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MPI Performance Snapshot &% MPI &/\1J1wR
IS RARZ—DAT—2T 7870771

MPI Performance Snapshot Summary

BE BN —AURRR
32K > o%=Ta771IL i o s

Overview Performance by Metric

MPI Time: 0.12 sec
MPI Imbalance: 0.04 sec

WallClock time: 1.44 sec
Total application lifetime. The time is elapsed time for the slowest process. This metric
includes the MPI Time and the Cemputation time below.

MPI Time: 0.12 sec
Time spent inside the MPI library. High values are usually bad.

m Computation Time: 1.30 sec 91.84%

Rr—2E)T71— - Z’T—'J‘/ﬁ‘

This value is he application did NOT spend much time inside the MPI
library.
— (] ~ 7&—
‘L—J: 5 / \ ), F— ? Z \1t% MPI Imbalance: 0.04 sec 280%
WallClock Mean unproductive wait time per process spent in the MPI library calls when
S — ! | 5 t ‘_. a process is waiting for data. This time is part of the MPI time above. High
J% ‘ *ﬁ Ime: values are usually bad.
- 1.44 sec This value is . The application workload is well balanced between MPI
ranks.
B Computation Time: 1.30 sec 91.84%

Mean time per process spent in the application code. This is the sum of the
AN OpenMP Time and the Serial time. High values are usually good.
(AN
/ — / b N This value is HIGH. The application is Computation-bound. Hide details...
\\ Memo ry Usa ge * For more information about basic CPU counters see the diagram 'Counters
M P I/O pe n M P * d) 4 z % and Memory usage statistics' (key *-0').

Peak memory cansumption (rank 1) 13.18 MB For more information about the performance profile of the computation

code we recommend looking at CPU utilization at node level using Intel®
% ] Mean memory consumption: 12.69 MB VTune™ Amplifier XE. The taol is available a5 part of Intel ® Parallel Studia
VAN Per-process memory usage affects the application XE Cluster Edition.
scalability.

EICB Y 2 EREE
© 2015 Intel Corporation. FEM D5 | A &&= R X7,
* ZOMDH R HRRBLEIE —RICEHORT. EIRX LB REE




RITDIBREFIR AR —T 42T O AT L
7Oty —ntR—k

C/C++ 1ZZEFFIE Fortran 3R4&
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_Static_assert._Thread_local. _Noreturn._Generic * Fortran 2008 IMPURE ELEMENTAL: #L L\ IMPURE
e - 7747 AED PURE THWERTOS —Sv—%
» C++14 FEYIR—bDILAR: xRy TS5 LH GRA R
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= Fortran 2008 D BLOCK H'5® EXIT
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"2016" */— )L @D Webinar

What's New in Intel® Parallel Studio XE 20167 tﬂq
°___ L[~ e b VAPAN =
T 2 /N—MMC K BEHEREDRBN e e vy
‘You want your code to run faster on Windows®, Linux® and/or OS5 X"
Owr presenter Gergana Slavova will show you how.
7/]/7 Webinar: Build Fast and Cross-Platform Applications t’l
2017 5/9/1 ~ 201 5/1 1 /1 0 with Intel® Performance Libraries NE?
Sep 15, 2015
—_— \ H boost cod rf ith timized perf
7 /r 7 i TC Liﬁé—t\"*ﬁ'ﬂiﬁﬂﬁg |'|bc;:riceasl:l?1ff;:|ln g;:;\?u‘:opﬁndogim with pre-optimized performance
Strategies for Tuning Multi-Level Parallelism tﬁ
Sep 22, 2015 “@
There are many different techniques and strategies for maximizing Add
pa rallf}lism in your system. Join Kevin O'Leary as he guides you these
http://tinyurl.com/webinars-intel2016 eehmaes andmore
Faster Big Data Analytics Using New Intel® Data tﬁ
Analytics Acceleration Library AE)
Sep 29, 2015
Big data is BIG. And you need information faster. New Intel® Data
Analytics Acceleration Library (Intel® DAAL) speeds data processing
for data mining, statistical analysis, and machine leaming.
Using Nested Parallelism in OpenMP* with tﬁ
- : =)
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of highly scalable parallel
programming
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INTA—I > A% KIBICHE L

