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INTEL" DISTRIBUTION FOR PYTHON*

Python* Performance as a Percentage of C/Intel® MKL for Python* Performance as a Percentage of C/Intel® MKL for
Intel® Xeon® Processors (Higher is Better) Intel® Xeon Phi™ Product Family (Higher is Better)
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HOBbIE BO3MOMHOCTH KOMINATOPA

= BekTopwsauuA

= OpenMP* 4.5

= bonee wmpokaa nogaeprka ctaHaaptTos C++ 1 QopTpaH
= Intel® MPX

= YnyduweHus B Intel Graphics Technology

= bnbnmoTekmn

" 1 MHOroe gpyroe...




BbICOKAA POM3BOAUTENBHOCTb HA WINDOWS™ W LINUX*™

HOMNUNATOPBI C++ M FORTRAN

Boost C++ application performance
on Windows* & Linux* using Intel® C++ Compiler
(higher is better)
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PGI* 15.10
PGI* 15.10

Windows Linux Windows Linux
Estimated SPECfp®_rate_base2006 Estimated SPECint®_rate_base2006

Relative geomean performance, SPEC* benchmark - higher is better

Configuration: Windows hardware: Intel(R) Xeon(R) CPU E3-1245 v5 @ 3.50GHz, HT enabled, TB enabled, 32 GB RAM; Linux hardware: Intel(R) Xeon(R) CPU E5-2680 v3 @ 2.50GHz, 256 GB
RAM, HyperThreading is on.

Software: Intel compilers 17.0, Microsoft (R) C/C++ Optimizing Compiler Version 19.00.23918 for x86/x64, GCC 6.1.0. PGI 15.10, Clang/LLVM 3.8

Linux OS: Red Hat Enterprise Linux Server release 7.1 (Maipo), kernel 3.10.0-229.el7.x86_64. Windows OS: Windows 10 Pro (10.0.10240 N/A Build 10240)

SPEC* Benchmark (www.spec.org). SmartHeap libs 11.3 for Visual® C++ and intel Compiler were used for SPECint® benchmarks.

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 microprocessars. Certain optimizations not specifi o Intel microarchitecture are reserved for Intel microprocessors. Please refer to the applicable product User
and Reference Guides for more regarding t 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) Xeon(R) CPU E3-1245 v5 @ 3.50GHz, Hyperthreading enabled, TB enabled, 32 GB RAM. Software: Intel Fortran compiler 170, Absoft*15.0.1,. PGl Fortran®
15.10 (Windows)/16.4 (Linux), Open64* 4.5.2, gFortran* 6.1.0. Linux OS: Red Hat Enterprise Linux Server release 7.2, Kernel 3.10.0-327.4.5.el7.x86_64. Windows OS: Windows 10 Pro
(10.0.10240 N/A Build 10240). Polyhedron Fortran Benchmark (www.fortran.uk).
Windows compiler switches: Absoft: -m64 -O5 -speed_math=10 -fast_math -march=core -xINTEGER -stack:0x80000000. Intel® Fortran compiler: /fast /Qparallel /QxCORE-AVX2

lloc-lhs /link PGl Fortran: -fastsse -Mipa=fast,inline
{imix compiler switches: Absoft: -méd -mav -05 -speed. math=10 -marchocore -xNTEGER. Gfortran: -Ofast ive -funroll-loops -f | ps=4.
Intel Fortran compiler: -fast -parallel -xCORE-AVX2 -nostandard-realloc-Ihs. PG Fortran: -fast -Mipa=fast,inline -Msmartalloc MVpreIaxed ~Mstack_arrays -Mconcur=bind. Open54 -
march=auto -Ofast -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 opnmlzanonsthat are not unique to Intel
microprocessors. These optimizationsinclude SSE2, SSE3, and SSSE3 instruction sets and other Intel doe functionality, or
CHecteness of any optivmzation on microprecesors not manufaciured by Intel. Micropracecsor.dependent optmisations i 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 specificinstruction sets covered by this notice. Notice revision #20110804




KOMIMUNATOP INTEL" C++

*  bubanoTeka SIMD Data Layout Templates
= BeKkTOpwm3aumsa BUPTYanbHbIX QYHKLMA

=  PacwwupeHHada nogaepka ctaHgaptos C11 mn C++14
=  OcBob6OXKAEHME NAaMATK ONpeaeneHHOro pasmMepa
*  YNpoLlleHHble OrpaHnYeHms Ha co3gaHme constexpr GyHKLMM
= |JabnoHbl nepeMeHHbIX

=  OamHapHaa KaBblYKa Kak UMPPOBOWM pa3aenmTens
= VYnyyweHa coBMmecTMocTb ¢ GNU* u Microsoft*
= OT4eTbl ONTUMU3ALMN
= [lpwBegeHue Tunos SSE

= bonee AeTa/ibHaA ANarHOCTMKa KOMIMNIATOPaA MO apryMeHTaMm LWabnoHOB

= |npokumn Habop noagaepumBaemMblx OC, Bkatovasa Android* n embedded Bepcum Linux




SIMD DATA LAYOUT TEMPLATE ,
YBENMYHBAEM NIPOU3BOLUTENGHOCTS C+-+ IPHIOHEHHA

= Y70 “He TaK" B OObEKTHO-OPUEHTMPOBAHHOM NOAXO4e” struct YourStruct{
float x;

floaty;
float z;

I
‘Array of Structures’ (AOS) VS ‘Structure of Arrays’ (SOA)

A[H‘O] A[H‘l] A[|+2] A[|+3] x[i+0] x[i+1] x[i+2] X[i+3]

A y[i+0] y[i+1] yli+2] y[i+3]

2{i+0] 2[i+1] 2li+2]  Z[i+3]

vector_register




SIMD DATA LAYOUT TEMPLATE ,
YBENMYHBAEM NIPOU3BOLUTENGHOCTS C+-+ IPHIOHEHHA

=  BbeicTpbIn nepexo oT AOS kK SOA ”We used SDLT to vectorize the deformer

= VBenuMumBaeM NPOOVKTUBHOCT code in Premo, the in-house animation
tool for DreamWorks Animation. The

Vicnone3yem noocomossieHHble wab/ioHbI C )
performance improvements we were
MUHUMQJ/IbHbIMU 3ampamamu, u nycme SDLT

able to achieve were dramatic, and these
improvements will translate directly into

higher quality characters that will be seen

«B6EKMOpPU3yemM» HaW KOO.
= YyyllaeM Npou3BOANTENBHOCTb

SDLT sekmopusyem K00, 0es1a4 0ocmyn K on-screen in future movies. Also the
naMamu Noc/1e008amMe/ibHbIM, YMO NPUBOOUM library itself was easy to use and

