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Intel® Parallel Studio XE 2016

MHOro BepCu1i XOPOLLIMX 1 Pa3HbIX

Composer Edition | Professional Edition Cluster Edition

Komnuaupyem
npou3eooumerbHblli KOO C
MOMOLLLbIO NYYLLNX
KOMMUAATOPOB U bubanoTeK

Y10 paenaert:

* Komnunsatopsbl C++ u/unn  Composer edition +
Fortran * [podunnmposka
* bubnnoteku * MogennpoBaHue
* MNapannenbHble Mogenm napannennsma u pabota c
BEKTOpU3aLUMEN
* [ounCK OWNBOK C NamATbIO U

YTO BK/IOYaAET:

NMOTOKamMu

Hobaenaem cpedcmea aHanuza [obaensem cpedcmea no
pabome c MPI

Professional edition +

* bubnunotexka MPI

* [MouncK ownbokK un
onTMMMU3aLUma
NPOM3BOAUTENBHOCTHU C
MPI




Intel® Parallel Studio XE 2016

Professional Edition

~

Intel® Advisor XE
(Intel® VTune™ MoagenupoBaHue
Amplifier XE napannenusma un pabora
C BeKTopuzaumen (new) y
Mpodunnmnposka
\I'IpOVI3BO£I,VITeJ'IbHOCTM

Intel® Parallel Studio XE\

Composer Edition

Intel® Inspector XE
KoMnunatopsl
n 6nbnnoTeku

- J

Mounck owmnbok




OI_ITI/IMI/BaLI,l/IFI Npon3BOANTE/IBHOCTU

NTepaTmBHbIM NpoLecc...

Cluster
Scalable

Tune MPI

Effective
threading

Vectorize

Memory
Bandwidth
Sensitive

Optimize
Bandwidth




MHCprMeHTbI OA peanm3a|_LMM
Intel® Parallel Studio XE

Intel® MPI Library
Intel® MPI Benchmarks

Cluster
Scalable Tune MPI

?

Intel® Compiler

Memory

Vectorize Bandwidth Intel® Math Kernel Library
Sensitive Intel® IPP — Media & Data Library
‘ Intel® Data Analytics Library
Intel® Cilk™ Plus
Intel® OpenMP*

Effective
threading

Optimize

Bandwidth Intel® TBB — Threading Library




Cpe,EI,CTBa dHa/113a I_IpOl/BBO,EI,l/lTefI bHOCTIU
Intel® Parallel Studio XE

Cluster Intel® Trace Analyzer
Scalable Tune MPI & Collector (ITAC)

? Intel® MPI Snapshot
' Intel® MPI Tuner

Memory
Vectorize Bandwidth
Sensitive

e _J Optimize

Bandwidth

Effective
threading

Intel® Intel® Intel®
VTune™ Amplifier Advisor VTune™ Amplifier




HoBasA CTPYKTypa ANPEKTOPUM

YUYUM NPOAYKTbIl «APYHKNTbY

<Installation Directory> I ide_support_<version> |

—| documentation_<version> |

—__semples_<version> | O6Lwme KOMMNOHEHTI

—| debugger <version> |

—| compiler_and_libraries_<version=.<update>.<pkg> |

—| parallel_studio xe <version>.<update>.<pkg psxe> I —I <symbol links to shared components> |
system_studio_<version>.<update>.<pkg iss> : I <symbol links to shared components> |
inde_<version>.<update>.<pkg_inde> I —i <symbol links to shared components> |

advisor_<version> |

inspector_<version> |

trace_analyzer_and_collector_<version= |

e b b ol b ol

vtune_amplifier_<version> |

o 1]



KomMnunnatopsl 16.0

HpOVIBBO,EI,I/ITeJ'IbHOCTb Cc nocnegHMMM CTaHdapPTaMi

*  bonbwe noaaepkkn C++14

«  C++77 nopgaepmBanca nonHoOCTbIo ewé s 15.0

*  [loytn nonHaa nogaep»ka C171
* Pacwwnpsaem F2008

* [lepsble warn B F2015

« OpenMP 4.1 TR3

*  HoBble BO3MOXXHOCTU 0ddnoaga Ha Intel® Xeon Phi™




BbicoKas MNPOnN3BOANTEJIBHOCTb
KomMmnunatopsl Intel® C++ n Fortran

Boost C++ application performance
on Windows* & Linux* using Intel® C++ Compiler
(higher is better)
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Windows Linux

Windows Linux
Estimated SPECfp®_rate_base2006

Estimated SPECint®_rate_base2006

Relative geomean performance, SPEC* benchmark - higher is better

Configuration: Windows hardware: HP DL320e Gen8 v2 (single-socket server) with Intel(R) Xeon(R) CPU E3-1280 v3 @ 3.60GHz, 32 GB RAM, HyperThreading is off; Linux hardware: HP
BL460C Gen9 with Intel(R) Xeon(R) CPU E5-2680 v3 @ 2.50GHz, 256 GB RAM, HyperThreading is on. Software: Intel C++ compiler 16.0, Microsoft (R) C/C++ Optimizing Compiler Version
19.00.23026 for x86/x64, GCC 5.2.0. Linux OS: Red Hat Enterprise Linux Server release 7.1 (Maipo), kernel 3.10.0-229.l7.x86_64. Windows OS: Windows 8.1. SPEC* Benchmark
( )

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

Optimi n 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 optimizationsinclude SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the availabilty, functionality, or
effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent optimizations in this product are intended for use with
Intel microprocessars. Certain optimizations not specifi o Intel microarchitecture re reserved for Intel microprocessors. Please fefer to the applicable product User
and Reference Guides for more regarding the uction sets covered by this notice. Notice revision #20110804.

Boost Fortran application performance
on Windows* & Linux* using Intel® Fortran Compiler
(higher is better)
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Windows Linux

Relative geomean performance, Polyhedron* benchmark— higher is better

Configuration: Hardware: Intel(R) Core(TM) i7-4770K CPU @ 3.50GHz, HyperThreadmg is off, 16 GB RAM. Software: Intel Fortran compiler 16.0, Absoft*15.0.1,. PGI Fortran* 15.3, Open64*

4.5.2 gFortran® 5.1.0." Linux OS; Red Hat Enterprise Linux Server release 7.0 (Maipo), kernel 3.10.0-123 ei7.x86_64. Windows OS: Windows 7, Service pack 1. Polyhedron Fortran
nchmark Windows compiler switches: Absoft: -m64

/Qparallel /link /stack:64000000. PGI Fortran:

-sp eed math=10 -fast_math -march=core -xINTEGER -stack:0x80000000. Intel® Fortran compiler: /fast
astsse Mipa=fast,inl

{intx compiler switches: Absoft -mea -maux -05 -speed. math=10 -marchecore INTEGER. Gfortran: -Ofast -mip fito ive -funrollloops -free-parale

Intel Fortran compiler: -fast —parallel. PGI Fortran: -fast -Mipa=fast,iniine -Msmartalloc -Mstack_arrays . Opend: B et

mso -apo.

