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OUTLINE

Make it work,

make it right,

make it fast.
Kent Beck

Debugger and Correctness 

Tools

Performance Analysis Tools



WHAT IS DEBUGGING?



ATTENTION: DEBUGGING CAN BE TIME CONSUMING



ATTENTION: DEBUGGING CAN BE FRUSTRATING



BUT: DON‘T BE THESE GUYS



DEBUGGING TOOLS (STATUS: OCT 2025)

• Debugger:

• (GDB)

• CUDA-GDB

• TotalView

• LinaroForge - DDT

• Correctness and Memory Analyzer:

• MUST

• Archer

• CUDA Compute Sanitizer



CUDA-GDB

• Part of the CUDA toolkit

• Extension to gdb

• CLI and GUI (Nsight)

• Simultaneously debug on the CPU and multiple GPUs

• Use conditional breakpoints or break automatically on 

every kernel launch

• Examine variables, read/write memory and registers 

• Inspect GPU state when the application is suspended

• Identify memory access violations



TOTALVIEW

• Symbolic Debugger for C/C++, Fortran, and mixed Python/C++ programs

• JSC’s “standard” debugger

• Advanced features

• Multi-process and multi-threaded

• Multi-dimensional array data visualization

• Support for parallel debugging (MPI: automatic attach, message queues, OpenMP, Pthreads)

• CUDA and OpenACC support

• Scripting and batch debugging

• Advanced memory debugging

• Reverse debugging

• Remote debugging

• NOTE: JSC license limited to 2048 processes (shared between all users)
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LINARO FORGE - DDT

• Graphical Debugger for C/C++, Fortran, and Python programs

• Modern, easy-to-use debugger

• Advanced features

• Multi-process and multi-threaded

• Multi-dimesional array data visualization

• Support for MPI parallel debugging

(automatic attach, message queues)

• Support for OpenMP (Version 2.x and later)

• Support for CUDA and OpenACC

• Job submission from within debugger

• https://linaroforge.com/linaroDdt

• NOTE: JSC license limited to 128 processes (shared between all users)
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• Next generation MPI correctness and portability checker

• https://www.i12.rwth-aachen.de/go/id/nrbe

• MUST reports

 Errors: violations of the MPI-standard

 Warnings: unusual behavior or possible problems

 Notes: harmless but remarkable behavior

 Potential deadlock detection

• Usage

 Compile with debug information (i.e. use the -g flag)

 Run application under the control of mustrun (requires (at least) one additional MPI process)

 E.g. on JUSUF: mustrun --must:mpiexec srun --must:np -n -n 4 ./app

 Open output html report (might need to copy it to your local machine)



MUST DATATYPE MISMATCH



MUST DEADLOCK DETECTION



ARCHER

• Data race detector for large OpenMP programs

• Combination of static and dynamic techniques

• Low runtime and memory overhead

• Still high accuracy and precision

• Now part of LLVM

• Compile with –fsanitize=thread

• Can be used with GCC, but CLANG OpenMP runtime must be linked

• Creates output in text format



ARCHER EXAMPLE



CUDA COMPUTE SANITIZER

• Valgrind for GPUs

• Monitors hundreds of thousands of threads running concurrently on each 

GPU

• Multiple Tools to detect various issues

• Memcheck – Memory error and leak detection tool

• Racecheck – Shared memory data access hazard detection tool

• Initcheck – Uninitialized device global memory access detection tool

• Synccheck – Thread synchronization hazard detection tool

• Included in the CUDA Toolkit



DEBUGGING RECOMMENDATIONS

• Always debug at the lowest possible scale!

• GPU Applications:

• Single Node / Workstation: Use CUDA-GDB

• Multi-Node / Supercomputer: Use TotalView/DDT

• MPI Applications:

• Check with MUST at least once

• Use TotalView/DDT at small scale (if error occurs there), else attach to as few 

processes as neccessary 



NEED HELP?

■ Talk to the experts

■ Use local 1st-level support, e.g. SC support, SimLab

■ JSC/NVIDIA Application Lab

■ When porting/debugging on GPUs

■ ATML Parallel Performance

■ Provides tools

■ ATML Application Optimization and User Service Tools

■ EPICURE

http://epicure-hpc.eu/


QUESTIONS


