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The POP service

APerformanceOptimisation andProductivity

AA Centre of Excellence
A Collaborative European project funded by Horizon 2020 programme
ARuns 1 Decemb&018c 30 November 2021

AProviding Free Services within Europe
APrecise understanding of parallel application and system behaviour
AAcross application areas, platforms and scales
A Suggestions/support on how to rewrite code in the most productive way
AFor academic and industrial codes and users
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The POP team

AParticipating institutions:
A Barcelona Supercomputir@enter Spain (coordinator)
AHLRS, Germany
A lT4Innovations, Czech Republic
A JulichSupercomputingCenter Germany
ANAG, UK
ARWTH Aachen, Qenter Germany
ATERATEC, France
A Universitéde Versailles Saw@uentinen-Yvelines, France

AA team with:
A Expertise in performance analysis and optimisation
A Expertise in parallel programming models and practices

A A research and development background and a
proven commitment to real academic and industrial use cases
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zCFDby Zenotech

AA densitybased finite volume
and Discontinuoussalerkin
(DG) computational fluid
dynamics (CFD) solver for
steadystate or time
dependent flow simulation

ADecomposes domains using
unstructured meshes

AWritten in Python and C++ a
parallelised with OpenMP an(
MPI
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POP methodology

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

AUses a hierarchy of metrics, with each metric measuring a common
cause of inefficiency In parallel programs

AMetrics are efficiencies between 0 and 1; higher numbers are better
AEfficiencies less than 0.8 are candidates for further investigation
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The metrics POP

AThe headline figure iGlobal Efficiencywhich is the product of the Parallel
and Computational Efficiencies

AParallel Efficiencyneasures the effect that parallelising the code has on
the runtime

A E.g. how balanced between threads is the computational work, how much time is
lost to OpenMP overheads, etc

A Calculated as the ratio between the average amount of time that threads spend in
useful computation (i.e. not in the OpenMP library or 1/O) and the total runtime

AComputational Efficiencglescribes how well the computational load of
the application scales with the number of threads

A The 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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Efficiencies

# Threads
1 2 6 12
Global Efficiency 0.97 0.71 0.52 0.33
Mt NFftfSt 9F 0.97 0.80 0.64 0.50
M / 2YLIzi+ GA2Y 1.00 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
Mt NFftfSt 9F 0.97 0.80 0.64 0.50
M / 2YLIzi+ GA2Y 1.00 0.89 0.82 0.66

Alnvestigate more deeply:
ATime spent in parallel code vs. serial code
ALoad balance of OpenMP loops
AOpenMP 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 Efficienc 1.00 1.00 0.99 0.98
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VTune 009

m <no current project> - Intel VTune Amplifier e o B s
il P8 e @ Welcome ” vt_result... 3 =
Z Advanced Hotspots HPC Performance Characterization viewpoint (change) @ INTELVTUNE AMPLIFIER 2018

4 @ Analysis Target A& Analysis Type Collection Log & Summary <& Bottom-up && Caller/Callee <& Top-down Tree

r
Grouping:| OpenMP Region / Module / Function / Call Stack - @

OpenMP... « CPU Time « »
DpenMP R&glﬂﬂf Module / Function / Call Stack Elapsed Time v Serial CPU Time |mbalance . IdleEr;e;T_ci:;e.r Timg?" g[l:!z::_mn. over = Spin Time Overhead Time FPU Utilization CPI Rate Mumber of DpenMP threads Instance Count

[Serial - outside parallel regions] 2.074s 1.985s 1.949s @ | 0.038s Os 1532

Launch$omp$parallel:12@unknown:42:136 1.814s 0s 0.227s  18.299s ] 0.050s 0s 0.498 12 456
operator(}$omp$parallel:12(@unknown:627:635 0.789s Os 0.432s  4.040s | 0.015s 0s 0.396 12 180
gemm_batch_internal32Somp$parallel:12@ unknown:172:201 0.678s 0.000s 0.115s  6.112s ] 0.051s Os 0.622 12 741
Launch$omp$parallel:12@unknown:219:236 0.233s 0.000s 0.031s  2.353s D 0.0055 0s 0.572 12 57
Launch$omp$parallel:12@unknown:274:281 0.203s 0s 0.016s 2.190s | 0.008s Os 0.782 12 57
Launch$omp$parallel:12@unknown:43:174 0.120s Os 0.021s  1.078s (8 0.015s 0s 0.530 12 285
Launch$omp3$parallel:12@unknown:58:109 0.055s 0.000s 0.021s  0.197s | 0.041s Os 1.130 12 456
operator()$omp$parallel:12@unknown:752:759 0.044s 0.000s 0.011s 0.327s || 0.012s 0s 1.397 12 171
Launch$omp$parallel:12@unknown:123:128 0.040s 0s 0.008s 0.354s || 0.003s 0s 1.055 12 57
Launch$omp$parallel:12@unknown:186:192 0.037s Os 0.020s 0.120s | 0.006s 0s 6.211 12 57
Launch$omp$parallel:12@unknown:163:171 0.037s Os 0.004s 0.3565 || 0.006s 0s 1.171 12 57
Launch$omp$parallel:12@unknown:111:118 0.026s Os 0.009s 0.169s | 0.001s 0s 0.766 12 18
operator()$omp$parallel:12@unknown:121:134 0.024s 0s 0.002s 0.251s | 0.004s 0s 2091 12 45
Launch$omp$parallel:12@unknown:109:115 0.009s 0s 0.003s 0.028s 0.005s 0s 2133 12 57
Launch$omp$parallel:12@unknown:203:277 0.006s 0s 0.002s  0.013s 0.005s Os 2.333 |12 57
Launch$omp$parallel:12@unknown:96:102 0.004s 0s 0.001s| 0.012s 0.003s 0s 1.063 12 30
Launch$omp$parallel:12@unknown:92:97 0.002s 0s 0.001s  0.006s 0.002s Os 2.333 |12 15
Launch$omp$parallel:12@unknown:99:106 0.002s Os 0.000s 0.026s 0.001s 0s 1.500 12 9
operator(}$omp$parallel:12@unknown:41:47 0.001s Os 0.000s 0.003s 0.002s Os 0.000|12 9
FILTER 0 99.4% ®x | Process Any Process v | Module Any Module - Call Stack Mode Only user functions « | Inline Mode Show inline functions v | Loop Mode Loops and functions «

