leaked memory was allocated. Memcheck cannot tell you why the memory
leaked, unfortunately. (Ignorethe "vg_replace malloc.c", that's an implementation detail .)

There are several kinds of leaks; the two most important categories are;
 "definitely lost": your program is leaking memory -- fix it!

» "probably lost": your program is leaking memory, unless you're doing funny things with pointers (such as
moving them to point to the middle of a heap block).

Memcheck also reports uses of uninitialised values, most commonly with the message " Conditional jump or move
depends on uninitialised value(s)". It can be difficult to determine the root cause of these errors. Try using the - -
track- ori gi ns=yes to get extrainformation. This makes Memcheck run slower, but the extra information
you get often saves alot of time figuring out where the uninitialised values are coming from.

If you don't understand an error message, please consult Explanation of error messages from Memcheck in the
Valgrind User Manual which has examples of al the error messages Memcheck produces.

5. Caveats

Memcheck is not perfect; it occasionally produces false positives, and there are mechanisms for suppressing these
(see Suppressing errorsinthe Valgrind User Manual). However, it istypically right 99% of thetime, so you should
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be wary of ignoring its error messages. After all, you wouldn't ignore warning messages produced by a compiler,
right? The suppression mechanism is also useful if Memcheck is reporting errorsin library code that you cannot
change. The default suppression set hides alot of these, but you may come across more.

Memcheck cannot detect every memory error your program has. For example, it can't detect out-of-range reads
or writes to arrays that are allocated statically or on the stack. But it should detect many errors that could crash
your program (eg. cause a segmentation fault).

Try to make your program so clean that Memcheck reports no errors. Once you achieve this state, it is much
easier to see when changes to the program cause Memcheck to report new errors. Experience from several years
of Memcheck use shows that it is possible to make even huge programs run Memcheck-clean. For example, large
parts of KDE, OpenOffice.org and Firefox are Memcheck-clean, or very closeto it.

6. More information

Please consult the Valgrind FAQ and the Valgrind User Manual, which have much more information. Note that
the other toolsin the Valgrind distribution can be invoked with the - - t ool option.
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1. Introduction
1.1. An Overview of Valgrind

Vagrind is an instrumentation framework for building dynamic analysis tools. It comes with a set of tools each
of which performs some kind of debugging, profiling, or similar task that helps you improve your programs.
Vagrind's architectureis modular, so new tools can be created easily and without disturbing the existing structure.

A number of useful tools are supplied as standard.

1. Memcheck isamemory error detector. It helps you make your programs, particularly those written in C and
C++, more correct.

2. Cachegrind is acache and branch-prediction profiler. It helps you make your programs run faster.

3. Callgrind isacall-graph generating cache profiler. It has some overlap with Cachegrind, but also gathers some
information that Cachegrind does not.

4. Helgrind isathread error detector. It helps you make your multi-threaded programs more correct.

5. DRD isaso athread error detector. It issimilar to Helgrind but uses different analysis techniques and so may
find different problems.

6. Massif isaheap profiler. It helps you make your programs use less memory.

7. DHAT isadifferent kind of heap profiler. It helps you understand issues of block lifetimes, block utilisation,
and layout inefficiencies.

8. BBV is an experimental SimPoint basic block vector generator. It is useful to people doing computer
architecture research and development.

There are also a couple of minor tools that aren't useful to most users: Lackey is an example tool that illustrates
some instrumentation basics; and Nulgrind isthe minimal Valgrind tool that does no analysis or instrumentation,
and is only useful for testing purposes.

Valgrind is closely tied to details of the CPU and operating system, and to a lesser extent, the compiler and basic
Clibraries. Nonetheless, it supports a number of widely-used platforms, listed in full at http://www.valgrind.org/.

Vagrind is built viathe standard Unix . / conf i gur e, make, make i nst al | process; full details are given
in the README file in the distribution.

Valgrind is licensed under the The GNU General Public License, version 2. Theval gri nd/ *. h headers that
you may wish to include in your code (eg. val gri nd. h, nencheck. h, hel gri nd. h, etc.) are distributed
under aBSD-stylelicense, so you may include them in your code without worrying about license conflicts. Some
of the PThreadstest cases, pt h_*. ¢, aretaken from " Pthreads Programming" by Bradford Nichols, Dick Buittlar
& Jacqueline Proulx Farrell, ISBN 1-56592-115-1, published by O'Reilly & Associates, Inc.

If you contribute codeto Valgrind, please ensure your contributionsarelicensed as"GPLV2, or (at your option) any
later version." Thisisso asto alow the possibility of easily upgrading the licenseto GPLv3 in future. If you want
to modify codein the VEX subdirectory, please aso see the file VEX/HACKING.README in the distribution.

1.2. How to navigate this manual

This manual's structure reflects the structure of Valgrind itself. First, we describe the Valgrind core, how to use
it, and the options it supports. Then, each tool has its own chapter in this manual. You only need to read the
documentation for the core and for the tool(s) you actually use, although you may find it helpful to be at least a
little bit familiar with what all tools do. If you're new to al this, you probably want to run the Memcheck tool and
you might find the The Valgrind Quick Start Guide useful.


http://www.valgrind.org/
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Be aware that the core understands some command line options, and the tools have their own options which they
know about. This means there is no central place describing all the options that are accepted -- you have to read
the options documentation both for Valgrind's core and for the tool you want to use.



2. Using and understanding the
Valgrind core

This chapter describesthe Valgrind core services, command-line options and behaviours. That meansit isrelevant
regardless of what particular tool you areusing. Theinformation should be sufficient for you to make effective day-
to-day use of Valgrind. Advanced topics related to the Valgrind core are described in Valgrind's core: advanced
topics.

