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Northrop Grumman Cync Program

* A partnership between NORTHROP GRUMMAN

Northrop Grumman and il

the Cyber Incubator@bwtech

* Innovative, technology-driven startup companies
addressing critical market needs in:

— Cyber

— Data Sciences P l
aratools
— Secure Mobility

— Cyber Physical Systems

— Critical Infrastructure Protection

RESEARCH & TECHNOLOGY PARK
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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

D- Environment
\Emergency




Products and Services
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The TAU Performance System®

Performance Software

: Engineering Development
TAU Commander / Enterprise

Kppa Algorithm Software
Development Porting
RotCFD
ThreadSpotter . Data
flesting Analytics
HPC Linux
PToolsRTE ParaTools® and IQB® are registered
trademarks of ParaTools, Inc.
PToolsWin ParaTools is the sole licensee of the TAU
Performance System® trademark owned by
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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In the Press

— p - DEFENSE
_— 0 INDUSTRY
; DAILY

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




Partnerships

=" Microsoft :In/teD
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ParaTools LTD in Daresburry UK

* Located in the Sci-Tech Daresburry Innovation Centre
* In partnership with STFC Daresbury Laboratory

e Luke Mason co-PI




NASA, DOD, DOE, Industry

“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! :)”

Triangle Mesh

512 Processes s

........

14,400 Processes

3x capability
23hrs = 8hrs

\/v
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High Performance Cybersecurity

e Risk from inexperienced users, COTS, BYOD, and
community/user-installable software packages.!

* Performance impact of existing solutions is too high.

1. M. Garnaeva et al. Kaspersky Security Bulletin 2015. Kaspersky Labs, Dec. 2015.




Secure Intelligent Runtime Environment (SIREN)

* Profile-driven threat quantification and isolation:
— Safely test and analyze untrusted software.
— Dynamically react to suspicious shifts in behavior.
— Extremely low overhead, no virtualization.

user Capplication>  gygtem
libraries libraries

Manual e — Automatic
instrumentation instrumentation
> - -
security <«— Tuntime
validation constraints

D . .
continue execution

further testing software
@ < threat > @ halt
security violations _|S18"atUre| security violations execution

Copyright © ParaTools Inc. unless otherwise marked.



Low Overhead Application Isolation

* Monitor the application’s
threat signature to isolate
software that attempts to
violate system integrity.

 Complements existing security
measures:

— Firewalls.
— VM-based isolation frameworks.

— Container-based isolation.

No VM required!

Copyright © ParaTools Inc. unless otherwise marked.



User-space Threat Quantification

PackageUnicorn Threat Report  ParaTools e Qua ntify the pote ntial

* Authorl, Author2 . .
n - o Webosge risk of using a package.
h * Software License
‘E * Source Code File Count

; Storage Footprint e Automatically filter by

Threat Signature: 7.8 * Memory Footprint

soure Code Analyss | software behavior.

d = g.get_writable dir()
file = os.path.join(d, 'some_silly file')

| * Make system-level
P E o2 [mim assertions about package
characteristics:

— “Only FIPS-compliant

Network Communication Map Pyt h O n p a C ka ge S .”
x 3

L_Bytes Written <file

Performance Profile

L

]|

W
i
1
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NGC Lunch and Learn

THE TAU PERFORMANCE SYSTEM
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The TAU Performance System®

Integrated toolkit for performance
problem solving

— Instrumentation, measurement,
analysis, visualization

— Portable profiling and tracing

— Performance data management and
data mining

Developed for over 20 years
Direct and indirect measurement
Free, open source, BSD license

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

http://tau.uoregon.edu/

Instrumentation

1IEIEE

IIW II mmmmmm In
lormance sources 0s

Trace Visualizers  Trace Analyzers

Expert ‘




Use Cases

* Cybersecurity
— Profile-driven threat quantification and isolation

e Code Modernization

— FraPPE: the Framework for Parallel Program
Engineering (US ARMY)

e Software Optimization
— Load balancing
— “Hot spot” identification
— Improvement quantification

* Performance Regression Testing

Copyright © ParaTools Inc. unless otherwise marked.