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 mlcroprocessors for opmmuzamnsthat are not unique to Intel
microprocessors. These optimizationsinclude SSE2, SSE3, and SSSE3 instruction sets and other Intel d

Cectoness of any optinmzation on micropreceseors not manuactured by Intel. Micropracessor.dependent optmisations i this prcduct 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 specificinstruction sets covered by this notice. Notice revision #20110804



http://www.polyhedron.com/
http://www.spec.org/

C++14

HpOVIBBO,EI,I/ITeJ'IbHOCTb Cc nocnegHMMM CTaHdapPTaMi

 /Qstd=c++14 Ha Windows u -std=c++74 Ha Linux n Mac OS X

* https://software.intel.com/en-us/articles/c14-features-supported-by-intel-c-compiler
*  O006UWEHHbIE NAMbAA-DYHKLMNM
*  3axBaT BblpaXKeHWM ona namMbaa-eyHKLUNM
« Paspgenutenu paspsanos
*  ATpubyT [[deprecated]]

*  BbiBOA TMNa BO3BpALLAEMOro 3Ha4YeHUs ANa QyHKLUMM

* ArperaTHas MHMUMANM3aLmMa KNacCcoB C MHULIMaNM3aTopamMy Noaem




C++14 TR

Feature Test makpocC

-

#if  cpp binary literals

int const packed zero to three = 0b00011011;
#else

int const packed zero to three = 0x1B;

#fendif //

/
#if  has include("shared mutex") // use standard header
#elif  has include ("boost/shared mutex.h"™) // use BOOST header
#endif
/




C11

[Nopaeprkka ctaHaapTa C

/Qstd=c171 Ha Windows v -std=c717 Ha Linux n Mac OS X

* https://software.intel.com/en-us/articles/c11-support-in-intel-c-compiler

_Alignas _Alignof
_Static assert _Thread local
_Noreturn _Generic

Optimization
Motice 1l




C11

BoipaBHvBaHWE

PaHbLUe peleHna Obinn 3aBUCUMbI OT KOMAUAATOPA

__declspec(align(base)) <var>

<var>

_attribute ((aligned(base)))

/;;fdef __GNUC___

_ALIGN(16) int fool[4];

#define ALIGN(N)  attribute ((aligned(N)))
#else

#define ALIGN(N)  declspec(align(N))

#endif

/




C11

BoipaBHvBaHWE

*  PaHblle pelweHna bbinm 3aBUCMbI OT KOMMUIATOPA
__declspec(align(base)) <var>

<var>  attribute ((aligned(base)))

-

// maccur cacheline BrparHeH 10 64 Oamnra

_Alignas(64) char cacheline[64];
printf ("Alignment of char = %d\n", Alignof (char));

/

Notice Lo




C11

«labnoHbl ona C»

BblparkeHus, He 3aBUCALLME OT TKNA, C MICMONb30BaHMEM KNHOYEBOro cnoBa _Generic

/

#define sqgrt(x) Generic((x),

long double: sqgrtl,
default: sqgrt, \
float: sqgrtf) (x)

\




C11

AHOHWMHbIE CTPYKTYpPbI M 0O0beaHEHNS

*  [1nAa BNOXKeHWA CTPYKTYP U O6begUHEHUN

//;;ruct T // Cl1

{
int m;
union //aHOHMMHOE OOBEeIMHEeHMUE

{

char * index;
int key;
i
I
struct T t;
t.key = 1300; //opsamor JOCTYIl K UJIeHYy OOBeIuHeHUud key ////




[TpropuTeT CKOOOK

«  A+(B+(C)

*  KOMMMUAATOP He 0643aH CObMAaTh NPUOPUTET A4
BblYMCNEHNM

« -fprotect-parens (Linux* OS n OS X*) nnu
/Qprotect-parens (Windows*)

° fp-model

Optimization
Notice



OnNTMKM3aumMa LMKNOB
Loop blocking

-

double A[MAX, MAX],
for (i=0; 1< MAX;
for (3 = 0;

Ali, J] Al1,

it4)
j< MAX;
31 + BI[J,

B[MAX, MAX];

J++)

¢

1];
/

i< MAX;
0; < MAX;
i

.
14

11<1 + block size;
JJ<j + block size;

= Afl1i11,

1 += block size)
J += block size)

ii++)
JJ++)
JjJl + B[Jj, iil;

J

Optimization
Motice 1l



OnNTMKM3aumMa LMKNOB

Loop blocking

JocTyn kAL, J)

nocne onTuMu3aL i

T
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pa3ifensHde
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OnTMKM3aumMa LMKNOB

Hunpektunea block loop

C++:

#pragma block loop [clause]
#pragma noblock loop

Fortran:

Co-

!DIRS BLOCK LOOP [clause]
IDIRS NOBLOCK LOOP

YposeHb ontuMmsaumm O3

//;Eragma block loop factor (256) level(1l:2)

for (3 = 1; j<n; J++){
f = 0;
for (i = 1; i<n; i++){
f =f + a[i] * b[i];
}
clj] = clJ] + £;
}




OnTMKM3aumMa LMKNOB

Hunpektunea block loop

C4~+: #pragma block loop [clause]

#pragma noblock loop

Fortran:

Co-

!DIRS BLOCK LOOP [clause]
IDIRS NOBLOCK LOOP

jj<n / 256 + 1;

JJ + A

for (ii 1; 1i<n / 256 + 1; 1ii++){
for (3 = (33 - 1) * 256 + 1;
f =20;
for (1 = (i1 - 1) * 2560 + 1;
f=f + ali] * bli];

J<min (3]

i<min (ii * 256, n);

* 256, n); Jt++){

i++) {




[ToaMoaynn n3 F2008

[TpobnemMa

module bigmod

contains
subroutine subl

function func2
subroutine sub47

end module bigmod

| Source sourcel.f90

Call sub1

I Source source2.f90

x = func2(...)

| Source
source47.f90

call sub47




[ToaMoaynn n3 F2008

[TpobnemMa
module bigmod | Source sourcel.f90
contains Call subl

subroutine subl

| Source source2.f90
function func2

x = func2(...)

subroutine sub47
edit | Source
source47.f90

end module bigmod

call sub47




[Toamoaynmn n3 F2008

[TpobnemMa

module bigmod

contains
subroutine subl

function func2

Komnunauma!

subroutine sub47
edit

end module bigmod

| Source sourcel.f90

Komnunnauumsa
Call sub1l

I Source source2.f90

Koemnunnauuns
x = func2(...)

I Source

source47.f90
Komnunnauums
call sub47




[Toamoaynmn n3 F2008

PeweHne

module bigmod

interface
module subroutine subl

module function func2
module subroutine sub47

end interface
end module bigmod

OOTHI0R ek

submodule (bigmod) bigmod_submod
contains

module subroutine subl
... implementation of subl

module function func2
... implementation of func2

module subroutine sub3
... implementation of sub3

end submodule bigmod_submod

C
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00
102, 11970910




NHTeponepabensHOCTL C 1 QopTpaHa
F2015

* T1S29113 (Further Interoperability of Fortran with C)

* nepepadva B C dyHKUMM yKa3aTenen (pointer), nepeHmMmMaroLLmMx KOHPUrypaumo
(assumed-shape) 1 Bbiaenaemsblix (allocatable) nepemMeHHbIx

*  WHTeponepabenbHOCTb ¢ C TMNOM void *

- TYPE(*
- DIMENSION(.)

