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‘ CoaepxaHue

Q Uenb paboTbl
QlocTaHoBKa 3agayun

a Ontumunsauma dpuneTpa [aycca
— basoBag peanusaumsa dounbTpa
— OnTummnsauma paboTbl C NaMATLIO
— Anroputmunyeckas ontummusaumd
— Bektopusaumns uukrnos
— PacnapannenusaHune nporpammHON peanusaumm

— Wcnonb3oBaHne onTMMM3NpoBaHHOW peanu3aunn punbtpa Ha npumepe

Intel Integrated Performance Primitives (Intel IPP)
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Llenu

O PaccMoTpeTb Ha npuMepe npuknagHon sagadu (peanunsauus punstpa Maycca)
METOL0B ONTUMM3aLNK NPUNOXKEHNN

QA lMonyynTb HaBbIKK ncnonb3oBaHus 6ubnnotek OpenCV u Intel IPP
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‘ NMocTaHOBKa 3agaum...

Q dunbTp ["aycca ncnonb3yeTcs:
— On4d pa3mblTUA M306pa)l(eHI/IFI N YMEHbLLUEHNA LLHYMOB

— B KayecTBe NoAroToBUTENBbHOro 3Tana anropuTMoB MalLIMHHOIO 00y4YeHUs1, CBSA3aHHbIX C
obpaboTkon n3obpaxeHuin (cermeHTaumsi, MOUCK O6BHLEKTOB Ha N30bpaxxeHuu,
Knaccudoukaums nsobpaxenun, ...)

Q MNpumep npumeHeHna ounbTpa [aycca:

'u [MowaroBasi oNTMMU3auusi NPOrpaMM B NPaKTUYECKUX NMPUIOXKEHNAX: peanuaauust ounsTpa Faycca



‘ NMocTaHOBKa 3agaum...

O MeToabl XpaHeHNA N30bpaxxeHnn
— UN3o0bpaxkeHne MoxeT ObITb NpeacTaBneHo HabopoM NUKceneu

— Kaxgbin nukcernb umeeT cBon UBeT. LIBeT 3agaetca ogHMM UMM HECKONbKUMMU
3HAYEeHUSIMU UHMeHcusHocmu

* B yepHo-6enbix n3obpaxeHnsax UBeT NnpeactaBneH OgHMM 3Ha4YEHUEM
NHTEHCUBHOCTU. B LBETHbLIX — HECKOMNBKNMMU

— CTpyKTYypa XpaHeHust n3obpaxkeHus: nocrnenoBaTenbHbIi HAOOP MHTEHCUBHOCTEN ANS
Ka)kgoro nukcens

R|G|B|R|G|B|R|G|B

— 3Ha4YeHns MIHTEHCUBHOCTN MOTYT ObITb 3aaHbl Kak LefbIM1 Ynucrnamm Tuna
unsigned char, Tak n BewecTBeHHbIMKU Yncnamm Tuna float

* [1pn HanoxeHnn punbTpa Maycca 6yaem Ucnonb3oBaTh BELECTBEHHbIA TUMN AaHHbIX
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NMocTaHOBKa 3agauu...

Q dunbTp [[Aycca 3agaeTcd A4pOM:

G(x,y) =

_x*+y?
e 202

2102
- X, y — KOOpPANHATbI TOYKM

- 0 — CpefHeKBagpaTM4eCKOe OTKIOHEHME (OT 3HAYEHUS 3aBUCUT CUSa pasmbITUSA)
Qlpumep maTtpuubl sapa (N =5, 0 = 2) N=19 sigma=2

0,015 | 0,021 | 0,024 | 0,021 | 0,015
0,021 | 0,031 | 0,035 | 0,031 | 0,021
0,024 | 0,035 | 0,040 | 0,035 | 0,024
0,021 | 0,031 | 0,035 | 0,031 | 0,021
0,015 | 0,021 | 0,024 | 0,021 | 0,015

mmmmmm
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‘ NMocTaHOBKa 3agaum

O ObLwaa cxema NPNMEHEHUA cbvmpra and nonyvYeHud 3HAYEHUN KaXkOoro nuKcens:

YacTb U3006pakeHUsA }
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[ Anpo puabTpa Faycca]
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‘ MporpammHan peanusauus...