TAU Supports All 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




Instrumentation at Every System Layer

System
‘ Rank 3
Group Network
Rank 2 Active Optical
Network Network
Passive Hundreds of
Electrical Cabinets
Netwolrk Up to 10s of
- 16 Compute 2 Cabinets thousands of
(leorgpute Blades 6 Chassis nodes
ade No Cables 384 Compute
4 Compute g4 Compute Nodes

Nodes

Nodes

Copyright © Cray Inc.
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Types of Event Data

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




Event Measurement

Direct via Probes Indirect via Sampling
.i(t)
call TAU START (‘potential’) f T Y
T ©
call TAU STOP(‘potential’) JERETEN I B R R AN i
Exact measurement * No code modification
Fine-grain control * Minimal effort
Calls inserted into code * Relies on debug

symbols (-g option)

Copyright © ParaTools Inc. unless otherwise marked.



Inclusive vs. Exclusive Measurements

« Exclusive measurements for region only
* Inclusive measurements includes child regions

int foo()

{ ™)
int a;
a=a+1;

Exclusive >, Inclusive

bar(); duration duration

a=a+1;
return a;

Copyright © ParaTools Inc. unless otherwise marked.



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 otherwise marked.



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




How Much Time per Code Region?

® OO

Metric: TIME
Value: Exclusive
Units: seconds

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

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

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

Copyright © ParaTools Inc. unless otherwise marked.



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 |

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

| 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)

Copyright © ParaTools Inc. unless otherwise marked.




How Many L1/L2/L3 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

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

MPI_Alltoall()

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

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

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

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

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

Copyright © ParaTools Inc. unless otherwise marked.



How Much Memory Does the Code Use?

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

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

Copyright © ParaTools Inc. unless otherwise marked.



How Much Memory Does the Code Use?

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

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

Copyright © ParaTools Inc. unless otherwise marked.




Where is Memory Allocated / Deallocated?

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

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

Copyright © ParaTools Inc. unless otherwise marked.



What are the I/0 Characteristics?

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

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

|v .TAU application M

[ » read()

[ » fopen64()

[ » fclose()

| v OurMain()

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

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

\ » read() |

| malloc size 3,877 323.083 12 32 981 252.72

\ free size 1,536 219.429 7 32 464 148.122

| » fopen64()

| > fclose()

v <o (obepyie Bytes written to each file

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

| v write() \V4

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

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

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

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

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

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

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

Copyright © ParaTools Inc. unless otherwise marked.




o\°

» MPI_File_open()

> MPL_File_write_at()
> MPI_Finalize()

> MPI_Gather()

> MPI_Gatherv()

What are the I/0 Characteristics?

Name A
Incl
Initialize
LoadBodyEuler
LoadMesh
MPI-10 Bytes Written
MPI-IO Write Bandwidth (MB/s)
MPI_Allgatherv()

> MPI_Bcast()

MPI_Comm_create()
MPI_File_close()

Total NumSamples MaxValue MinValue | MeanValue Std. Dev.
4,328,712 144 893,152 0 30,060.5 128,042.696
144 196.86 0 3.421 16.87

MPI_File_write_all()

Peak MPI-IO Write Bandwidth

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

Copyright © ParaTools Inc. unless otherwise marked.



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 otherwise marked.



What is the Application Structure?
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Application Callgraph Navigation

.TAU application

<module> [{mm.pyH3}]

naive_example... <module...

naive_matrix [{mm.py{11}] naive_matmult [[mm.py{17}]

m sample [{random.py}{290}]

=




3D Profile Visualization

THT UPUUIND  WIIUUWD ISP

*) Triangle Mesh
) Bar Plot
) Scatter Plot

Height Metric
T Ui Exclusive ~| |GET_TIME_OF_DAY |+
Ay THEOE

Color Metric

Exclusive | |GET_TIME_OF_DAY |+

SIGMAD_CQL3
Function

Height value 321.68 seconds

Colorvalue  321.68 seconds

Mesh Plot  Axes  ColorScale

Plot Width

Plot Depth

Plot Height

__ Transparency

001S Copyright © ParaTools Inc. unless otherwise marked. 36
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3D Communication Visualization

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

Display Options

Callpath

JaqLUﬂN

int findwork(int) C [{uts_shm.c} {695,1}
Height Value

Number of calls

}0

Color Value

(bytes) @

Message volume (bytes)

S}(5|1‘

Sender

Receiver

¢
3
o
by
@
o
=]
@
%]
L
=

Height value 4054

Colorvalue 16216

paraprof (Windows = 3D Communication Matrix)

Copyright © ParaTools Inc. unless otherwise marked.
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How Well Does Each Routine Scale?