« Cdescriptor




Co

bubnnoteka Intel® Data Analytics Acceleration Library 2016

Pacno3HaBaHue

NCcKycCcTBEHHBIN
NHTENNEKT

ba3bl AaHHbIX




Intel® DAAL

CRISP-DM Cross Industry Standard Process for Data Mining

= [ITepaTuBHbIV NpoLLecc

= DAAL ¢pOKyCrpOBaH Ha 3Tanax
NOArOTOBKWM AAHHbIX,
MOZENNPOBAHUA N OLLEHKM
pPe3y/bTaToB

Business Data
Understanding Understanding
Data
Preparation
£
Data Modeling

Deployment




Intel® Advisor XE

MO[I,eJ'II/IpOBaHl/Ie Napasinesin3dMa no 3agay4dM

Advisor XE Workflow »* 0 X

%1. Survey Target
tl) AnalyZe it. Where should I consider adding
parallelism? Locate the loops and

functions where your program spends its
time, and functions that call them.

Collect Survey Data

View Survey Result

2) DeSi n |t 2. Annotate Sources
g L Add Intel Advisor XE annotations to
(Compiler ignores these identify possible parallel tasks and their
annotations.) enclosing parallel sites,

+ Steps to annotate

. View Annotations

3. Check Suitability

3) Tune it. Analyze the annotated program to check
its predicted parallel performance.

Collect Suitability Data
View Suitability Result

@ 4. Check Correctness
4) Check it. Predict parallel data sharing problems for
the annotated tasks. Fix the reported
sharing problems.

Collect Correctness Data
View Correctness Result

. View Summary

e ’EmParallelFramemrk
5) Do it! + Steps to replace annotations




Intel® Advisor XE

BekTOpm3aumA

1. AnarHoctuka SIMD uuknos 2. PekomeHpauumn

&2 Issue: Peeled/Remainder loop(s) pre

ent
SfF Total Compiler Vectorization @ 8 All or some source loop iterations are not executing in the kernel loop. Improve performance by moving
Function Call Sites and Loopsa. T T z source loop iterations from peeled/remainder loops to the kernel loop. Read more at Vector Essentials,
T Wl Loop Type Wby Mo Vectorization? utilizing Full
op in manCForalLambidaloops] 18 008 [ Scalar et dependence prevents vector.. Recommendation: Align memory access
[#[loop in mnCForallLambdal oaps] 01405 37445 [] Scalar inner loop was already vectotized Projected maximum performance gain: High

BV loop In std:_Complex hase cdouble,struct C_double complex>:i.. | 00315 0.0314 W Vectorized (Rody) Projection confidence: Medium
The compiler created a peeled loop because one of the memory accesses in the source loop does not
Vectorized SSE; 33E2 Loop processing Float3Z; Floatfd data type|s] having Divisions; Square Roots operations start at a data boundary. Align the memory access and tell the compiler your memory access is aligned.
Peeled loop; loop stuts were reordered This example aligns memory using a 32-byte boundary.

op in stdsbasic_sting<charstruct stekichar trats<chars,class stdalo... 00005 5440... [ Sealar nonstandatd loop is ot avectorizs float *array;
op in stbasic_sting < charstruct stekchar tralts<chars,class stdale... L0005 5440, [] Scalar nanstandard loop is ot avectoriza . array = (flost *)_mm_malloc(ARRAY_S

([[loop in stedznurn_put<char,class steiastreambuf iteratoracharstruct st 0.000s 02345 [ Scalar norstandard loop i not a vectoriza .,

eof (float), 32);

3. AHanus3 3aBucumocTei 4. AHann3 AoCTyNnoOB K NaMATH

Site Name Site Function Site Info Loop-Carried Dependencies Strides Distribution Access Pattern
loop_site 203 runCRawloops runCRawloops.coc1063 @ RAW:L No information ble No information available
loop_site 139 runCRawlLoops runCRawlLoops.coc622  No information available 139%736% / 29I Mixed strides

ID @ Type Site Name  Sources Modules  State loop_site 160 runCRawloops runCRawlLoops.cac925  No information available 100%/0%/0% Al unit strides

P @ Parallel site information site2 dqtest2.cpp dgtest2 o Nota problem | oo acces: pattems

P2 @  Read after wiite dependency site2 dgtest2.cpp dotest2 R Mew D ®  Stidew Type Source Modules  Alignment

P3 @ Read after wite dependency site2 dqtest2.cpp dqtest2 Re Mew P2 @ 001 Unk stride tunCRawl.oops.co5d | icals ere

[Pa | x| writs after write dependency site2 datest2 cpp datest2 | /iNew

P53 @ Wiite after wiite dependency site2 dgtest2.cpp dqtest2 Re Mew

P6 @ Wiite after read dependency site2 dotest2.cpp dqtest2 Re Mew av5] @ Jo0 nCRaatoiR el | abim

P7 @ \Write after read dependency site2 dqtest2.cpp: idle.h dqtest2 Re Mew P30 @ -1575; -63; -26;-25; -1;0; 1; 25; 26; 63; 2164801 Vriable stride runCRawLoops.coc628 _lcals.exe




1. AnarHoctuka SIMD




NunarHoctmka SIMD umnKioB

® Where should | add vectorization and/or threading parallelism? & Intel Advisor XE 2016
m Sursey Report
Elapsed time: 54445 | | Wectorized Mot Wectarized FILTER: | All Modules v Al Sources ha o
] ) ] | Trip o Wectarized Loops "
Function Call Sites and Loops & | @ Vectorlssues Self Timew | Total Time Counts Loop Type Why Mo Wectarization? v -
ecto,. | Efficiency Yectar L.
i+ O [loop at stl_algo.hd740in stdutr ., [ 017051 0.170s1 Scalar @ non-vectarizable loop ins ...
S0 [laap at loopstlcppi 2449 in 5234_] ' 2 Ineffective peeledfrem., 01701 01701 12 4 Collapse Collapse s Flode |4
[0 [loop at loopstlopp:2dd@ins ... [] 0.150:1 0150s1 12 Yectorized (Body) AN 4
1+ (0 [loop at loopstl.epp:2dd@ins ... [] 0.020:1 0.020s1 4 Remainder
1O [loop at loopstlopp 7900 inwvas ) [] 0.170:1 0.170:1 500 Scalar B vectorization possible but... 4
[loop at loopstl.cpp:3500 in s2... ‘¢ 1 High vector register ... 0.160s| 0.160s| 12 Expand Expand avx [6B% s
[loop at loopstl.cpp:38971 in 5279 ] ' 2 Ineffective peeled/rem . 0.150s1 0.150s1 125; 4 Expand Expand LA™ R I
[loop at loopstl.cpp:6249 in s414,_] 015051 015051 12 Expand Expand s 00l |4
i O [loop at st_numerichi247 instd., [ %' 1 Assurned dependency ., 015051 015051 49 Scalar & vector dependence preve ... v
5 L4 : - \ - >
Source g =]
Line Source Total Tirme E Loop Time E 2
3504 forttime_ (&tl):
3505 i_ 1 = *ntimes;
3506 B for (nl = 1: nl <= i_ 1; ++nl) 0.010s | 0.200: |
[loop at loopatl.cpp: 3506 in 3273 ]
Secalar Loop. Not wectorized: inner loop was already wectorized
HNo loop transformations were applied
3507 {
3508 i_ 2= *n;
3509 <= i_ 2: i) 0.010s | 01805 |
[loop at loopstl.cpp: 3509 in 3273 ]
Vectorized AVH Loop processing Float3Z; Floatdd; Int3Z2 data type(s) having Inserts; Extracts; Masked 3t
Selected (Total Time): 0.010s v




