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Part 1: Intro to ROCgdb
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[AMD Public Use]

Getting started

What is ROCgdb, from the tin:

The ROCmDebugger (ROCgdb) is the ROCmsource-level debugger for Linux, based on the GNU Debugger (GDB). It 
enables heterogenous debugging on the ROCmplatform of an x86-based host architecture along with AMD GPU 
architectures supported by the AMD Debugger API Library (ROCdbgapi). The AMD Debugger API Library (ROCdbgapi) 
is included with the ROCmrelease.

The current ROCmDebugger (ROCgdb) is an initial prototype that focuses on source line debugging and does not 
provide symbolic variable debugging capabilities. The user guide presents features and commands that may be 
implemented in future versions.

So... cuda-gdb? Yes, and mostly no -- rocgdbis (or will be) gdb, that is it tracks upstream GDB master.

| ROCgdb and HIP Math Libraries | ORNL Hackathon, May 24 ς26, 2021 | © Advanced Micro Devices Inc., All Rights Reserved3



[AMD Public Use]

What can it do?

In addition to your usual host-debugging capabilities, a very brief overview of rocgdb'scurrent functionality:
Å Switching between and seeing info about wavefronts
Å Read/write to hardware registers, global memory, and LDS/scratch
Å Breakpoints
ÅWatchpoints
Å ISA-level debugging, mapping of ISA to source lines

Before we can take a test drive, let's talk about the code we're going to use it on.
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[AMD Public Use]

Jacobi Example

Our example code:

ÁSolves a Laplacian problem

Á5-point finite difference stencil

ÁMay be distributed over multiple MPI ranks

ÁPerforms several iteration of a Jacobi method
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[AMD Public Use]

Laplacian equation
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In two dimensions, with a 5-point finite difference stencil we discretize as:
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On a rectangular lattice one point in the xςy plane:
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[AMD Public Use]

Jacobi Example

ÁThe finite difference Laplacian operator is a sparse 
matrix operator on a vector of unknowns:

ὃ▲ █

ÁWhen the whole domain is distributed with MPI, 
each process will need to receive halo data to 
evaluate ὃ▲

ÁCan compute Laplacian at interior stencil points 
while the halo data is being exchanged

ÁJacobi Iterative method is the iteration:

▲ ▲ Ὀ █ ὃ▲

where Ὀis the diagonal of ὃ.
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[AMD Public Use]

ÁInitialize MPI

ÁSetup Jacobiobject

ApplyTopology()

CreateMesh()

InitializeData()

ÁExecute Jacobirun method

Jacobi Structure
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[AMD Public Use]

ÁInitialize MPI

ÁSetup Jacobiobject

ApplyTopology()

Establish MPI neighbors

Set GPU devices

CreateMesh()

InitializeData()

ÁExecute Jacobirun method

Jacobi Structure
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[AMD Public Use]

ÁInitialize MPI

ÁSetup Jacobiobject

ApplyTopology()

Establish MPI neighbors

Set GPU devices

CreateMesh()

Set local domain

Create halo exchange buffers

Create streams

InitializeData()

ÁExecute Jacobirun method

Jacobi Structure
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[AMD Public Use]

ÁInitialize MPI

ÁSetup Jacobiobject

ApplyTopology()

Establish MPI neighbors

Set GPU devices

CreateMesh()

Set local domain

Create halo exchange buffers

Create streams

InitializeData()

Generate initial data

Copy data to device

ÁExecute Jacobirun method

Jacobi Structure
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[AMD Public Use]

while(){

LocalLaplacian ()

HaloExchange()

HaloLaplacian ()

JacobiIteration ()

Norm()

}

ÁNote:

Two streams: computeStreamand 
dataStream

hipEventRecordtimings on each 
respective stream (omitted for clarity)

Iterative Loop
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[AMD Public Use]

Preparing the code for the debugger

Preparing your HIP code for debugging:
Å Use any optimization level you like, we'll use -O3
Å Have ROCmload code objects at initialization:
Å export HIP_ENABLE_DEFERRED_LOADING=0

Å Add ςggdbto your flags:
Å Optionally print even more useful information on API calls
Å export AMD_LOG_LEVEL=3

