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Chapter 1. Introduction

This document introduces CUDA-GDB, the NVIDIA® CUDA® debugger for Linux and QNX
targets.

1.1.  Whatis CUDA-GDB?

CUDA-GDB is the NVIDIA tool for debugging CUDA applications running on Linux and QNX.
CUDA-GDB is an extension to GDB, the GNU Project debugger. The tool provides developers
with a mechanism for debugging CUDA applications running on actual hardware. This enables
developers to debug applications without the potential variations introduced by simulation and
emulation environments.

CUDA-GDB runs on Linux and targets both Linux and QNX systems.

1.2.  Supported Features

CUDA-GDB is designed to present the user with a seamless debugging environment that
allows simultaneous debugging of both GPU and CPU code within the same application. Just
as programming in CUDA C is an extension to C programming, debugging with CUDA-GDB is a
natural extension to debugging with GDB. The existing GDB debugging features are inherently
present for debugging the host code, and additional features have been provided to support
debugging CUDA device code.

CUDA-GDB supports debugging C/C++ and Fortran CUDA applications. (Fortran debugging
support is limited to 64-bit Linux operating system) All the C++ features supported by the
NVCC compiler can be debugged by CUDA-GDB.

CUDA-GDB allows the user to set breakpoints, to single-step CUDA applications, and also to
inspect and modify the memory and variables of any given thread running on the hardware.

CUDA-GDB supports debugging all CUDA applications, whether they use the CUDA driver AP,
the CUDA runtime API, or both.

CUDA-GDB supports debugging kernels that have been compiled for specific CUDA
architectures, such as sm_75 or sm_80, but also supports debugging kernels compiled at
runtime, referred to as just-in-time compilation, or JIT compilation for short.
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Introduction

1.3. About This Document

This document is the main documentation for CUDA-GDB and is organized more as a user
manual than a reference manual. The rest of the document will describe how to install and
use CUDA-GDB to debug CUDA kernels and how to use the new CUDA commands that have
been added to GDB. Some walk-through examples are also provided. It is assumed that the
user already knows the basic GDB commands used to debug host applications.
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Chapter 2. Release Notes

11.3 Release

Python 2 deprecation notice
Support for Python 2 is being deprecated. Cuda-gdb will move to build with Python 3
support in an upcoming release.

Bugfixes

> Improvements to late attach for remote debugging.

11.2 Update 1 Release
GDB TUI deprecation notice
Support for GDB TUI mode is being deprecated. This will avoid cross platform dependency

mismatches for OSes that lack ncurses-5.5 support. GDB TUI mode will be disabled in an
upcoming release.

Bugfixes

» Fixed printing of strings in the global GPU memory while running CPU code.
Fixed a bug with extended debug_Lline handling.

Fixed truncation with builtin gdb variables such as gridbim.

Fixed a segfault during startup for DWARF dies missing names.

Fixed a segfault when a CUDA kernel calls assert.

Fixed a bug that prevented debugging cubins > 2GB.

Added minor usability enhancements for cubins compiled with --1ineinfo.

vV vV v vV Vv v Vv

Fixed a segfault cause by a pretty printer when using cuda-gdb within CLion.

11.1 Release
Updated GDB version

Moving from GDB 8.2 to 8.3 (based on gdb 8.3.1).
See gdb 8.3.1 changes

CUDA Debugger DU-05227-042 v11.3 | 3


https://lists.gnu.org/archive/html/info-gnu/2019-09/msg00006.html

Release Notes

Support for SM 8.6

cuda-gdb now supports Devices with Compute Capability 8.6.
Updated DWARF parser

Old binaries might need to be recompiled in order to ensure CUDA-specific DWARF info are
up to date.

Bugfixes

Fixed an intermittent deadlock when attaching to a running CUDA process.

Fixed a bug when inspecting the value of half registers.

Updated GDB version

cuda-gdb has been upgraded from GDB/7.12 to GDB/8.2.
Support for SM8.0

cuda-gdb now supports Devices with Compute Capability 8.0.
Support for Bfloat16

Support for Bfloat16 (__nv_bfloat16) types have been added.
MIG support

cuda-gdb supports MIG. There can be a separate debugger session on each MIG instance.
Refer to Multiple Debuggers in case multiple debuggers are needed.

Mac support

Debugging on MacOS is no longer supported. However, MacOS can still be used as the
host system (where cuda-gdb runs under MacOS, using cuda-gdbserver to debug a remote
target). The download for the MacOS version of cuda-gdb can be found at the following
location: Download Here

Enhanced debugging with only linenumber information

Several enhancements were made to cuda-gdb's support for debugging programs
compiled with -1ineinfo but not with -G. This is intended primarily for debugging
programs built with OptiX/RTCore.

Note that -1ineinfo is mostly used when trying to debug optimized code. In this case,
debugger stepping and breakpoint behavior may appear somewhat erratic.
The PC may jump forward and backward unexpectedly while stepping.

The user may step into code that has no linenumber information, leading to an inability
to determine which source-file/linenumber the code at the PC belongs to.

Breakpoints may break on a different line than they were originally set on.
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Release Notes

When debugging OptiX/RTCore code, the following should be kept in mind:

NVIDIA internal code cannot be debugged or examined by the user.

OptiX/RTCode debugging is limited to -1ineinfo, and building this code with full debug
inforation (-GJ is not supported.

OptiX/RTCode code is highly optimized, and as such the notes above about debugging
optimized code apply.

Turing Uniform Register Support

Support added to cuda-gdb for examining and modifying uniform registers on Turing GPUs.

User induced core dump support

For the devices that support compute preemption, user induced core dump support is
added. New environment variable: CUDA ENABLE USER TRIGGERED COREDUMP can be used
to enable this feature.

