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Intuitive Performance Engineering

MOTIVATION
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Why don’t we just use this?
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About 8 flops (0.1 flops/Watt)




Because this is faster than an abacus




A lot faster...
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The Metrics We Care About

Performance

Efficiency

Productivity




The TAU Performance System®

* Integrated toolkit for
performance problem solving

— Instrumentation, measurement,
analysis, visualization

— Portable profiling and tracing

— Performance data management
and data mining

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

* Available on all HPC platforms
(and some non-HPC)
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How do we Improve Productivity?
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XKCD, Randall Munroe
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How do we Improve Productivity?

TAU Commander

An intuitive interface to
the TAU Performance System
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Intuitive Performance Engineering

THE TAU PERFORMANCE SYSTEM
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The TAU Performance System®

Tuning and Analysis Utilities (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
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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 => MPI|_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
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How much data do you want?

Limited Loop Callpath
Profile Profile Profile

O(KB) | | | B | | O(TB)
Flat Phase Trace

Profile Profile

All levels support multiple
metrics/counters
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Performance Data Measurement

Direct via Probes Indirect via Sampling

call TAU START (‘potential’)

— R 9 10 11 12 13

call TAU STOP(‘potential’) 01 .. i a4 5 6 78 l t
 Exact measurement « No code modification

* Fine-grain control * Minimal effort

« Calls inserted into code  Relies on debug

symbols (-g option)




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

F90 = 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 $< l;7
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OBJS = fl.0 £f2.0 £f3.0 .. fn.o

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

.cpp.o:
$ (CXX) $ (CXXFLAGS) -c $< l;7




TAU Supports All HPC Platforms

C/C++

GPI
t:ortr:n OpenACC ,,5 MPI
prhreads Intel MIC OpenMP
Intel PGI Cray Sun
MinGW . AlX
ey Linux - Windows
. Insert | -
yours | BlueGene Fujitsu ARM

here MPC




TAU Architecture and Workflow

Instrumentation Measurement Analysis
Source Events Profiles

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

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

Static, Dynamic

Routine, Block, Loop
Threadding, Communication
Heterogeneous

Profiling

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

ParaProf analyzer & visualizer
3D profile data visualization

» Communication matrix
Callstack analysis

* Graph generation

PerfDMF

PerfExplorer profile data miner

: Traces
Linker Tracing OTF, SLOG-2
» Static, Dynamic « TAU, Scalasca, ScoreP }j/amplrh
« Preloading (LD_PRELOAD) N umpshot
Executable Metadata Online

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

System
User defined

Event unification
Statistics calculation
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Instrument: Add Probes

* Source code instrumentation
* PDT parsers, pre-processors

* Wrap external libraries
* /0, MPI, Memory, CUDA, OpenCL, pthread

* Rewrite the binary executable
* Dyninst, MAQAO
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Measure: Gather Data

* Direct measurement via probes

* Indirect measurement via sampling

* Throttling and runtime control

* Interface with external packages (PAPI)
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Analyze: Synthesize Knowledge

e Data visualization

* Data mining

 Statistical analysis
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Using TAU: A Brief Introduction

* Each configuration of TAU corresponds to a unique stub makefile
(TAU MAKEFILE)inthe TAU installation directory

% 1ls /soft/perftools/tau/tau latest/bgg/lib/Makefile.*
Makefile.tau-bggtimers-mpi-pdt-openmp-opari
Makefile.tau-bggtimers-mpi-pthread-pdt
Makefile.tau-bggtimers-papi-mpi-pdt
Makefile.tau-bggtimers-papi-mpi-pdt-openmp-opari
Makefile.tau-bggtimers-papi-mpi-pthread-pdt
Makefile.tau-bggtimers-pdt
Makefile.tau-papi-mpi-pdt-openmp-opari
Makefile.tau-papi-mpi-pdt-openmp-opari-scorep
Makefile.tau-papi-mpi-pdt-scorep
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Using TAU: A Brief Introduction

1. Choose an appropriate TAU MAKEFILE:
soft add +tau-latest

export TAU MAKEFILE=/soft/perftools/tau/tau latest/
bgqg/lib/Makefile.tau-bggtimers-mpi-pdt

export TAU OPTIONS='-optVerbose ..'
# (see tau_compiler.sh -help for more options)

3
3

o©

2. Usetau f90.sh, tau cxx.sh, etc. as Fortran, C++, etc. compiler:

% mpixlf90 r foo.£f90
changes to
% tau £f90.sh fo0o0.£90

3. Execute application:
% gsub —A <queue> —g R.bc —n 256 —t 10 ./a.out

Note: If TAU_MAKEFILE has “papi” in its name, set TAU_METRICS:
$ gsub --env TAU METRICS=BGQ TIMERS:PAPI L2 DCM...

4. Analyze performance data:

pprof (for text based profile display)
paraprof (for GUI)
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Hands-on (18:30 — 21:30)

o©

ssh mira.alcf.anl.gov
tar xvzf /soft/perftools/tau/workshop.tgz

o

o©°

cd workshop
less README

o©°

For an MPI+F90 application, you may want to start with:

soft add +tau-latest

export TAU MAKEFILE=
STAU/Makefile.tau-bggtimers-papi-mpi-pdt

make CC=tau cc.sh CXX=tau cxx.sh F90=tau f90.sh

gsub —g R.bc —n 2 —mode cl1l6 —t 10 —A ... ./a.out

paraprof

o\°

o\°

o° o©

o\°
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How Much Time per Code Region?

