
Shiran Afergan (shiran.Afergan@intel.com)
Compute Ecosystem Engineering 
April 2019



2

“The number of transistors on a chip will 
double approximately every two years.”

[Gordon Moore]



• Intel® VTune™ Amplifier 
• Intel® Advisor
• Intel® Inspector



• Intel® C++ Compiler 
• Optimized Libraries 
• Intel® Math Kernel Library 
• Intel® Data Analytics Acceleration Library
• Intel® Integrated Performance Primitives 



• Inefficient memory accesses 

• Ineffective vectorization

• False cache sharing & Alignment

• Threading overhead

• Branch misprediction

• Unnecessary computations 

Performance Killers
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/* a: 2d vector (ROWS, COLS) */

/* b: 1d vector (ROWS) */

//For each row calculate sum of cols.

#pragma omp parallel for 

for (int i = 0; i < ROWS; i++) {

vector<char> a_row = a[i];

for (int j = 0; j < COLS; j++) {

b[i] += a_row[j]

}

}
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//For each row calculate sum of cols.

#pragma omp parallel for 

for (int i = 0; i < ROWS; i++) {

vector<char> a_row = a[i];

for (int j = 0; j < COLS; j++) {

b[i] += a_row[j]

}

}

&
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double full_sum = 0.0;

#pragma omp parallel for schedule(static) 

for (int y = 0; y < N1; y++) {

for (int x = 0; x < N2; x++) {

full_sum += (y * 0.2 + x);

}

}
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double full_sum = 0.0;

#pragma omp parallel for schedule(static)\

reduction (+:full_sum) 

for (int y = 0; y < N1; y++) {

for (int x = 0; x < N2; x++) {

full_sum += (y * 0.2 + x);

}

}



Thread 0

Sum[0] = a + b

4 elements

a b c d

Thread 1

Sum[1] = c + d

full_sum = 

Sum[0] + Sum[1]

N_threads = 2  double Sum[2];
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#pragma intel optimization_level 0

double process0(int n_threads){

double sum[n_threads];

double full_sum = 0.0;

#pragma omp parallel for schedule(static)num_threads(n_threads)

for (int y = 0; y < N1; y++) {

int id = omp_get_thread_num();

for (int x = 0; x < N2; x++) {

sum[id] += (y * 0.2 + x);

}

}

for (int i = 0; i < n_threads; i++)

full_sum += sum[i];

}
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Wrapper(){

process0(1);

process0(10);

process0(25);

process0(36);

}
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__itt_domain* proc1_d = __itt_domain_create(L"NumThreads = 1");

__itt_domain* proc2_d = __itt_domain_create(L"NumThreads = 10");

/* Same for 25 & 36 threads */

Wrapper(){

__itt_frame_begin_v3(proc1_d, NULL);

process0(1);

__itt_frame_end_v3(proc1_d, NULL);

__itt_frame_begin_v3(proc2_d, NULL);

process0(10);

__itt_frame_end_v3(proc2_d, NULL);

/* Same for 25 & 36 threads */

}
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10 threads: 1.2x

25 threads: 2.4x

36 threads: 3.5x
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double sum[n_threads];

Cache line (64 Byte)

Sum[0]

Sum[1]

Sum[2]
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L3

Core 2

Processor

L2

L1

L2

L1

Core 1

Memory

Modify sum[0] Modify sum[2]
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Cache line 1

Cache line 2

Cache line 3

Sum[1]

Sum[0]

Sum[2]
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#pragma intel optimization_level 0

double process1(int n_threads){

double sum[n_threads * PAD];

double full_sum = 0.0;

#pragma omp parallel for schedule(static)num_threads(n_threads)

for (int y = 0; y < N1; y++) {

int id = omp_get_thread_num();

for (int x = 0; x < N2; x++) {

sum[id * PAD] += (y * 0.2 + x);

}

}

for (int i = 0; i < n_threads; i++)

full_sum += sum[i * PAD];

}

#define PAD 8
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10 threads: 10x

25 threads: 24x

36 threads: 34x



2x Boost
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#pragma intel optimization_level 0

double process1(int n_threads){

double sum[n_threads * PAD];

double full_sum = 0.0;

#pragma omp parallel for schedule(static)num_threads(n_threads)

for (int y = 0; y < N1; y++) {

int id = omp_get_thread_num();

for (int x = 0; x < N2; x++) {

sum[id * PAD] += (y * 0.2 + x);

}

}

for (int i = 0; i < n_threads; i++)

full_sum += sum[i * PAD];