Volta-MPS core dump support

GPU core dump generation is supported on Volta-MPS.
Lightweight GPU core dump support

CUDA-GDB supports reading lightweight GPU core dump files. New environment variable:
CUDA_ENABLE LIGHTWEIGHT COREDUMP can be used to enable this feature.

GPU core dump support

CUDA-GDB supports reading GPU and GPU+CPU core dump files.

New environment variables: CUDA ENABLE COREDUMP ON EXCEPTION,
CUDA_ENABLE CPU COREDUMP_ ON EXCEPTION and CUDA COREDUMP FILE can be used to
enable and configure this feature.

CUDA Fortran Support

CUDA-GDB supports CUDA Fortran debugging on é4-bit Linux operating systems.
GDB 7.6.2 Code Base

The code base for CUDA-GDB was upgraded to GDB 7.6.2.
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Release Notes

Unified Memory Support

Managed variables can be read and written from either a host thread or a device thread.
The debugger also annotates memory addresses that reside in managed memory with
@managed. The list of statically allocated managed variables can be accessed through a
new info cuda managed command.

GDB 7.6 Code Base

The code base for CUDA-GDB was upgraded from GDB 7.2 to GDB 7.6.

Android Support
CUDA-GDB can now be used to debug Android native applications either locally or
remotely.

Single-Stepping Optimizations
CUDA-GDB can now use optimized methods to single-step the program, which accelerate
single-stepping most of the time. This feature can be disabled by issuing set cuda
single stepping optimizations off.

Faster Remote Debugging
A lot of effort has gone into making remote debugging considerably faster, up to 2 orders of
magnitude. The effort also made local debugging faster.

Kernel Entry Breakpoints
The set cuda break on launch option will now break on kernels launched from the
GPU. Also, enabling this option does not affect kernel launch notifications.

Precise Error Attribution
On Maxwell architecture (SM 5.0), the instruction that triggers an exception will be reported
accurately. The application keeps making forward progress and the PC at which the

debugger stops may not match that address but an extra output message identifies the
origin of the exception.

Live Range Optimizations
To mitigate the issue of variables not being accessible at some code addresses, the
debugger offers two new options. With set cuda value extrapolation, the latest known
value is displayed with (possibly) prefix. With set cuda ptx_ cache, the latest known

value of the PTX register associated with a source variable is displayed with the (cached)
prefix.

Event Notifications
Kernel event notifications are not displayed by default any more.

New kernel events verbosity options have been added: set cuda kernel events, set
cuda kernel events depth. Also set cuda defer kernel launch notifications
has been deprecated and has no effect any more.
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Release Notes

Kernel Launch Trace

Two new commands, info cuda launch trace and info cuda launch children, are
introduced to display the kernel launch trace and the children kernel of a given kernel when
Dynamic Parallelism is used.

Single-GPU Debugging (BETA)

CUDA-GDB can now be used to debug a CUDA application on the same GPU that is
rendering the desktop GUI. This feature also enables debugging of long-running or
indefinite CUDA kernels that would otherwise encounter a launch timeout. In addition,
multiple CUDA-GDB sessions can debug CUDA applications context-switching on the same
GPU. This feature is available on Linux with SM3.5 devices. For information on enabling
this, please see Single-GPU Debugging with the Desktop Manager Running and Multiple

Debuggers.
Remote GPU Debugging

CUDA-GDB in conjunction with CUDA-GDBSERVER can now be used to debug a CUDA
application running on the remote host.

Dynamic Parallelism Support

CUDA-GDB fully supports Dynamic Parallelism, a new feature introduced with the 5.0
toolkit. The debugger is able to track the kernels launched from another kernel and to
inspect and modify variables like any other CPU-launched kernel.

Attach/Detach

It is now possible to attach to a CUDA application that is already running. It is also possible
to detach from the application before letting it run to completion. When attached, all

the usual features of the debugger are available to the user, as if the application had

been launched from the debugger. This feature is also supported with applications using
Dynamic Parallelism.

Attach on exception
Using the environment variable CUDA DEVICE WAITS ON EXCEPTION, the application will

run normally until a device exception occurs. Then the application will wait for the debugger
to attach itself to it for further debugging.

API Error Reporting
Checking the error code of all the CUDA driver APl and CUDA runtime API function calls is
vital to ensure the correctness of a CUDA application. Now the debugger is able to report,
and even stop, when any APl call returns an error. See set cuda api failures for more
information.

CUDA Debugger DU-05227-042 v11.3 | 7



Release Notes

Inlined Subroutine Support

Inlined subroutines are now accessible from the debugger on SM 2.0 and above. The user
can inspect the local variables of those subroutines and visit the call frame stack as if the
routines were not inlined.

Kepler Support

The primary change in Release 4.2 of CUDA-GDB is the addition of support for the new
Kepler architecture. There are no other user-visible changes in this release.

Source Base Upgraded to GDB 7.2

Until now, CUDA-GDB was based on GDB 6.6 on Linux, and GDB 6.3.5 on Darwin (the Apple
branch). Now, both versions of CUDA-GDB are using the same 7.2 source base.

Now CUDA-GDB supports newer versions of GCC (tested up to GCC 4.5), has better support
for DWARF3 debug information, and better C++ debugging support.

Simultaneous Sessions Support

With the 4.1 release, the single CUDA-GDB process restriction is lifted. Now, multiple
CUDA-GDB sessions are allowed to co-exist as long as the GPUs are not shared between
the applications being processed. For instance, one CUDA-GDB process can debug process
foo using GPU 0 while another CUDA-GDB process debugs process bar using GPU 1. The
exclusive of GPUs can be enforced with the CUDA_VISIBLE_DEVICES environment variable.