12 March 2019 10




VTune 009

m <no current project> - Intel VTune Amplifier @ o E= 23 |
ks &g P OE @ ‘ Welcome ‘ vt_result... X ‘ =
@ Advanced Hotspots HPC Performance Charactgi;atw“v@int (change) @ INTEL VTUNE AMPLIFIER 2018
4 @ Analysis Target & Analysis Type Collection Log Sum@ry & Bottom-up | & C%rlCallee & Top-down Tree [
Grouping:. OpenMP Region / Module / Function / Call Stack - [——_ - - @
OpenMP... « CPU Time & 2
OpenMP Region / Module / Function / Call Stack Elapsed Time v Serial CPU Time S Effective Time by Utilization = SpinTime | Overhead Time FPU Utilization CPI Rate | Number of OpenMP threads Instance Count
Didie BPoor © Ok Mideal @ Over
» [Serial - outside parallel regions] . 2.074s 1.985s 1.949s B | 0.038s 0s 1.532
» Launch$omp$parallel:12@unknown:42:136 _ 1.814s 0s 0.227s 18.299s - 0.050s 0s 0.498 12 456
» operator()$omp$parallel:12@unknown:627:635 _ 0.789s 0s 0.432s  4.040s | 0.015s 0s 0.396 12 180
gemm_batch_internal32$omp$parallel:12@unknown:172:201 _ 0.678s 0.000s 0.115s  6.112s al 0.051s 0s 0.622 12 741
» Launch$omp$parallel:12@unknown:219:236 _ 0.233s 0.000s 0.031s  2.353s | 0.005s 0s 0.572 12 57
» LaunchSomp$parallel:12@unknown:274:281 0.203s 0s 0.016s 2.190s /@B 0.008s 0s 0.782 12 57
» LaunchSomp$parallel:12@unknown:43:174 0.120s 0s 0.021s 1.078s [ 0.015s Os 0.530 12 285
» Launch$Somp$parallel:12@unknown:58:109 0.055s 0.000s 0.021s  0.197s | 0.041s 0s 1.130 12 456
» operator()$omp$parallel:12@unknown:752:759 _ 0.044s 0.000s 0.011s 0.327s || 0.012s 0s 1.397 12 171
» Launch$omp$parallel:12@unknown:123:128 _ 0.040s 0s 0.008s 0.354s || 0.003s Os 1.055 12 57
» Launch$omp$parallel:12@unknown:186:192 _ 0.037s 0s 0.020s  0.120s | 0.006s Os 6.211 12 57
» Launch$omp$parallel:12@unknown:163:171 _ 0.037s 0s 0.004s 0.356s | 0.006s 0s 1.171 12 57
» Launch$omp$parallel:12@unknown:111:118 0.026s 0s 0.009s  0.169s | 0.001s 0s 0.766 12 18
) operator()$omp$parallel:12@unknown:121:134 0.024s 0s 0.002s 0.251s | 0.004s 0s 2.091 12 45
» Launch$omp$parallel:12@unknown:109:115 0.009s 0s 0.003s  0.028s 0.005s 0s 2.133 12 57
» Launch$omp$parallel:12@unknown:203:277 0.006s 0s 0.002s  0.013s 0.005s 0s 2.333 12 57
» Launch$omp$parallel:12@unknown:96:102 0.004s 0s 0.001s  0.012s 0.003s 0s 1.063 12 30
» Launch$omp$parallel:12@unknown:92:97 0.002s 0s 0.001s  0.006s 0.002s Os 2.333 12 15
» Launch$omp$parallel:12@unknown:99:106 0.002s 0s 0.000s  0.026s 0.001s 0s 1.500 12 9
» operator()$omp$parallel:12@unknown:41:47 _ 0.001s 0s 0.000s 0.003s 0.002s 0s 0.000 12 9
FILTER 0 99.4% % | Process Any Process v  Module Any Module v Call Stack Mode Only user functions + = Inline Mode Show inline functions + | Loop Mode Loops and functions
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ﬁAdvanced Hotspots ) HPC Performance Characterization viewpoint (change) @ INTEL VTUNE AMPLIFIER 2018