K lydwed npou3sooumesioHoCcmu. integrate into our existing codebase.”
= Jlerkag nHTerpaLums:

SDLT cnedyem uzgecmHou 8eKmopHoU

MOOe/IU NPOo2PAMMUPO8AHUS om Intel Martin Watt

Principal Engineer,
DreamWorks Animation

votice LIl



BEKTOPH3ALLMA BUPTYAIbHbIX OYHHLHA

= CMHTAKCUC KaK 018 0OblYHbIX BEKTOPHbIX QYHKLMM
= Habop Bepcui Hac/eayeTca M He MOXKET ObITb MU3MEHEH B NepeonpeaeeHnsax

= «BeKTOpHOCTb» A4OMXKHa ObiTb BBEAEHA C BUPTYa/lbHbIM METOAOM, HE B
nepeonpeaeneHnsax

class A {

public:

#pragma omp declare simd linear (X)

#pragma omp declare simd uniform(this) linear (X)
virtual int foo(int X);

¥

#pragma omp declare simd uniform(this) linear (X)
int A::foo(int X){ return X + 1; }

class B : public A {

public:
// #pragma omp declare simd linear (X) - inherited
// #pragma omp declare simd uniform(this) linear (X)
int foo(int X) { return (X*X),; }

) 8




BbICORAAl [IPOU3BOUTENBHOCTD

BEKTOPH3ALWA CPEACTBAMM OPENMP*

= Bcero 2 CTpOYKM Koga a4 UCronb30BaHUA
BCeX BO3MOXKHOCTen SSE 1 AVX

*  [IMPEeKTUBbI UTHOPUPYIOTCA APYTrMMU
KOMMUAATOPaMU, eC/IU HE NMOAAEPHKMBAOTCA

typedef float complex fcomplex;
const uint32_t max_iter = 3000;

uint32_t mandel(fcomplex c, uint32_t max_iter)
{
uint32_t count = 1; fcomplex z = ¢;
while ((cabsf(z) < 2.0f) && (count < max_iter)) {
z=12z%*z+c; count++;
}
return count;

}
uint32_t count[ImageWidth][ImageHeight];

for (int32_t y = 0; y < ImageHeight; ++y) {
float c_im = max_imag -y * imag_factor;

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);
}
}




BbICORAAl [IPOU3BOUTENBHOCTD

BEKTOPU3ALIUA CPEACTBAMM OPENMP*

= Bcero 2 CTpOYKM Koga a4 UCronb30BaHUA
BCeX BO3MOXKHOCTen SSE 1 AVX

*  [IMPEeKTUBbI UTHOPUPYIOTCA APYTrMMU
KOMMUAATOPaMU, eC/IU HE NMOAAEPHKMBAOTCA

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 = ¢;
while ((cabsf(z) < 2.0f) && (count < max_iter)) {
z=12z%*z+c; count++;
}
return count;
}
uint32_t count[ImageWidth][ImageHeight];

for (int32_ty = 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);
}
}




BbICORAAl [IPOU3BOUTENBHOCTD

BEKTOPU3ALIUA CPEACTBAMM OPENMP*

= Bcero 2 CTpOYKM Koga a4 UCronb30BaHUA
BCeX BO3MOXKHOCTen SSE 1 AVX

*  [IMPEeKTUBbI UTHOPUPYIOTCA APYTrMMU
KOMMUAATOPaMMW, eCNv He MOAAEPKMBAKOTCH

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 = ¢;
while ((cabsf(z) < 2.0f) && (count < max_iter)) {
z=12z%*z+c; count++;
}
return count;

}
uint32_t count[ImageWidth][ImageHeight];

for (int32_ty = 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);
}
}

Mandelbrot calculation speedup
6onble - nyywe

Serial SSE 4.2 Core-AVX2

Configuration: Intel® Xeon® CPU E3-1270 @ 3.50 GHz Haswell system (4 cores with Hyper-Threading On), running at 3.50GHz, with 32.0GB RAM, L1 Cache 256KB, L2 Cache 1.0MB, L3
Cache 8.0MB, 64-bit Windows* Server 2012 R2 Datacenter. Compiler options:, SSE4.2: ~03 -Qopenmp -simd ~QxSSE4.2 or AVX2: -03 -Qopenmp —simd -QxCORE-AVX2. For more
information go to http://www.intel.com/performance

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 optimizationsinclude 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 optimizationsin 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 specificinstruction sets covered by this notice. Notice revision #20110804.



BbICOKAAl [IPOU3BOIUTENBHOCTD
BEKTOPU3ALUA CPEACTBAMM OPENMP*

= Bcero 3 cTpoykm Kofa 41 UCMONb30BaHUA
BCex BO3MOXHocTen SSE n AVX

= [IMPEeKTUBbI UITHOPUPYIOTCA APYrMM
KOMMWAATOPAMU, ECIV HE MOALEPHKMBAKOTCA

float path_calc(float *z, float L[J[VLEN], int k, int N, int Nmat)

float portfolio(float L[][VLEN], int k, int N, int Nopt, int Nmat)

for (path=0; path<NPATH; path+=VLEN) {
/* Initialise forward rates */
z =20+ path * Nmat;

for(int k=0; k < VLEN; k++) {
for(i=0;i<N;i++) {
L[i][k] = LOi];
}

/* LIBOR path calculation */
float temp = path_calc(z, L, k, N, Nmat);
v[k+path] = portfolio(L, k, N, Nopt, Nmat);

/* move pointer to start of next block */
z+=Nmat;
1
}




BbICOKAAl [IPOU3BOIUTENBHOCTD
BEKTOPU3ALUA CPEACTBAMM OPENMP*

= Bcero 3 cTpoykm Kofa 41 UCMONb30BaHUA
BCex BO3MOXHocTen SSE n AVX

= [IMPEeKTUBbI UITHOPUPYIOTCA APYrMM
KOMMWAATOPAMU, ECIV HE MOALEPHKMBAKOTCA

#pragma omp declare simd linear(z:40) uniform(L, N, Nmat) linear(k)
float path_calc(float *z, float L[J[VLEN], int k, int N, int Nmat)