New Autostep Command

A new ‘autostep’ command was added. The command increases the precision of CUDA
exceptions by automatically single-stepping through portions of code.

Under normal execution, the thread and instruction where an exception occurred may be
imprecisely reported. However, the exact instruction that generates the exception can be
determined if the program is being single-stepped when the exception occurs.

Manually single-stepping through a program is a slow and tedious process. Therefore
‘autostep’ aides the user by allowing them to specify sections of code where they suspect
an exception could occur. These sections are automatically single-stepped through when
the program is running, and any exception that occurs within these sections is precisely
reported.

Type 'help autostep’ from CUDA-GDB for the syntax and usage of the command.
Multiple Context Support

On GPUs with compute capability of SM20 or higher, debugging multiple contexts on the
same GPU is now supported. It was a known limitation until now.
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Release Notes

Device Assertions Support

The R285 driver released with the 4.1 version of the toolkit supports device assertions.
CUDA_GDB supports the assertion call and stops the execution of the application when the
assertion is hit. Then the variables and memory can be inspected as usual. The application
can also be resumed past the assertion if needed. Use the 'set cuda hide_internal_frames’
option to expose/hide the system call frames (hidden by default).

Temporary Directory

By default, the debugger APl will use /tmp as the directory to store temporary files.
To select a different directory, the $TMPDIR environment variable and the API
CUDBG_APICLIENT _PID variable must be set.
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Chapter 3. Getting Started

The CUDA toolkit can be installed by following instructions in the Quick Start Guide.

Further steps should be taken to set up the debugger environment, build the application, and
run the debugger.

3.1.  Setting Up the Debugger
Environment

3.1.1. Temporary Directory

By default, CUDA-GDB uses /tmp as the directory to store temporary files. To select a
different directory, set the $STMPDIR environment variable.

Note: The user must have write and execute permission to the temporary directory used by
CUDA-GDB. Otherwise, the debugger will fail with an internal error.

Note: Since /tmp folder does not exist on Android device, the $TMPDIR environment variable
must be set and point to a user-writeable folder before launching cuda-gdb.

3.2.  Compiling the Application
3.2.1.  Debug Compilation

NVCC, the NVIDIA CUDA compiler driver, provides a mechanism for generating the debugging
information necessary for CUDA-GDB to work properly. The -g -G option pair must be passed
to NVCC when an application is compiled in order to debug with CUDA-GDB; for example,

nvce -g -G foo.cu -o foo

Using this line to compile the CUDA application foo.cu

» forces -00 compilation, with the exception of very limited dead-code eliminations and
register-spilling optimizations.
» makes the compiler include debug information in the executable
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Getting Started

To compile your CUDA Fortran code with debgging information necessary for CUDA-GDB to
work properly, pgfortran, the PGI CUDA Fortran compiler, must be invoked with -g option.
Also, for the ease of debugging and forward compatibility with the future GPU architectures, it
is recommended to compile the code with -Mcuda=nordc option; for example,

pgfortran -g -Mcuda=nordc foo.cuf -o foo

For more information about the available compilation flags, please consult the PGl compiler
documentation.

3.2.2.  Compiling For Specific GPU architectures

By default, the compiler will only generate code for the compute_52 PTX and sm_52 cubins.
For later GPUs, the kernels are recompiled at runtime from the PTX for the architecture of
the target GPU(s). Compiling for a specific virtual architecture guarantees that the application
will work for any GPU architecture after that, for a trade-off in performance. This is done for
forward-compatibility.

It is highly recommended to compile the application once and for all for the GPU architectures
targeted by the application, and to generate the PTX code for the latest virtual architecture for
forward compatibility.

A GPU architecture is defined by its compute capability. The list of GPUs and their respective
compute capability, see https://developer.nvidia.com/cuda-gpus. The same application can
be compiled for multiple GPU architectures. Use the -gencode compilation option to dictacte
which GPU architecture to compile for. The option can be specified multiple times.

For instance, to compile an application for a GPU with compute capability 7.0, add the
following flag to the compilation command:
-gencode arch=compute_70,code=sm_70

To compile PTX code for any future architecture past the compute capability 7.0, add the
following flag to the compilation command:
-gencode arch=compute_70,code=compute_70

For additional information, please consult the compiler documentation at http://
docs.nvidia.com/cuda/cuda-compiler-driver-nvcc/index.html#extended-notation

3.3. Using the Debugger

CUDA-GDB can be used in the following system configurations:

3.3.1.  Single-GPU Debugging with the Desktop
Manager Running

For devices with compute capability 6.0 and higher CUDA-GDB can be used to debug CUDA
applications on the same GPU that is running the desktop GUI.
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Additionally for devices with compute capability less than 6.0 software preemption can be used
to debug CUDA applications on the same GPU that is running the desktop GUI. There are two
ways to enable this functionality:

Note: This is a BETA feature available on Linux and is only supported on Maxwell. The options
listed below are ignored for GPUs with SM6.0 compute capability and higher.

» Use the following command:
set cuda software preemption on

» Export the following environment variable:
CUDA_DEBUGGER_SOFTWARE_PREEMPTION=1

Either of the options above will activate software preemption. These options must be set prior
to running the application. When the GPU hits a breakpoint or any other event that would
normally cause the GPU to freeze, CUDA-GDB releases the GPU for use by the desktop or
other applications. This enables CUDA-GDB to debug a CUDA application on the same GPU
that is running the desktop GUI, and also enables debugging of multiple CUDA applications
context-switching on the same GPU.

3.3.2. Multi-GPU Debugging

Multi-GPU debugging designates the scenario where the application is running on more
than one CUDA-capable device. Multi-GPU debugging is not much different than single-GPU
debugging except for a few additional CUDA-GDB commands that let you switch between the
GPUs.