® OO

Metric: TIME
Value: Exclusive
Units: seconds

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

95.243 |

| MPI_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 [l 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}]

smm =t tmemmaA - -

> paraprof (Click onlabel, e.g. “Mean” or “node 0”)
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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 S  VPASSM [{fft.f} {501,7}-{836,9]]

4.1824E9 |

4.0701E9 |

1.384E9
1.1515E9
7.8914E8
6.3193E8
6.0732E8
5.4591E8
5.1141E8
4.2268E8
4.0761E8
3.2453E8
3.0524E8
1.6188E8
1.269E8
1.1585E8
7.4375E7
5.8376E7
4.669E7
4.0317E7
3.6434E7
2.6551E7
2.1258E7

]
=
[]
=
]

=
&

O
g
0
I
0
|
I
I
I
I
|
I
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| SGBTF2 [{bandludcmp.f} {238,7}-{440,9}]
| NOISE [{init.f} {451,7}-{746,26}]

L]
([

FILTERZ_FOURIER [{filtering.f} {39,7}-{115,36}]
STBSV [{ludcmp.f} {4698,7}-{5043,9}]
DPDZ_FOURIER [{derv.f} {5,7}-{75,33}]
DPDZ_PHYS [{derv.f} {81,7}-{152,30}]

SGBTRS [{bandludcmp.f} {883,7}-{1069,9}]
FFT99B [{fft.f} {1282,7}-{1360,9}]
FILTERXY_FOURIER [{filtering.f} {119,7}-{172,37}]
FFT99A [{fft.f} {1208,7}-{1281,9}]
CONVEC::RHSFM [{nlterm.f} {1101,7}-{1988,26}]
MATRIX_ELMSETUP [{penalty.f} {409,7}-{670,36}]
CONVEC [{nlterm.f} {7,7}-{2063,27}]

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

HORFFT [{horfft.f} {2,7}-{136,27}]
CONVEC::ROTVISC [{nlterm.f} {1994,8}-{2038,29}]
DPDZCOL [{derv.f} {159,7}-{203,28}] [THROTTLED]
UPDATE [{calcuvwt.f} {603,7}-{726,27}]
MAXCALC [{various.f} {549,7}-{842,28}]
RELAX_RESET [{postp.f} {765,7}-{868,32}]
PERTURBCALC [{postp.f} {693,7}-{759,32}]
CALCUVWT [{calcuvwt.f} {2,7}-{596,29}]
PENALTY_MAIN [{penalty.f} {237,7}-{286,33}]

paraprof (Options - Select Metric... 2 Exclusive... 2> PAPI_FP_INS)




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
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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 = 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
¥V 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
- ' High-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)
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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
¥V 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
B, 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 regdiice 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)
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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
¥V 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
B, ' 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)
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What are the I/O 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 N
> read() ‘
} > fopen64() |
» fclose() ‘
| v ourMain() |
| |
malloc size 25,235 1,097.174 23 11 12,032 2,851.143| ||
\ free size W H b d H d h ﬁ I 22,707  1,746.692 13 11 12,032 3,660.642
‘ v QurMain [{Wrapper.py}{3}] rlte a n WI t pe r e ;
\ » read() v o
| 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 writeRestartData [{samarcinterface.py}l{145}]
v samarcWriteRestartData

T Bytes written to each file

| v write()

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

| WRITE Bandwidth (MB/s) <file="samarc/restore.00001/nodes.00004/poc.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 ‘
| > open64() =3

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

What are the I/O Characteristics?

Name A Total NumSamples MaxValue MinValue | MeanValue Std. Dev.
Incl
Initialize
LoadBodyEuler
LoadMesh
MPI-10 Bytes Written 4,328,712 144 893,152 0 30,060.5 128,042.696
MPI-I0 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()
MPI File_urite_all0 Peak MPI-IO Write Bandwidth
MPI_File_write_at()
MPI_Finalize()
MPI_Gather()
MPI_Gatherv()

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
. Va!ue: Exclusive
Message s|zes Units: seconds
37.532 | | MPI_Bcast()
16.969 | | MPI_Allreduce()
3.364 [ MPI_Reduce()
1.649 [] MPI_Scatter()
c c c 1.622 [] MPI_Gather()
Time spent in collectives 0.984 B MPIGatherv0

MPI_Allgatherv()
MPI_Alltoall()
0.006 | MPI_Scatterv()
0.004 | MPI_Barrier()

|
0.758 [] MPI_Allgather()
y
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3D Profile Visualization

THT UPUUIND  WIHIUUWD ISP

*) Triangle Mesh
) Bar Plot
) Scatter Plot

Height Metric
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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
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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

80

-~ WRITE_SAVEFILE

70

60

MPI_Waitall

Percentage of Total Runtime

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 2 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 2 Stacked Bar Chart)




Which Events Correlate with Runtime?

Correlation Results: All Trials: TIME

10A3 -

10n29)

Exclusive TIME for Event

1081 31

10r0

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400
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)

|
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||

Preview_Event
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Message size for
Message size rec
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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

ATPSEC'14, Copyright © ParaTools, Inc.

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

close

OJduration = 0.795 msec




When do Events Occur?

To generate a trace and visualize it in Jumpshot:

qsub —env TAU TRACE=1 ..
tau_treemerge.pl

tau2slog2 tau.trc tau.edf —o app.slog2
jumpshot app.slog2

o® o0 o\

o\°

1RE 7' YOIS ATPSEC'14, Copyright © ParaTools, Inc.



What Caused My Application to Crash?

Options Help

X| TAU: ParaProf Manager

pplications
JStandard Applications
¢ [C3 Default App
¢ [£3 Default Exp
¢ [ py-c++-f90-create. ppk
@ TIME

3 q
T P

TrialField
Name
Application ID
Experiment ID
Trial ID
BACKTRACE
BACKTRACE
BACKTRACE
BACKTRACE
BACKTRACE
BACKTRACE
BACKTRACE
BACKTRACE 8
BACKTRACE 9
BACKTRACE
BACKTRACE
BACKTRACE

