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ParaTools Accelerates Software

National Security Research

*Cyber security e Simulation

* Analysis
e Testing

Engineering & \
Manufacturing

¢ Time-to-market
e Quality
Policy

* Energy
¢ Environment
e Emergency




In the Press

— p - DEFENSE
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Defense program acquisition news, budget data, market briefings

7 g / // =
Groundbreaking il el L =
Astrophysics =l poD Supercomputers: Speeding Along the

[7] Digital Highway

Aug 10, 2010

® The New Watchword in HPC: ROI

# Understanding TLP and Vector Hardware

e 1.
Astronomical Treasures in Kepler Data

= Maat HPC Innovator Chin Guok

Four teams get up to $1

supercomputers. (Aug 6/1
The US Department of Def]

Modernization Program (H
o) supercomputing capabilitie
i - small high performance computing departments ru

ilities independent of the others.

_ 1 1 "
Rogue Wave Reveals New Releases and a Presentation I
rings these capabilities together, The
Theater at SC 14 network communications, and computational

2p new weapons systems, prepare US aircraft
BOULDER, CO -- (Marketwired) -- 11/14/14 -- Rogue Wave Software, . ssist long-term weather predictions to plan hul
the largest independent provider of cross-platform software development == R W
tools and embedded ¢ ents, will be highlighting their products at g ogue ave
S O F TWAR E
A c \ .

Supercomputer 2014 from November 17-20 at Erest N. Morial
Convention Center in New Orleans. Rogue Wave will have new and T UMBC teCh Park lures Ol‘egon SOﬁware company

updated product offerings, as well as several chances to educate, explore, 2 g i Feb 28, 2014, 1:33pm EST | UPDATED: Jun 9, 2014, 9:12am EDT
and learn at this year's conference. ' ' ' '

With recent releases of both IMSL Fortran Numerical Library 7.1 and Visualization for C++ 5.8, aucndccs‘can expect to learn A West Coast software company is expanding to Baltimore to
about new performance improvements, code fixes, and updates to supported platforms. In addition to the C++ product release, Sarah Gantz ) tap into the area’s growing cyber security industry.
Rogue Wave will also share the accompaniments made to the Visualization product set. Adding JViews and Elixir expands Reporter- Baltimore Business
the Visualization toolset for C++, Java, and Adobe Flex. Journal X
Email | Twitter Fa(aTocIs, base‘d in _Eugene, Ore., has ngned a Baltimore

Also at this conference, Rogue Wave will join ParaTools in releasing the source code for ThreadSpotter. A memory office at the University of Maryland, Baltimore County's
optimization tool that analyzes cache memory and thread communication in single and multicore systems, ThreadSpotter bwtech@UMBC research and technology park. The
pinpoints performance issues and provides specific guidance on how to correct them, increasing program performance and company's software was designed to make complex
improving developer productivity. supercomputers run more efficiently. Now, ParaTools wants to use the same efficiency software to improve cyber

operations.

“With our skills in optimizing software and computer performance we think there's a lot of opportunity in the
cyber,” said John Linford, who is heading up the company's Baltimore office.

*  http://tau.uoregon.edu/success/irmhd.pdf
*  http://www.defenseindustrydaily.com/Up-to-1471M-to-HPTi-for-DoD-High- Soamt.The s oo 9 2o0 10 P SOk 1 eow oot 3 5yl s s G
p ydally. p g
Pe rfo rm a n Ce—co m p utlng—WO rk—05 688/ A po;s:b)e cy;:«_arlus;!or »lhesfya?‘pagy‘s lechr\llc>lc>:;e);,|(sj |r!npzo\(;ir;g e"xil'e::;y of d(roraaircr;ﬂ;ga;vs_'c:r;s Io;_ o
° htt p ://Java .sys_co n.co m/nod e/3 2 28954 (ecr?nology. could send data réal-hme. so they can more quickly adgdress any problems identified.
*  http://www.bizjournals.com/baltimore/blog/cyberbizblog/2014/02/umbc-tech-

park-lures-oregon-software.html
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Products and Services

®
T The TAU Performance System I a———— e —

_ Engineering Development
T TAU Commander / TAU Enterprise

K Kppa Algorithm Software
Development Porting
@ RotCFD
f‘ ParaTools ThreadSpotter , Data
Hosting )
' Analytics
A. HPC Linux
T PToolsRTE ParaTools® and IQB® are registered
trademarks of ParaTools, Inc.
TE PToolsWin ParaTools is the sole licensee of the TAU
Performance System® trademark owned by
m QB the State of Oregon acting by and through
: the State Board of Higher Education on
Vampir behalf of the University of Oregon.
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Keeping Up With Technology

THE TAU PERFORMANCE SYSTEM

' NS OO0 1S Copyright © ParaTools Inc. unless marked otherwise.
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The TAU Performance System®

Instrumentation

e Toolkit for performance
problem solving and software
situational awareness

— Instrumentation, measurement,
analysis, visualization

— Portable profiling and tracing

— Performance data management |
and data mining TT——

profile Metadata pmfl
translators (XML) database

* Free, open source, BSD license [

http://tau.uoregon.edu/ <y -

Profile Data Mining (PerfExplorer)

] "

Vampir Expert




Questions TAU Can Answer

How much time is spent in each application routine and outer
loops? Within loops, what is the contribution of each
statement?

How many instructions are executed in these code regions?
Floating point, Level 1 and 2 data cache misses, hits, branches
taken, vector instructions?

What is the memory usage of the code? When and where is
memory allocated/de-allocated? Are there any memory leaks?

What are the 1/0 characteristics of the code? What is the
peak read and write bandwidth of individual calls, total
volume?

