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FUN3D work at SC’16

Performance Engineering FUN3D at Scale with TAU Commander
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The FUN3D Solver FUN3D at the Department of Defense Performance Analysis

FUN3D is being applied to a broad spectrum of analysis
and design problems across all the major service branches
at the Department of Defense (DoD). These applications
span the speed range from subsonic to hypersonic flows
and include both fixed- and rotary-wing configurations as
well as a diverse array of weapons systems.

NASA Langley Research Center's FUN3D software is an unstructured-grid
computational fluid dynamics suite used to tackle complex aerodynamics
problems. The toolset enables multidisciplinary capabilities through coupling to
variable fidelity models encompassing structural effects, multi-body dynamics,
acoustics, radiation, optics, propulsion, and ablation. FUN3D provides the world's
foremost adjoint-based design capability, enabling formal optimization of time-
dependent moving-body simulations involving turbulent flows. The adjoint
formulation is also used to perform mathematically-rigorous mesh adaptation
and error estimation.

FUN3D is widely used to support major national research and engineering efforts
at NASA and among groups across U.S. industry, other government agencies, and
academia. A past collaboration with the Department of Energy received the
prestigious Gordon Bell Prize, which recognizes outstanding achievements in high-
performance computing.

TAU Commander Project Goal

TAU Commander simplifies the TAU Performance System® by using a structured
workflow approach that gives context to a TAU user’s actions, This eliminates the
troubleshooting step inherent in the traditional TAU workflow and avoids invalid
TAU configurations.
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Teadeonal TAU Worktiow
A study of 124 workflows demonstrated that using TAU Commander reduces the
number of unique steps in the pert e workflow by 50% and
reduces the number of commands a user must know from approximately eight to
exactly one. TAU Commander is installed on several DoD DSRC systems.

Improve productivity by specifying the
desired result, not step-by-step directions.

cknowledgmen!

This work was developed in part by the User Productivity Enhancement, Technology Transfer and Training
oject No. PETA-KY07-001 and by Dof SBIR Grant No, DE-SCOO09593. The authors would like to
edige the computational resources and PETTT software support from the DoD High Performance
Computing Modermization office under Contract No. GSO4T0908C0017.

* Corresponding author: jlinford@paratools.com

FUN3D is in routine use across the various DoD Supercomputing Resource Centers
(DSRCs). To accommodate an ever-increasing demand for larger and more
complex simulations, the FUN3D development team is partnered with

o ional experts from ParaTools, Inc. through the DoD/Engility Productivity
Enhancement, Technology Transfer and Training Project (PETTT) Through this
collaboration, the team is effectively identifying and g« i

barriers encountered at scale.

The team is using TAU commander and related tools on the DoD DSRC systems to
study FUN3D computational performance and to guide optimization efforts. TAU
Commander highlights source code regions that limit scalability through profiling,
tracing, and aggregate summary statistics with respect to computational time,
memory allocation, and memory access patterns. The analysis approach is being
carefully documented to assist other DoD groups in similar performance
evaluation activities,

1,651,089,924 grid points
5,902,801,476 tetrahedral elements
1,310,290,264 prismatic elements
14,400 Ivy Bridge cores

¢

To establish a baseline database of FUN3D performance metrics, the team used
TAU Commander to profile a high Reynolds number simulation of the flow over a
wing-body-pylon-nacelle geometry. The computation was performed using 600
nodes (14,400 Intel® Xeon® Ivy Bridge cores) on Shepard, a Cray XC30 system
located at the Navy DSRC.
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Topology plot showing physical locations of all MPY ranks.
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Load imbalance in FILL_JACOBIAN is easily visible
by comparing against the lowest time in this routine
and viewing the function histogram. On average, the
routine took 96.6 seconds, of which 28.8 seconds are
spentin MPI_Bcast. The broadcast operation takes
place in LMPI_CONDITIONAL_STOP, which has
dramatically different times across all MPI ranks.

Analyzing data from the 14.4k core run ==
led a c ication b kin

LMPI_CONDITIONAL_STOP. Rank 0

performs a data reduction on behalf of all

other ranks, so all other ranks remain idle

until Rank 0 finishes the calculation. The

severity of the problem grew linearly in

the number of MPI ranks.

The team implemented a new
approach that did not require
the data reduction operation.
This improvement reduced
runtime by up to 33% in core &
solver routines and is included - =

in the FUN3D 13.0 release.

When writing the solution file to disk,
there is a strong correlation between MP|
rank and time spent in MPI_Bcast and
MPI_Send. This operation occurs only
once every few hours in production.
Further optimization should focus on
load balance in the PDE solution.
MPI_Bcast is called the same number of times with the same message size for
all ranks, yet time spent in MPI_Bcast varies dramatically by rank. Rank 0
receives data from all others and writes it to disk, hence N-1 ranks spend the
majority of their time in this operation waiting for I/O on Rank 0. This suggests
implementing parallel I/O and distributed checkpoints.
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Additional information,
visualizations, and slides.
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Overview

* Why Tools?

* TAU Overview 30

* TAU Commander | Bl 10

e Case Studies m




Intuitive Performance Engineering

MOTIVATION
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1985: Cray-2

* 4 vector processors
1.9 gigaflops (0.0095 gigaflops/Watt)
e 237.5 million abacuses

Copyright © ParaTools, Inc.



2013: IBM “Mira” BlueGene/Q,

e 784,432 cores
10 petaflops (2.08 gigaflops/Watt)
e 1.25 quadrillion abacuses

Copyright © ParaTools, Inc.



2019: Aurora

> 33,200,000 cores
180 petaflops (5. 62 gl)gaflops/Watt) 7
. 22.5 quadrillion abacuses




Your brain is not enough

e Supercomputers are incomprehensibly complex.
* Naive optimization may harm performance.

* Performance engineering tools are essential for
realizing performance at scale.




Naive GE Optimization

fori=1ton-1
find pivotPos in column i

exchange rows(pivotPos,i)
. =BT T T T T T T 11
forj=i+1ton ETTTTTTITT
AGi) = AGL)/AG EENENEENENE
end for ) EENNNEEENNE
I$omp parallel do private (i ,j) =EEEEEEEEEE
for j=i+1 to n+1 ENNEEEEEEEER

for k=i+1 to n
end for k
end for j
end for i




First approach speed up

Speed up w.r.t. sequential version
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Intuitive Performance Engineering

THE TAU PERFORMANCE SYSTEM
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The TAU Performance System®

* Integrated toolkit for
performance problem solving

— Instrumentation, measurement,
analysis, visualization

— Portable profiling and tracing

— Performance data management
and data mining

e Direct and indirect measurement
* Free, open source, BSD license

* Available on all HPC platforms
(and some non-HPC)

e http://tau.uoregon.edu/




The TAU Performance System®

Tuning and Analysis Ultilities (20+ year project)

Comprehensive performance profiling and tracing
— Integrated, scalable, flexible, portable
— Targets all parallel programming/execution paradigms

Integrated performance toolkit
— Instrumentation, measurement, analysis, visualization
— Widely-ported performance profiling / tracing system
— Performance data management and data mining

— Open source (BSD-style license)

* Integrates with application frameworks

Copyright © ParaTools, Inc.



TAU Supports All HPC Platforms

C/C++

Fortran GPI
thread OpenACC |,y MPI
prareacs Intel MIC  OpenMP

intel PGI Cray Sun

e Linux  Windows AIX
BlueGene Fujitsu ARM

here E MPC




Measurement Approaches

Profiling Tracing

9647.318

LEQ_IKSWEEPT
4357.213 [ LEQ_BICGSOT
2669.887 L. | LEG_MATVECT
1777.752 | SOLVE_SPECIES_EQ
1417.986 [ ] SOLVE_LIN_EQ
1028.448 [l PHYSICAL_PROP
783.402 [ | RRATES
682.376 [L] LEQ_MSOLVET
530.858 [i] INIT_AB_M
463.788 [| CALC_MASS_FLUX_SPHR
446.025 [] INIT_MU_S

Shows Shows
how much time when events
was spent in each take place on a

routine timeline




Types of Performance Profiles

* Flat profiles

— Metric (e.g., time) spent in an event

— Exclusive/inclusive, # of calls, child calls, ...
* Callpath profiles

— Time spent along a calling path (edges in callgraph)

— “main=> f1 => f2 => MP|_Send”

— Set the TAU_CALLPATH_DEPTH environment variable
* Phase profiles

— Flat profiles under a phase (nested phases allowed)

— Default “main” phase
— Supports static or dynamic (e.g. per-iteration) phases

Copyright © ParaTools, Inc.



How much data do you want?

Limited Loop Callpath
Profile Profile Profile
O(KB) < >O(TB)
Flat Phase Trace
Profile Profile

All levels support multiple
metrics/counters

Copyright © ParaTools, Inc.



Performance Data Measurement

Direct via Probes Indirect via Sampling

call TAU START (‘potential’)

call TAU STOP(‘potential’)

Exact measurement * No code modification
Fine-grain control * Minimal effort
Calls inserted into code * Relies on debug

symbols (-g option)

Copyright © ParaTools, Inc.



Insert TAU API Calls Automatically

Use TAU’s compiler wrappers
* Replace cxx with tau cxx.sh, etc.

« Automatically instruments source code, links with TAU libraries.
Use tau cc.shfor C, tau £90.sh for Fortran, etc.

Makefile without TAU Makefile with TAU
CXX = mpicxx CXX = tau_cxx.sh

FO90 = mpif90 F90 = tau £90.sh

CXXFLAGS = CXXFLAGS =

LIBS = -1m LIBS = -1m

OBJS = fl.0 £f2.0 £f3.0 .. fn.o

app: $(OBJS)
$ (CXX) $ (LDFLAGS) $(OBJS) -o $@
$ (LIBS)

.Cpp.o:
$ (CXX) $(CXXFLAGS) -c $< 7

OBJS = fl.0 £f2.0 £f3.0 .. fn.o

app: $(OBJS)
$ (CXX) $ (LDFLAGS) $(OBJS) -o $@
$ (LIBS)

.Cpp.oO:
$ (CXX) $(CXXFLAGS) -c $< 7

Copyright © ParaTools, Inc.



TAU Workflow

Instrumentation Measurement Analysis

Events

« Static, Dynamic

* Routine, Block, Loop

+ Threadding, Communication
* Heterogeneous

Profiling

+ Flat, Callpath, Phase, Snapshot
* Probe, Sampling, Compiler, Hybird

Tracing

« TAU, Scalasca, ScoreP
* Open Trace Format (OTF)

Metadata

Profiles

* ParaProf analyzer & visualizer
» 3D profile data visualization
» Communication matrix
+ Callstack analysis
* Graph generation

+ PerfDMF

» PerfExplorer profile data miner

Source

e C, C++, Fortran, UPC, ...
* Python, Java, ...
* Robust parsers (PDT)

Library
* Interposition (PMPI, GASNET, ...)
*  Wrapper generation

Traces
+ OTF, SLOG-2
*  Vampir
* Jumpshot

Linker

+ Static, Dynamic
* Preloading (LD_PRELOAD)

Online

« Event unification
« Statistics calculation

Executable

+ Dynamic (Dyninst)
* Binary (Dininst, MAQAO, PEBIL)

+ System
e User defined

‘l‘) 7 [~ o ‘ 1 .
Ind lxc ‘TOOIS Copyright © ParaTools, Inc.



Instrument: Add Probes

 Source code instrumentation
* PDT parsers, pre-processors

* Wrap external libraries
* /O, MPI, Memory, CUDA, OpenCL, pthread

* Rewrite the binary executable
* Dyninst, MAQAO

Copyright © ParaTools, Inc.



Measure: Gather Data

* Direct measurement via probes

* |Indirect measurement via sampling

* Throttling and runtime control

* Interface with external packages (PAPI)

Copyright © ParaTools, Inc.



Analyze: Synthesize Knowledge

e Data visualization

* Data mining

 Statistical analysis

* Import/export performance data

Copyright © ParaTools, Inc.



How Much Time per Code Region?