}

#define PAD 8



3x Boost 

(x6 overall)









6x Boost 

(x43 overall)





37

class Fruit {

public:

virtual float get_dim() const noexcept { return 3; }

};

class Apple : public Fruit {

public:

float get_dim() const noexcept { return 1.2; }

};

class Banana : public Fruit {

public:

float get_dim() const noexcept { return 2.5; }

};
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double sumOfFruits(std::vector<Fruit*>*vec) {

double sum = 0;

for (auto *fruit : (*vec)) {

fruit->get_dim();

}

return sum;

}

sum +=
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//init

for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++){

Frame[i * COLUMNS + j] = 2 * i + 3 * j; 

}

}

//Process

#pragma omp parallel for schedule(static)

for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++) {

Frame[i * COLUMNS + j] = Frame[i * COLUMNS + j] * Factor + Factor; 

}

}



Microarchitecture Exploration
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Microarchitecture Exploration - Frames
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__itt_domain* pD = __itt_domain_create(L"Enhance Frame");

__itt_frame_begin_v3(pD, NULL);

#pragma omp parallel for schedule(static)

for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++) {

Frame[i * COLUMNS + j] = Frame[i * COLUMNS + j] * Factor + Factor; 

}

}

__itt_frame_end_v3(pD, NULL);
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//init

float *Frame = (float*)malloc(LINES * COLUMNS * sizeof(float));

for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++){

Frame[i * COLUMNS + j] = 2 * i + 3 * j; 

}

}

//Process

#pragma omp parallel for schedule(static)

for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++) {

Frame[i * COLUMNS + j] = Frame[i * COLUMNS + j] * Factor + Factor; 

}

}
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float *Frame = \

(float*)VirtualAlloc(NULL, LINES * COLUMNS * sizeof(float), \

MEM_RESERVE | MEM_COMMIT, PAGE_READWRITE);

//init

#pragma omp parallel for schedule(static)

for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++) {

Frame[i * COLUMNS + j] = 2 * i + 3 * j; 

}

}

How do we make sure the data is on 
the closest dram?

Data is spread across DRAMs!



• Pin thread affinity
• OMP_PROC_BIND=close
• OMP_PLACES=cores

• First touch access pattern should match the one 
used for processing 

How do we make sure the data is on the 
closest dram?
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//init

#pragma omp parallel for schedule(static)

for (int j = COLUMNS - 1; j >= 0; j--){

for (int i = 0; i < LINES; i++) {

Frame[i * COLUMNS + j] = 2 * i + 3 * j; 

}

}

//Process

#pragma omp parallel for schedule(static)

for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++) {

Frame[i * COLUMNS + j] = Frame[i * COLUMNS + j] * Factor + Factor; 

}

}



Microarchitecture Exploration
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Microarchitecture Exploration
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//Process

#pragma omp parallel for schedule(static)

for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++) {

Frame[i * COLUMNS + j] = \

Frame[i * COLUMNS + j] * Factor + Factor; 

}

}
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#define COLUMNS 16

#define LINES 3

Frame 

Frame in memory 
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Frame in memory 
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for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++) {

…Frame[i * COLUMNS + j]…

}

}

#define COLUMNS 16

#define LINES 3
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Frame in memory 
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for (int i = 0; i < LINES; i++) {
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Frame in memory 
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for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++) {

…Frame[i * COLUMNS + j]…
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Frame in memory 
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for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++) {

…Frame[i * COLUMNS + j]…

}

}

#define COLUMNS 16

#define LINES 3

Row 0 Row 1 Row 2

Float is 4 bytes, cache line is 64 bytes

16 floats in 1 cache line 
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Frame in memory 
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for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++) {

…Frame[i * COLUMNS + j]…
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Frame in memory 
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for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++) {

…Frame[i * COLUMNS + j]…
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}

#define COLUMNS 16
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//init

for (int i = 0; i < LINES; i++){

for (int j = 0; j < COLUMNS; j++){

Frame[i * COLUMNS + j] = 2 * i + 3 * j; 

}

}

//Process

#pragma omp parallel for schedule(static)

for (int i = 0; i < LINES; i++) {

for (int j = 0; j < COLUMNS; j++){

Frame[i * COLUMNS + j] = Frame[i * COLUMNS + j] * Factor + Factor; 

}

}

//init

for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++){

Frame[i * COLUMNS + j] = 2 * i + 3 * j; 