X TAU/PerfExplorer: Total Runtime Breakdown

File Help

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

- WRITE_SAVEFILE

MPI_Waitall

100

90
80
70

60

50

40

30

Percentage of Total Runtime

20

10

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

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

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

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

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

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

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

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

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

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

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

$ perfexplorer (Charts = Runtime Breakdown)




Which Events Correlate with Runtime?

Correlation Results: All Trials: TIME

1013

1042

Exclusive TIME for Event

1041

10r0

Processors

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

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

® O O Legend : buffon.slog2

Timeline : buffon.slog2 <Identity Map>

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

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

void shmem_barri...

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

void start_pes(int)

|
||
=
=
|
||

Preview_Event

Message size for
Message size for
Message size rec

Il
( Select )

I R AR REEREEEEARAEAREAEAEA

“

1 f f f R R R EREEEEEAEAEEREREREEREEEA

>

Deselect \

close

IBIVW B[ <[> [aa]a]a]~] G888 2a®

Lowest / Max. Depth : Zoom Level Global Min Time View Init Time Zoom Focus Time View Final Time Global Max Time Time Per Pixel — : | Row
0/0 10 0.00 5.8519931693 5.8546343529 5.8572755324 5.857398 0.0000058693 S “I Row Count
Cumulati.. 4 TimeLines - 9.0
r o
B SLOG-2
-8
|
= | 0 90,9
R _Iul!_l . =7
_— [T i
e e e
OO
- S I\ N ) ]ZI 6
— T\ ul
Gs H L -5
Ga -4
s -3
Cie -2
-
b7 .
- =il
@ LinelD Fit All Row
’I I I I I I I I I I I ‘ —
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

Copyright © ParaTools Inc. unless otherwise marked.




What Caused My Application to Crash?

Right-click to see source code

X Metadata

Name

BACKTRACE

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

BACKTRACE

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

BACKTRACE

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

BACKTRACE

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

BACKTRACE

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

BACKTRACE

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

BACKTRACE

[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




What Caused My Application to Crash?

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

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

69 R K
70 oy

71
72
73

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

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

CoL "c<x<<end] ;
78 ’ 1

79 1

80 !

81 P

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

84 ¥ lWrite data to output

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

86 "

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

89
90
91 - T T
92 -

93 .

to "time + dt”

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

wb1a SEMINT: :writePlotData{const double time,

Copyright © ParaTools Inc. unless otherwise marked.



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 otherwise marked.




NGC Lunch and Learn

CASE STUDY: STRAND SOLVER

0 1'C Copyright © ParaTools Inc. unless otherwise marked.
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DoD CFD Applications

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




Target Platform: x86_64 + Xeon Phi




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

JP A 1id R0 )0 )J S Copyright © ParaTools Inc. unless otherwise marked. 49



Nonblocking MPI and Optimized 1/0

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

Color Metric

Exclusive

<none>

Useful work! i Bl | eful work!

Function
12,476

Thread

Height value

Color value

Axes

seconds

seconds

J‘) ALBAVOC 1S Copyright © ParaTools Inc. unless otherwise marked. 50



5% Runtime Reduction (~2x faster)

© ParaProf: Comparison Window
Metric: TIME [[] SAMCart.scaling.03.x86_64.np512 - Total
Value: Inclusive | SAMCart.scaling.0O3_io_nonblocking_omp.x86_64.np512.2 - Total

Units: hour:minute:seconds

23:56:14610 (1]
8:20:09.459 (34.824%) ("]

23:56:14.250 I |
8:20:09.019 (34.824%) [

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

15:15:02.606 | ]
1:37:19.383 (10.636%)

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

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

5:06:05.058 [
5:49:16.002 (114.108%) [

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

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

4:47:06.499 ]
5:20:42.289 (111.702%) |

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

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

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

2:08:27.062 [
2:13:06.911 (103.631%) [l

2:07:21.598 [
2:03:10.753 (96.717%) [l

2:04:10.649 []
2:00:19.546 (96.898%) [l

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

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

.TAU application

int main(int, char **)

void SAMIO::writePlotData(int)

void SAMIO::writePlot3dData(std::string &, std::string &, std::string &, std::string &, std::string &, std::string &, do
MPI_Send()

MPI_Barrier()

void timestep(const int)

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

void timestep_global(const double, const int, const int)

void SAMIO::writeRestartData(int)