ACKTRACE

|| win| =

~

ACKTRAC
BACKTRACE
BACKTRACE

Walue
py-c+ +-f90-create. ppk
0
0
0
[SAMINT::timestep{double, double)] [fmntfhome/jlinford/py-c++-f80-create/SSAMINT.C:77] [fmnt/home/jlinford/py-c++ -f90-create/_samint.so]
[samarcStep(double, double)] [fmntfhome/jlinford/py-c++-f80-createfpycintfc. C:57] [fmntfhome/jlinford/py-c++ -f90-create/_samint.so]
[_wrap_samarcStep] [fmnt/home/jlinford/py-c+ + -f90-create/samint_wrap.c:3883] [/mnt/home/jlinford fpy-c+ + -f90-create/_samint.so]
[call_function] [fmntfhome/jlinfordf0.55 fbuild/Python-2.7.2 f/Pyvthon/ceval.c:4013] [fmntjcfs/pkas/PTOOLS fpkas/ptoolsrte-0.55 fpackages fPython-2.7.2 flibflibpython2.7.50.1.0
[fast_function] [fmnt/home/jlinford/0.55 fbuild/Python-2.7.2 fPythonjceval.c:4099] [fmnt/cfs/pkgs/PTOOLS /pkgs/fptoolsite-0.55 fpackages/Python-2.7.2 flib/libpython2.7.50. 1.
[PyEval_EvalCodeEx] [/mntfhome/jlinfordf0.55 fbuild/Pyvthon-2.7.2 fPythonfceval.c:3253] [fmnt/cfs/pkgs /PTOOLS /pkas/ptoolsrte-0.55 fpackages/Python-2.7.2 /lib flibpython2. ..
[PyEval_EvalCode] [fmnt/home/jlinfordf0.55 fbuild/Python-2.7.2 fPythonfceval.c:667] [fmnt/cfs/pkgs/PTOOLS fpkas/ptoolsrte-0.55 fpackages/Python-2.7.2 /libflibpython2.7.s0..
[Pyvimport_ExecCodeModuleEx] [fmnt/home/jlinford/0.55 fbuild/Python-2.7.2 fPythonfimport.c:681] [fmnt/cfs/pkgs /PTOOLS /pkgs/ptoolsrte-0.55 fpackages/Python-2.7.2 /lib/fli..
[load_source_module] [fmntfhome/jlinfordf0.55 fbuild/Python-2.7.2 fPythonfimport.c: 102 1] [fmnt/cfs/pkas/PTOOLS /pkas/ptoolsrte-0.55 fpackages/Python-2.7.2 flibflibpytho. ..
[import_submodule] [/mnt/home/jlinford/0.55 fbuild fPython-2.7.2 fPythonfimport.c:2596€] [fmnt/cfsfpkas/PTOOLS /pkgs/ptoolsite-0.55 fpackages/Python-2.7.2 flib flibpython. .
[load_next] [/mntfhome/jlinford/0.55 fbuild fPython-2.7.2 fPythonfimport.c:24 16] [fmnt/cfs/pkas/PTOOLS fpkgs/ptoolsrte-0.55 /packages/Python-2.7.2 flib/libpython2.7.50.1.0]
[import_module_level] [/mntfhome/jlinford/0.55 fbuild/Python-2.7.2 jPythonfimport.c:2 137] [/mnt/cfs/pkgs/PTOOLS fpkas/ptoolsrte-0.55 fpackages fPython-2.7.2 flibflibpytho..
[builtin___import__] [/mnt/home/jlinford/0.55 fbuild/Python-2.7.2 /Python/bltinmodule.c:49] [/mnt/cfs/pkas/PTOOLS /pkgsfptoolsite-0.55 fpackages/Python-2.7.2 flib/libpytho...
[PyObject_Call] [/mntfhome/jlinfordf0.55 jbuild/Python-2.7.2 fOhjectsjabstract.c:2529] [/mntfcfsfpkgs/PTOOLS fpkgs/ptoolsite-0.55 jpackages/Python-2.7.2 flib/libpython2. 7.
[PyEval_CallObjectWithKeywords] [fmnt/home/jlinfordf0.55 fbuild/Python-2.7.2 fPyvthon/ceval.c:3882] [/mnt/cfsfpkas/PTOOLS /pkas/ptoolsrte-0.55 fpackages/Python-2.7.2 flib..
[PyEval_EwvalFrameEx] [fmntfhome/jlinfordf0.55 fbuild/Python-2.7.2 fPythonjceval.c:2333] [fmntfcfs/pkgs PTOOLS fpkgsfptoolsite-0.55 fpackages/Python-2.7.2 flib flibpython2..
[fast_function] [fmnt/home/jlinford/0.55 fbuild /Python-2.7.2 fPythonjceval.c:4099] [fmnt/fcfsfpkgs/PTOOLS fpkgsfptoolsite-0.55 fpackages/Python-2.7.2 flib/libpython2.7.50. 1.
[PyEval_EwvalCodeEx] [fmnt/home/jlinford/0.55 fbuild/Python-2.7.2 jPython/ceval.c:3253] [fmnt/cfsfpkgs/PTOOLS fpkgs/ptoalsrte-0.55 fpackages fPython-2.7.2 flib/libpython2. ..
[PyEval_EvalCode] [fmnt/home/jlinford/0.55 fbuild/Python-2.7.2 /Pythonfceval.c:66 7] [/mnt/cfs/pkas/PTOOLS fpkas/ptoolsrte-0.55 /packages /Python-2.7.2 flib/libpython2.7.50..
[run_mod] [/mnt/home/jlinford/0.55 fbuild/Python-2.7.2 /Python/pythonrun.c: 13 46] [/mnt/cfs /pkas/PTOOLS/pkas/ptoolsrte-0.55 fpackages/Python-2.7.2 flib/libpython2.7.s0....
[exec_staterment] [/mnt/home/jlinford/0.55 fhuild/Python-2.7.2 jPython/ceval.c:4746] [/mnt/cfs/pkas/PTOOLS /pkas/ptoolsrte-0.55 /packages /Python-2.7.2 flibjlibpython2.7.s...
[PyEval_EvalCodeEx] [fmnt/home/jlinford/0.55 fbuild /Python-2.7.2 jPythonjceval.c:3253] [fmnt/cfs/pkas/PTOOLS/pkas/ptoolsrte-0.55 jpackages,/Python-2.7.2 flibflibpython2 ...
[fast_function] [fmnt/home/jlinford/0.55 fbuild/Python-2.7.2 fPythonjceval.c:4109] [fmnt/cfs/pkgs/PTOOLS/pkgsfptoolsite-0.55 fpackages/Python-2.7.2 flib/libpython2.7.s0. 1.
[fast_function] [/mnt/home/jlinford/0.55 jhuild/Python-2.7.2 jPython/ceval.c:4099] [/mnt/cfs/pkas/PTOOLS /pkas/ptoolsrte-0.55 /packages/Python-2.7.2 flib/libpython2.7.50. 1..
[PyEval_EvalCodeEx] [fmntfhome/jlinfordf0.55 fbuild/Python-2.7.2 /Pythonfceval.c:2253] [fmnt/cfs/pkgs /PTOOLS/pkgs/ptoolsrte-0.55 fpackages/Python-2.7.2 flib flibpython2. ..
[fast_function] [fmnt/home/jlinford/0.55 fbuild /Python-2.7.2 fPythonfceval.c:4109] [fmnt/cfsfpkgs/PTOOLS/pkgsfptoolsite-0.55 fpackages/Python-2.7.2 flib/libpython2.7.s0. 1.
[PyEval_EvalCodeEx] [fmntfhome/jlinfordf0.55 fbuild/Python-2.7.2 /Pythonfceval.c:2253] [fmnt/cfs/pkgs /PTOOLS fpkgs/ptoolsrte-0.55 fpackages/Python-2.7.2 flib flibpython2. ..
[PyvEval_EvalCode] [fmnt/home/jlinfordf0.55 fbuild/Python-2.7.2 fPythonfceval.c.667] [fmnt/cfs/pkgs/PTOOLS fpkas/ptoolsrte-0.55 fpackages/Python-2.7.2 flibflibpython2.7.s0..
[run_mod] [fmnt/home/jlinfordf0.55 fbuild/Python-2.7.2 fPython/pythonrun.c: 1246] [fmntfcfsfpkgs/PTOOLS fpkgs/ptoolsrte-0.55 fpackages/Python-2.7.2 flib/libpython2.7 .s0...
[PyRun_SimpleFileExFlags] [fmntfhome/jlinford/0.55 fbuild/Python-2.7.2 jPyvthon/pythonrun.c:936] [fmnt/cfs/pkgs /PTOOLS fpkas/ptoolsrte-0.55 fpackages fPython-2.7.2 flib/flib..
[Py_Main] [fmnt/home/jlinford/0.55 fbuild/Python-2.7.2 fModules/main.c:599] [fmnt/cfs/pkgs /PTOOLS/pkgs/ptoolsrte-0.55 fpackages/Python-2.7.2 flibflibpython2.7.50.1.0]
[Pyt PI_Main_with_communicator] [{unknown): 0] [fmnt/cfs/pkgs/PTOOLS/pkgs/ptoolsrte-0.55 fpackages/pyMPI-2.5h0/hin/pyMPl]