NunarHoctmka SIMD umnKioB

) Where should | add vectorization and/or threadng parallelism? & Intel Advisor XE 2016
m Sursey Report
Elapsed time: 54445 | | Wectorized Mot Wectarized FILTER: | All Modules v Al Sources ha o
] ) ] | Trip o Wectarized Loops "
Function Call Sites and Loops & | @ Vectorlssues Self Timew | Total Time Counts Loop Type Why Mo Wectarization? v -
ecto,. | Efficiency Yectar L.
i+ O [loop at stl_algo.hd740in stdutr ., [ | 017051 0.170s1 Scalar @ non-vectarizable loop ins ...
S0 [laap at loopstlcppi 2449 in 5234_] ' 2 Ineffective peeledfrem, 01701 01701 12 4 Collapse Collapse s Flode |4
[0 [loop at loopstlopp:2dd@ins ... [] 0.150:1 0150s1 12 Yectorized (Body) AN 4
1+ (0 [loop at loopstl.epp:2dd@ins ... [] 0.020:1 0.020s1 4 Remainder
1O [loop at loopstlopp 7900 inwvas ) [] 0.170:1 0.170:1 500 Scalar B vectorization possible but... 4
[loop at loopstl.cpp:3500 in s2... ¢ 1 High vector register .. 0.160s| 0.160s| 12 Expand Expand avx [6B% s
[loop at loopstl.cpp:38971 in 5279 ] ' 2 Ineffective peeled/rern . 0.150s1 0.150s1 125; 4 Expand Expand LA™ R I
[loop at loopstl.cpp:6249 in s414,_] 015051 015051 12 Expand Expand s 00l |4
2O [loop at st_numeric.h: 247 in st [] |9 1 Assurmed dependency . 015051 015051 49 Scalar & vector dependence preve ... v
4 € B - - - >
Source g =]
Line Source Total Tirme E Loop Time E 2
3504 forttime_ (&tl):
3505 i_ 1 = *ntimes;
3506 B for (nl = 1: nl <= i_ 1; ++nl) 0.010s | 0.200: |
[loop at loopatl.cpp: 3506 in 3273 ]
Secalar Loop. Not wectorized: inner loop was already wectorized
HNo loop transformations were applied
3507 {
3508 i_ 2= *n;
3509 <= i_ 2: i) 0.010s | 01805 |
[loop at loopstl.cpp: 3509 in 3273 ]
Vectorized AVH Loop processing Float3Z; Floatdd; Int3Z2 data type(s) having Inserts; Extracts; Masked 3t
Selected (Total Time): 0.010s v




NunarHoctmnka SIMD umknos

g parallelism? 1O Intel Advisor XE 2016

on Report | Suitabil ity Report

All Sources W
Bpema LY
Trip M [anHa BekTopa B
w | Total Time C Loop Type Wiy Mo -
ounts .| Efficiency ar L
0.170s 01705 scalar B non-vectarizable loop ins..,
017051 0170:1 12: 4 Collapse Collapse A 100 | 4
KonunyecTtso Wectorized (Body) A 4
UTepaLmit Remainder  WoREYETIRISI/RTNIY
REL . scalar v 4
0.160s1  0.160s| 12 Expand BEKTOPHbLIN AvX  [-60% E:
0.150: | 0.150:1 125: 4 Expand Expand FOYS G Y T | &
0,150 | 0.150:1 12 Expand Expand A 1000 | 4
01505 | 01501 49 scalar B vector dependence preve .., ”




HNarHOCTUKM B NCXOAHOM KOe Ad

Une| Source TﬂmlTkne| %
163 =] for (int x = x0; ®x < x1; ++x) |
[loop at fractal.cpp:le3 in <lambdal>::operator()]
Scalar Loop. Not wvectorized: outer loop was not auto—wvectorized: conaider ua:
Ho loop transformations were applied
14 B for (int v = ¥0; v < yl; ++y) |

[loop at fractal.cpp:led in <lambdalX>::operator()]
Scalar Loop. Not wectorized: wvectorization posaible but seems inefficient. U:

-

Loop was unrolled by 2

fractal data array[x - x0] [y - y¥0] = calc _one pixel(x, ¥, 10.822s [

166
167

1
for (int ¥ = ¥0, ¥ temp = 0; v < ¥l; ++y, ++y_temp) |
area.set_pos(0, v - ¥0);
for (int x = %0, X _temp = 07 X < H1; ++x, ++X_temp) |
area.put_pixel (fractal_data_array([x_temp] [v_temp]);

} 0.196s |




DPPEKTMBHOCTb BEKTOPHOTO LKA

Loops

H H B B B

™
ot

[loop at IbpSUB.cpp:1280 in fPropagationS... AV 13%
[loop at IbpGET.cpp:152 in fGetFracSite] AVK 30%a
[loop at lbpGET.cpp:42 in fGetOneMass5ite] | AVX 36%a
[loop at lbpGET.cpp:78 in fGetTotMass5ite] | AVX 36%a
[loop at lbpGET.cpp:334 in fGetOnelirecSp ... AVX 38%a
[loop at |bpBGK.cpp:B40 in fCollisionBGE]  AVX 100 %

Vecto...| Efficiency &

Estimated Gain

0,53

2,38

2,86

2,86

3,05

2,05

Vect...
4

8
8
g
8
2

[13% |

PeanbHasa adpdeKTUBHOCTb T

CKanapHbIN KOA,

)

MaKcumanbHaa 3pPeKTUBHOCTb

Notice




HaCcTn BEKTOPHOTIO LMKIa

% Where should | add vectorization and/or threading parallelism? o

Surnmary M SIGUSERNLL A # Refinement Reports & Annotation Report i Suitability Report

Elapsed time: 8,325 || Vectornized Mot Vectorized FILTER: ' all Modules % All Sources b
Function Call Sites and Loops & ‘ @' Vector ssues Self Timew Total Time Loop Type ‘
=% [loop at fractal.cpp:179 in <lambdal>:op .. ‘¢ 4 High vector ...  0,013s| 12,020s B Collapse