#pragma omp declare simd uniform(L, N, Nopt, Nmat) linear(k)
float portfolio(float L[][VLEN], int k, int N, int Nopt, int Nmat)

for (path=0; path<NPATH; path+=VLEN) {
/* Initialise forward rates */
z =20+ path * Nmat;
#pragma omp simd linear(z:Nmat)
for(int k=0; k < VLEN; k++) {
for(i=0;i<N;i++) {
L[i][k] = LOi];
}

/* LIBOR path calculation */
float temp = path_calc(z, L, k, N, Nmat);
v[k+path] = portfolio(L, k, N, Nopt, Nmat);

/* move pointer to start of next block */
z+=Nmat;
1
}




BbICOKAAl [IPOU3BOIUTENBHOCTD

BEKTOPU3ALUA CPEACTBAMM OPENMP*

=  Bcero 3 CcTpo4KM KoZa 415 UCMONb30BaHUA
BCex BO3MOXKHocTen SSE n AVX

= [IMPEeKTUBbI UITHOPUPYIOTCA APYrMM
KOMMWAATOPAMU, ECIV HE MOALEPHKMBAKOTCA

#pragma omp declare simd linear(z:40) uniform(L, N, Nmat) linear(k)
float path_calc(float *z, float L[J[VLEN], int k, int N, int Nmat)

#pragma omp declare simd uniform(L, N, Nopt, Nmat) linear(k)
float portfolio(float L[][VLEN], int k, int N, int Nopt, int Nmat)

for (path=0; path<NPATH; path+=VLEN) {
/* Initialise forward rates */
z =20+ path * Nmat;
#pragma omp simd linear(z:Nmat)
for(int k=0; k < VLEN; k++) {
for(i=0;i<N;i++) {
L[i][k] = LOi];

/* LIBOR path calculation */
float temp = path_calc(z, L, k, N, Nmat);
v[k+path] = portfolio(L, k, N, Nopt, Nmat);

/* move pointer to start of next block */
z+=Nmat;
1
}

Libor calculation speedup
6osblue - nyywe

Serial SSE 4.2 Core-AVX2

Configuration: Intel® Xeon® CPU E3-1270 @ 3.50 GHz Haswell system (4 cores with Hyper-Threading On), running at 3.50GHz, with 32.0GB RAM, L1 Cache 256K8, L2 Cache 1.0MB, L3
Cache 8.0MB, 64-bit Windows* Server 2012 R2 Datacenter. Compiler options:, SSE4.2: ~O3 -Qopenmp -simd ~QxSSE4.2 or AVX2: -O3 ~Qopenmp —simd -QxCORE-AVX2. For more
information go to http://www.intel.com/performance

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 optimizationsinclude 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 specificinstruction sets covered by this notice. Notice revision 420110804 .
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CTAHNIAPT C++14

=  QOcBOOOMKAEHME NAMATH
onpeaeneHHoro pasmepa

" YMpouweHHble OrpaHnyeHna Ha
co3aaHue constexpr QyHKLM

= |lJabnoHbl NepeMeHHbIX

T* p = new T;

// C++11
operator delete(p, sizeof(T)); // C++14

delete p;

constexpr int prev(int x)
{

return —-x;
} // now allowed

template<typename T>
constexpr T pi = T(3.14159);
template<class T> T area (T r)
{

return pi<T> * r * r;

Motice [



https://software.intel.com/en-us/articles/c14-features-supported-by-intel-c-compiler
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CTAHNIAPT C++14

YnpoLuleHHble OrpaHUYeHnA Ha co3aaHune constexpr PyHKLUMM

= O6b6baBNEHME NepeMeHHbIX (3a
MCKNtoYeHmeM static, thread local
HEVHULMATM3NPOBAHHbIX MEePEMEHHbIX)

= if n switch (Ho He
goto)
= }I3MeHeHre COCTOAHMA OOBEKTOB,

ABNAKOLWLMXCA PeE3Yy/IbTaTOM Cconstexpr
BbIYMCEHNM

= for (Bktovas range-based for), while n do-while

constexpr int uninit () {
int a; // ommbka:
// HEMHNLIMAaJIM3VPOBaHHAA TIepeMeHHad

return a;

constexpr int abs (int x) {
if (x < 0)
X = =Xy

return x;

constexpr int g(int x, int n) {
int r = 1;
while (--n > 0) r *= x;

return r;




Annotated source listing with compiler optimization reports

bOMbILE OTYETOB, KPACMBBIX H PASHbIX

= [ICXOAHbIN KO[, C «BCTPOEHHbBIMUY OTYETaMM e
06 ONTUMU3ALNM

[/Q | -g]lopt-report-annotate=[text | html] e P TR
72 A[1] = (double)(i+1);
}

[/Q | -g]lopt-report-annotate-position=[caller|callee|both] =

* IHpopmMaumsa no pacnpeneneHunto pernctpos (Register Allocation) n ero

3¢¢€HTMBHOCTM vmovups 64 (%rsp), Symml5 #86.7 [spill]
11 vfmadd23lps (%rbx,%rdx,4), Symml4, S$ymmlb #86.7
- SIOI“ bl B aCCeM6ﬂe|Oe vmulps symm2, Symm2, %ymml4 #86.7
vsubps ($r8,%rdx,4), Symm8, Symm2 #86.7

" YNy4lleHbl OTYETHI MO BEKTOPU3ALIMM - vroveps  Symnls, 64 (rsp) $86.7 [spill]

= JlobaBneHbl MMEeHa NepPeMeHHbIX M 0bpaLLeHMa K NaMAaTy

16.0: remark #15346: vector dependence: assumed ANTI dependence between Tine 108 and Tine 116
17.0: remark #15346: vector dependence: assumed ANTI dependence between *(sl) (108:2) and *(r+4) (116:2)

=  Eué 6onee NOHATHbIE MPUYKMHbBI HE BEKTOPU30BAHHbIX LIMKIOB, HANnpuMep

exception handling for function call prevents vectorization




KOMNUATOP INTEL” FORTRAN

[TpomnsBoamTensHOCTL Coarray Fortran cyuecTtBeHHO
ynydlieHa

BblpaBHl/IBaHl/Ie OVNHaAMNYECKN BblAeNTAEMbIX MaCCNBOB

[TouTn nonHasa noaaep*ka Fortran 2008 1 yacTuyHas
apaodta 2015

" MACCMB KOHCTAHT C NoapasyMeBaeMomn ¢opMon

= BIND(C) paspelueH ansa BHyTPeHHMX npoueayp

= EXIT ondg Bcex MMeHOBaHHbIX O/1OKOB

" NIHMumManm3aumsa ykasartenem

VS2013 Shell Bmecto V52010 Shell Ha Windows




OPENMP* 4.5
KITAY3A LINEAR(REF/VALJUVAL)

1$omp declare simd
. ,D,J'IFI C KOMIMAATOP «KN1adeT» REAL FUNCTION FOO(X, Y)
' REAL, VALUE :: Y << by reference
nocnegoBate/ibHble 3Ha4YeHWMA B REAL, VALUE :: X << by reference

BEKTOPHbIN PEruUCTP Eﬁg :UEC;I\(;N o << gathers!!!!