}

}

//Process

#pragma omp parallel for schedule(static)

for (int j = 0; j < COLUMNS; j++){

for (int i = 0; i < LINES; i++) {

Frame[i * COLUMNS + j] = Frame[i * COLUMNS + j] * Factor + Factor; 

}

}



Microarchitecture Exploration
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Down from 70-80%



Intel Compiler report 
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Intel Advisor report 
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Intel Compiler report 
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Microarchitecture Exploration
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#pragma omp parallel for reduction (+:sum) 

for (int i = 2; i <= NUM; i++){

sum += isPrime(i);

}



Threading analysis
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#pragma omp parallel for reduction (+:sum) 

schedule(dynamic)

for (int i = 2; i <= NUM; i++){

sum += isPrime(i);

}



Threading analysis
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13% Boost
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#pragma omp parallel for reduction (+:sum) 

schedule(dynamic, 20)

for (int i = 2; i <= NUM; i++){

sum += isPrime(i);

}



Threading analysis
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40% Boost (+24%)
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#pragma omp parallel for reduction (+:sum) 

schedule(dynamic, 20)

for (int i = 2; i <= NUM; i++){

sum += isPrime(i);

printf("Interesting Info %d\n", id);

}



Threading analysis
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GPU compute / media HOTSPOTs
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GPU compute / media HOTSPOTs
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GPU compute / media HOTSPOTs
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size_t input_size[2] = {3968, 3968};

size_t block_size[2] = {1, 128};

size_t global_size[2] = {

input_size[0] / block_size[0], 

input_size[1] / block_size[1]

};

size_t local_size[2] = {8, 1};

err = clEnqueueNDRangeKernel(

oclobjects.queue, executable.kernel, 2,0,

global_size,

local_size,

0, 0, 0);
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size_t input_size[2] = {3968, 3968};

size_t global_size[2] = {3968, 31};

size_t local_size[2] = {16, 1};

err = clEnqueueNDRangeKernel(

oclobjects.queue, executable.kernel,

2,0,

global_size,

local_size,

0, 0, 0

);



GPU compute / media HOTSPOTs
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20% Boost

15% Boost

34% Boost
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for (int iter = 1; iter < N_ITER; iter++) {

double**matrix = (double**)malloc(N*sizeof(double*));

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

matrix[i] = (double*)malloc(N*sizeof(double));

for (int j = 0; j < N; j++) {

matrix[i][j] = (i * 0.2 + j);

}

}

double result = process(matrix);

printf(“Result = %d\n”, result);

}
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for (int iter = 1; iter < N_ITER; iter++) {

double**matrix = (double**)malloc(N*sizeof(double*));

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

matrix[i] = (double*)malloc(N*sizeof(double));

for (int j = 0; j < N; j++) {

matrix[i][j] = (i * 0.2 + j);

}

}

double result = process(matrix);

printf(“Result = %d\n”, result);

free_mat(matrix);

}
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• You are not doing extra work
• Unless there’s a good reason  

• Your memory is always close by
• And you don’t have to share

• You are using vectorized instructions
• Your threads are busy working
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Download Intel® System Studio

 Free Community License

 Free/Discounted Versions for Students /Academia

Access Developer Resources

 Product site

 Get Started/Documentation

 Code Samples/Training

 Tech.Decoded webinars, how-to videos/articles

 Expert Community Support Forum

Developer: Call to Action/More Resources

Paid Licenses include Priority Support

https://registrationcenter.intel.com/Forms/?productid=3038
https://software.intel.com/en-us/qualify-for-free-software/student
https://software.intel.com/en-us/qualify-for-free-software/educator
https://software.intel.com/en-us/system-studio/2017
https://software.intel.com/en-us/system-studio/documentation/featured-documentation
https://software.intel.com/en-us/system-studio/documentation/code-samples
software.intel.com/system-studio/choose-download


Shiran.Afergan@intel.com
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Legal Disclaimer & Optimization Notice

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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Performance results are based on testing as of August 2017 to September 2018 and may not reflect all publicly available security updates. See configuration 
disclosure for details. No product can be absolutely secure. 

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 complete information visit www.intel.com/benchmarks.  

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.

Copyright © 2018, Intel Corporation. All rights reserved. Intel, the Intel logo, Pentium, Xeon, Core, VTune, OpenVINO, Cilk, are trademarks of Intel Corporation 
or its subsidiaries in the U.S. and other countries.

https://software.intel.com/en-us/articles/optimization-notice
http://www.intel.com/benchmarks
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