sub —env TAU TRACK_SIGNALS=1 ..
araprof
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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/jlinford fpy-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 ;2252 [fmntjcfs/pkasPTOOLS/pkgs/ptoolsrte-0.55 jpackagesfPython-2.7.2 flib flibpython2 ...

BACKTRACE

[PvEval_EvalCode] [fmntfhome/jlinfordf0.55 jbuild/Python-2.7.2 jPyvthonfceval. . 667 [fmntjcfs/pkgs /PTOOLS jpkgs/ptoolsrte-0.55 fpackages /Pyvthon-2.7.2 flib/libpython2.7.s0. ..

BACKTRACE

|~ |v|elw|r|-

[Pvimport_ExecCodeModuleEx] [fmnt/home/jlinford/0.55 fbuild/Pywthon-2.7.2 jPvthonfimport. .. 681] [/mntjcfsfpkas/PTOOLS fpkgsfptoolsrte-0.55 fpackagesPython-2.7.2 flib/fli. ..

IIl

BACKTRACE

[load_source_module] [fmntfhome/jlinfordf0.55 fbuild fPython-2.7.2 fPython/import.c: 102 1] [fmntfcfs/pkas/PTOOLS jpkas/ptoolsrte-0.55 fpackagesjPython-2.7.2 flib/libpython. ..

BACKTRACE

[import_submodule] [/mnt/home/jlinford/0.55 fbuild/Python-2.7.2 jPythonfimport.c:2596] [fmntjcfsfpkgs/PTOOLS fpkgs fptoolsrte-0.55 fpackages/Python-2.7.2 flib flibpython2. ..

BACKTRACE

[load_next] [fmnt/home/jlinford/0.55 fbuild fPython-2.7.2 fPython/import.c:2416] [fmntfcfs/pkgs/PTOOLS/pkgs/fptoolsite-0.55 fpackages/Python-2.7. 2 flib/libpython2.7.50.1.0] |

BACKTRACE
BACKTRACE
BACKTRACE
BACKTRACE
BACKTRACE

[import_module_lewvel] [fmntfhome/jlinfordf0.55 fbuild/Pyvthon-2.7.2 fPyvthonfimport.c:2 12 7] [fmnt/cfs/pkas/PTOOLS fpkgs/ptoolsrte-0.55 fpackagesfPython-2.7 .2 flibflibpytho. ..
[builtin___import__] [fmnt/home/fjlinfordf0.55 fbuildfPython-2.7 .2 jPython/bltinmodule.c:49] [fmntfcfs/pkgs /PTOOLS fpkas/ptoolsrte-0.55 fpackages/Python-2.7. 2 flib/libpython. ..
[PyObject_Call] [fmntfhome/jlinford/0.55 fbuild/Pvthon-2.7.2 fOhjectsfabstract.c:2529] [/mntjcfsfpkas/PTOOLS fpkgs fptoalsrte-0.55 fpackages Python-2.7.2 flib flibpython2 .7 ...
[PyvEval_CallObjectWithKeywords)] [fmntfhome/jlinfordf0.55 fbuild fPython-2.7.2 fPyvthonjceval. . 2882) [fmntfcfsf/pkgs PTOOLS fpkas/ptoolsrte-0.55 jpackages/Pywthon-2.7.2 /flib. ..
[PyvEval_EvalFrameEx] [/mnt/home/jlinford/0.55 fbuild/Python-2.7.2 jPythonfceval ¢ 22322 ] [fmnt/cfs/pkas/PTOOLS fpkgsfptoolsrte-0.55 fpackagesPython-2.7 .2 flibflibpython2. ...

BACKTRACE

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

BACKTRACE

[PyvEval_EvalCodeEx] [fmnt/home/jlinfordf0.55 fhuildjPython-2.7.2 jPythonfceval 2253 [fmntjcfsfpkas/PTOOLS fpkgs fptoolsrte-0.55 fpackagesPython-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 fPythonfceval c:2252] [fmntjcfs/pkas PTOOLS /pkgs/ptoolsrte-0.55 jpackagesfPython-2.7.2 flibflibpython2 ...