9ȄŀƳǇƭŜ ƻŦ ǿƘŀǘ ǘƘŜ ŎƻƳǇƛƭŜ ƻǇǘƛƻƴǎ Ƴŀȅ ƭƻƻƪ ƭƛƪŜΧ

mpic ++ - I/ usr /lib/x86_64 - linux - gnu/ openmpi /include/ openmpi \

ïL/ usr /lib/x86_64 - linux - gnu/ openmpi /include - pthread ïO3 ïg ïggdb ïfPIC \

ïstd= c++11 \ ïmarch=native ïWall ïI/opt/ rocm / roctracer /include \

ïI"/opt/rocm - 4.2.0/hip/include" - I"/opt/ rocm / llvm /bin/../lib/clang/12.0.0" \

ïI/opt/ rocm / hsa /include ïI/opt/ rocm / roctracer /include \

ïc JacobiSetup.cpp - o JacobiSetup.o
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[AMD Public Use]

Diving in

Launching the debugger, is the same as gdb:

rocgdb -- args ./ Jacobi_hip - g 1 1

For this demo, I will be using a program called cgdbalongside 
rocgdb, this gives a nice curses-based interface, but is by no 
means required.In this case:

cgdb - d rocgdb -- args ./ Jacobi_hip - g 1 1
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https://cgdb.github.io/


[AMD Public Use]

Setting a breakpoint

Let's step into one of our kernels, 
LocalLaplacianKernel computes the finite 
difference for one of our MPI domains.
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[AMD Public Use]

Setting a breakpoint in host code
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Here we setup a breakpoint in the host code. We can inspect the device pointer and its values:



[AMD Public Use]

Setting a breakpoint in host code
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¢ȅǇƛƴƎ ΨǎǘŜǇΩ ŜƴŀōƭŜǎ ƻƴŜ ǘƻ ƛǘŜǊŀǘŜ ǘƘǊƻǳƎƘ ǘƘŜ ǎǘŀŎƪ ǘǊŀŎŜΥ



[AMD Public Use]

Setting a breakpoint in device kernel
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LƴǾƻƪŜ ΨōΩ ƻǊ ΨōǊŜŀƪΩ ǘƻ ǘƘŜ ŘŜǾƛŎŜ ƪŜǊƴŜƭ ƻŦ ƛƴǘŜǊŜǎǘΥ



[AMD Public Use]

Setting a breakpoint in device kernel
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²Ƙŀǘ ƘŀǇǇŜƴǎ ǿƘŜƴ ȅƻǳ ǘȅǇŜ ΨǎǘŜǇΩΚ !ƴƻǘƘŜǊ ǘƘǊŜŀŘ Ƙƛǘ ǘƘŜ ǎŀƳŜ ōǊŜŀƪǇƻƛƴǘΗGDB will switch context to the new 
thread:
:



[AMD Public Use]

Setting a breakpoint in device kernel
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AMDGPU Thread agent - id:queue - id:dispatch - num:wave - id (work - group - z,work - group - y,work - group - x)/

work - group - thread - index



[AMD Public Use]

Setting a breakpoint in device kernel
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AMDGPU Thread agent - id :queue - id:dispatch - num:wave - id (work - group - z,work - group - y,work - group - x)/

work - group - thread - index

Å agent - id = Agent Target ID



[AMD Public Use]

Setting a breakpoint in device kernel
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AMDGPU Thread agent - id: queue - id :dispatch - num:wave - id (work - group - z,work - group - y,work - group - x)/

work - group - thread - index

Å agent - id = Agent Target ID
Å queue - id = Queue Target ID



[AMD Public Use]

Setting a breakpoint in device kernel
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AMDGPU Thread agent - id:queue - id: dispatch - num:wave - id (work - group - z,work - group - y,work - group - x)/

work - group - thread - index

Å agent - id = Agent Target ID
Å queue - id = Queue Target ID
Å dispatch - num = Dispatch Target ID ςhow many kernels have been launched



[AMD Public Use]

Setting a breakpoint in device kernel

| ROCgdb and HIP Math Libraries | ORNL Hackathon, May 24 ς26, 2021 | © Advanced Micro Devices Inc., All Rights Reserved24