A lMNpoekT onnwem cneayowmm CMake dpannom:

cmake_minimum_required(VERSION 3.20)
PROJECT (hpc_1lab)

set (CMAKE_CXX_STANDARD 11)

find_package(OpenCV REQUIRED)
find_package(OpenMP REQUIRED)

include_directories( ${OpenCV_INCLUDE_DIRS} )
add_compile_options(-qopt-report-phase=vec,loop -qopt-report=2 )

file(GLOB TARGET_SRC "*.c*")
file(GLOB TARGET_HD "*.h*")
add_executable( filter ${TARGET_SRC} ${TARGET_HD} )

target_link libraries(filter ${OpenCV_LIBS} )
target_link_libraries(filter OpenMP::0penMP_CXX)
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‘ MporpammHan peanusauus...

a

3arpyska n3obpaxeHus 1 Bbi30B peanusaummn ounbTtpa:

#include ...
using namespace cv;
int main()
{
double time;
int sizeFilter = 19;
double sigma = 2;
std::string image_path = samples::findFile("starry_night.jpg");
Mat img = imread(image_path, IMREAD_COLOR); //3arpy3ka usobpaxeHus
Mat imgFloat, imgFloatDist;
img.convertTo(imgFloat, CV_32FC3, 1 / 255.0); //KOHBepTauua Tuna AaHHbIX
imgFloat.copyTo(imgFloatDist);
time = omp_get_wtime();
filterBase(imgFloatDist, imgFloat, sigma, sizeFilter); //Bbi30B ¢uabTpa
time = omp_get _wtime() - time;
std::cout << "Time base: " << time << std::endl;
return 0;
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MporpammHan peanusauus...

0 3anonHeHne maTtpuubl punbTpa:

float* create2DFilter(int n, float sigma)

{
float* filter = new float[n * n];
float coeff = 1.0f / (2.0f * PI * sigma * sigma);
int middle n/ 2;

for (int i = @; i < n; i++)

{
for (int j = 0; j < n; Jj++)
{
float x = j - middle;
float y = i - middle;
filter[i * n + j] = coeff * expf(-(x * x +y *y) / (2.06f * sigma * sigma));
}
}

return filter;
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‘ MporpammHan peanusauus...

O basoBas peanusauns puneTpa:

void filterBase(cv::Mat& dist, cv::Mat& src, float sigma, int sizeFilter)

{

float* filter = create2DFilter(sizeFilter, sigma);

int w = src.size().width;

int h src.size().height;

float* srcData = (float *)src.data;
float* distData = (float *)dist.data;

int middle = sizeFilter / 2;
const int cntChannel = 3;
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‘ MporpammHan peanusauus

O basoBas peanusauns puneTpa:

for (int i = 0; i < h - sizeFilter; i++) {
for (int j = 0; j < w - sizeFilter; j++) {
for (int c = @; c < cntChannel; c++) {
float sum = 0.f;
for (int i_f = 0; i_f < sizeFilter; i_f++) {
for (int j_f = 0; j_f < sizeFilter; j_f++) {
int pos i = (i + i f) * (w * cntChannel);
int pos_j = (j + j_f) * (cntChannel) + c;
sum += srcData[pos_i + pos_j] * filter[i_f * sizeFilter + j_f];
}
}
int i_d = i + middle, j_d = j + middle;
distData[(i_d * w + j_d) * cntChannel + c] = sum;
}
}

}
delete[] filter;

N
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BbluncnurenbHaa nHppacTpyKkTypa

[Mpoueccopsl Intel(R) Xeon(R) Silver 4310T CPU @ 2.30GHz
Yncno npoueccopos 1

Ob6Lee Yncno saep 10

MamaTb 512 Gb

OnepaunoHHaa cuctema |Linux CentOS 7

Komnunsartop, Intel® oneAPI

NPOMPUNUPOBLLUK,

oTnagyuK
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‘ Pe3y.l1bTaTbl BblYNCIIUTEJIbHbLIX JKCNMepnMeHTOB