[ ] [loop at fractal.cpp:179 In <lambdal=>:o.. ®  Serialized use.. L 11,281s 1 | Vectonzed (Body)
i+ [loop at fractal.cpp:179 in <lambdal>zo ... ‘¢ 2 Data type co... 0,000s | 0,163s| Peeled
i+ [loop at fractal.cpp:179 in <lambdal=zo.. ‘¢’ 2 Data type co... 0,000s | 0,576z ) Remainder
i+ [loop at fractal.cpp:177 in <lambdal>uoper.. [ | ' 2 Datatypeco.. 0,010z | 12,030 B Scalar

Optimization
Nolice L



Yncno ntepaum

« M Where should | add vectorization and/or threading parallelism? &I

Surmmary u SR # Refinement Reports & Annotation Report i Suitability Report

Ymncno
Bbl3OBOB

Program time: 12,825 Vectorized Mot Vectorized | | E FILTER: | &All Modules

Trip Counts
Median

Function Call Sites and Loops Self Timew | Total Time &
Min Max Call Count

= [loop at Multiphy.c:33 in matvec] 11.892: B 11.293: I Yucno
i+l [loop at Multiply.c:33 in matvec] 118510 11.351-mm [ ] v 101 101 12000000
i+ [loop at Multiply.c:33 in matvec] 0.047s | 0.047s | ] s 3 3 1000000
i:[loop at Multiply.c:33 in matvec] 0.413s| 0.413s| ] 101 101 2000000
BV [loop at Multiply.c:45 in matvec] 12.373s "1
ir[loop at Driver.c:146 in main] 0.016s 1 1248308 [ | ‘g 1 | 1000000 1000000 1000000 1




2. PekKomeHpauunm

& Pl |ssue: Peeled/Remainder loop(s) present
All or some source loop iterations are not executing in the kernel loop. Improve perlorman:e by moving
tial

¢
&8 source Ioop iterations from peeled/remainder loops to the kernel loop. Read more at

vect

Recommendation: Align memory access
Projected maximum performance gain: High

Projection confidence: Medium

The compiler created a peeled loop because one of the memory accesses in the source loop does not
start at a data boundary. Align the memory access and tell the compiler your memory access is aligned.
This example aligns memory using a 32-byte boundary.




PekoMeHaaLUnm

Elapsed time: 8,815 || Vectorized Mot Vectorized FILTER: | All Modules ¥ | | All Sources hd o

Yectorized Loops 2

Function Call Sites and Loops & | @ Vector Issues Self Timew Total Time Loop Type | Why Mo Vectorization?

Yecto.. | Estim... “u‘ectu:ur Len

160 I Scalar
LA60z @ | Scalar

2.022=1 Remainder

All or some source loop iterations are not executing in the loop body. Improve performance by moving source loop iterations from

@ 5 peeled /remainder loops to the loop body.

(> Disable unrolling
The trip count after loop unrolling is too small compared to the vector length. To fix: Prevent loop unrolling or decrease the unroll
factor using a directive.

ICL/ICC/ICPC Directive | IFORT Directive

#pragma nounroll IDIRS NOUMNROLL
#pragma unroll IDIRS UNROLL
Read More:

o User and Reference Guide for the Intel C++ Compiler 15.0 > Compiler Reference > Pragmas > Intel-specific Pragma

Reference > unroll/nounroll. W




PekoMeHaaLUnm

peeled /remainder loops to the loop body.

(> Disable unrolling
The trip count after loop unrolling is too small compared
factor using a directive.

ICLAICC/ICPC Directive

#pragma nounroll
#pragma unroll

Read More:

IFORT Directive
IDIRE NOUNROLL
IDIRS UNROLL

All or some source loop iterations are not executing in the loop body. Improve performance by moving source loop iterations from

g or decrease the unroll

MoapobHOEe onucaHme
TUNNYHbBIX NPOb6eM

o User and Reference Guide for the Intel C++ Compiler 15.0 > Compiler Reference > Pragmas > Intel-specific Pragma

Reference > unroll/nounroll.

Optimization
Notice




PekoMeHaaLUnm

'y’ Recommendations | B

pBl Issue: Serialized user function call(s) present

User-defined functions in the loop body are not vectorized.

2 (> Enable inline expansion

Inlining of user-defined functions is disabled by compiler option. To fix: When using the Ob or inline-level compiler option to
control inline expansion, replace the @ argument with the 1 argument to enable inlining when an inline keyword or attribute is
specified or the 2 argument to enable inlining of any function at compiler discretion.

Windows* 05 Linux* OS5
ICL Option | IFORT Option ICC/ICPC Option IFORT Option
Qb1 or /Ob2 | Ob1 or Ob2 —inline-level=1 or —-inline-level=2 | -inline-level=1 or -inline-level=2
Read More:

Optimization
i 1l




PekoMeHaaLUnm

'@ Recommendations i~

Issue: Inefficient memory access patterns present
There is a high of percentage memory instructions with irregular (variable or random) stride accesses. Improve performance by investigating an

Confid

~) Recommendation: Use SoA instead of AoS
An array is the most commeoen type of data structure containing a contiguous collection of data items that can be accessed by an ordinal ing
structures (AoS) or as a structure of arrays (SoA). While AoS organization is excellent for encapsulation, it can hinder effective vector proce
using SoA instead of AoS.
Read More:

Optimization
Notic




3. AHanu3 3aBUCUMOCTEN

Type Site Name  Sources Modules  State
Parallel site informatio site2 testZ cpp dqtest2 + Mot a problem
Read after write de e site2 dgtest2.c dotest2 Re Mew

dqtest2 Re Mew

dotest2 Re Mew
y dgtest2 Re Mew
@ Write after read dependency site2 dqtest2.cpp. idle.h dqtest2 R New




3aBNCUMOCTM MO AAHHbIM

DO I =1, N void scale(int *a, int *Db)
A(I) = A(I-1) * B(I) {
ENDDO for (int i = 0; i < 1000; i++)
b[i] = z * a[i];
}

Issue: Assumed dependency present
The compiler assumed there is an anti-dependency (Write after read - WAR) or true dependency (Read after write - RAW) in the

loop. Improve performance by investigating the assumption and handling accordingly.

> Enable vectorization
Potential performance gain: Information not available until Beta Update release
Confidence this recommendation applies to your code: Information not available until Beta Update release

The Correctness analysis shows there is no real dependency in the loop for the given workload. Tell the compiler it is safe
to vectorize using the restrict keyword or a directive.