BACKTRACE

[fast_function] [fmntfhome/jlinfordf0.55 fbuildjPython-2.7.2 jPyvthonfceval. c:4103] [fmnt/cfsfpkas/PTOOLS fpkasfptoolsrte-0.55 fpackages/Python-2.7.2 /libflibpython2.7.50.1.0]

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/pkasPTOOLS /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 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 ;22532 [fmntjcfs/pkasPTOOLS /pkgs/ptoolsrte-0.55 jpackagesfPython-2.7.2 flib flibpython2 ...

BACKTRACE

[PyvEval_EvalCode] [/mnt/home/jlinfordf0.55 jbuildjPython-2.7.2 jPythonfceval . 667] [fmnt/cfs/pkas/PTOOLS fpkgs/ptoolsrte-0.55 fpackagesfPython-2.7 .2 flibflibpython2. 7 .s0. ..

BACKTRACE

[run_mod] [fmntfhome/jlinford/0.55 fbuild/Pyvthon-2.7.2 /Pvthonfpsthonrun.c: 1246] [fmnt/cfs/pkas/PTOOLS fpkgs/ptoolsrte-0.55 fpackagesfPython-2.7.2 flibflibpython2 .7 . s0....

BACKTRACE

[PyRun_SimpleFileExFlags] [fmntfhome/jlinford/0.55 fbuild/Pywthon-2.7.2 /Pvthonfpythonrun. .. 836] [fmnt/fcfs/pkas/PTOOLS jpkas/ptoolsrte-0.55 fpackages/Python-2.7.2 flibflib. ..

BACKTRACE

[Py_Main] [fmnt/home/jlinfordf0.55 fbuild/Python-2.7.2 fModules/main.c:599] [fmnt/fcfs/pkgs /PTOOLS /pkas/ptoolsrte-0.55 fpackages/Python-2.7.2 flib//libpython2.7.50.1.0]

BACKTRACE
BACKTRACE
BACKTRACE
BACKTRACE

[pyMPI_Main_with_communicator] [{unknown): O] [fmntfcfs/pkas/PTOOLS fpkas/ptoolsrte-0.55 fpackages/pyMPl-2.5hOfhinfpyiPl]
[main] [{unknown):0] [fmntjcfsfpkgs/PTOOLS fpkgs/ptoolsrte-0.55 fpackages/pyPl-2.5bO/bin/pytPl]
[__lihc_start_main] [{unknown):0] [flib64 flibc-2.5.50]

[_start] [funknomany 0] Limnt icfefinkns/PTONOLS inkasintanlerte -0 SS inacrkanges/nuadPl-2 Shifhind/nutd P




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 e C R Emmn U Cpwepy | |
68 Take a timestep - advance solution from "time
"

69 A A A A
70 ny
71
72
73 P
;g . cout << "SAMINT: :timestep()" << rpd]; (4
26 timestep_(time,dt);
- int x =4/ (4-4); Error shown in ParaProf Source Browser l
o5 CoL <" W = "<<i<<end]; —
79 3
80 !
81 "
82 A R
83 "
gg ¥ Write data to output

¥ (visit, fieldwview, or overgrid - set in samarc input file)
86 "
87 A A
88 W
89 i
S0
91
92 -

to "time + dt”

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

wb1a SAMINT: :writePlotData{const double time,

93 )




Memory debugging

MPI/Pthread/Python/C++/Fortran

20
E:
g 15
@ TAU with
o 10 , :
p various optlons
E ]
c
-
© 0

Tracking Debugging  Full Full Valgrind
Tracking Debugging

Note: Requires working mprotect() so BGQ not supported
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Intuitive Performance Engineering

TAU COMMANDER
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TAU: Powerful and Complex

TAU Architecture

Instrumentation

event
selection

virtual

machine

event
information

Profiling

files profiles

Performance data sources

OS and runtime system modules

selection

other

. profiles
Analysis files
prof

ovent o ctrumentation |~

.
1

traces

event
information

symbol
table

Profile Data Managzmml (PerfDMF)

Frile profile
database

Profile Analysis (an}’m/)

slalon

Trace Visualizers

Trace Data Management

| slmc

Trace Analyzers

Paraver

Expert
ProfileGen
Vampir
Server

PDT

Fortran parser
parser ) \g/ F11/90095

. Program
documentation

I L Application
: X[ component glue
ClC+ \',

L thlh zer \

Fortran
[ 1L analyzer 5= C++/F90/95
U interoperability

Y Automatic source

. instrumentation /

/DUC IAI’I_

Program — g
Database j—;,
Files j

PerfDMF

Parallel Profile Analysis

Performance Analysis Programs

TAU Performance System

Tol Fetaas

raw profiles Data Mining
N (Weka)
Statistics
N m{;;{ (R / Omega)
pstun LI B .
o [P0k Java PerfDMEAPL )y ¢ ¢
. ] SQL (PostgreSQL, MySQL, DB2, Oracle)
document
s A

ParaProf

AU, o,
HPMToolki, Cube,
HPCTookit, Gorot,
Dynapeof, PShun

Runtime Dsta
Colletion

Supermon, MANet

PostgresaL, MysQL Scripting Interface
Oracle, 082, Derby

Jython

\

Performance

aul Scripting Intorface
PerfExplorer Component Interfaces
Analysis Components Data Components
Data Mining '"é;’;:ﬁ‘ PerdDMF
Weka Data tads

Metadata

PerfExplorer

(" TAUoverS upermon

How do we navigate?




TAU Commander

* Two-year S1M project, DOE SBIR Phase I

* Simplify TAU usage
— Develop a common framework for TAU user interface
— Develop an intuitive, high-productivity user interface

e Phase | results:

— Study of 124 workflows involving eleven test cases on
Six computing systems

— TAU Commander reduces number of steps in TAU
workflow by approximately 50%

— Reduces the number of commands a user must know
from approximately eight to exactly one

1O ( 1S ATPSEC'14, Copyright © ParaTools, Inc.



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 Usage (SBIR Phase 1)

Need to

Download
Parse Loy hdaa ‘
Code? 7

Configure ‘

No PDT

¥

Configure Compile/Install
TAU PDT
Compile TAU

Compilation
Error?

Yes

Setup
Environment

Instrument

Instrument No
Source Code?

Use TAU to
Compile

— Troubleshoot
TAU Config Correct? Error?

No
L Setui ‘ ¢

No Required tau_exec 9 tau_exec

— \Measure

Launch with

)




TAU Commander Usage (SBIR Phase )

Add TAU to PATH

!