AMDGPU Thread agent - id:queue - id:dispatch - num: wave- id (work - group - z,work - group - y,work - group - x)/

work - group - thread - index

Å agent - id = Agent Target ID
Å queue - id = Queue Target ID
Å dispatch - num = Dispatch Target ID ςhow many kernels have been launched 
Å wave- id = Wavefront ID ςindex of wavefront of kernel



[AMD Public Use]

Setting a breakpoint in device kernel
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AMDGPU Thread agent - id:queue - id:dispatch - num:wave - id (work - group - z,work - group - y,work - group - x)/

work - group - thread - index

Å agent - id = Agent Target ID
Å queue - id = Queue Target ID
Å dispatch - num = Dispatch Target ID ςhow many kernels have been launched 
Å wave- id = Wavefront ID ςindex of wavefront of kernel
Å (z, y, x) work-group/block index



[AMD Public Use]

Setting a breakpoint in device kernel
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¢ƻ ƭƻƻƪ ŀǘ ǘƘŜ ǇǊƻƎǊŜǎǎ ƻŦ ŀ ǎƛƴƎƭŜ ǿŀǾŜŦǊƻƴǘΣ ŘƛǎŀōƭŜ ǘƘŜ ōǊŜŀƪǇƻƛƴǘ ōȅ ǘȅǇƛƴƎ ΨŘƛǎŀōƭŜ <num>ΩΣ ŀƴŘ ǘƘŜƴ ΨǎǘŜǇΩ



[AMD Public Use]

Setting a breakpoint in device kernel
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¦ǎŜ ΨstepiΩ ǿƘƛŎƘ ŜƴŀōƭŜǎ ǘƘŜ ǳǎŜǊ ǘƻ ŘƛǾŜ ŘŜŜǇŜǊ ƛƴǘƻ ǘƘŜ ILt !tL



[AMD Public Use]

Setting a breakpoint in device kernel
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¢ȅǇŜ ΨǎǘŜǇΩ ŀƎŀƛƴ ŀƴŘ ȅƻǳ Ŏŀƴ ƴƻǿ ŦǊŜŜƭȅ ǎǘŜǇ ǘƘǊƻǳƎƘ ǘƘŜ ŘŜǾƛŎŜ ƪŜǊƴŜƭ



[AMD Public Use]

Examining the ISA
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Several ways one can view the ISA. Using cgdb, type 
ESC - > :set dis - > ENTER



[AMD Public Use]

Examining the ISA
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Let's say I want to see what the value of "i" is for my wavefront:



[AMD Public Use]

Examining the ISA
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This also works for scalar registers, for instance here we can check the conditional:
( i < localNx ) && (j < localNy )

which is stored in s[0:1], one bit corresponding to each thread in the wavefront:



[AMD Public Use]

Switching wavefronts
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Now that I've been stepping only my wavefront, are the others still at the beginning of the kernel? Use info threads.
¢Ƙƛǎ ŜƴŀōƭŜǎ ǳǎ ǘ ƻ ǎŜŜ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ōƻǘƘ Ƙƻǎǘ ǘƘǊŜŀŘǎ ŀƴŘ Dt¦ ǿŀǾŜŦǊƻƴǘǎ Χ



[AMD Public Use]

Switching wavefronts
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.. but where did all the other threads go? Step allows other wavefronts to advance, hence the rest of the waves in 
our kernel have already completed!:



[AMD Public Use]

Rerunning rocgdb with scheduler-locking
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¦ǎŜ ΨǎŜǘ ǎŎƘŜŘǳƭŜǊ-ƭƻŎƪƛƴƎ ƻƴΩ ǿƛƭƭ ƴƻǘ ŎƻƴǘƛƴǳŜ ǘƘŜ ƻǘƘŜǊ ǿŀǾŜǎΦ



[AMD Public Use]

Rerunning rocgdb with scheduler-locking
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Now we see the rest of the GPU threads.
/ŀƴ ŀƭǎƻ ǘȅǇŜ άthread < tid >έ ǘƻ ŜȄŀƳƛƴŜ ƻƴŜ particular thread



[AMD Public Use]

Other tricks: export AMD_LOG_LEVEL=3
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By setting the above environment variable, we can get a print of all API calls and more happening:


