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How an HPC Debugger Is Different From a Regular Debugger?

HPC Application Characteristics

• Parallel computation

• Multiple threads and processes

• Scale

• Hundreds to thousands of threads and processes

• Large applications with many lines of code

• Large amounts of data

• HPC enabling technologies

• MPI, OpenMP, and GPUs

• Complex applications built with different compute 
technologies and languages

• Remote access to supercomputing clusters

HPC Debugger

• “Parallel” is built into debugger operations

• Examine data in groups and down to individual threads

• “Understand” parallel technologies – aid the user in acquiring 
parallel processes into a debug session

• Provide seamless debugging across technologies

• Host to GPU and back

• Across languages

• Ability to handle massive applications
• Millions of lines of code, gigabytes of debug information

• Ability to easily debug remotely

• Be good at all the ”normal” debugging operations
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HPC Debugging with TotalView

• Comprehensive multi-process/thread dynamic 
analysis and debugging

• Debug hybrid MPI/OpenMP applications 

• Advanced C, C++ and Fortran support

• NVIDIA CUDA GPU debugging support

• AMD / ROCm GPU debugging

• Integrated reverse debugging

• Mixed language C/C++ and Python debugging

• Memory debugging and leak detection

• Batch/unattended debugging

L A N G U A G E S O P E R A T I N G  S Y S T E M S A P P L I C A T I O N S P L A T F O R M S
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• Provides interactive Dynamic Analysis capabilities to help:
• Understand complex code

• Improve code quality

• Collaborate with team members to resolve issues faster

• Shorten development time

• Finds problems and bugs in applications including:
• Program crash or incorrect behavior

• Data issues

• Application memory leaks and errors

• Communication problems between processes and threads

• CUDA application analysis and debugging

• Contains batch and Continuous Integration capabilities to:
• Debug applications in an automated run/test environment

What is TotalView used for?
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Simultaneously 
Debug CPU and 
GPU Code
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AMD GPUs
• AMD MI50, MI100, and MI200 series of GPUs

• ROCm 5.4 – 5.7

• Debug HIP (Heterogeneous Interface for Portability) and MPI

• Debugging Features:
• Process launch, attach, and detach

• Viewing scalar, vector, general, and special AMD GPU registers

• Instruction disassembly

• Breakpoint creation and deletion on AMD GPU code

• Single-stepping and fast smart-stepping

• Stack unwinding, including inlined functions

• Navigation controls for changing the logical workgroup / work-item 
focus or physical agent, queue, dispatch, wave, and lane focus

• Variable display with the ROCm 5.1+ compilers

• Data watchpoints on global memory variables

GPU Debugging with TotalView

NVIDIA GPUs
• NVIDIA Tesla, Fermi, Kepler, Pascal, Volta, Turing, Ampere, Hopper 

coming soon

• NVIDIA CUDA 9.2, 10, 11, and 12
• With support for Unified Memory

• Debugging 64-bit CUDA programs

• Features and capabilities include
• Support for dynamic parallelism

• Support for MPI based clusters and multi-card configurations

• Flexible Display and Navigation on the CUDA device

• Physical (device, SM, Warp, Lane)

• Logical (Grid, Block) tuples

• GPU Status View reveals what is running where

• Support for types and separate memory address spaces

• Leverages CUDA memcheck
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• HIP (Heterogeneous Interface for Portability) is AMD’s answer to CUDA that provides a dedicated GPU programming environment

• HIP is very similar to CUDA in that it provides a C++ runtime API and kernel language for running code on GPUs

• HIP is different in that it can create portable applications for both AMD and NVIDIA GPUs

• Key Features

• High performance with little impact over direct CUDA coding

• Code in a single-source C++ programming language

• Provides “hipify”, a tool to automatically convert source from CUDA to HIP

• Provides built in functions for accessing specific GPU hardware capabilities

• Kernel Code

• HIP / CUDA look similar and have similar memory qualifiers

• API differences

• Generally, equivalent HIP functions for CUDA, simply replace “cuda” with “hip”

• cudaMalloc => hipMalloc; cudaMemcpy => hipMemcpy; cudaDeviceSynchronize => hipDeviceSynchronize

• Launch of kernels differs

• hipLaunchKernelGGL(kernel_name, gridSize, blockSize, shared_mem_size, stream, arg0, arg1, …) 
kernelName<<<gridSize, blockSize, shared_mem_size, stream>>>(arg0, arg1, …)

HIP vs. CUDA
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Terminology / Concepts