What is the time spent waiting for collectives (e.g. reduce)?
How does the application scale?

Copyright © ParaTools, Inc.



Use Cases

* Code Modernization and Hardening

— CREATE-AV HELIOS / KESTREL
* Army, Navy, Air Force, NASA, Boeing...

— FraPPE: Framework for Parallel Program Engineering
* Army, NASA

* Performance Provenance

— Protection (like ClearCase for performance)
* Performance Optimization

— Load balancing

— “Hot spot” identification

— Improvement quantification

* Performance Regression Testing

Copyright © ParaTools Inc. unless marked otherwise.



Apples to Apples Across Platforms

C/C++

GPI
t:ortr:n OpenACC ,,5 MPI
pETEAcS Intel MIC  OpenMP
inte PGl Cray Sun
MinGW . AIX
ooy, Linux Windows
. Insert N
yours | BlueGene Fujitsu ARM

here MPC




Measurement at Every Layer

Cray XC30 System Building Blocks

(But not Cray only!)

Blade

4 Compute
Nodes

16 Compute
Blades

No Cables

64 Compute
Nodes

‘Group

Rank 2
Network

Passive
Electrical
Network

2 Cabinets
6 Chassis

384 Compute
Nodes

System

Rank 3
Network

Active Optical
Network

Hundreds of
Cabinets

Up to 10s of
thousands of
nodes

Copyright © Cray Inc.
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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




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. unless marked otherwise.



Performance Data Measurement

Direct via Probes Indirect via Sampling

St

call TAU START (‘potential’) ! 1
)

call TAU STOP (‘potential’) A I BEEVE

« Exact measurement * No code modification

* Fine-grain control * Minimal effort

« Code region granularity « Code line granularity

« (Calls inserted into code « Uses debug symbols

Copyright © ParaTools Inc. unless marked otherwise.



Multi-Language Debugging

* |dentify the source location of a crash by
unwinding the system callstack

* |dentify memory errors (off-by-one, etc.) across
language boundaries

double * x =

new double[5];

Fortran




Keeping Up With Technology

DATA ANALYSIS WITH TAU

NS oY 0 ‘ S Copyright © ParaTools Inc. unless marked otherwise.
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How Much Time per Code Region?

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

Metric: TIME
Value: Exclusive
Units: seconds

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}]

——— AA =t smema

Copyright © ParaTools Inc. unless marked otherwise.




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 EEEEEEEEEEEEEEEEEEEssssssssemn  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}]

L

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}]

Copyright © ParaTools Inc. unless marked otherwise.




How Many L1/L2/L3 Cache Misses?

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

Metric: PAPI_L1_DCM
Value: Exclusive
Units: counts

7.5149E8 essssssss————ess VPASSM [{fft.f} {501,7}-{836,9}]
4.887E8 | MPI_Alltoall()
3.0391E8 | | CONVEC [{niterm.f} {7,7}-{2063,27}]
1.6727E8 [l DATAFLIP_XTOY [{dataflip.f} {38,8}-{137,34}]

1.388E8 [ | SGBTF2 [{bandludcmp.f} {238,7}-{440,9}]
1.2679E8 [ DATAFLIP_YTOX [{dataflip.f} {144,8}-{249,34}]
1.1609E8 [__| NOISE [{init.f} {451,7}-{746,26}]
8.294E7 [__] BANDLU_SOLVE [{band_lu.f} {20,7}-{52,9}]
8.1185E7 [_] FILTERZ_FOURIER [{filtering.f} {39,7}-{115,36}]
7.74E7 [_] SGBTRS [{bandludcmp.f} {883,7}-{1069,9}]
7.6892E7 [ HORFFT [{horfft.f} {2,7}-{136,27}]
6.4424E7 [] MATRIX_ELMSETUP [{penalty.f} {409,7}-{670,36}]
5.9687E7 [ STBSV [{ludcmp.f} {4698,7}-{5043,9}]
5.7422E7 [mm CFFT99 [{fft.f} {1,7}-{406,9}]
5.0751E7 [_] CALCUVWT [{calcuvwt.f} {2,7}-{596,29}]
4.9353E7 [2] CONVEC::RHSFM [{nlterm.f} {1101,7}-{1988,26}]
4.7624E7 [ FFT991 [{fft.f} {1361,7}-{1502,9}]
4.5957E7 [ MAXCALC [{various.f} {549,7}-{842,28}]
4.2242E7 [ DPDZ_FOURIER [{derv.f} {5,7}-{75,33}]
2.8166E7 [ DPDZ_PHYS [{derv.f} {81,7}-{152,30}]
2.1738E7 [ PARAM_SET [{penalty.f} {138,7}-{233,30}]
1.7236E7 [ FFT99B [{fft.f} {1282,7}-{1360,9}]
1.6994E7 [ PENALTY_SETUP [{penalty.f} {15,7}-{133,34}]
1.6798E7 [] MPI_Barrier()

Copyright © ParaTools Inc. unless marked otherwise.




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

Copyright © ParaTools Inc. unless marked otherwise.
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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
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 regdfice 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

Copyright © ParaTools Inc. unless marked otherwise.
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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
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

Copyright © ParaTools Inc. unless marked otherwise.
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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

Copyright © ParaTools Inc. unless marked otherwise.




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()

E, MPI_File_write_all( Peak Parallel |/O Write Bandwidth

> MPL_File_write_at()

» MPI_Finalize()
» MPI_Gather()
> MPI_Gatherv()

Copyright © ParaTools Inc. unless marked otherwise.



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()

Copyright © ParaTools Inc. unless marked otherwise.



Are there relationships or patterns?




Are there load imbalances?