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

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

void SAMCommunication::fillQFringes(int, double)

void computeRHS(const int, const double, const int, const int)

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

INVISCIDRHSUNIFIED




Cray XC30

ParaProf: Comparison Window

Metric: TIME [J SAMCart.scaling.03.lightning.ppn24.np2048.1 - node 0
Value: Inclusive [l sAMCart.scaling.03_io_nonblocking_omp.craycnl.ppn24.np2048.1 - node 0

Units: seconds

368.17
649.188 (176.328%) |

368.169

649.188 (176.329%)

329.015
604.706 (183.793%) |

328.698 |

604.489 (183.90490) |
240.131 [ ]

417.144 (173.715%) ——

223723 ]
402.985 (180.127%) [

84.874 [
184.647 (217.554%) [l

81.657 [
181.202 (221.907%) [

14.838
17.775 (119.794%)

14.837
17.774 (119.795%)

14.477
17.354 (119.868%)

0
!
0
"
0
!

.TAU application

int main(int, char **)

void SAMIO::writePlotData(int)

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

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

WRITEQNOFRNG32

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

WRITEXNOFRNG32

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

RHS

INVISCIDRHSUNIFIED

Slower! What happened???

Copyright © ParaTools Inc. unless otherwise marked.




Use Appropriate Stripe & Buffered I/0

() o ParaProf: Comparison Window

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

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

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

209:27:23.879 | |

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

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

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

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

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

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

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

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

Copyright © ParaTools Inc. unless otherwise marked.




NGC Lunch and Learn

CASE STUDY: NASA FUN3D
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FUN3D Wing-Body-Nacelle

 1,651,089,924 grid points
 5,902,801,476 tetrahedral elements
* 1,310,290,264 prismatic elements

e 14,400 lvy Bridge cores

MPI Rank O

1143.927 [ ] NODET [{main.f90} {5,1}-{38,17})
855.268 SOLUTION::WREST_V4_SOLN [{solution.F90} {3192,3}-{3941,30})

55.961 [ MPI_Reduce(

43.271 @ FILLJACOBIANS: FILL_JACOBIAN [{fill_jacoblans.f90} {19,3}-{135,30})

33.606 W UPDATE_MEAN:RESIDUALS [{update_mean.F90} {36,3}-(81,27))

32.915 [ MPI_Recv))

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

15.579 § UPDATE_TURB::UPDATE_JACOBIAN [{update_turb.f90} {131,3}-{154,32})
14.503 § MPI_Waitall)

10.963 | UPDATE_TURB::UPDATE_RESIDUAL_TURB [{update_turb.f90} {215,3}-{226,37))

MPI Rank 1
1145.987 NODET [{main.f90} {5,1}-{38,17}]
052,810 e MP_BCast0)

39.305 [ FILLJACOBIANS::FILLJACOBIAN [{fill_jacobians.f90} {19,3}-{135,30}]

32.184 [ UPDATE_MEAN::RESIDUAL S [{update_mean.F90} {36,3}-{81,27}]

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

15.347 | MPI_Waitall)

14.792 || UPDATE_TURB::UPDATE_JACOBIAN [{update_turb.f90} {131,3}-{154,32}]

10.195 | UPDATE_TURB::UPDATE_RESIDUAL_TURB [{update_turb.f90} {215,3}-{226,37})
2.3 | FILLJACOBIANS::ZERO_OUT_JACOBIAN [{fill_jacobians.f90} {195,3}-{228,16]]

MPI Rank 7260
1145.997 NODET [{main.f90} {5,1}-{38,17}]
478.545 [l MPI_Bcast()
445.608 ] MPI_Send()
51.022 [l FILLJACOBIANS::FILL JACOBIAN [{filljacobians.f90} {19,3)-{135,30}]
30.707 @ UPDATE_MEAN::RESIDUAL_S [{update_mean.F90} {36,3}-{81,27}]
23.124 [] RELAX_STEADY:RELAX [{relax_steady.f90}{29,3}-{236,22))
17.128 || MPI_Reduce(
14.709 || UPDATE_TURB::UPDATE_JACOBIAN [{update_turb.f90} {131,3}-{154,32}))
12.21 | MPI_Waitall)
10.35 | UPDATE_TURB::UPDATE_RESIDUAL_TURB [{update_turb.f90} {215,3}-{226,37}]