> INT1Z—®D OpenMP* 4.0 IZ&BBETRBIGARIMILL

% |
» 21THEEBMT BT TTIYTILOSSEE TV TIL®
AVX =X EE

» SSOUEEHLIOOIINAT—TIFEEIN DT
HIHEMEICITRZEL L)

typedef float complex fcomplex;
const uint32_t max_iter = 3000;
#pragma omp declare simd uniform(max_iter), simdlen(16)
uint32_t mandel(fcomplex c, uint32_t max_iter)
{
uint32_t count = 1; fcomplex z = c;
while ((cabsf(z) < 2.0f) && (count < max_iter)) {
z=2z*z+C countt++t;
}
return count;
}
uint32_t count[ImageWidth][ImageHeight];
for (int32_t y = 0; y < ImageHeight; ++y) {
float c_im = max_imag -y * imag_factor;
#pragma omp simd safelen(16)
for (int32_t x = 0; x < ImageWidth; ++x) {
fcomplex in_vals_tmp = (min_real + x * real_factor) + (c_im * 1.0iF);
count[y][x] = mandel(in_vals_tmp, max_iter);
}
}
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Excellent Performance Scalability with Intel® Threading Building Blocks 4.4
on Intel® Xeon® Phi™ Coprocessor
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Configuration Info: SW Versions: Intel® C++ Intel® 64 Compiler, Version 16.0, Intel® Threading Building Blocks (Intel® TBB) 4.4; Hardware: Intel® Xeon Phi™ Coprocessor 7120 (16GB, 1.238 GHz, 61C/244T); MPSS
Version: 3.5; Flash Version: 2.1.02.0391; Host: 2x Intel(R) Xeon(R) CPU E5-2680 0 @ 2.70GHz (16C/32T); 64GB Main Memory;. OS: Red Hat Enterprise Linux Server release 6.5 (Santiago), kernel 2.6.32-431.el6.x86_64;
Benchmarks are measured only on Intel® Xeon Phi™ Coprocessor. Benchmark Source: Intel Corp. Note: sudoku and tachyon are included with Intel TBB

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific
computer systems, components, software, operations and functions. Any change to any of those factors may cause the results to vary. You should consult other information and performance tests to assist you in
fully evaluating your contemplated purchases, including the performance of that product when combined with other products. * Other brands and names are the property of their respective owners. Benchmark
Source: Intel Corporation

Optimization Notice: Intel's compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These optimizations include
SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel.
Microprocessor-dependent optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors.
Please refer to the applicable product User and Reference Guides for more information regarding the specific instruction sets covered by this notice. Notice revision #20110804 .
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DGEMM Performance Boost by using Intel® MKL vs. ATLAS
Intel® Core™ Processor i7-4770K Intel® Xeon® Processor E5-2699 v3
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Matrix size (M = 10000, N = 6000, K = 64,80,96, ..., 384) Matrix size (M = N)
—#— [ntel MKL - 1 thread —e=—Intel MKL - 2 threads —&=—Intel MKL - 4 threads —t— [ntel MKL - 1 thread == Intel MKL - 18 threads —#&— Intel MKL - 36 threads
—t— ATLAS - 1 thread —eo— ATLAS - 2 threads —m— ATLAS - 4 threads —t— ATLAS - 1 thread —o— ATLAS - 18 threads =~ —m— ATLAS - 36 threads