What is the communication profile?

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

wo lume

Height value 4054

Colorvalue 16216

@
o
=]
@
%]
L

=

N
o
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Where is the computation performed?

Note: Virtual, physical, and user-defined
topologies are supported.




How does the application 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
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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)




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

Message size for
Message size for
Message size rec
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close
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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
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B SLOG-2
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|
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OO
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- =il
@ LinelD Fit All Row
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UU 5.852 5.8525 5.853 5.8535 5.854 5.8545 5.855 5.8555 5.856 5.8565 5.857 BN r@
il 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

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

‘ close

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

_ close

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

close

OJduration = 0.795 msec
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What Caused My Application to Crash?

Options Help

X| TAU: ParaProf Manager

pplications
g standard 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

L] %) IFN [PX) [N 1S

~

\CKTRACE
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 /Pvthon/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/Python-2.7.2 fPythonfceval.c:3253] [fmnt/cfs/pkgs /PTOOLS /pkgs/ptoolsrte-0.55 fpackages/Python-2.7.2 /lib flibpython2. ..
[PyEval_EvalCode] [fmntfhome/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 /pkas/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€] [/mnt/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 jPython/import.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 /Pyvthon/bltinmodule.c:49] [/mnt/cfs/pkas/PTOOLS /pkgsfptoolste-0.55 fpackages/Python-2.7.2 flib/libpytho...
[PyObject_Call] [/mntfhome/jlinfordf0.55 fbuild/Python-2.7.2 fObjectsjabstract.c:2529] [/mntfcfsfpkgs/PTOOLS fpkgs/ptoolsrte-0.55 fpackages /Python-2.7.2 flib/libpython2. 7.
[PyEval_CallObjectWithKeywords] [fmnt/home/jlinfordf0.55 fbuild/Python-2.7.2 fPyvthon/fceval.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 fpkgs/ptoolsite-0.55 fpackages/Python-2.7.2 flibflibpython2..
[fast_function] [fmnt/home/jlinford/0.55 fbuild /Python-2.7.2 fPythonjceval.c:4099] [fmnt/fcfsfpkgs/PTOOLS fpkgs/ptoolsite-0.55 jpackages/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 jbuild/Python-2.7.2 /Pythonfceval.c:667] [/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 fpkas/PTOOLS/pkas/ptoolsrte-0.55 fpackages/Python-2.7.2 flib/libpython2.7.s0....
[exec_statement] [/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/jlinforcd/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/cfs/pkgs/PTOOLS/pkgsfptoolsite-0.55 fpackages/Python-2.7.2 flib/libpython2.7.s0. 1.
[PyEval_EvalCodeEx] [fmntfhome/jlinfordf0.55 fbuild/Python-2.7.2 /Pyvthonfceval.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 {Python/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

%\ 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

[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 .50,

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 fpackages/Python-2.7.2 flib/libpython. ..

BACKTRACE

[import_submodule] [/mnt/home/jlinford/0.55 fbuild/Python-2.7.2 jPythonfimport.c:2596] [fmntjcfsfpkgs/PTOOLS fpkgsfptoolsrte-0.55 fpackages/Python-2.7.2 flibflibpython2. ..

BACKTRACE

[load_next] [fmnt/home/jlinford/0.55 fbuild fPython-2.7.2 /Python/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/jlinfordf0.55 fbuildfPython-2.7 .2 jPython/bltinmodule.c:49] [fmntfcfsfpkgs /PTOOLS fpkas/ptoolsrte-0.55 jpackages/Pywthon-2.7. 2 flib/libpython. ..
[PyObject_Call] [fmntfhome/jlinford/0.55 fbuild/Pyvthon-2.7.2 fOhjectsfabstract.c:2529] [/mntjcfsfpkas/PTOOLS fpkgs fptoolsrte-0.55 fpackages Python-2.7.2 flib flibpython2 .7 ...
[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. ..
[PyvEval_EvalFrameEx] [/mnt/home/jlinford/0.55 fbuild/Python-2.7.2 jPythonfceval ¢ 2222 ] [fmntjcfs/pkas/PTOOLS fpkgsfptoolsrte-0.55 fpackagesPython-2.7 .2 flibflibpython2. ...

BACKTRACE

[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_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/pkasPTOOLS /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/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

[PyvEval_EvalCode] [/mnt/home/fjlinfordf0.55 jhuildjPython-2.7.2 jPyvthonfceval . 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. . 1246] [fmnt/cfs/pkas/PTOOLS fpkgs/ptoolsrte-0.55 fpackagesfPython-2.7.2 flibflibpython2. 7. s0....

BACKTRACE

[PyRun_SimpleFileExFlags] [fmntfhome/jlinford/0.55 fbuild/Pyvthon-2.7.2 /Pvthonfpythonrun. .. 83 6] [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] [fmntfcfs/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/pkgs/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/PTONOL S inkasintanlerte -0 SS inacrkanges/nuadPl-2 Shfhind/nutd PL