= B PopTpaHe apryMeHThl

nepenaroTCA no CCblyike 'i'omp$ simd private(X,Y)
DO I= 9, N
= 4 gapeca B perncrpe Y = B(I)
= LINEAR(REF(X)) roBoput ) s oo, )
KOMMUAATOPY, YTO ajpeca ENDDO ’

nocnefoBaTe/bHbl




OPENMP* 4.5
KITAY3A LINEAR(REF/VALJUVAL)

= [1na C, KOMOUIATOP «KNALeT»
nocneaoBaTe/bHbIE 3HAYEHUA B
BEKTOPHbIN PErnCTP

= B QopTpaHe apryMeHThbl
nepeaarTCsa No CCblJIKE

= 4 gapeca B perncrpe

= LINEAR(REF(X)) roBopuT
KOMMNUAATOPY, YTO agpeca
nocnegoBaTe/bHbI

I$omp declare simd linear(ref(x), ref(y))
REAL FUNCTION FOO(X, Y)

REAL, VALUE :: Y << by reference

REAL, VALUE :: X << by reference

FOO = X + Y << sequential reads!!!!
END FUNCTION FOO

lomp$ simd private(X,Y)
DO I= 0, N

Y = B(I)

X = A(I)

C(I) += FOO(X, Y)
ENDDO




OPENMP* 4.5
PEIVHUMH MACCHBOBB C/C++

= Jlna @opTtpanHa, OpenMP 4.0 yxKe noadepmBaa MacC/B B Ka4eCTBe
nepeMeHHoOM peayKumm

#pragma omp parallel reduction(+:a)
for (i = 0; i < n; i++){
a[i] += 1;

}

= OpenMP 4.5 pa3pellaeT UCno/ib30BaTb MaCCMB 1 yKasaTenu s
C/C++

= [loasmnocb B 1/7.0 Bepcunmn

* Ho paboTaeT ToNbKO A/15 BCero obbekTa — cekumm maccmia u3 Intel® Cilk
Plus He nopaepmBatoTCa




OPENMP* 4.5
IUPEKTHBA TASKLOOP

= [lapannenmsauna umKna ncnonb3ys
3a4a4m OpenMP

#fpragma omp taskloop [simd] [clauses]
for-loops

= [lennT umKn Ha Kycku (chunk'n)

= Knays3a grainsize W num tasks [/14

yNpaBneHua co3gaHneM 3aaad

= [loxox Ha ‘cilk_for' n3 Intel® Cilk Plus

= Co3paeTcd 3a4a4a AN Karkaoro
KYCKa LMKNa

void CG mat (Matrix *A, double *x, double *y)
{
/) coc
#pragma omp taskloop private(j, is, ie, 3jO, yO0) \
grain_size (500)
for (i = 0; 1 < A->n; i++) {
y0 = 0;
is = A->ptr[i];
ie = A->ptr[i + 1];
for (3 = is; j < ie; j++) {
Jj0 = index[7j];
y0 += value[j] * x[jO0];
}
y[i]l = y0;
1/ ooc




OPENMP* 4.5
LW Tbl “DOACROSS”

=  Tunbl 3aBUCMMOCTEN source W sink J00aB/eHbl B Knay3y depend 414
noaaepKm “doacross” UMKIOB BMeCTe C K/1lay30M ordered

m depend (source) U1 depend(sink:<iteration-vector>)
= PacnapannenvBaHme LMKIOB C XOPOLLO CTPYKTYPUPOBAHHLIMU 3aBUCUMOCTAMM

i=1 i=2 i=.. i=N
#fpragma omp parallel for ordered
() (7 @ (7
for (i = 1, .; i <= N) { s1 s1 S1 S1
Sig
#pragma omp ordered depend(sink:i-1) vy S2 v S2 'LSZ ‘;752
9 4 > -

S2;

#fpragma omp ordered depend (source)

SEF v v vS3 vS3
OS3 S3 b4 o




OPENMP* 4.5
LW Tbl “DOACROSS”

#pragma omp parallel for ordered(2)
for (int 1 = 0; 1 < M; i++)
for (int j = 0; j < N; j++)
{

a[i][j] = foo(i, J);
#pragma omp ordered depend (sink: i - 1, j) depend (sink: i, j - 1)
b[1][j] = bar(a[i][]j], b[i - 1][j], b[1i][] - 11);
#pragma omp ordered depend (source)
baz(a[1][j], b[i][J]);




OPENMP* 4.5
CPENCTBA CHHXPOHH3ALMH

CoBpeMeHHble MpoLeCccopbl MoAAEPHKMBAOT TPAH3AKLUMOHHYO MaMATb,
Hanpumep Intel® TSX ( Intel® Transactional Synchronization Extensions)

HoBble YHKLMN: Tnnet:

omp_lock _hint_none

omp_lock _hint_uncontended
omp_lock _hint_contended
omp_lock _hint_nonspeculative
omp_lock _hint_speculative

omp_init_lock_with_hint(omp_lock_t *lock,
omp_lock_hint_t hint)

omp_init_nest_lock with_hint(omp_nest_lock_t *lock,
omp_lock_hint_t hint)

Knay3a hint (type) 019 KPUTUYECKOM CeKLUMM

C++: PopTpaH:
'$ omp critical [(name)] [hint (expression)]
#fpragma omp critical [ (name)] [hint (expression)] structured-block

structured-block

'$ omp end critical [ (name)]




INTEL" MPX

"= 4 HOBbIX 128-6UTHbIX permnctpa a4
XpaHeHMA rpaHunL,
*  CyliecTByloLWMe perucTpbl He 3aTPOHYThI
* Heobxoanma nogaepka OC
* HoBble MHCTPYKLUMU ANA 3arpy3Kn U
NPOBEPKM rpaHnL, 40 AOCTYyNa K NaMATH
*  KckntodeHwe B ciydae npobnembl
=  HoBble MHCTPYKLMM ANA YTEHWA/3anmcK
rpaHuL, B y4aCTOK MaMATH