A point of terminology: most referencesto "Valgrind” in this chapter refer to the Valgrind core services.

2.1. What Valgrind does with your program

Vagrind isdesigned to be as non-intrusive as possible. It works directly with existing executables. Y ou don't need
to recompile, relink, or otherwise modify the program to be checked.

You invoke Valgrind like this:

val grind [val grind-options] your-prog [your-prog-options]

The most important optionis- - t ool which dictates which Valgrind tool to run. For example, if want to run the
command| s -1 using the memory-checking tool Memcheck, issue this command:

val grind --tool =nentheck |s -I
However, Memcheck isthe default, so if you want to use it you can omit the - - t ool option.

Regardless of which tool isin use, Valgrind takes control of your program beforeit starts. Debugging information
is read from the executable and associated libraries, so that error messages and other outputs can be phrased in
terms of source code locations, when appropriate.

Y our program is then run on a synthetic CPU provided by the Vagrind core. Asnew code is executed for the first
time, the core hands the code to the selected tool. The tool addsits own instrumentation code to this and hands the
result back to the core, which coordinates the continued execution of this instrumented code.

The amount of instrumentation code added varies widely between tools. At one end of the scale, Memcheck adds
code to check every memory access and every value computed, making it run 10-50 times slower than natively.
At the other end of the spectrum, the minimal tool, called Nulgrind, adds no instrumentation at all and causesin
total "only" about a 4 times slowdown.

Vagrind simulates every single instruction your program executes. Because of this, the active tool checks, or
profiles, not only the code in your application but also in al supporting dynamically-linked libraries, including
the C library, graphical libraries, and so on.

If you're using an error-detection tool, Valgrind may detect errors in system libraries, for example the GNU C
or X11 libraries, which you have to use. You might not be interested in these errors, since you probably have
no control over that code. Therefore, Valgrind allows you to selectively suppress errors, by recording them in
a suppressions file which is read when Valgrind starts up. The build mechanism selects default suppressions
which give reasonable behaviour for the OS and libraries detected on your machine. To make it easier to
write suppressions, you can use the - - gen- suppr essi ons=yes option. This tells Valgrind to print out a
suppression for each reported error, which you can then copy into a suppressions file.

Valgrind will try to match the behaviour of applications compiled to run on the same OS and librariesthat Valgrind
was built with. If you use different libraries or a different OS version there may be some small differences in
behaviour.

Different error-checking tools report different kinds of errors. The suppression mechanism therefore allows you
to say which tool or tool(s) each suppression applies to.
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2.2. Getting started

First off, consider whether it might be beneficial to recompile your application and supporting libraries with
debugging info enabled (the - g option). Without debugging info, the best Valgrind toolswill be ableto do isguess
which function a particular piece of code belongs to, which makes both error messages and profiling output nearly
useless. With - g, you'll get messages which point directly to the relevant source code lines.

Another option you might like to consider, if you are working with C++, is- f no-i nl i ne. That makesit easier
to see the function-call chain, which can help reduce confusion when navigating around large C++ apps. For
example, debugging OpenOffice.org with Memcheck is a bit easier when using this option. Y ou don't have to do
this, but doing so helps Valgrind produce more accurate and |ess confusing error reports. Chances are you're set up
like this already, if you intended to debug your program with GNU GDB, or some other debugger. Alternatively,
theValgrind option - - r ead- i nl i ne-i nf o=yes instructs Valgrind to read the debug information describing
inlining information. With this, function call chain will be properly shown, even when your applicationiscompiled
with inlining.

If you are planning to use Memcheck: On rare occasions, compiler optimisations (at - O2 and above, and sometimes
- O1) have been observed to generate code which fools Memcheck into wrongly reporting uninitialised value
errors, or missing uninitialised value errors. We have looked in detail into fixing this, and unfortunately the result
isthat doing so would give afurther significant slowdown in what is already a slow tool. So the best solution isto
turn off optimisation altogether. Since this often makes things unmanageably slow, areasonable compromiseisto
use - O. This gets you the majority of the benefits of higher optimisation levels whilst keeping relatively small the
chances of false positives or false negatives from Memcheck. Also, you should compile your code with - Wl |
because it can identify some or al of the problemsthat Vagrind can miss at the higher optimisation levels. (Using
-\Wal | isalso agood ideain general.) All other tools (as far as we know) are unaffected by optimisation level,
and for profiling tools like Cachegrind it is better to compile your program at its normal optimisation level.

Vagrind understands the DWARF2/3/4 formats used by GCC 3.1 and later. The reader for "stabs" debugging
format (used by GCC versions prior to 3.1) has been disabled in Valgrind 3.9.0.

When you're ready to roll, run Valgrind as described above. Note that you should run the real (machine-code)
executable here. If your application is started by, for example, a shell or Perl script, you'll need to modify it to
invoke Valgrind on the real executables. Running such scripts directly under Valgrind will result in you getting
error reports pertaining to / bi n/ sh, / usr/ bi n/ per |, or whatever interpreter you're using. This may not be
what you want and can be confusing. Y ou can force the issue by giving theoption- -t r ace- chi | dr en=yes,
but confusion is till likely.

2.3. The Commentary

Valgrind tools write acommentary, a stream of text, detailing error reports and other significant events. All lines
in the commentary have following form:

==12345== sone- nessage-from Val gri nd

The12345 istheprocess|D. Thisschememakesit easy to distinguish program output from Valgrind commentary,
and also easy to differentiate commentaries from different processes which have become merged together, for
whatever reason.

