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Source-Level Interactive Debugging (e.g. GDB)
m Developers mental representation V'S. actual execution

m Understand the different steps of the execution
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What about programming models?
Source-level interactive debuggers operate at language-level.

They have no knowledge about high-level abstract machines!
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Programming Model Centric Debugging
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Objective

Provide developers with means to
better understand the state of the high-level applications
and control more easily their execution,
suitable for various models and environments.
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Compil rOptlmlz‘ on dmmme SystEms

Idea: Integrate programming model concepts
in interactive debugging
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Building Blocks of a Model-Centric Debugger
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= Detect and interpret the exec. events of the runtime framework

Philippe Virouleau Programming-Model Centric Debugging OpenMPCon 7/17



= Detect and interpret the exec. events of the runtime framework

\

OpenMP
Debugger

<initialization>

iareakpoint on <task creation>

@ Source-level @@@ @@@
Debugger @@@ @@@

reakpoint at @ 0x126fd
‘f p @

Execution Platform

Data
@ Execution context ~ —> dependency Task

Philippe Virouleau Programming-Model Centric Debugging OpenMPCon 7/17



= Detect and interpret the exec. events of the runtime framework

\

OpenMP
Debugger

<initialization>

iﬁreakpoint on <dependency binding>

@ Source-level @@@ @@@
Debugger @@@ @@@

reakpoint at @ Oxaab25
VB P @

Execution Platform

Data
@ Execution context ~ —> dependency Task

Philippe Virouleau Programming-Model Centric Debugging OpenMPCon 7/17



= Detect and interpret the exec. events of the runtime framework
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= Detect and interpret the exec. events of the runtime framework

Set breakpoint on <first task execution>
Start execution

OpenMP
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i Start execution
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Debugger @@@ @@@
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= Detect and interpret the exec. events of the runtime framework
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OpenMP Case-Study lllustration
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OpenMP Parallel Programming J

fork /join multithreading

tasks with dependencies
GNU Gomp, Intel OpenMP, ...

mcGDB debugger )
® asymmetric archi. m Python extension of GDB
= ARM big.LITLE m support for dataflow, components, ...
+ Mali GPU m developed in partnership with ST

Philippe Virouleau Programming-Model Centric Debugging OpenMPCon 9 /17



= s =
Compiler. Optimizatiorfiiid Runtime SystEms

. control the execution of the entities ...

start

int main() {
@®// beginning of main function
#pragma omp parallel {
// beginning of parallel region
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}//implicit barrier

#pragma omp critical {
// execute critical
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... provide a structural representation
... provide details about entity state

fork-join = OpenMP sequence diagrams

task-based=—> mcGDB+Temanejo cooperation
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X and does not support source-level debugging.
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(HLRS Stuttgart) Temanejo ...

v/ is a great visualization tool for task debugging,
X and does not support source-level debugging.

GDB/mcGDB ...

X has no visualization engine,

v/ but provides source debugging at language (gdb) and model level.

So let’s combine them!
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mcGDB

m task graph and exec. events capture,
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mcGDB - Temanejo cooperation:
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Conclusion).*

Compiler Optimiz: . 'dmtimeSystEms

m Debugging high-level applications is challenging

m Lack of information about programming models and frameworks
Our contribution: model-centric interactive debugging

m mcGDB extends GDB through its Python interface:
» Framework for model-centric debugging
» Py interface patches contributed to the community
» Source code soon-to-be open source (Apache licence)

m mcGDB OpenMP support:

» Developed for GNU GowmP and Intel OpenMP
» Better control of fork-join and task-based execution
» Better current-state understanding ~

* OpenMP sequence diagrams £ 2 ’",’;"":” 2”"'"‘""'"’"
* Temanejo graph visualization
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