® OO

Metric: TIME
Value: Exclusive
Units: seconds

TAU: ParaProf: Mean - smpm.nstep8.np1024.callpath.papi.ppk

95.243 | | MPL_Alltoall()
40.554 (s DUBWISE_MPI [{main.f} {2,7}-{1546,29}]
18.749 | VPASSM [{fft.f} {501,7}-{836,9}]
10.562 [L] MPI_Barrier()
9.617 [__] SGBTF2 [{bandludcmp.f} {238,7}-{440,9}]
6.234 [2] HORFFT [{horfft.f} {2,7}-{136,27}]
6.196 [ ] CONVEC [{nlterm.f} {7,7}-{2063,27}]
5.68 [ PENALTY_SETUP [{penalty.f} {15,7}-{133,34}]
4.902 [] NOISE [{init.f} {451,7}-{746,26}]
3.673 [ DATAFLIP_XTOY [{dataflip.f} {38,8}-{137,34}]
3.527 [ SGBTRS [{bandludcmp.f} {883,7}-{1069,9}]
3.411 [@ CFFT99 [{fft.f} {1,7}-{406,9}]
3.31 [@ FFT991 [{fft.f} {1361,7}-{1502,9}]
3.212 [ DATAFLIP_YTOX [{dataflip.f} {144,8}-{249,34}]
2.653 [] PARAM_SET [{penalty.f} {138,7}-{233,30}]
2.046 § MPI_Allreduce()
1.951 [] CONVEC::RHSFM [{nlterm.f} {1101,7}-{1988,26}]
1.635 [] STBSV [{ludcmp.f} {4698,7}-{5043,9}]
1.595 [] FILTERZ_FOURIER [{filtering.f} {39,7}-{115,36}]
1.232 [| BANDLU_SOLVE [{band_lu.f} {20,7}-{52,9}]
1.123 | MAXCALC [{various.f} {549,7}-{842,28}]
1.083 [ CALCUVWT [{calcuvwt.f} {2,7}-{596,29}]
1.028 | PLOTF [{output.f} {116,7}-{288,26}]
o

> paraprof (Click on label, e.g. “Mean” or “node 0”)

Copyright © ParaTools, Inc.




How Many Instructions per Code Region?

® OO TAU: ParaProf: Mean - smpm.nstep8.np1024.callpath.papi.ppk

Metric: PAPI_FP_INS
Value: Exclusive
Units: counts

8.8479E9 mEsssEsssssssss————— VPASSM [{fft.f} {501,7}-{836,9}]
4.1824E9 | | SGBTF2 [{bandludcmp.f} {238,7}-{440,9}]
4.0701E9 | | NOISE [{init.f} {451,7}-{746,26}]
1.384E9 [_| FILTERZ_FOURIER [{filtering.f} {39,7}-{115,36}]
]

1.1515E9 STBSV [{ludcmp.f} {4698,7}-{5043,9}]
7.8914E8

] DPDZ_FOURIER [{derv.f} {5,7}-{75,33}]
6.3193E8 [ma DPDZ_PHYS [{derv.f} {81,7}-{152,30}]
6.0732E8 [ ] SGBTRS [{bandludcmp.f} {883,7}-{1069,9}]
5.4591E8 [mal FFT99B [{fft.f} {1282,7}-{1360,9}]

5.1141E8 [] FILTERXY_FOURIER [{filtering.f} {119,7}-{172,37}]
4.2268E8 [ FFT99A [{fft.f} {1208,7}-{1281,9}]
4.0761E8 [L] CONVEC::RHSFM [{nlterm.f}{1101,7}-{1988,26}]
3.2453E8 [] MATRIX_ELMSETUP [{penalty.f} {409,7}-{670,36}]
3.0524E8 [] CONVEC [{nlterm.f} {7,7}-{2063,27}]

1.6188E8 [] DIVCOLC [{derv.f} {207,7}-{273,29}]

1.269E8 [| HORFFT [{horfft.f} {2,7}-{136,27}]

1.1585E8 [| CONVEC::ROTVISC [{nlterm.f} {1994,8}-{2038,29}]
7.4375e7 | DPDzCOL [{derv.f} {159,7}-{203,28}] [THROTTLED]
5.8376E7 | UPDATE [{calcuvwt.f} {603,7}-{726,27}]

4.669E7 | MAXCALC [{various.f} {549,7}-{842,28}]
4.0317E7 | RELAX_RESET [{postp.f} {765,7}-{868,32}]
3.6434E7 | PERTURBCALC [{postp.f} {693,7}-{759,32}]
2.6551E7 | CALCUVWT [{calcuvwt.f} {2,7}-{596,29}]
2.1258E7 | PENALTY_MAIN [{penalty.f} {237,7}-{286,33}]

$ paraprof (Options = Select Metric... =2 Exclusive... 2 PAPI_FP_INS)

Copyright © ParaTools, Inc.




How Many L1 or L2 Cache Misses?

e O O

TAU: ParaProf: Mean - smpm.nstep8.np1024.callpath.papi.ppk

Metric: PAPI_L1_DCM
Value: Exclusive
Units: counts

7.5 1408 |
4.887E8 |
3.0391E8 | |
1.6727E8 [l
1.388E8
1.2679ES8
1.1609ES8

8.294E7

8.1185E7

7.74E7

7.6892E7

6.4424E7

5.9687E7

5.7422E7

5.0751E7

4.9353E7

4.7624E7

4.5957E7

4.2242E7

2.8166E7

2.1738E7

1.7236E7

1.6994E7

1.6798E7

nDDDDDDUHH

N

Copyright © ParaTools, Inc.

VPASSM [{fft.f} {501,7}-{836,9}]

MPI_Alltoall()

CONVEC [{nlterm.f} {7,7}-{2063,27}]
DATAFLIP_XTOQY [{dataflip.f} {38,8}-{137,34}]
SGBTF2 [{bandludcmp.f} {238,7}-{440,9}]
DATAFLIP_YTOX [{dataflip.f} {144,8}-{249,34}]
NOISE [{init.f} {451,7}-{746,26}]
BANDLU_SOLVE [{band_lu.f} {20,7}-{52,9}]
FILTERZ_FOURIER ([{filtering.f} {39,7}-{115,36}]
SGBTRS [{bandludcmp.f} {883,7}-{1069,9}]
HORFFT [{horfft.f} {2,7}-{136,27}]
MATRIX_ELMSETUP [{penalty.f} {409,7}-{670,36}]
STBSV [{ludcmp.f} {4698,7}-{5043,9}]

CFFT99 [{fft.f} {1,7}-{406,9}]

CALCUVWT [{calcuvwt.f} {2,7}-{596,29}]
CONVEC::RHSFM [{nlterm.f} {1101,7}-{1988,26}]
FFT991 [{fft.f} {1361,7}-{1502,9}]

MAXCALC [{various.f} {549,7}-{842,28}]
DPDZ_FOURIER [{derv.f} {5,7}-{75,33}]
DPDZ_PHYS [{derv.f} {81,7}-{152,30}]
PARAM_SET [{penalty.f} {138,7}-{233,30}]
FFT99B [{fft.f} {1282,7}-{1360,9}]
PENALTY_SETUP [{penalty.f} {15,7}-{133,34}]
MPI_Barrier()

$ paraprof (Options 2> Select Metric... 2 Exclusive... 2 PAPI_L1_DCM)




How Much Memory Does the Code Use?

® OO TAU: ParaProf: Mean Context Events - sphere_np32_nsteps5_mem.ppk
Name A Total NumSamples MaxValue MinValue MeanValue Std. Dev.
v
free size (bytes) 14,236,992.16 27,169.781 49,152 1 524.001 2,013.103
malloc size (bytes) 13,132,932 23,292 262,144 1 563.839 4,492.057
» MPL_Finalize()
¥ OurMain()
free size (bytes) 1,298,918.679 1,495.125 461,766.25 4 868.769 16,928.073
malloc size (bytes) 48,150 20 36,032 11 2,407.5 7,911.992
Vv OurMain
free size (bytes) 3,465 9 769 32 385 260.2
malloc size (bytes) 4,314 12 769 32 359.5 240.981
¥ <module>
free size (bytes) 293,088 449 32,564 32 652.757 1,526.875
malloc size (bytes) 311,966 493 32,564 32 632.791 1,460.941
> staticCFD .
> _init__ ngh-Water mark
» <module> /
Memory Utilization (heap, in KB) 849,270.344 192,825.168 0.078 147,832.141 62,621.576
Message size for all-gather 4,096 1 4,096 4,096 4,096 0
Message size for all-reduce 23,340 843 320 4 27.687 64.653
Message size for all-to-all 104 26 4 4 4 0
Message size for broadcast 24,923 206 8,788 4 120.985 860.992
Message size for reduce 8,912 8 8,788 4 1,114 2,900.511
free size (bytes) 27,417,881,391.51 413,600.719 24,025,667 1 66,290.701 199,538.234
malloc size (bytes) 27,468,709,355.914 435,669.625 24,025,667 0 63,049.402 195,561.193

$ paraprof (Right-click label [e.g “node 0”] = Show Context Event Window)

Copyright © ParaTools, Inc.



How Much Memory Does the Code Use?

® OO TAU: ParaProf: Mean Context Events - sphere_np32_nsteps5_mem.ppk
Name A Total NumSamples MaxValue MinValue MeanValue Std. Dev.
v
free size (bytes) 14,236,992.16 27,169.781 49,152 1 524.001 2,013.103
malloc size (bytes) 13,132,932 23,292 262,144 1 563.839 4,492.057
» MPL_Finalize()
¥ OurMain()
free size (bytes) 1,298,918.679 1,495.125 461,766.25 4 868.769 16,928.073
malloc size (bytes) 48,150 20 36,032 11 2,407.5 7,911.992
Vv OurMain
free size (bytes) 3,465 9 769 32 385 260.2
malloc size (bytes) 4,314 12 769 32 359.5 240.981
¥ <module>
free size (bytes) 293,088 449 32,564 32 652.757 1,526.875
malloc size (bytes) 311,966 493 32,564 32 632.791 1,460.941
> staticCFD
> _init_ Total allocated/deallocated
» <module>
Memory Utilization (heap, in KB) 849,270.344 192,825.168 0.078 147,832.141 62,621.576
Message size for all-gather 4,096 1 4,096 4,096 4,096 0
Message size for all-reduce 23,340 843 320 4 27.687 64.653
Message size for all-to-all 104 26 4 4 4 0
Message size for broadeast 24,923 206 8,788 4 120.985 860.992
Message size for regddice 8,912 8 8,788 4 1,114 2,900.511
free size (bytes) 27,417,881,391.51 413,600.719 24,025,667 1 66,290.701 199,538.234
malloc size (bytes) 27,468,709,355.914 435,669.625 24,025,667 0 63,049.402 195,561.193

$ paraprof (Right-click label [e.g “node 0”] = Show Context Event Window)

Copyright © ParaTools, Inc.




Where is Memory Allocated / Deallocated?

® OO TAU: ParaProf: Mean Context Events - sphere_np32_nsteps5_mem.ppk
Name A Total NumSamples MaxValue MinValue MeanValue Std. Dev.
v
free size (bytes) 14,236,992.16 27,169.781 49,152 1 524.001 2,013.103
malloc size (bytes) 13,132,932 23,292 262,144 1 563.839 4,492.057
» MPL_Finalize()
¥ OurMain()
free size (bytes) 1,298,918.679 1,495.125 461,766.25 4 868.769 16,928.073
malloc size (bytes) 48,150 20 36,032 11 2,407.5 7,911.992
Vv OurMain
free size (bytes) 3,465 9 769 32 385 260.2
malloc size (bytes) 4,314 12 769 32 359.5 240.981
¥ <module>
free size (bytes) 293,088 449 32,564 32 652.757 1,526.875
malloc size (bytes) 311,966 493 32,564 32 632.791 1,460.941
> staticCFD
> _init_ Allocation / Deallocation Events
» <module>
Memory Utilization (heap, in KB) 849,270.344 192,825.168 0.078 147,832.141 62,621.576
Message size for all-gather 4,096 1 4,096 4,096 4,096 0
Message size for all-reduce 23,340 843 320 4 27.687 64.653
Message size for all-to-all 104 26 4 4 4 0
Message size for broadcast 24,923 206 8,788 4 120.985 860.992
Message size for reduce 8,912 8 8,788 4 1,114 2,900.511
free size (bytes) 27,417,881,391.51 413,600.719 24,025,667 1 66,290.701 199,538.234
malloc size (bytes) 27,468,709,355.914 435,669.625 24,025,667 0 63,049.402 195,561.193

$ paraprof (Right-click label [e.g “node 0”] = Show Context Event Window)

Copyright © ParaTools, Inc.