4

MPI Rank 14399

1145.85 | ] NODET [{main.f90} {5,1}-{38,17}] 19,240,000
887.961 ] MPI_Send() kel b

60.789 [ MPI_Bcast) 75,171,056

344

29.845 [ UPDATE_MEAN::RESIDUAL S [{update_mean.F90} (36,3}-(81,27}]
20.73 [] RELAX_STEADY::RELAX [{relax_steady.f90} {29,3}-{236,22}]

14.169 | MPI_Watall)

13.977 [ UPDATE_TURB::UPDATE_JACOBIAN [{update_turb.f90} {131,3}-{154,32))
9.357 | UPDATE_TURB::UPDATE_RESIDUAL_TURB [{update_turb.f90} {215,3)}-{226,37})
2.437 | FILLJACOBIANS::ZERO_OUT_JACOBIAN [{filljacobians.f90} {195,3}-{228,16})

o
46.745 [@ FILL_JACOBIANS:FILL_JACOBIAN [{fill_jacobians.f90} {19,3)-{135,30}]

i

0

[

Copyright © ParaTools Inc. unless otherwise marked.




FUN3D Profile shows a hot spot

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

Exclusive

MP1_Bcast()
Function

Thread

Height value 2323.033 seconds

Color value 2323.033 seconds

- a3 Plot Axes Color
2837 wee

V198 578

height: 0 3597.155

899,289

seconds

o Aerl

)

3597.155

seconds
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TAU: ParaProf: tauprofile.xml

j
(g
i -
O
-
(O
an
@
=z
(&)
(O
o
(V)
=
-
§=

IDEEEE

=0 __HnEElmEel |

]
=

EEE

0

Exclusive TIME: 3000.931 second
Inclusive TIME: 3000.931 seconds
I

Calls: 213010.0

SubCalls: 0.0

node 18 | ] L

MPI_Bcast

Min |
node 0 |

MPI| Bcast

Mean [ ]

Max |

node2 [ ]

node 3 |

node4 [ ]

node 5 |

node6 [ ]
node7 [ 1]
node8 [ ]

node 9 |

node12 [ ]

node 13 |
node 14 |
node 15 |
node 16 |
node 17 |

node20 [ ]
node 21 |

node22 [ ]
node23 [ |
nada 24 [ 1

Std. Dev. [

node 1 |
node 10 |
node 11 |
node 19 |

Value: Exclusive

Metric: TIME




Callpath Profile

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

Metric: TIME
Value: Exclusive
Units: seconds

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

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

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

] MPI_Reduce()

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

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

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

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

B

|

H

|

|

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

g

|

i

H

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

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

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

LMPI::LMPI_CONDITIONAL_STOP [{Impi.F90} {627,3}-{688,38}]
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Inclusive TIME (seconds)
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What'’s going on here?

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

MPI_Allreduce() MPI_Abort()
* Of(log, N) vs. O(N)  0O(1) vs. O(N)

@] ParaProf: Comparison Window
Metric: TIME O tauprofile.plain.xml - Mean
Value: Inclusive B tauprofile.mpiallreduce.xml - Mean
Units: seconds I tauprofile.mpistop.xml - Mean

291.676

e . .
223.324 (76.566%) (] FLOW::STEP_SOLVER <= NODET 33% ru nt| me |m provement

197.769 (67.804%) ]

291.45 | |
223.308 (76.62%) (e  RELAX_STEADY::RELAX <= FLOW::STEP_SOLVER <= NODET <= .TAU application
197.557 (67.784%) ]

92.871
86.213 (92.832%) [l UPDATE_MEAN::UPDATE_LINEAR_SYSTEM_MEAN <= RELAX_STEADY::RELAX <= FLOW::STEP_SOLVER <= NODET <= .TAU application

43.038 (46.342%) [

92.044 [
85.517 (92.908%) Sl UPDATE_MEAN::UPDATE_JACOBIAN_DRIVER_MEAN <= UPDATE_MEAN::UPDATE_LINEAR_SYSTEM_MEAN <= RELAX_STEADY:RELAX <=

42.846 (46.549%) [

92.044
85.517 (92.908%) [l UPDATE_MEAN::UPDATE_JACOBIAN <= UPDATE_MEAN::UPDATE_JACOBIAN_DRIVER_MEAN <= UPDATE_MEAN::UPDATE_LINEAR_SYSTEI

