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O0beKT ncciie0BaHUs . KOHBOJIIOUMOHHBIE (PUIBTPHI, OCHOBAHHBIE HA TEXHOJIOTHIX
CUDA u OpenMP

Heab: cpaBHUTE 3PHEKTUBHOCTH 00padoTku n3obpaxenuit Ha CPU u GPU

B pesynbraTe naHHOM paOOThl ObUIM HAMKMCAHBI YETHIPE BEPCUU PA3MBITUS T10
["ayccy Ha si3pike mporpammupoBanus C++. TlepBbie 1Be OCHOBAaHBI Ha TEXHOJIOTHH
napayuienbHbIX Beruncienud OpenMP, nee npyrue ocHoBanbl Ha TexHogorun CUDA.

beut ipoBenéH cpaBHUTENbHBINM aHanu3 mpousBoguTenbHocTH CPU u GPU B
ciydae oOpabOTKM W300pa)KEHUM KOHBOJIONUOHHBIMU (uibTpamu. Hcxons wu3
PE3yNbTATOB 3TOTO aHAIM3a OBLIU CAEJIaHbI CIETYIOUIUE BBIBOIBI.

Ecnu ¢unbTp He sBisAercs cenapalOenbHbIM, 00pabOTKa H300pakeHWl HpH
MOMOIIM KOHBOIIOIMOHHBIX (puibTpoB Ha GPU ot 6 mo 37 pa3s 6sictpee, yem Ha CPU.
YpesBblyaifHO Ba)KHO HCMOJB30BaTh Bce Bo3MoxkHocTH GPU mnsa tex ¢umbTpos,
KOTOPBIE HE SBIISIIOTCS cenapadenbHbIMU, IOTOMY UYTO BpeMs 00pabOTKH OJUHOYHOTO
U300paKEHHSI CTAHOBUTCSA HEMPUEMIIEMBIM JaXe ISl MAJICHbKUX M300paKEeHUN U He
OY€Hb OOJILIIMX MaTpULl TPeoOpa30BaHUM.

Ecnu punbtp cenapabenbubiit, To Berunciaenus Ha GPU ot 4 1o 18 pa3 OsicTpee,
yem Ha CPU. Kpome Toro, cemapabenbHasi peanusanus 0osnee s¢ddexTuBHas, deMm
HecenapabenbHas kak Ha CPU, tak u Ha GPU. Ecnu pazpemienne nzodpaxxeHus u
pasMep MaTpuilbl MpeoOpa3oBaHUl MaJleHbKHE, TO CYIIECTBEHHOW pa3HUIIBI B
npousBoautensHoctd Ha CPU u GPU Her.

Takke cieqyer OTMETUTh, UTO KakK cernapadenbHblid, TaKk U HecenapaOeabHbIi
aNropuT™Mbl camu 1o cede padoraroT Ha GPU 3naunTenbHO ObicTpeit, uem Ha CPU. Tem
HE MeHee, KonupoBaHue JaHHbIX B maMath GPU u 00paTHO 3aHMMAaeT CyIeCTBEHHOE
KoJuuecTBO BpeMeHu. Boiurpsimn Ha GPU Gonbiie i HecenapabelnbHbIX (GUIBTPOB,
TaK KaK UX aJITOPUTM UMeEET 0oJiee BBICOKUI MOPAIOK CIOKHOCTH U, CIEI0BATEIBHO,
3aHMMaeT O0JIbIlIe BPEMEHHU.

B Gonee mmpokom cmeicie, GPU nmeer 3HaunTeNnbHbIE MPEUMYIECTBA Haj
CPU npu pabote ¢ 00JIbIIMMU MacCUBAMU HE3aBUCUMBIX JTAHHBIX.
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AO0’eKT JacjieBAHHA. KaHBAJIOUBIMHBIA (UIBTPHI, 3aCHABAaHbISI HA THXHAJOTIAX
CUDA i1 OpenMP

Mbra: napayHaie 3QexTeryHacib anpaioyki Beisty Ha CPU 1 GPU

Y BBIHHIKY I'3Tail Mpaisl ObLI1 HaIlicaHbl YaThIPhl BepCil pa3mbiiis na ['ayccy Ha
MoBe mparpamaBaHHs C++. Ilepmibia 13Be 3acHaBaHbl Ha TAIXHAJOTI1 MapajelbHbIX
BBUTIUBIHHSY OpPenMP, na3Be inmbist 3acHaBanbl Ha ToxHaorii CUDA.,

Mps1 mpaBsuti mapayHanbHbI aHanmi3 npaaykubiiiHacui CPU 1 GPU y Beimaaky
anpoLOYKl BbISY KaHBATIOUBIMHBIMI (DUIbTpaMi. MspKyroUbl na pa3yibTaTam ObLIl
3p00JIEHBI HACTYITHBISI BHICHOBBI.

