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ÅPerformance Optimisation and Productivity

ÅA Centre of Excellence
ÅCollaborative European project funded by Horizon 2020 programme

ÅRuns 1 December 2018 ς30 November 2021

ÅProviding Free Services within Europe
ÅPrecise understanding of parallel application and system behaviour

ÅAcross application areas, platforms and scales

ÅSuggestions/support on how to rewrite code in the most productive way

ÅFor academic and industrial codes and users
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The POP service



ÅParticipating institutions:
ÅBarcelona Supercomputing Center, Spain (coordinator)
ÅHLRS, Germany
ÅIT4Innovations, Czech Republic
ÅJülichSupercomputing Center, Germany
ÅNAG, UK
ÅRWTH Aachen, IT Center, Germany
ÅTERATEC, France
ÅUniversitéde Versailles Saint-Quentin-en-Yvelines, France

ÅA team with:
ÅExpertise in performance analysis and optimisation
ÅExpertise in parallel programming models and practices
ÅA research and development background and a 

proven commitment to real academic and industrial use cases
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The POP team



ÅA density-based finite volume 
and Discontinuous Galerkin
(DG) computational fluid 
dynamics (CFD) solver for 
steady-state or time-
dependent flow simulation

ÅDecomposes domains using 
unstructured meshes

ÅWritten in Python and C++ and 
parallelised with OpenMP and 
MPI
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zCFDby Zenotech



ÅProvides a quantitative measurement of the relative impact of the 
different factors inherent in parallelisation

ÅUses a hierarchy of metrics, with each metric measuring a common 
cause of inefficiency in parallel programs

ÅMetrics are efficiencies between 0 and 1; higher numbers are better 

ÅEfficiencies less than 0.8 are candidates for further investigation
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ÅThe headline figure is Global Efficiency, which is the product of the Parallel 
and Computational Efficiencies

ÅParallel Efficiencymeasures the effect that parallelising the code has on 
the runtime
ÅE.g. how balanced between threads is the computational work, how much time is 

lost to OpenMP overheads, etc

ÅCalculated as the ratio between the average amount of time that threads spend in 
useful computation (i.e. not in the OpenMP library or I/O) and the total runtime

ÅComputational Efficiencydescribes how well the computational load of 
the application scales with the number of threads
ÅThe ratio between the total time across all threads that the code spends in useful 

computation, and the time that the serial code spends in useful computation
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The metrics
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Efficiencies

# Threads

1 2 6 12

Global Efficiency 0.97 0.71 0.52 0.33

Ҧ tŀǊŀƭƭŜƭ 9ŦŦƛŎƛŜƴŎȅ0.97 0.80 0.64 0.50

Ҧ /ƻƳǇǳǘŀǘƛƻƴŀƭ 9ŦŦƛŎƛŜƴŎȅ1.00 0.89 0.82 0.66
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Efficiencies

# Threads

1 2 6 12

Global Efficiency 0.97 0.71 0.52 0.33

Ҧ tŀǊŀƭƭŜƭ 9ŦŦƛŎƛŜƴŎȅ0.97 0.80 0.64 0.50
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ÅInvestigate more deeply:
ÅTime spent in parallel code vs. serial code

ÅLoad balance of OpenMP loops

ÅOpenMP overhead
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Parallel efficiency

# Threads

1 2 6 12

Parallel Efficiency 0.97 0.80 0.64 0.50

% Parallel Code - 88.6% 75.0% 66.6%

Load Balance Efficiency 1.00 0.88 0.85 0.85

OpenMP Overhead Efficiency 1.00 1.00 0.99 0.98
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VTune
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Computational efficiency

# Threads

1 2 6 12

Computational Efficiency 1.00 0.89 0.82 0.66

IPC Efficiency 1.00 0.94 0.92 0.91

Instructions Efficiency 1.00 1.00 1.00 1.00

CPU Frequency Efficiency 1.00 0.94 0.89 0.72
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Computational performance
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Computational performance