By default, Valgrind tools write only essential messages to the commentary, so as to avoid flooding you with
information of secondary importance. If you want more information about what is happening, re-run, passing the
- v option to Valgrind. A second - v gives yet more detail.

Y ou can direct the commentary to three different places:

1. Thedefault: send it to afile descriptor, which isby default 2 (stderr). So, if you give the core no options, it will
write commentary to the standard error stream. If you want to send it to some other file descriptor, for example
number 9, you can specify - - | og- f d=9.
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Thisisthe ssimplest and most common arrangement, but can cause problems when Valgrinding entire trees of
processes which expect specific file descriptors, particularly stdin/stdout/stderr, to be available for their own
use.

2. A lessintrusive option isto write the commentary to afile, which you specify by - - 1 og-fi | e=fi | enane.
There are special format specifiers that can be used to use a process ID or an environment variable name in
the log file name. These are useful/necessary if your program invokes multiple processes (especialy for MPI
programs). See the basic options section for more details.

3. The least intrusive option is to send the commentary to a network socket. The socket is specified as an IP
address and port number pair, like this: - - | 0g- socket =192. 168. 0. 1: 12345 if you want to send the
output to host 1P 192.168.0.1 port 12345 (note: we have no ideaif 12345 isaport of pre-existing significance).
Y ou can also omit the port number: - - | 0og- socket =192. 168. 0. 1, in which case a default port of 1500
isused. This default is defined by the constant VG_CLO_DEFAULT_LOGPORT in the sources.

Note, unfortunately, that you have to use an IP address here, rather than a hostname.

Writing to a network socket is pointless if you don't have something listening at the other end. We provide a
simplelistener program, val gri nd- 1 i st ener , which accepts connections on the specified port and copies
whatever it is sent to stdout. Probably someone will tell us thisis ahorrible security risk. It seems likely that
people will write more sophisticated listenersin the fullness of time.

val grind-1i st ener canaccept simultaneous connections from up to 50 Valgrinded processes. In front of
each line of output it prints the current number of active connections in round brackets.

val gri nd-1i st ener acceptsthree command-line options:
-e --exit-at-zero

When the number of connected processes falls back to zero, exit. Without this, it will run forever, that is,
until you send it Control-C.

- - max- connect =I NTEGER

By default, the listener can connect to up to 50 processes. Occasionally, that number istoo small. Usethis
option to provide a different limit. E.g. - - max- connect =100.

port number

Changes the port it listens on from the default (1500). The specified port must be in the range 1024 to
65535. The same restriction applies to port numbers specified by a- - | 0g- socket to Valgrind itself.

If aValgrinded process fails to connect to a listener, for whatever reason (the listener isn't running, invalid or
unreachable host or port, etc), Valgrind switches back to writing the commentary to stderr. The same goes for
any process which loses an established connection to alistener. In other words, killing the listener doesn't kill
the processes sending data to it.

Here is an important point about the relationship between the commentary and profiling output from tools. The
commentary contains a mix of messages from the VValgrind core and the selected tool. If the tool reports errors, it
will report them to the commentary. However, if the tool does profiling, the profile data will be written to afile
of some kind, depending on the tool, and independent of what - - | 0g- * optionsarein force. The commentary is
intended to be alow-bandwidth, human-readable channel. Profiling data, on the other hand, is usually voluminous
and not meaningful without further processing, which is why we have chosen this arrangement.

2.4. Reporting of errors

When an error-checking tool detects something bad happening in the program, an error message is written to the
commentary. Here's an example from Memcheck:
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==25832== I nvalid read of size 4

==25832== at 0x8048724: BandMatrix::ReSize(int, int, int) (bogon.cpp:45)
==25832== by 0x80487AF: mai n (bogon. cpp: 66)

==25832== Address OxBFFFF74C is not stack'd, malloc'd or free'd

This message saysthat the program did an illegal 4-byte read of address OXBFFFF74C, which, asfar as Memcheck
can tell, is not a valid stack address, nor corresponds to any current heap blocks or recently freed heap blocks.
Theread is happening at line 45 of bogon. cpp, called from line 66 of the samefile, etc. For errors associated
with anidentified (current or freed) heap block, for example reading freed memory, Vagrind reports not only the
location where the error happened, but also where the associated heap block was allocated/freed.

Valgrind remembers all error reports. When an error is detected, it is compared against old reports, to seeif it is
aduplicate. If so, the error is noted, but no further commentary is emitted. This avoids you being swamped with
bazillions of duplicate error reports.

If you want to know how many times each error occurred, run with the - v option. When execution finishes, all
the reports are printed out, along with, and sorted by, their occurrence counts. This makes it easy to see which
errors have occurred most frequently.

Errors are reported before the associated operation actually happens. For example, if you're using Memcheck and
your program attempts to read from address zero, Memcheck will emit a message to this effect, and your program
will then likely die with a segmentation fault.

In general, you should try and fix errors in the order that they are reported. Not doing so can be confusing. For
example, a program which copies uninitialised values to several memory locations, and later uses them, will
generate severa error messages, when run on Memcheck. The first such error message may well give the most
direct clue to the root cause of the problem.

The process of detecting duplicate errors is quite an expensive one and can become a significant performance
overhead if your program generates huge quantities of errors. To avoid serious problems, Valgrind will simply
stop collecting errors after 1,000 different errors have been seen, or 10,000,000 errors in total have been seen.
In this situation you might as well stop your program and fix it, because Valgrind won't tell you anything else
useful after this. Note that the 1,000/10,000,000 limits apply after suppressed errors are removed. Theselimitsare
definedinm_er r or mgr . ¢ and can be increased if necessary.