*  Pacwwpenusa MPX “3abusatotca” NOP'amu
ec/IM He NoAAepPKMBaKOTCA

Pernctpol BNDO..BND3

OXFFFF FFFFF

0x00F3 2250

Buffer

0x00F3 2210

0x0000 0000

[Q]check-pointers

[Q]check-pointers-mpx Upper Bound  Lower Bound

~— = —

e.g. BNDO =00F3 2250 0OF3 2210




ACHHXPOHHbIH 0W®ION HA GPU

OPENMP KIAY3A DEPEND B TARGET JIMPEKTHBE

// initialize

arrl - offload to target

#pragma omp target map(from: arrl[0:SIZE]) depend(out:arrl) nowait
#pragma omp parallel for

for

(int 1 = @; i < SIZE; i++) { arrl[i] += 1i; }

// initialize arr2
#pragma omp task depend(out:arr2)
#pragma omp parallel for

for

(int i = @; i < SIZE; i++) { arr2[i] += -i; }

// compute intermediate result on target

#pragma

omp target \

map(to: arrl[0@:SIZE], arr2[@0:SIZE]) \
map(from:arr3[0:SIZE]) \
nowait depend(in:arrl, arr2)

pragma
for

#pragma
#pragma
for

omp parallel for

(int i = @; i < SIZE; i++) { arr3[i] = arrl[i] + arr2[i]; }

omp taskwait
omp parallel for
(int i = @; i < SIZE; i++) { res[i] += arr3[i]; }

Parent task
(host)
L~~~ Child task1
spawn (GPU)

~

\

\

-~

depen

arrl

dence

\ 4

*o_| child task2
(GPU)

barrier

Child task3
(host)

depepdence
arr2




INTEL" ADVISOR

MOAENUPOBAHUE NAPATTIENU3MA 110 3ATAYAM

Advisor XE Workflow * 0 X

[1) Analyze it.

‘=>¥

2) Design it.
(Compiler ignores these
annotations.)

[3) Tune it.

-

[4) Check it.

=

1. Survey Target

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. Annotate Sources

Add Intel Advisor XE annotations to
identify possible parallel tasks and their
enclosing parallel sites.

+ Steps to annotate

View Annotations

3. Check Suitability
Analyze the annotated program to check
its predicted parallel performance.

Collect Suitability Data
View Suitability Result

4. Check Correctness

Predict parallel data sharing problems for
the annotated tasks. Fix the reported
sharing problems.

Collect Correctness Data
View Correctness Result

LS) Do it!

-

5. Add Parallel Framework

Steps to replace annotations

View Summary

ACCHCTEHT BEKTOPH3ALIH

JlMarHoCcTmKa KoMnunaTopa +
Pe3ynbTaTbl NPOGUANPOBKM = BCE B
O4HOM MecTe

CoBeTbl — Kak BekTOpm3oBaTh?

[TpoBepKa 3aBMCMOCTEN
= be3onacHO N BEKTOPKM30BATL?

AHanm3 AOCTYra K NMaMATU

= [locnepoBaTesbHbIN VS
HernocnepoBaTesibHbIN,
HEBbIPOBHEHHbIN, ...




INTEL" ADVISOR

NOAAEPHHKA INTEL" XEON PHI™ NOCAEAHErO NOKONEHUA

Vectorized Loops Instruction Set Analysis

Vector ISA | Efficiency Gain Esti... VL (V...| Traits Data Typ AVX—5 12 ERI —_— Anﬂ Inte|® Xeon Phi

Loops & | Vectorlssues | Self Timew Loop Type

S8 [Loc r 2Posshlein... 26.025s[ BRI  Vectorized (Body}+Threaded (OpenMP)  AVXS12 8 Divisions; Gathers; FMA Float32: .. 256/512 AW AVXSL2ER_512: AVXSI2F..
“
59 [loc 7 @1lHighvecto.. 5.876sHl Vectorized (Peeled)t Threaded (OpenMP)  AVX512 8 Divisions; Gathers; FMA Float32; .. 256/512 | AVX2; AVX512ER._512; AVX512,. Masked Lc
S [loc row 1 High vecto... 3.324s0 Vectorized (Remainder }+ Threaded (Openm AVX512 8 Divisions; Gathers; FMA ] Float32; .. 256/512 AVX2 AVX512ER_512; AVX512... Masked Lc
[toop o 34.5995 [ERIRII Ve<torzed (Body, Remaincer) AVX512 564« 8 Divisions; FMA Square Roots Float32 ... 256/51.. AVX2; AVXSL2ER_51Z AVXS12... Masked Lo
[loop ¥ 1 Possiblein... 33.8495- Vectorized (Body, Peeled; Remainder) AVX512 - 28% 2.24x 8 Divisions; FMA; Gathers ] Float32; .. 256/512 AVX AVX2; AVX512ER_512; AV.. Masked Lc
[toop |l 19.8395- Vectorized (Body, Remainder) AVX512 l:?Z% 11.48x 16; 8 Float32; .. 256/51.. AVX2 AVX512F_512 Masked Lc

-

. 3ddeKTnBHOCTb (72%), YckopeHue (11.5x), AnunHa
BeKTopa (16)

Recommendation: Confirm inefficient memory access patterns Confidence: Need More Data
There is no confirmation inefficient memory access patterns are present. To confirm: Run a Memory Access Pattems analysis.

¥ Recommendations

Inefficient memory access pattems may result in significant vector code execution slowdown or block automatic vectorization by the compiler. Improve performance by investigating.

iremainder

, Mpobnema c onTMMKU3aLMen NPON3BOANUTENBHOCT
All or some source loop iterations are net executing in the Joop body. Improve performance by moving source loop iterations from peeleciremainder loops to the loop body. .
Recommendation: Collect trip counts data n CO BeT n O ee pe LU e HWN |'O

The Survey Report lacks trip counts data that might generate more precise recommendations. To fix: Run a Trip Counts analysis.