—)\ Create or Select Project

} Instrument

Use TAU to
compile

— Measure

ATPSEC'14, Copyright © ParaTools, Inc.



TAU Commander User Interface

® OO N jlinford — jlinford@mavericks-pro:~ — bash — 82x36 =,

jlinford@mavericks-pro ~ $ export PATH=/Users/jlinford/workspace/taucmd/bin: $PATH
jlinford@mavericks-pro ~ $ tau —--help

The Tau Performance System (2.22.3-git)

http://tau.uoregon.edu/

Usage:
tau [options] <command> [<args>...]
tau -h | —-help
tau --version
Options:
--verbose Same as --1og=DEBUG
—-—quiet Same as —--1o0g=CRITICAL
—-log=<level> Output level, one of CRITICAL, ERRROR, WARNING, INFO, or DEBUG.
Commands:
build Instrument programs during compilation and/or linking.
help Get help with a command.
make Build your application with 'make' and the TAU compilers.
pack Package profile files into a PPK file.
project Create and manage TAU projects.
run Gather measurements from an application.
show Display application profile or trace data.
Shortcuts:
<compiler> A compiler command, e.g. gcc, mpif9@, upcc, nvcc, etc.
An alias for 'tau build <compiler>'
<executable> A program executable, e.g. ./a.out
An alias for 'tau execute <executable>'
<profile> View profile data (x.ppk, *.xml, profile.x, etc.) in ParaProf
An alias for 'tau show <profile>'
<trace> View trace data (*.otf *.slog2, etc.) in Jumpshot

An alias for 'tau show <trace>'

See 'tau <command> --help' for more information on a specific command.
jlinford@mavericks-pro ~ $

ATPSEC'14, Copyright © ParaTools, Inc.




TAU Commander Example Usage

Step Action Commands
1 Add TAU to path export PATH=$HOME/workspace/taucmd:$SPATH
2 | Create project cd matmult

tau project create matmult --openmp --mpi \
--callpath=100 --memory

Instrument with TAU tau mpif90 *.f90 -o matmult

Execute instrumented | tau gsub —A <queue> —q R.bc —n 256 —t 10 ./matmult
application

5 Visualize data tau show

Note: the ‘tau’ command is in beta. Its usage may change.

:QJ 2\ 70 Jrr'_m 1S ATPSEC'14, Copyright © ParaTools, Inc.
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Intuitive Performance Engineering

CASE STUDIES

] P BV %‘ﬂ i'«()l'() ){ [\\ ATPSEC'14, Copyright © ParaTools, Inc.

55



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 HPCos-—
— Excellent weak and strong scaling properties P
— Tested and benchmarked on Intrepid and Mira %,
 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
MPI instrumentation and volume measurement

IRMHD exhibited significant synchronous
communication bottlenecks

On 2,408 cores of BG/P:

— MPI_Send and MPI_Bcast EVIZN:ElE1E N
take significant time 7?

— Opportunities for

communication/ = o
computation overlap g MPI_Send

— ldentified possible targets
for computation improvements

ATPSEC'14, Copyright © ParaTools, Inc.



IRMHD Optimization on Intrepid (BG/P)

ParaProf: Comparison Window
* On 2,408 cores, overall B D s rgratop - T
’ ] [l IRMHD_BGP_comm_optimized.ppk - Total
conds = IRMHD_BGP_comm_fft_optimized.ppk - Total

execution time reduced ...
271.56.13.956[SlABd';iom REFLECT
from 528.18 core hours ...

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

to 70.8 core hours s e

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

(>7x improvement) " omean e

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

* Non-blocking 521100
Communication 127:32:15.924 [l
substrate pessarZits2ss: S

14:19:58.871(11.397% @

P b ° 125:41:36.192 [
Ore e Clent 124:54:20.196 (99.373%) [l CCHEBYB

14:16:52.014 (11.362% M

i m p I e m e ntati O n Of 98:49 36,;33(3;3.2251&3 E MPIFFT::CHEBYF

11:27:44.137 (11.411%) @

underlying FFT N0 —— o

11:25:9.62 (11.374%) @

MPI_Barrier()

MPI_Send()

MPIFFT::CHEBYB
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IRMHD Optimization on Mira (BG/Q)

* At 32K cores, load imbalance visible in topology

— Negative impact on MPI_Alltoall performance

D TG 2’{_,‘; IS ATPSEC'14, Copyright © ParaTools, Inc. 59



IRMHD Optimization on MIRA (BG/Q)

* Remove unnecessary MPI_Barrier calls

enn ParaProf: Comparison Window
Metric: BGQ_TIMERS [ IRMHD_M1024_np16.ppk - Total
Value: Inclusive Il IRMHD_M1024_np16_nobarrier.ppk - Total

Units: hour:minute:seconds

1785:04:34.668
1686:50:38.352 (94.497%)

1776:32:52.394 [ 1 1.1
1675:23:12.196 (94.306%) [ ——— | _C-CNE-SNAP ({advance_one_snap.f90} {1,1}-{74,31}]

1213:19:38.455 | ] \ _
947-08-44.826 (78.062%) RK3NL::ERK3_STAGE [{rk3nl.f90} {15,3)}-{58,27}]

1172:02:58.482 | ]

906:32:20.856 (77.346%) | ——
554:05:43.643 ]

420:34:10.809 (75.902%) = MPIFFT::RCFFT2D_MPI [{mpifcheby_fftw.f90} {401,3}-{442,28}]

494:20:20.375 ] B
364:39:46.287 (73.765%) — MPIFFT::CRFFT2D_MPI [{mpifcheby_fftw.f90} {444,3}-{478,28}]

437:23:48.003 [ (1,1}
426:10:10.582 (07.433%) [ DERIVE [(diff.f90} {1,1}-(60.21}

318:46:52.519 [ -
MPIFFT::BP_TRANSP MPLEX [{mpifcheby_fftw.f90} {390,3}-{399,
104:25:30.315 (60.99% B ™" " T 8P-TRANSPOSE_COMPLEX ({mpifcheby_fftw.90} {390,3}-{399,37)

307:12:55.045 [l
312:58:22.747 (101.874%) i ©* " 103110

309:07:31.593 [ < .
178:03:14.888 (57.599%) e M T FP-TRANSPOSE_COMPLEX (impifcheby_fftw.f90}{366,31-(375.37]