To avoid this cutoff you can usethe --error-1i m t=no option. Then Vagrind will always show errors,
regardless of how many there are. Use this option carefully, since it may have a bad effect on performance.

2.5. Suppressing errors

The error-checking tools detect numerous problems in the system libraries, such as the C library, which come
pre-installed with your OS. You can't easily fix these, but you don't want to see these errors (and yes, there are
many!) So Valgrind reads a list of errors to suppress at startup. A default suppression file is created by the . /
conf i gur e script when the system is built.

Y ou can modify and add to the suppressions file at your leisure, or, better, write your own. Multiple suppression
filesare allowed. Thisisuseful if part of your project contains errors you can't or don't want to fix, yet you don't
want to continuously be reminded of them.

Note: By far the easiest way to add suppressionsisto usethe- - gen- suppr essi ons=yes option described
in Core Command-line Options. This generates suppressions automatically. For best results, though, you may
want to edit the output of - - gen- suppr essi ons=yes by hand, in which case it would be advisable to read
through this section.

Each error to be suppressed is described very specifically, to minimise the possibility that a suppression-directive
inadvertently suppresses a bunch of similar errors which you did want to see. The suppression mechanism is
designed to allow precise yet flexible specification of errors to suppress.

If you usethe- v option, at the end of execution, Valgrind prints out one line for each used suppression, giving the
number of timesit got used, itsname and thefilename and line number where the suppression isdefined. Depending



Using and understanding the Valgrind core

on the suppression kind, the filename and line number are optionally followed by additional information (such as
the number of blocks and bytes suppressed by a Memcheck |eak suppression). Here's the suppressions used by a
runofval grind -v --tool =nencheck Is -1:

--1610-- used_suppression: 2 dl -hack3-cond-1 /usr/lib/val grind/default.supp: 1234
--1610-- used_suppression: 2 glibc-2.5. x-on-SUSE- 10. 2- (PPC) -2a /usr/lib/val grind/ di

Multiple suppressionsfiles are allowed. Valgrind loads suppression patternsfrom $PREFI X/ | i b/ val gri nd/
defaul t.supp unless --defaul t-suppressi ons=no has been specified. You can ask to add
suppressions from additional files by specifying - - suppr essi ons=/ pat h/to/fil e. supp one or more
times.

If you want to understand more about suppressions, look at an existing suppressions file whilst reading the
following documentation. Thefilegl i bc- 2. 3. supp, inthe source distribution, provides some good examples.

Blank and comment linesin asuppression file are ignored. Comment lines are made of 0 or more blanks followed
by a# character followed by some text.

Each suppression has the following components:;

* Firstline: itsname. Thismerely gives ahandy nameto the suppression, by whichit isreferred to in the summary
of used suppressions printed out when a program finishes. It's not important what the name is; any identifying
string will do.

» Second line: name of the tool(s) that the suppression is for (if more than one, comma-separated), and the name
of the suppression itself, separated by a colon (n.b.: no spaces are allowed), eg:

t ool _nanel, t ool _name2: suppr essi on_nane

Recall that Valgrind is a modular system, in which different instrumentation tools can observe your program
whilst it is running. Since different tools detect different kinds of errors, it is necessary to say which tool(s) the
suppression is meaningful to.

Tools will complain, at startup, if a tool does not understand any suppression directed to it. Tools ignore
suppressions which are not directed to them. As aresult, it is quite practical to put suppressions for all tools
into the same suppression file.

* Next line: a small number of suppression types have extra information after the second line (eg. the Par am
suppression for Memcheck)

* Remaining lines: Thisis the calling context for the error -- the chain of function calls that led to it. There can
be up to 24 of these lines.

L ocations may be names of either shared objects, functions, or source lines. They begin with obj : ,fun: , or
src: respectively. Function, object, and file names to match against may use the wildcard characters* and ?.
Source lines are specified using theform f i | enane[ : | i neNunber] .

Important note: C++ function names must be mangled. If you are writing suppressions by hand, use the - -
demangl e=no option to get the mangled namesin your error messages. An example of amangled C++ name
is_ZNOQLi st Vi ewdshowEv. Thisisthe form that the GNU C++ compiler usesinternally, and the form that
must be used in suppression files. The equivalent demangled name, QLi st Vi ew. : show() , iswhat you see
at the C++ source code level.

A location line may aso be simply ". . . " (three dots). This is a frame-level wildcard, which matches zero
or more frames. Frame level wildcards are useful because they make it easy to ignore varying numbers of
uninteresting frames in between frames of interest. That is often important when writing suppressions which
are intended to be robust against variations in the amount of function inlining done by compilers.

* Finaly, the entire suppression must be between curly braces. Each brace must be the first character on its own
line.
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A suppression only suppresses an error when the error matchesall the detailsin the suppression. Here'san example:

{
__gconv_transform ascii_internal/__nbrtowc/ nmbt owc
Mentheck: Val ue4d
fun: __gconv_transform ascii _internal

fun: __nbr*toc
fun: nbt owc

}

What it meansis: for Memcheck only, suppress a use-of-uninitialised-value error, when the data size is 4, when it
occursin the function __gconv_transform ascii _i nt ernal , when that is called from any function of
name matching __ nbr *t oc, when that is called from nbt owc. It doesn't apply under any other circumstances.
The string by which this suppressionisidentified totheuseris__gconv_t ransform ascii _i nternal /
___nbrtowc/ nbt ownc.

(See Writing suppression files for more details on the specifics of Memcheck's suppression kinds.)