42.846 (46.549%) [

90.826
84.915 (93.492%) [l FILL_JACOBIANS::FILL_JACOBIAN <= UPDATE_MEAN::UPDATE_JACOBIAN <= UPDATE_MEAN::UPDATE_JACOBIAN_DRIVER_MEAN <= UPC

42.739 (47.056%) [
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FUN3D Wing-Body-Nacelle

“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! :)”

Wall Time, sec
Efficiency

Percent Savings in Wall Time
Speedup
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NGC Lunch and Learn

CASE STUDY: IRMHD

2 (" 0Y0 ‘ S Copyright © ParaTools Inc. unless otherwise marked.
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IRMHD on Intrepid and Mira

* INCITE magnhetohydrodynamcis simulation to understand solar
winds and coronal heating

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

— Team

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

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 of BG/P:

— MPI_Send and MPI_Bcast EYIZE:EIE
take significant time i

— Opportunities for
communication/
computation overlap

— ldentified possible targets
for computation improvements

Copyright © ParaTools Inc. unless otherwise marked.
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IRMHD Optimization on Intrepid (BG/P)

* 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
[ IRMHD_BGP_comm_optimized.ppk - Total

conds |:|IRMHD_BGP_comm_f‘ft_optimizedippk - Total
1:46.595 |
271:56:13.956 (51.484%) [ REFLECT
70:50:57.758 (13.413%) [l
448:10:0.787

. 1
265:17:47.832 (59.196%) (s ADVANCE_ONE_SNAP
69:17:49.088 (15.462%) [l

231:03:53.461 | ]
229:07:47.7 (99.163%) | —|
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()

DERIVE

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%) [l CCHEBYF
11:25:9.62 (11.374%) @
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IRMHD Optimization on MIRA (BG/Q)

* Oversubscribe nodes: 32k ranks vs. 16k per node
e Overall time improvement: 71.23% of original

e 0o ParaProf: Comparison Window

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

Value: Inclusive [ | /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%) [— REFLECT [{reflect_tau.f90}{31,1}-{161,19}]
279.402 (71.235%) |

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

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

257.53 ]
200.253 (77.759%) (mmmm— WOERIVS [{wderivs.f90}{1,1}-{75,22}]
172.076 (66.818%) ]

121.749
91.501 (75.155%) [l MPIFFT::RCFFT2D_MPI [{mpifcheby_fftw.f90} {401,3}-{442,28}]
77.191 (63.402%) [l

108.619
84.232 (77.547%) [ MPIFFT::CRFFT2D_MPI [{mpifcheby_fftw.f90} {444,3}-{478,28}]
71.706 (66.016%) [l

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

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

70.045 [
54.023 (77.126%) [ MPIFFT::BP_TRANSPOSE_COMPLEX [{mpifcheby_fftw.f90} {390,3}-{399,37}]
42.66 (60.904%) [l
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CONCLUSION
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Try it out!

http://www.taucommander.com

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

Free download, open source, BSD license

Copyright © ParaTools Inc. unless otherwise marked.
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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="fo0.f90" routine="#"
io file="abc.f90" routine="FOO"
END_INSTRUMENT_SECTION

Copyright © ParaTools Inc. unless otherwise marked.



Generate a PAPI profile with 2 or more counters

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

export TAU OPTIONS=‘-optTauSelectFile=select.tau -optVerbose’
cat select. tau

BEGIN_ INSTRUMENT SECTION

loops routine=“#"

END INSTRUMENT SECTION

o° o° oP°

% export PATH=$TAU_ROOT/bin:$PATH
% make F90=tau_ £f90.sh
(Or edit Makefile and change F90=tau £90.sh)

export TAU METRICS=TIME:PAPI FP INS:PAPI L1 DCM
mpirun -np 4 ./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 “/7, “TIME”, click “Apply  and choose the derived metric.

o° o° oJ° oe

o°
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Tracking 1/0

o° o° o oO° o o o° oP

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

export TAU OPTIONS='-optTrackIO —optVerbose'

make CC=tau cc.sh CXX=tau cxx.sh F90=tau £90.sh
mpirun -n 4 ./a.out

paraprof —-pack ioprofile.ppk

export TAU TRACK IO PARAMS=1

mpirun -n 4 ./a.out

Copyright © ParaTools Inc. unless otherwise marked.




Installing and Configuring TAU

*Installing PDT:

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

*Installing TAU:

— waget 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/0O 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 1/0 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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