Performance Provenance

® TAU: ParaProf Manager

@ Applications
> Standard Applications
Default (jdbc:h2:/Users/jlinford /.ParaProf/perfdmf/perfdmf,AUTO_SERVER=TRUE)
ArmyPhasell (jJdbc:postgresql://eastO1.paratools.com:5432 /ArmyPhasell)
geos (jdbc:postgresql://eastO1.paratools.com:5432 /geos)
GraviT (jdbc:postgresql://eastO1.paratools.com:5432 /GraviT)
kppa (jdbc:postgresql://eastO1.paratools.com:5432 /kppa)
KYOS (jdbc:postgresql://eastO1.paratools.com:5432 /KYO0S5)
KYO06 (jdbc:postgresql://eastO1.paratools.com:5432 /KY06)
3 All Trials
> Application-STELLAR-subset
v Application-SAMCart.lightning
v Experiment-scaling.03_io_nonblocking_omp
» @ SAMCart.scaling.03_io_nonblocking_omp.craycnl.ppnl.npl.1
A ] SAMCart.scaling.
@ TIME
» @ SAMCart.scaling.03_io_nonblocking_omp.craycnl.ppn2.np2.1
» & SAMCart.scaling.03_io_nonblocking_omp.craycnl.ppn24.np1024.1
» & SAMCart.scaling.03_io_nonblocking_omp.craycnl.ppn24.np128.1
» @ SAMCart.scaling.03_io_nonblocking_omp.craycnl.ppn24.np2048.1
» @ SAMCart.scaling.03_io_nonblocking_omp.craycnl.ppn24.np256.1
» @ SAMCart.scaling.03_io_nonblocking_omp.craycnl.ppn24.np32.1
>
>
>
>

4VvVVvVYVYyVYYY

& SAMCart.scaling.03_io_nonblocking_omp.craycnl.ppn24.np512.1
« SAMCart.scaling.O3_io_nonblocking_omp.craycnl.ppn24.np64.1
» SAMCart.scaling.03_io_nonblocking_omp.craycnl.ppn4.np4.1
«# SAMCart.scaling.03_io_nonblocking_omp.craycnl.ppn8.np8.1
Experiment-scaling.03
Experiment-scaling.03_nonblocking
Experiment-O3_buffered_nonblocking_omp
All Trials

Application-SAMCart.x86_64

v Application-SAMCart.mic

vyvywyy

v

> Experiment-scaling.03
> Experiment-scaling.03_io_nonblocking.sampling
> Experiment-scaling.03_omp
v Experiment-scaling.03_novec.sampling
» @ SAMCart.scaling.03_novec.sampling.mic.np1
> Experiment-scaling_omp_balanced
> Experiment-scaling
> Experiment-scaling_omp_compact
> Experiment-scaling.0O3_io_nonblocking_omp
> Experiment-scaling.baseline
v

Experiment-scaling.03_io_nonblocking
» @ SAMCart.scaling.03_io_nonblocking.mic.np1
» @ SAMCart.scaling.03_io_nonblocking.mic.np2
» @ SAMCart.scaling.03_io_nonblocking.mic.np4
» @ SAMCart.scaling.03_io_nonblocking.mic.np8
» @ SAMCart.scaling.03_io_nonblocking.mic.np16
» @ SAMCart.scaling.03_io_nonblocking.mic.np32
» @ SAMCart.scaling.03_io_nonblocking.mic.np64
» @ SAMCart.scaling.03_io_nonblocking.mic.np128

> All Trials

> Application-SAMCart.craycnl

> perfexplorer_working (jdbc:h2:/Users/jlinford /.ParaProf/perfexplorer_working;AUTO_SERVER=TRUE)

TrialField

Name

Application ID
Experiment ID

Trial ID

data_source
node_count
contexts_per_node
threads_per_context
total_threads

Application
CPU Cores
CPU MHz

CPU Type

CPU Vendor
CWD

Cache Size
Command Line
Executable
Experiment
File Type Index

File Type Name
Hostname

Local Time

MPI Processor Name
Memory Size

Node Name

OS Machine

OS Name

OS Release

OS Version

Starting Timestamp
TAU Architecture
TAU Config

TAU Makefile

TAU MetaD.
TAU Version

TAU_BFD_LOOKUP

TAU_CALLPATH
TAU_CALLPATH_DEPTH
TAU_CALLSITE_LIMIT
TAU_COMM_MATRIX
TAU_COMPENSATE

TAU_CUPTI_API
TAU_EBS_KEEP_UNRESOLVED_ADDR
TAU_IBM_BG_HWP_COUNTERS
TAU_MAX_THREADS
TAU_MEASURE_TAU
TAU_MEMDBG_PROTECT_ABOVE
TAU_MEMDBG_PROTECT_BELOW
TAU_MEMDBG_PROTECT _FREE
TAU_OPENMP_RUNTIME
TAU_OPENMP_RUNTIME_EVENTS
TAU_OPENMP_RUNTIME_STATES
TAU_PROFILE

TALL PROFILE_FORMAT

a Merge Time

Value
SAMCart.scaling.03_io_nonblocking_omp.cr...
0

0

321

0

16

1

1

16

SAMCart.lightning

12

2701.000

Intel(R) Xeon(R) CPU E5-2697 v2 @ 2.70GHz
Genuinelntel

/p/work1 /jlinford /CART /craycnl_tau/16.1....
30720 KB

./samcart-exec samarc/input.samarc.16proc
Jvar/opt/cray/alps/spool/2021621/samca...
scaling.03_io_nonblocking_omp

1

TAU profiles

nid00687

2015-08-07T21:12:52+00:00

nid00687

66072168 kB

nid00687

x86_64

Linux
3.0.101-0.31.1_1.0502.8394-cray_ari_c
#1 SMP Wed Sep 10 04:09:26 UTC 2014
1438981972561763

default

-arch=craycnl -papi=/opt/cray/papi/5.3....
/p/home/jlinford /workspace /CART /tau2 /c...
4.9E-05 seconds

2.24.1-git

on

off

2

1

off

off

runtime

off

off

1

off

off

off

off

on

on

off

on

nrofile

Copyright © ParaTools Inc. unless marked otherwise.




