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аѐхѝш хѐъюѐщяѐѓєы

ÁѯґҕҝҙқҔғҌҡҔҪ

ÁOpenMP* 4.5

ÁѮҙҖґґ ңҔқҙҕҌҪ ҚҙҐҐґқҒҕҌ ҜҝҌҘҐҌқҝҙҎ ѽ½½ Ҕ ҀҙқҝқҌҘ

ÁĎĭĳĤīŃ Ēĕĝ

ÁѿҖҞҢңґҘҔҪ Ҏ Intel Graphics Technology

ÁѮҔҍҖҔҙҝґҕҔ

ÁҔ җҘҙҏҙґ ҐқҞҏҙґ,
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Цѝѓѐьуѡ ёђѐыъхѐчыєшэўяѐѓєў яуWindows* ы Linux*
Эѐюёыэѡєѐђѝ C++ ыFortran

0,00

1,001,00
1,14

1,29 1,26

1,86

1,43

1,87

Boost Fortran application performance 
on Windows* & LinuxÛ ĴĲĨĭĦ ĎĭĳĤīŃ Fortran Compiler 

(higher is better)

1 11,05
1,131,39

1,71

1 11,03 1,021,28

1,55

Boost C++ application performance 
on Windows* Ú đĨĭĴķÛ ĴĲĨĭĦ ĎĭĳĤīŃ Ĉ½½ ĈĮĬįĨīĤı 

(higher is better)

Configuration: Hardware: Intel(R) Xeon(R) CPU E3-1245 v5 @ 3.50GHz, Hyperthreadingenabled, TB enabled, 32 GB RAM. Software: Intel Fortran compiler 170, Absoft*15.0.1,. PGI 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-ǎǘŀŎƪΥлȄулллллллΦ LƴǘŜƭϯ CƻǊǘǊŀƴ ŎƻƳǇƛƭŜǊ: /fast /Qparallel/QxCORE-AVX2 
/nostandard-realloc-lhs /link /stack:64000000. PGI Fortran: -fastsse-Munroll=n:4 -Mipa=fast,inline-Mconcur=numa.
Linux compiler switches: Absoft: -m64 -mavx-O5 -speed_math=10 -march=core -xINTEGER. Gfortran: -Ofast-mfpmath=sse-flto -march=native -funroll-loops -ftree-parallelize-loops=4. 
Intel Fortran compiler: -fast -parallel -xCORE-AVX2 -nostandard-realloc-lhs. PGI Fortran: -fast -Mipa=fast,inline-Msmartalloc-Mfprelaxed-Mstack_arrays-Mconcur=bind. Open64: -
march=auto -Ofast-msoςapo.

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors.  Performance tests, such as SYSmarkand MobileMark, are 
measured using specific computer systems, components, software, operations and functions.  Any change to any of those factorsmay 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 ofthat product when combined with other products.   * Other 
brands and names are the property of their respective owners.   Benchmark Source: Intel Corporation

Optimization NoticeΥ LƴǘŜƭΩǎ ŎƻƳǇƛƭŜǊǎ Ƴŀȅ ƻǊ Ƴŀȅ ƴƻǘ ƻǇǘƛƳƛȊŜ ǘƻ ǘƘŜ ǎŀƳŜ ŘŜƎǊŜŜ ŦƻǊ ƴƻƴ-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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Windows Linux
Windows Linux Windows Linux
9ǎǘƛƳŀǘŜŘ {t9/ŦǇϯψǊŀǘŜψōŀǎŜнллсEstimated SPECintϯψǊŀǘŜψōŀǎŜнллс 

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, HyperThreadingis 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). SmartHeaplibs 11.3 for ±ƛǎǳŀƭϯ /ҌҌ and Intel Compiler were used for SPECintϯ ōŜƴŎƘƳŀǊƪǎΦ

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 factorsmay 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 ofthat product when combined with other products.   * Other 
brands and names are the property of their respective owners.   Benchmark Source: Intel Corporation

Optimization NoticeΥ LƴǘŜƭΩǎ ŎƻƳǇƛƭŜǊǎ Ƴŀȅ ƻǊ Ƴŀȅ ƴƻǘ ƻǇǘƛƳƛȊŜ ǘƻ ǘƘŜ ǎŀƳŜ ŘŜƎǊŜŜ ŦƻǊ ƴƻƴ-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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Relative geomean performance, Polyhedron* benchmarkςhigher is betterRelative geomean performance, SPEC* benchmark - higher is better
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Эѐюёыэѡєѐђ Intelı ö++
Á ѮҔҍҖҔҙҝґҕҌ SIMD Data Layout Templates