HIP HSA Model vs. CUDA

HIP CUDA

grid A collection of work-groups grid A collection of blocks

work-group An instance of execution on 
the kernel agent performed 
by the Compute Unit (CU)

block Contains a group of threads 
run on a Streaming 
Multiprocessor (SM)

wavefront Groups of work-items 
organized into up to 64 
lanes.  Size is defined by its 
number of lanes.

warp Groups of threads organized 
into up to 32 lanes; finest 
grained execution entity

lane An element of a wavefront. 
Finest grained execution 
entity.

lane An element of a warp 
consisting of threads

thread / work-item thread
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Set breakpoints on CPU host code

Source View Opened on CPU Host Code
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• Set breakpoints on kernel code 
before it is loaded

• Breakpoint first shown as a 
“hollow” marker

• Once kernel code is loaded onto 
GPU breakpoint is resolved and 
marker will be solid

Source View Opened on GPU Kernel Code
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• Single-step operation advances all the GPU 
hardware threads in the same warp / wavefront

• To advance the execution of more than one warp, 
you may either:

• Set a breakpoint and continue the process, or

• Select a line number in the source pane and select 
“Run To”

Stepping GPU Code

Select the line to run to 
and then click “Run To” 
in the toolbar.
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• The identifier @local is a TotalView built-in type storage qualifier that tells the debugger the storage kind of "A" is 
local storage

• The debugger uses the storage qualifier to determine how to locate A in device memory

Displaying CUDA Program Elements
@local type qualifier 
indicates that variable A 
is in local storage.

“elements” is a pointer 
to a float in @generic 
storage.
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NVIDIA GPU Debugging with TotalView - Example

• TODO – Record a session debugging an NVIDIA GPU, setting BP in kernel code, switching context between CPU and 
GPU, GPU status view, examining GPU data

• Basically, re-record what I did for a demo last year but just for NVIDIA

Ins
ert

Vid
eo
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Debug Hybrid 
MPI and OpenMP 
Applications
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• A variety of parallel programming models exist to extract 
maximum performance out of compute resources

• Message passing models are used to maximize 
parallelism across compute nodes – MPI technology

• Thread models, a type of shared memory programming, 
is used to maximize parallelism across cores within a 
compute node – OpenMP technology

• A hybrid programming model combines the parallelism 
provided by the message passing model (MPI) with the 
thread model (OpenMP)

• Hybrid model also applicable to a CPU-GPU (Graphics 
Processing Unit) programming

Parallel Programming Models – Hybrid Model

Image from  U.S. Department of Energy by Lawrence Livermore National Laboratory

https://computing.llnl.gov/tutorials/parallel_comp/
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• TotalView demo video showing:

• Explain Fibonacci test program

• Start of setting up debugging session

• Setting a breakpoint

• Launching

• Exploring navigation of multiple ranks

• Transition to OpenMP Debugging

Debugging Hybrid Models – MPI Debugging Session

Ins
ert

Vid
eo
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• OpenMP (Open Multi-Processing) is an API that supports multi-platform shared memory multiprocessing 
programming in C, C++ and Fortran

• Compiler directives, library routines and environment variables influence run-time behavior

• Latest OpenMP Debugging API (OMPD v5.x) provides an innovative new interface allowing tools such as 
debuggers to extract execution state of an OpenMP runtime library

• Extract threads, parallel and task regions, internal control variables, thread relationships and runtime call-stack 
boundaries

• OMPD v5.x features integrated directly into TotalView’s OMP debugging capabilities

Debugging Hybrid Models – OpenMP Debugging
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• Continue TotalView demo video showing:

• Show the layout of processes and threads in P&T Views

• Show Call Stack and backlink

• Show new OpenMP Views and different tabs of information

Debugging Hybrid Models – MPI/OpenMP Debugging Session

Ins
ert

Vid
eo

See it in action:  https://totalview.io/webinars/debugging-hybrid-mpi-openmp-applications-remotely 

https://totalview.io/webinars/debugging-hybrid-mpi-openmp-applications-remotely
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Full Hybrid GPU Debugging with TotalView

• Easily acquire MPI jobs

• Debug OpenMP tasks and regions

• Seamlessly debug GPU code as it is offloaded to a kernel

Debugging Full Hybrid Models – MPI/OpenMP/GPU Offload

Parallel

MPI

OpenMPGPU
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Advanced Debugger 
Features for Solving 
Tough Problems
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Remote Debugging with TotalView

• Combine the convenience of 
establishing a remote connection to a 
cluster and the ability to run the 
TotalView GUI locally