Issue: Ineffect

Recommendation: Align data —
‘ Program metrics
Recommendation: Add data padding El g d Ti . 142.79
The trip count is not a multiple of vector length. To fix: Do one of the following: apse Ime: - ' s
) ! oo ) ) ) Vector Instruction Set: AVX, AVX2, AVX512, SSE, 55E2 Number of CPU Threads: 4
 Increase the size of objects and add iterations so the trip count is a multiple of vector length.
 Increase the size of static and automatie ebjects, and use a cempiler option to add data padding.
Loop metrics
[ Windows'os | Linux' 0S |
| /Qopt-assume-sate-padding | <opt-assume-saf e-packing | Tgta| CPU t|me 454 . 08s _ 100.0%
Time in 88 vectorized loops 41.865 B o.2%

Juowo-l‘]oo




INTEL" ADVISOR
AVK-512

= Onuwa komnunaTopa —axCOMMON-AVX5712 —xAVX
= AVX2 code path (ana Haswell n 6onee paHHMx npoueccopos)
= AVX-512 code path

= (CpaBHMBaeM AVX 1 AVX-512 c nomoulbto Intel Advisor

Vectorized Loops Instruction Set Analysis Advanced
Loops & | Self Time Loop Type — - - - - —
‘ Vect... a | Efficiency | Gain... | VL (| Compiler Es... | Traits | DataT... |‘u’ector W| Instruction Sets | Vectorization De

[=I%] [loop in 5352_ at loopstl.cpp:5939] ] 0,641s1 Vectorized (Body) AVX2 2.15x 4 2,15x% FMA; Inserts Float32 128 T AVX: FMA

=) [loop in 5352_ at loopstl.cpp:3939] n/a Remainder [Mot Executed] 4 FMMA

=@ [loop in 5352_ at loopstl.cpp:5938] | [] 0,641s1 Vectorized (Body) AVH2 4 2 15x |nse rts (AVXZ) VS_

u| 0 [loop in s352_ at loopstl.cpp:5939] n/a Vectorized (Body) [Mot Executed] AVX512 16 3,20x Gathers; FMA

5" [loop in 5352_ at loopstl.cpp:5939] nfa Vectorized (Remainder) [Mot Executed] | AVX512 16 270 Gathers, EMA Gath ers (AVX_ 5 1 2)
=% [loop in s125_ASompSparallel_for@ ... O 0,4%6s 10 Vectorized Yersions AVH2 ~100% [13,54x 8 <13, 54 Fi&; NT-stores

u [Ioo_p in 5125_.}5.5om_pSpa_rqIIeI_for... n/a Peeled [Not Executed] 2 Fii4

=) [loop in s125_ASompSparallel_for... n/a Remainder [Mot Executed] 8 ey FMA . - o O)DE o«

lloop in s125_ASompSparallel for.. [] = 0463s)  Vectorized (Body) Avxa | | |8 g 1354

=) [loop in 5125 ZSompSparallel for... n/a Wectorized (Peeled) [MNot Executed] AVx512 16 6.77x FMA A

5/ [loop ins125_ZSompSparallel for.. | | nfa  Vectorized (Body) [Not Executed] Avxst2 | | |32 \(30,61x

=) [loop in s125_ZSompSparallel_for... n/a Vectorized (Remainder) [Mot Executed] | AVX512 16 ), FMA . ° A

00010011



INTEL” ADVISOR

TOYHOE U3MEPEHWE FLOPS'0B

= FLOPSBbI on4a umMKNoB 1 GyHKLUMIN = NHcTpymeHTaums (FLOP) u
= Bce nocnegHue npoueccopsl Intel C3MNAMPOBaHMe (Bpems)
(He co-npoueccopbl) " YyyTBaeT onepaumm
MacKkmpoBaHMA AVX-512

INTEL ADVISOR 2017

FLOPS
GFLOPS FLOP Per lteration | L1 GE | L1 Bytes Per lteration
B1'¥ [loop in matvec at Multiply.c:69] | 0.8260 0.1633 | 5.0586 3.0720 18.8160 |1‘JE

(=] Function Call Sites and Loops

4|0 [loop in matvec at Multiply.c:60] | 0.9120 0.1633 | 5.5833 30720 32 18.8160 196
3|0 [loop in matvec at Multiply.c:69]  1.2430 0.2500 ' 4.9920 1.3440 4 53760 16
4|0 [loop in matvec at Multiply.c:60] | 1,592 @ 0.2500 6.3699 1.3440 4 53760 16
[loop in matvec at Multiply.:69]  3.055@8 02500 122205  0.09e0 16 03840 &4
[loop in matvec at Multiply.c:60] | 6.282 @888 02500 251279  0.0960 16 03840 o4




INTEL” ADVISOR

YITYYILEHHDIA AHANH3 IOCTYTIA K NAMATH

[loacyeT ncnonblyemow
namMaTn (memory footprint)
[ToKa3bIiBaeT MMeHa
NepeMeHHbIX

OnpefensaeTt HEHYXKHble
gather/scatter MHCTPYKLUMK

Site Location

Loop-Carried Dependencies

Strides Distribution &

| Access Pattern

Max. Site Footprint ™

[loop in s4117_ at loopstl.cpp:76 .. Mo information available

[loop in s442_ at loopstl.cpp:6813] No information available

@ [loop in s272_ at loopstl.cpp:3447] No information available

50% / 30% /0%

Mixed strides

56% / 0%/ 44%
F 40%

Mixed strides

|| Mixed strides

1928
2568
3208 w

Mermory Access Patterns Report | Dependencies Report || ¢’ Recommendations

S

—_—

D | | Stride |Type | Source | Nested Function ariable references |Access Footprint | Mo
=p2 Gather stride loopstl.cpp:3450 a,cd 5208 led
3448 if (e[i__] »= *t)
3449 {
3450 ali 1 +=c_[i_1=*d [i 1:
3451 b1 1 +=c_[i_ 1 *c_[i_ 1:
3452 }
¥ Gather/scatter details
Address | Line Assembly Physical Stride | Op Pattern: "Unit"
0x43265a 3450 wgatherdpaz (3r@,tzmmd, 4), ki, Lr;strucﬂontat;celsses wvalues in contiguous memory
. - roughout the loop:
0x432661 3403 leaqg (2rl3,srsi 1), 3r8 . - unit stride within instruction
(x432666 3450 wvgatherdpsz (%r9,%zmmg,4), %k3, $zmml ] bit* - stride between iterations = vector length
(x43266d 3430  wvgatherdpsz (%rd, $zmms, 4), $k2, %zmmd [ bit* Horizontal stride (bytes): 4
(432674 3450  wvimadd213ps %zmm2, %zmml, Szmmd Vertical stride (bytes): 64
(432672 3403  leag (%rcx,%rsi,l), %rd
0x43267e 3450  vmovupsz Szomd, ($rai,srdx,l) [3k6} @1 bit* Mask is constant
< > ¢ > I Mask: [1111111111111111]

Active elements in the mask: 100,0%




INTEL” ADVISOR

PEXUM SMART
= Smart Mode BKkrOYeH
= [ToKa3bliBaeT TOJIbKO «BaXKHbIE» 414 HAC LMK/bI

= TO/IbKO HEOBXOAVMbIE METPUKM
= Smart Mode oTKNto4eH
= Bce fgaHHble 014 3KCNepTOoB

FILTER:| User Modules v|| All Sources v|| Loops And Functions v| All Thre IHTELAD“IS“HE“]?