ICLACC/ICPC Directive IFORT Directive Ourcome
#pragma simd or #pragma omp simd | !DIRS SIMD or !SOMP SIMD | Ignores all dependencies in the loop
#pragma ivdep IDIRS IVDEP Ignores only vector dependencies (which is safest)
Read More:

Optimization




AHann3 3aBUCUMOCTEN

« M Where should | add vectorization and/or threading parallelism? I

Summary M ISR L Refinement Reports & Annotation Report i Suitability Report

Intel Advisor XE 20146

Program time: 12,825 | | Vectorized Mot Vectorized FILTER: | All Modules

| All Sources W =y

Compiler Vectorization
Function Call Sites and Loops Self Timew | Total Time & % | Trip Counts —
Loop Type Why Mo Vectorization?
i-M [loop at Multiply.c:33 in matvec] 0.047= | 00497 ] 3 Vectorized (Body)
ir[loop at Multiply.c:33 in matvec] 0.413s| 04131 ] 1m Scalar
=M [loop at Multiply.c:45 in matvec] 0.109z | 12373 @1 Collapse Collapse
- [loop at Multiply.c:453 in matvec] 0.078s| ng3-mm [ 12 Vectorized (Body)
ir[loop at Multiply.c:45 in matvec] 0.031s| 0.444<| ] 2 Remainder

[loop at Driver.c:146 in main]

2.1 Check Correctness
Identify and ex op-carried dependencies I_I po Be p Ka H a pean b H bl e

for marked loc he reported problems.

[ 1[=] 3aBUCMMOCTU

Command Line

vector dependence prevents vectoriza ...

KoMnnnatop nogospesaeTr
3aBUCMMOCTMU




PeanbHO cyllecTByOLWME 3aBUCMOCTH

Correcthess Report

IO & Type aite Marne SOUFCES Modules =tate

P B Parallel site information loop_site_&  rmain.cpp test_l.exe o Mota problem
P3 @  Read afterwrite dependency loop_site 6 criexe.c; raincpp test Texe P Mew

P4 @ \Write after write dependency loop_site_6  criexe.c; main.cpp test_lexe B Mew

U Mewny

WWrite after read dependency |loop_site_b | criexe.c; main.cpp

D Description Source Function kodule State
=317 Read main.cppi2? rmain test_lexe P Mews
20 k += a[9]:
zZ1 E *= a[&]:
2z k -= a[7]:
23 E += a[6]:
24 kE *= a[5]:
=318 Read main.cppi2d main test_lexe P Mew
zZ1 kE *= a[&]:
22 E -= a[7]:
23 kE += a[6]:




1. AnarHoctuka SIMD uyuknos 2. PekomeHaauunm

& Pl |ssue: Peeled/Remainder loop(s) present

All or some source loop iterations are not executing in the kernel loop. Improve performance by moving

3 . 7R
T | e ) . N O 8 source loop iterations from peeled/remainder loops to the kernel loop. Read more at Vector £s

Recommendation: Align memory access

Projected maximum performance gain: High

Projection confidence dium

The compiler created a peeled loop because one of the memory accesses in the source loop does not
start at a data boundary. Align the memory access and tell the compiler your memory access is aligned.
This example aligns memory using a 32-byte boundary.

3. AHanu3 3aBUCUMOCTeNn

@ Type ite N Source Modules |
@ Parallel site informat it est2.c + Mot a pmblenf
@ Read aft s dependency site? est2.c t R New
@ Read after wiite dqtest2.cpp dqtest2

ﬂ-- s2 mmﬂ
@ Wiite after w dency sit C Re New
@ Wiite after read dependency site2 est2.cpp t Pe New
@ \Write after read dependency




LLIabnoHbl 4OCTYMNA K NaMATU

Unit-Stride access

for (i=0; i<N; i++)
A[i] = C[i]*D[1i]

Constant stride access
for (i=0; i<N; i++)

point[i] .x = x[i]

Variable stride access < oy
for (i=0; i<N; i++)
A[B[i]] = C[i]*D[i]

Optimization
Nolice L




AHanmn3 wabsoHOB A0OCTYMNa

| Where should | add vectorization and/or threading parallelism? &

Surmnmary ¥ SISl #° Refinement Reports  # Annotation Report | Suitability Report

Elapzed time: 8,325 || Wectorized Mot Vectorized FILTER: | All Modules “ | | All Sources h
Function Call Sites and L & | @ Vectorl Self Timew | Total Ti Loop T Why No
unction Call Sites and Loops ector lssues elf Time otal Time oop Type Vectorization?
=Y [loop at fractal.cpp:179 in <lambdal=:zop .. ‘¢’ 4 High vector ... 0,013s] 12,020s B Collapse Collapse
(U] [loop at fractal.cpp:179 in <lambdal>:o... ®  Serialized use.. 0,013=1 11,281 1 | Vectorized (Body)

i+ [loop at fractal.cpp:179 in <lambdal>:o ... B
i+ [loop at fractal.cpp:179 in <lambdal>:o ... bIAENAEM MHTepeCyI-OLUlme

i» (0 [loop at fractal.cpp:177 in <lambdal>zoper.. [ ‘Mgl {OMEIZ1 0211

£

2.2 Check Memory Access Patterns

Identify and explore complex memory 3a n yc KaéeM aHaJ/1n3
accesses for marked loops. Fix the

reported problems. Lua6.nOHOB ,EI,OCTyI'Ia

o 1[=]

Command Line




LLlabnoHbl gocTtyna Unit/Constant/Variable

Site Mame Site Function Site Info Loop-Carried Dependencies | Strides Distribution | Access Pattern &
loop_site_133  grid_intersect grid.cpp:559 Mo information available 23BN TEET Mixed strides
loop_site_131 grid_intersect grid.cpp:581 Mo information available O 21EEEESEE 1ixed strides
loop_site_143 | grid_intersect grid.cpp:362 Mo information available 2196/ 4% /755 Mixed strides
loop_site_135 | initialize_2D_buffer find_hotspots.cpp:92 Mo information available 42% /086 ) 58% | Mixed strides v
Memory Access Patterns Report
D Stride Type Source & Madules Alignment "
P17 8 Constant stride intersect.cpp: 141 find_hotspots.exe
=P19 “ 8 Constant stride intersect.cpp: 141 find_hotspots.exe
135
140 intatruct->numt+; ) " "
141 intstruct->list[intstruct->num] .ock] = ob]j: COﬂStant St”de, Array Of StrUCtu res
142 intatruct->list[intatruct->num].t = t;
143 } . .
FHPT. 0 Unit stride Unlt Strlde aCCess d_hotspots.exe
P1. 0 Unit stride intersect.cpp: 141 find_hotspots.exe
P2, -8 -2 1 20 L Variable stride .
©p2. 8201 2: .. Variable stride Variable or random access
P21 4 Constant stride intersect.cppi 142 find_hotspots.exe




Intel Advisor XE

Bce AMarHOCTMKM B 0og4HOM MmecTe

PekomeHaaumMM Nno oNnTMMmM3aumnm

[MpoBepKa 3aBUCUMOCTEN

AHann3 wabnoHoB AocTyna

1> [loop in tbbzinternal:tbb:internal:: at mark... O | 0,000s1 11,534; D 'Scalar
1> O [loop in tbb:tbb: at arena.cpp:88] O 0,000s1 11,534s @B Scalar
=1 floop in <lambda1>zoperator() at fractal.... [ | @ 2Hi.. 0000s|  12,534s G mm._cﬂ AVX2

W [loop in <lambdal>::operator() at fracta...
1> [loop in <lambdal>::operator() at fracta...