• Front-end GUI architecture does not 
need to match back-end target 
architecture (macOS front-end -> 
Linux back-end)

• Secure communications

• Convenient saved sessions

• Once connected, debug as normal 
with access to all TotalView features
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• Start a debugging session using TotalView Reverse Connect

• Reverse Connect enables the debugger to be submitted to a cluster and connected to the GUI once run

• Enables running TotalView UI on the front-end node and remotely 
debug jobs executing on the compute nodes

• Very easy to utilize, simply prefix job launch or application start 
with “tvconnect” command

Disconnect Backend job launch with Reverse Connect

#!/bin/bash
#SBATCH -J hybrid_fib
…
#SBATCH -n 2
#SBATCH -c 4
#SBATCH --mem-per-cpu=4000
export OMP_NUM_THREADS=4
tvconnect srun -n 2 --cpus-per-task=4 --mpi=pmix ./hybrid_fib
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Reverse Debugging with TotalView

• Reverse debugging provides the ability for 
developers to go back in execution history

• Activated either before program starts running 
or at some point after execution begins

• Capturing and deterministically replay execution
• Enables stepping backwards and forward by 

function, line, or instruction
• Run backwards to breakpoints
• Run backwards and stop when a variable 

changes value
• Saving recording files for later analysis 

or collaboration
• Couple with Undo’s LiveRecorder for maximum 

reverse debugging!
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Mixed Language Python Debugging with TotalView

• Debugging one language is difficult enough

• Understanding the flow of execution across 
language barriers is hard

• Examining and comparing data in both 
languages is challenging

• What TotalView provides:

• Easy python debugging session setup

• Fully integrated Python and C/C++ call stack

• ”Glue” layers between the languages removed

• Easily examine and compare variables in Python 
and C++

• Modest system requirements

• Utilize reverse debugging and memory 
debugging

See it in action:  https://totalview.io/video-tutorials/debugging-python-and-c-mixed-language-applications 

https://totalview.io/video-tutorials/debugging-python-and-c-mixed-language-applications
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Memory Debugging with TotalView

Memory Debugging Features

• Leak detection

• Dangling pointer detection

• Heap status

• Automatically detect allocation 
problems

• Memory Corruption Detection

• Memory Block Painting

• Memory Hoarding

• Memory Comparisons between 
processes

• Light weight memory block tracking
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Boost Your 
Debugging 
Effectiveness
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• Real world dangling pointer problem

• Combined TotalView Features

• Memory Debugging

• Painting memory blocks

• Dangling pointer detection

• Reverse Debugging

• Easily go backwards and forwards through recorded history

• Watchpoints

• Stop execution when memory block contents changed

• Read about the full debugging session at:

• https://totalview.io/blog/dangling-pointer

Solving Tough Dangling Pointer Problems with TotalView

https://totalview.io/blog/dangling-pointer
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Q&A
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Resources and Documentation

B L O G

totalview.io/blog

V I D E O  T U T O R I A L S

totalview.io/support/video-tutorials

Visit totalview.io for more information

D O C U M E N T A T I O N

help.totalview.io
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Getting Started with TotalView

• https://totalview.io/video-tutorials/getting-started-totalview

How to Use Remote User Interface Debugging

• https://totalview.io/video-tutorials/how-use-remote-user-interface-debugging

Controlling Execution with Evaluation Points

• https://totalview.io/video-tutorials/controlling-execution-evaluation-points

Reverse Debugging

• https://totalview.io/video-tutorials/reverse-debugging

Debugging Python and C++ Mixed Language Applications

• https://totalview.io/video-tutorials/debugging-python-and-c-mixed-language-applications

Debugging the Toughest Challenges with NVIDIA and AMD GPUs

• https://totalview.io/resources/debugging-toughest-challenges-nvidia-and-amd-gpus

Blog:  Solving Tough Dangling Pointer Problems with TotalView

• https://totalview.io/blog/dangling-pointer 

TotalView Debugging Feature References

https://totalview.io/video-tutorials/getting-started-totalview
https://totalview.io/video-tutorials/how-use-remote-user-interface-debugging
https://totalview.io/video-tutorials/controlling-execution-evaluation-points
https://totalview.io/video-tutorials/reverse-debugging
https://totalview.io/video-tutorials/debugging-python-and-c-mixed-language-applications
https://totalview.io/resources/debugging-toughest-challenges-nvidia-and-amd-gpus
https://totalview.io/blog/dangling-pointer
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