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• MAQAO is a performance analysis framework developed at Université 
of Versailles Saint-Quentin

• Relies on sampling-based profiling and static binary analysis

• Focuses on performance at the node/core level

• Reports available in HTML format
• High-level reports characterising the whole application 

• Low-level reports down to loop granularity

• Additional reports for analyses encompassing multiple executions

• www.maqao.org
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MAQAO

http://www.maqao.org/
http://www.maqao.org/


Code: Openradioss
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MAQAO Global Metrics

Large gap indicates a large

amount of thread inactive time 

Low numbers: poor resource usage 

Experiment: Openradioss code (NEONM11 dataset) on AWS G4 with 1 MPI Rank, 96 OpenMP 

threads, ACFL –O3

MAQAO provides a set of global metrics characterising the whole application performance.

• Total Time: Execution time of the application

• Max (Thread Active Time): Time of the longest thread

• Activity Ratio: Average percentage of time during which the threads are active

4



MAQAO Time Categorisation and Potential Speedups

Experiment: Openradioss code (NEONM11 dataset) on AWS G4 with 1 MPI Rank, 96 OpenMP 

threads, ACFL –O3

Significant time spent in OMP runtime + Load balancing issues

MAQAO also provides a breakdown of the time spent in various categories of codes and estimations of the 

gain to be expected if some optimisations were applied
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MAQAO Function Profiling

Experiment: Openradioss code (NEONM11 dataset) on AWS G4 with 1 MPI Rank, 96 OpenMP 

threads, ACFL –O3

The Function profile confirms that the hottest functions originate from the OpenMP runtime
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Call Chains Analysis

• Call chains allow tracing the source of the OMP wait

➔ MAIN ISSUES

• Critical section (OMP CRITICAL) in i7buce_crit

• Locks (OMP_SET_LOCK) mostly from i7optcd (lockon.inc:28)

Experiment: Openradioss code (NEONM11 dataset) on AWS G4 with 1 MPI Rank, 96 OpenMP 

threads, ACFL –O3
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Code Quantum Package
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• MAQAO stability mode allows to detect time variations between runs
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Measurements Stability

Experiment: Quantum Package code on Zen4 with 1 MPI Rank, 192 OMP threads, gfortran –O3



• Statistics on 15 runs:

• Variation in the duration of each run is expected due to two main factors:
• A random generation process followed by a selection of samples
• By the code being asynchronous by design

• Top functions stay the same

• Reliability: following measurements were made multiple times, biggest outliers 
were removed and the average value was kept
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Measurements Stability



• MAQAO displays the number of average active threads over the 
execution

• First phase is the initialization phase which is quite short

• Beginning of the second phase is the first step showing load imbalance
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MAQAO Thread Activity



• MAQAO can provide the compilation flags at the function level

•➔ Function compare_int32_t was not compiled with optimization or 
specialization
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Detecting Compiler Options



Code: QMCkl
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• Code exists in two versions: C and Fortran

• MAQAO comparison mode showed that C version was slower than 
Fortran version, with the difference being due to memory functions
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MAQAO Comparison Mode

C version Fortran version



• Timing difference was due to memset function added by Intel C 
compiler 
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Pinpointing Differences
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Contact:
https://www.pop-coe.eu
pop@bsc.es
@POP_HPC
youtube.com/POPHPC
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