Keeping Up With Technology
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ParaTools ThreadSpotter

* A cache and memory optimization tool
integrated with TAU

— Analyzes memory bandwidth and latency, data
locality and thread communication

— |Identifies specific issues and pinpoints troublesome
areas in source code

— Provides guidance towards a resolution
* Provides qualitative measurement:

— Data is not dependent on the hardware

— Can predict performance for other memory systems
* E.g. Intel Xeon Phi “Knights Landing” MCDRAM vs. DDR

Copyright © ParaTools, Inc.



Questions ThreadSpotter can Answer

e Miss ratio: What is the likelihood that a memory access will
miss in a cache?

* Miss rate: D:o per time unit, e.g. per-second, per-1000-
instructions

* Fetch ratio/rate*: What is the likelihood that a memory access
will cause a fetch to the cache [including HW prefetching]

* Fetch utilization®: What fraction of a cacheline was used
before it got evicted

 Writeback utilization™: What fraction of a cacheline written
back to memory contains dirty data

* Communication utilization®: What fraction of a communicated
cacheline is ever used?

*Terms used in ParaTools ThreadSpotter reports.

Copyright © ParaTools, Inc.



ThreadSpotter Report Front Page

ThreadSpotter: point_solve (15... -+

file:///Users/jlinford/Downloads/acumem-report/front.html c Searc

wB ¥ a0

ThreadSpotter™

ThreadSpotter™ is a tool to quickly analyze an application for a range of performance problems, particularly related to multicore optimization. Pa r a E 0 O l S

Read more... Manual

Open the Report
Next Steps
. . The prepared report is divided into sections.
Your application
Application: ./point_solve « Select the tab Summary to see global statistics for the

entire application.
« Select the tabs Bandwidth Issues, Latency Issues and
Memory Bandwidth MT Issues to browse through the detected problems.

, . o « Select the tab Loops to browse through statistics and
The memory bus transports data between the main memory and the processor. The capacity of the memory bus is limited. Abuse of

. L N I~ detected problems loop by loop.
this resource limits application scalability.

Manual; Bandwidth The Issue and Source windows contain details and annotated
source code for the detected problems.

Memory Latency

The regularity of the application's memory accesses affects the efficiency of the hardware prefetcher. Irregular accesses causes cache SU mma ry
misses, which forces the processor to wait a lot for data to arrive.
Manual: Cache misses Manual: Prefetching

>
>

Data Locality Issue
\ \
—o*

Source
Failure to pay attention to data locality has several negative effects. Caches will be filled with unused data, and the memory bandwidth
will waste transporting unused data.
Manual: Locality Value details
Thread Communication / Interaction Resources
Several threads contending over ownership of data in their respective caches causes the different processor cores to stall. Manual
Manual: Multithreading
Table of Contents Overview
This means that your application shows opportunities to: Optimization Worldlow Concepts
Avoid major processor stalls due to irregular access patterns Reading the Report Issue Reference
ParaTools Web Site
Read more...
ParaTools Web Site ThreadSpotter

Copyright © ParaTools, Inc.