Remainder

O
:

0,333s1

¢ Recommendations &

&I 2 | Issue: Serialized user function call(s) present

User-defined functions in the loop body are not vectorized.
Ql 2 | > Enable inline expansion

Inlining of user-defined functions is disabled by compiler option. To fix: When using the 0Ob or inline-le
control inline expansion, replace the @ argument with the 1 argument to enable inlining when an inline
specified or the 2 argument to enable inlining of any function at compiler discretion.

P @  Parallel site information loop_site_6  main.cpp

P3 @  Read after write dependency loop_site_6  crtexe.c; main.cpp

P4 @ Write after write dependency loop_site_6  crtexe.c; main.cpp
* |\Write after read dependency |loop_site_6 | crtexe.c; main.cpp

P20 B

“p2 @ o000
157S; -63; -26;

)i &=

DUPH-'X bo

(ip} (3]

2% +1:0: 1 25; 26; 63; 2164801 Vanable stride

6412

Unat stnde

bl)i} i1):




® ™ m 11 (#) OpenMP Region CPU Usage Histogram |
n e u n e p I I e r This histogram displays a percentage of the wall time the specific number of (|

simultaneously in an OpenMP region.

Elapsed Time
oL BB
w i

=
in
A

= MacwTtabmnpyemoctb OpenMP
= [mbpunaHbI aHanms c MPI o r—

Simultaneously Utilized Logical CPUs

u O pe n C I_ & G P U a H an l/l 3 ® Top OpenMP Processes by MPI Communication Spin Time

This section lists process with the lowest MPI communication spin time.

=]
i

v Process PID MPI Communication Spinning (%) OpenMP Potential Gain (%) Serial Time (%)
= YAyJdleHHbIM aHann3 4oCTyna K namMaTu g
bt-mz.B.4 125902 0.040s 04% 3.431s 31.6% 0.291s 2.7%
bt-mz.B.4 125905 0.321s 3.0% 3.025s 27.9% 0.659s 6.1%

] 5b|CTpee l/l I—IpOLLIIe bt-mz.B4 125903 04415 4.1% 3.147s 29.0% 0.6085 56%
= JlobaBneHa nogaeprka VM
= [locnegHue npoueccopbl & OC




Intel® VTune™ Amplifier XE

DPPEeKTUBHOE MCMonb3oBaHe OpenMP

TUNMYHbIE BOMNPOCHI:

Q: “A 0obasus1 npazmel 8 KOO, HO NOYEMY YCKOPEHUE OQ/IEKO He
JIUHEUHO?”

A: HeadppeKTMBHOE pacnapannenmBaHme

Q: “A 3anyckaro npusioxeHue Ha cucmeme ¢ 60/1bUWUM YUC/IOM 40€ep, HO
noyeMy OHO 8bINOJIHAEMCA Med/iIeHHee?”

A: IpobnemMa MaclTabmnpyemMocTu




Intel®

VTune™ Amplifier XE

DPPEeKTUBHOE MCMonb3oBaHe OpenMP

OpenMP Analysis. Collection Time: 14.450

2) >

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%)
Potential Gain: 3.354s (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..

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
conj_grad_%$omp $parallel: 24 @/home/vtune/work/apps/NPB/MFB3.3.1/NPB3.3-OMP/CG/cg.f:514:695 3.294s5 22.7% 10.208s
MAIN__$omp$parallel: 24 @/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cq.f:185:231 0.059s 0.4% 0.260s

OTBETbI Ha MHTEpeCytoLe BONPOCHI:
1) HackonbKo BenmKka nocnenoBaTteibHaa YacTb MPUIOKeHNA?

2

4

CKOTIbKO MOXKHO «BbIXaTb» Mpu onTuMmsaymmn OpenMpP?

)
3) Ha kakme OpenMP pernoHbl/umKkabl/6apbepbl 06PaTUTb BHUMaHME?
) YTO HES)ODEKTMBHOIO B KaXKA0OM pernmoHe?




Intel® VTune™ Amplifier XE

DPPEeKTUBHOE MCMonb3oBaHe OpenMP

= []OKa3blBaeT TO, YTO BaXKHO

KaKoi pervoH HeabdeKTBeH? Actual Elapsed Time

Fork r . Join
? I Effective time
HaCKO/IbKO MOXKeM YYULLNTb 5 recte tme
Imbal
[ToyeMy HesPPEeKTUBEH? B scheduin
Huncbananc? MNMnaHmnposka? Lock spinning? B Workforking
[MopaeprkKa Intel® Xeon Phi . i Potentlal
Ideal Time <>  Gain
Potential
Imbalance Lock Fork  Scheduling Gain

% pdvanced Hotspots Hjillspots v

Intel VTune Amplifier XE 2016

wpoint (cinge) €

Tree| | B8 Platform

Grouping: | OpenMP Region [ Functioy (Stadk v Lal (G
OpenMP Potential Gain OpenMP Nurmber CPU Time  [E| A
OpenMP Region / Function / Potential Elapsed of Instance T . Bl 5] 5]
Call Stack Imbalance L Creation | Scheduling | Reduction | Other | 52in (% Time | OpenMP | Count et s yUtizaticn #l] spin yerhiead
Contntion of Colle... threads @ idle @ Poor [10k [ Idesl [ Over Uz Lz
£ conj_grad_SompSparallel 24CINNNEL LT —T : : : e
MAIN_SompSparallel:24@,/h 0.0865 Os Os 0s 0s| 0.000s 0.8%  0.2865 24 1 48195 2.006s
[#[Serial - outside any region] Os 00% 0.012s 0.0455| 0.0%1s
FMAIN_SompSparallel:24@/h 0.000s Os Os 0s 0s 0s 0.0%  0.001s 24 75 0.004s] 0.016s Os
Selected 1 row(=): 11.095= 76 172963 92.219s 0.084s| w
< > <




Intel® VTune™ Amplifier XE

OnpegensemM HeaddOeKTUBHbIE peroHbl OpenMP

8 Advanced Hotspots Hots

[ e onlog| | & Analysis Target F il Summary & EELEINRE | o Caller/Calles| | #5% Tree| | BB Tasks and Frames

Grouping: [OpenMP Region / Function / Call Stack AM CGal'l a HC

QOpenMP Potential Gain OpenMP Potential Gain (% of Collection L 4]

OpenMP Region / Function / Call Stack

p g Irnbalance éz;k Crea...| Sch... | Red...| Other | Imbalance (3%) ;% (%j“ R(EﬁiJ O(t;j]er

¥ conj_grad_SompSparallet24@/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3-OMP/CG/cg.f:514:605 39445 0Os 0.000s 0.002s 0.000s 0.010s 346%f8 0.0% 00% 00% 00% 01%