4 @ Im:!'l'ysl!. Target 'analysm Type EJCollection Log & Summary & Bottom-up & Caller/Callee & Top-down Tree [
Grouping:| OpenMP Region / Module / Function / Call Stack - @

OpenMP... « CPU Time & 2
OpenMP Region / Module / Function / Call Stack Elapsed Time v Serial CPU Time S Effective Time by Utilization = SpinTime | Overhead Time FPU Utilization CPI Rate | Number of OpenMP threads Instance Count
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» [Serial - outside parallel regions] 2.074s 1.985s 1.949s B | 0.038s 0s 1.532
» Launch$omp$parallel:12@unknown:42:136 ' 1.814s 0s 0.227s 18.299s - 0.050s 0s 0.498 12 456
» operator()$omp$parallel:12@unknown:627:635 ' 0.789s 0s 0.432s  4.040s | 0.015s 0s 0.396 12 180
gemm_batch_internal32$omp$parallel:12@unknown:172:201 0.678s 0.000s 0.115s  6.112s al 0.051s 0s 0.622 12 741
» Launch$omp$parallel:12@unknown:219:236 _ 0.233s 0.000s 0.031s 2.353s (D 0.005s 0s 0.572 12 57
» LaunchSomp$parallel:12@unknown:274:281 0.203s 0s 0.016s 2.190s /@B 0.008s 0s 0.782 12 57
» LaunchSomp$parallel:12@unknown:43:174 0.120s 0s 0.021s 1.078s [ 0.015s Os 0.530 12 285
» Launch$Somp$parallel:12@unknown:58:109 0.055s 0.000s 0.021s  0.197s | 0.041s 0s 1.130 12 456
» operator()$omp$parallel:12@unknown:752:759 0.044s 0.000s 0.011s 0.327s || 0.012s 0s 1.397 12 171
» Launch$omp$parallel:12@unknown:123:128 ' 0.040s 0s 0.008s 0.354s || 0.003s Os 1.055 12 57
» Launch$omp$parallel:12@unknown:186:192 _ 0.037s 0s 0.020s  0.120s | 0.006s Os 6.211 12 57
» Launch$omp$parallel:12@unknown:163:171 _ 0.037s 0s 0.004s 0.356s | 0.006s 0s 1.171 12 57
» Launch$omp$parallel:12@unknown:111:118 0.026s 0s 0.009s  0.169s | 0.001s 0s 0.766 12 18
) operator()$omp$parallel:12@unknown:121:134 0.024s 0s 0.002s 0.251s | 0.004s 0s 2.091 12 45
» Launch$omp$parallel:12@unknown:109:115 0.009s 0s 0.003s  0.028s 0.005s 0s 2.133 12 57
» Launch$omp$parallel:12@unknown:203:277 0.006s 0s 0.002s  0.013s 0.005s 0s 2.333 12 57
» Launch$omp$parallel:12@unknown:96:102 0.004s 0s 0.001s  0.012s 0.003s 0s 1.063 12 30
» Launch$omp$parallel:12@unknown:92:97 0.002s 0s 0.001s  0.006s 0.002s Os 2.333 12 15
» Launch$omp$parallel:12@unknown:99:106 0.002s 0s 0.000s  0.026s 0.001s 0s 1.500 12 9
» operator()$omp$parallel:12@unknown:41:47 _ 0.001s 0s 0.000s 0.003s 0.002s 0s 0.000 12 9

FILTER 0 99.4% % | Process Any Process v  Module Any Module v Call Stack Mode Only user functions + = Inline Mode Show inline functions + | Loop Mode Loops and functions
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m <no current project> - Intel VTune Amplifier @ o E= 23 |
ks & e b3 O "Welc3e__‘-“*b—-_—--_-~ =
@ Advanced Hotspotg HPC Performance Characterization viewpoint (chaﬂ ) @ INTELVTUNE AMPLIFIER 2018
4 @ Analysis Target & Analy5|s Type CTeTom_w SR SUTTTR Y W ETTST™-Up 1 CallerICaIIee & Top-down Tree [
Grouping:| OpenMP Region / Module / Function / Call Stack - @
OpenMP... « CPU Time & 2
OpenMP Region / Module / Function / Call Stack Elapsed Time v Serial CPU Time S Effective Time by Utilization = SpinTime | Overhead Time FPU Utilization CPI Rate | Number of OpenMP threads Instance Count
Didie BPoor © Ok Mideal @ Over
» [Serial - outside parallel regions] . 2.074s 1.985s 1.949s B | 0.038s 0s 1.532
» Launch$omp$parallel:12@unknown:42:136 _ 1.814s 0s 0.227s 18.299s - 0.050s 0s 0.498 12 456
» operator()$omp$parallel:12@unknown:627:635 _ 0.789s 0s 0.432s  4.040s | 0.015s 0s 0.396 12 180
gemm_batch_internal32$omp$parallel:12@unknown:172:201 _ 0.678s 0.000s 0.115s  6.112s [ ] 0.051s 0s 0.622 12 741
» Launch$omp$parallel:12@unknown:219:236 _ 0.233s 0.000s 0.031s  2.353s | 0.005s 0s 0.572 12 57
» LaunchSomp$parallel:12@unknown:274:281 0.203s 0s 0.016s 2.190s /@B 0.008s 0s 0.782 12 57
» LaunchSomp$parallel:12@unknown:43:174 0.120s 0s 0.021s 1.078s [ 0.015s Os 0.530 12 285
» Launch$Somp$parallel:12@unknown:58:109 0.055s 0.000s 0.021s  0.197s | 0.041s 0s 1.130 12 456
» operator()$omp$parallel:12@unknown:752:759 _ 0.044s 0.000s 0.011s 0.327s || 0.012s 0s 1.397 12 171
» Launch$omp$parallel:12@unknown:123:128 _ 0.040s 0s 0.008s 0.354s || 0.003s Os 1.055 12 57
» Launch$omp$parallel:12@unknown:186:192 _ 0.037s 0s 0.020s  0.120s | 0.006s Os 6.211 12 57
» Launch$omp$parallel:12@unknown:163:171 _ 0.037s 0s 0.004s 0.356s | 0.006s 0s 1.171 12 57
» Launch$omp$parallel:12@unknown:111:118 0.026s 0s 0.009s  0.169s | 0.001s 0s 0.766 12 18
) operator()$omp$parallel:12@unknown:121:134 0.024s 0s 0.002s 0.251s | 0.004s 0s 2.091 12 45
» Launch$omp$parallel:12@unknown:109:115 0.009s 0s 0.003s  0.028s 0.005s 0s 2.133 12 57
» Launch$omp$parallel:12@unknown:203:277 0.006s 0s 0.002s  0.013s 0.005s 0s 2.333 12 57
» Launch$omp$parallel:12@unknown:96:102 0.004s 0s 0.001s  0.012s 0.003s 0s 1.063 12 30
» Launch$omp$parallel:12@unknown:92:97 0.002s 0s 0.001s  0.006s 0.002s Os 2.333 12 15
» Launch$omp$parallel:12@unknown:99:106 0.002s 0s 0.000s  0.026s 0.001s 0s 1.500 12 9
» operator()$omp$parallel:12@unknown:41:47 _ 0.001s 0s 0.000s 0.003s 0.002s 0s 0.000 12 9
FILTER 0 99.4% % | Process Any Process v  Module Any Module v Call Stack Mode Only user functions + = Inline Mode Show inline functions + | Loop Mode Loops and functions
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=2 <no current project> - Intel Viune Amplifier EEEEs
h B P OS @ ‘ Welcome ‘ vt_result.... % ‘ =
@ Advanced Hotspots HPC Performance Characterization viewpoint (change) @ INTEL VTUNE AMPLIFIER 2018
q QWﬁmHMﬂnﬂtﬂ 1= Qullestiond g, ﬂS{nmary & Bottom-up ' & Caller/Callee & Top-down Tree [

ouping: OpenMP Region / Module / Function / Call Stack ' - @

L L LT OpenMP... « CPU Time « »
OpenMP Region / Module / Function / Call Stack Elapsed Time v Serial CPU Time S Effective Time by Utilization = SpinTime | Overhead Time FPU Utilization CPI Rate | Number of OpenMP threads Instance Count
Didie BPoor © Ok Mideal @ Over

» [Serial - outside parallel regions] 2.074s 1.985s 1.949s B | 0.038s 0s 1.532
» Launch$omp$parallel:12@unknown:42:136 ' 1.814s 0s 0.227s 18.299s - 0.050s 0s 0.498 12 456
» operator()$omp$parallel:12@unknown:627:635 ' 0.789s 0s 0.432s  4.040s | 0.015s 0s 0.396 12 180
gemm_batch_internal32$omp$parallel:12@unknown:172:201 0.678s 0.000s 0.115s  6.112s al 0.051s 0s 0.622 12 741
» Launch$omp$parallel:12@unknown:219:236 _ 0.233s 0.000s 0.031s 2.353s (D 0.005s 0s 0.572 12 57
» LaunchSomp$parallel:12@unknown:274:281 0.203s 0s 0.016s 2.190s /@B 0.008s 0s 0.782 12 57
» LaunchSomp$parallel:12@unknown:43:174 0.120s 0s 0.021s 1.078s [ 0.015s Os 0.530 12 285
» Launch$Somp$parallel:12@unknown:58:109 0.055s 0.000s 0.021s  0.197s | 0.041s 0s 1.130 12 456
» operator()$omp$parallel:12@unknown:752:759 0.044s 0.000s 0.011s 0.327s || 0.012s 0s 1.397 12 171
» Launch$omp$parallel:12@unknown:123:128 ' 0.040s 0s 0.008s 0.354s || 0.003s Os 1.055 12 57
» Launch$omp$parallel:12@unknown:186:192 _ 0.037s 0s 0.020s  0.120s | 0.006s Os 6.211 12 57
» Launch$omp$parallel:12@unknown:163:171 _ 0.037s 0s 0.004s 0.356s | 0.006s 0s 1.171 12 57
» Launch$omp$parallel:12@unknown:111:118 0.026s 0s 0.009s  0.169s | 0.001s 0s 0.766 12 18
) operator()$omp$parallel:12@unknown:121:134 0.024s 0s 0.002s 0.251s | 0.004s 0s 2.091 12 45
» Launch$omp$parallel:12@unknown:109:115 0.009s 0s 0.003s  0.028s 0.005s 0s 2.133 12 57
» Launch$omp$parallel:12@unknown:203:277 0.006s 0s 0.002s  0.013s 0.005s 0s 2.333 12 57
» Launch$omp$parallel:12@unknown:96:102 0.004s 0s 0.001s  0.012s 0.003s 0s 1.063 12 30
» Launch$omp$parallel:12@unknown:92:97 0.002s 0s 0.001s  0.006s 0.002s Os 2.333 12 15
» Launch$omp$parallel:12@unknown:99:106 0.002s 0s 0.000s  0.026s 0.001s 0s 1.500 12 9
» operator()$omp$parallel:12@unknown:41:47 _ 0.001s 0s 0.000s 0.003s 0.002s 0s 0.000 12 9