Á ѯґҕҝҙқҔғҌҡҔҪ ҎҔқҝҞҌҖҧҘҦҠ ҟҞҘҕҡҔ֬

Á ѼҌҜңҔқґҘҘҌҪ ҚҙҐҐґқҒҕҌ ҜҝҌҘҐҌқҝҙҎ C11 ҔC++14

Á ѺҜҎҙҍҙҒҐґҘҔґ ҚҌҗҪҝҔ ҙҚқґҐґҖґҘҘҙҏҙ қҌғҗґқҌ

Á ѿҚқҙҤґҘҘҦґ ҙҏқҌҘҔҢґҘҔҪ ҘҌ ҜҙғҐҌҘҔґ constexpr ҟҞҘҕҡҔ֬

Á ҄ҌҍҖҙҘҦ ҚґқґҗґҘҘҦҠ

Á ѺҐҔҘҌқҘҌҪ ҕҌҎҦҢҕҌ ҕҌҕ ҡҔҟқҙҎҙ֬ қҌғҐґҖҔҝґҖҧ

Á ѿҖҞҢңґҘҌ ҜҙҎҗґҜҝҔҗҙҜҝҧ ҜGNU* Ҕ Microsoft*

Á ѺҝҢґҝҦ ҙҚҝҔҗҔғҌҡҔҔ

Á ѻқҔҎґҐґҘҔґ ҝҔҚҙҎ SSE

Á ѮҙҖґґ ҐґҝҌҖҧҘҌҪ ҐҔҌҏҘҙҜҝҔҕҌ ҕҙҗҚҔҖҪҝҙқҌ Қҙ ҌқҏҞҗґҘҝҌҗ ңҌҍҖҙҘҙҎ

Á ҄ҔқҙҕҔ֬ ҘҌҍҙқ ҚҙҐҐґқҒҔҎҌґҗҦҠ Ѻѽ, ҎҕҖҩҢҌҪAndroid* Ҕ embedded ҎґқҜҔҔ Linux
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SIMD Data Layout Template
жхшэыљыхушю ёђѐыъхѐчыєшэўяѐѓєў C++ ёђыэѐщшяыӚ

Á҃ҝҙ ŕҘґ ҝҌҕŖҎ ҙҍҥґҕҝҘҙ-ҙқҔґҘҝҔқҙҎҌҘҘҙҗ ҚҙҐҠҙҐґ%
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struct YourStruct{
float x;
float y;
float z;

};

x

A[i+0]

y z x

A[i+1]

y z x

A[i+2]

y z

vector_register0 1 2 3

x

A[i+3]

y z

A

z[i+0] z[i+1] z[i+2] z[i+3]

vector_register0 1 2 3

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

x[i+0] x[i+1] x[i+2] x[i+3]

Ψ!ǊǊŀȅ ƻŦ {ǘǊǳŎǘǳǊŜǎΩ ό!h{ύ vs Ψ{ǘǊǳŎǘǳǊŜ ƻŦ !ǊǊŀȅǎΩ ό{h!ύ



Á ѮҦҜҝқҦ֬ ҚґқґҠҙҐ ҙҝ AOS ҕ SOA

Á ѿҎґҖҔҢҔҎҌґҗ ҚқҙҐҞҕҝҔҎҘҙҜҝҧ

ѵҜҚҙҖҧғҞґҗ ҚҙҐҏҙҝҙҎҖґҘҘҦґ ңҌҍҖҙҘҦ Ҝ 
җҔҘҔҗҌҖҧҘҦҗҔ ғҌҝқҌҝҌҗҔ# Ҕ ҚҞҜҝҧ SDLT 
êҎґҕҝҙқҔғҞґҝë ҘҌң ҕҙҐ!

Á ѿҖҞҢңҌґҗ ҚқҙҔғҎҙҐҔҝґҖҧҘҙҜҝҧ

SDLT ҎґҕҝҙқҔғҞґҝ ҕҙҐ# ҐґҖҌҪ ҐҙҜҝҞҚ ҕ 
ҚҌҗҪҝҔ ҚҙҜҖґҐҙҎҌҝґҖҧҘҦҗ# Ңҝҙ ҚқҔҎҙҐҔҝ 
ҕ ҖҞҢңґֲ ҚқҙҔғҎҙҐҔҝґҖҧҘҙҜҝҔ.