Any GPU hitting a breakpoint will pause all the GPUs running CUDA on that system. Once
paused, you can use info cuda kernels toview all the active kernels and the GPUs they are
running on. When any GPU is resumed, all the GPUs are resumed.

Note: If the cuDA VISIBLE DEVICES environment is used, only the specified devices are
suspended and resumed.

All CUDA-capable GPUs may run one or more kernels. To switch to an active kernel, use cuda

kernel <n>, where nis the ID of the kernel retrieved from info cuda kernels.

Note: The same kernel can be loaded and used by different contexts and devices at the same
time. When a breakpoint is set in such a kernel, by either name or file name and line number,
it will be resolved arbitrarily to only one instance of that kernel. With the runtime API, the exact
instance to which the breakpoint will be resolved cannot be controlled. With the driver API,

the user can control the instance to which the breakpoint will be resolved to by setting the
breakpoint right after its module is loaded.
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3.3.3. Multi-GPU Debugging in Console Mode

CUDA-GDB allows simultaneous debugging of applications running CUDA kernels on multiple
GPUs. In console mode, CUDA-GDB can be used to pause and debug every GPU in the system.
You can enable console mode as described above for the single GPU console mode.

3.3.4. Remote Debugging

There are multiple methods to remote debug an application with CUDA_GDB. In addition to
using SSH or VNC from the host system to connect to the target system, it is also possible to
use the target remote GDB feature. Using this option, the local cuda-gdb (client] connects
to the cuda-gdbserver process (the server] running on the target system. This option is
supported with a Linux client and a Linux or QNX server.

Setting remote debugging that way is a 2-step process:

Launch the cuda-gdbserver on the remote host
cuda-gdbserver can be launched on the remote host in different operation modes.
» Option 1: Launch a new application in debug mode.

To launch a new application in debug mode, invoke cuda-gdb server as follows:

$ cuda-gdbserver :1234 app invocation

Where 1234 is the TCP port number that cuda-gdbserver will listen to for incoming
connections from cuda-gdb, and app-invocation is the invocation command to launch
the application, arguments included.

» Option 2: Attach cuda-gdbserver to the running process

To attach cuda-gdbserver to an already running process, the --attach option followed by
process identification number (PID) must be used:
$ cuda-gdbserver :1234 --attach 5678

Where 1234 is the TCP port number and 5678 is process identifier of the application cuda-
gdbserver must be attached to.

Launch cuda-gdb on the client

Configure cuda-gdb to connect to the remote target using either:
(cuda-gdb) target remote

or

(cuda-gdb) target extended-remote

It is recommended to use set sysroot command if libraries installed on the debug target
might differ from the ones installed on the debug host. For example, cuda-gdb could be
configured to connect to remote target as follows:

(cuda-gdb) set sysroot remote://
(cuda-gdb) target remote 192.168.0.2:1234
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Where 192.168.0.2 is the IP address or domain name of the remote target, and 1234 is the
TCP port previously previously opened by cuda-gdbserver.

3.3.9. Multiple Debuggers

For devices with compute capability 6.0 and higher several debugging sessions may take place
simultaneously.

The --cuda-use-lockfile=0 option must be used when starting each debug session, as
mentioned in --cuda-use-lockfile.
$ cuda-gdb --cuda-use-lockfile=0 my app

For devices with compute capability less than 6.0, several debugging sessions may take
place simultaneously as long as the CUDA devices are used exclusively. For instance, one
instance of CUDA-GDB can debug a first application that uses the first GPU while another
instance of CUDA-GDB debugs a second application that uses the second GPU. The exclusive
use of a GPU is achieved by specifying which GPU is visible to the application by using the
CUDA VISIBLE DEVICES environment variable.

$ CUDA VISIBLE DEVICES=1 cuda-gdb my app

Additionally for devices with compute capability less than 6.0, with software preemption
enabled (set cuda software preemption on), multiple CUDA-GDB instances can be used
to debug CUDA applications context-switching on the same GPU.

3.3.6.  Attaching/Detaching

CUDA-GDB can attach to and detach from a CUDA application running on GPUs with compute
capability 2.0 and beyond, using GDB's built-in commands for attaching to or detaching from a
process.

Additionally, if the environment variable CUDA_DEVICE_WAITS_ON_EXCEPTION is set to

T prior to running the CUDA application, the application will run normally until a device
exception occurs. The application will then wait for CUDA-GDB to attach itself to it for further
debugging.

Note:

By default on Ubuntu Linux debugger cannot attach to an already running processes. In order
to enable the attach feature of CUDA debugger, either cuda-gdb should be laucnhed as root, or
/proc/sys/kernel/yama/ptrace_scope should be set to zero, using the following command:
$ sudo sh -c "echo 0 >/proc/sys/kernel/yama/ptrace scope"

To make the change permanent, please edit /etc/sysctl.d/10-ptrace.conf.
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Chapter 4. CUDA-GDB Extensions

4.1.  Command Naming Convention

The existing GDB commands are unchanged. Every new CUDA command or option is prefixed
with the CUDA keyword. As much as possible, CUDA-GDB command names will be similar
to the equivalent GDB commands used for debugging host code. For instance, the GDB
command to display the host threads and switch to host thread 1 are, respectively:

(cuda-gdb) info threads
(cuda-gdb) thread 1

To display the CUDA threads and switch to cuda thread 1, the user only has to type:

(cuda-gdb) info cuda threads
(cuda-gdb) cuda thread 1

4.2.  Getting Help

As with GDB commands, the built-in help for the CUDA commands is accessible from the
cuda-gdb command line by using the help command:

(cuda-gdb) help cuda name_of the_ cuda_command
(cuda-gdb) help set cuda name_of the_ cuda option
(cuda-gdb) help info cuda name_of_ the_info cuda_command

Moreover, all the CUDA commands can be auto-completed by pressing the TAB key, as with
any other GDB command.