What are the I/0 Characteristics?

e 00 TAU: ParaProf: Context Events for thread: n,c,t, 1,0,0 - samarc_obe_4p_iomem_cp.ppk

‘ Name %7 Total MeanValue NumSamples MinValue MaxValue Std. Dev.

|v .TAU application M

[ » read()

[ » fopen64()

[ » fclose()

| v OurMain()

i malloc size . . . 25,235 1,097.174 23 11 12,032 2,851.143 1|
free size W b d d h f | 22,707  1,746.692 13 11 12,032 3,660.642}|

| v OurMain [{wrapper.pyH{3} rlte a n WI t p e r I e }

\ » read() |

| malloc size 3,877 323.083 12 32 981 252.72

\ free size 1,536 219.429 7 32 464 148.122

| » fopen64()

| > fclose()

v <o (obepyie Bytes written to each file

v writeRestartData [{samarcinterface.py}{145}]
v samarcWriteRestartData

| v write() \V4

| WRITE Bandwidth (MB/s) <file="samarc/restore.00002/nodes.00004/pfoc.00001"> 74.565 117 0 2,156.889 246.386

| WRITE Bandwidth (MB/s) <file="samarc/restore.00001/nodes.00004/pfoc.00001"> 77.594 117 0 1,941.2 228.366

| WRITE Bandwidth (MB/s) 76.08 234 0 2,156.889 237.551

| Bytes Written <file="samarc/restore.00002/nodes.00004/proc.00001"> 2,097,552 17,927.795 117 1 1,048,576 133,362.946

| Bytes Written <file="samarc/restore.00001/nodes.00004/proc.00001"> 2,097,552 17,927.795 117 1 1,048,576 133,362.946

| Bytes Written 4,195,104 17,927.795 234 1 1,048,576 133,362.946 i
| > open64() =3

$ paraprof (Right-click label [e.g “node 0”] = Show Context Event Window)
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What are the I/0 Characteristics?

Name A Total NumSamples MaxValue MinValue | MeanValue Std. Dev.

Incl
Initialize
LoadBodyEuler
LoadMesh
MPI-IO Bytes Written 4,328,712 144 893,152 0 30,060.5 128,042.696
MPI-IO Write Bandwidth (MB/s) 144 196.86 0 3.421 16.87
MPI_Allgatherv()

> MPI_Bcast()
MPI_Comm_create()
MPI_File_close()

» MPI_File_open()

> MPLFile_write_all Peak MPI-IO Write Bandwidth

> MPL_File_write_at()
» MPI_Finalize()

» MPI_Gather()

» MPI_Gatherv()

o\°

paraprof (Right-click label [e.g “node 0”] = Show Context Event Window)
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How Much Time is spent in Collectives?

Name A Total Num... MaxValue MinValue MeanValue Std. Dev.

> MPI_Wait()

» MPI_Waitall()
Message size for all-gather 305,753,268 72 172,215,296 4 4,246,573.167 22,551,605.859
Message size for all-reduce 163,308 632 21,908 4 258.399 897.725
Message size for all-to-all 112 14 8 8 8 0
Message size for broadcast 692,208,045.5 3,346 18,117,620 0 206,876.284 1,284,673.036
Message size for gather 6,901,452.378 15.312 1,387,306.625 4 450,707.094 483,216.499
Message size for reduce 66,812 1,520 56 4 43.955 21.598
Message size for scatter 63,147.906 146 62,567.906 4 432.52 5,160.063

Metric: TIME
. Value: Exclusive
M essage sizes Units: seconds
37.532 | MPI_Bcast()

16.969 | MPI_Allreduce()

|
|
3.364 [ MPI_Reduce()

/ 1.649 [] MPI_Scatter()
Time spent in collectives o B MeLCaber0
i
0

MPI_Gatherv()
MPI_Allgather()
MPI_Allgatherv()
0.041 | MPI_Alltoall()
0.006 | MPI_Scatterv()
0.004 | MPI_Barrier()
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3D Profile Visualization

THT UPUUIND  WIIUUWD ISP

*) Triangle Mesh
) Bar Plot
) Scatter Plot

Height Metric

TITTTTT -
‘U"L\JT"L‘H‘W%W il Exclusive v |GET_TIME_OF_DAY |+
LT

FRRRLARSS T | Color Metric

Exclusive | |GET_TIME_OF_DAY |+

SIGMAD_CQL3
Function

Height value 321.68 seconds

Colorvalue  321.68 seconds

Mesh Plot  Axes  ColorScale

Plot Width

Plot Depth

Plot Height

__ Transparency




3D Communication Visualization

TAU: ParaProf: 3D Communication Matrix: uts_xk6_t31_64p.ppk

Display Options
Callpath
int findwork(int) C [{uts_shm.c} {695,1}
Height Value
Number of calls
Color Value

Message volume (bytes)

Sender

(bytes)

Receiver

Height value 4054

Colorvalue 16216
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3D Topology Visualization

TAU: ParaProf: 3D Visualizer: M2048_np1l.ppk
() Triangle Mesh
() Bar Plot
) Scatter Plot

@ Topology Plot

TIME)
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o
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D
o8]

MP |
Exclusive,

(

event3 (Color) __| Atomic
MPI_Send()

Exclusive

_ ScatterPlot = Axes = ColorScale Render |

Speed
| Auto-Rotate




How Does Each Routine Scale?

X TAU/PerfExplorer: Total Runtime Breakdown

File Help

Total Runtime Breakdown for S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

- WRITE_SAVEFILE

MPI_Waitall

100

90
80
70

60

50

40

30

Percentage of Total Runtime

20

10

1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,0(
Number of Processors

B DERIVATIVE_X_COMM [{derivative_x.pp.f90}{53,14}] M Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90}{374,3}-(386,7]]
Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90}{432,10}-{441,15}] Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {566,19}-{589,24}]
Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90}{431,10}-{440,15}] M Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15}]
Loop: INTEGRATE [{integrate_erk.pp.f90}{73,3}-{93,13]] Loop: RHSF [{rhsf.pp.f90}{209,3}-{211,7}] M Loop: RHSF [{rhsf.pp.f90}{515,3}-{535,16}]

M Loop: RHSF [{rhsf.pp.f90}{537,3}-(543,16}] M Loop: RHSF [{rhsf.pp.f90}{545,3}-{551,16}]

W Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90}{127,5}-{129,9}]

Loop: THERMCHEM_M::CALC_SPECENTH_ALLPTS [{thermchem_m.pp.f90}{506,3}-{512,8}]

M Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90}{175,5}-{216,9}]

W Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {492,5}-{520,911

M Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90}{782,5}-{790,19}]

M Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90}{630,5}-{656,19}]

M Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90}{96,3}-{99,7}] MPI_Comm_compare() MPI_Wait(

B READWRITE_SAVEFILE_DATA [{io.pp.f90} {544,14]] RHSF [{rhsf.pp.f90}{1,12}] © WRITE_SAVEFILE [{io.pp.f90}{240,14})] M other

$ perfexplorer (Charts = Runtime Breakdown)




How Does Each Routine Scale?

e OO0 TAU/PerfExplorer: Total TIME
Total TIME Bar Chart for IRMHD:Scaling_BGP
TIME

0 20 40 60 80 100 120 140 160 180 200 220 240

4096

8192

16384

32768

Number of Processors

65536

= ADVANCE_DIFFUSION ® CCHEBYB = CCHEBYF  CHEBDIFF mDERIVE = ENERGY
MPIFFT::CRFFT2D_MP| ®MPIFFT::HC2R ®MPIFFT::R2HC ®MPIFFT::RCFFT2D_MPI

= MPIFFT::REORDER_COMPLEX = MPI_Allreduce() m MPI_Alltoall() ® MPI_Barrier() @ MPI_Init() ® MPI_Waitall()

m RK3NL::ERK3_STAGE = WDERIVS  other

$ perfexplorer (Charts = Stacked Bar Chart)




Which Events Correlate with Runtime?

Correlation Results: All Trials: TIME

1013

1042

Exclusive TIME for Event

1041

10r0

Processors

INIT FFTW, r = -0.97 - TRANSPOSE, r = 1.00 -+ fftw_execute_dft, r = 0.99 int main(), r = 0.35 == void initialize(), r = 0.99
void shfree(), r = 0.17 — void shmem_barrier_all(), r = 0.25 »void shmem_finalize(), r = -0.36
-+ void shmem_float_put(), r = 0.98 = void start_pes(), r = -0.53 = void twiddle(), r = 0.99 -» TOTAL

$ perfexplorer (Charts = Correlate Events with Total Runtime)
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When do Events Occur?

® O O Legend : buffon.slog2

Timeline : buffon.slog2 <Identity Map>

Ql Preview_State ™ ™
Q‘ MPI_Allgather()
QI MPI_Barrier()
!I MPI_Bcast()
MPI_Comm_create...
g‘ MPI_Comm_group..
Q‘ MPI_Comm_rank()
!l MPI_Comm_size()
!l MPI_Group_free()
MPL_Init0

Q‘ double r8_abs(do
Ql int buffon_laplace
Ql int main(int, char
!I int shmem_versio

void shmem_barri...

void shmem_barri...
void shmem_getm...
void shmem_int_s..
void shmem_long...
void shmem_long..

void start_pes(int)

|
||
=
=
|
||

Preview_Event

Message size for
Message size for
Message size rec

Il
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Lowest / Max. Depth : Zoom Level Global Min Time View Init Time Zoom Focus Time View Final Time Global Max Time Time Per Pixel — : | Row
0/0 10 0.00 5.8519931693 5.8546343529 5.8572755324 5.857398 0.0000058693 S “I Row Count
Cumulati.. 4 TimeLines - 9.0
r O
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o
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R _Iul!_l . =7
_— [T i
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Waiss fiae
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@ LinelD Fit All Row
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@ Drawable Info Box Drawable Info Box Drawable Info Box

- void shmem_long_wait_until(long *, int, Iong)- void shmem_getmem(void *, const void *, size_t, int) C

AJ D void shmem_long_inc(long *, int) C

duration = 0.855 msec
[0]: time = 5.855480, LinelD = 7
[1]: time = 5.856335. LinelD = 7

_ close

Euration = 37.659 msec
[0]: time = 5.817588, LinelD = 4
[[1]: time = 5.855247, LinelD = 4

‘ close

Copyright © ParaTools, Inc.

[0]: time = 5.855392, LinelD = 0
[1]: time = 5.856187, LinelD = 0

close

OJduration = 0.795 msec




What Caused My Application to Crash?