Kam ¢inerp He 3’gaynsenua cenapabesbHbIM, alpalioyka BbISY MPbI 1allaMo3e
KaHBATIOIBIMHBIX (QimbTpay Ha GPU ax 6 ma 37 pa3oy xyTusii 3a anparoyky vHa CPU.
Han3Bbruaii BaxkHa BeIKapbICTOYBAIlh yce MarubiMacii GPU amst Teix GinbTpay, sKid He
3’AYIAIONIA cenapadeabHbIMI, TaMy IITO Yac anpaioyki aa31HOYHAll BBISBHI
CTAHOBIII[a HENMphIMAJIbHBIM HaBaT MJiI MAJCHBKIX BBISIY 1 HE BEJIbMI BSIIIKIX
KaHBAJTIOLIBIIHBIX MaTPHIL.

Kami ¢inetp cemapabenbnsl, BeutiudsHHI Ha GPU axg 4 nma 18 pazoy OGombin
saexTeiyHbIsI, ubiM Ha CPU. Akpamsi taro, cemapabGenbHas pdaaii3aibis OOJBII
aekThIyHas, YbiM HecernapabenbHas sk s CPU, tak 1 nius GPU. Kam pazanmroribis
BBISIBBI 1 TAMEP MATPHIIbI IEpayTBAPIHHAY MaJICHBKIsI, TaJbl HIMa 3HaYHAN PO3HIIIBI ¥
paayKIbIAHACIII.

Takcama BapTa 3rajgaTh, IWITO SK cenapaOesibHbl, TaKk 1 HecanapaOeIbHBI
anrapbITMbI cami na cabe npamyrois Ha GPU 3nauHa xyTusid, usiM Ha CPU. ThiM He
MEHBIII, KamipaBaHHe Jaa3eHbiX y namsib GPU 1 Ha3an 3aiiMae iCTOTHYIO KOJIbKAcCIlh
yacy. Berirpeim Ha GPU Beilgi a1 HecenapabenbHbIX (PinbTpay, Tak K 1X ajarapbITM
CKJIaJlaHel 1 3aliMae OOJIbII Yacy.

VY Gonbi mbipokiM caHce, GPU mae 3naunbis nepasari Hag CPU y mpaisl 3
BSUIIKIM1 MaccCiBaM1 He3aJIE3HBIX 1a13€HBIX.
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PARALLEL COMPUTING, CONVOLUTIONAL FILTERS, CPU, GPU, CUDA,
OPENMP, GAUSSIAN BLUR

Research object: convolutional filters based on CUDA and OpenMP technologies

Purpose: compare the efficiency of image processing by convolutional filters on CPU
and GPU

Research methods: software engineering

The result of this work is four versions of the Gaussian blur filter written in C++.
The first two are based on the parallel computing technology called OpenMP, the
second are based on CUDA technology.

We conducted a comparative analysis of CPU and GPU performances for
processing images by convolutional filters. Judging from the results the following
conclusions can be made.

I the filter is not separable, image processing by convolutional filters on GPU is
from 6 to 37 times as fast as on CPU. It is extremely important to use all of the GPU
capabilities for those filters which are not separable, because the time of processing of
a single image becomes unacceptable even for small images and not very big
convolutional matrices.

If the filter is separable, GPU computations are from 4 to 18 times more effective
than on CPU. Besides, the separable implementation is more effective than the non-
separable both for CPU and GPU. If the image resolution and the convolutional matrix
size are small, then there is no essential difference in performance.

It should be also mentioned that both separable and non-separable algorithms
themselves work significantly faster on GPU than they do on CPU. Nonetheless, it takes
an essential time to copy data to the GPU memory and vice versa. The gain in using
GPU with non-separable filters is higher, because their algorithm is more complex and
takes much more time than initializing as the size of the image increases.

Broadly speaking, GPU has essential advantages over CPU in working with big
data independent arrays.