4.3. Initialization File

The initialization file for CUDA-GDB is named .cuda-gdbinit and follows the same rules as
the standard .gdbinit file used by GDB. The initialization file may contain any CUDA- GDB
command. Those commands will be processed in order when CUDA-GDB is launched.
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4.4.  GUI Integration

Emacs

CUDA-GDB works with GUD in Emacs and XEmacs. No extra step is required other than
pointing to the right binary.

To use CUDA-GDB, the gud-gdb-command-name variable must be set to cuda-gdb
annotate=3. Use M-x customize-variable to setthe variable.

Ensure that cuda-gdb is present in the Emacs/XEmacs $PATH.

DDD

CUDA-GDB works with DDD. To use DDD with CUDA-GDB, launch DDD with the following
command:

ddd --debugger cuda-gdb

cuda-gdb must be in your $PATH.

4.5. GPU core dump support

Enabling GPU core dump generation on exception

Set the CUDA ENABLE COREDUMP_ ON EXCEPTION environment variable to 1 in order to enable
generating a GPU core dump when a GPU exception is encountered. This option is disabled by
default.

Set the CUDA ENABLE CPU COREDUMP ON EXCEPTION environment variable to 0 in order to
disable generating a CPU core dump when a GPU exception is encountered. This option is
enabled by default when GPU core dump generation is enabled.

Set the CUDA ENABLE LIGHTWEIGHT COREDUMP environment variable to 1 in order to enable
generating lightweight corefiles instead of full corefiles. When enabled, GPU core dumps will
not contain the memory dumps (local, shared, global) of the application. This option is disabled
by default.

On Volta-MPS, if an MPS client triggers a core dump, every other client running on the same
MPS server will fault. The indirectly faulting clients will also generate a core dump if they have
core dump generation enabled.

Naming of GPU core dump files

By default, a GPU core dump is created in the current working directory. It is named
core.cuda.HOSTNAME.PID where HOSTNAME is the host name of the machine running the
CUDA application and PID is the process identifier of the CUDA application.
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The cuba COREDUMP FILE environment variable can be used to define a template that is used
to change the name of a GPU core dump file. The template can either be an absolute path or a
relative path to the current working directory. The template can contain % specifiers which are
substituted by the following patterns when a GPU core dump is created:

Specifier Description

o

h Host name of the machine running the CUDA application

Process identifier of the CUDA application

o\°
o]

e
o+

Time as the number of seconds since the Epoch, 1970-01-01 00:00:00 +0000 (UTC)

As an example, setting CUDA_ COREDUMP_FILE to:
export CUDA COREDUMP_FILE=newName.%h.%p

Would result in GPU core dumps being written to newName .myhost. 1234 relative to the
current working directory. Here myhost and 1234 are replaced with the real host name and
pid respectively.

Setting CUDA COREDUMP FILE to:

export CUDA_ COREDUMP_FILE=" /home/$USER/newName . %h. %p"

Would result in GPU core dumps being written to the user’'s home directory with the same
name logic as in the above example.

Enabling user induced GPU core dump generation

For the devices that support compute preemption, the user can interrupt a running CUDA
process to generate the GPU core dump.

Set the CUDA ENABLE USER TRIGGERED COREDUMP environment variable to 1 in order to
enable generating a user induced GPU core dump. This option is disabled by default. Setting
this environment variable will open a communication pipe for each subsequently running
CUDA process. To induce the GPU core dump, the user simply writes to the pipe.

To change the default pipe file name, set the CUDA COREDUMP_PIPE environment

variable to a specific pipe name. The default pipe name is in the following format:
corepipe.cuda.HOSTNAME. PID where HOSTNAME is the host name of machine running the
CUDA application and PID is the process identifier of the CUDA application. This environment
variable can take % specifiers as decribed in the above section.

Inspecting GPU and GPU+CPU core dumps in cuda-gdb

Use the following command to load the GPU core dump into the debugger
» (cuda-gdb) target cudacore core.cuda.localhost.1234

This will open the core dump file and print the exception encountered during program
execution. Then, issue standard cuda-gdb commands to further investigate application
state on the device at the moment it was aborted.

Use the following command to load CPU and GPU core dumps into the debugger
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» (cuda-gdb) target core core.cpu core.cuda

This will open the core dump file and print the exception encountered during program
execution. Then, issue standard cuda-gdb commands to further investigate application
state on the host and the device at the moment it was aborted.

D Note: Coredump inspection does not require that a GPU be installed on the system
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Chapter 5. Kernel Focus

A CUDA application may be running several host threads and many device threads. To simplify
the visualization of information about the state of application, commands are applied to the
entity in focus.

When the focus is set to a host thread, the commands will apply only to that host thread
(unless the application is fully resumed, for instance). On the device side, the focus is always
set to the lowest granularity level-the device thread.

Hh.1. Software Coordinates vs. Hardware
Coordinates

A device thread belongs to a block, which in turn belongs to a kernel. Thread, block, and
kernel are the software coordinates of the focus. A device thread runs on a lane. A lane
belongs to a warp, which belongs to an SM, which in turn belongs to a device. Lane, warp, SM,
and device are the hardware coordinates of the focus. Software and hardware coordinates can
be used interchangeably and simultaneously as long as they remain coherent.

Another software coordinate is sometimes used: the grid. The difference between a grid and a
kernel is the scope. The grid ID is unique per GPU whereas the kernel ID is unique across all
GPUs. Therefore there is a 1:1 mapping between a kernel and a (grid,device] tuple.