80:41:46.144 &
275:58:58.669 (342.003%)

275:53:14.204 [l
0:12:30.275 (0.076%) | MP'-Barrier0

REFLECT [{reflect_tau.f90}{31,1}-{161,19}]

WDERIVS [{wderivs.fo0} {1,1}-{75,22}]

ENERGY [{energy.f90} {1,1}-{260,21}]
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IRMHD Optimization on MIRA (BG/Q)

e 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%) [mmmeee— REFLECT [{reflect_tau.f90}{31,1}-{161,19}]
279.402 (71.235%)

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

266.6
206.294 (77.379%) e 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%) [ DERIVE [{diff.f90}{1,1}-{60,21}]
63.657 (66.235%) ]

67.503 [
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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NWChem

* Aleading chemistry modeling code

* Relies on global arrays (GA)
— Unified view of physically distributed arrays
— One-sided random access

— Use Aggregate Remote Memory Copy Interface
(ARMCI)

| VY 27('_;,‘ 1S ATPSEC'14, Copyright © ParaTools, Inc.



NWChem One-sided Communication and Scaling

 What is the performance of representative
workloads on different platforms?

* Understand data server / compute node
interplay as a function of scaling

e Understand core allocation tradeoffs

— All to computation vs. some to communication

J. Hammond, S. Krishnamoorthy, S. Shende, N. Romero, A. Malony, “Performance
Characterization of Global Address Space Applications: a Case Study with NWChem,”
Concurrency and Computation: Practice and Experience, 24(2), pp. 135-154, 2012.

ATPSEC'14, Copyright © ParaTools, Inc.



NWChem Instrumentation

Source-based (direct) instrumentation

ARMCI interposition library with TAU hooks
(TAU PARMCI)

Wrapped external libraries, e.g. BLAS
Test Systems:

— Fusion: Pacific Northwest National Lab
— Intrepid: Argonne National Lab

Mira and hopper will scale greater but will likely
show similar effects

Ao 0 1S ATPSEC'14, Copyright © ParaTools, Inc.



NWChem with Pinning on Fusion

Test on 8 cores (no separate data server thread)

With no pinning, ARMCI communication overhead
increases dramatically and no scaling is observed

Pinning communication buffers shows dramatic effects
Communication overhead increases, but not dramatically

enNnOo TAU/PerfExplorer: Total TIME enNnOo TAU/PerfExplorer: Total TIME
Total TIME Bar Chart for NWChem:FUSION w4 ccs ptz 8 cores no Total TIME Bar Chart for NWChem:FUSION w4 ccs ptz 8 cores pin
pIn TIME
TIME 0 200 400 600 800 1000 1200 1400 1600
0 1,000 2,000 3,000 4,000 5000 6000 7,000 8000 9,000 10,000 T - - - - -
" I S S E——
— - — -
g § oo |
=] 3 '
DGEMM g —
; s T
a O 512
N 1™~
: 5 , DGEMM
3 €
g 2 1024 N |
Z oo — H " . — (void armci_vapi_complete_buf(), 1024) = 324.614 ——
Char *armci_ReadFromDirectSegment(), 1024) = 8,882.908 —I J CCSDiDOOOO L] CCSDiDOVVV CCSDiTENGY DGEMM HF2 HFERI

CCSD_DOVVV mCCSD_TENGY = DGEMM  HF2 mHFERI = MPI_Barrier() = SHIFTOL
mT2ERI mT2ERI_WRK_NOEQ mchar *armci_ReadFromDirectSegment() m other

void _armci_buf_complete_index() mvoid armci_rcv_strided_data()
®void armci_vapi_complete_buf()

INT_2E4C = MPI_Barrier() mSHIFTOL mT2ERI = T2ERI_WRK_NOEQ
char *armci_ReadFromDirectSegment() mint PARMCI_GetS() m other
myvoid armci_dscrlist_send_complete() ®mvoid armci_send_complete()

mvoid armci_util_wait_int() ® void armci_vapi_complete_buf()
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NWChem with Pinning on Intrepid

e Tests with interrupt or communication helper thread (CHT)
— One core dedicated to CHT

 ARMCI calls are barely noticeable
e DAXPY calculation shows up more
 CHT performs better in both SMP and DUAL modes

Total BGP_TIMERS Bar Chart for NWChem - HiPC: Total BGP_TIMERS Bar Chart for NWChem - HiPC:
w4_energy_ccsdpt_aug-cc-pvtz_essl_dcmf=0_nothread=0_smp w4_energy_ccsdpt_aug-cc-pvtz_essl_dcmf=1_nothread=0_smp
BGP_TIMERS BGP_TIMERS
Q 2,000 4,900 G,QDU 8,000 10“000 12,900 14,000 16,000 18,900 0 2,000 4,000 6,000 8,000 10,000 12,000 14,000 16,000 18,000 20,000

: < R R I
2 o 2 i

a - I E—

Q - ¥

2| i 2 =1

o |- = - c—-

s i WRAP DGEMM & 256 1{ i _WRAP_DGEMM

= 256 — —

. g icr/

E L 3 512

3 -

< 512 [— - : : i : ! ' : : i

® CCSD_IDX1_WRK1 = CCSD_ITERDRV2 = CCSD_SXY CCSD_TENGY =MPI_Barrier()

® AOCCSD ®CCSD_IDX1_WRK1 = CCSD_ITERDRV2 ~ CCSD_SXY ®CCSD_TENGY MPI_Recv() = T2ERI_WRK_NOEQ = _ WRAP_DAXPY ®_ WRAP_DGEMM

MPI_Barrier() = MPI_Recv() ® T2ERI_WRK_NOEQ ®_ WRAP_DAXPY ®_ WRAP_DGEMM mint PARMCI_GetS() ®int PARMCI_NbGetS() = int PARMCI_Wait() mint _armci_accs()
® int PARMCI_GetS() ® int PARMCI_NbGetS() ®int PARMCI_Wait() ® other other

ATPSEC'14, Copyright © ParaTools, Inc.