Another example, again for the Memcheck tool:

{
|i bX11.s0.6.2/1ibX11.s0.6.2/]ibXaw.so.7.0

Mentheck: Val ue4d

obj:/usr/ X11R6/1ib/1ibX1l1. so0.6.2
obj:/usr/ X11R6/1ib/1ibX1l1. so0.6.2
obj:/usr/ X11R6/1ib/libXaw. so. 7.0

}

This suppresses any size 4 uninitialised-value error which occurs anywherein| i bX11. so. 6. 2, when caled
from anywhere in the same library, when called from anywherein| i bXaw. so. 7. 0. Theinexact specification
of locations is regrettable, but is about all you can hope for, given that the X11 libraries shipped on the Linux
distro on which this example was made have had their symbol tables removed.

An example of the src: specification, again for the Memcheck tool:

{
|i bX11.s0.6.2/1ibX11.s0.6.2/1ibXaw.so.7.0

Menctheck: Val ue4
src:valid.c:321

}

This suppresses any size-4 uninitialised-value error which occursat line321inval i d. c.

Although the above two examples do not make this clear, you can freely mix obj : , fun: ,and src: linesin
asuppression.

Finally, here's an example using three frame-level wildcards:

a-contrived- exanpl e
Mencheck: Leak
fun: mal | oc

fun: ddd

fun: ccc
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fun: mai n
}

This suppresses Memcheck memory-leak errors, in the case where the alocation was done by nmai n calling
(though any number of intermediaries, including zero) ccc, calling onwardsviaddd and eventually tomal | oc. .

2.6. Debuginfod

Vagrind supports the downloading of debuginfo files via debuginfod, an HTTP server for distributing ELF/
DWARF debugging information. When a debuginfo file cannot be found locally, Valgrind is able to query
debuginfod servers for the file using the file's build-id.

In order to use this feature debugi nfod-find must be installed and the $DEBUG NFOD_URLS
environment variable must contain space-separated URLs of debuginfod servers. Valgrind does not support
debugi nfod-fi nd verbose output that is normally enabled with $DEBUG NFOD_PROGRESS and
$DEBUG NFCD_VERBGCSE. These environment variables will be ignored. This feature is supported on Linux
only.

For more information regarding debuginfod, see Elfutils Debuginfod .

2.7. Core Command-line Options

As mentioned above, Valgrind's core accepts acommon set of options. Thetools also accept tool-specific options,
which are documented separately for each tool.

Valgrind's default settings succeed in giving reasonable behaviour in most cases. We group the available options
by rough categories.

2.7.1. Tool-selection Option

The single most important option.
--t ool =<t ool nane> [defaul t: nentheck]

Run the Valgrind tool called t ool nane, e.g. memcheck, cachegrind, callgrind, helgrind, drd, massif, dhat,
lackey, none, exp-bbv, etc.

2.7.2. Basic Options

These options work with all tools.
-h --help

Show help for all options, both for the core and for the selected tool. If the option is repeated it is equivalent
togiving - - hel p- debug.

- - hel p- debug

Sameas- - hel p, but also lists debugging options which usually are only of use to Valgrind's devel opers.
--version

Show the version number of the VValgrind core. Tools can have their own version numbers. Thereis ascheme

in place to ensure that tools only execute when the core version is one they are known to work with. Thiswas
done to minimise the chances of strange problems arising from tool-vs-core version incompatibilities.


https://sourceware.org/elfutils/Debuginfod.html
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-q,--qui et

Run silently, and only print error messages. Useful if you are running regression tests or have some other
automated test machinery.

-V, --verbose

Be more verbose. Gives extra information on various aspects of your program, such as: the shared objects
loaded, the suppressions used, the progress of the instrumentation and execution engines, and warnings about
unusual behaviour. Repeating the option increases the verbosity level.

--trace-chil dren=<yes| no> [defaul t: no]

When enabled, Valgrind will trace into sub-processes initiated via the exec system call. This is necessary
for multi-process programs.

Note that Valgrind does trace into the child of af or k (it would be difficult not to, since f or k makes an
identical copy of a process), so this option is arguably badly named. However, most children of f or k calls
immediately call exec anyway.

--trace-chil dren-ski p=pattl, patt2,...

This option only has an effect when - - t r ace- chi | dr en=yes is specified. It alows for some children
to be skipped. The option takes a comma separated list of patterns for the names of child executables that
Vagrind should not trace into. Patterns may include the metacharacters ? and *, which have the usual
meaning.

This can be useful for pruning uninteresting branches from atree of processes being run on Valgrind. But you
should be careful when using it. When Valgrind skips tracing into an executable, it doesn't just skip tracing
that executable, it also skips tracing any of that executabl€e's child processes. In other words, the flag doesn't
merely cause tracing to stop at the specified executables -- it skips tracing of entire process subtrees rooted
at any of the specified executables.

--trace-chil dren-ski p-by-arg=pattl, patt2,...

Thisisthesameas--trace-chi | dr en- ski p, with one difference: the decision as to whether to trace
into a child process is made by examining the arguments to the child process, rather than the name of its
executable.

--child-silent-after-fork=<yes|no> [default: no]

When enabled, Valgrind will not show any debugging or logging output for the child process resulting from a
f or k call. This can make the output less confusing (although more misleading) when dealing with processes
that create children. It is particularly useful in conjunction with - - t r ace- chi | dr en=. Use of this option
is also strongly recommended if you are requesting XML output (- - xni =yes), since otherwise the XML
from child and parent may become mixed up, which usually makes it useless.