X| TAU: ParaProf Manager

ptions Help
-ations TrialField Yalue
andard Applications Name py-c++-f90-create. ppk
3 Default App Application ID 0
+ (] Default Exp Experiment|D 0
o [ py-c+ +-190-create. ppk Irial D 0 — -
® TIHE PR e ACKTRACE [SAMINT :timestep(double, dauble)] [/mntjhome/jlinford/py-c++-190-create/SAMINT. C:77] [/mnt/homejjlinford/py-c++-190-create/_samint.so]

BACKTRACE [samarcStep(double, double)] [fmnt/home/fjlinford/py-c++-f90-create fpyeintfc. C:57) [/mntfhomefjlinford/py-c++ -f90-create/_samint.so]
BACKTRACE [_wrap_samarcStep] [fmntfhome/fjlinford/py-c+ +-f90-create/samint_wrap.c:3883] [/mntfhome/jlinford/py-c+ +-f90-create/_samint.so]

1
BACKTRACE 4 [call_function] [fmnt/homefjlinford;0.55 fbuild/Python-2.7.2 fPythonjceval.c:4013] [fmnt/cfs/pkgs /PTOOLS fpkgs/ptoolsrte-0.55 fpackages/Python-2.7.2 flib/libpython2 . 7. s¢

BACKTRACE 5 [fast_function] [/mnt/home/jlinford/0.55 fhuild/Python-2.7.2 /Pyvthon/ceval.c:40989] [/mnt/cfs fpkgs [PTOOLS fpkas/ptoolsrte-0.55 fpackages/Python-2.7. 2 flib/libpython2. 7. st
BACKTRACE 6 [PyEval_EvalCodeEx] [fmntfhome/jlinfordf0.55 fbuild/Python-2.7.2 [Pyvthonfceval.c:3253] [fmntjcfs/pkas /PTOOLS fpkgs/ptoolsrte-0.55 fpackages/Python-2.7 .2 flib/libpythor
BACKTRACE 7 [PyEval_EvalCode] [fmntfhome/jlinford/f0.55 fbuildfPython-2.7.2 [Pythonfceval.c.667] [fmntfcfs/pkas/PTOOLS/pkas/ptoolsrte-0.55 fpackages/Python-2.7 .2 flibflibpython2. 7
BACKTRACE 8 [Pyimport_ExecCodeModuleEx] [fmnt/home/jlinfordf0.55 fbuild/Pyvthon-2.7.2 [Pythonfimport. .68 1] [/mntfcfs/pkas/PTOOLS/pkasfptoolsrte-0.55 fpackages/Python-2.7.2 /li
BACKTRACE 9 [load_source_module] [fmntfhome/jlinford/0.55 fbuild/Python-2.7.2 fPythonfimport.c: 102 1] [/mntjcfsfpkgs PTOOLS fpkas/ptoolsrte-0.55 jpackages/Python-2.7.2 flib/libpyt

BACKTRACE 10 [import_submodule] [/mntfhome/jlinford/0.55 fhuildPython-2.7.2 fPythonfimport.c:2596] [/mnt/cfs fpkgs/PTOOLS/pkgs/ptoolsrte-0.55 fpackages/Python-2.7. 2 flib flibpythi
BACKTRACE 11 [load_next] [fmntfhome/jlinford/0.55 fbuild/Python-2.7.2 fPythonfimport.c:2416] [fmnt/cfs fpkas [PTOOLS fpkas/ptoolsrte-0.55 /packages/Python-2.7. 2 /lib/libpython2. 7.s0.
BACKTRACE 12 [import_module_level] [fmnt/home/jlinfordf0.55 fbuild/Python-2.7.2 {Pyvthonfimport.c:2 137] [fmnt/jcfs/pkas /PTOOLS fpkgs/ptoolsite-0.55 fpackages/Python-2.7.2 flib/libpy
BACKTRACE 13 [builtin___import__] [fmnt/home/jlinford/0.55 fhuild/Python-2.7.2 {Pyvthon/bitinmodule.c: 48] [fmnt/cfs/pkas/PTOOLS/pkgs/ptoolsite-0.55 fpackagesPython-2.7.2 flib flibpyt
BACKTRACE 14 [PyObject_Call] [fmnt/home/jlinford/0.55 fbuild/Python-2.7.2 fObjects fabstract.c:2529] [fmnt/cfs/pkgs /PTOOLS fpkgs/ptoolsite-0.55 fpackages /Python-2.7.2 flib/libpython:
BACKTRACE 15 [PyEval_CallObjectWithKeywords] [fmntfhome/jlinford f0.55 fbuild/Python-2.7.2 [Pythonfceval.c:2882] [/mnt/cfs/pkags/PTOOLS/pkgs/ptoolsrte-0.55 fpackages/Python-2.7.2,
BACKTRACE 16 [PyEval_EvalFrameEx] [/mnt/home/jlinford0.55 fbuild/Python-2.7.2 fPythonfceval.c: 233 3] [fmntjcfs/pkgs fPTOOLS fpkgs/ptoolsrte-0.55 fpackages/Python-2.7.2 flib/libpythe
BACKTRACE 17 [fast_function] [fmnt/home/jlinford/0.55 fbuild/Python-2.7.2 fPython/ceval.c:4099] [/mnt/cfs fpkgs/PTOOLS /pkas/ptoolsrte-0.55 fpackages/Python-2.7. 2 flibflibpython2. 7. s¢
BACKTRACE 18 [PyEval_EvalCodeEx] [fmntfhome/jlinford0.55 fbuild/Python-2.7 .2 [Pyvthonfceval.c:3253] [fmntjcfs/pkas /PTOOLS fpkgs/ptoolsite-0.55 fpackages/Python-2.7 .2 flib/libpythor
BACKTRACE 19 [PyEval_EvalCode] [/mntfhome/jlinford/0.55 fbuildfPython-2.7.2 fPythonjceval.c.667] [fmnt/cfs/pkas/PTOOLS /pkgs/ptoolsrte-0.55 /packages/Python-2.7.2 flib/libpython2. 7

BACKTRACE 20 [run_mod] [fmnt/home/jlinford/0.55 fbuild/Pyvthon-2.7.2 fPythonfpythonrun.c: 1346] [fmnt/cfs/pkas /PTOOLS fpkgs/ptoolsrte-0.55 /packages/Python-2.7 .2 flib/libpython2 . 7.
BACKTRACE 21 [exec_statement] [fmnt/home/jlinfordf0.55 fbuild/Python-2.7.2 [Pvthonfceval.c:4746] [fmnt/cfs/pkas/PTOOLS /pkgs/ptoolsrte-0.55 fpackages/Python-2.7.2 flib/libpython2.
BACKTRACE 22 [PyEval_EvalCodeEx] [fmnt/home/jlinford0.55 fbuild/Python-2.7 .2 [Pyvthonfceval.c:3253] [fmntjcfs/pkas /PTOOLS fpkgs/ptoolsrte-0.55 fpackages/Python-2.7 .2 flib/libpythor
BACKTRACE 23 [fast_function] [fmnt/home/jlinford/0.55 fbuild/Python-2.7.2 jPython/ceval.c:4108] [/mnt/cfs fpkgs/PTOOLS /pkas/ptoolsrte-0.55 fpackages/Python-2.7. 2 flibflibpython2. 7. s¢

BACKTRACE 24 [fast_function] [fmnt/home/jlinford/0.55 fhuild/Python-2.7.2 jPython/ceval.c:4098] [/mnt/cfsfpkgs/PTOOLS/pkgs/ptoolsrte-0.55 fpackages/Python-2.7. 2 flibflibpython2. 7. s¢
BACKTRACE 25 [PyEval_EvalCodeEx] [fmnt/home/jlinford/0.55 fbuild/Python-2.7.2 [Pyvthonfceval.c:3253] [fmntjcfs/pkas/PTOOLS fpkgs/ptoolsne-0.55 fpackages/Python-2.7.2 flib/libpythot

% qsub —env TAU TRACK SIGNALS=1 ..
% paraprof
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What Caused My Application to Crash?

Right-click to see source code

X Metadata

Name

BACKTRACE

[SAMINT::timestep(double, double)] [fmnt/home/jlinford fpy-c++-f90-create [SAM|T—==="""—""——"inford fpy-c+ + -f90-create/_samint.so]

BACKTRACE

[samarcStep(double, double)] [/mnt/home/jlinford,/py-c++-fa0-create;pycintfc. C:4 2nOW Source Code [, .\ 40 _create/_samint.so]

BACKTRACE

[_wrap_samarcStep] [fmntfhome/jlinford/py-c+ +-f90-createfsamint_wrap.c:2882] [fmnt/home/jlinfordfpy-c++ -f90-create/_samint.so]

BACKTRACE

[call_function] [fmnt/home/jlinfordf0.55 fhuild/Python-2.7.2 /Pythonjceval. c:4013] [fmntfcfs/pkgs/PTOOLS fpkas/ptoolsrte-0.55 fpackages/Python-2.7.2 flib/libpython2 . 7.50. 1. 0]

BACKTRACE

[fast_function] [fmntfhome/jlinfordf0.55 fbuildjPython-2.7.2 jPyvthonfceval. . 40839] [fmnt/cfsfpkas/PTOOLS fpkasfptoolsrte-0.55 fpackages/Python-2.7.2 /libflibpython2.7.50.1.0]

BACKTRACE

[PvEval_EvalCodeEx] [/mntfhome/jlinford/0.55 fbuildfPython-2.7.2 fPythonfceval ;22532 [fmntjcfs/pkas/PTOOLS /pkgs/ptoolsrte-0.55 jpackagesfPython-2.7.2 flibflibpython2 ...

BACKTRACE

[PyvEval_EvalCode] [f/mnt/home/jlinford/0.55 jhuildjPython-2.7.2 jPyvthonfceval . 667] [fmnt/cfs/pkas/PTOOLS fpkgsfptoolsrte-0.55 fpackagesfPython-2.7 .2 flibflibpython2.7 . s0..

BACKTRACE

|~ |v|elw|r|-

[Pyvimport_ExecCodeModuleEx] [fmnt/home/jlinford/0.55 fbuild/Pywthon-2.7.2 jPvthonfimport. c.681] [/mntjcfsfpkas/PTOOLS fpkgsfptoolsrte-0.55 fpackages /Python-2.7 2f||b,f[|

BACKTRACE

[load_source_module] [fmnt/home/jlinfordf0.55 fbuild/Python-2.7.2 /Pythonjimport.c: 102 1] [fmnt/cfs/pkas/PTOOLS /pkgs fptoolsrte-0.55 fpackages jPython-2.7.2 flib flibpython. .

BACKTRACE

[import_submodule] [/mnt/home/jlinford/0.55 fbuild /Python-2.7.2 /Python/fimport.c:25936] [fmnt/cfs/pkgs/PTOOLS fpkgs/ptoolsite-0.55 fpackages fPython-2.7 .2 flib/flibpython2...

BACKTRACE
BACKTRACE
BACKTRACE
BACKTRACE
BACKTRACE
BACKTRACE
BACKTRACE

|[load_next] [fmnt/home/jlinford/0.55 fbuild/Python-2.7. 2 /Python/fimport. 24 16] [fmnt/fcfs/pkas/PTOOLS /pkgs/ptoolsrite-0.55 fpackages/Python-2.7. 2 flibflibpython2. 7.50.1.0]

|[buittin
|[PyObject_Call] [fmnt/home/jlinford/0.55 fbuild/Python-2.7.2 fObjectsfabstract. ;252 9] [fmnt/cfs/pkas/PTOOLS /pkgs/ptoolsite-0.55 fpackages/Python-2.7. 2 flibflibpython2. 7. | |

:[P\,vaaI_E\faIFrameE}:] [fmntfhome/jlinford/0.55 fbuild/Pyvthon-2.7.2 /Pvthonjceval 23332 [fmntfcfs/pkgs/PTOOLS fpkas/ptoolsrte-0.55 fpackages/Python-2.7. 2 flibflibpython2 ...

[import_module_level] [fmntfhome/jlinford f0.55 fbuild/Python-2.7.2 jPyvthonfimport.c:2 12 7] [fmntjcfs/pkgs /PTOOLS jpkgs/ptoalsrite-0.55 fpackages fPyvthon-2.7. 2 flibflibpytho. ..
___import__] [/mntfhomejjlinford/0.55 fbuild/Pwthon-2.7.2 /Pvthonfbitinmodule.c:48] [fmntjcfsfpkgs/PTOOLS fpkgs fptoolsrte-0.55 fpackages/Python-2.7.2 flib flibpython. ..

[PyvEval_CallObjectWithKeywords)] [fmntfhome/jlinfordf0.55 fbuild fPython-2.7.2 fPyvthonjceval . c:2882) [fmntfcfsf/pkgs /PTOOLS fpkas/ptoolsrte-0.55 jpackages/Pywthon-2.7.2 /flib. ..

[fast_function] [fmntfhome/jlinford/0.55 fbuild/Pywthon-2.7.2 /Pvthonjceval . c:4099] [fmnt/cfs/pkas/PTOOLS jpkas/ptoolsrte-0.55 fpackages/Python-2.7.2 flibflibpython2.7.50.1.0]

BACKTRACE

[PyvEval_EwvalCodeEx] [fmnt/home/jlinford/0.55 fbuild/Python-2.7.2 /Pythonjfceval. c:3253] [/mntjcfsfpkgs /PTOOLS fpkgs/ptoolsite-0.55 fpackages/Python-2.7.2 flib flibpython2....