0 Pewaemasa 3agava:
— Pasmep TectoBoro nsobpaxeHusi: 2560x2027
— Pa3mep okHa cpunbTtpa: 19x19
— WN3obpaxeHne uBeTHoe: 3 KaHana
— Bpewms paboTtbl anroputma: 3.857 c.
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2. ONTUMN3ALNA PABOTbI C NAMATBIO
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OnTumusaumns paborTbl Cc NaMATbLIO

0 B 6a3oBon Bepcun He onTUMarbHbIM 06X0A4 Mo NamMaTu

H

0 PelleHne — namMeHeHne nopsiika LMKroB
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‘ MporpammHan peanusauus...

Q VHnumanusauns pesynbTUpyoLen Mmatpuubi:

void filterChannel(cv::Mat &dist, cv::Mat& src, float sigma, int sizeFilter)
{
float* filter = create2DFilter(sizeFilter, sigma);
int w = src.size().width;
int h = src.size().height;
float* srcData = (float *)src.data;
float* distData = (float*)dist.data;
int middle = sizeFilter / 2;
const int cntChannel = 3;
for (int i = 0; i < h - sizeFilter; i++) {
for (int j = 9; j < w - sizeFilter; j++) {
int i_d = i + middle;
int j_d = j + middle;
for (int ¢ = @; c < cntChannel; c++) {
distData[(i_d * w + j_d) * cntChannel + c] = 0.0f;
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‘ MporpammHan peanusauus

Q Peanusauns ounbTpa € HOBbIM NOPALKOM LIMKIMOB:

for (int i = 90; i < h - sizeFilter; i++) {
for (int j = 0; j < w - sizeFilter; j++) {
int i_d = i + middle;
int j d = j + middle;
for (int i_f = 0; i_f < sizeFilter; i_f++) {
for (int j_f = 0; j_f < sizeFilter; j_f++) {
for (int ¢ = 9; c < cntChannel; c++) {
int pos_i (i +i f) * (w * cntChannel);
int pos_j = (j + j_f) * (cntChannel);
distData[(i_d * w + j_d) * cntChannel + c] +=
srcData[pos_i + pos_j + c] * filter[i_f * sizeFilter + j_f];
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‘ Pe3y.l1bTaTbl BblYNCIIUTEJIbHbLIX JKCNMepnMeHTOB

0 Pewaemasa 3agava:
— Pasmep TectoBoro nsobpaxeHusi: 2560x2027
— Pa3mep okHa cpunbTtpa: 19x19
— WN3obpaxeHne uBeTHoe: 3 KaHana
— Bpema pabotbl anroputma: 2.314 c.

4,000 1,8
3,500 1,6
3,000 o 1,4
o < 1.2
2,500 10
= 2,000 S
2 1,500 g 08
o & £ 0,6
1,000 0.4
0,500 0,2
0,000 0,0
BaszoBbin anroputm  OnTummusauus paboThbl BaszoBbii anroputm  OnTuMmmnsaumnsa paboTsl C
C NaMsTbio NamMATblo
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3. AIFTOPUTMUNYHECKAA ONTUMU3ALUA
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‘ An ropuytmMmmyeckKast ontmMm3auus

0 Bo3amoXHO crieaytoulee pasnoxeHue saapa ounbTtpa [aycca*.
_x2+y2 1 x2 1 y2
G(x,y) =

e 202 = —p 202—¢ 2072
0 MprMep MCNonb30BaHNS PasnNoXeHNs:

2ma? \V2mo \2mo

22742271 « [x [ s [x]*]~
s[2]alal2]o0 « |44 43]a4]34]
s5[1{1]o]5]1 « [37]24]20]39] *
olalolo]3]3 « |34 22]23]38] *
sols[1]4]0 « [42]39]36]39] *
1|s5[3]2]a]2 « [ x [ s [« ] ]~
- KaKOGG CJ'IO)KHOCITIb * * * * * * * * * * * *
22142271
Kaxxdou eepcuu 5[2]ala2]o0 17] 7 [13]10]11] 2 * [44]43]44[34] *
s[1{1]o]s5]1 1586|4155 « [37]24]20]39] *
easiuzauuu
P Ll? olalolo]3]3 ®10961157_ « [34]22]23]38] *
unbmpa: slofs[1]4]0 11] 9 [13] 4 [15] 5 « [4a2]39]36]39] *
1 5 3 2 4 2 * * * * * * * * * * * *

ganEEPCar, XM, Moradifar and A. Shahbahrami, "Performance Improvement of Gaussian Filter using SIMD Technology," International Conference on Machine Vision and Image Processing (MVIP)(2020): 1-6.

o
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MporpammHan peanusauus...

0 3anonHeHne BekTopa unbTpa:

float* createlDFilter(int n, float sigma)

{
float* filter = new float[n];

float coeff = 1.0f / (sqrtf(2.0f * PI) * sigma);
int middle n/ 2;

for (int i
{
float x =
filter[1i]
}

0; i< n; i++)
i - middle;

coeff * expf(-(x * x) / (2.0f * sigma * sigma));

return filter;
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‘ MporpammHan peanusauus...

Q MHnunanusaunsa BpeMeHHOW MaTpuLbl.

float* filterlD = createlDFilter(sizeFilter, sigma);
cv::Mat tmp;

src.copyTo(tmp);

int w = src.size().width;

int h = src.size().height;

float* srcData = (float*)src.data;

float* tmpData = (float*)tmp.data;

float* distData = (float*)dist.data;

int middle = sizeFilter / 2;
const int cntChannel = 3;

for (int i = @0; i < h - sizeFilter; i++) {
for (int j = ©; j < w * cntChannel; j++) {
int i_d = i + middle;
tmpData[i_d * w * cntChannel + j] = @.0f;
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‘ MporpammHan peanusauus...

QllepBas dpasa npMmMeHeHua unbTpa:

for (int i = @; i < h - sizeFilter; i++)
{
int i_d = i + middle;
for (int j = @; j < w * cntChannel; j++)

{
for (int i_f = 0; i_f < sizeFilter; i_f++)
{
int pos i = (i + i f) * (w * cntChannel);
int pos_j = j;
tmpData[i_d * w * cntChannel + j] += srcData[pos_i + pos_j] * filterlD[i_f];
}
}

}
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‘ MporpammHan peanusauus...

Q VHnumanusauns pesynbTUpyoLen Mmatpuubi:

for (int i = @; i < h - sizeFilter; i++)

{
for (int j = 9; j < w - sizeFilter; j++)
{
int i_d = i + middle;
int j d = j + middle;
for (int c = @; c < cntChannel; c++)
{
distData[(i_d * w + j_d) * cntChannel + c] = 0.f;
}
}
}
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‘ MporpammHan peanusauus

Q BTtopaga dasa npumeHeHna punbTpa:

for (int i = 0; i < h - sizeFilter; i++)
{
for (int j = @; j < w - sizeFilter; j++)
{
int i_d i + middle;
int j d = j + middle;
for (int j_f = 0; j_f < sizeFilter; j_f++)
{

for (int c = @; c < cntChannel; c++)

{

int pos_ i = (i) * (w * cntChannel);

int pos_j = (j + j_f) * (cntChannel);

distData[(i_d * w + j_d) * cntChannel + c] +=
tmpData[pos_i + pos_j + c] * filterlD[]_f];
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‘ Pe3y.l1bTaTbl BblYNCIIUTEJIbHbLIX JKCNMepnMeHTOB

0 Pewaemasa 3agava:
— Pasmep TectoBoro nsobpaxeHusi: 2560x2027
— Pa3mep okHa cpunbTtpa: 19x19
— WN3obpaxeHne uBeTHoe: 3 KaHana
— Bpewms pabotbl anroputma: 0.393 c.
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4. BEKTOPU3ALUA LLUKITOB
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BekTopusauus LUMKNOB...