--vgdb=<no| yes|ful | > [default: yes]

Valgrind will provide "gdbserver" functionality when - - vgdb=yes or - - vgdb=f ul | is specified. This
allows an external GNU GDB debugger to control and debug your program when it runs on Valgrind.
--vgdb=ful I incurs significant performance overheads, but provides more precise breakpoints and
watchpoints. See Debugging your program using Valgrind's gdbserver and GDB for a detailed description.

If the embedded gdbserver is enabled but no gdb is currently being used, the vgdb command line utility can
send "monitor commands" to Valgrind from a shell. The Valgrind core provides a set of VValgrind monitor
commands. A tool can optionally provide tool specific monitor commands, which are documented in the tool
specific chapter.

--vgdb- error=<nunber> [default: 999999999]

Use this option when the Valgrind gdbserver is enabled with - - vgdb=yes or - - vgdb=f ul | . Tools that
report errorswill wait for "nunber " errorsto be reported before freezing the program and waiting for you to
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connect with GDB. It follows that a value of zero will cause the gdbserver to be started before your program
is executed. Thisistypically used to insert GDB breakpoints before execution, and al so works with tools that
do not report errors, such as Massif.

--vgdb- st op- at =<set > [defaul t: none]

Usethisoption whenthe VValgrind gdbserver isenabled with - - vgdb=yes or - - vgdb=f ul | . TheVagrind
gdbserver will beinvoked for each error after - - vgdb- er r or have been reported. Y ou can additionally ask
the Valgrind gdbserver to be invoked for other events, specified in one of the following ways:

» acommaseparated list of oneor moreof start up exit abexit val gri ndabexit.

Thevaluesst art up exi t val gri ndabexi t respectively indicate to invoke gdbserver before your
program is executed, after the last instruction of your program, on Valgrind abnormal exit (e.g. internal
error, out of memory, ...).

The option abexi t issimilar to exi t but tells to invoke gdbserver only when your application exits
abnormally (i.e. with an exit code different of 0).

Note: st art up and - - vgdb- er r or =0 will both cause Valgrind gdbserver to be invoked before your
programisexecuted. The- - vgdb- er r or =0 will in addition cause your program to stop on all subsequent
errors.

o all to gpecify the complete set. It is equivalent to --vgdb-stop-
at =startup, exit, abexit, val gri ndabexit.

» none for the empty set.

--track-fds=<yes|no|all> [default: no]

When enabled, Valgrind will print out alist of open file descriptors on exit or on request, via the gdbserver
monitor commandyv. i nf o open_f ds. Alongwith eachfiledescriptor is printed astack backtrace of where
the file was opened and any details relating to the file descriptor such as the file name or socket details. Use
al | toincludereportingonst di n, st dout and st derr.

--tinme-stanmp=<yes| no> [default: no]

When enabled, each message is preceded with an indication of the elapsed wallclock time since startup,
expressed as days, hours, minutes, seconds and milliseconds.

og- fd=<nunber> [default: 2, stderr]

Specifies that Valgrind should send all of its messages to the specified file descriptor. The default, 2, isthe
standard error channel (stderr). Note that this may interfere with the client's own use of stderr, as Valgrind's
output will be interleaved with any output that the client sends to stderr.

og-fil e=<fil enane>

Specifiesthat Valgrind should send all of its messagesto the specified file. If thefile nameis empty, it causes
an abort. There are three special format specifiers that can be used in the file name.

%p is replaced with the current process ID. Thisis very useful for program that invoke multiple processes.
WARNING: If youuse- -t race- chi | dr en=yes and your program invokes multiple processes OR your
program forks without calling exec afterwards, and you don't use this specifier (or the %g specifier below), the
Valgrind output from all those processes will go into one file, possibly jumbled up, and possibly incompl ete.
Note: If the program forks and calls exec afterwards, Valgrind output of the child from the period between
fork and exec will be lost. Fortunately this gap is really tiny for most programs; and modern programs use
posi X_spawn anyway.

% isreplaced with afile sequence number unique for this process. Thisis useful for processes that produces
several files from the same filename template.
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%g{ FOO} is replaced with the contents of the environment variable FOQO. If the { FOO} part is malformed,
it causes an abort. This specifier israrely needed, but very useful in certain circumstances (eg. when running
MPI programs). Theideaisthat you specify avariable which will be set differently for each processin thejob,
for example BPROC_RANK or whatever is applicable in your MPI setup. If the named environment variable
is not set, it causes an abort. Note that in some shells, the { and } characters may need to be escaped with
abackslash.

%®%is replaced with %
If an %is followed by any other character, it causes an abort.

If the file name specifies arelative file name, it is put in the program's initial working directory: thisis the
current directory when the program started its execution after the fork or after the exec. If it specifies an
absolute file name (ie. startswith /") then it is put there.

0g- socket =<i p- addr ess: port - nunber >

Specifies that Valgrind should send all of its messages to the specified port at the specified IP address.
The port may be omitted, in which case port 1500 is used. If a connection cannot be made to the specified
socket, Valgrind falls back to writing output to the standard error (stderr). This option isintended to be used
in conjunction with the val gri nd-1i st ener program. For further details, see the commentary in the
manual.

- - enabl e- debugi nf od=<no| yes> [defaul t: yes]

When enabled Valgrind will attempt to download missing debuginfo from debuginfod servers if space-
separated server URLs are present in the $DEBUG NFOD_URLS environment variable. This option is
supported on Linux only.

2.7.3. Error-related Options

These options are used by all tools that can report errors, e.g. Memcheck, but not Cachegrind.
--xm =<yes| no> [defaul t: no]

When enabled, the important parts of the output (e.g. tool error messages) will bein XML format rather than
plain text. Furthermore, the XML output will be sent to a different output channel than the plain text output.
Therefore, you also must useone of - - xm -fd,--xm -fil e or--xm -socket to specify where the
XML isto be sent.