Á ѷґҏҕҌҪ ҔҘҝґҏқҌҡҔҪ:

SDLT ҜҖґҐҞґҝ ҔғҎґҜҝҘҙֲ ҎґҕҝҙқҘҙֲ 
җҙҐґҖҔ ҚқҙҏқҌҗҗҔқҙҎҌҘҔҪҙҝ Intel

8

έ²Ŝ used SDLT to vectorizethe deformer 
code in Premo, the in-house animation 
tool for DreamWorks Animation. The 
performance improvementswe were 
able to achieve were dramatic, and these 
improvements will translate directly into 
higher quality characters that will be seen 
on-screen in future movies. Also the 
library itself was easy to use and 
integrate into our existing codebaseΦέ

Martin Watt
Principal Engineer, 

DreamWorks Animation

SIMD Data Layout Template
жхшэыљыхушю ёђѐыъхѐчыєшэўяѐѓєў C++ ёђыэѐщшяыӚ



Цшьєѐђыъујыѡ хыђєѕуэўяѝї іѕяьјыӚ
ÁѽҔҘҝҌҕҜҔҜ ҕҌҕ ҐҖҪ ҙҍҦҢҘҦҠ ҎґҕҝҙқҘҦҠ ҟҞҘҕҡҔ֬

ÁѹҌҍҙқ ҎґқҜҔ֬ ҘҌҜҖґҐҞґҝҜҪ Ҕ Ҙґ җҙҒґҝ ҍҦҝҧ ҔғҗґҘґҘ Ҏ ҚґқґҙҚқґҐґҖґҘҔҪҠ

ÁêѯґҕҝҙқҘҙҜҝҧë ҐҙҖҒҘҌ ҍҦҝҧ ҎҎґҐґҘҌ Ҝ ҎҔқҝҞҌҖҧҘҦҗ җґҝҙҐҙҗ# Ҙґ Ҏ 
ҚґқґҙҚқґҐґҖґҘҔҪҠ

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); }

};

9



Цѝѓѐьуѡ ёђѐыъхѐчыєшэўяѐѓєў
Цшьєѐђыъујыѡ ѓђшчѓєхуюы OpenMP*

Á ѯҜґҏҙ 2 ҜҝқҙҢҕҔ ҕҙҐҌ ҐҖҪ ҔҜҚҙҖҧғҙҎҌҘҔҪ 
ҎҜґҠ ҎҙғҗҙҒҘҙҜҝґ֬ SSE Ҕ AVX

Á ѱҔқґҕҝҔҎҦ ҔҏҘҙқҔқҞҩҝҜҪ ҐқҞҏҔҗҔ 
ҕҙҗҚҔҖҪҝҙқҌҗҔ# ґҜҖҔ Ҙґ ҚҙҐҐґқҒҔҎҌҩҝҜҪ

typedef float complex fcomplex;
constuint32_t max_iter= 3000;

uint32_t mandel(fcomplexc, uint32_t max_iter)
{

uint32_t count = 1; fcomplexz = c;
while ((cabsf(z) < 2.0f) && (count < max_iter)) {

z = z * z + c; count++;
}
return count;

}
uint32_t count[ImageWidth][ImageHeight];
ΧΧ ΧΦ  ΧΧΦ 

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

for (int32_t x = 0; x < ImageWidth; ++x) {
fcomplexin_vals_tmp= (min_real+ x * real_factor) + (c_im* 1.0iF);
count[y][x] = mandel(in_vals_tmp, max_iter);

}
}

10



Цѝѓѐьуѡ ёђѐыъхѐчыєшэўяѐѓєў
Цшьєѐђыъујыѡ ѓђшчѓєхуюы OpenMP*

Á ѯҜґҏҙ 2 ҜҝқҙҢҕҔ ҕҙҐҌ ҐҖҪ ҔҜҚҙҖҧғҙҎҌҘҔҪ 
ҎҜґҠ ҎҙғҗҙҒҘҙҜҝґ֬ SSE Ҕ AVX

Á ѱҔқґҕҝҔҎҦ ҔҏҘҙқҔқҞҩҝҜҪ ҐқҞҏҔҗҔ 
ҕҙҗҚҔҖҪҝҙқҌҗҔ# ґҜҖҔ Ҙґ ҚҙҐҐґқҒҔҎҌҩҝҜҪ

typedef float complex fcomplex;
constuint32_t max_iter= 3000;
#pragma omp declare simduniform(max_iter), simdlen(16)
uint32_t mandel(fcomplexc, uint32_t max_iter)
{

uint32_t count = 1; fcomplexz = c;
while ((cabsf(z) < 2.0f) && (count < max_iter)) {

z = z * z + c; count++;
}
return count;