Q OTyeT BeKkTOpM3auumu (nepsas dasa)

for (int i = 0; i < h - sizeFilter; i++) {
int i d = i + middle;
for (int j = ©; j < w * cntChannel; j++) {
for (int i_f = @; i_f < sizeFilter; i_f++) { [IMK/IbI MOXKHO IOMEHSITh MeCTaMH}
int pos i = (i + i f) * (w * cntChannel);
tmpData[i_d * w * cntChannel + j] += srcData[pos_i + j] * filFEE;D[i_f];

}

}
} [ECTI) 3aBUCUMOCTb MEXAY UTEpALUIMU ]

LOOP BEGIN at /home/kozinov_e/OpencvImg/filterlD.cpp(490,7)

remark #15344: loop was not vectorized: vector dependence prevents vectorization. First dependence
is shown below. Use level 5 report for details

remark #15346: vector dependence: assumed FLOW dependence between tmpData[(i_d* width)*3+j] (44:9)
and tmpData[(i_d*_ width)*3+j] (44:9)
LOOP END
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‘ BekTopusauus LUMKNOB...

Q Peanusauns nepsou dasbl

for (int i = @; i < h - sizeFilter; i++)
{
int i d = i + middle;
for (int i_f = 0; i_f < sizeFilter; i_f++)
{
#pragma omp simd
for (int j = 9; j < w * cntChannel; j++)
{
int pos i = (i + i f) * (w * cntChannel);
tmpData[i_d * w * cntChannel + j] += srcData[pos_i + j] * filterlD[i_f];
}
}
}
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BekTopusauus LUMKNOB...

o

O OT4yeT BekTOpM3auum (BTopasa dasa)

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

O6'beJMHEHHbIE LIUKJIbl MOXKHO
IIOMEHSITb MECTaMH

~

/

for (int j = @; j < w - sizeFilter; j++) { .
int j_d = j + middle; AN L
for (int j_f = 0; j_f < sizeFilter; j_f++) {¥< (

for (int ¢ = @; c < cntChannel; c++) { = — =9
int pos_i = (i) * (w * cntChannel); .

HHUKIBbI MOXXHO 00’ beIUHUTD

~N

J

int pos_j = (j + j_f) * (cntChannel) + c;

}

distData[(i * w + j_d) * cntChannel + c] +=tmpData[pos_i + pos_j] * filterlD[]j_f];

}
}

} [ECTI:) 3dBUCHUMOCTDb MEXAY UTEPALIUAMHAU J

LOOP BEGIN at /home/kozinov_e/OpencvImg/filterlD.cpp(78,9)

remark #15344: loop was not vectorized: vector dependence prevents vectorization. First dependence

is shown below. Use level 5 report for details

remark #15346: vector dependence: assumed FLOW dependence between distData[(i*_width+j_d)*3+c]

(83:11) and filterlD[j_f] (83:11)
remark #25436: completely unrolled by 3
LOOP END
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‘ BekTopusauusa uMknoB

Q Peanusauns sTopoun dassbl

for (int 1 = @; i < h; i++)

{
for (int j_f = 0; j_f < sizeFilter; j_f++)
{
#pragma omp simd
for (int j = 0; j < (w - sizeFilter) * cntChannel; j++)
{
int j_d = j + middle * cntChannel;
int pos_i =i * w * cntChannel;
int pos_j = j + j_f * cntChannel;
distData[i * w * cntChannel + j_d] +=
tmpData[pos_i + pos_j] * filterlD[j_f];
}
}
}
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‘ Pe3y.l1bTaTbl BblYNCIIUTEJIbHbLIX JKCNMepnMeHTOB

0 Pewaemasa 3agava:
— Pasmep TectoBoro nsobpaxeHusi: 2560x2027
— Pa3mep okHa cpunbTtpa: 19x19
— WN3obpaxeHne uBeTHoe: 3 KaHana
— Bpema pabotbl anroputma: 0.140 c. (yckopeHue 2.8 oTHocuTenbHo Bepcun 6e3 SIMD)