Less important messages will still be printed in plain text, but because the XML output and plain text output
are sent to different output channels (the destination of the plain text output is still controlled by - - 1 og- f d,
--log-fileand--1og-socket) thisshould not cause problems.

Thisoptionisaimed at making life easier for toolsthat consume Valgrind's output asinput, such as GUI front
ends. Currently this option works with Memcheck, Helgrind and DRD. The output format is specified in the
filedocs/ i nt ernal s/ xm - out put - pr ot ocol 4. t xt inthe sourcetreefor Valgrind 3.5.0 or later.

Therecommended optionsfor aGUI to pass, when requesting XML output, are; - - xm =yes toenable XML
output, - - xm - fi | e to send the XML output to a (presumably GUI-selected) file, - -1 og-fi | e to send
the plain text output to a second GUI-selected file, - - chi | d-sil ent-after-fork=yes, and -q to
restrict the plain text output to critical error messages created by Valgrind itself. For example, failure to read
aspecified suppressionsfile countsas acritical error message. In thisway, for asuccessful run the text output
filewill be empty. But if it isn't empty, then it will contain important information which the GUI user should
be made aware of.

--xm - fd=<nunber> [defaul t: -1, disabled]

Specifies that Valgrind should send its XML output to the specified file descriptor. It must be used in
conjunction with - - xm =yes.
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--xm -file=<fil enane>

Specifies that Valgrind should send its XML output to the specified file. It must be used in conjunction with
--xm =yes. Any % or % sequences appearing in the filename are expanded in exactly the same way as
they arefor - - | og-fi | e. Seethe description of --log-file for details.

--xm - socket =<i p- addr ess: port - nunmber >

Specifies that Valgrind should send its XML output the specified port at the specified |P address. It must
be used in conjunction with - - xm =yes. The form of the argument is the same as that used by - - | og-
socket . Seethedescription of - - | 0g- socket for further details.

--xm - user-comrent =<stri ng>

Embeds an extra user comment string at the start of the XML output. Only works when - - ximi =yes is
specified; ignored otherwise.

- -demangl e=<yes| no> [defaul t: yes]

Enable/disable automatic demangling (decoding) of C++, D, Rust, Java, Ada nhames. Enabled by default.
When enabled, Valgrind will attempt to translate encoded names in the listed languages back to something
approaching the original. Note that the callgrind tool always disables Adademangling in order to differentiate
overloaded functions and procedures in the callgraph. The demangler handles symbols mangled by g++
versions 2.X, 3.X and 4.X.

An important fact about demangling is that function names mentioned in suppressions files should be in
their mangled form. Val grind does not demangl e function names when searching for applicable suppressions,
because to do otherwise would make suppression file contents dependent on the state of VVal grind'sdemangling
machinery, and also slow down suppression matching.

--numcal | ers=<nunber> [defaul t: 12]

Specifies the maximum number of entries shown in stack traces that identify program locations. Note that
errors are commoned up using only the top four function locations (the place in the current function, and that
of itsthree immediate callers). So this doesn't affect the total number of errors reported.

The maximum value for thisis 500. Note that higher settings will make Valgrind run a bit more slowly and
take a bit more memory, but can be useful when working with programs with deeply-nested call chains.

- -unw- st ack- scan-t hr esh=<nunber > [defaul t: 0] ,  --unw- st ack-scan-
frames=<nunber> [default: 5]

Stack-scanning support is available only on ARM targets.

These flags enable and control stack unwinding by stack scanning. When the normal stack unwinding
mechanisms -- usage of Dwarf CFI records, and frame-pointer following -- fail, stack scanning may be able
to recover a stack trace.

Note that stack scanning is an imprecise, heuristic mechanism that may give very misleading results, or none
at all. It should be used only in emergencies, when normal unwinding fails, and it isimportant to nevertheless
have stack traces.

Stack scanning is a simple technique: the unwinder reads words from the stack, and tries to guess which of
them might be return addresses, by checking to see if they point just after ARM or Thumb call instructions.
If so, the word is added to the backtrace.

The main danger occurs when afunction call returns, leaving its return address exposed, and a new function
is called, but the new function does not overwrite the old address. The result of thisisthat the backtrace may
contain entries for functions which have already returned, and so be very confusing.

A second limitation of thisimplementation is that it will scan only the page (4KB, normally) containing the
starting stack pointer. If the stack frames are large, this may result in only a few (or not even any) being
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present in the trace. Also, if you are unlucky and have an initial stack pointer near the end of its containing
page, the scan may miss al interesting frames.

By default stack scanning is disabled. The normal use caseisto ask for it when a stack trace would otherwise
be very short. So, to enableit, use- - unw- st ack- scan-t hr esh=nunber . ThisrequestsValgrind to try
using stack scanning to "extend" stack traces which contain fewer than nurmber frames.

If stack scanning does take place, it will only generate at most the number of frames specified by - - unw
st ack- scan- f r anes. Typicaly, stack scanning generates so many garbage entriesthat thisvalueisset to
alow value (5) by default. In no case will a stack trace larger than the value specified by - - num cal | er s
be created.

--error-limt=<yes|no> [default: yes]

When enabled, Valgrind stops reporting errors after 10,000,000 in total, or 1,000 different ones, have been
seen. Thisisto stop the error tracking machinery from becoming a huge performance overhead in programs
with many errors.