Configuration Info - Versions: Intel® Math Kernel Library (Intel® MKL) 11.3, ATLAS* 3.10.2; Hardware: Intel® Xeon® Processor E5-2699v3, 2 Eighteen-core CPUs (45MB LLC, 2.3GHz), 64GB of RAM,; Intel® Core™ Processor
i7-4770K, Quad-core CPU (8MB LLC, 3.5GHz), 8GB of RAM; Operating System: RHEL 6.4 GA x86_64;

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as SYSmark and MobileMark, are measured using specific
computer systems, components, software, operations and functions. Any change to any of those factors may cause the results to vary. You should consult other information and performance tests to assist you in

fully evaluating your contemplated purchases, including the performance of that product when combined with other products. * Other brands and names are the property of their respective owners. Benchmark
Source: Intel Corporation

Optimization Notice: Intel’'s compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel microprocessors. These optimizations include
SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel.
Microprocessor-dependent optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture are reserved for Intel microprocessors.
Please refer to the applicable product User and Reference Guides for more information regarding the specific instruction sets covered by this notice. Notice revision #20110804 .
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Source CPU Time: Total by Utilization
e . Source
Didie @Poor [J Ok @ 1deal [@ Over
ES for (imt i = 0; i < mem array_i_max; i++) 030050
82 I
83 for (int j = 0; j < mem array_j_max; j++) 4.9365 [N
84 {
85 mem array [j*mem array j_max+i] = *£i11 val| 7.207s N

OpenMP* DR —FEUTt—%Fa—=>J

(#) OpenMP Region CPU Usage Histogram

Elapsed Time
[ ~
7

Fooow
w

0.5

&

Thread Concurensy




127 )L® VTune™ Amplifier XE
= OpenMP* DR —SETF—ZRRICFa—=>T
= LR MPL/NA TR R

@ Top OpenMP Processes by MPI Communication Spin Time

- ’F’%— $ 7— ~ O e n C L*/G P U ﬁg*ﬁ This section lists process with the lowest MP| communication spin time
= d p PID (%) OpenMP Potential Gain

Elapsed Time

Process MPI Communication Spinning (%)  Serial Time (%)
bt-mz.B.4 125904 0.020s 0.2% 3,392s 31.2% 0.251s 2.3%
-+ — bt-mz.B.4 125902 0.040s 0.4% 3.431s 31.6% 0.291s 2.7%
| E T— iu = bt-mz.B.4 125905 0.321s  3.0% 3.025s 27.9% 0.659s 6.1%
= ;i L (. A I'H
bt-mz.B.4 125903 0.441s  4.1% 3.147s 29.0% 0.608s 5.6%
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® OpenMP Analysis. Collection Time: 14.490

1 )* Serial Time (outside any parallel region): 4.020s (27.7%)
Serial Time of your application is high. It directly impacts application Elapsed Time and scalability. Explore options for parallelization, algorithm or

microarchitecture tuning of the serial part of the application.
@ Parallel Region Time:  10.469s (72.3%)

Estimated Ideal Time 7.115s (49.1%)
2)* Potential Gain: 3.3545 (23.1%)
The time wasted on load imbalance or parallel work arrangement is significant and negatively impacts the application performance and

scalability. Explore OpenMP regions with the highest metric values. Make sure the workload of the regions is enough and the loop schedule is..

3)*@ Top OpenMP Regions by Potential Gain

This section lists OpenMP regions with the highest potential for performance improvement. The Potential Gain metric shows the elapsed time that
could be saved if the region was optimized to have no load imbalance assuming no runtime overhead.