FILTER 0 99.4% % | Process Any Process v  Module Any Module v Call Stack Mode Only user functions + = Inline Mode Show inline functions + | Loop Mode Loops and functions
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m <no current project> - Intel VTune Amplifier @ o E= 23 |
ks &g P OE @ ‘ Welcome ‘ vt_result... X ‘ =
@ Advanced Hotspots HPC Performance Characterization viewpoint (change) @ |NTE|.VT|.|NEAHPUHER 2018
4 @ Analysis Target & Analysis Type Collection Log VUNary & Bottom-up ' & Caller/Callee & Top-down Tree P _ 4 3
Grouping: OpenMP Region / Module / Function / Call Stack I \ - @
l OpenMP... « CPU Time K 2
OpenMP Region / Module / Function / Call Stack Elapsed Time v erial CPU Time S Effective Time by Utilization = SpinTime | Overhead Time FPU Utilization CPI Rate | Number of OpenMP threads Instance Count
l Bidle BPoor DOk MBideal @ Over
» [Serial - outside parallel regions] | 2.074s ‘ 1.985s 1.949s B | 0.038s 0s 1.532
» Launch$omp$parallel:12@unknown:42:136 ’ _ 1.814s 0s 0.227s 18.299s - 0.050s 0s 0.498 12 456
» operator()$omp$parallel:12@unknown:627:635 _ 0.789s ‘ 0s 0.432s  4.040s | 0.015s 0s 0.396 12 180
- gemm_batch_internal32$omp$parallel:12@unknown:172:20 _ 0.678s 0.000s 0.115s  6.112s al 0.051s 0s 0.622 12 741
» Launch$omp$parallel:12@unknown:219:236 ' _ 0.233s l 0.000s 0.031s  2.353s | 0.005s 0s 0.572 12 57
» Launch$SompS$parallel:12@unknown:274:281 . 0.203s 0s 0.016s 2.190s /@B 0.008s 0s 0.782 12 57
» Launch$Somp$parallel:12@unknown:43:174 l 0.120s I 0s 0.021s 1.078s [ 0.015s Os 0.530 12 285
» Launch$Somp$parallel:12@unknown:58:109 0.055s 0.000s 0.021s  0.197s | 0.041s 0s 1.130 12 456
» operator()$omp$parallel:12@unknown:752:759 l _ 0.044s I 0.000s 0.011s 0.327s || 0.012s 0s 1.397 12 171
» Launch$omp$parallel:12@unknown:123:128 _ 0.040s 0s 0.008s 0.354s || 0.003s Os 1.055 12 57
» Launch$omp$parallel:12@unknown:186:192 I _ 0.037s I 0s 0.020s  0.120s | 0.006s Os 6.211 12 57
» Launch$omp$parallel:12@unknown:163:171 _ 0.037s 0s 0.004s 0.356s | 0.006s 0s 1.171 12 57
» Launch$omp$parallel:12@unknown:111:118 | . 0.026s ' 0s 0.009s  0.169s | 0.001s 0s 0.766 12 18
) operator()$omp$parallel:12@unknown:121:134 . 0.024s 0s 0.002s 0.251s | 0.004s 0s 2.091 12 45
» Launch$omp$parallel:12@unknown:109:115 ‘ . 0.009s ' 0s 0.003s  0.028s 0.005s 0s 2.133 12 57
» Launch$omp$parallel:12@unknown:203:277 0.006s 0s 0.002s  0.013s 0.005s 0s 2.333 12 57
» Launch$omp$parallel:12@unknown:96:102 ‘ 0.004s ' 0s 0.001s 0.012s 0.003s 0s 1.063 12 30
» Launch$omp$parallel:12@unknown:92:97 ‘ 0.002s I 0s 0.001s  0.006s 0.002s Os 2.333 12 15
» Launch$omp$parallel:12@unknown:99:106 0.002s 0s 0.000s  0.026s 0.001s 0s 1.500 12 9
» operator()$omp$parallel:12@unknown:41:47 \ 0.001 0s 0.000s 0.003s 0.002s 0s 0.000 12 9
|
N7

