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HPC development Solutions from Linaro
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gdb under the hood
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Scaling gdb

Tree network topology
● Tree server design is how Forge is able to scale
● Send bulk commands and merge responses
● Aggregate the data instead of broadcasting thousands of responses
● Multiplex for tooling memory reduction (up to 80% reduction)
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DDT Supported platforms
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DDT User Interface

Compile with -g -O0
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DDT Highlights
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Memory Debugging
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MDA Viewer
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GPU Debugging Terminology

NVIDIA GPU AMD GPU Intel GPU

Name CUDA ROCm Xe

Language CUDA C/C++ and Fortran HIP SYCL

Execution Unit Warp Wavefront Sub-group

     EU Size 32 Threads 64 Threads 8, 16 or 32 Threads

     EU GDB … GDB Thread GDB Thread

     EU Thread … Lane Lane (work-item)

Forge GPU Thread Lane Lane Lane
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Debugging Intel Xe GPUs
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Debugging Nvidia GPUs

http://extremecomputingtraining.anl.gov/


extremecomputingtraining.anl.gov

Parallel Stack view

Click stack item
● Select GPU Thread
● Update variable display
● Move Source Code Viewer

Tooltip displays
● GPU Thread Ranges
● Size of each range

Display location and number of threads
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Case Study: Vienne Supercomputing Center (VSC) 

Developing a GPU version of an already existing serial algorithm (Marching Tetrahedra). https://
github.com/HliasGit/tetra

• The aim of the algorithm is to extract the approximation of an iso-surface from a scalar field. 
• The scalar field (whose dimensions are DX,DY,DZ) is represented as a 3D tensor (of floats)
• Linearise (flatten) the scalar field to use it in a simpler way on GPU

Used three kernels to develop the GPU version: 
• The first one is a preprocessing step to reduce the computational complexity.
• Second and the third ones do the needed computation for the algorithm to work.

For each point in the scalar field, it needs to form a "cube" by accessing its 8 neighbours. Due to 
the Z-major linearization, only the neighbor in the Z-direction (index + 1) is adjacent in memory. 
Accessing neighbors in the X-direction (e.g., index + DZ*DY) or Y-direction (e.g., index + DZ) 
requires calculated memory offsets.

This approach led to "CUDA illegal memory access" errors. The problem was a failure to correctly 
handle boundary conditions. When a thread processed a point on the "edge" of the 3D domain (like 
at x = DX-1 or y = DY-1), these offset calculations were trying to access memory outside the 
allocated array. This boundary-checking logic was not intuitive, used Linaro DDT debugger to 
pinpoint these out-of-bounds access.
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Spotting illegal memory access with Linaro DDT
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Python Debugging
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DDT offline mode
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The Forge GUI and where to run it
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Remote connection to Aurora
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Cheat sheet

  

Training material
1. Getting the examples
    cp /flare/ATPESC2026/EXAMPLES/linaro-ddt/linaro-forge-training.tar.gz  
    tar -xf linaro-forge-training.tar.gz

2. Set the path to the forge training folder
    export FORGE_TRAINING=<path_to_training_folder>

Forge Client (On local machine)
      Install Forge client https://www.linaroforge.com/downloadForge 

  Running with a batch script
      qsub $FORGE_TRAINING/submit.sh

Interactive Session
qsub -I -l select=1 -l walltime=01:00:00 -l 
filesystems=home:flare -A ATPESC2026 -q ATPESC

Forge commands
 ddt --connect      # Reverse connect 
 ddt --offline         # Run DDT without GUI 
 map --profile      # Profile without GUI
 perf-report         # Generate Performance Report

Guides
   DDT userguide
   Debugging on Aurora
   Hands-on
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https://docs.linaroforge.com/latest/html/forge/forge/introduction_to_forge/ddt.html
https://docs.alcf.anl.gov/aurora/debugging/ddt-aurora/#invoking-the-ddt-server-from-aurora
https://gitlab.com/Linaro/training/forge/linaro-ddt/-/blob/main/docs/debug-simple-mpi.md?ref_type=heads
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Debugging Intel Xe GPUs on Aurora

cd $FORGE_TRAINING/correctness/gpu-intel-mmult 
  
mpicxx --intel -fsycl -I$ONEAPI_ROOT/dev-utilities/latest/include -g -O0 matrix_mul_sycl.cpp -o matrixmul 

qsub -I -l select=1 -l walltime=01:00:00 -l filesystems=home:flare -A ATPESC2026 -q ATPESC 

 https://docs.alcf.anl.gov/aurora/debugging/ddt-aurora/#invoking-the-ddt-server-from-aurora 

 ddt --np=24 --connect --mpi=generic --mpiargs="--ppn 12 --envall" ./matrixmul
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