BACKTRACE

[PyvEval_EvalCode] [/mnt/home/jlinfordf0.55 fbuildjPython-2.7.2 jPythonfceval ¢ 667] [fmnt/cfs/pkas/PTOOLS fpkgs/ptoolsrte-0.55 fpackages/Python-2.7.2 flibflibpython2.7 .s0. ..

BACKTRACE

[run_mod] [fmnt/hame/jlinford;j0.55 fbuild/Python-2.7.2 fPvthon/pythonrun.c: 1246] [fmntjcfs/pkgs /PTOOLS jpkgs/ptoalsrte-0.55 fpackages fPython-2.7. 2 flibflibpython2.7.s0....

BACKTRACE

[exec_statement] [fmntfhome/jlinfordf0.55 fbuildjPython-2.7.2 jPythonfceval. .. 4746] [fmntfcfsfpkas/PTOOLS fpkasfptoolsrte-0.55 fpackages/Python-2.7.2 flibflibpython2 .7 . so...

BACKTRACE

[PvEval_EvalCodeEx] [/mntfhome/jlinford/0.55 fbuildfPython-2.7.2 fPython/fceval c:2252] [fmntjcfs/pkas PTOOLS jpkgs/ptoolsrte-0.55 jpackages fPython-2.7. 2 flibflibpython2 . ..

BACKTRACE

[fast_function] [fmnt/home/jlinford/0.55 fbuildjPywthon-2.7.2 /Pythonfceval.c:4108] [/mntjcfsfpkgs/PTOOLS fpkgs/ptoolsrte-0.55 fpackages/Python-2.7.2 flib flibpython2. 7. s0. 1. 0]

BACKTRACE

[fast_function] [fmntfhome/jlinfordf0.55 fbuildjPython-2.7.2 jPyvthonfceval. . 4083] [fmnt/cfsfpkas/PTOOLS fpkasfptoolsrte-0.55 fpackages/Python-2.7.2 flibflibpython2 . 7.50.1.0]

BACKTRACE

[PvEval_EvalCodeEx] [/mntfhome/jlinford/0.55 fbuildfPython-2.7.2 fPythonfceval c:2252] [fmntjcfs/pkas PTOOLS /pkgs/ptoolsrte-0.55 jpackagesfPython-2.7.2 flib flibpython2 ...

BACKTRACE

[fast_function] [fmntfhome/jlinfordf0.55 fbuildjPython-2.7.2 jPyvthonfceval. c:4109] [fmnt/cfsfpkas/PTOOLS /pkasfptoolsrte-0.55 fpackages/Python-2.7.2 flibflibpython2 . 7.50.1.0]

BACKTRACE

[PvEval_EvalCodeEx] [/mntfhome/jlinford/0.55 fbuildfPython-2.7.2 fPythonfceval ;22532 [fmntjcfs/pkas/PTOOLS /pkgs/ptoolsrte-0.55 jpackagesfPython-2.7.2 flib flibpython2 ...

BACKTRACE

[PvEval_EvalCode] [fmntfhome/jlinfordf0.55 fbuild/Python-2.7.2 jPythonfceval. . 667] [fmntfcfs/pkgs /PTOOLS fpkgs/ptoolsrte-0.55 fpackages /Python-2.7.2 flib/libpython2. 7. s0..

BACKTRACE

[run_mod] [fmntfhome/jlinford/0.55 fbuild/Pwvthon-2.7.2 /Pvthonfpsthonrun.c: 1246] [fmnt/cfs/pkas/PTOOLS fpkgs/ptoolsrte-0.55 fpackages/Python-2.7 .2 flibflibpython2.7 . s0..

BACKTRACE

[PyRun_SimpleFileExFlags] [fmntfhome/jlinford/0.55 fbuild/Pywthon-2.7.2 /Pvthonfpsthonrun. .. 93 6] [fmntfcfs/pkas/PTOOLS jpkags/ptoolsrte-0.55 fpackages jPython- 2.7.2{I|b}|1b.,.

BACKTRACE
BACKTRACE
BACKTRACE
BACKTRACE

BACKTRACE 25 [ start] [funknowny 01 Lmnticfsinkas/PTONLS /nknentanlerte— 55 fnackanes /mPIl-2 Shadhinfmadpn ]

:[p\,rfu1PI_rv1ain_with_communicator] [(unknown): O] [fmntfcfs/pkas/PTOOLS fpkas/ptoolsrte-0.55 fpackages/pyMPl-2.5h0fhinfpyPl]
|[main] [(unknown): 0] [fmntfcfs/pkas/PTOOLS/pkgs/ptoolsrte-0.55 fpackages/pyMPI-2. 500 /hin Sy Pl

[Py_Main] [/mnt/home/jlinfordj0.55 fbuildjPython-2.7.2 jModules/main.c:599] [/mntjcfsfpkas/PTOOLS fpkgs fptoolsrte-0.55 fpackages Python-2.7.2 flib flibpython2.7.50.1.0]

|[__libc_start_main] [{unknown): 0] [flib64/libc-2.5.50]




What Caused My Application to Crash?

%X TAU: ParaProf: Source Browser: /mnt/home/jlinford/py-c++-f90-create/SAMINT.C
File Help

/ -
65 S e S e e S S S e S S e e e e e e e e e e e |
66 "
6? W Y Pr— R S ol C R Emwmn U Cpwepy | |
68 Take a timestep - advance solution from "time
"

69 R K
70 oy

71
72
73

;g cout << "SAMINT::timestep()" << rwd]; (4
26 timestef ime,dt);

- int x =4/ (4-4); \‘Error shown in ParaProf Source Browser [

CoL "c<x<<end] ;
78 ’ 1

79 1

80 !

81 P

82 S S S e e S e S S S A e S e e e e e S e o e
83 "

84 ¥ lWrite data to output

&5 ¥ (wisit, fieldwiew, or overgrid - set in samarc input file)

86 "

87 S S e S S S S e S S e e e S e e e e e e e
88 .

89
90
91 - T T
92 -

to "time + dt”

wb1ﬂ SAMINT: :timestep({const double tTime,
const double dt)

wb1a SEMINT: :writePlotData{const double time,

93 )
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TAU Commander

 Workflow manager and
user interface for TAU.

* Automatically installs
and (re)configures TAU
and dependencies.

* Prevents invalid TAU
configurations.

 Maintains a performance
narrative to facilitate
data provenance.

Copyright © ParaTools, Inc.
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The TAU Commander Approach

e Say where you’re going, not how to get there

* TAU Projects give context to the user’s actions
— Defines desired metrics and measurement approach
— Defines operating environment
— Establishes a baseline for error checking




TAU Commander CLI Dashboard

@ @ mm — ssh — 154x53

jlinford@east®3 ~/workspace/taucmdr/examples/mm $ tau dash =]
== Targets (/home/jlinford/.tau)

| Name | Host 0S | Host Arch | C | C++ | Fortran | In Projects |

| localhost | Linux | x86_64 | /usr/bin/gcc | /usr/bin/g++ | /usr/bin/gfortran | ex-mm |

== Applications (/home/jlinford/.tau)

| Name | OpenMP | Pthreads | MPI | CUDA | MIC | SHMEM | MPC | In Projects |

| ex-mm-serial | | | | | | | | ex-mm |

| ex-mm-openmp | Yes | | | | | | | ex-mm |

| ex-mm-openmp-mpi | Yes | | Yes | | | | | ex-mm |

== Measurements (/home/jlinford/.tau)

| Name | Profile | Trace | Sample | Source | Compiler | MPI | OpenMP | Callpath | Mem. | Mem. | In |
| | | | | Inst. | Inst. | | | Depth | Usage | Alloc | Projects |
| ex- | Yes | No | No | automatic | fallback | No | compiler_ | 0 | No | No | ex-mm |
| profile | | | | | | | default | | | | |
| ex-trace | No | Yes | No | automatic | fallback | No | compiler_ | 0 | No | No | ex-mm |
| | | | | | | | default | | | | |
| ex-sample | Yes | No | Yes | never | never | No | compiler_ | 0 | No | No | ex-mm |
| | | | | | | | default | | | | |
== Projects (/home/jlinford/.tau)

| Name | Targets | Applications | Measurements | Home |

| ex-mm | localhost | ex-mm-serial | ex-profile | /home/jlinford/.tau |

| | | ex-mm-openmp | ex-trace | |

| | | ex-mm-openmp-mpi | ex-sample | |

== ex-mm (localhost, ex-mm-openmp, ex-profile) Trials
No trials. Use 'tau <command>' or 'tau trial create <command>' to create a new trial

jlinford@east®3 ~/workspace/taucmdr/examples/mm $

Copyright © ParaTools, Inc.




TAU Commander CLI

0@ mm — ssh — 89x45 /\

jlinford@east@3 ~/workspace/taucmdr/examples/mm $ tau —-help
B usage:
tau [arguments] <subcommand> [options]

TAU Commander [ http://www.taucommander.com/ 1]

positional arguments:

Thls Command’s usage - <subcommand> See subcommand descriptions below

[options] Options to be passed to <subcommand>

optional arguments:
-h, —-help show this help message and exit
-v, ——verbose Set logging level to DEBUG
- default: INFO

—
pem—
configuration subcommands:
application Create and manage application configurations.
measurement Create and manage measurement configurations.
project Create and manage project configurations.
target Create and manage target configurations.
Subcommand usage - subcommands:
build Instrument programs during compilation and/or linking.
dashboard Show all projects and their components.
help Show help for a command or suggest actions for a file.
make Instrument programs during compilation and/or linking with “make’.
trial Create and manage experiment trials.
—
= shortcuts:
tau <compiler> Execute a compiler command

- Example: tau gcc *.c -0 a.out

- Alias for 'tau build <compiler>'
tau <program> Gather data from a program

- Example: tau ./a.out

- Alias for 'tau trial create <program>'

ShortCUts = tau run <program> Gather data from a program

- Example: tau ./a.out

- Alias for 'tau trial create <program>'
tau show Show data from the most recent trial

- An alias for 'tau trial show'

- See 'tau help <subcommand>' for more information on <subcommand>.
jlinford@east®3 ~/workspace/taucmdr/examples/mm $
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First use on a “vanilla” system

mm —;/} 154x53

03 ~/workspace/taucmdr/examples/mm $ 1s
Makefile matmult.c matmult_initialize.c

matmult_initia

jui

0 03 ~/workspace/taucmdr/examples/mm $ tau gcc *.c —o mm
Installing PDT at '/home/jlinford/.tau/PDT/GNU' from 'http://tau.uorego
Downloading 'http://tau.uoregon.edu/pdt_lite.tgz'

Extracting '/home/jlinford/.tau/src/pdt_lite.tgz'

Cleaning PDT installation prefix '/home/jlinford/.tau/PDT/GNU'

Configuring PDT for GNU compilers...

Compiling PDT...

Installing PDT...

PDT installation complete, verifying installation

Installing BFD at '/home/jlinford/.tau/BFD/x86_64/GNU' from
arch=x86_64 and GNU compilers

Downloading 'http://www.cs.uoregon.edu/research/paracomp/tau/tauprofile/dist

Extracting '/home/jlinford/.tau/src/binutils-2.23.2.tar.gz'

Cleaning BFD installation prefix '/home/jlinford/.tau/BFD/x86_64/GNU"'

Configuring BFD...

Compiling BFD...

Installing BFD...

BFD installation complete, verifying installation

Installing libunwind at '/home/jlinford/.tau/libunwind/x86_64/GNU' from
'http://www.cs.uoregon.edu/research/paracomp/tau/tauprofile/dist/libunwind-

Downloading 'http://www.cs.uoregon.edu/research/paracomp/tau/tauprofile/dist

Extracting '/home/jlinford/.tau/src/libunwind-1.1.tar.gz'

Cleaning libunwind installation prefix '/home/jlinford/.tau/libunwind/x86_64

Configuring libunwind...

Compiling libunwind...

Installing libunwind...

libunwind installation complete, verifying installation

Installing TAU at

—

'"http://www.cs.uo

'/home/jlinford/.tau/TAU/' from 'http://tau.uoregon.edu/tau.