FILTER o 99.4% X | Process Any Process ~ ule Any Module v Call Stack Mode Only user functions + = Inline Mode Show inline functions + | Loop Mode Loops and functions
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=2 <no current project> - Intel Viune Amplifier EEEEs
h B Py s O ‘ Welcome ‘ vt_result... % ‘ =
@ Advanced Hotspots HPC Performance Characterization viewpoint (change) @ INTEL VTUNE AMPLIFIER 2018
4 @ Analysis Target & Analysis Type Collection Log Summary & Bottom-up & Caller/Callee & Top-down Tree 3

Grouping:| OpenMP Region / Module / Function / Call Stack - @

Mp..s CPU Time « »
OpenMP Region / Module / Function / Call Stack Elapsed Time v Serial CPU Time ‘n e ‘. ldleEi;e;t;\fr Timg I:.,y ;n:gf;:im; o » SpinTime | Overhead Time FPU Utilization CPI Rate | Number of OpenMP threads Instance Count
/i

» [Serial - outside parallel regions] . 2.074s 1.985s, \9495 | N 0.038s 0s 1.532
» Launch$omp$parallel:12@unknown:42:136 _ 1.814s 0 0.227s 18299s - 0.050s 0s 0.498 12 456
» operator()$omp$parallel:12@unknown:627:635 _ 0.789s 0’ 0.432s  4040s | 0.015s 0s 0.396 12 180
gemm_batch_internal32$omp$parallel:12@unknown:172:201 _ 0.678s 0.00(} 0.115s  6.812s al 0.051s 0s 0.622 12 741
» Launch$omp$parallel:12@unknown:219:236 _ 0.233s 0. 0031s  2.%3s @B 0.005s 0s 0.572 12 57
» LaunchSomp$parallel:12@unknown:274:281 0.203s 0.016s 2.3p0s | 0.008s 0s 0.782 12 57
» LaunchSomp$parallel:12@unknown:43:174 0.120s S 0.021s 1.0/8s [ 0.015s Os 0.530 12 285
» Launch$Somp$parallel:12@unknown:58:109 0.055s 0.0(‘5 0.021s  0.197s | 0.041s 0s 1.130 12 456
» operator()$omp$parallel:12@unknown:752:759 _ 0.044s 0.00@s 0.011s 0.3)7s || 0.012s 0s 1.397 12 171
» Launch$omp$parallel:12@unknown:123:128 _ 0.040s S 0.008s 0.384s || 0.003s Os 1.055 12 57
» Launch$omp$parallel:12@unknown:186:192 _ 0.037s S 0.020s  0.1g0s | 0.006s Os 6.211 12 57
» Launch$omp$parallel:12@unknown:163:171 _ 0.037s Is 0.004s 0.386s | 0.006s 0s 1.171 12 57
» Launch$omp$parallel:12@unknown:111:118 0.026s 0.009s 0.189s | 0.001s 0s 0.766 12 18
) operator()$omp$parallel:12@unknown:121:134 0.024s 0.002s 0.851s | 0.004s 0s 2.091 12 45
» Launch$omp$parallel:12@unknown:109:115 0.009s 0.003s 0.'283 0.005s 0s 2.133 12 57
» Launch$omp$parallel:12@unknown:203:277 0.006s 0‘ 0.002s  Op13s 0.005s 0s 2.333 12 57
» Launch$omp$parallel:12@unknown:96:102 0.004s 05‘ 0.001s 012s 0.003s 0s 1.063 12 30
» Launch$omp$parallel:12@unknown:92:97 0.002s 05‘ 0.001s .006s 0.002s Os 2.333 12 15
» Launch$omp$parallel:12@unknown:99:106 0.002s 0s 0.000s I0.0265 0.001s 0s 1.500 12 9
» operator()$omp$parallel:12@unknown:41:47 _ 0.001s 0s ‘ 0.0005, 0.003s 0.002s 0s 0.000 12 9

\ﬁl
FILTER 0 99.4% % | Process Any Process v  Module Any Module v | Call Stack Mode Only user functions + = Inline Mode Show inline functions + | Loop Mode Loops and functions
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VTune

m <no current project> - Intel VTune Amplifier @ o E= 23 |
s B8 P 3OOz @ ‘ Welcome ‘ vt_result... X ‘ =
@ Advanced Hotspots HPC Performance Characterization viewpoint (change) @ INTEL VTUNE AMPLIFIER 2018

4 @ Analysis Target & Analysis Type Collection Log Summary & Bottom-up & Caller/Callee & Top-down Tree 3
Grouping:| OpenMP Region / Module / Function / Call Stack - @