, Summary % Survey Report ﬂ Refinement Reports

. . Wector . Wect, | -
[=] Function Call Sites and Loops lesues Self Time . GFLOPS
=@ [loop in 5252 at loops90.£:1172] | | * 1Possi...| 2.970s ——| 3.080s |Vectorized Ve...| AVX2 | 0.067
45 [loop in 5252 at loops90.f:1172] % 1 Possib .. 2,970s EHED 29?1}5- 0 Scalar 0,067 1

509 [loop in 52101 at loops90.£:1749] [] % 2Possib. 25800 2.500: (B © Scalar 0.1521




INTEL” ADVISOR

BATCH MODE

[ ]
o
||
| ]

Bkntoyaem
Batch Mode

Bbibnpaem
TUMbl aHANMU3bI

3anyCcK HECKOTbKIMX
aHaIM30B OQHOW
KHOMKOM

ConepxuT
npeayCTaHOBEeHHbIE
HACTPOWMKM A/1F aHanm3a



INTEL” VTUNE™ AMPLIFIER XE 2017

MonyyaeM HyXHble JaHHble

Hotspot, Call counts

MpodunnmpoBKa NOTOKOB — aHanm3 Concurrency m Lock & Waits
MpomMaxm K3wa, aHanm3 bandwidth

GPU Offload and OpenCL™ Kernel Tracing

EbICTpo HaxXO4UM OTBETbI

Pe3ynbTaThl B MICXOAHOM KoAe/accembnepe

AHanu3 MacwTabrpyemoctn OpenMP, aHanm3 KagpoBs Ana rpadmKm
OTNMYHbIE BO3MOXHOCTY ANA GUAbTPaUMKM pe3ybTaToB
Br3yanmnsaumsa akTUBHOCTM MOTOKOB M 33434 Ha BPEMEHHOW LUKane

Jlerko ncnonb3osatb

be3 cneupmanbHbix kKomnunatopos — C, C++, CH#, Fortran, Java, ASM
NHTterpaumsa B Visual Studio* nnm ceon nHtepdemnc

paduyecknn nHTepdenc & KoMaHaHan CTPOKa

JlokanbHas & YaaneHHas npoduanpoBKa

MpocMoTp AaHHbIX ¢ Windows* & Linux* Ha OS X*

BbICTPO HAUTU «y3KME» mecTa

Function / Call Stack

# FireObject:checkCellision
# FireObject:ProcessFireCollisionsRange
[ NtWaitForSingleObject
Elstd::basic_ifstream < char,struct stdichar_traits|
. OgreFileSystemArchiveiopen
1 CBaseDevice:Present
Selected 1 row(s):

CPU Timew % @A

Effective Time by Utilization Spin | Overhead
Didle @ Poor 00k @ ideal @ Over | 'Me| Time
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Source CPU Time: Total by Utilization
e Source
[idle @Poor 0Ok @Ideal [ Over
81 for {int i = 0; i < mem array_i_max; i++) 0.300s )
82 {
83 for (int § = 0; J < mem array_i_max; j++) 1,936 [N
84 [
85 mem array [j*mem array j_max+i] = *£ill val| 7.207; NN
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INTEL” VTUNE™ AMPLIFIER XE 2017
4T0 HOBOT(?

= [Ipodunnposka NpunoxkeHnn Ha Python

= OntumMmsauma nog Intel® Xeon Phi™ Knights Landing

Disk Input and Qutput Histogram

=  QueHKa npomssoanTensHoCcT HPC npunoxeHnm

Operation Type: |write v
3 s
25 ‘2

=  AHanms3 gocTyna K NaMATH
=  AHanM3 AMCKOBOro BBOAa-BbIBOAA

= Ynayywenua B npodunmposke OpenCL™ & GPU

= Application Performance Snapshot | Preview @

= [lpocTas yganéHHas npoduanpoBKa 1875 | 8 O @ g
2.9

= Preview: Application & Storage Performance Snapshots




INTEL” VTUNE™ AMPLIFIER XE 2017
MIPOOHTHPOBKA PYTHON &.60

= CaMnmpoBaHme C
Ma/leHbKMM OBEpPXen0oM

=  ToYyHble AaHHble 6€3 6ObLOro
oBepxefa Ha MHCTPYMEHTaLMIO

= 3anycKaeM NMpuioxKeHmne nnm
«NOALEeNIgemMca» K NpoLeccy

python 4@/50

e

= [leTann Ha ypoBHE CTPOYeEK
KoZa

= «CMellaHHbIe» MPUIOKEHWNS Ha
Python / native C, C++, Fortran...

| Basic Hotspots Hotspots by CPU Usage viewpoint (change) @ INTEL VTUNE AMPLIFIER XE 2017

Source
- Source
Line
10 def doLog():
1 template, objects = makeParams()
12 for _ in xrange(1000):
13 & logging.info(template.format (*objecta))

B8 Collection Log | | @ Analysis Target ! Analysis Type | | Bl Summary | |#% Bottom-up| |#% Caller/Callee | | #% Top-down Tree| | B8 Platform | | Be core.c |

Aszembly EF) - Q| | Assembly grouping: | Address W

CPU Time W
Viewing ¢ 1of1 [ selected stack(s)
100.0% (3.388s of 3.388s)

CPU Time: Total ~

Effective Time by Utilization

@ die [ Poor @Ok [l Ideal [ Over core.pyd!_pyx T dcore 12SlowpokeCore .

core.pyd!_pyx pf dcore 12SlowpokeCore...
python27. dlifunc@E0x1e 1 f700+0x299 - [u...