Put tau in front of every command

regon.edu/research/paracomp/tau/tauprofile/dist/binutils-2.23.2.tar.gz' with

binutils-2.23.2.tar.gz’'

- Detects, downloads, and installs
required dependencies

1.1.tar
Libunwi

GNU'

tgz' with arch=x86_64 and GNU compilers

Downloading 'http://tau.uoregon.edu/tau.tgz’

Extracting '/home/jlinford/.tau/src/tau.tgz’'

Configuring TAU with -iowrapper...

Compiling and installing TAU...

TAU installation complete

tau_cc.sh matmult.c matmult_initialize.c -o mm

Configures environment, wraps compiler

jlinforde@ 03 ~/workspace/taucmdr/examples/mm $
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Executions create experiment trials

jlinford@east®3 ~/workspace/taucmdr/examples/mm $ export OMP_NUM_THREADS=8

jlinford@east®3 ~/workspace/taucmdr/examples/mm $ tau ./mm

== BEGIN ex-mm (localhost, ex-mm-openmp, ex-profile) (2015-08-12 04:18:35.372290) ==

./mm
Done.
Found 8 profile files. Adding to trial...

== END ex-mm (localhost, ex-mm-openmp, ex-profile) (2015-08-12 ©4:18:36.593917)

jlinford@east®3 ~/workspace/taucmdr/examples/mm $

mm — ssh — 154x

Put tau in front of every command

@ @ X| TAU: ParaProf: /home/jlinford/.tau/ex-mm/localhost/ex-mm-openmp/ex-profile/1

File Options Windows Help

Metric: TIME

Walue: Exclusive

Std. Dev.

Mean |

Max |

Min |

node O, thread O |

node O, thread 1 |

Il

node 0, thread 2 |

node 0, thread 3 |

node 0, thread 4 |

node 0, thread 5 |

node O, thread 6 |

node O, thread 7 |

I

“tau show to

last trial
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Executions create experiment trials

@® () mm — ssh — 154x53

jlinford@east@3 ~/workspace/taucmdr/examples/mm $ tau dash

== Targets (/home/jlinford/.tau)

| Name | Host 0S | Host Arch | C | C++ | Fortran | In Projects |

| localhost | Linux | x86_64 | /usr/bin/gcc | /usr/bin/g++ | /usr/bin/gfortran | ex-mm |

== Applications (/home/jlinford/.tau)

| Name | OpenMP | Pthreads | MPI | CUDA | MIC | SHMEM | MPC | In Projects |

| ex-mm-serial | | | | | | | | ex-mm |

| ex-mm-openmp | Yes | | | | | | | ex-mm |

| ex-mm-openmp-mpi | Yes | | Yes | | | | | ex-mm |

== Measurements (/home/jlinford/.tau)

| Name | Profile | Trace | Sample | Source | Compiler | MPI | OpenMP | Callpath | Mem. | Mem. | In |
| | | | | Inst. | Inst. | | | Depth | Usage | Alloc | Projects |
| ex— | Yes | No | No | automatic | fallback | No | compiler_ | 0 | No | No | ex—mm |
| profile | | | | | | | default | | | | |
| ex-trace | No | Yes | No | automatic | fallback | No | compiler_ | 0 | No | No | ex—mm |
| | | | | | | | default | | | | |
| ex-sample | Yes | No | Yes | never | never | No | compiler_ | 0 | No | No | ex-mm |
| | | | | | | | default | | | | |
== Projects (/home/jlinford/.tau)

| Name | Targets | Applications | Measurements | Home |

| ex-mm | localhost | ex-mm-serial | ex-profile | /home/jlinford/.tau |

| | | ex-mm-openmp | ex-trace | |

| | | ex—-mm-openmp-mpi | ex-sample | |

== ex-mm (localhost, ex-mm-openmp, ex—profile) Trials

2 trials of 'mm' (22.6KiB). Use “tau trial list® to see details.

Each execution is a new trial

jlinford@east@3 ~/workspace/taucmdr/examples/mm $
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Changing from serial to MPI+OpenMP

== Projects (/home/jlinford/.tau)

| Name | Targets | Applications | Measurements | Home

+======= +========= +E=================s+ =+ +
| ex-mm | localhost | ex-mm-serial | ex-profile | /home/jlinford/.tau

| | localhost-openmpi | ex-mm-openmp | ex-trace

| | | ex-mm-openmp-mpi | ex-sample

== ex-mm (localhost-openmpi, ex-mm-openmp-mpi, ex-profile) Trials

No trials. Use 'tau <command>' or 'tau trial create <command>' to create a new tri

jlinford@east®3 ~/workspace/taucmdr/examples/mm $ tau mpicc *.c -fopenmp -0 mm
Installing TAU at '/home/jlinford/.tau/TAU/' from 'http://tau.uoregon.edu/tau.tgz' wi 6_64 and MPI compilers
Using TAU source archive at '/home/jlinford/.tau/src/tau.tgz’

Reusing TAU source files found at '/home/jlinford/.tau/src/./tau-2.24.1'

Configuring TAU with -iowrapper...

Compiling and installing TAU...

TAU installation complete

tau_cc.sh matmult.c matmult_initialize.c -fopenmp -0 mm

jlinford@east®3 ~/workspace/taucmdr/examples/mm $ Automatica"y reconfigures TAU
for MP1+OpenMP
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Workflow is unchanged

@ @ %/ TAU: ParaProf: fhome/jlinford/.tau/ex-mm/localhost-openmpi/ex-mm-openmp-mpi/ex-profile/0
File Options Windows Help

Metric: TIME

Yalue: Exclusive

Std. Dev. [l Wl =
Mean e i1

Min B R
node 0, thread 0 [l
node O, thread 1 [ — |

node O, thread 2 | i i

node O, thread 3 | T ~ N
node 0, thread 4 I | | tau show to
node O, thread 5 [ ——

node O, thread 6 s e || see data frOm
node O, thread 7 i Iast trial

node 1, thread O 1 e
node 1, thread 1 T | |
node 1, thread 2
node 1, thread 3 |

node 1, thread 4 |

node 1, thread 5 T — |
node 1, thread 6 [ el |
node 1, thread 7 [ ] |
node 2, thread O | =
node 2, thread 1 0 e |

node 2, thread 2 |:=]:I
node 2, thread 3 | |

iy

node 2, thread 4 | i

node 2, thread 5 |—_J

node 2, thread 6 | i

node 2, thread 7 |—_u —
node 3, thread O | i =N

node 3, thread 1 s e |

node 3, thread 2 | il []

node 3, thread 3 | | [ [
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Parallel I/0 Tuning for Scientific Applications

BOTTLENECK IDENTIFICATION IN
FUN3D

1RA OO0 S Copyright © ParaTools, Inc.

54



FUN3D Wing-Body-Nacelle

MPI Rank O

1143.927 [

MPI Rank 7260
e ]

1145.997

478.545 —

445.608 [ ]

51.022 W

30.707 |

23.124 ]

17.128 ||

14.709 ||

12.21 |

1035 |

MPI Rank 14399

1145.85 [
887.961

60.789 [

46.745 H

29.845

20.73 ]

1

]

|

|

14.169
13.977
9.357
2.437

NODET [{main.f90} {5,1}-{38,17}]

SOLUTION::WREST_V4_SOLN [{solution.F90} {3192,3}-{3941,30}]

MPI_Reduce()

FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{135,30}]
UPDATE_MEAN::RESIDUAL_S [{update_mean.F90} {36,3}-{81,27}]

MPI_Recv()

RELAX_STEADY::RELAX [{relax_steady.f90} {29,3}-{236,22}]
UPDATE_TURB::UPDATE_JACOBIAN [{update_turb.fo0} {131,3}-{154,32}]
MPI_Waitall()

UPDATE_TURB::UPDATE_RESIDUAL_TURB [{update_turb.f90} {215,3}-{226,37}]

NODET [{main.f90} {5,1}-{38,17}]

MPI_Bcast()

FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{135,30}]
UPDATE_MEAN::RESIDUAL_S [{update_mean.F90} {36,3}-{81,27}]
RELAX_STEADY::RELAX [{relax_steady.f90} {29,3}-{236,22}]

MPI_Waitall()

UPDATE_TURB::UPDATE_JACOBIAN [{update_turb.f90} {131,3}-{154,32}]
UPDATE_TURB::UPDATE_RESIDUAL_TURB [{update_turb.f90} {215,3}-{226,37}]
FILL_JACOBIANS::ZERO_OUT_JACOBIAN [{fill_jacobians.f90} {195,3}-{228,16}]

NODET [{main.f90} {5,1}-{38,17}]

MPI_Bcast()

MPI_Send()

FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{135,30}]
UPDATE_MEAN::RESIDUAL_S [{update_mean.F90} {36,3}-{81,27}]
RELAX_STEADY::RELAX [{relax_steady.f90} {29,3}-{236,22}]

MPI_Reduce()

UPDATE_TURB::UPDATE_JACOBIAN [{update_turb.f0} {131,3}-{154,32}]
MPI_Waitall)

UPDATE_TURB::UPDATE_RESIDUAL_TURB [{update_turb.fo0} {215,3}-{226,37}]

NODET [{main.f90} {5,1}-{38,17}]

MPI_Send()

MPI_Bcast()

FILL_JACOBIANS::FILL_JACOBIAN [{fill_jacobians.f90} {19,3}-{135,30}]
UPDATE_MEAN::RESIDUAL_S [{update_mean.F90} {36,3}-{81,27}]
RELAX_STEADY::RELAX [{relax_steady.f90} {29,3}-{236,22}]

MPI_Waitall()

UPDATE_TURB::UPDATE_JACOBIAN [{update_turb.f90} {131,3}-{154,32}]
UPDATE_TURB::UPDATE_RESIDUAL_TURB [{update_turb.f90}{215,3}-{226,37}]
FILL_JACOBIANS::ZERO_OUT_JACOBIAN ([{fill_jacobians.f90} {195,3}-{228,16}]

Copyright © ParaTools, Inc.

MPI Rank 0

1,651,089,924 grid points
5,902,801,476 tetrahedral elements
1,310,290,264 prismatic elements
14,400 lvy Bridge cores

lame Total NumSamples MaxValue MinValue MeanValue Std. Dev.

for all-gather 2,046,555,416 1,132 19,240,000 4 1,807,911.145 3,307,678.302

- broadcast 39,795,349,570 196,653 75,171,056 1 202,363.298 352,969.91
16,586,550,740 57,602 82,050,416 4  287,950.952 492,059.37

606,584 36,136 344 4 16.786 64.327

106,507,952,672 223,816 5,038,840 12 475,872.827 1,136,221.111

845,737,888 166,100 311,840 12 5,091.739 17,266.492
769,221,120 126,660 327,680 20 6,073.118 19,893.424

MPI Rank 1
Name & Total NumSamples MaxValue MinValue MeanValue Std. Dev.

sage size for all-gather 2,046,555,416 1,132 19,240,000 4 1,807,911.145 3,307,678.302

e size for broadcast 39,795,349,570 196,653 75,171,056 1 202,363.298 352,969.91

e size for reduce 606,584 36,136 344 4 16.786 64.327

e size received from all nodes 546,987,316 137,400 245,040 20 3,980.985 12,778.438

e size received in wait 546,987,316 137,400 245,040 20 3,980.985 12,778.438

size sen all nodes 503,971,872 105,844 4,637,520 20 4,761.459 20,996.819

ode 0 7,420,032 4 4,637,520 927,504 1,855,008 1,606,484.052

MPI Rank 14399
Name Total NumSamples MaxValue MinValue MeanValue Std. Dev.