EIMAIN_ SompSparallel:24@/home/vtune/work/apps/NPB/NPE3.3.1/MPB3 3-OMP/CG/cg.f185:231 J50s Os 0s Os 0s 0.000s 8% 00% 00% 00% 00% 00%

[ [Serial - outside any region] Os 0.0%

EIMAIN_ SompSparallel:24@/home/vtune/work/apps/NPB/NPB3.3.1/MPB3 3-OMP/CG/cg.f:339:345 0.000s 0s Os Os Os Os 0.0% 0.0% 00% 00% 00% 00%

FIMAIN_ SompSparallel:24@/homefvtune/work/apps/NPB/NPE3.3.1/NPB3 3-OMP/CG/cg.f:361:365 0.000s i3 Os 0= 0= 0= 0.0% 00% 00% 00% 00% 0.0%

I MAIN_SompSparallel:24@/home/vtune/work/apps/NPB/NPB3.3.1/NPB3 3-OMP/CG/ cg.f:263:269 0.000s 0s Os Os Os Os 0.0% 0.0% 00% 00% 00% 00%

) Advanced Hotspots Ho

n Tree| BB Tasks and Frames

% Caller/Callee | |o% Top

& Bottom-up

B8 Collection Log| | @ Analysis Target

Grouping: [DpenMP Region f Function / Call Stack

/ Bo3moxKHasna

OpenMP Potential Gain OpenMP Potential Gain (% of Collection Time)

.
OpenMP Regien / Function / Call Stack Imbalance anqMHa'
Imbalance Creation | Scheduling | Reduc... @)
conj_grad_$ompSparallel:24 @/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3- OMP/CG/cg.£:514:695 0.000: 0.001s| 0.002s H aKkna le bie
MAIN_ SompSparallel:24@/home/vtune/work/apps/NPB/NPB3.3.1/NPB3.3- OMP/CG/cg.f185:231 0.075s| 0.000s 0s 0s| 0.000s 06% 0.0% 00% 00% 00% 00%
0s 0.0% pacxoabl OT

[Serial - outside any region]

EMAIN__SompSparallel:24@/home/viune/work/apps/MPB/NPB3.3.1/NPB3 3-0MP/CG/cg.f:339:345 0.000= 0s Os Qs 0s 0.000s 0.0% 0.0% 00% 00% 00% 00% AMHaMqucKoﬁ

NAAHUPOBKMU
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OnpenenaemM NpUYmnHy Npobaem

= [logpobHbi aHanm3 (Barrier to Barrier)
= PaccMaTprBaeM KaxKabi CEFMEHT OTAENbHO
= [lpoule BUAETb BO3MOXHOCTU K YYYLLIEHUIO

Parallel Region

Fork A Join
#pragma omp parallel I
I I I
{ V} Barrier-to-Barrier Barrier-to-Barrier Barrier-to-Barrier
Segment 1 / \ Segment 2 / \ Segment 3 /
#pragma omp barrier ] User | Omp Single Omp Omp
i Barrier Single Barrier For For Barrier
#pragma omp single 1 ¢
{ Grouping: | OpenMP Region [ OpenMP Barrier-to-Barrier Segment / Function f Call Stack
i i [ (]
OpenMP Region / OpenhP OpenMP Potential Gain = gopteer:]f't\-:l:l (]
{ Barrier-to-Barrier Segment / Lock . . . Gain (% of
Function / Call Stack Imbalance Contention Creation | Scheduling | Reduction | Cther . EI‘IIHCE:' o
ollection ...
for Y A
#pragma omp 1o - 3.3-0MP/CG/cg.f:514:605 e s |
{ JPB3.3.1/NPB3.3-OMP/CG/cg.f:380 3.725s Os Os 0.000< 0= 0.008s 32.8%

JPB3.3.1/NPB3.3-OMP/CG/cg.f:683 0.149s 0s 0s 0s 0Os| 0.000s 1.3%
JPB3.3.1/NPB3.3-0OMP/CG/cg.f:664 0.014s 0s 0s 0.000s 0Os| 0.000s 0.1%
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OH cTan bbicTpee!
Initial Release Initial Release Initial Release
2015 Mid-Size Data 2015 Large Data 2016 Both Sizes

Open Summary 10-40 seconds 1-2 minutes ~4-5 seconds
Open Timeline 10-40 seconds 2-5 minutes ~1-3 seconds
Zoom Timeline 5-10 seconds 1-2 minutes ~ 1 second

Grid Node Expand 5-15 seconds >1 minute <1 — 2 seconds

Usually <2x slower

Finalization i
alizatio Sometimes faster

* [pu paboTe ¢ 6ONbLWIMMKN pazMmepamm AaHHbIX CoseT: A/1A NydLleil NPOU3BOANTENIbHOCTY

= [py MaNeHbKUX pa3mepax — He3HauYnTeNbHOe 3anyckanre Ul /IOKA/NIBHO. imnoptupynre
AaHHble C yaa1eHHOU CUCTEMbI.
yayylueHue.

[aHHble NoNy4YeHbl N0 pesy/ibTaTamM BHYTPEHHEro TeCTUPOBaHMA. Balum pesynibTaTbl MOFYT OTAIMYATLCA.
Pe3ynbTaTbl 3aBUCAT OT XapaKTEPUCTUK CUCTEMbI, MPUNOXKEHUS U Pa3Mepa AblHHbIX.




OT3bIBbl PA3PaAbOTUMKOB

“Intel® VTune™ Amplifier XE analyzes complex code and helps us
identify bottlenecks rapidly. By using it and other Intel® Software

Development Tools, we were able to improve PIPESIM performance fs?od.neySLf:ssqrd
up to 10 times compared with the previous software version.” enior scientist
Schlumberger

"Intel® Advisor XE has been extremely helpful in identifying
the best pieces of code for parallelization. We can save
. several days of manual work by targeting the right loops. At
Carlos Boneti the same time, we can use Advisor to find potential thread

HPC software engineer, safety issues to help avoid problems later on."
Schlumberger

Intel® Inspector XE has dramatically sped up our ability to
find/fix memory problems and track down difficult to isolate Peter von Kaenel, Director, Software
threading errors before our packages are released to the Development, Harmonic Inc.

field.




Call to Action

= [lpobyem ceroaHs!

https://software.intel.com/en-us/intel-parallel-studio-xe/try-buy

= [ntel® Premier Support PARAI-I-EI_
= Ball 0T3bIB MO UCMONL30BAHMIO STUDIO XE

Intel® Parallel Studio XE 2016 BarkeH!




&




Legal Disclaimer & Optimization Notice

INFORMATION IN THIS DOCUMENT IS PROVIDED “AS IS". NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR
OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. INTEL ASSUMES NO
LIABILITY WHATSOEVER AND INTEL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO THIS
INFORMATION INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE,
MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

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.

Copyright © 2015, Intel Corporation. All rights reserved. Intel, Pentium, Xeon, Xeon Phi, Core, VTune, Cilk, and the Intel
logo are trademarks of Intel Corporation in the U.S. and other countries.

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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Notice