ThreadSpotter Report

® t_solve (15.
€ file:///Users/flinford/Downloads/acumem-report/main.htmi ] B ¥ AQO =
Issues | Loops || Summary | Files || Execution || About/Help _—
217 £1 = £1 - a_off(1,1,3)*dq(l,icol)
Bandwidth Issues || Latency Issues | Multi-Threading Issues Pollution Issues
. Issue type %of _ %of % of Fetch  Write-back 218 £2 = £2 - a_off(2,1,3)*dq(l,icol)
Filter: All L2 bandwidth™ fetches write-backs utilization utilization 219 £3 = £3 - a_off(3,1,3)*dq(1,icol)
6 @ & | Fetchhotspot 66.7% 69.6% 0.0% 99.2% 220 f4 = £4 - a_off(4,1,3)*dq(1,icol)
a 221 5 = £5 - a_off(5,1,3)*dq(1,icol)
16 S &2 | spavtemp blocking 66.7% 696% 0.0% 99.2% 222 ? il Jymdat
11 8 ¥4 | Random access 10.1% 105% 0.0% 73.8% 223 +jo3% [ £1 = £1 - a_off(1,2,3)*dq(2,icol)
15 S &2 | Spattemp blocking 10.1% 105% 0.0% 73.8% - a2
v o , ) 224 | £2 = £2 - a_off(2,2,3)*dq(2,icol)
] t-spot , 9 9 taad
9 @ & | Fetchhotspot 8.2% 85%  00% 95.3% 225 £3 = £3 - a off(3.2,)+da(2,icol)
13 8 OO0 | Loop fusion 8.2% 8.5% 0.0% 95.3% 226 4 = f4 - a_off(4,2,3)*dq(2,icol)
= 7 - - 5,2,3)*dq(2,icol
18 ) &2 Spattemp blocking 8.2% 85%  00% 95.3% ;za =15 a_off(5,2,3)*dq(2,icol)
10 W@ B| Fetch utilization 7.5% 5.0% 64.5% 49.6% 229 +|0.4% \ £f1 = £f1 - a_off(1,3,3)*dq(3,icol)
4 @ & | Fetchhotspot 2.7% 29% 0.0% 100.0% . 3 2
= . = 230 £2 = £2 - a_off(2,3,3)*dq(3,icol)
14 Spatitemp bl 2.7 299 0.09 100.0%
#ne2 . Spatemgbocking i * = L 231 £3 = £3 - a_off(3,3,3)*dq(3,icol)
8 back hot-spot 1.7% 0.9% 21.0% 0.0% 86.5% 232 4 = f4 - a_off(4,3,3)*dq(3,icol)
7 @ & | Fetchhotspot 1.5% 15%  0.0% %9.7% oo £5 =15 - a_off(5,3,3)dq(3,icol)
12 8 OO0 | Loopfusion 1.5% 15%  0.0% 99.7% 235 +lo5% [ £1 = £1 - a_off(1,4,3)*dq(4,icol)
17 blocking 1.5% 1.5% 0.0% 99.7% - a2
- g 236 £2 = £2 - a_off(2,4,3)*dq(d,icol)
3 & | write-back hot-spot 1.3% 07%  14.5% ”
Wi ite-back hot-sp 237 £3 = £3 - a_off(3,4,3)*dq(d,icol)
238 £4 = £4 - a_off(4,4,3)*dq(4,icol)
Issue #11: Random access 8 ¥ 239 £5 = £5 - a_off(5,4,3)*dq(4,icol)
240
This instruction group also shows symptoms of: &_& | Fetch hot-spot a1 =l674% | f1 = £1 - a off(1,5,5)%dq(5,icol) ]
= Statistics for instructions of this issue 9% of fetches Miss ratio Fetch ratio WB ratio Fetch Util WB Util PC Type Issues
1 450000 e 8.9% 18.1% 200%  00% 738% 0x421840 R W ¥ |3 2
Accesses + otch/Miss rati =
44.8% 839%  1000% 00% 99.2% 0x421846 R @ & |3 &2 |a Wt
RetRnes 127% 135% 283% 313%  00%  99.2% oxé2188f R @ & |50 <2 |& Nt
% of bandwidth 10.1% 0.0% 00%  0.1% 00%  99.2% 0x421824 R @ & |9 &2 | W
% of fetches 10.5% 0.1% 0.1%  02% 00%  99.2% 0x4218c7 R @ & |9 &2 |a wr
% of write-backs 0.0% : : ] 0.0% 00%  0.1% 00%  99.2% 0x4218ea R @ & |3 <2 | Wt
— et " +|2.6% £2 = £2 - a_off(2,5,3)*dq(5,icol)
% of upgrades ee== URilization corrected fetch rat 242 =2.6% ‘ _ o silbrn ) 2L Lo
—— Mise rett Q¢ |5 2@
s ratio 42% Vihite-beck ratio 243 H[2.9% | £3 = £3 - a_of£(3,5,3)*dq(5,icol)
Fetch ratio 47% @ ¢ |82 |awn
Write-back ratio 0.0% 1002 244 *28% | £4 = £4 - a_off(4,5,3)*dq(5,icol)
Upgrade ratio 0.0% 0 U_-_.g‘_:z_dL
ox 245 +[28% 5 = £5 - a_off(5,5,3)*dq(5,icol)
mmunication ratio % ]
i o0 55585588 4das Qo |gcpawm
Fetch utilization 73.8% —— Write-back ratio 246
Write-back utilization urilization corrected wite-hack ratio 247 end do
Utilization 248
Communication utilization 249 ! FPorward...sequential access to a_diag_lu.
1002 e — 250
False sharing ratio o IE 251 #|0.8% [ £2 = £2 - a_diag_lu(2,1,n)*f1
G o8 O3 2 N
Thread id  Fetch utilization 252 +|04% ‘ £3 = £3 - a_diag_lu(3,1,n)*fl
12835 99.2% Q@ @ 0|3 2@
253 #0.3% | £4 = £4 - a_diag_lu(4,1,n)*£1
Qe ja2law |
aea dlinas | £5 = £5 - a diac 1urS.1.n1ef1
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Application Performance Summary

’ Issues H Loops H Summary H Files H Execution H About/Help

Global statistics Miss/Fetch ratio
Accesses 1.16e+10
Misses 6.55e+08 102 N—
Fetches 6.92e+08 gy frommme — ——]
Write-backs 2.26e+07 0% = = =
= = = = © &84 F &4 B oS o o
Upgrades 0.00e+00 H N F U O +A M 0w oA N W0 oA N
. . = Fetch ratio
Miss ratio 5.7% ==== |tilization corrected fetch ratio
Fetch ratio 6.0% T Miss ratio
Write-back rati
Write-back ratio 0.2% rite-back ratio
Upgrade ratio 0.0% 8.%%
Communication ratio 0.0% 8:%% r—
0.22 7=
Fetch utilization 88.1% 8'%%
" =E = =
Write-back utilization 100.0% = 5 5 5 &8 8 3FI 8B Q3 gg
Communication utilization 6.5% Write-back ratio

- ==== Utilization corrected write-back ratio
Analysis parameters

Utilization
Processor model Intel(R) Xeon(R) CPU E5-2620 v3 @ 2.40GHz (auto)
Number of CPUs 2 1002 |
Number of caches 2 502 AR T - ]
Cache level 3 02
. = ©r = ® B &
Cache size 15M S 5§ FF S8 T YNEB S 8
Line size 64
= Urite-back utilization
Replacement policy random
Software prefetches active Yes

Copyright © ParaTools Inc. unless marked otherwise.