Note: If software preemption is enabled [set cuda software preemption on), hardware

coordinates corresponding to a device thread are likely to change upon resuming execution
on the device. However, software coordinates will remain intact and will not change for the
lifetime of the device thread.

Hh.2. Current Focus

To inspect the current focus, use the cuda command followed by the coordinates of interest:

(cuda-gdb) cuda device sm warp lane block thread

block (0,0,0), thread (0,0,0), device 0, sm 0, warp 0, lane O
(cuda-gdb) cuda kernel block thread

kernel 1, block (0,0,0), thread (0,0,0)

(cuda-gdb) cuda kernel

kernel 1
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5.3. Switching Focus

To switch the current focus, use the cuda command followed by the coordinates to be

changed:

(cuda-gdb) cuda device 0 sm 1 warp 2 lane 3

[Switching focus to CUDA kernel 1, grid 2, block (8,0,0), thread
(67,0,0), device 0, sm 1, warp 2, lane 3]

374 int totalThreads = gridDim.x * blockDim.x;

If the specified focus is not fully defined by the command, the debugger will assume that
the omitted coordinates are set to the coordinates in the current focus, including the

subcoordinates of the block and thread.

(cuda-gdb) cuda thread (15)

[Switching focus to CUDA kernel 1, grid 2, block (8,0,0), thread
(15,0,0), device 0, sm 1, warp 0, lane 15]

374 int totalThreads = gridDim.x * blockDim.x;

The parentheses for the block and thread arguments are optional.

(cuda-gdb) cuda block 1 thread 3

[Switching focus to CUDA kernel 1, grid 2, block (1,0,0), thread (3,0,0),
device 0, sm 3, warp 0, lane 3]

374 int totalThreads = gridDim.x * blockDim.
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Chapter 6. Program Execution

Applications are launched the same way in CUDA-GDB as they are with GDB by using the run
command. This chapter describes how to interrupt and single-step CUDA applications

6.1. Interrupting the Application

If the CUDA application appears to be hanging or stuck in an infinite loop, it is possible to
manually interrupt the application by pressing CTRL+C. When the signal is received, the GPUs
are suspended and the cuda-gdb prompt will appear.

At that point, the program can be inspected, modified, single-stepped, resumed, or terminated
at the user's discretion.

This feature is limited to applications running within the debugger. It is not possible to break
into and debug applications that have been launched outside the debugger.

6.2. Single Stepping

Single-stepping device code is supported. However, unlike host code single-stepping, device
code single-stepping works at the warp level. This means that single-stepping a device kernel
advances all the active threads in the warp currently in focus. The divergent threads in the
warp are not single-stepped.

In order to advance the execution of more than one warp, a breakpoint must be set at the
desired location and then the application must be fully resumed.

A special case is single-stepping over a thread barrier call:  syncthreads (). In this case, an
implicit temporary breakpoint is set immediately after the barrier and all threads are resumed
until the temporary breakpoint is hit.

You can step in, over, or out of the device functions as long as they are not inlined. To force a
function to not be inlined by the compiler, the noinline keyword must be added to the
function declaration.

With Dynamic Parallelism on sm_35, several CUDA APIs can now be instantiated from the
device. The following list defines single-step behavior when encountering these APls:
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» When encountering device side kernel launches (denoted by the <<<>>> launch syntax],
the step and next commands will have the same behavior, and both will step over the
launch call.

» When encountering cudaDeviceSynchronize, the launch synchronization routine, the
step and next commands will have the same behavior, and both will step over the call.
When stepping over the call, the entire device is resumed until the call has completed, at
which point the device is suspended (without user intervention).

» When stepping a device grid launch to completion, focus will automatically switch back to
the CPU. The cuda kernel focus switching command must be used to switch to another
grid of interest (if one is still resident].

E Note: It is not possible to step into a device launch call (nor the routine launched by the call).
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Chapter 7. Breakpoints & Watchpoints

There are multiple ways to set a breakpoint on a CUDA application. Those methods are
described below. The commands to set a breakpoint on the device code are the same as the
commands used to set a breakpoint on the host code.

If the breakpoint is set on device code, the breakpoint will be marked pending until the ELF
image of the kernel is loaded. At that point, the breakpoint will be resolved and its address will
be updated.

When a breakpoint is set, it forces all resident GPU threads to stop at this location when it hits
that corresponding PC.

When a breakpoint is hit by one thread, there is no guarantee that the other threads will hit the
breakpoint at the same time. Therefore the same breakpoint may be hit several times, and the
user must be careful with checking which thread(s] actually hit(s) the breakpoint.

7.1.  Symbolic Breakpoints

To set a breakpoint at the entry of a function, use the break command followed by the name of
the function or method:

(cuda-gdb) break my function

(cuda-gdb) break my class::my method

For templatized functions and methods, the full signature must be given:
(cuda-gdb) break int my templatized function<int>(int)

The mangled name of the function can also be used. To find the mangled name of a function,
you can use the following command:

(cuda-gdb) set demangle-style none
(cuda-gdb) info function my function_name
(cuda-gdb) set demangle-style auto

7.2.  Line Breakpoints

To set a breakpoint on a specific line number, use the following syntax:
(cuda-gdb) break my file.cu:185

If the specified line corresponds to an instruction within templatized code, multiple
breakpoints will be created, one for each instance of the templatized code.
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7.3. Address Breakpoints

To set a breakpoint at a specific address, use the break command with the address as
argument:
(cuda-gdb) break *0xlafe34d0

The address can be any address on the device or the host.

7.4.  Kernel Entry Breakpoints

To break on the first instruction of every launched kernel, set the break on launch option to
application:
(cuda-gdb) set cuda break_on launch application

See set cuda break _on_launch for more information.