4,000 30,0
3,500 25.0
3,000
S 2,500 < 200
% 2,000 8 15,0
£ 1,500 3 100
1,000
0,500 50
0,000 0,0
BasoBbit  OnTumusaums MNepexoa k 1D SIMD Bepcus Basosbiii  Ontumusaumsifepexop k 1D SIMD Bepcus
anropuTm paboTbic  punbTpam anroput™m paboTbl ¢ puUnbTPaMm
namaTbio namaTbIo
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5. PACMAPANNENUBAHUE NMPOrPAMMHOW
PEANTN3ALIUUA

11111111111




PacnapannenuBaHue nporpaMmMHON peanu3auum

0 Ob6e dhasbl NpumeHeHnsa ounbTpa aycca MmoryT ObITb pacnapanneneHbl no
BHELLHEMY LMKNY

- VlTepaLl,I/II/I BHELWIHEro unKria He3aBuUCuMbIE, Kak crnegcresme, JoCTaToO4HO NPUMEHUTDb

#pragma omp parallel for

— Peanusauuio npeannaraeTcA BblMOJIHUTb CaAMOCTOATESIbHO
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‘ Pe3y.l1bTaTbl BblYNCIIUTEJIbHbLIX JKCNMepnMeHTOB

a

Pewwaemasqa 3agava:

— Pasmep TectoBoro nsobpaxeHusi: 2560x2027

— Pa3mep okHa cpunbTtpa: 19x19

— WN3obpaxeHne uBeTHoe: 3 KaHana

— Bpema pabotel anroputma: 0.055 c. (qononHUTensHoe yckopeHne 2.5 pasa)

0,400 80,0
0,350 70,0
0,300 60,0
S 0,250 < 50,0
3 o
= 0,200 2 40,0
2 9
& 0,150 $ 30,0
0,100 20,0
0,050 10,0
0,000 0,0
Mepexog k 1D SIMD Bepcus MapannenesHasd Mepexog k 1D SIMD Bepcus MapanneneHas
JONBERCHy, dunbTpam peanusaums dunbTpam peanunsaums

O
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6. UCIMNMOJIb3OBAHUE

ONTUMN3UPOBAHHOW PEAJTU3ALIUU
OUNIbTPA HA NPUMEPE

INTEL INTEGRATED PERFORMANCE
PRIMITIVES (INTEL IPP)

wwwwww
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‘ MporpammHan peanusauus...

0 M3meHeHne B CMake ans ncnonb3oBaHusa IPP:

cmake_minimum_required(VERSION 3.20)
PROJECT (hpc_1lab)

set (CMAKE_CXX_STANDARD 11)

find_package(OpenCV REQUIRED)
find_package(OpenMP REQUIRED)
find_package(IPP REQUIRED)

include_directories( ${OpenCV_INCLUDE_DIRS} )
add_compile_options(-qopt-report-phase=vec,loop -qopt-report=2 )

file(GLOB TARGET_SRC "*.c*")
file(GLOB TARGET_HD "*.h*")
add_executable( filter ${TARGET_SRC} ${TARGET_HD} )

target_link libraries(filter ${OpenCV_LIBS} )
target_link_libraries(filter OpenMP::0penMP_CXX)
target_link_libraries(filter IPP::ippcore IPP::ippcv IPP::ipps IPP::ippi)
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‘ MporpammHan peanusauus...

0 OObaABEeHNe CTPYKTYP OaHHbIX:

void filterIPP(cv::Mat& dist, cv::Mat& src, float sigma, int sizeFilter) {
int w = src.size().width;
int h = src.size().height;
float* srcData = (float *)src.data;
float* distData = (float*)dist.data;
int numChannels = 3;

IppStatus status = ippStsNoErr; // CTaTyc BbiNONHEHUA onepauuu
int srcStep = w * numChannels * sizeof(float);
int dstStep = w * numChannels * sizeof(float);

IppiSize roiSize = {w, h}; // Pa3mep u306paxeHus B nuKcenax

Ipp32u kernelSize = sizeFilter; // Pa3smep ¢unbTpa

Ipp8u* pBuffer = NULL; // YKasaTenu Ha BpEMEHHYW NaMATb
IppFilterGaussianSpec* pSpec = NULL;

int iTmpBufSize = @, iSpecSize = 0; // Pa3mepbl BpeMeHHbIX 6ydepoB

IppiBorderType borderType = ippBorderConst; // Cnocob o06paboTku nukcenei Ha rpaHuue
(He MeHATb 3Ha4yeHus)
Ipp32f borderValue[3]{ © };
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‘ MporpammHan peanusauus