Performance Issues

J Bandwidth Issues || Latency Issues || Multi-Threading Issues || Pollution Issues

| t
# Filter: Aﬁsue yPo B % of bandwidtha % of fetches % of write-backs Fetch utilization Write-back utilization
13 - 9 | Inefficient loop nesting 63.7% 65.8% 0.0% 96.2% 100.0%
23 |8 =2 Spat/temp blocking 63.7% 65.8% 0.0% 96.2% 100.0%
18 | & J Random access 15.6% 16.1% 0.0% 60.4% 100.0%
22 2 =2 Spat/temp blocking 15.6% 16.1% 0.0% 60.4% 100.0%
16 - Q J Inefficient loop nesting 6.6% 6.9% 0.0% 100.0% 100.0%
20 @ OO | |Loop fusion 6.6% 6.9% 0.0% 100.0% 100.0%
25 2 =2 Spat/temp blocking 6.6% 6.9% 0.0% 100.0% 100.0%
10 (& B | | Fetch utilization 6.3% 4.5% 62.1% 51.5% 100.0%
12 |8 9 | | Inefficient loop nesting 2.6% 2.7% 0.0% 88.3% 100.0%
21 2 =2 Spat/temp blocking 2.6% 2.7% 0.0% 88.3% 100.0%
14 - 9 | | Inefficient loop nesting 1.6% 1.7% 0.0% 86.8% 100.0%
19 | @ OO | |Loop fusion 1.6% 1.7% 0.0% 86.8% 100.0%
24 2 =2 Spat/temp blocking 1.6% 1.7% 0.0% 86.8% 100.0%
15 - 9 | | Inefficient loop nesting 1.2% 0.6% 19.6% 0.0% 100.0%
3 WS Write-back hot-spot 1.1% 0.7% 12.8% 43.5% 86.1%
17 |9 | |Inefficient loop nesting 0.3% 0.3% 2.1% 57.4% 30.5%
26 |4 &2 | |Spat/temp blocking 0.3% 0.3% 2.1% 57.4% 30.5%

Copyright © ParaTools Inc. unless marked otherwise.



Random Access Issue Detail

Issue #18: Random access 8 ¥ |

This instruction group also shows symptoms of: @ Fetch utilization, u_x'_J Fetch hot-spot.
= Statistics for instructions of this issue

Accesses 1.42e+09 Fetch/Miss ratio
% of misses 17.0%
25
% of bandwidth 15.6% &
13 \
e D o
% of fetches 16.1% 3
e + +~ - E E = 5 & &
% of write-backs 0.0% T &8 F 8% 8§83 988 8 8
Fetch ratio
% of upgrades --- ==== Utilization corrected fetch ratio
= Miss ratio
Miss ratio 7.8% Write-back ratio
Fetch ratio 7.8%
Write-back ratio 0.0% 1007
502
Upgrade ratio 0.0%
o . o - = = E & &
Communication ratio 0.0% ZEE 5598 93T 9L HE Y 8
e WUrite-back ratio
Fetch utilization 60.4% ==== Utilization corrected write-back ratio
Write-back utilization 100.0% Utilization
Communication utilization 15.0%
1002 = - et e
False sharing ratio 0.0% -
T Ee——
HW prefetch probability 0.0% oz
= = = 5 &5 &
Access randomness Very high S &8 F85 A0 3 486 S8
Worst instruction "point_solve"! — L'Jr‘ltv?—l:;‘&lZFv ‘utilization

If the program was changed as to reach 100% fetch utilization, fetches in this instruction group would be reduced with 42.4%, and total number of fetches
would be reduced with 6.8%.

Copyright © ParaTools Inc. unless marked otherwise.




Inefficient Loop Nesting Issue Detail

Issue #13: Inefficient loop nesting 8_9 |

This instruction group also shows symptoms of: @ & [Fetch hot-spot.
=/ Statistics for instructions of this issue

Accesses 7.13e+09 Fetch/Miss ratio
% of misses 69.4%
102
% of bandwidth 63.7% ——
5% """"\
% of fetches 65.8% oz
= = =
= = = o« O o~
% of write-backs 0.0% S &8 F 8% 8§83 888 28 8
Fetch ratio
% of upgrades --- ==== Utilization corrected fetch ratio
= Miss ratio
Miss ratio 6.4% Write-back ratio
Fetch ratio 6.4%
Write-back ratio 0.0% 1007
502
Upgrade ratio 0.0%
02: — T = =
Communication ratio 0.0% = = = = 5 &4 T & B8 9 o o
— ~N - O - (o] - ~N "y] — ~N
P o Write-back ratio
FetCh Utlllzatlon 962/0 ==== Utilization corrected write-back ratio
Write-back utilization 100.0% Utilization
Communication utilization 100.0%
1002 [t oo —
False sharing ratio 0.0%
502
HW prefetch probability 0.0% 0%
= = = & © &
Access randomness Low S &8 F &% &8 3388 98
Worst instruction "point_solve"! — l‘Jr’ltE‘-lZ.l-ﬁlgiv ‘utilization

If the program was changed as to reach 100% fetch utilization, fetches in this instruction group would be reduced with 3.8%, and total number of fetches
would be reduced with 2.5%.

Copyright © ParaTools Inc. unless marked otherwise.




Source Code / Issue Mapping

244 —|64.4% fl1 = f1 - a off(1,5,3)*dq(5,icol)
% of fetches Miss ratio Fetch ratio WB ratio Fetch Util WB Util PC Type Issues
13.0% 31.5% 315%  0.0% 604% 100.0% Ox421ede R M ¥ |4 &2 |
37.9% 100.0% 100.0% 0.0%  96.2%  100.0% Ox421ee5 R M © |4 &2 |& NT |
12.8% 31.0% 31.0% 0.0% 96.2% 100.0% 0x421f0f R - O | @d NT |
0.2% 0.6% 0.6% 0.0% 96.2%  100.0% Ox421f47 R M O |aj &2 |« N |
0.2% 0.5% 0.5% 0.0% 96.2%  100.0% Ox421f6a R @ O |&i &2 |& NT |
0.4% 1.0% 1.0% 0.0%  96.2%  100.0% 0x421f8d R @ © |&i &2 |& NT |
245 +(4.0% f2 = £2 - a off(2,5,3)*dq(5,icol)
o O |9 =2 &N
246 +[3.5% f3 = £3 - a off(3,5,j)*dq(5,icol)
o © |9 &2 |&iNr
247 +(3.3% fa = f4 - a off(4,5,3j)*dqg(5,icol)
o O |9 =2 &N
248 +(3.6% f5 = £5 - a off(5,5,3)*dq(5,icol)

o O |9 2 &N |
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ThreadSpotter Online Help

7.1. Statistics o

(- file:///Users/jlinford/Downloads/acumem-report/manual_htmi/report_statistics.html c ﬁ B ‘ w 0

“Access Randomness”.
Worst instruction

Points out the instruction that causes causes the largest number of cache line fetches in
this part of the program, and the source code line that generated it.