OpenMP... « CPU Time & 2
OpenMP Region / Module / Function / Call Stack Elapsed Time ¥ Serial CPU Time Imbalance - |d|eEf‘e;t§fr Timg I:)y ;Jtligze;:ior; over = SpinTime | Overhead Time FPU Utilization CPI Rate | Number of OpenMP threads Instance Count

» [Serial - outside parallel regions] 2.074s 1.985s 1.949s B | 0.038s 0s 1.532
) Lauanﬂ@MmﬂMF ————————— Tl e S _QZZ?S 18.299s - 0.050s Os 0.498 12 456
v..og_ralor()SompSparalleI 12@unknown:627:635 0.789s 0s 0. 4325 4’403 | 0.015s 0s 0.396 12 180

gemm, batch TS TS 280 TP PR e S0 @ e v 7 o0t e G P = = =) GTHE™ ™ 0. 1155 6.112s s 0.051s 0s 0.622 12 741
» Launch$Somp$parallel:12@unknown:219:236 _ 0.233s 0.000s 0.031s 2.353s (D 0.005s Os 0.572 12 57
» LaunchSomp$parallel:12@unknown:274:281 0.203s 0s 0.016s 2.190s /@B 0.008s 0s 0.782 12 57
» LaunchSomp$parallel:12@unknown:43:174 0.120s 0s 0.021s 1.078s [ 0.015s Os 0.530 12 285
» Launch$Somp$parallel:12@unknown:58:109 0.055s 0.000s 0.021s  0.197s | 0.041s 0s 1.130 12 456
» operator()$omp$parallel:12@unknown:752:759 0.044s 0.000s 0.011s 0.327s || 0.012s 0s 1.397 12 171
» Launch$omp$parallel:12@unknown:123:128 0.040s 0s 0.008s 0.354s || 0.003s Os 1.055 12 57
» Launch$omp$parallel:12@unknown:186:192 _ 0.037s 0s 0.020s  0.120s | 0.006s Os 6.211 12 57
» Launch$omp$parallel:12@unknown:163:171 _ 0.037s 0s 0.004s 0.356s | 0.006s 0s 1.171 12 57
» Launch$omp$parallel:12@unknown:111:118 0.026s 0s 0.009s  0.169s | 0.001s 0s 0.766 12 18
) operator()$omp$parallel:12@unknown:121:134 0.024s 0s 0.002s 0.251s | 0.004s 0s 2.091 12 45
» Launch$omp$parallel:12@unknown:109:115 0.009s 0s 0.003s  0.028s 0.005s 0s 2.133 12 57
» Launch$omp$parallel:12@unknown:203:277 0.006s 0s 0.002s  0.013s 0.005s 0s 2.333 12 57
» Launch$omp$parallel:12@unknown:96:102 0.004s 0s 0.001s  0.012s 0.003s 0s 1.063 12 30
» Launch$omp$parallel:12@unknown:92:97 0.002s 0s 0.001s  0.006s 0.002s Os 2.333 12 15
» Launch$omp$parallel:12@unknown:99:106 0.002s 0s 0.000s  0.026s 0.001s 0s 1.500 12 9
» operator()$omp$parallel:12@unknown:41:47 _ 0.001s 0s 0.000s 0.003s 0.002s 0s 0.000 12 9

FILTER 0 99.4% % | Process Any Process v  Module Any Module v Call Stack Mode Only user functions + = Inline Mode Show inline functions + | Loop Mode Loops and functions
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VTune 009