Q BbizoB peanusaunmn gunbTpa:

// OnpepeneHve pas3mepoB BpeMeHHbIX bydepos

status

ippiFilterGaussianGetBufferSize(roiSize, kernelSize, ipp32f,

numChannels, &iSpecSize, &iTmpBufSize);
// BblaeneHue namaTwu
pSpec = (IppFilterGaussianSpec*)ippsMalloc_32f(iSpecSize);

pBuffer

ippsMalloc_8u(iTmpBufSize);

// WHnumanusauumsa ¢unbTpa

status

ippiFilterGaussianInit(roiSize, kernelSize, sigma,

borderType, ipp32f, numChannels, pSpec, pBuffer);
// TpumeHeHne ¢unbTpa K M306paxeHuo

status

ippiFilterGaussianBorder_32f C3R(srcData, srcStep, distData, dstStep,

roiSize, borderValue, pSpec, pBuffer);
// OcBoboxaeHue Bbloe/IeHHOW MNaMATU
ippsFree(pBuffer);
ippsFree(pSpec);
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‘ Pe3y.l1bTaTbl BblYNCIIUTEJIbHbLIX JKCNMepnMeHTOB

0 Pewaemasa 3agava:
— Pasmep TectoBoro nsobpaxeHusi: 2560x2027
— Pa3mep okHa cpunbTtpa: 19x19
— WN3obpaxeHne uBeTHoe: 3 KaHana
— Bpemsa pabotbl anroputma: 0.028 c. (yckopeHue 2 pasa)

0,450 160,0
0,400 140,0
0,350 120,0
soxe
" 2 80,0
© 0,200 )
@ 0,150 s 600
0,100 40,0
0,050 20,0
0,000 0,0
Mepexog k 1D SIMD Bepcua [MapannensHas Intel IPP Mepexoag k 1D SIMD Bepcus [MapannensHas Intel IPP
dunbTpam peanusaumsi dunbTpam peanusaums
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Pesyn bTaTbl BbIYUCIIUTEJIbHbLIX JKCNMepnMeHTOB

0 Pewaemasa 3agava:
— Pasmep TectoBoro nsobpaxeHusi: 2560x2027
— Pa3mep okHa cpunbTtpa: 19x19
— WN3obpaxeHne uBeTHoe: 3 KaHana
— CBopgHasi Tabnuua pe3ynbTaToB BblYMCINTENbHbBIX 9KCMNEPUMEHTOB

ba3oBbIv anropuTm 3.857 1.0
OnTnMmmnsauns paboTtbl C NAMSATHIO 2.315 1.7
Mepexon k 1D connbTpam 0.393 9.8
SIMD Bepcusa 0.140 27.5
[NapannensHaga peanusauus 0.055 69.8
Intel IPP 0.028 136.7

mmmmmm
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3aknroJveHue

OB pamkax paboTbl pellanacb 3agadva peanusauum punsTpa aycca
0O B npouecce peanusaunmn 6binmv BeINOSHEHBbI OCHOBHbIE LWarn ontTuMusaumm
NPUNOXKEHUN:

— OnTuMmM3aums paboTbl C NAMSATLIO
— AnroputMmnyeckasi onTuMmmnsauus

— BekTopusaumsa unknos

— PacnapannenusaHue nporpaMmmMHoOn peanusauum

0 Ha nocnegHem aTane nNpounsBeAeHO cpaBHEeHWe Nony4YeHHOW peanusaumm ¢

peanunsaumen n3 bubnuotekn Intel IPP

— Pe3ynbTaTbl BbIYUCIINTENBHbBIX 9KCMEPUMEHTOB NoKasanun cpaBHUMble pe3ynbTaTbl
NPOn3BOAUTENBLHOCTM NTOrOBOW BEPCUM peanusaummn punbTpa u punstpa ms Intel IPP
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