Download TAU from U. Oregon

http://tau.uoregon.edu

http://www.hpclinux.com [LiveDVD]

Free download, open source, BSD license

ATPSEC'14, Copyright © ParaTools, Inc.
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Online References

* PAPI:
— PAPI documentation is available from the PAPI website:

http://icl.cs.utk.edu/papi/

* TAU:

— TAU Users Guide and papers available from the TAU website:
http://tau.uoregon.edu/

* VAMPIR:
— VAMPIR website:
http://www.vampir.eu/
e Scalasca:
— Scalasca documentation page:
http://www.scalasca.org/
* Eclipse PTP:
— Documentation available from the Eclipse PTP website:
http://www.eclipse.org/ptp/
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Compiling Fortran Codes with TAU

. If your Fortran code uses free format in .f files (fixed is default for .f):
% export TAU_OPTIONS="-optPdtF950pts="-R free" -optVerbose'

. To use the compiler based instrumentation instead of PDT (source-based):
% export TAU_OPTIONS="-optComplnst -optVerbose'

. If your Fortran code uses C preprocessor directives (#include, #ifdef, #endif):
% export TAU_OPTIONS="-optPreProcess —optVerbose'

. To use an instrumentation specification file:
% export TAU_OPTIONS=
'-optTauSelectFile=select.tau -optVerbose -optPreProcess’

Example select.tau file

BEGIN_INSTRUMENT_SECTION
loops file="*" routine="#"

memory file="f00.f90" routine="#"
io file="abc.f90" routine="FOO"
END_INSTRUMENT_SECTION
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Generate a PAPI profile with 2 or more counters

% export TAU MAKEFILE=$TAU/Makefile.tau-bgqtimers-papi-mpi-pdt
% export TAU_QPTIONS=‘—optTauSelectFile=select.tau -optVerbose’
% cat select.tau

BEGIN_INSTRUMENT SECTION

loops routine=“#"

END INSTRUMENT SECTION

$ export PATH=$TAU ROOT/bin:$PATH
% make F90=tau £90.sh

(Or edit Makefile and change F90=tau_f£90.sh)

o°

gsub --env TAU METRICS=TIME:PAPI FP INS:PAPI L1 DCM -n 4 -t 15 ./a.out

paraprof -—pack app.ppk

Move the app.ppk file to your desktop.

% paraprof app.ppk

Choose Options -> Show Derived Metrics Panel -> “PAPI_FP INS”, click “/”, “TIME”, click
“Apply” and choose the derived metric.

o° o°
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Tracking 1/0 in static binaries

export TAU MAKEFILE=$TAU/Makefile.tau-bgqtimers-papi-mpi-pdt
export PATH=$TAU ROOT/bin:$PATH

export TAU OPTIONS='-optTrackIO -optVerbose’

make CC=tau cc.sh CXX=tau cxx.sh F90=tau £f90.sh

mpirun -n 4 ./a.out

paraprof -pack ioprofile.ppk

export TAU TRACK IO PARAMS 1

mpirun -n 4 ./a.out (to track parameters used in POSIX I/O calls as
context events)

o o o o° o° o0 J° oP
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Installing and Configuring TAU

*|Installing PDT:

— wget http://tau.uoregon.edu/pdt.tgz
— ./configure —prefix=<dir>; make ; make install

*Installing TAU:

— wget http://tau.uoregon.edu/tau.tgz
— ./configure -bfd=download -pdt=<dir> -papi=<dir> ...

— make install

*Using TAU:
— export TAU_MAKEFILE=<taudir>/<arch>/lib/Makefile.tau-<TAGS>
— make CC=tau_cc.sh CXX=tau_cxx.sh F90=tau_f90.sh
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Compile-Time Options (TAU_OPTIONS)

% tau_compiler.sh

-optVerbose Turn on verbose debugging messages

-optComplnst Use compiler based instrumentation

-optNoComplnst Do not revert to compiler instrumentation if source instrumentation fails.
-optTracklO Wrap POSIX I/0 call and calculates vol/bw of 1/O operations
-optMemDbg Runtime bounds checking (see TAU_MEMDBG_* env vars)
-optKeepFiles Does not remove intermediate .pdb and .inst.* files
-optPreProcess Preprocess sources (OpenMP, Fortran) before instrumentation
-optTauSelectFile="<file>" Specify selective instrumentation file for tau_instrumentor
-optTauWrapFile="<file>" Specify path to link_options.tau generated by tau_gen_wrapper
-optHeaderlnst Enable Instrumentation of headers

-optTrackUPCR Track UPC runtime layer routines (used with tau_upc.sh)
-optPdtF950pts="" Add options for Fortran parser in PDT (f95parse/gfparse) ...
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Runtime Environment Variables

Environment Variable Default Description

TAU_TRACE 0 Setting to 1 turns on tracing

TAU_CALLPATH 0 Setting to 1 turns on callpath profiling

TAU_TRACK_MEMORY_LEAKS 0 Setting to 1 turns on leak detection (for use with —optMemDbg or tau_exec)

TAU_MEMDBG_PROTECT_ABOVE 0 Setting to 1 turns on bounds checking for dynamically allocated arrays. (Use
with —optMemDbg or tau_exec —memory_debug).

TAU_CALLPATH_DEPTH 2 Specifies depth of callpath. Setting to 0 generates no callpath or routine
information, setting to 1 generates flat profile and context events have just
parent information (e.g., Heap Entry: foo)

TAU_TRACK_IO_PARAMS 0 Setting to 1 with —optTracklO or tau_exec —io captures arguments of /0 calls

TAU_TRACK_SIGNALS 0 Setting to 1 generate debugging callstack info when a program crashes

TAU_COMM_MATRIX 0 Setting to 1 generates communication matrix display using context events

TAU_THROTTLE 1 Setting to 0 turns off throttling. Enabled by default to remove instrumentation
in lightweight routines that are called frequently

TAU_THROTTLE_NUMCALLS 100000 Specifies the number of calls before testing for throttling

TAU_THROTTLE_PERCALL 10 Specifies value in microseconds. Throttle a routine if it is called over 100000
times and takes less than 10 usec of inclusive time per call

TAU_COMPENSATE 0 Setting to 1 enables runtime compensation of instrumentation overhead

TAU_PROFILE_FORMAT Profile Setting to “merged” generates a single file. “snapshot” generates xml format

TAU_METRICS TIME Setting to a comma separated list generates other metrics. (e.g.,

TIME:P_VIRTUAL_TIME:PAPI_FP_INS:PAPI_NATIVE_<event>\\:<subevent>)
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