7.5.  Conditional Breakpoints

To make the breakpoint conditional, use the optional if keyword or the cond command.

(cuda-gdb) break foo.cu:23 if threadIdx.x == 1 && i < 5
(cuda-gdb) cond 3 threadIdx.x == 1 && i < 5

Conditional expressions may refer any variable, including built-in variables such as threadIdx
and blockIdx. Function calls are not allowed in conditional expressions.

Note that conditional breakpoints are always hit and evaluated, but the debugger reports the
breakpoint as being hit only if the conditional statement is evaluated to TRUE. The process
of hitting the breakpoint and evaluating the corresponding conditional statement is time-
consuming. Therefore, running applications while using conditional breakpoints may slow
down the debugging session. Moreover, if the conditional statement is always evaluated to
FALSE, the debugger may appear to be hanging or stuck, although it is not the case. You can
interrupt the application with CTRL-C to verify that progress is being made.

Conditional breakpoints can be set on code from CUDA modules that are not already loaded.
The verification of the condition will then only take place when the ELF image of that module is
loaded. Therefore any error in the conditional expression will be deferred from the instantion
of the conditional breakpoint to the moment the CUDA module is loaded. If unsure, first set

an unconditional breakpoint at the desired location and add the conditional statement the first
time the breakpoint is hit by using the cond command.

7.6.  Watchpoints

Watchpoints on CUDA code are not supported.

Watchpoints on host code are supported. The user is invited to read the GDB documentation
for a tutorial on how to set watchpoints on host code.

CUDA Debugger DU-05227-042 _v11.3 | 24



Chapter 8. Inspecting Program State

8.1. Memory and Variables

The GDB print command has been extended to decipher the location of any program variable
and can be used to display the contents of any CUDA program variable including:

» data allocated via cudaMalloc ()

» data that resides in various GPU memory regions, such as shared, local, and global
memory

» special CUDA runtime variables, such as threadIdx

8.2. Variable Storage and Accessibility

Depending on the variable type and usage, variables can be stored either in registers or in
local, shared, const or global memory. You can print the address of any variable to find out
where it is stored and directly access the associated memory.

The example below shows how the variable array, which is of type shared int *, can be
directly accessed in order to see what the stored values are in the array.

(cuda-gdb) print &array

$1 = (@shared int (*)[0]) 0x20
(cuda-gdb) print array[0]Q@4

$2 = {0, 128, 64, 192}

You can also access the shared memory indexed into the starting offset to see what the stored

values are:

(cuda-gdb) print * (@shared int*)0x20
$3 =0

(cuda-gdb) print * (@shared int*)0x24
$4 = 128

(cuda-gdb) print * (@shared int*)0x28
$5 = 64

The example below shows how to access the starting address of the input parameter to the
kernel.
(cuda-gdb) print &data

$6 = (const @global void * const @parameter *) 0x10
(cuda-gdb) print * (@global void * const @parameter *) 0x10
$7 = (Qglobal void * const @parameter) 0x110000</>
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8.3. Inspecting Textures

Note: The debugger can always read/write the source variables when the PC is on the first
assembly instruction of a source instruction. When doing assembly-level debugging, the value
of source variables is not always accessible.

To inspect a texture, use the print command while de-referencing the texture recast to the
type of the array it is bound to. For instance, if texture tex is bound to array A of type float,
use:

(cuda-gdb) print * (@texture float *)tex

All the array operators, such as [1, can be applied to (@texture float *)tex:

(cuda-gdb) print ((Qtexture float *)tex) [2]
(cuda-gdb) print ((Q@texture float *)tex) [2]Q4

8.4. Info CUDA Commands

These are commands that display information about the GPU and the application’'s CUDA
state. The available options are:
devices

information about all the devices
sms

information about all the SMs in the current device
warps

information about all the warps in the current SM
lanes

information about all the lanes in the current warp
kernels

information about all the active kernels
blocks

information about all the active blocks in the current kernel
threads

information about all the active threads in the current kernel
launch trace

information about the parent kernels of the kernel in focus
launch children

information about the kernels launched by the kernels in focus
contexts

information about all the contexts

A filter can be applied to every info cuda command. The filter restricts the scope of the
command. A filter is composed of one or more restrictions. A restriction can be any of the
following:

> device n

> sm n
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> warp n

» lane n

» kernel n

» grid n

» block x[,y] orblock (x[,v])

» thread x[,yl[,z]] or thread (xI[,y[,z]])

> breakpoint all and breakpoint n

where n, x, y, z are integers, or one of the following special keywords: current, any, and all.
current indicates that the corresponding value in the current focus should be used. any and
all indicate that any value is acceptable.

Note: The breakpoint all and breakpoint n filter are only effective for the info cuda
threads command.

8.4.1. Info cuda devices

This command enumerates all the GPUs in the system sorted by device index. A * indicates
the device currently in focus. This command supports filters. The default is device all. This
command prints No CUDA Devices if no GPUs are found.

(cuda-gdb) info cuda devices

Dev PCI Bus/Dev ID Name Description SM Type SMs Warps/SM Lanes/Warp
Max Regs/Lane Active SMs Mask
0 06:00.0 GeForce GTX TITAN Z GK110B sm_35 15 64 32
256 0x00000000
1 07:00.0 GeForce GTX TITAN Z GK110B sm 35 15 64 32

256 0x00000000

8.4.2. Info cuda sms

This command shows all the SMs for the device and the associated active warps on the SMs.
This command supports filters and the default is device current sm all.A * indicates the
SMis focus. The results are grouped per device.