Mes e for all-gather 2,046,555,416 1,132 19,240,000 4 1,807,911.145 3,307,678.302
roadcast 39,795,349,570 196,653 75,171,056 1 202,363.298 352,969.91

e for reduce 606,584 36,136 344 4 16.786 64.327

size received from all nodes 495,423,720 112,100 199,280 20 4,419.48 13,658.624
495,423,720 112,100 199,280 20 4,419.48 13,658.624

455,176,512 122,464 4,632,120 20 3,716.819 18,857.997

7,411,392 4 4,632,120 926,424 1,852,848 1,604,613.437




FUN3D Profile shows a hot spot

TAU: ParaProf: 3D Visualizer: tauprofile.xml

Triangle Mesh
Bar Plot
Scatter Plot
Topology Plot
Height Metric
Exclusive
Color Metric
Exclusive

MPI_Bcast()
Function

3597, 155 Thread

2697. 366

Height value  2323.033 seconds
1758, 578

895, zag Color value ~ 2323.033 seconds
3997155

Plot Axes Color  Render
2B9T .mES

3597.155
V9B ATE

seconds
899 . 180

3597.155

seconds
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Windows | Group Legend

Q) @ TAU: ParaProf: Group Legend: tauprofile.xml/ O @ TAU: ParaProf: Group Legend: tauprofile.xml/
B wmpi B o

B TAU_CALLPATH B ° Hide This Group

[l TAU_CALLPATH_DERIVED ] Show This Group

B TAU_DEFAULT B

Bl TAU_DERIVED [l

g TAU_DISABLE E Show All Groups Except This One

] $23::20EAD O S_how All Groups

B TAU_USER B TAU_USER

[] TAU_WRITE L] TAU_WRITE

Right-click to show options
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Callpath Profile

[ ) @ TAU: ParaProf: Mean - tauprofile.xml

Metric: TIME
Value: Exclusive
Units: seconds

2351.822 | MPI_Bcast()
635.175 MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <= BC_
533.726 [l MPI_Waitall()
454.378 [mmmss] MPI_Send()
367.324 [ MPI_Waitall() <= LMPI::LMPI_WAITALL [{Impi.F90} {20525,3}-{20559,29}] <= RELAX_STEADY::RELAX [{relax_steady.f90} {29,3}-{236,22}] <= FLOW::STEP
342.106 [Emms MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90}{3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <= FILL
329.47 MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <= UPC
]
]

MPI_Send() <= LMPI::DOUBLE_MATRIX_SEND [{Impi.F90} {15676,3}-{15723,35}] <= LMPI::DOUBLE_MATRIX_WRITE [{Impi.F90} {2452,3}-{2533,36}] <= ¢

MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <= LMF

] MPI_Reduce()

163.242 [] MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <= BC_
[] MPI_Bcast() <= LMPI::DOUBLE_VECTOR_BCAST [{Impi.F90} {4086,3}-{4122,36}] <= FLOW::STEP_POST [{flow.F90} {1555,14}] <= FLOW::ITERATE [{flow.F9

108.776 [] MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <= UPC

100.339 MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90}{3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <= UPL
79.152 MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90}{3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <= LMF
78.927 MPI_Send() <= LMPI::DOUBLE_VECTOR_SEND [{lmpi.F90} {15623,3}-{15666,35}] <= LMPI::DOUBLE_VECTOR_WRITE [{Impi.F90} {2377,3}-{2444,36}] <=
77.019 MPI_Send() <= LMPI::INTEG8_VECTOR_SEND [{Impi.F90} {14739,3}-{14782,35}] <= LMPI::INTEGER_VECTOR_WRITES8 [{Impi.F90} {2256,3}-{2325,38}] <
76.608 MPI_Reduce() <= LMPI::INTEGR_SCALAR_REDUCE [{lmpi.F90} {4574,3}-{4611,37}] <= LMPI::LMPI_CONDITIONAL_STOP [{lmpi.F90} {627,3}-{688,38}] <=
71.003 MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90}{3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <= LMF
65.678 MPI_Waitall() <= LMPI::LMPI_WAITALL [{Impi.F90} {20525,3}-{20559,29}] <= UPDATE_MEAN::RESIDUAL_S [{update_mean.F90} {36,3}-{81,27}] <= UPDAT

MPI_Reduce() <= LMPI::INTEGR_SCALAR_REDUCE [{lmpi.F90} {4574,3}-{4611,37}] <= LMPI::LMPI_CONDITIONAL_STOP [{lmpi.F90} {627,3}-{688,38}] <=
MPI_Waitall() <= LMPI::LMPI_WAITALL [{Impi.F90} {20525,3}-{20559,29}] <= UPDATE_TURB::UPDATE_VALUES_TURB [{update_turb.f90} {315,3}-{328,35}
MPI_Reduce() <= LMPI::INTEGR_SCALAR_REDUCE [{lmpi.F90} {4574,3}-{4611,37}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <=

B

|

H

|

|

71.316 @ MPI_Waitall() <= LMPI::LMPI_WAITALL [{Impi.F90} {20525,3}-{20559,29}] <= UPDATE_TURB::UPDATE_RESIDUAL_TURB [{update_turb.f90} {215,3}-{226,3

g

|

i

H

| MPI_Reduce() <= LMPI::INTEGR_SCALAR_REDUCE [{Impi.F90} {4574,3}-{4611,37}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <=
|
|
|
|
|
|
|
|
|
|
|
1

13.451 | MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <= REL
12.705 | MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <= UPL
9.219 | MPI_Waitall) <= LMPI::LMPI_WAITALL [{Impi.F90} {20525,3}-{20559,29}] <= UPDATE_MEAN::UPDATE_Q [{update_mean.F90} {390,3}-{468,25}] <= UPD,
9.067 | MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{lmpi.F90} {3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <= BC_
7.39 | MPI_Reduce() <= LMPI::INTEGR_SCALAR_REDUCE [{lmpi.F90} {4574,3}-{4611,37}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <=
6.613 | MPI_Reduce() <= LMPI::INTEGR_SCALAR_REDUCE [{Impi.F90} {4574,3}-{4611,37}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <=
4.886 | MPI_Bcast() <= LMPI::DOUBLE_VECTOR_BCAST [{lmpi.F90} {4086,3}-{4122,36}] <= RELAX_STEADY::RELAX [{relax_steady.f90} {29,3}-{236,22}] <= FLOV
3.887 | MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}] <= UPL
3.876 | MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3141,3}-{3177,36}] <= LMPI::LMPI_CONDITIONAL_STOP [{lmpi.F90} {627,3}-{688,38}] <= UPL
2.997 | MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3141,3}-{3177,36}] <= FLOW::STEP_POST [{flow.F90} {1555,14}] <= FLOW::ITERATE [{flow.F9(
2.563 | MPI_Bcast() <= LMPI::DOUBLE_VECTOR_BCAST [{Impi.F90} {4086,3}-{4122,36}] <= UPDATE_MEAN::REDUCE_NORM [{update_mean.F90} {894,3}-{937,2¢
2.173 | MPI_Bcast() <= LMPI::INTEGR_SCALAR_BCAST [{Impi.F90} {3141,3}-{3177,36}] <= LMPI::LMPI_MAX_AND_MAXID_R8 [{Impi.F90} {700,3}-{723,38}] <= UP

RARE N i\ . IRARLLIAITIEAR C/AL AR RAACT oo FAAY (M1 41 1) (117 A/ . IRARLLI RN SAAMRAITIAMAL CTAR M FAA) (A1 = 2) (Fa6 AadT . 1ine




Broad histogram indicates bottleneck.

LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}]

1,600
1,500
1,400
1,300
1,200
1,100
1,000

900

800

Threads

700

600

500

400

300

200

100

0
94.935 189.87 284.805 379.739 474.674 569.609 664.544 759.479 854.414 949.349

Inclusive TIME (seconds)
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What'’s going on here?

All non-zero ranks send a Rank O broadcasts global
status code to Rank 0. status code to all ranks.
Rank 1 Rank 1
Rank 2 Rank 2
Rank 3 Rank 3
Rank 4 Rank O checks Rank 4
Rank 5 for any invalid Rank 5
Rank 6 status codes. Rank 6
Rank 7 Rank O Rank 7
Rank 8 Rank 8
Rank 9 Rank 9
Rank 10 Rank 10
see see
Rank 14,470 Rank 14,470

Copyright © ParaTools, Inc.



Two Solutions

MPI_Allreduce()
* Of(log, N) vs. O(N)

MPI_Abort()
* 0O(1) vs. O(N)

@ @® ParaProf: Comparison Window
Metric: TIME [ tauprofile.plain.xml - Mean

Value: Inclusive M tauprofile.mpiallreduce.xml - Mean

Units: seconds [ tauprofile.mpistop.xml - Mean

291.676

e . .
223.324 (76.566%) [——] FLOW::STEP_SOLVER <= NODET 33% ru nt| meim prOvement

197.769 (67.804%) | ]

291.45 | |
223.308 (76.62%) sl RELAX_STEADY::
197.557 (67.784%) [ ]

92.871 1
86.213 (92.832%) [l UPDATE_MEAN::
43.038 (46.342%) [l

92.044
85.517 (92.908%) (sl UPDATE_MEAN::
42.846 (46.549%) [l

92.044 ]
85.517 (92.908%) [l UPDATE_MEAN::
42.846 (46.549%) [

90.826 [ 1]

84.915 (93.492%) [l FILL_JACOBIANS::

42.739 (47.056%) ]

Copyright © ParaTools, Inc.

RELAX <= FLOW::STEP_SOLVER <= NODET <= .TAU application

UPDATE_LINEAR_SYSTEM_MEAN <= RELAX_STEADY::RELAX <= FLOW::STEP_SOLVER <= NODET <= .TAU application

UPDATE_JACOBIAN_DRIVER_MEAN <= UPDATE_MEAN::UPDATE_LINEAR_SYSTEM_MEAN <= RELAX_STEADY::RELAX <=

UPDATE_JACOBIAN <= UPDATE_MEAN::UPDATE_JACOBIAN_DRIVER_MEAN <= UPDATE_MEAN::UPDATE_LINEAR_SYSTE!

FILL_JACOBIAN <= UPDATE_MEAN::UPDATE_JACOBIAN <= UPDATE_MEAN::UPDATE_JACOBIAN_DRIVER_MEAN <= UPL




Wall Time, sec

“These days | get excited about 1-2% speedups that |

FUN3D Wing-Body-Nacelle

find....quite unusual to find something of this magnitude

these days, especially with just a 2-line fix in the code! :)”

2000

1500
1000

500

d
| 66M Nodes/271M Elements

eeeeeeeeeeeeeeeeeeee

——=—— Baseline

——— New

———=—— Savings

[ T | |

Crag XC30 with
- 24-Core Ivy Brid

Percent Savings in Wall Time

66M Nodes / 271M Elements

Cores

1 |-
10000
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|/0 Bottleneck on FUN3D Shutdown




Matrix and Vector I/O shows Bottleneck

TAU: ParaProf: Histogram: tauprofile.xml.gz

LMPI::DOUBLE_MATRIX_WRITE [{Impi.F90} {2452,3}-{2533,36}]
=> LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}
-{688,38}] => LMPI::INTEGR_SCALAR_BCAST [{Impi.F90}
{3141,3}-{3177,36}] => MPI_Bcast()

Threads

1,600 |

1,500

1,400

1,300 1|

1,200

1,100

1,000 ||

900
800

700 1|

600
500
400
300

200 1

100 1}

0

62.543 125.086 187.628 250.171 312.714 375.257 437.8

v
1001S

Exclusive TIME (seconds)

Copyright © ParaTools, Inc.

500.343 562.885 625.4:

Threads

1,600
1,500
1,400
1,300
1,200
1,100
1,000
900
800
700
600
500
400
300
200
100

0

TAU: ParaProf: Histogram: tauprofile.xml.gz

LMPI::INTEGER_VECTOR_WRITES [{Impi.F90} {2256,3}
-{2325,38}] => LMPI::LMPI_CONDITIONAL_STOP [{Impi.FO0}
{627,3}-{688,38}] => LMPI::INTEGR_SCALAR_BCAST [{Impi.F90}
{3141,3}-{3177,36}] => MPI_Bcast()

15.121

30.242

45.362

60.483  75.604 90.725 105.846 120.966 136.087 151.2(
Exclusive TIME (seconds)




Parallel I/0 Tuning for Scientific Applications

BOTTLENECK IDENTIFICATION IN
CREATE-AV HELIOS / SAMCART



Strand Technology

Technology Drivers
* Timeliness (automation of mesh generation)
* Timeliness (automation and scalability of domain connectivity)

» Timeliness/Physical accuracy (computational efficiency and scalability of aerodynamic solvers)

* Processor architecture (small memory footprint maps well to hierarchical memory architectures,
e.g., multi-core, GPU)

CREATE-AV Example Strand

point distribution
This is a new meshing paradigm introduced in 2007 by current
members of the CREATE-AV technical staff. The technology is being
matured in the Helios product and will be deployed through both
Helios and Kestrel.