python27 dilunc@0x 12 10fbcl+0x383 - [un...
main.py!main+0x18 - main.py:18

26.7% (I
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ONTHMASALWAIOL INTEL” KEON PHI” KNIGHTS LANDING

= [lamMAaTb
= MacwTabrpyemocts MPI 1 OpenMP e e e

Bandwidth Utilization Histogram

" MUKPOAPXUTEKTYPHbIN aHA/N3 e
= Bektopwusaumsa — ncnonbsyem Intel® Advisor Nt

20 40 60 80

_EHFEIEI_

Bandwidth Litilization
Top Memory Objects by LLC Misses

Memary Object L2 Miss Count
stream.c:100 (381 MB 2,000,060

stream.c:98 (361 MB 2.000.060




KTK0YM K BbICOKOH NPOM3BOAUTENbHOCTH CETO/IHA

1) Threading: CPU Utilization
2) DPPEKTUBHOCTb AOCTYMA K NaMATH

3) Bektopuzauma: FPU Utilization
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OMTHMA3ALIA HC TPHIOHEHHI

® HPC Performance Characterization HPC Performance Characterization viewpoint (change) @ INTEL VTUNE AMPLIFIER XE 2017

Elapsed Time *: 3.859s

GFLOPS " 4.743
CPU Utilization ~: 31.3% [x

Average CPU Usage 27.509 Out of 88 logical CPUs

Serial Time 0.761s (19.7%)

Parallel Region Time  : 3.098s (B0.3X%)
Estimated |deal Time : 2.470s (64.0%)
OpenMP Potential Gain 0.627s (16.3%) ®

Top OpenMP Regions by Potential Gain
CPU Usage Histogram

Memory Bound ~: 50.3% &
Cache Bound 0.092
DRAM Bound 0.104®

MUMA: % of Remote Accesses & 0.0%
Bandwidth Utilization Histogram

FPU Utilization ~: 0.3% [

GFLOPS 4743
Scalar GFLOPS 1 4.735
Packed GFLOPS : 0.008
Top 5 hotspot loops (functions) by FPU usage

B Collection Log| | ¥ Anal Target Ana FIRVGERT <% Bottom-up

>U Usage Histogram
is histogram displays a percentage of the wall time the specific number of CPUs were running simultanecusly. Spin
d Overhead time adds to the Idle CPU usage value

800ms

Elapsad Time

600ms -

Target Utilization

400ms -

200ms -

0s—

__m

Simultaneously Utilized Logical CPUs




INTEL" PERFORMANCE SNAPSHOTS e -

1875 (L] I () [ A;:

41.5% 59% 0.69

=  HacKO/IbKO XOPOLWO MPUIOMKEHUE UCMOb3YET 2.9
BO3MOXHOCTM «XKejie3an?

= 3anycK TecTa BO BpeMa Kope-bpenKa
" BbICOKOYpOBHEBaA CBOKA
= BblbepeTe Hy*HbIW shapshot:
= Application — He MPI npunoxeHuns
= MPI| - MPI npnnoxeHus
= Storage — an1a aHanM3a xpaHuanL

http://www.intel.com/performance-snapshot




Application Performance Snapshot

18.75s
2.9

[T ]
41.5%

A bow mietric value can indicate
poor CPU utilization by the
application computations,

42,7% of available CPU time
was wasted in OpenbP
runtime [nat iIncleded in
CPU utiization), Possible
reasons: load imbalance
between ranks, scheduling
overfwad, lock contention,
or sefial regions, Perform
OpenMP parallel region
profiling to explore on
OpenMP usage efficiency.

Learn mare.

Preview

()

59%

A high metric value can indicate
significant execution pipeline
stalling on memaory operations
due to memany-related
performance issues like poor
cache reuse, excessive NUMA
remote accesses, false sharing,
bandwidth limited memeony
access, Lise memory access
profiling tools to identify
particular battlenscks and how
to reorganize code to reduce
latency of memary operations,

2pr Leam more.

A low metric value can indicate
poor FPU utilizaton. This is
normal if you are not doing
fioating paint math, But, if your
app performs significant floating
point calculations try
vectonization efficiency analysis
taals explore on becawse of non-
vectorized floating point
operations or inefficient
wectorization because of legacy
vector instruction Set ar memaony
access pattern issues,

Learn more,




CALLTOACTION

= [lpobyem ceroaHs!

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

= Intel® Premier Support PARAI_I-EI-
= Ball OT3bIB MO UCMONb30BAHMIO STUDIO XE

Intel® Parallel Studio XE 2017 BarkeH!




HOHOUIYPALWA JUTA BINOMIAL OPTIONS SP

200,000

160,000

120,000

20,000

Binomial Options Per Sec. SP
(Higher s Better)

40,000

2007 2000
Intel* Xeon® Processor  Intel® Xeon* Processor  Intel° Xeon® Processor  Intel® Xeon® Processor  Intel®Xeon® Processor  Intel* Xeon* Processor  Intel® Xeon* Processor
E5-2600v4

£5-2600 E5-2600v2 526003

2
formerly codenamed

formerly codenamed

Platform Hardware and Software Configuration

Unscaled

Core  Cores/S Num L1Data L1l

Platform Frequency ocket Sockets Cache Cache
Intel® Xeon™ 5472 Processor 3.0 GHzZ 4 2 32K 32K
Intel® Xeon™ X5570 Processor 2.93 GHZ 4 2 32K 32K
Intel® Xeon™ X5680 Processor 3.33 GHZ 6 2 32K 32K
Intel® Xeon™ E5 2690 Processor 2.9 GHzZ 8 2 32K 32K
Intel® Xeon™ E5 2697v2 Processor 2.7 GHZ 12 2 32K 32K
Intel® Xeon™ E5 26::v3 Processor 2.2 GHz 14 2 32K 32K

L2
Cache

12 MB

256K

256K

256K

256K

256K

. Explicitly
vectorized &
Threaded
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.
187x 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
Serial
Performance measured in Intel Labs by Intel employees
H/W
L3 Memory Memory Prefetchers HT Turbo Operating ~ Compiler
Cache Memory Frequency Access Enabled Enabled Enabled C States O/S Name System Version
. 3.11.10-
None 32GB 800MHZ UMA Y N N Disabled Fedora 20 301620
. 3.11.10-
8MB 48GB 1333 MHZ NUMA Y Y Y Disabled Fedora 20
301.fc20
. 3.11.10-
12MB 48 MB 1333 MHZ NUMA Y Y Y Disabled Fedora 20
301.fc20
. 3.11.10-
20MB 64GB 1600 MHZ NUMA Y Y Y Disabled Fedora 20
301.fc20
. 3.11.10-
30MB 64GB 1867 MHZ NUMA Y Y Y Disabled Fedora 20
301.fc20
. 3.13.5-
35MB 64GB 2133 MHZ NUMA Y Y Y Disabled Fedora 20
202.fc20

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. For more information go to



http://www.intel.com/performance

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 © 2016, 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.
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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.
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