(cuda-gdb) info cuda sms SM
Active Warps Mask Device 0
* 0 Oxffffffffffffffff

1 OxXffffffffffffffff

2 Oxffffffffffffffff

3 Oxffffffffffffffff

4 Oxffffffffffffffff

5 Oxffffffffffffffff

6 OXfEffffffffffffff

7 Oxffffffffffffffff

8 Oxffffffffffffffff
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8.4.3. Info cuda warps

This command takes you one level deeper and prints all the warps information for the SM in
focus. This command supports filters and the default is device current sm current warp
all. The command can be used to display which warp executes what block.

(cuda-gdb) info cuda warps
Wp /Active Lanes Mask/ Divergent Lanes Mask/Active Physical PC/Kernel/BlockIdx
Device 0 SM O

* 0 Oxffffffff 0x00000000 0x000000000000001c 0 (0,0,0)
1 Oxffffffff 0x00000000 0x0000000000000000 0 (0,0,0)
2 Oxffffffff 0x00000000 0x0000000000000000 0 (0,0,0)
3 Oxffffffff 0x00000000 0x0000000000000000 0 (0,0,0)
4 Oxffffffff 0x00000000 0x0000000000000000 0 (0,0,0)
5 Oxffffffff 0x00000000 0x0000000000000000 0 (0,0,0)
6 Oxffffffff 0x00000000 0x0000000000000000 0 (0,0,0)
7 Oxffffffff 0x00000000 0x0000000000000000 0 (0,0,0)

8.4.4. Info cuda lanes

This command displays all the lanes (threads) for the warp in focus. This command supports
filters and the default is device current sm current warp current lane all.Inthe
example below you can see that all the lanes are at the same physical PC. The command can
be used to display which lane executes what thread.

(cuda-gdb) info cuda lanes
Ln State Physical PC ThreadIdx
Device 0 SM 0 Warp O

() active 0x000000000000008c (0,0,0)

1 active 0x000000000000008c (1,0,0)

2 active 0x000000000000008c (2,0,0)

3 active 0x000000000000008c (3,0,0)

4 active 0x000000000000008c (4,0,0)

5 active 0x000000000000008c (5,0,0)

6 active 0x000000000000008c (6,0,0)

7 active 0x000000000000008c (7,0,0)

8 active 0x000000000000008c (8,0,0)

9 active 0x000000000000008c (9,0,0)

10 active 0x000000000000008c (10,0,0)

11 active 0x000000000000008c (11,0,0)

12 active 0x000000000000008c (12,0,0)

13 active 0x000000000000008c (13,0,0)

14 active 0x000000000000008c (14,0,0)

15 active 0x000000000000008c (15,0,0)

16 active 0x000000000000008c (16,0,0)
8.4.5. Info cuda kernels

This command displays on all the active kernels on the GPU in focus. It prints the SM mask,
kernel ID, and the grid ID for each kernel with the associated dimensions and arguments.
The kernel ID is unique across all GPUs whereas the grid ID is unique per GPU. The Parent
column shows the kernel ID of the parent grid. This command supports filters and the default
is kernel all.

(cuda-gdb) info cuda kernels
Kernel Parent Dev Grid Status SMs Mask GridDim BlockDim Name Args
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x 1 - 0 2 Active OxQ0ffffff (240,1,1) (128,1,1) acos main parms=...

This command will also show grids that have been launched on the GPU with Dynamic
Parallelism. Kernels with a negative grid ID have been launched from the GPU, while kernels
with a positive grid ID have been launched from the CPU.

Note: With the cudabDeviceSynchronize routine, it is possible to see grid launches disappear
from the device and then resume later after all child launches have completed.

8.4.6. info cuda blocks

This command displays all the active or running blocks for the kernel in focus. The results are
grouped per kernel. This command supports filters and the default is kernel current block
all. The outputs are coalesced by default.

(cuda-gdb) info cuda blocks
BlockIdx To BlockIdx Count State
Kernel 1
& (0,0,0) (191,0,0) 192 running
Coalescing can be turned off as follows in which case more information on the Device and the
SM get displayed:

(cuda-gdb) set cuda coalescing off

The following is the output of the same command when coalescing is turned off.
(cuda-gdb) info cuda blocks

BlockIdx State Dev SM
Kernel 1
& (0,0,0) running 0 0
(1,0,0) running 0 3
(2,0,0) running 0 6
(3,0,0) running 0 9
(4,0,0) running 0 12
(5,0,0) running 0 15
(6,0,0) running 0 18
(7,0,0) running 0 21
(8,0,0) running 0 1

8.4.7. info cuda threads

This command displays the application’s active CUDA blocks and threads with the total
count of threads in those blocks. Also displayed are the virtual PC and the associated source
file and the line number information. The results are grouped per kernel. The command
supports filters with default being kernel current block all thread all. The outputs
are coalesced by default as follows:

(cuda-gdb) info cuda threads

BlockIdx ThreadIdx To BlockIdx ThreadIdx Count Virtual PC Filename Line
Device 0 SM 0
% (0,0,0 (0,0,0) (0,0,0) (31,0,0) 32 0x000000000088f88c acos.cu 376

(0,0,0) (32,0,0) (191,0,0) (127,0,0) 24544 0x000000000088£800 acos.cu 374

Coalescing can be turned off as follows in which case more information is displayed with the
output.
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Ln Filename Line
0 acos.cu 376
1 acos.cu 376
2 acos.cu 376
3 acos.cu 376
4 acos.cu 376
5 acos.cu 376
6 acos.cu 376
7 acos.cu 376
8 acos.cu 376
9 acos.cu 376

Note: In coalesced form, threads must be contiguous in order to be coalesced. If some threads

are not currently running on the hardware, they will create holes in the thread ranges. For

instance, if a kernel consist of 2 blocks of 16 threads, and only the 8 lowest threads are active,

then 2 coalesced ranges will be p