OpenMP Region Potential Gain (%) Elapsed Time
4)* conj_grad_%$omp$parallel: 24@/home/vtune/work/apps/NPB/NPB3.3 1/NPB3.3-OMP/CG/cq.f:514:695 3.294s 22.7% 10.208s
MAIN__$omp$parallel: 24 @/home/vtune/work/apps/NPB/NPE3.3.1/NPBE3.3-OMP/CG/cq.f:185:231 0.059s 0.4% 0.260s
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I Effective time
B Lock spinning
[] Imbalance
[ ] Scheduling
I Work forking

INT#— > X[ L OEIEEM

Intel VTune Amplifier XE 2016

Callee| [#% To nTree | B Platform
Grouping:  |OpenMP Region f Functioy (Stack v |La| S K
OpenMP Potential Gain OpenMP [E] Number | CPU Time ¥ [E| A
OpenMP Region / Function / o Potential Elapsed of Instance e B o P
Call Stack Imbalance oc Creation | Scheduling | Reduction | Other | Gain (% Time | OpenMP | Count ective Time by Uriizstion pin vernea
ST of Colle... threads @ 1die @ Poor [0k @ Idesl [§ Over Wi Uiz
[ MAIN_SompSparallel:24@/h 0.0865 0s 0s Os 0s 0.000s 0.8%  0.286s 24 1 4319 2.006s
[Serial - outside any regicn] 13 0.0% 0012s 0.045s| 0.091s
MAIN_SompSparallel:24@/h 0.000s 0s 0s Os Os Os 0.0%  0.001s 24 75 0.004s| 0.016s Os
Selected 1 row(s): 11.093s 76 172.963s  92.219c 0.084s| »
< € >
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Memeory Used by Analysis Tool and Target Application

v —_— ~ N\ /5L, ‘ — Last recorded memory usage before collection completed: 211 MB
7N r—2a>DERTHIC..

AEU—EREDEM
2T T TR

3.5 Min now
N

Sources State

Type Meodules
Memory growth  gdiplus.dil:0x47240 gdiplus.dil P New
Memory growth  find_and_fix_memory_errors.cppil63  find_and_fix_memory_errors.exe * Mot fixed
Memory growth  find_and_fix_memory_errors.cpp:163  find_and_fix_memory_errors.exe 1802160 P Not fixed

Object Size
40960

XE)—EREDEM
DR K%z # R

Memory growth find_and_fix memory_errars.cpp:163  find_and_fix_memory_errors.exe 30036 P> Not fixed

Memory growth find_and_fix_memory_errors.cpp:l63  find_and_fix_ memory_errors.exe 1621944 P Not fixed

41 10f1 b [Al]

~ N i
)(‘I }IL,\ a 5:' I\ ]],E g Description  Source Function
J— Allocation site find_and_fix_memory_errors.cppil63 operator(]  find_and_fix_memory_errors.exe 90108
] }LZ 9 “/ 5 %%/l\ 161  unsigned int serial=l; find_and fix_memory_errors.ex

Module Object Size  Offset

162 unsigned int mboxsize = sizeof (unsigned int)* (max_cbjectid() +||find_and fix_memory_errors.ex
163 unsigned int * local mbox = (unsigned int *) malloc(mboxsize): |(find and X_MEMOTY ErIors.ex
164 find_and_fix_memory_errors.ex
165 for (unsigned int i=0;i<=(mboxsize/(sizeof(unsigned int))):i++||[tbb_debug.dll!local wait for
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A Where should | add vectorization and/or threading parallelism? 1o Intel Advisor XE 2016
® Refinerment Reports & Annotation Report { Suitability Repart
Elapsed tirmne: 34445 | | Wectorized Mot Wectorized FILTER: | &Il Modules ~ | Al Sources =7 a
i
Total |Tr

Function Call Sites and Loops ‘ & | @ VectorIssues 'I'Si;fe' Tﬁ"nae Coznts Loop Type | Why Mo Vectorization?
1+ (0 [loop at stl_algo.h: 4740 in stdvtr .. [] 0170s1 017051 Scalar B non-vectorizable loop ins ..
BT [loap at loopstl.cpp:2449 in 5234 ] @ 2 Ineffective peeledfrem .. 017051 017051 1214 Collapse Callanse s proge ]

i>[M[loop at loopstl.cpp:2449in 5. [] 015051 015051 12 Wectorized (B B

1> [loop at loopstl.cpp:2449in 5. [] 002051 0.02051 4 Remainder
3> [loop at loopstlcppi7R00invas_] | [ 0170s1 017051 500 Scalar B vectorization possible but..,
[loop at loopstl.cpp:3309 ins2... ‘¢ 1High vector register ... 0.160s| 0.160s| 12 Expand Expand AVX E@% ™
<