Strand
pointing vector

C;E%T/ZE(;?(\)/F?;:;’;‘;W DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.




Target Platforms




Initial Profile on Babbage

TAU: ParaProf: 3D Visualizer: Application 0, Experiment 0, Trial 152.
Triangle Mesh
) Bar Plot
Scatter Plot
Topology Plot

Height Metric

MPI_Barrier

Color Metric

Exclusive

<none>
Function

MPI_Send

Thread

Height value
113,517

B Color value
85,213 - L
Plot | Axes Render

height: 0 113.617

seconds

113.617

seconds

Useful Work!

RABA OIS Copyright © ParaTools, Inc. 69



Implement Non-blocking Comm.

ParaProf: 3D Visualizer: Application 0, Experiment 0, Trial 223.
Triangle Mesh
® Bar Plot
Scatter Plot
Topology Plot
MPI_Waitall i
- Exclusive

Color Metric

Exclusive

<none>

Useful work! i Bl | eful work!

Function
12,476

Thread

Height value

Color value
Axes
seconds

File 1/0

seconds

JP Al ‘1 0Y0 ,J [« Copyright © ParaTools, Inc. 20



5% Runtime Reduction (~2x faster)

o o ParaProf: Comparison Window
Metric: TIME O SAMCart.scaling.03.x86_64.np512 - Total
Value: Inclusive [ SAMCart.scaling.03_io_nonblocking_omp.x86_64.np512.2 - Total

Units: hour:minute:seconds

23:56:14.610 -
8:20:00.459 (34.824%) [ ' AU 2pplication

23:56:14.250 N »
8:20:00.019 (34.824%) [ Nt Main(int, char *)

15:18:18.842 | |
1:38:39.266 (10.743%) [

15:15:02.606 | ] - et et wectri ety ctri “stri
1:37:19.383 (10.636% [ void SAMIO::writePlot3dData(std::string &, std::string &, std::string &, std::string &, std::string &, std::string &, da

void SAMIO::writePlotData(int)

7:40:17.340
0:00:00.000 (9.3E-7%) |

7:33:03.135
0:20:21.113 (4.492%) 1

5:06:05.058 [ ] .. . .
5:49:16.002 (114.108%) (] void timestep(const int)

5:22:39.611
0:00:16.061 (0.083%) |

MPI_Send()

MPI_Barrier()

void SAMIO::writeVectorData(double, int, int, int, int, const SAMRALI::tbox::Array<SAMRAI::tbox::Array<int>> &)

5:21:28.947
0:00:05.218 (0.027%) |

4:47:06.499 [ ] . . . )
5:20:42.289 (111.702%) [l void timestep_global(const double, const int, const int)

void SAMIO::commPatchDataDouble(int, int, const SAMRAI::hier::Box<3> &, int, int, int, int, double *)

2:39:03.606 [
0:30:05.976 (18.923%) i

2:19:26.699 [
0:00:09.275 (0.111%)

2:19:00.465 [
0:00:03.807 (0.046%) |

2:08:27.062 [] . N ) .
2:13:06.911 (103.631%) [l void SAMCommunication::fillQFringes(int, double)

void SAMIO::writeRestartData(int)

void SAMIO::writeXYZData(double, int, int, const SAMRAI::tbox::Array<SAMRAI::tbox::Array<int>> &)

void SAMIO::commPatchDatalnt(int, int, const SAMRAI::hier::Box<3> &, int, int, int, int, int *)

2:07:21.598 [] . . . .
2:03:10.753 (96.717%) [l void computeRHS(const int, const double, const int, const int)

2:00:19.54260(;:61.2296849?) E void CARTInterface::computeRHS(int, int, int, int, int, const int *, const double *, const double *, const double *, ¢

2:04:09.940 [
2:00:18.576 (96.894%) [

2:00:22.118 []
1:56:22.091 (96.676%) [l

RHS

INVISCIDRHSUNIFIED

COPYIISHNL Y Fdid1OU1S, ITIC.




Lightning (a.k.a. watch your 1/0)

@ @ ParaProf: Comparison Window
Metric: TIME [[] saMCart.scaling.03.lightning.ppn24.np2048.1 - node 0
Value: Inclusive [l sAMCart.scaling.03_io_nonblocking_omp.craycnl.ppn24.np2048.1 - node 0

Units: seconds

368.17 o] o
649,188 (176.328%) e TAU application

368.169 | |
649.188 (176.329%) |

329.015 |
604.706 (183.793%) _

328.698 |
604.489 (183.904%) _

240.131 [ ]
417.144 (173.715%) [e—

223.723 ]
402.985 (180.127%) e WRITEQNOFRNG32

184.647 (217 554%)84% void SAMIO::writeXYZData(double, int, int, const SAMRAI::tbox::Array<SAMRAI::tbox::Array<int>> &)

int main(int, char **)

void SAMIO::writePlotData(int)

void SAMIO::writePlot3dData(std::string &, std::string &, std::string &, std::string &, std::string &, std::string &, double)

void SAMIO::writeVectorData(double, int, int, int, int, const SAMRAI::tbox::Array<SAMRAI::tbox::Array<int>> &)

81.657 [
181.202 (221.907%) e VN1 EXNOFRNG32

14.838 [I
17.775(119.794%) H

14.837 [I
17.774 (119.795%) N

14.477 [I
17.354 (119.868%) W

void CARTInterface::computeRHS(int, int, int, int, int, const int *, const double *, const double *, const double *, const c

RHS

INVISCIDRHSUNIFIED

Slower! What happened???

Copyright © ParaTools,




Buffered 1/0, change stripe size

() o ParaProf: Comparison Window

Metric: TIME ] SAMCart.scaling.03.lightning.ppn24.np2048.1 - Total

Value: Inclusive Il sAMCart.scaling.03_io_nonblocking_omp.craycnl.ppn24.np2048.1 - Total

Units: hour:minute:seconds [ sAMCart.scaling.03_buffered_nonblocking_omp.lightning.ppn24.np2048.1 - Total

209:27:23.879 | |

369:19:10.064 (176.323%) e . TAU application
81:59:47.930 (39.147%)

209:27:22.959 | |
369:19:10.048 (176.323%) el int main(int, char **)
81:59:46.555 (39.147%) [l

187:03:13.114 | |
226:24:30.772 (121.039%) |  void SAMIO::writePlotData(int)
19:13:56.405 (10.282%) [

186:54:27.917 | |
226:18:49.572 (121.083%) sl Vvoid SAMIO::writePlot3dData(std::string &, std::string &, std::string &, std:
19:13:56.030 (10.29%) [

226:08:10.492 s MP1_Waitall()
19:12:26.455 [

93:49:08.001 [ ]
73:41:11.873 (78.541%) [ MPI_Barrier()
4:31:39.577 (4.826%) [

93:01:48.561 [ |
0:00:00.000 (5.2E-8%) | MPI_Send()
0:00:00.000 (5.8E-8%) |

1:02:36.159 |
74:38:48.720 (7154.348%) [l void SAMIO::writeRestartData(int)
5:27:43.936 (523.512%) |l

Copyright © ParaTools, Inc.




Intuitive Performance Engineering

IRMHD ON BLUEGENE/Q

'Q Copyright © ParaTools, Inc.
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IRMHD on Intrepid and Mira

* INCITE magnhetohydrodynamcis simulation to understand solar
winds and coronal heating

— First direct numerical simulations
of Alfvén wave (AW) turbulence in
extended solar atmosphere
accounting for inhomogeneities

— Team

* University of New Hampshire
(Jean Perez and Benjamin Chandran)

e ALCF (Tim Williams)
* University of Oregon (Sameer Shende)

 |IRMHD (Inhomogeneous Reduced Magnetohydrodynamics)
— Fortran 90 and MPI HPGoiice=—
— Excellent weak and strong scaling properties ;/ g;’:;mgrs%sking
— Tested and benchmarked on Intrepid and Mira

e HPC Source article and ALCF news

https://www.alcf.anl.gov/articles/furthering-understanding-coronal-heating-and-solar-wind-origin




IRMHD Communication Analysis

* Source-based (direct) instrumentation
e MPI instrumentation and volume measurement

 |IRMHD exhibited significant synchronous
communication bottlenecks

* On 2,408 cores of BG/P:

— MPI_Send and MPI_Bcast EYIZE:EIE
take significant time :

— Opportunities for
communication/
computation overlap

— ldentified possible targets
for computation improvements

Copyright © ParaTools, Inc.

MPI_Send



IRMHD Optimization on Intrepid (BG/P)

ParaProf: Comparison Window

* On 2,408 cores, overall TTT———

[l IRMHD_BGP_comm_optimized.ppk - Total
conds = IRMHD_BGP_comm_fft_optimized.ppk - Total

execution time reduced ...
271:56:13.956 (51.484%) | REFLECT
from 528.18 core hours ... P B

|
265:17:47.832 (59.196%) (s ADVANCE_ONE_SNAP

to 70.8 core hours e —

229:07:47.7 (99.163%) || DERIVE

(>7x improvement) o ey —

177:04:3.263
4:09:24.068 (2.348%) | SENDBC
0:18:21.092 (0.173%) |

* Non-blocking eszin10 —
communication P —

MPI_Send()

substrate S —

124:58:11.317 (99.373%) |l MPIFFT::CHEBYB
14:19:58.871 (11.397%) [

e More efficient DasageLas 10

14:16:52.014 (11.362% M

i m p | e m e ntatio n Of 98:49 36,;’503(3)%2251?3 E MPIFFT::CHEBYF

11:27:44.137 (11.411%) @

underlying FFT Ny -

11:25:9.62 (11.374%) @

MPI_Barrier()

Copyright © ParaTools, Inc.



IRMHD Optimization on MIRA (BG/Q)

* Oversubscribe nodes: 32k ranks vs. 16k per node

e Overal

time improvement: 71.23% of original

e 00 ParaProf: Comparison Window

Metric: BGQ_TIMERS [ /Users/sameer/rs/taudata/irmhd/mira/IRMHD_M1024_np16.ppk - Mean

Value: Inclusive M /Users/sameer/rs/taudata/irmhd/mira/IRMHD_M1024_np32.ppk - Mean

Units: seconds [ /users/sameer/rs/taudata/irmhd/mira/IRMHD_M1024_np32_nobarrier.ppk - Mean

392.229
287.342 (73.259%) [mmaaeee— REFLECT [{reflect_tau.f90}{31,1}-{161,19}]
279.402 (71.235%)

390.355
285.375 (73.107%) sl ADVANCE_ONE_SNAP [{advance_one_snap.f90} {1,1}-{74,31}]
275.615 (70.606%)

266.6
206.294 (77.379%) s RK3NL::ERK3_STAGE [{rk3nl.f90}{15,3}-{58,27}]
178.138 (66.818%)

25753
200.253 (77.759%) [— WDERIVS [{wderivs.f90}{1,1}-{75,22}]
172.076 (66.818%)

121.749 ]
91.501 (75.155%) [ MPIFFT:RCFFT2D_MPI [{mpifcheby_fftw.f90} {401,3}-{442,28}]

77.191 (63.402%) ol

108.619 ]
84.232 (77.547%) [l MPIFFT::CRFFT2D_MPI [{mpifcheby_fftw.f90} {444,3}-{478,28}]

71.706 (66.016%) ]

96.108
63.695 (66.274%) [mmm DERIVE [{diff.f90}{1,1}-{60,21}]
63.657 (66.235%) [

67.503 [l
69.708 (103.266%) [ MPI_Alltoall()
70.118 (103.874%) [

70.045
54.023 (77.126%) [ MPIFFT::BP_TRANSPOSE_COMPLEX [{mpifcheby_fftw.f90} {390,3}-{399,37}]
42.66 (60.904%) =]
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Downloads

http://taucommander.paratools.com

http://tau.uoregon.edu

http://www.hpclinux.com

Free download, open source, BSD license
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