m <no current project> - Intel VTune Amplifier @ o E= 23 |
ks &g P OE @ ‘ Welcome ‘ vt_result... X ‘ =
@ Advanced Hotspots HPC Performance Characterization viewpoint (change) @ INTEL VTUNE AMPLIFIER 2018
4 @ Analysis Target & Analysis Type El Collection Log Summary & Bottom-up & Caller/Callee & Top-down Tree 3
Grouping:| OpenMP Region / Module / Function / Call Stack ,ﬂ \ - @
OpenMP... « CPU Time 2
OpenMP Region / Module / Function / Call Stack Elapsed Time v Serial CPU Time S Effective Time by Utilization = Spin Time | ‘Overhead Time FPU Utilization CPI Rate | Number of OpenMP threads Instance Count
Didie BPoor © Ok Mideal @ Over
» [Serial - outside parallel regions] . 2.074s 1.985s 1.949s B | 0.038: 0s 1.532
» Launch$omp$parallel:12@unknown:42:136 _ 1.814s 0s 0.227s 18.299s - 0.05 0s 0.498 12 456
» operator()$omp$parallel:12@unknown:627:635 _ 0.789s 0s 0.432s  4.040s | 0.01# 0s ‘ 0.396 12 180
gemm_batch_internal32$omp$parallel:12@unknown:172:201 _ 0.678s 0.000s 0.115s  6.112s [ ] 0.3(5'5 0s ‘ 0.622 12 741
» Launch$omp$parallel:12@unknown:219:236 _ 0.233s 0.000s 0.031s  2.353s | 0.008s 0s 0.572 12 57
» LaunchSomp$parallel:12@unknown:274:281 0.203s 0s 0.016s 2.190s /@B 0.0#3 0s ‘ 0.782 12 57
» LaunchSomp$parallel:12@unknown:43:174 0.120s 0s 0.021s 1.078s [ 0.0ES Os I 0.530 12 285
» Launch$Somp$parallel:12@unknown:58:109 0.055s 0.000s 0.021s  0.197s | 0.081s 0s 1.130 12 456
» operator()$omp$parallel:12@unknown:752:759 _ 0.044s 0.000s 0.011s 0.327s || 0.082s 0s I 1.397 12 171
» Launch$omp$parallel:12@unknown:123:128 _ 0.040s 0s 0.008s 0.354s || 0.003s Os I 1.055 12 57
» Launch$omp$parallel:12@unknown:186:192 _ 0.037s 0s 0.020s  0.120s | 0.086s Os 6.211 12 57
» Launch$omp$parallel:12@unknown:163:171 _ 0.037s 0s 0.004s 0.356s | O.SES 0s ' 1.171 12 57
» Launch$omp$parallel:12@unknown:111:118 0.026s 0s 0.009s  0.169s | 0.001s 0s ' 0.766 12 18
) operator()$omp$parallel:12@unknown:121:134 0.024s 0s 0.002s 0.251s | 0.0&5 0s 2.091 12 45
» Launch$omp$parallel:12@unknown:109:115 0.009s 0s 0.003s  0.028s 0.00gs 0s ' 2.133 12 57
» Launch$omp$parallel:12@unknown:203:277 0.006s 0s 0.002s  0.013s 0.00 0s 2.333 12 57
» Launch$omp$parallel:12@unknown:96:102 0.004s 0s 0.001s 0.012s 0.00‘ 0s ’ 1.063 12 30
» Launch$omp$parallel:12@unknown:92:97 0.002s 0s 0.001s  0.006s 0.002 Os ’ 2.333 12 15
» Launch$omp$parallel:12@unknown:99:106 0.002s 0s 0.000s  0.026s 0.001 0s 1.500 12 9
» operator()$omp$parallel:12@unknown:41:47 _ 0.001s 0s 0.000s 0.003s 0.0025‘ Osl 0.000 12 9
FILTER 0 99.4% 40 | Process Any Process ¥  Module Any Module > Call Stack Mode Only user functions « | Inline Mode &uw" ne functions v = Loop Mode Loops and functions «
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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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s gz b B E @ | welome

&z Advanced Hotspots Hardware Events viewpoint (change) @

” vt_result... X ” vt_result 1.pro...

<no current project> - Intel VTune Amplifier

4 & Analysis Target A& Analysis Type EJCollection Log & Summary & Event Count & Sample Count @ Caller/Callee & Top-down Tree £ Platform

Grouping:| Module / Function / Call Stack

SR E

INTEL VTUNE AMPLIFIER 2018

[

- ..5( :..4 CPU Time ~

. Hardware Event Count by Hardware Event Type
Module / Function / Call Stack
libmkl_avx2.so 11,699,600,000
libm-2.17.s0 7,744,000,000
libzCFDULl_INTEL.50.2017 1,709,400,000
libiomp5.so 1,300,200,000
wvmlinux 871,200,000
libzCFDDGSolverDGMENTERAIR_INTEL.50.2017 534,600,000
libmkl_core.so 407,000,000
libmkl_intel_thread.so 387,200,000
libpython2.7.s0.1.0 167,200,000
libc-2.17.s0 92,400,000
Id-2.17.s0 59,400,000
libpthread-2.17.s0 39,600,000
libThreadWorker.s0.0 39,600,000
libomptrace-3.4.3.s0 28,600,000
mmfs26.ko 17,600,000
mmfslinux.ko 13,200,000
libmkl_rt.so 11,000,000
sunrpec.ko 4,400,000
which 4,400,000
libboost_thread.so.1.64.0 4,400,000
basename 2,200,000
nfs.ko 2,200,000
itt.so 2,200,000
libintle.so.5 2,200,000
libboost_python.so.1.64.0 2,200,000
libzCFDLogger.so 2,200,000
libcrypto.so.1.1 2,200,000
cut 2,200,000
hostname 2,200,000
we 2,200,000
bash 2,200,000
FILTER 100.0% ® | Process Any Process w«  Thread Any Thread «  Module Any Module -

21,236,600,000
20,125,600,000
19,800,000
1,397,000,000
470,800,000
288,200,000
198,000,000
671,000,000
266,200,000
184,800,000
81,400,000
17,600,000
19,800,000

i}

15,400,000
11,000,000
17,600,000

Call Stack Mode  Only user functions «

Viewing + 1of 1169 » selected stack(s)
4.7% (1.186s of 25.251s)

Module
CPU CLK UNHALTED.THREAD ¥ INST RETIRED.ANY
ZedEE ey ZhjEEneeesy) libzCFDDispatchKernelsDGMENTE....

libzCFDDispatchKernelsDGMENTE...
libzCFDDispatchKernelsDGMENTE...
libzCFDDispatchKernelsDGMENTE...
libzCFDDispatchKernelsDGMENTE...
libzCFDDispatchKernelsDGMENTE...

Inline Mode Show inline functions » = Loop Mode | Loops and functions =
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