--error-exitcode=<nunber> [default: 0]

Specifies an aternative exit code to return if Valgrind reported any errorsin the run. When set to the default
value (zero), the return value from Valgrind will always be the return value of the process being simulated.
When set to a nonzero value, that value is returned instead, if Valgrind detects any errors. Thisis useful for
using Valgrind as part of an automated test suite, since it makesit easy to detect test cases for which Valgrind
has reported errors, just by inspecting return codes. When set to anonzero value and Valgrind detects no error,
the return value of Valgrind will be the return value of the program being simulated.

--exit-on-first-error=<yes|no> [default: no]

If this option is enabled, Valgrind exits on the first error. A nonzero exit value must be defined using - -
error-exitcode option. Useful if you are running regression tests or have some other automated test
machinery.

--error-markers=<begi n>, <end> [default: none]

When errors are output as plain text (i.e. XML not used), - - er r or - mar ker s instructs to output a line
containing the begi n (end) string before (after) each error.

Such marker lines facilitate searching for errors and/or extracting errorsin an output file that contain valgrind
errors mixed with the program output.

Note that empty markers are accepted. So, only using a begin (or an end) marker is possible.

--showerror-1list=no|yes|all [default: no]

If this option is yes, for tools that report errors, valgrind will show the list of detected errors and the list of
used suppressions at exit. The value al indicates to also show the list of suppressed errors.

Notethat at verbosity 2 and above, valgrind automatically showsthelist of detected errors and the list of used
suppressions at exit, unless- - show error -1 i st =no isselected.

Specifying - s isequivalentto- - show error-1i st =yes.

--sigill-diagnostics=<yes|no> [default: yes]

Enable/disable printing of illegal instruction diagnostics. Enabled by default, but defaults to disabled when
- - qui et isgiven. The default can aways be explicitly overridden by giving this option.

When enabled, a warning message will be printed, along with some diagnostics, whenever an instruction is
encountered that VValgrind cannot decode or translate, before the program isgiven aSIGILL signal. Often an
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illegal instruction indicates a bug in the program or missing support for the particular instruction in Valgrind.
But some programs do deliberately try to execute an instruction that might be missing and trap the SIGILL
signal to detect processor features. Using this flag makes it possible to avoid the diagnostic output that you
would otherwise get in such cases.

- - keep- debugi nf o=<yes| no> [defaul t: no]

When enabled, keep ("archive") symbols and all other debuginfo for unloaded code. This allows saved stack
traces to include file/line info for code that has been diclose'd (or similar). Be careful with this, since it can
lead to unbounded memory use for programs which repeatedly load and unload shared objects.

Some tools and some functionalities have only limited support for archived debug info. Memcheck fully
supportsit. Generally, tools that report errors can use archived debug info to show the error stack traces. The
known limitations are: Helgrind's past access stack trace of arace condition is does not use archived debug
info. Massif (and more generally the xtree Massif output format) does not make use of archived debug info.
Only Memcheck has been (somewhat) tested with - - keep- debugi nf o=yes, so other tools may have
unknown limitations.

- - show bel ow mai n=<yes| no> [default: no]

By default, stack traces for errors do not show any functions that appear beneath mai n because most
of the time it's uninteresting C library stuff and/or gobbledygook. Alternatively, if mai n is not present
in the stack trace, stack traces will not show any functions below mai n-like functions such as glibc's
__libc_start_main. Furthermore, if mai n-like functions are present in the trace, they are normalised
as(bel ow mai n), in order to make the output more deterministic.

If thisoption isenabled, all stack trace entrieswill be shown and mai n-like functionswill not be normalised.
--full path-after=<string> [default: don't show source paths]

By default Valgrind only shows the filenames in stack traces, but not full paths to source files. When using
Valgrind in large projects where the sources reside in multiple different directories, this can be inconvenient.
--ful | pat h- af t er providesaflexible solution to this problem. When this option is present, the path to
each source file is shown, with the following al-important caveat: if st ri ng isfound in the path, then the
path up to and including st ri ng is omitted, else the path is shown unmodified. Note that st ri ng is not
required to be a prefix of the path.

For example, consider afilenamed/ hore/ j anedoe/ bl ah/ src/ f oo/ bar/ xyzzy. c. Specifying - -
ful | pat h-after=/hone/janedoe/ bl ah/ src/ will cause Vagrind to show the name as f oo/
bar/xyzzy. c.

Because the string is not required to be a prefix, - - f ul | pat h- af t er =sr ¢/ will produce the same
output. This is useful when the path contains arbitrary machine-generated characters. For example, the
path / ny/ bui | d/ di r/ C32A1B47/ bl ah/ src/ f oo/ xyzzy can be pruned to f oo/ xyzzy using - -
ful |l path-after=/blah/src/.

If you simply want to see the full path, just specify an empty string: - - f ul | pat h- af t er =. Thisisn't a
special case, merely alogical consequence of the aboverules.

Finally, you canuse- - f ul | pat h- af t er multiple times. Any appearance of it causes Valgrind to switch
to producing full paths and applying the above filtering rule. Each produced path is compared against all the
--ful | pat h- af t er -specified strings, in the order specified. The first string to match causes the path to
be truncated as described above. If none match, the full path is shown. This facilitates chopping off prefixes
when the sources are drawn from anumber of unrelated directories.

- -extra-debugi nf o- pat h=<pat h> [defaul t: undefined and unused]
By default Valgrind searches in severa well-known paths for debug objects, such as/ usr/ 1 i b/ debug/ .

However, there may be scenarios where you may wish to put debug objects at an arbitrary location, such
as external storage when running Valgrind on a mobile device with limited loca