E
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1. Survey Target
Where should I consider adding

i =}'L — parallelism? Locate the loops and
110 §IJ 1 t 0) A o functions where your program spends its
DR m] 1 ) ﬁ@*ﬁ time, and functicns that call them.
\

Collect Survey Data

N / View Survey Resut
%ﬁo)ﬁﬂﬁflﬁﬁck—?& = 73‘[/ ( =n= ¢1Annutate5uum5

2) EXE-I- Add Intel Advisor XE annotations to
(3)/\‘”(5-‘31_1’15@ identify possible parzllel tasks and their
[ . ;

enclosing parallel sites.

. 3_/\“ _C@j—_xl\/j__x %T(I"I*l\}ﬂlz_.l/ 'CT@EH EJJE\E L 7 )T —avEER) ST

View Annotations

bl DLy —~ RN —_ \ RY ( - - ’@Ei(hﬁckSn’ﬂ:ﬂMﬁt‘c
» BEIBRINCFa—=2>TLTT/\vo 3) Fa—=vY Dl o ubid
|

Collect Suitability Data

View Suitability Result
_ ga 4. Check Correctness
4) ﬁEIE Predict parzllel data sharing preblems for
\

the annotated tasks. Fix the reported
sharing problems.

Collect Correctness Data
View Correctness Result

WH{LDEEE [5) St ﬁ‘gm‘.mmmmw ‘

Steps to replace annotations

View Summary
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bilit, sort

Elapsed time: 54.445 | | Vectorized Mot Vectorized FILTER: | All Madules Sources Q
) ) ) T o Wectorized Loops ~
Function Call Sites and Loops ‘ [] ‘ @ Wector Issues Self Tirmew | Total Time Counts Loop Type Wy Mo Vectarization? V T
ecto...| Efficiency |VectorL..
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loopstlcpp:2d4in 5 ] 0,020 1 0.020s1 4 Remainder
bpstlcppeTO00 inwvas ][] 017051 0170s 1 500 Scalar & wvectorization possible but.., 4
opstl.cpp:3500 in 52 . % 1High vector register ... 0.160s | 0.160s| 12 Expand Expand AYX 8
opstl.cpp:3801 in 5279 @ 2 Ineffective peeledfrem.,  0.1505 015051 1254  Expand Expand B 8
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i |_numeric.hi2d7 instd. [] |9 18ssumed dependency.., 015051 01501 49 Scalar @ vector dependence pags?

RybRIL—7

FRINBZNINL GBS

NI EDfERE

==

= R7 1—R Z2 dLuRICEAF! > 7 )L ® Advisor XE
NI EDTR#E{ L AL YyR DO 1 TR

i}

RELICEY 2 EREE

© 2015 Intel Corporation. FEM D5 | A &&= R X7,

* ZOMDHH HRR B —RICEHORT. EREIEES



HEERDE

F1>7)L° VTune™ Amplifier XE (& 374 0—RZ L RRICRNL Ry

DENFE T BDICIRILBELIIED DAV TILe VIV TREY—ILEHE

FTBIETIABID/N—2 3 L EBL T PIPESIM /N 74— > 2% 10 56 Schlumberger

ALY BN TEEL =7 YALLT Ak
Rodney Lessard KX

[1>7)L° Advisor XE (&, L7 {bICRBEAI—R Z4HET 5D
ICIERICIRILBE T BY)RIL—AICERTBETHHDDE
Schlumberger EEEMRTEIXIEARICEBENGIALYROZEMMEZR D
HPCYOhDUI7 - TVOZ7 [FTRACEHTETRH ETRENRETZIDZEE TEIXT
Carlos Boneti £