}
uint32_t count[ImageWidth][ImageHeight];
ΧΧ ΧΦ  ΧΧΦ 

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

#pragma omp simdsafelen(16)
for (int32_t x = 0; x < ImageWidth; ++x) {
fcomplexin_vals_tmp= (min_real+ x * real_factor) + (c_im* 1.0iF);
count[y][x] = mandel(in_vals_tmp, max_iter);

}
}
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Цѝѓѐьуѡ ёђѐыъхѐчыєшэўяѐѓєў
Цшьєѐђыъујыѡ ѓђшчѓєхуюы OpenMP*

Á ѯҜґҏҙ 2 ҜҝқҙҢҕҔ ҕҙҐҌ ҐҖҪ ҔҜҚҙҖҧғҙҎҌҘҔҪ 
ҎҜґҠ ҎҙғҗҙҒҘҙҜҝґ֬ SSE Ҕ AVX

Á ѱҔқґҕҝҔҎҦ ҔҏҘҙқҔқҞҩҝҜҪ ҐқҞҏҔҗҔ 
ҕҙҗҚҔҖҪҝҙқҌҗҔ# ґҜҖҔ Ҙґ ҚҙҐҐґқҒҔҎҌҩҝҜҪ

typedef float complex fcomplex;
constuint32_t max_iter= 3000;
#pragma omp declare simduniform(max_iter), simdlen(16)
uint32_t mandel(fcomplexc, uint32_t max_iter)
{

uint32_t count = 1; fcomplexz = c;
while ((cabsf(z) < 2.0f) && (count < max_iter)) {

z = z * z + c; count++;
}
return count;

}
uint32_t count[ImageWidth][ImageHeight];
ΧΧ ΧΦ  ΧΧΦ 

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

#pragma omp simdsafelen(16)
for (int32_t x = 0; x < ImageWidth; ++x) {
fcomplexin_vals_tmp= (min_real+ x * real_factor) + (c_im* 1.0iF);
count[y][x] = mandel(in_vals_tmp, max_iter);

}
}

/ƻƴŦƛƎǳǊŀǘƛƻƴΥ LƴǘŜƭϯ ·Ŝƻƴϯ /t¦ 9о-1270 @ 3.50 GHz Haswellsystem (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: ςO3 ςQopenmp-simdςQxSSE4.2 or AVX2: -O3 ςQopenmpςsimd-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 SYSmarkand 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 bƻǘƛŎŜΥ LƴǘŜƭΩǎ ŎƻƳǇƛƭŜǊǎ Ƴŀȅ ƻǊ Ƴŀȅ ƴƻǘ ƻǇǘƛƳƛȊŜ ǘƻ ǘƘŜ ǎŀƳŜ ŘŜƎǊŜŜ ŦƻǊ ƴƻƴ-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 . 

1

2,48

4,27

Mandelbrot calculation speedup
͋ͦ͡Έ΄͔ -ͯ͡;΄͔

Serial                  SSE 4.2 Core-AVX2
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Цѝѓѐьуѡ ёђѐыъхѐчыєшэўяѐѓєў
Цшьєѐђыъујыѡ ѓђшчѓєхуюы OpenMP*

Á ѯҜґҏҙ = ҜҝқҙҢҕҔ ҕҙҐҌ ҐҖҪ ҔҜҚҙҖҧғҙҎҌҘҔҪ 
ҎҜґҠ ҎҙғҗҙҒҘҙҜҝґ֬ SSE Ҕ AVX

Á ѱҔқґҕҝҔҎҦ ҔҏҘҙқҔқҞҩҝҜҪ ҐқҞҏҔҗҔ 
ҕҙҗҚҔҖҪҝҙқҌҗҔ# ґҜҖҔ Ҙґ ҚҙҐҐґқҒҔҎҌҩҝҜҪ

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

float portfolio(float L[][VLEN], int k, int N, int Nopt, int Nmat)
Χ Χ Χ 
for (path=0; path<NPATH; path+=VLEN) {

/* Initialiseforward rates */
z = z0 + path * Nmat;

for(int k=0; k < VLEN; k++) {
for(i=0;i<N;i++) {

L[i][k] = L0[i];
}

/* 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;

}
}
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