7.1.2. Reading the Diagrams

The report contains diagrams describing several cache size dependent application
characteristics. The summary tab in the summary frame shows application global values,
while the individual issues and loops show values related to their respective instruction
groups.

The diagrams plot their values for different cache sizes, from an 8 kilobyte cache to a 16
megabyte cache in the following example. The cache size that the report focuses on is
marked with a vertical black line, in this case at 64 kilobytes.

7.1.2.1. Fetch/Miss Ratio Diagram

Miss/Fetch ratio

Figure 7.6. Fetch/Miss Ratio Diagram

« Bright red line

Fetch ratio, the ratio of memory operations in the program, loop, issue or instruction
group that, directly or indirectly through hardware prefetching, cause a data transfer
between memory and cache. See Section 3.8, “Fetch Ratio”.

Red dotted line

Utilization corrected fetch ratio. Fetch ratio if the fetch utilization was raised to 100%.
See Section 4.8, “Utilization Corrected Fetch Ratio”.

Dark red line

Miss ratio, the ratio of memory operations in the program that stall due to cache
misses. The difference between the fetch ratio and the miss ratio is caused be software
and hardware prefetching. See Section 3.4, “Cache Misses”.

7.1.2.2. Write-Back Ratio Diagram

Copyright © ParaTools, Inc.
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SUCCESS STORIES
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NASA FUN3D

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

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

magnitude these days, especially with just a 2-line

fix in the code! :)”

 1,651,089,924 grid points

One of the largest and most accurate
wing-body-nacelle simulations of 2016.

* 5,902,801,476 tetrahedral elements
* 1,310,290,264 prismatic elements

* 14,400 lvy Bridge cores

291.529 | | FLOW::STEP_SOLVER [{flow.F90} {1382,3}-{1551,28}]

291.317 [_] RELAX_STEADY::RELAX [{relax_steady.f90} {29,3}-{236,22}]

33% runtime improvement

198.656 [mm] FLOW::STEP_SOLVER [{flow.FO90}{1382,3}-{1551,28}]
198.531 [L] RELAX_STEADY::RELAX [{relax_steady.f90}{29,3}-{236,22}]

ATPSEC'16, Copyright © ParaTools, Inc.



DOD CREATE-AV

Strand Technoloqgy

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

CREATE-AV Overview

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.
08/16/2010 Page-17




Initial Profile

Triangle Mesh
* Bar Plot

Scatter Plot

Topology Plot
Height Metric
Exclusive

Color Metric

Exclusive

Function

Height value

Color value

[E=TT) Piot  Axes  Color

height: 0 113.617

seconds

113.617

seconds
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After Hot Spot Optimization

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 B il eful work

Function
12,476

Thread

Height value

Color value

Axes

seconds

seconds
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DOE IRMHD

* 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=

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

 |IRMHD (Inhomogeneous Reduced Magnetohydrodynamics)
— Fortran 90 and MPI HPGove—— 1
— Excellent weak and strong scaling properties — [ohdadbrbaicng
. . ~/ /Rstrophysics
— 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:

— MPI_Send and MPI_Bcast EYIZE:EIE
take significant time i

— Opportunities for
communication/
computation overlap

— ldentified possible targets
for computation improvements

ATPSEC'16, Copyright © ParaTools, Inc.
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IRMHD Optimization

* On 2,408 cores, overall
execution time reduced
from 528.18 core hours
to 70.8 core hours
(>7x improvement)

* Non-blocking
communication
substrate

* More efficient
implementation of
underlying FFT

ParaProf: Comparison Window

= IRMHD_BGP_original.ppk - Total
[l RMHD_BGP_comm_optimized.ppk - Total
conds = IRMHD_BGP_comm_fft_optimized.ppk - Total

1:46.595

|
271:56:13.956 (51.484%) | N REFLECT
70:50:57.758 (13.413%) (sl

448:10:0.787
265:17:47.832 (59.196%)
69:17:49.088 (15.462%) [

ADVANCE_ONE_SNAP

231:03:53.461 | |
229:07:47.7 (99.163%) | DERIVE
30:29:44.389 (13.198%) [

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

134:32:11.88 [
MPI_Barrier()

127:32:15.924 [
MPI_Send()

125:45:28.562 [
124:58:11.317 (99.373%) [l MPIFFT::CHEBYB

14:19:58.871(11.397% @

125:41:36.192 ]
124:54:20.196 (99.373%) (sl CCHEBYB
14:16:52.014 (11.362%) @

100:26:57.17 [l
98:49:36.853 (98.385%) | MPIFFT::CHEBYF
11:27:44.137 (11.411%) @

100:23:55.809 [l
98:46:33.474 (98.384%) [Immmmmeem CCHEBYF
11:25:9.62 (11.374%) @
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Python Performance Evaluation

CONCLUSION
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Try it out!

http://www.paratools.com/TAU

http://www.paratools.com/ThreadSpotter

Free download, open source, BSD license

jlinford@paratools.com
(540) 808-9250

Copyright © ParaTools Inc. unless marked otherwise.
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