[£ 27 )L° Inspector XE |C&D. /Ny —2 %) —RF BHE(IC X Harmonic Inc.
E)—I5—ZRDOIFEETIEHISYVIDADITHREL L v YIRS T TR T L2 —
15—%ﬂﬁ‘:ﬁﬂﬁf%%&ﬂ:@bibfcoJ Peter von Kaenel _EE

ZDfthd
T—RABZTA—

RE(LICEY 2R EE

© 2015 Intel Corporation. #ERTTOD5 | . Exdix 221

* ZOMDM SR HRER B —RICELD


https://software.intel.com/en-us/articles/sdp-case-studies

I2AZ—=Y—=])

A1>FIL°MPI 517 35)—

-1>7)L° Trace Analyzer & Collector



A>T )L° MPI 51473 )—DHE

BE{LINTe MPI 7 ) —232 « N T4 —I > R

= P —=a EBDFa =T

» BENFa—-4

BLAT2o—ELUVEBRDRY A —DE MK

» ERMNTLRILDOLA TV —

= DAPL 2.0 ICKDEHTD OFED [T
INTA—T R

=% MPI &S

» RBELSNIEEEE

FHiEDH 2R T —IEUT 11— (&K 34 AT %T)

= XA T 17 InfiniBand* 1> X2 —TJ 1A X-HR—KZkD.
BLAT>— aFEE AT )—(ERE0ERZEIR

ZEMICEBNTMPI 7 r—3Y

= >7)L° Trace Analyzer & Collector & —LL RITEHE

=ELINT:

RELICEY 2 EREE

on, 87 T3 |8 BEHEIL

IR BREIETY

pllcatlons ‘

ceo [ s cimat] aco o oter.
Develop applications
for one fabric

Intel® MPI
Library

Select interconnect
fabnc at runtime

Shared 0ther .
mm InfiniBand tworks Fabrics

Ad'ueve optlmlzed
MPI performance

Cluster

Intel® MPI library eliminates the need to develop, maintain, and
test applications running on multiple fabrics.
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iz ) = Ots pOt S A-E Laate ;end;’r‘er 0.80% 5.28?89:—3 :

Late Receiver 0.80% 5.2878%e-3 s
|E!g Show all. ..
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MPI Performance Snapshot
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MPI Performance Snapshot
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MPI Performance Snapshot Summary

Application: ./poisson
Number of ranks: 32
Used statistics: stats.txt, app_stat.txt

Overview

Performance by Metric

MPI Time: 0.12 sec
MPI Imbalance: 0.04 sec

m Computation Time: 1.30 sec 91.84%

WallClock
time:

1.44 sec

Memory Usage

Peak memary consumption (rank 1) 13.18 MB

Mean memory consumption: 12.69 MB
Per-process memory usage affects the application
scalability.

WallClock time: 1.44 sec
Total application lifetime. The time is elapsed time for the slowest process. This metric
includes the MPI Time and the Cemputation time below.

MPI Time: 0.12 sec
Time spent inside the MPI library. High values are usually bad.
This value is he application did NOT spend much time inside the MPI
library.

MPI Imbalance: 0.04 sec 2.80%
Mean unproductive wait time per process spent in the MPI library calls when
a process is waiting for data. This time is part of the MPI time above. High
values are usually bad.

This value is . The application workload is well nced between MPI
ranks.
B Computation Time: 1.30 sec 91.84%

Mean time per process spent in the application code. This is the sum of the
OpenMP Time and the Serial time. High values are usually good.
This value is HIGH. The application is Computation-bound. Hide details...

* For more information about basic CPU counters see the diagram 'Counters
and Memory usage statistics' (key '-0').

For more information about the performance profile of the computation
code we recommend looking at CPU utilization at node level using Intel®
VTune™ Amplifier XE. The tool is available as part of Intel ® Parallel Studio
XE Cluster Edition.
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